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Abstract An experimental tree swallow population was
established in the headwaters of the Shenandoah River,
Virginia, USA to assess the accumulation and effects of
mercury contamination on birds that eat emergent aquatic
insects. One tributary, the South River, was contaminated
with mercury before 1950. Reproductive success of swallows nesting within 50 m of this river was compared to that
of three uncontaminated reference tributaries in 2005 and
2006. Female swallows on the contaminated stretch of river
had significantly elevated blood and feather total mercury
(blood: 3.56 ± 2.41 ppm ww vs. 0.17 ± 0.15 ppm reference; feather: 13.55 ± 6.94 ppm vs. 2.34 ± 0.87 ppm
reference), possibly the highest ever reported for an
insectivorous songbird. Insects collected by the swallows
to be fed to nestlings averaged 0.97 ± 1.11 ppm dw total
mercury, significantly higher than on reference sites.
Swallows in the contaminated area produced fewer fledglings than those in reference areas. The effect of mercury
contamination on productivity was detectable only for
young females in the contaminated area that were breeding
for the first time in 2006, a segment of the population that
may already have been stressed by inexperience. Tree
swallows served as practical and effective biomonitors for
mercury levels and effects and have great potential as
proxy biomonitors for more logistically challenging birds
such as loons or eagles.
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Introduction
The tree swallow (Tachycineta bicolor), an insectivorous
passerine, is found across North and Central America
(Robertson et al. 1992). Adults typically forage within
400 m of their nests and remain even closer when feeding
nestlings (McCarty 2001; Mengelkoch et al. 2004). Thus,
most contaminants accumulated by swallows during the
breeding season originate from a small area around the
nest. Tree swallows have been used in many studies of
environmental contaminants, including mercury, PCBs,
and pesticides. As of 2006, there were at least 44 completed or on-going studies in North America on the uptake
of contaminants and the effects of anthropogenic stressors
in tree swallows (McCarty 2001).
Despite the growing use of this species, many studies
have reported a lack of significant reproductive or survivorship responses to these environmental stressors
(McCarty 2001). Reproduction has been identified as one
of the most sensitive endpoints of mercury toxicity, primarily from captive dosing studies (Wolfe et al. 1998).
Decreases in reproductive success of 35–50% have been
observed in birds with high dietary methylmercury uptake,
even in the absence of impairment in the adults (USDI
1998). In general, effects such as decreased egg weight,
hatchability, and chick survival are seen at egg mercury
levels of 0.5–6.0 ppm ww in laboratory studies (Thompson
1996; Burger and Gochfield 1997). Impairments and
deformities of chicks occur at mercury concentrations as
low as 1.0 ppm ww in laboratory-dosed eggs (Heinz and
Hoffman 2003). Reproductive effects have been more
elusive in field studies, but one recent example is that egg
volumes in common loons (Gavia immer) decreased as
mercury loading of females increased (Evers et al. 2003).
Another study suggests that brain mercury residues
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>2.0 ppm in adult loons may have led to reduced territorial
drive, decreased incubation and abandonment of territories
(Barr 1986). No growth deformities or other reproductive
effects related to mercury contamination have been
reported in tree swallows.
Between 1929 and 1950 mercuric sulfate entered the
South River (a tributary to the South Fork Shenandoah
River) from an acetate fiber manufacturing plant in
Waynesboro, Virginia, USA (Carter 1977). To assess the
amount of mercury recently accumulated by adult and
nestling tree swallows along this polluted tributary, we
sampled blood from adults and nestlings during the nestling
period. To eliminate the influence of atmospheric deposition or background mercury contamination, we compared
mercury levels of birds nesting along the contaminated
South River to the levels of birds from reference areas on
three nearby uncontaminated rivers in the same watershed.
Reproductive success was monitored throughout two

Fig. 1 Map of nest box sites
along the South, Middle, North,
and South Fork Shenandoah
Rivers, Augusta and
Rockingham counties, Virginia,
USA. Black circles are nest box
clusters in contaminated areas;
grey circles are nest box clusters
in reference areas. The source of
contamination is labeled with an
asterisk in Waynesboro
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breeding seasons to compare clutch size and date of initiation, egg volume and hatchability, and offspring survival.

Methods
Study design
This study was carried out on the contaminated portion of
the South River (approximately 40 km). The North and
Middle Rivers, as well as the section of the South River
upstream of Waynesboro, were the uncontaminated reference areas (Fig. 1). A pilot study was also carried out
downstream of the confluence of the contaminated and
reference rivers on the South Fork Shenandoah River in
2005.
Beginning in February 2005, we erected 102 nest boxes
in the contaminated area on the South and South Fork

Mercury and reproduction in tree swallows

Shenandoah Rivers, and 89 nest boxes in reference areas on
the South, Middle, and North Rivers. All nest boxes along
the South Fork Shenandoah River (n = 42) were removed
before the 2006 breeding season, after it was determined
that mercury levels were intermediate between the contaminated and reference areas, and these were not included
in any analyses. We increased the number of nest boxes to
119 in the contaminated area and 167 in the reference areas
prior to the 2006 breeding season. Nest boxes were 25–
50 m apart with the entrance holes oriented towards the
river. We checked them weekly beginning in the first week
of April. We increased checking to every 3–4 days
beginning in the first week of May, and then removed
nesting material from nest boxes after the chicks had
fledged. We did not include data from late females initiating nests after the first round of nesting: 3 June, 2005 or
2 June, 2006. Female tree swallows maintain a brown
plumage until the end of their second summer and thus can
be identified in the field as second-year (hereafter, ‘‘SY’’),
in contrast to blue-plumaged, after-second year (hereafter,
‘‘ASY’’) females.

Mercury sampling
We used a small gauge (26G ½ in.) needle to puncture the
cutaneous ulnar vein, and then collected approximately
100 ll of blood in three 75 ll heparinized capillary tubes.
Tubes were sealed with Crito-caps1 and placed into a 10cc
BD1 vacutainer to prevent breakage. Samples were stored
on ice for 3–6 h, after which they were frozen at "25"C
until analysis.
Feather samples in this study were collected from a
subsample of ASY females in 2006 to provide a longerterm estimate of body-burden during the previous breeding
season. These feathers also provide comparability with
other studies in which feathers, but not blood, have been
sampled. When birds banded in 2005 returned to the
breeding grounds in 2006, we plucked the innermost primary feather (P1) from each wing. As feather molt
typically begins in July (Stutchbury and Rohwer 1990), the
mercury present in P1 during the 2006 breeding season
would indicate body burden from 2005.

Prey sampling
Because we captured swallows as they entered nest boxes
to feed nestlings, we were usually able to collect the bolus
of food in a glass jar directly from the parent’s beak. These
were weighed as a whole bolus, frozen, identified to orders,
freeze dried, re-weighed, homogenized and analyzed for
mercury.
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Laboratory and statistical analysis
Results are reported only for adult females unless otherwise noted. All mercury analysis took place at the Trace
Element Research Laboratory of Texas A&M University.
Samples were analyzed for total mercury with a Milestone1 DMA 80 using cold vapor atomic absorption
spectroscopy. Because approximately 95% of the mercury
in avian blood and feathers is MeHg (Evers et al. 2005),
total mercury values will accurately reflect the amount of
MeHg present. Prey items, which were primarily insects in
the orders Diptera and Ephemeroptera, were not analyzed
for MeHg. Samples were homogenized to allow a representative aliquot to be taken for analysis and typically
weighed 0.01 g.

Reproductive success parameters
We determined the date of clutch initiation by the presence
of a fresh egg during our frequent nest box checks. The
initiation date of the first clutch in the entire study area was
denoted Julian day 1 in analyses (29 April in 2005, 18 April
in 2006). The proportion of eggs that hatched was the
number of hatchlings divided by the maximum clutch size.
The number of nestlings that left the nest (fledglings) was
our primary measure of productivity. This was determined
by counting the number of nestlings alive on the last visit
(day 14–16 post-hatching) and then subtracting any dead
nestlings found on the post-fledging visit. Productivity was
alternately expressed as proportion of hatched nestlings
that fledged, to emphasize any mortality differences during
the nestling period. Finally, to correct for differential
female effort (i.e., clutch size variation) we estimated
productivity as the proportion of eggs that survived to
fledge.
In 2006 we measured 94 eggs from 16 nests in the
contaminated area and 79 eggs from 14 nests from reference areas. The maximum length and width of each egg
was measured to the nearest 0.1 mm. Egg volume (V) was
determined by the formula,
V ¼ LW 2

$

0:51

where L = length, W = width, and 0.51 is the volume
coefficient constant (Hoyt 1979).
The South River is referred to as the ‘‘contaminated’’
treatment throughout. Statistical analyses were done using
MINITAB statistical software (version 14.2, LEAD Technologies, State College, PA). Mercury levels and nesting
success were compared using an analysis of variance. We
combined all data from females in both years and used
treatment group, female age, and year as factors with
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treatment group · female age, treatment group · year,
female age · year, and treatment group · female age ·
year as interaction terms. Tukey’s HSD test was used for
multiple post-hoc comparisons. We report only those factors and interactions that were significant (P < 0.05). All
means are presented ± SD, except in figures where SE is
used. The proportion of eggs hatched, nestlings fledged,
and eggs fledged were normalized by arcsine square-root
transformation before statistical analysis, but untransformed data are shown.

contaminated area (4.22 ± 2.43 ppm), and all adult swallows in the contaminated area (3.69 ± 2.40 ppm).
The total mercury of feathers that grew during the 2005
breeding season was significantly related to the mercury
level in blood sampled from the same birds (F1,24 = 51.50,
r2 = 0.68, P < 0.0001; Fig. 3). There was a significant
effect of treatment on feather mercury level (F1,21 = 23.04,
P < 0.0001); the feather mercury level of females nesting
in the contaminated area (13.55 ± 6.94 ppm) was almost
six fold higher than that of reference females
(2.34 ± 0.87 ppm).

Results
Effects on eggs
Mercury level
There was a significant effect of treatment on the blood
mercury levels of adult females across both years
(F1,116 = 89.41, P < 0.0001). The blood mercury level of
females nesting in the contaminated area (3.56 ± 2.41 ppm)
was more than an order of magnitude higher than that of
reference females (0.17 ± 0.15 ppm). Mercury level in
females almost doubled from 2005 to 2006 (2005:
2.29 ± 1.48 ppm; 2006: 4.14 ± 2.53 ppm; F1,116 = 4.94,
P = 0.02; Fig. 2). Only in 2006 were there enough ASY
females to compare the age classes. Post-hoc comparison
indicated that mercury level was significantly higher in ASY
than SY females (Tukey’s HSD 95% CI: "3.01, "0.01).
Broods of nestling tree swallows in the contaminated
area had higher mercury levels than broods in reference
areas in 2005 (contaminated: 0.23 ± 0.17 ppm, reference:
0.02 ± 0.04 ppm; F1,37 = 29.26, P < 0.0001). To allow
comparisons with studies in which sexes are not separated,
we also report the mercury level in all males from the
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Fig. 2 Adult female blood mercury levels were significantly higher
in 2006 than in 2005 in contaminated areas (ANOVA, F1,116 = 4.94,
P = 0.02). There was no difference in mercury levels of adult birds in
reference areas between 2005 and 2006. Error bars represent one SE
of the mean. Bars with different letters differed significantly
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There was no detectable difference between contaminated
and reference females in terms of clutch initiation date
(F1,178 = 0.15, P = 0.70) or clutch size (F1,178 = 0.49,
P = 0.48; Table 1). There was a significant effect of female
age on clutch initiation date (F1,178 = 15.35, P = 0.0001),
with ASY females nesting approximately 4 days earlier
than SY females. There was also a significant effect of year
on clutch initiation date (F1,178 = 33.62, P < 0.0001). The
nesting season began an average of five days earlier in the
contaminated and seven days earlier in reference areas in
2006 than it did in 2005. ASY females also had larger
clutches than SY females (F1,178 = 7.29, P = 0.008) across
both years by approximately 0.5 eggs. There was no
detectable effect of treatment (F1,178 = 2.55, P = 0.11;
Table 1) or female age (F1,178 = 2.64, P = 0.11) on the
proportion of eggs that hatched across both years. However, there was a significant effect of year (F1,178 = 5.48,
P = 0.02); the mean proportion of eggs hatched per clutch
was lower in 2006 than in 2005 (Table 1).
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Fig. 3 Relationship between feather and blood mercury for individual female tree swallows (r2 = 0.68, P < 0.0001). Feathers grew at the
end of the breeding season in which the blood was collected. Closed
circles represent individuals from the contaminated area; open circles
represent individuals from reference areas
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Table 1 Comparison of nesting
success between treatments and
years

Parameter
Clutch size

Proportion eggs hatched

Proportion nestlings fledged

Proportion eggs fledged

Number fledglings produced

The proportion of eggs that survived to produce a
fledgling was significantly lower in the contaminated area
(F1,173 = 8.00, P = 0.005). Post-hoc comparisons indicated
a significant difference between the contaminated and
reference areas in 2006 (Tukey’s HSD 95% CI: 0.15, 0.46;
Table 1); however, no corresponding difference was
detected in 2005. Among females in the contaminated area
in 2006, the proportion of eggs fledged was significantly
higher for ASY females than for the younger SY females
(Tukey’s HSD 95% CI: "0.51, "0.10). ASY females in the
contaminated area did not differ from those in reference
areas in terms of the proportion of eggs producing fledglings, whereas SY females in the contaminated area were
significantly lower than SY reference females (Tukey’s
HSD 95% CI: 0.12, 0.54; Table 2).
In 2006, we measured volume of eggs at a random
subsample of nests in the contaminated and reference areas.
Reference eggs were larger than those from the contaminated area (F1,151 = 13.57, P < 0.0001); however, there
was a significant interaction of female age and treatment
group (F1,151 = 14.45, P < 0.0001) such that SY females
laid smaller eggs than ASY females in the contaminated
area, but not the reference areas (Fig. 4). Post-hoc comparisons indicate that SY female eggs in the contaminated
area were significantly smaller than both SY (Tukey’s HSD
95% CI: 0.12, 0.51) and ASY (Tukey’s HSD 95% CI: 0.10,
0.45) eggs in reference areas. There was no difference in
egg size between the age classes in the reference areas.
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Year

C or R

N

Mean

SD

2005

Contaminated

27

5.56

0.85

2005

Reference

46

5.80

0.83

2006

Contaminated

67

5.76

0.89

2006

Reference

98

5.80

0.92

2005

Contaminated

26

0.93

0.09

2005

Reference

45

0.93

0.17

2006

Contaminated

67

0.76

0.28

2006

Reference

98

0.87

0.22

2005

Contaminated

26

0.91

0.17

2005

Reference

44

0.91

0.24

2006

Contaminated

60

0.83

0.31

2006

Reference

93

0.95

0.16

2005

Contaminated

26

0.85

0.17

2005

Reference

44

0.86

0.25

2006
2006

Contaminated
Reference

60
93

0.69
0.86

0.30
0.22

2005

Contaminated

26

4.65

1.09

2005

Reference

44

5.05

1.66

2006

Contaminated

60

4.00

1.89

2006

Reference

93

5.06

1.48

Eggs from ASY females in the contaminated area were not
significantly different in size from SY (Tukey’s HSD 95%
CI: "0.09, 0.16) or ASY (Tukey’s HSD 95% CI: "0.10,
0.09) eggs in reference areas (Fig. 4). It should be noted
that we did not sample an adequate number of SY females
to draw anything but tentative conclusions about egg
volume.

Effects on nestlings
Females in the contaminated area produced fewer fledglings (F1,173 = 9.54, P = 0.002); there was a significant
effect of female age (F1,173 = 6.34, P = 0.01) and a significant interaction between year and female age
(F1,173 = 4.34, P = 0.04). In 2006, females nesting in
the contaminated area produced fewer fledglings than
reference females (Tukey’s HSD 95% CI: 0.43, 1.74);
however, no corresponding difference was found in 2005
(Table 1). SY females in the contaminated area produced
significantly fewer fledglings than ASY females in the
contaminated area (Tukey’s HSD 95% CI: "3.05, "0.73)
or either age class in reference areas (Tukey’s HSD 95%
CI ASY: 1.48, 3.58; SY: 0.31, 2.73), but only in 2006
(Fig. 5).
When we measured productivity as proportion of nestlings that survived to fledge, rather than absolute number
of fledglings, the results were similar. Females in the
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Table 2 Comparison of nesting
success between female age
classes in 2006

Parameter

C or R

Clutch initiation day

Clutch size

Proportion eggs hatched

Proportion nestlings fledged

Proportion eggs fledged

Number fledglings produced

contaminated area fledged a smaller proportion of nestlings
(F1,173 = 4.22, P = 0.04) and there was again a significant
interaction of female age and year (F1,173 = 4.73,

Egg volume (mm^3)

1.6

a

78 (13)

b

a
47 (8)

SD

ASY

33

15.61

8.54

SY

28

23.86

9.20

Reference

ASY

58

15.90

6.29

Reference

SY

28

21.75

7.93

Contaminated

ASY

33

6.03

0.81

Contaminated

SY

28

5.57

0.92

Reference

ASY

58

6.03

0.72

Reference

SY

28

5.43

0.96

Contaminated

ASY

33

0.88

0.18

Contaminated

SY

28

0.76

0.19

Reference

ASY

58

0.92

0.15

Reference

SY

28

0.87

0.17

Contaminated

ASY

33

0.92

0.17

Contaminated

SY

26

0.72

0.40

Reference
Reference

ASY
SY

57
27

0.98
0.94

0.06
0.12

Contaminated

ASY

33

0.81

0.22

Contaminated

SY

26

0.54

0.33

Reference

ASY

57

0.90

0.16

Reference

SY

27

0.83

0.21

Contaminated

ASY

33

4.85

1.42

Contaminated

SY

26

2.96

1.93

Reference

ASY

57

5.49

1.21

Reference

SY

27

4.48

1.31

P = 0.03). Post-hoc comparisons indicated only SY
females in 2006 experienced a reduction in the proportion
of nestlings fledged.

a

20 (4)

6

1.2
0.8
0.4
0.0
ASY
SY
Reference

Fig. 4 SY females in the contaminated areas laid smaller eggs than
ASY females in contaminated and reference areas (ANOVA,
F1,151 = 14.45, P < 0.0001). Eggs of SY females in contaminated
areas were smaller than eggs of SY females in reference areas
(Tukey’s HSD 95% CI: 0.12, 0.51). Error bars represent one SE of the
mean. Sample size, total number of eggs measured, and number of
clutches measured (in parenthesis) provided above the error bar. Bars
with different letters differed significantly
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Mean

Contaminated

10 (2)

ASY
SY
Contaminated

N

Contaminated

Number fledglings produced

2.0

Age

5
4

a

a

57

a

33

27

b
26

3
2
1
0

ASY
SY
Contaminated

ASY

SY
Reference

Fig. 5 In 2006, SY females in contaminated areas produced significantly fewer fledglings than all other females. The number of
fledglings produced by ASY females in the contaminated areas did
not differ significantly from SY or ASY females in reference areas.
Error bars represent one SE of the mean. Bars with different letters
differed significantly. See text for statistical analysis
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in blood, an order of magnitude higher than that in the
nearby reference areas, and perhaps the highest value ever
reported for a songbird population. Mercury levels unexpectedly doubled between 2005 and 2006, perhaps due to
increased methylmercury availability resulting from
extreme drought. Other explanations for the increase, such
as greater bioaccumulation by returning individuals,
changes in nest box locations, or increased atmospheric
deposition are not consistent with our findings (Brasso
2007). Mercury in nestling blood, while elevated over that
of nestlings in reference areas, was an order of magnitude
lower than that of adults in the contaminated area. This is
consistent with the literature, as nestling birds apparently
eliminate large amounts of blood mercury into their
growing feathers (Spalding et al. 2000).
Females in the contaminated area produced fewer
fledglings than reference females. This difference was most
pronounced in females nesting for the first time (SY
females) in 2006. SY females in the contaminated area
fledged approximately two fewer nestlings than older
(ASY) females in contaminated or reference areas, and
approximately one less fledgling than SY reference
females. Preliminary evidence suggests that SY females
also produced smaller eggs than other females. In tree
swallows, egg size and quality are directly related to offspring survival; clutches of larger eggs produce more and
larger nestlings that grow faster (Ardia et al. 2006). Nesting
in the contaminated area did not detectably affect clutch
size, clutch initiation date or hatchability of eggs. This is
consistent with at least one other study of mercury contamination in a songbird; great tits nesting along a
contamination gradient in Belgium did not vary in terms of
clutch initiation dates and clutch sizes (Janssens et al.
2003).
Contaminated females could suffer reduced reproductive success if they (1) under-provisioned eggs, (2)
deposited enough mercury into eggs to reduce embryo
viability, or (3) failed to feed nestlings properly due to
behavioral problems. Our results are consistent with the
first explanation, because our preliminary data indicate that
eggs of two SY females in the contaminated areas were
significantly undersized. Hatchability of eggs did not differ
between contaminated and reference areas, suggesting that
embryo viability was not affected. SY females in the
contaminated area may also have been feeding their nestlings less, because survival rate was depressed, but direct
examination of feeding rates is needed to test this
hypothesis. We propose that the combination of inexperience and mercury contamination may have led to smaller
eggs and subsequent decreased offspring survival. The fact
that this was more evident in 2006 could have been due to
environmental stress such as reduced food availability or to
the higher mercury levels that year. Both nutritional stress

We used linear regression to test for a relationship between
reproductive success and the level of mercury in an individual female’s blood, using all females. The four
measures related to hatching and survivorship of eggs or
nestlings all had significant, negative relationships with
blood mercury concentrations of female swallows
(Table 3); however, the relatively low r2 values indicate
weak relationships with little explanatory power.

Mercury in prey items
Insects brought back to nestlings had significantly
higher total mercury levels on contaminated sites
(0.97 ± 1.11 ppm dw, n = 29 boluses) than those on
reference sites (0.04 ± 0.04 ppm dw, n = 27 boluses;
Mann-Whitney test P < 0.0001). Because prey was delivered in large boluses containing 1–57 invertebrates, it was
not possible to pinpoint the species of invertebrates delivering the most mercury. Of the four highest boluses, two
contained only Dipterans (flies, including some, but not all
species with aquatic larvae), and two contained only
Ephemeropterans (mayflies with aquatic larvae). Overall,
60% of the 953 individuals identified were Diptera, and
22% were Ephemeroptera, with the rest coming from at
least eight other invertebrate orders, including terrestrial
Aranae (spiders), Coleoptera (beetles) and Homoptera (true
bugs).

Discussion
A population of tree swallows established in 2005 on a
contaminated headwater tributary of the Shenandoah River
had elevated mercury levels. Adult females in the contaminated area averaged more than 3.00 ppm total mercury

Table 3 Relationship of blood mercury concentration in females tree
swallows to measured reproductive parameters
Parameter

n

r2

Clutch initiation

118

0.002

Clutch size

118

Proportion eggs hatched

118

Proportion nestlings fledged

F

P

0.24

0.62

0.009

1.11

0.30

0.07

8.37

0.005*

114

0.04

4.49

0.04*

Proportion eggs fledged

114

0.12

15.09

<0.001*

Number fledglings produced

114

0.08

9.05

0.003*

0.07

0.88

0.37

Average egg size

13a

*

Indicates a significant relationship

a

Sample size is number of broods
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Table 4 Comparison of tree swallow mercury levels along the South River to other studies using tree swallows as biomonitors
Location

Species (age)

Tissue reported

Blood Hg

Author(s)

ELARP, Canada

TRES (nestling)

0.13 ppm dw (whole body)

–

Gerrard and St Louis (2001)

Minnesota

TRES (nestling)

0.13–0.24 ppm dw (whole body)

–

Custer et al. (2006)

ELARP, Canada

TRES (nestling)

1.21 ppm dw (feather)

–

Gerrard and St Louis (2001)

South River, VA

TRES (nestling)

–

0.23 ppm ww

This study

Minnesota

TRES (adult)

0.25 ppm ww (egg)

0.63a ppm ww

Custer et al. (2006)

Great Lakes

TRES (adult)

0.66 ppm ww (egg)

1.65a ppm ww

Bishop et al. (1995)

Massachusetts

TRES (adult)

0.41 ppm ww (blood)

–

Evers et al. (2005)

South River, VA

TRES (adult)

–

3.69 ppm ww

This study

a

Estimated blood mercury level based on inter-tissue comparative ratio (Evers et al. 2005)

and higher methylmercury availability could have resulted
from the complete absence of rain during 2006, but we did
not directly measure mercury or food availability. Though
SY and ASY female tree swallows are easily distinguishable from each other, this is the first report of age-related
differences in the effects of mercury on reproduction in this
or other species.
Our finding that blood mercury concentrations among
individual female swallows did not strongly predict their
nesting success was not novel. Bald eagles (Haliaeetus
leucocephalus) nesting at a lake with similar exposure to
mercury as tree swallows in the present study did not show
a strong relationship of eaglet mercury level with productivity (Weech et al. 2006). As eaglet blood and adult eagle
blood were highly correlated, one can deduce that no
relationship existed between adult mercury and productivity. The same variability of individual response to
contaminants has been reported for tree swallows nesting
on PCB-contaminated sites (Custer et al. 1998; Custer et al.
2003).

Tree swallows as biomonitors for mercury
A focus on mercury contamination as solely an aquatic
problem (Weiner et al. 2003) has led to the overwhelming
use of piscivores as biomonitors. Mercury accumulation
in tree swallows has been documented in several studies
in Canada and the northeastern United States. However,
the mercury levels reported from the destructive sampling
of nestling birds and eggs in those studies makes direct
comparison with the non-lethal blood mercury levels
reported here difficult. Evers et al. (2005) proposed a ratio
relating mercury levels in different tissues of common
loons. The ratio of feather:blood (6:1) accurately predicted the 6:1 feather-to-blood ratio derived from data for
bald eagles reported by Weech et al. (2006), and that of
tree swallows in the present study (5.8:1), and thus can be
used cautiously as an approximation to compare blood
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mercury concentrations in our tree swallows to other
published mercury data for this species (Table 4). The
levels reported here for adult tree swallows of both sexes
are the highest ever reported for this species. Across both
years of our study only 11% of adult swallows sampled in
the contaminated area had blood mercury under
1.00 ppm; only 3% were below 0.50 ppm. In fact, adult
belted kingfishers (Ceryle alcyon), obligate piscivores,
nesting along the South River in 2005–2006, were no
higher than swallows, with blood mercury averaging
3.35 ± 2.67 ppm (n = 21, unpublished data). In this study
of a riverine mercury point source, tree swallows accumulated mercury from contaminated insects, some of
which had aquatic larvae, to the same level as a piscivorous species. Because we were able to quickly recruit a
large breeding population of swallows to specified reference and contaminated locations, we detected subtle
reproductive effects that may have been missed in a twoyear study of one of the more popular species used as
biomonitors for mercury. While most studies focus on
piscivorous species (Scheuhammer et al. 2007), tree
swallows should be considered an important part of the
avian biomonitoring tool kit.
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