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Abstract: The rapid spread of the bacterial disease, Mycoplasma gallisepticum (MG), throughout the intro-

duced range of house finches (Carpodacus mexicanus) in eastern North America, compared to its slower spread

through the native western range, has puzzled researchers and highlights the need to understand the relative

differences in health state of finches from both populations. We conducted a light-microscope survey of

hemoparasites in populations of finches from Arizona (within the western range) and from Alabama (within

the eastern range), and compared our estimates of prevalence to published reports from house finches sampled

in both ranges. Of the 33 Arizona birds examined, we recorded hematozoan infections in 16 (48.5%) indi-

viduals, compared to 1 infected Alabama bird out of 30 birds examined (3.3%). Based on independent surveys

of seven western North American and five eastern North American populations of house finches the average

prevalence of blood parasites in western populations is 38.8% (±17.9 SD), while the average prevalence within

the eastern range is only 5.9% (±6.1 SD). The average rate of infection among all songbirds sampled in the east

is 34.2% (±4.8 SD). Thus, our surveys of wild birds as well as previously published observations point to

eastern house finches having a much lower prevalence of blood parasite infections than their western coun-

terparts. Combined with the fact that eastern finches also tend to have lower rates of avian pox infections than

do western birds (based on a literature review), these observations suggest that eastern birds have either strong

resistance to these infections or high susceptibility and associated mortality.
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INTRODUCTION

Despite being separated by less than 100 generations, house

finches (Carpodacus mexicanus) in eastern North America

have diverged from their western parent population in a

number of ways. Because the entire eastern population was

derived from a small number of western birds released

around 1940 (Elliott and Arbib 1953), individuals in the

eastern population appear to have lower genetic diversity

than those in the western population (Hawley et al. 2006).

Furthermore, the well-studied epidemic of Mycoplasma

gallisepticum (MG) infections that began in the mid-1990s

(Dhondt et al. 1998) has impacted eastern populations of

house finches more than western populations (Dhondt

et al. 2006; Hochachka and Dhondt 2000). In fact, the

lower genetic diversity of eastern birds was initially thought

to be a driving factor in the spread of the disease
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throughout the east (Dhondt et al. 2006), but new evidence

from captive studies does not support this idea (Hawley

et al. 2010). There are also differences between eastern and

western populations in clutch size (Wootton 1986), in

metabolic responses to cold (O’Connor 1996), in the size

and shape of males and females (Badyaev and Hill 2000),

and in migratory behavior (Belthoff and Gauthreaux 1991).

Finally, the carotenoid coloration of males averages redder

in hue in eastern populations compared to most western

populations (Hill 1993a). In the current study we examined

differences between eastern and western populations in

another trait, the frequency of infection by blood parasites.

There is a long history of research on the blood par-

asites of North American passerines. Much of the early

work involved descriptive surveys of the hemoparasite

fauna of birds in certain regions (e.g., Herms et al. 1939;

Jordan 1943; Wood and Herman 1943), and projects of this

nature are still being conducted (Deviche et al. 2001a;

Garvin et al. 1993; Super and Van Riper 1995). These

surveys typically involve capturing as many birds as pos-

sible (often over many years), examining stained blood

films under a microscope for hemoparasites, and reporting

their prevalence in each species and region of study. For

example, Clark and Swinehart (1966) reported that 34.9%

of 23 species of passerines in Sacramento, California were

infected with one or more blood parasite types, including

species of Plasmodium, Haemoproteus, and Leucocytozoon,

which are the most common types of avian blood parasites

(Desser and Bennett 1993). In central Vermont, Barnard,

and Bair (1986) found 42.5% of over 1,500 birds (50 spe-

cies) were infected. In a monumental effort, Greiner et al.

(1975) assimilated published and unpublished data on

hemoparasite prevalence of 57,000 birds from 388 species

to make large-scale comparisons of infection prevalence

across regions of North America. They concluded that

overall hemoparasite prevalence in the western United

States was 45% while prevalence in the southeastern states

was 35% and in the northeast it was 38%. These reviews, as

well as the original reports themselves, continue to be

useful resources for evaluating estimates of hemoparasite

prevalence in contemporary research projects.

Here we report results from surveys of blood parasite

infections using conventional microscopy of stained blood

films collected from house finches in western (Arizona) and

eastern (Alabama) populations. We combined these new

data with information we compiled from the ornithological

literature concerning the prevalence of blood parasites in

house finches sampled in populations throughout North

America. Our findings with both approaches regarding

differences in infection prevalence between eastern and

western house finches provide novel insights into the rel-

ative health of eastern and western House Finches and may

hold implications for the spread of M. gallisepticum in

North America.

METHODS

Capturing and Handling House Finches

We captured wild male house finches at backyard feeding

stations in Southeast Arizona (AZ). Two teams of biologists

captured finches in Green Valley, AZ and Tempe, AZ,

respectively, on 11, 12, and 13 August 2010. These col-

lecting sites are 216 km apart but within the same phys-

iographic region occupied by the same subspecies of house

finches (Moore 1939). A total of 129 birds from Arizona

were sampled, but due to issues with staining of blood

films, we could only quantify the parasites on slides from

33 of the Arizona birds. Alabama birds were captured on 1

August 2010 at a single trapping location on the campus of

Auburn University, Auburn, Alabama. For all birds sam-

pled, blood was drawn from the brachial vein and a small

drop of blood was then spread across a microscope slide

following conventional methods for creating blood smears

(Houwen 2000).

Blood Smears

Slides from both populations were viewed by a single ob-

server (AKD) with a light microscope under 1,0009 (oil) to

quantify prevalence of blood parasite infections. Each slide

was scanned in a zig-zag pattern (to sample multiple areas

of the smear) until 50 fields of view were examined. At this

magnification, fields have *400 erythrocytes (Davis, un-

publ. data), so this was equivalent to screening *20,000

cells per bird. Fields were examined for the presence of

common avian parasites, including Plasmodium, Haemo-

proteus, and Leucocytozoon.

Literature Review

For comparison to our field data of parasitism in house

finches from Arizona and Alabama, we compiled published

reports of blood parasite prevalence from house finches in

other locations in North America, and grouped these into

‘‘western’’ or ‘‘eastern’’ records based on the range of this
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species (Hill 1993b). These reports included parasite and

health surveys of house finches specifically (i.e., where birds

were screened for multiple infections, including blood

parasites), and large-scale, multi-species surveys of hema-

tozoa only, of which house finches were examined along

with other species. We also noted the overall prevalence of

hematozoa reported in the large-scale studies, for com-

parison with the house finch records. Importantly, all of the

studies we compiled used methodology similar to ours (i.e.,

light microscopy-analysis of stained blood smears).

RESULTS

Prevalance of Blood Parasites

Of the 33 Arizona house finches we examined, we noted

hematozoan infections in 16 (48.5%) individuals. All were

infections with Plasmodium sp., based on the appearance of

the organisms (we did not attempt to identify the parasite

species). Affected cells contained blue-staining gametocytes

of varying size within their cytoplasm (Fig. 1A–E). In cells

with large gametocytes, the nucleus was often displaced.

Intensity of infections overall was low; of the 16 infected

birds, the average number of parasites seen was 2 (±3 SD)

in 50 fields of view (*20,000 erythrocytes), or *0.01% of

red blood cells. Of the 30 house finches examined from

Alabama, we detected a hematozoan infection in only one

individual (3.3%). The parasite appeared to be a Haemo-

proteus sp. based on morphology (Fig. 1F), and again, the

infection severity was low; only one parasite was observed

in 50 fields of view.

Results of Literature Review

We compiled a total of 12 published accounts (including

one unpublished thesis) in which blood smears from house

finches were examined for hematozoa (Table 1). There

were five records from the eastern range of the house finch

(plus our estimate from the Alabama birds), and seven

studies from the western range (plus our results from the

Arizona birds). The prevalence of blood parasite infection

in the Arizona house finches (48.5%) was generally con-

sistent with reports from other locations within the western

range; the average prevalence of all western reports (besides

ours) was 38.8% (±17.9 SD). The western average including

the Arizona birds was 40.0% (±17.0 SD). Similarly, the low

prevalence of blood parasite infection in our sample of

Alabama house finches (3.3%) was consistent with those

from elsewhere in the eastern range, where the overall

average was 5.5% (±5.6 SD) and ranged from 0.0 to 16.2%

(Table 1).

A statistical comparison of prevalence estimates from

Table 1 indicated the average prevalence within the eastern

range was significantly different from the western average

(Student’s t-test, df = 12, t = -4.74, P = 0.0005). Because

the sample sizes varied in the studies in Table 1, we per-

formed this test a second time after weighting the records

using a 1–3 score, based on the sample size of the study

Figure 1. Photomicrographs of blood parasites observed in house finches from Arizona (Plasmodium sp., A–E) and Alabama (Hemoproteus sp., F).
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(1–100 = 1, 101–500 = 2, >501 = 3). This did not change

the outcome of this comparison (df = 21, t = -4.86,

P < 0.0001). The low prevalence of the eastern house fin-

ches was even more interesting when compared to the pub-

lished reports of multi-species surveys (Table 2). Across the

eastern region of North America, the average prevalence of

avian hematozoa was 34.2% (±4.8 SD). In the western region

it was 31.4% (±8.5 SD), and these means were not signifi-

cantly different (df = 11, t = 0.74, P = 0.472). Furthermore,

the average prevalence of hematozoa in western house fin-

ches was not different than the average prevalence of all other

birds (df = 12, t = 1.13, P = 0.279), while in the east, the

house finch average was significantly lower than the average

of all other birds (df = 11, t = -9.9, P < 0.0001). In sum,

the frequency of blood parasite infections of house finches in

the east appears to be about eight times less than in western

house finches and about seven times less than other birds in

the eastern United States (Fig. 2).

Table 1. Summary of Published Studies Where House Finches were Examined for Hematozoa Using Light Microscopy, for Comparison

with Data from the Current Study (Shown in Bold).

Region Location # Birds examined % Infected Sample effort Source

East Oklahoma 34 5.8 1 Bay and Andrews (2009)

East Ohio 416 0.0 2 Morishita et al. (1999)

East Georgia 757 16.2 3 Hartup et al. (2008)

East New York 282 4.6 2 Hartup et al. (2008)

East Wisconsin 305 3.0 2 Hartup et al. (2004)

East Alabama 30 3.3 1 This study

West California 530 13.0 3 Wood and Herman (1943)

West Colorado 10 50.0 1 Stabler and Kitzmiller (1970)

West California 51 56.8 1 Thakur (1998)

West Mexico City 61 37.7 1 Hewitt (1940)

West California 8 25.0 1 Clark and Swinehart (1966)

West California 39 61.5 1 Herms et al. (1939)

West California 1,741 27.8 3 Herman et al. (1954)

West Arizona 33 48.5 1 This study

Sample effort was a code assigned to each study and used for weighting purposes

Table 2. Summary of Published Studies Where Large-Scale, Multi-Species Surveys of Avian Hematozoa were Conducted, Using Light

Microscopy.

Region Location # Birds examined % Infected # Species examined Source

East Northeast Georgia 1,091 30.4 13 Jordan (1943)

East Southwest Georgia 1,068 30.1 50 Love et al. (1953)

East New Jersey 697 29.3 59 Kirkpatrick and Suthers (1988)

East ‘‘Region 1’’’(southeastern US) 6,569 35.0 >100 Greiner et al. (1975)

East ‘‘Region 5’’ (northeastern US) 30,549 38.0 >100 Greiner et al. (1975)

East Vermont 1,547 42.5 50 Barnard and Bair (1986)

East Louisiana 935 34.2 19 Garvin et al. (1993)

West California 1,525 23.4 112 Wood and Herman (1943)

West California 150 27.3 30 Herms et al. (1939)

West California 383 34.9 23 Clark and Swinehart (1966)

West ‘‘Region 3’’ (western US) 8,784 45.0 >100 Greiner et al. (1975)

West California 1,028 22.9 40 Super and Van Riper (1995)

West Vancouver Is. British Columbia 197 35.0 29 Williams (1978)
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DISCUSSION

In this project we used both our own field surveys and a

literature review to compare the prevalence of blood par-

asite in eastern and western house finches. Both methods

pointed to introduced eastern finches having considerably

lower rates of infections than their native western coun-

terparts. We cannot easily attribute the lower incidence of

blood parasites to differences in exposure to possible vec-

tors because, when we compared the prevalence in the

infection rates in eastern and western North America for all

passerine species, the rates of infection were not signifi-

cantly different: 34.2 vs. 31.4%. Thus, house finches in the

native range appear to have similar rates of infection as

other passerine species while house finches in the east have

lower rates of infection than most other birds in this region

(Fig. 2).

We are confident in the results of this investigation for

two reasons. First, our own field surveys of populations of

eastern and western house finches utilized the same method

for detecting hemoparasites for both populations: blood

smear analyses that were conducted by the same observer

using a standardized procedure. Moreover, the house fin-

ches in both populations were captured using similar

techniques and during the summer (in fact the same

month—August) when prevalence of vector-borne hemo-

parasites should be high (Barnard and Bair 1986; Deviche

et al. 2001b; Super and Van Riper 1995). Second, our re-

sults were consistent with those from multiple independent

surveys (five from the east, seven from the west, Table 1)

that also used microscopic detection to estimate parasite

prevalence.

Interestingly, the geographic pattern in hemoparasite

prevalence that we report is not consistent with a prior

investigation of hematozoa in house finches where molec-

ular markers (polymerase chain reaction, PCR) were em-

ployed to identify specific parasite species across North

America (Kimura et al. 2006). In that study, average

prevalence of hemoparasites in three populations of eastern

house finches (in New York, Georgia and Wisconsin) was

32%, while the average of five western populations (South

Dakota, California, Idaho, Arizona and Nevada) was

43.8%. This discrepancy between our two results likely

stems from the inherent differences in detection ability of

conventional microscopy versus PCR-based approaches to

diagnose hemoparasite infections (Garamszegi 2010).

Molecular tools are generally considered to be more

effective than microscopy (but see Jarvi et al. 2002). They

can detect infections even when parasitemia (infection

intensity) is very low, while such infections may be missed

in routine scanning of blood smears. Thus, it is possible

that the ‘‘low prevalence’’ of hematozoa that we observed in

eastern house finches was actually a reflection of low

intensity of infection in many birds in this population,

compared to those in the west. Low-intensity infections

could have been missed in the investigations of eastern

finches, where light microscopy was used. By employing

PCR-based detection of hemoparasites, Kimura et al (2006)

would have been able to detect such low-intensity infec-

tions in this population.

The differences in geographic prevalence found here as

compared to the Kimura et al. (2006) study draw attention

to a larger issue, that is the biological relevance of infections

detected using molecular-based tools versus microscopic

detection (e.g., Kriger et al. 2007; Smith 2007). Since

molecular methods can detect extremely minute infections,

one wonders how important these infections would be to

the host than those that are severe enough to be detected

using light microscopy. In fact, in a recent study directly

comparing methodologies, Nayel et al. (2012) concluded

that microscopy is a more appropriate tool for detecting

acute infections while molecular methods are better-suited

for detecting chronic, ‘‘subclinical’’ infections. Future

studies should be aimed at examining effects of acute versus

chronic (or subclinical) hemoparasite infections, which

would help to resolve this issue of biological relevance.

Figure 2. Average prevalence of hemoparasites in house finches and

other songbirds from western and eastern North America, based on

data summarized in Tables 1 and 2. Error bars represent 95%

confidence intervals.
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The frequency of hemoparasite infections in western

and eastern house finches is particularly interesting con-

sidering the geographic patterns in another well-known

pathogen of this (and other passerine) species: avian pox.

This is a disease characterized by visible, wart-like lesions

on the head, wings, and legs (Bolte et al. 1999; McClure

1989) and is often reported by bird-banders and orni-

thologists. Based on our own review of this literature we

determined the prevalence of pox in western house finches

is *20% (McClure 1989; Power and Human 1976; Spears

and Cavitt 2003; Zahn and Rothstein 1999). Meanwhile,

independent surveys of eastern finches all show that less

than 5% of birds have pox lesions (Davis 2010; Hartup

et al. 2004; Zahn and Rothstein 1999, GEH personal

observation). These observations of pox infections provide

another example of lower disease prevalence in the intro-

duced house finch population, and engender further

questions regarding the resistance of eastern house finches

to these and other infections. Moreover, these geographic

patterns in prevalence of hematozoan and pox are different

than the patterns of prevalence observed for MG, which

spread rapidly through the eastern range of house finches

but has spread relatively slowly through western popula-

tions (Dhondt et al. 2005).

Recent projects with captive house finches have ad-

vanced our understanding of the MG pathogen and its

geographic variation in prevalence. Hawley et al (2010)

conducted experimental infection experiments with eastern

and western house finches to test whether the faster spread

and greater intensity of MG infections in eastern house

finches compared to western finches was caused by lower

genetic heterogeneity of eastern birds, which was once

widely-thought to be the case (Dhondt et al. 2005, 2006;

Hawley et al. 2005, 2006). Results from that project showed

that the geographic variation in MG prevalence appears to

be influenced less by host genetic diversity and more by

variation in the pathogen itself, which is less virulent in the

western range (Hawley et al. 2010). Another experimental

study also showed lower pathogenicity (less severe eye

lesions, lower pathogen load, and lower levels of antibod-

ies) in a western strain of MG compared to that of eastern

strains (Grodio et al. 2012). In an experimental infection

experiment in which eastern and western house finches

were inoculated with the same strain of MG, eastern birds

showed greater resistance to mycoplasmosis (Bonneaud

et al. 2011). Thus, the pattern of MG prevalence seems to

be a consequence of geographic variation in both bacterial

pathogenicity and host resistance.

Besides a possible difference in infection severity, what

else could explain the exceptionally low prevalence of blood

parasites in eastern house finches, especially compared to

other birds in this region? One possibility is that this is an

example of the enemy release hypothesis, which argues that

organisms introduced into novel environments experience

greater success because of the release from naturally co-

evolved parasites present in the native range (Lima et al.

2010; Marzal et al. 2011). Kimura et al (2006) determined

that eastern finches carry different strains of plasmodium

parasites than their western counterparts. It may be that the

particular combination of strains in the east is less virulent

(i.e., does not transmit efficiently, or hosts can more easily

clear the infection). Testing this hypothesis would require

experimentally testing pathogen clearance rates under

controlled (captive) conditions.

A second explanation is that eastern house finches may

in fact be highly susceptible to hemoparasites, and that

infected individuals (especially young birds) are selectively

removed from the population that is sampled in parasite

screening investigations (i.e., ‘‘selective mortality’’). This

would lead to the appearance of low infection prevalence in

a population. Moreover, one could argue that the high

prevalence of MG in the eastern population could in theory

contribute to this, since birds with MG-infections show

reduced defensive behaviors toward mosquitoes (Darbro

et al. 2007), which could in turn lead to increased sus-

ceptibility of MG-infected birds to hemoparasite infections.

However, field data from a prior study of (eastern) house

finches in Atlanta, GA does not support this idea; of 159

birds captured between August 2001 through February

2002 (the time of year when MG prevalence is high), 21%

of birds with no MG symptoms had blood parasites, while

26% of birds with MG symptoms did, and the frequencies

were not significantly different, based on a chi-square

analysis (v2 = 0.612, P = 0.434; Davis, unpubl. data). Thus,

since there is no evidence that MG infections lead to greater

incidence of hemoparasite infections, it stands to reason

that MG is not contributing (at least directly) to the low

frequency of hemoparasite infections in eastern house fin-

ches. Two independent studies also found little evidence for

hemoparasite-induced selective-mortality in other bird

populations (Knutie et al. 2012; Sol et al. 2003).

Finally, we point out that the results from this work

highlight the value of combining novel empirical studies

with assessment of published surveys. Here, we uncovered a

pattern that may have bearing on many current research

projects focusing on the house finch-MG system based
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largely on information that has been in the published lit-

erature for many years. Our results also demonstrate the

continued usefulness of the early descriptive studies of

avian hematozoa that were conducted even seven decades

ago.
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