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a b s t r a c t
Parasites can negatively affect the evolutionary ﬁtness of their hosts by eliciting physiological stress
responses. Parasite-induced stress can be monitored by measuring changes in the adrenal steroid hormone corticosterone. We examined the effect of an invasive parasite on the corticosterone concentrations
of a common species of Darwin’s ﬁnch, the medium ground ﬁnch (Geospiza fortis). Philornis downsi (Diptera: Muscidae) is a parasitic nest ﬂy recently introduced to the Galapagos Islands, where it feeds on the
blood of nestlings and breeding adult female ﬁnches. Previous work shows that P. downsi signiﬁcantly
reduces the reproductive success of several species of ﬁnches. We predicted that the effect of P. downsi
on host reproductive success is mediated by stress responses in breeding female ﬁnches. High stress levels could reduce the ability of females to invest in offspring, thus decreasing their reproductive success.
To test this hypothesis, we experimentally manipulated the abundance of P. downsi in nests, then measured baseline and acute stress-induced corticosterone levels, body condition, and hematocrit (red blood
cell content). Acute stress-induced corticosterone levels increased over baseline levels, but this response
did not differ signiﬁcantly with parasite treatment. There was also no signiﬁcant difference in the body
condition or hematocrit of females from parasitized versus non-parasitized nests. Our results suggest that
the lower reproductive success of females from parasitized nests is not mediated by a physiological stress
response.
Ó 2013 Elsevier Inc. All rights reserved.

1. Introduction
An animal’s ability to cope physiologically with environmental
stressors is an important component of its evolutionary ﬁtness
(Breuner et al., 2008; Johnstone et al., 2012; Siegel, 1980). One
mechanism that mediates this process is the regulation of glucocorticoids, such as corticosterone, through activation of the hypothalamic–pituitary–adrenal axis (HPA-axis) (Sapolsky et al.,
2000). Short-term elevations in corticosterone can trigger adaptive
responses, such as energy mobilization, activation of the immune
system, increased delivery of oxygen to tissues, and night restfulness (Sapolsky et al., 2000; Wingﬁeld et al., 1998). These responses
act to help an organism recover from sources of stress and maintain homeostasis (McEwen and Wingﬁeld, 2003; Wingﬁeld and
Kitaysky, 2002). However, long-term elevations in corticosterone
can have detrimental effects on an organism’s survival and reproductive success by over-depleting fat stores, reducing parental
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investment in offspring, or compromising host immune responses
(Sapolsky et al., 2000; Silverin, 1986; Tsigos and Chrousos, 2002).
Parasites are common stressors faced by most organisms,
including birds (Brown et al., 2005; Siegel, 1980). Several studies
show that parasitized birds maintain higher levels of both baseline
and acute stress-induced corticosterone than non-parasitized birds
(Boughton et al., 2006; Brown et al., 2005; Raouf et al., 2006). Nest
parasites – those which reside primarily in the nest material – can
directly affect both nestlings and breeding adult birds (Clayton and
Tompkins, 1994; Marshall, 1981). Indirect effects of parasitism,
mediated through the stress response of adult birds, can also exacerbate the direct effects of parasites. For example, increased glucocorticoid activity by parasitized adults may alter parental
investment in nestlings, in exchange for self-preservation (Wingﬁeld and Silverin, 1986). Elevated corticosterone levels in breeding
birds have been linked to: (1) delays in returning to the breeding
grounds (Breuner and Hahn, 2003); (2) less time devoted to guarding nests (Kitaysky et al., 2001; Wingﬁeld and Silverin, 1986); (3)
less time feeding nestlings (Silverin, 1986); and (4) an increase in
nest abandonment (Love et al., 2004; Silverin, 1986). Thus, while
elevations in corticosterone can help to preserve adults, the consequences for nestlings may be severe, reducing adult reproductive
success.
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In the Galapagos Islands of Ecuador, an introduced parasitic ﬂy,
Philornis downsi (Diptera: Muscidae), affects several species of land
birds, including Darwin’s ﬁnches (Fessl and Tebbich, 2002). Adult
ﬂies, which are non-parasitic, feed on decaying, organic matter. Female ﬂies lay their eggs in the nests of birds, or in the nares (nostrils) of nestlings (Fessl et al., 2006). Once the ﬂy eggs hatch, the
larvae are hematophagous parasites that feed on the blood of both
nestlings and adult female birds when they sit on the nest (Huber
et al., 2010). Adult females incubate the eggs and brood the offspring. Adult males do not sit on the nest and, therefore, do not appear to come into contact with the parasites (Huber et al., 2010;
Koop et al., 2011). P. downsi was ﬁrst documented in the Galapagos
Islands in 1964 (Causton et al., 2006); however, it was not until
1997 that the ﬂy was observed in large numbers in nests (Fessl
et al., 2001; Fessl and Tebbich, 2002). P. downsi has a signiﬁcant
negative effect on the growth rates and ﬂedging success of medium
ground ﬁnches (Geospiza fortis) (Koop et al., 2011). However, little
is known regarding the effect of P. downsi on adult birds, or
whether such effects contribute to observed decreases in reproductive success.
We tested whether P. downsi causes an increase in the baseline
or acute stress responses of breeding adult female medium ground
ﬁnches. We also measured the effect of the parasite on various aspects of female condition. We experimentally manipulated P.
downsi abundance in the nests of medium ground ﬁnches to test
the effect of the parasite on adult female corticosterone concentration, body condition, and blood loss. We predicted that parasitized
females would have higher levels of baseline corticosterone than
non-parasitized females. We also predicted that parasitized females would exhibit a higher acute corticosterone response to handling induced stress. Assuming that corticosterone is involved in
mobilizing sources of stored energy, such as fat and glucose (Wingﬁeld et al., 1998), we predicted that an increase in glucocorticoid
levels would coincide with a reduction in body condition. Finally,
we predicted that parasitized females would have lower hematocrit than non-parasitized females. Reduced hematocrit (% red blood
cells/total blood volume) is an indicator of blood loss in birds
(Olaymeni 2009; Palmer et al., 1979).
2. Methods
2.1. Study species and site
The study was conducted January–April, 2010 at El Garrapatero
on Santa Cruz Island, Galapagos. The ﬁeld site is a 1.5 km  1.5 km
area located in the arid coastal zone. Medium ground ﬁnches are
abundant at this site (Huber, 2008), where they nest in endemic
tree cacti (Opuntia echios gigantea) 1.5–4 m above the ground.
Finch clutch sizes range from 2–5 eggs, and the eggs are incubated
for approximately 14 days (Grant, 1999). Nestlings normally ﬂedge
10–14 days after hatching.
2.2. Manipulation of parasite abundance
Active nests were checked every other day between 600 and
1100 h throughout the study. When the ﬁrst nestling hatched,
the nest was randomly assigned to either an experimental or control group. Nestlings were temporarily removed while experimental nests (n = 15) were sprayed with a 1% permethrin solution
(hereafter, fumigated nests) and control nests (n = 15) were
sprayed with water (hereafter, sham-fumigated). After all of the
nestlings in a nest had ﬂedged or died, the nest was collected
and sealed in a plastic bag; medium ground ﬁnches do not reuse
nests (Grant 1999). Nests were dissected within 8 h of collection
and P. downsi larvae, pupae, and eclosed pupal cases were counted.
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First instar larvae were not included in tallies of parasite abundance because they are too small to see reliably in the nest material (Koop et al., 2011). Total parasite abundance was calculated as
the sum of all second and third instar larvae, pupae, and eclosed
pupal cases found in a nest.

2.3. Field monitoring procedures
Adult birds and nests were monitored to determine their reproductive stage. When nestlings were 3–6 days old, a mist net was
placed in the nest territory to catch the attending adult female.
This time period was chosen to minimize sample loss due to the
failure of parasitized nests, which often happens less than a week
after hatching of the ﬁrst egg (Koop et al., 2013). Once opened, nets
were under constant surveillance. Netted birds were removed from
the net and a blood sample was taken within 3 min of capture to
assess baseline corticosterone levels. For each bird, a sterile 28gauge needle was used to puncture the brachial (alar) vein, and
the blood sample (<75 lL) was collected into a heparinized
microhematocrit tube. Critoseal-sealed tubes were held on ice until centrifugation, which took place within 6 h of collection. Capillary tubes were spun at 8000 rpm for 10 min in a centrifuge.
Hematocrit was measured in the capillary tube from the ﬁrst blood
sample with digital calipers to estimate the volume of packed red
blood cells in relation to total blood volume. Blood and plasma
were transferred and stored in separate 0.5 mL microcentrifuge
vials at 20 °C until the end of the ﬁeld season. Samples were then
transported to the University of Utah and stored at 80 °C until
processing for hormones.
Following collection of the ﬁrst blood sample, each female ﬁnch
was ﬁtted with a numbered monel metal band and three plastic
color bands for identiﬁcation. Birds were weighed to the nearest
0.1 g and tarsal length was measured in triplicate. Body condition
was estimated with a scaled mass index (SMI), calculated using
body mass and tarsus length, as described by Peig and Green
(2009). Following banding, each bird was placed in an individual
cloth bag and another blood sample (<75 lL) was drawn 15 min
after capture. The second blood sample was used to monitor
changes in corticosterone (stress-induced corticosterone) upon
exposure to an acute stressor, following the method of Wingﬁeld
et al. (1982). Because of the hot climate at our ﬁeld site, which
poses a danger to the health of captive birds, we released birds
within 20 min of capture.

2.4. Radioimmunoassay protocol
Plasma samples were assayed in duplicate for corticosterone
(antibody from Fitzgerald #20-CR45) using a previously described
protocol (French et al., 2010). Brieﬂy, samples were extracted using
a 30% ethyl acetate/isooctane mixture. Corticosterone was separated from the sample using column chromatography (50% ethyl
acetate/isooctane elution). The ethyl acetate/isooctane phase was
separated, dried, and re-suspended in PBS buffer. For each sample
we used an aliquot of the re-suspended fractions to measure individual recoveries following extraction and chromatography. These
recoveries were used to adjust the ﬁnal sample concentration values to account for any losses during these procedures. The coefﬁcient of variation for corticosterone was 13.5% and the average
minimum detectable value was 0.3 ng/mL. Two females (both from
sham-fumigated nests) had baseline corticosterone values that fell
below the standard curve for the assay (outside the range of
detectable values); these birds were excluded from further analyses. Because plasma volumes were limited, these samples could
not be re-run at different dilutions.

70

S.A. Knutie et al. / General and Comparative Endocrinology 193 (2013) 68–71

2.5. Statistical analysis
Statistical analyses were done in PrismÒ v.5.0b (GraphPad Software, Inc.). All relevant parameters were tested for normality using
a D’Agostino and Pearson omnibus normality test. Parasite abundance was compared between treatments with a Mann–Whitney
U test. A two-way ANOVA was used to compare baseline and
stress-induced corticosterone concentrations between parasite
treatments. Body condition and hematocrit were compared between parasite treatments with separate two-tailed t-tests.

3. Results
The experimental manipulation of nests was successful. Shamfumigated nests had a mean ± SE of 44.73 ± 6.30 parasites/nest
(lower and upper 95% conﬁdence intervals of the mean (95% CI:
31.23–58.24), whereas fumigated nests had a mean of 0.27 ± 0.27
parasites/nest (95% CI: 0.31 to 0.84) (Fig. 1; Mann–Whitney,
U = 0.00, P < 0.0001). Fourteen of the 15 fumigated nests were parasite free; the remaining nest, which experienced heavy rain soon
after being treated, had four ﬂy larvae. The female ﬁnch from this
nest was included in all analyses. In the ﬁfteen sham-fumigated
nests, parasite abundance ranged from 5 to 79 ﬂies per nest.
There was a signiﬁcant effect of stress on corticosterone
concentration: stress-induced corticosterone was signiﬁcantly
higher than baseline corticosterone (Fig. 2; two-way ANOVA,
F1,50 = 131.5, P < 0.0001). However, there was no signiﬁcant effect
of parasite treatment on corticosterone (F1,50 = 0.0001, P = 0.99),
nor was there a signiﬁcant interaction between treatment and
time (F1,50 = 0.12, P = 0.73). Baseline corticosterone values were
as follows: fumigated: n = 13, mean ± SE = 13.29 ± 0.82 ng/mL,
95% CI: 11.51–15.08; sham-fumigated: n = 11, mean ±
SE = 11.89 ± 0.93 ng/mL, 95% CI: 9.81–13.96. Stress-induced corticosterone values were as follows: fumigated n = 15, mean ±
SE = 58.54 ± 4.90 ng/mL, 95% CI: 48.03–69.05; sham-fumigated
n = 15, mean ± SE = 57.22 ± 4.94 ng/mL, 95% CI: 46.62–67.81.
Body condition (estimated by SMI) did not differ signiﬁcantly
between females from fumigated (n = 14, mean ± SE = 21.8 ± 0.9 g,
95% CI: 19.9–23.7) and sham-fumigated nests (n = 12, mean ±
SE = 23.3 ± 1.0 g, 95% CI: 21.1–25.5; two-tailed t-test, t = 1.15,
df = 24, P = 0.26). Likewise, hematocrit did not differ signiﬁcantly
between treatments (fumigated: n = 13, mean ± SE = 47.08,
95%
CI:
44.74–49.41 ± 1.10;
sham-fumigated:
n = 14,
mean ± SE = 47.57, 95% CI: 45.78–49.36 ± 0.83; two-tailed t-test,
t = 0.37, df = 25, P = 0.72). Across both treatments, baseline corticosterone did not correlate signiﬁcantly either with body condition
(Spearman, r = 0.20, P = 0.38) or hematocrit (r = 0.16, P = 0.49).

Fig. 1. Comparison of the mean (95% CI) number of P. downsi in fumigated (n = 15)
and sham-fumigated (n = 15) nests.

Fig. 2. Mean plasma corticosterone levels (95% CI) in female medium ground
ﬁnches from fumigated and sham-fumigated nests. Baseline measurements were
taken within 3 min of capture; stress-induced measurements were taken 15 min
after capture.

4. Discussion
To our knowledge, this is the ﬁrst study to examine the stress
response of Darwin’s ﬁnches in relation to parasites. We found that
female ﬁnches are capable of a functional stress response, as indicated by signiﬁcantly higher stress-induced corticosterone levels
than baseline levels. We predicted that females at parasitized nests
would have higher levels of baseline and stress-induced corticosterone than females at non-parasitized nests. However, there was no
signiﬁcant difference between parasite treatments, indicating that
parasitism by P. downsi does not alter corticosterone levels in adult
female ﬁnches, at least over the time interval of our study.
We also investigated whether P. downsi affects female body
condition and hematocrit, which are known correlates of corticosterone response (Kitaysky et al., 1999; Schoech et al., 1997; Sockman and Schwabl, 2001). P. downsi had a signiﬁcant negative effect
on the reproductive success of birds in this study; see Koop et al.
(2013) for details. However, neither the body condition nor hematocrit of adult females differed signiﬁcantly between parasite treatments. These results suggest that female medium ground ﬁnches
did not suffer direct adverse effects of parasitism by P. downsi.
There are several possible explanations for why we did not observe a relationship between parasitism and corticosterone. The
simplest explanation is thatP. downsi is not a signiﬁcant stressor
for adult female birds. While previous studies suggest that female
ﬁnches are bitten by P. downsi (Huber et al., 2010; Koop et al.,
2013), the frequency with which this occurs is unknown. Our study
did not ﬁnd a signiﬁcant difference in hematocrit values between
females sitting on parasitized and non-parasitized nests. This result suggests that females are not losing much blood to P. downsi
larvae. Hence, there may be little stimulus for increased corticosterone levels.
It is important to note the short time frame of our study.
P. downsi can cause nests to fail within a week of the eggs hatching
(Koop et al., 2013). We therefore sampled adult female birds for
blood relatively quickly (within 4–6 days of the eggs hatching).
Since we did not sample females for blood after their nests had
failed, we were unable to test whether nest failure itself is a stressor for female ﬁnches. Logan and Wingﬁeld (1995) found signiﬁcant increases in the corticosterone levels of female northern
mockingbirds (Mimus polyglottos) during incubation of replacement clutches. It is possible that female medium ground
ﬁnches show an increase in corticosterone levels if and when they
re-nest. Further work is needed to determine whether females
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experiencing prolonged exposure to P. downsi exhibit a corresponding stress response.
It is also possible that signiﬁcant changes in corticosterone in
response to parasitism may be apparent only during ‘‘bad’’ years
when birds experience other intense sources of stress. For example,
Raouf et al. (2006) showed that adult cliff swallows parasitized by
hematophagous swallow bugs have higher baseline corticosterone
than non-parasitized birds; however, this was true only for birds
nesting in large colonies, which are thought to increase levels of
social stress. Cliff swallows in smaller colonies did not show higher
levels of corticosterone, perhaps because of reduced competition
for food. This result suggests that a combination of stressors can increase corticosterone levels. Our study took place in a year of high
rainfall, during which birds were presumably able to ﬁnd sufﬁcient
food and breed readily. Finches do not breed well in years of low
rainfall and scarce food supplies (Koop et al., in press). Changes
in corticosterone induced by P. downsi may be more apparent in
dry years, when birds are under greater nutritional stress. It would
be interesting to repeat our study in a dry year.
In summary, our results suggest that the impact of P. downsi on
ﬁnch reproductive success is not mediated by a stress response in
breeding females. Nestling ﬁnches may experience stress responses due to P. downsi parasitism; however, we were unable to
test this hypothesis because most nestlings died before we could
obtain adequate blood samples. Several studies have demonstrated
increased levels of corticosterone in nestlings in response to ectoparasites in the nest (Eggert et al., 2010; Kitaysky et al., 2001;
Raouf et al., 2006). Breeding adults can leave the nest, temporarily
escaping parasites. Nestlings, by contrast, are essentially captive in
the nest until they ﬂedge. Thus, nest parasites may be a more intense and persistent stressor to nestlings, exacerbating negative
ﬁtness consequences.
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