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Cadmium content was measured in kidney, liver and tarsus bones of western sandpipers (Calidris mauri) at a

temperate migratory stopover site (Fraser Delta, British Columbia, Canada) and a wintering site (Playa el

Agallito, Chitre, Panama) over a two year period. Cadmium content in liver and kidney was age and sex

dependent. Adult females generally had lower kidney and liver cadmium than adult males (P v 0.05), but a sex

difference was not detected in juveniles. Cadmium increased with age in kidney, liver and to a lesser extent in

bone (P v 0.001) with average ‘‘steady-state’’ kidney and liver content being reached within the sandpipers first

year. In general, tissue cadmium residues in adult males and females were independent of sampling location

although for bone, site-specific differences did occur (P v 0.001). Bone cadmium was lower in females sampled

from their wintering grounds as compared to temperate stopover sites suggesting that bone cadmium may be

mobilized during periods of feather molt. Comparison of cadmium residues among sandpipers of increasing age

suggest that exposure is occurring along the Pacific Coast, at stopover sites as the birds migrate north to

Alaska and south to Panama. This study points to the importance of considering the ecology of the species

(e.g., in this case migratory behavior) in interpreting trace metal residues.

Introduction



collections. In Panama, only birds 21 years of age (i.e. adults)
molt into breeding plumage, gain mass and prepare to migrate
north by late March.4 We collected adult and juvenile females
in winter (15 December, 1995–8 January, 1996), and females of
each age class during premigration (4–18 March, 1996).
Sampling periods, age, sex, number of birds sampled, and
average weight of each group of birds is presented in Table 1.
We captured sandpipers in mist nets (Avinet, Dryden, NY,
USA) under permits from the Canadian Wildlife Service and
INRENARE (Panama) and birds were anaesthetized and
killed by exsanguination.5 Samples used in the current paper
were obtained from birds used by Guglielmo and Williams.6

Simon Fraser University Animal Care Committee approved
the animal handling protocols, which met the Canadian
Committee for Animal Care guidelines.7

In British Columbia, the birds were double-wrapped in
plastic and packed on ice in the field and within hours of
capture the birds were dissected in the laboratory. In Panama,
the birds were double-wrapped in plastic and immediately
frozen at 220 u



All adult females and males (21 years of age) contained on
average (in mg g21) the following: 11.59 ¡ 0.11 (with Spring ’96
omitted) and 18.98 ¡ 0.26 in kidneys respectively; 4.08 ¡ 0.08
and 4.79 ¡ 0.07 in livers respectively; and 1.94 ¡ 0.02 (with
Winter ’95 and Winter ’96 omitted) and 1.99 ¡ 0.03 in bone
respectively.

Cadmium content in mg g21, in kidney, liver and bone was
dependent on bird age (Fig. 1b, 2b and 3b; one-way ANOVA
Pv 0.001). Juvenile sandpipers captured soon after leaving the
breeding grounds at their first stopover site (Fraser Estuary)
contained on average 1.53 ¡ 0.03 and 0.78 ¡ 0.017 mg g21 in
kidney and liver prior to arrival at the wintering grounds. These
averages represent both male and female birds sampled in two
subsequent years (i.e., Fall ’95 and Fall ’96). By the time the
juvenile birds arrived at the wintering area in Panama, kidney
and liver content had increased significantly (P v 0.0001; one-
way ANOVA) by three-fold. No further increases in tissue
residues occurred during the over-wintering period. This
implies that minimal exposure to cadmium occurs on the
wintering grounds. Indeed there was a net loss of bone

cadmium during this period (Fig. 3b). However, by the time the
birds are 21 years of age and are captured on the northward
migration, kidney and liver content again increased signifi-
cantly by three-fold (in kidney, Pv 0.0001 in liver, Pv 0.0001
and P v 0.006, for females and males respectively; one-way
ANOVA). Bone cadmium also increased with age, however,
not as dramatically as noted for liver and kidney (P v 0.01;
Fig. 3b)

Discussion

Cadmium in kidney, liver and bone of the western sandpiper

Adult females versus adult males. Female adult sandpipers
contained in general, lower kidney cadmium content as compared



eggshells containing between 0.003–0.01 mg g21 cadmium.11,12

Sandpipers lay a clutch of four eggs; hence egg production
could be a viable explanation for the observed differences in
cadmium content between the two sexes.

Site dependence. Adult male and female sandpipers did not
show any consistent difference in kidney and liver tissue
cadmium residues among the stopover sites sampled in this
study. Bone cadmium content was significantly lower in adult
females sampled during Winter ’95 and Winter ’96. During this
over wintering period, adults molt. Hence one possible reason
for lower bone cadmium residues could be the mobilization of
the metal from bone deposits concurrent with minerals
required for feather development as has been observed for
mercury.13

Age dependence. In contrast to site-specific differences,
cadmium residues in all three tissues demonstrated strong
age dependences. Age dependent increases in cadmium tissue
residues have also been observed for dunlin8 and for spruce
grouse (Falcipennis canadensis).14 Juveniles sampled on their

first southward migratory stopover site (Fall ’95 and ’96)
contained the lowest levels of cadmium in liver and kidney.
These values most likely represent background content or
content as a result of items consumed on the breeding grounds
in Alaska. These would include both freshwater (e.g., dipterans)
and marine invertebrates.15 Liver and kidney cadmium contents,
however, are three-fold greater in the same cohort of juveniles
sampled in their tropical wintering area six months later. This
content does not change while the birds over winter; however,
birds sampled at their northern migratory stopover site (a mix
of first years and 21 year adults) have three fold greater liver
and kidney cadmium content as compared to over wintering
juveniles.

The age dependent patterns observed for liver and kidney
suggest that migratory birds accumulate about 3 mg g21

cadmium during their southward migration, with no further
accumulation occurring during their wintering months. As
birds sampled on the northward and southward migratory
stopover in British Columbia are aged 21, to a maximum of
9 years,15 these cadmium residues represent an ‘‘average’’ for
adult birds. This average appears to reach a ‘‘steady-state’’
after year 21 in the birds, with females containing a lower
kidney and liver ‘‘steady-state’’ concentration for reasons
previously discussed, as compared to males. Cadmium is
known to accumulate in liver and kidney tissue as a function of
age, hence this apparent steady-state is likely an artefact of
pooling cadmium residues from birds representing an age span



how the toxic metals, mercury and lead in addition to cadmium
vary in relation to western sandpiper migratory behaviour,
would be of extreme use in helping to evaluate the toxicological
significance of trace metal residues in migratory shore birds.

Summary and conclusions

Our coastal ecosystems continue to be under constant pressure
of increased urbanization with the resultant increased emis-
sions of metals such as cadmium. We have shown that the
western sandpiper accumulates significant amounts of cad-
mium, most likely from food and sediments ingested along the
northward and southward migratory routes. Given the ability
of cadmium to bioaccumulate through trophic levels, the
observed increase in cadmium content with age, the relatively
long half-life of cadmium in the tissues of Calidris species, and
the apparent susceptibility of migratory shorebird species, the
possible role of environmental cadmium contamination on
threatening the survival of western sandpipers and other
migratory shorebird species should not be ignored.

References

1 C. Thomas and L. I. Bendell-Young, Mar. Ecol.: Prog. Ser., 1998,
173, 197–213.

2 American Ornithologists’ Union, AO, Washington, DC, 6th edn.,
1983.

3 R. W. Butler, F. Delgado, H. de la Ueva, U. Pulido and
B. Sandercock, Wilson Bull., 1996, 108, 656–677.

4 P. O’Hara, PhD Thesis, Simon Fraser University, Burnaby, BC,
Canada, 2002.

5 C. G. Guglielmo, N. H. Haunerland and T. D. Williams, Comp.
Biochem. Physiol., B: Biochem. Mol. Biol., 1998, 119, 549–555.

6 C. G. Guglielmo and T. D. Williams, Physiological and
Biochemical Zoology, in the press.

7 CCAC, Canadian Council on Animal Care, Ottawa, Ontario,
Canada, 2nd edn., 1993.

8 S. Blomqvist, A. Frank and L. R. Petersson, Mar. Ecol.: Prog.
Ser., 1987, 35, 1–13.

9 P. H. VanEeden and H. J. Schoonbee, Water Sa., 1996, 22, 351–
358.

10 J. Burger and M. Gochfeld, Environ. Monit. Assess., 1991, 16, 253–
258.

11 D. H. White and M. T. Finley, Environ. Res., 1978, 17, 53–59.
12 J. L. Maedgen, C. S. Hacker, G. D. Schroder and W. W. Francis,

Arch. Environ. Contam. Toxicol., 1982, 11, 99–102.
13 P. H. Becker, D. Henning and R. W. Furness, Arch. Environ.

Contam Toxicol, 1994, 27, 162–167.
14 L. I. Bendell-Young and J. F. Bendell, Environ. Pollut., 1999, 106,

405–413.
15 H. Wilson, Western Sandpiper (Calidris mauri) in The Birds of

North America, ed. A. Poole and F. Gill, The Academy of Natural
Sciences and The American Ornithologists’ Union, Philadelphia
and Washington DC, 1994, No. 90.

16 N. Warnock and M. A. Bishop, Condor, 1998, 100, 456–467.
17 C. A. Hui, J. Y. Takekawa and S. E. Warnock, Environ. Monit.

Assess., 2001, 71, 107–201.
18 J. King and L. I. Bendell-Young, J. Wildlife Manage., 2000, 192,

181–193.
19 J. P. Meador, R. C. Clarke, P. A. Robisch, Jr., D. W. Ernest,

J. T. Landahl, U. Varanasi, S.-L. Chan and B. B. McCain, NOAA
TechnicalMemorandumNMFS-NWFSC-16, NOAA, Seattle, WA,
1994.

20 J. K. Nicholson, M. D. Kendall and D. Osborn, Nature (London),
1983, 304, 633–635.

21 R. W. Furness, Cadmium in Birds, in Environmental Contaminants
in Wildlife: Interpreting Tissue Content, ed. W. N. Beyer,
G. H. Heinz and A. W. Redmon-Norwood, CRC Press Inc.,
Boca Raton, FL, 1996, p. 389–404.

22 R. T. Di Giulio and P. F. Scanlon, Environ. Res., 1985, 37, 433–
444.

J. Environ. Monit., 2002, 4, 791–795 795




