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Abstract
The relationship between parasitism on the ball gall fly (Eurosta solidaginis) and

location was studied at an old field habitat 5 km east of Blooming Valley, Crawford

County, Pennsylvania.  We measured the diameter and identified the content of 158 ball

galls collected from four different distances from wooded areas.  Parasitism was more

prevalent away from the trees than in the open field, while the mean diameter was large

at the nearest and farthest distances from the treeline.  The relationship between

parasitism and location was not determined by natural selection of gall size induced by

bird predation.  The relationship may be caused by some parasitesÕ ability to avoid

wooded areas in order to prevent predation from birds.

Introduction
Eurosta solidaginis, the ball gall fly is known to produce spherical galls on stems

of Solidago altissima, the tall goldenrod.  The female flies carefully choose out S.

altissima stems that are reactive to gall stimulation because some stems are resistant to

the stimulation of the fly larvae, resulting in larvae death (Weis and Abrahamson 1998).

McCrea and Abrahamson (1987) found that the oviposition preference of Eurosta is

primarily due to S. altissimaÕs resistance to gall stimulation, which is controlled by

genetics of the plant.

The size of the forming gall is one factor determining larvae survival against their

natural enemies.  One of the parasitoids feeding on Eurosta, Eurytoma gigantea, is

known to prefer smaller galls (Weis et al. 1985; Abrahamson et al. 1989) due to E.

giganteaÕs ovipositor length (Weis 1993).  Two bird species, downy woodpecker and

black-capped chickadee, prey on E. solidaginis during the winter, and both are known to

prefer larger galls (Confer and Paicos 1985; Weis and Abrahamson 1986; Abrahamson et
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al. 1989).  Several studies have found that parasitism occurs more frequently than

predation, and that larger galls are therefore usually favored for larvae survival (Weis and

Abrahamson 1986; Abrahamson et al. 1989).  The other two known parasitoids of

Eurosta, Eurytoma obtusiventris and Mordellistena convicta are capable of attacking

galls of all sizes (Abrahamson et al. 1989).

In addition to gall size, location is another factor determining larvae survival.

Schlichter (1978) and Confer and Paicos (1985) both found that downy woodpeckers

preyed on galls close to wooded areas, while black capped chickadees selected galls in

open fields slightly more than forest edges (Schlichter 1978).  The purpose of our study

was to determine whether location has an effect on the amount of parasitoid attacks as

has been seen in the case of bird predation.  In particular, we examined the ball gall

content and diameter at four different distances from wooded areas.  We expected that

areas near treelines are more susceptible to parasitism because natural selection would

favor Eurosta that produce smaller galls near trees to reduce bird predation.

Materials and Methods
This study was conducted on September 18, 2002 at an old field habitat 5 km east

of Blooming Valley, Crawford County, Pennsylvania.  Specifically, the area of the field

adjacent to woodland cover was used for the purpose of our data collection.

We set up parallel transect lines, each 50 cm wide, at 2 m, 20 m, 40 m, and 60 m

from the treeline.  We walked from one end of the transects until at least 50 ball galls

forming on Solidago altissima were collected from each transect.  In lab, we measured

the diameter of each gall using calipers to the nearest 0.1 mm and dissected all the

measured galls in order to identify the content.  The contents were categorized into
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Eurosta solidaginis, Eurytoma obtusiventris, Eurytoma gigantea, Mordellistena convicta,

and empty, using the key provided by Abrahamson (2002).  Galls with contents that

could not be identified due to dissection failures were omitted from the data.  Forty galls

from each transect were recorded in this manner.

Results
Measurements and content identifications were made for a total of 158 ball galls,

with 39 each for the 2- and 60-m transects, and 40 each for the 20- and 40-m transects.

The 2-m transect had a high percentage of live Eurosta content at 64%, while the other

transects had rather low percentages (35-41%; Fig. 1).  The most abundant parasite was

Eurytoma obtusiventris, which had an abundance of 26% at 2 m from the treeline and

approximately the same or greater than Eurosta abundance in the other three distances

(35-44%; Fig. 1).  The abundance of Eurytoma. gigantea was very low but relatively

consistent (3-5%) at all four distances from treeline (Fig. 1).  Clear abundance differences

were observed when the percentages of galls containing Eurosta were compared to all

other contents combined (Fig. 2).

Considerable difference in mean gall diameter was observed between the four

distances from the treeline (Fig. 3).  The 2-m transect had the largest mean of 21.4 mm

(se=2.0, n=39), and the mean decreased to 20.3 mm (se=3.0, n=40) at 20 m and to 19.9

mm (se=3.5, n=40) at 40 m, showing 1.5-mm difference between the 2- and 40-m

transects.  Mean gall size increased between the 40-m and the 60-m transects.

Gall diameter also varied according to the gall content (Fig. 4).  The sizes of galls

containing Eurosta and Eurytoma obtusiventris were approximately the same, with 21.2

mm (se=2.2, n=70) and 21.0 mm (se=2.2, n=57), respectively.  Eurytoma gigantea had a
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mean of 19.3 mm (se=3.0, n=7), and M. convicta had a mean of 18.8 mm (se=4.2, n=6).

Empty galls had the lowest gall diameter of 18.3 mm (se=4.4, n=16).

Discussion
Parasitism was more prevalent away from the treeline (>20 m, Fig. 2) than near it,

contrary to what we had expected.  At this glance this result may seem to be related to

our finding that the average gall diameter at the 2-m transect was large (>21 mm), which

prevented Eurytoma gigantea from parasitizing this area because of their inability to

oviposit on galls exceeding 21 mm in diameter (Weis 1993).  However, our ball gall

sample from the 2-m transect contained only one E. gigantea larva, and there was no

considerable difference in E. gigantea parasitism between the four distances (Fig. 1).  It

is more likely that parasitoids, especially those two species that attack galls of all sizes,

have the ability to avoid areas near trees to prevent predation from birds.  This could

explain our observation of the occurrence of Eurytoma obtusiventris, where the

percentage at 2 m is low compared to the other three distances (Fig. 1).

Bird predation is more prevalent near trees (Schlichter 1978, Confer and Paicos

1985), which suggests that natural suggestion should favor flies that produce smaller

galls near trees to prevent predation.  However, we found that galls near the treeline had

the largest mean gall diameter, and decreased as the distance increased, with the

exception of the farthest transect (Fig. 3).  This indicates that gall size selection near

treeline is controlled by some factor other than Eurosta-predator/parasitoid interaction.  A

study done by Weis and Abrahamson (1986) showed that both insect genetics and plant

genotype are the primary contributors to gall size despite the selection pressures imposed

by natural enemies.  It is possible that the areas near the trees and around the farthest
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transect surveyed contained S. altissima that has genotype that induces larger galls than

the other two areas.  Further studies are necessary to confirm the plant genotype

differences of the studied field.

Our observed relationships between gall diameter and gall contents (Fig. 4) were

consistent with published literature.  Surviving Eurosta had the largest mean diameter,

indicating that larger gall sizes are favored for larvae survival (Abrahamson et al. 1989).

Eurytoma gigantea showed preference towards smaller galls, which is due to its

restriction in ovipositor length (Weis 1993).  It is important to note that, however, the

sample size of E. gigantea was small (n=7) and our results may not be the best

representation of the studied field.  Eurytoma obtusiventris is known to attack all gall

sizes because the eggs are oviposited at the early stage of gall development (Abrahamson

et al. 1989), and thus the mean gall size showed little variation from that of the surviving

Eurosta.  M. convicta had a small mean diameter despite our knowledge from the

literature that it is capable of attacking all gall sizes (Abrahamson et al. 1989); this was

probably due to the small sample size (n=6).  The empty galls were thought to be results

of early-larval-death syndrome (ELDS), which stops the gall development once the larva

dies and therefore produces a small mean diameter.

Our findings that parasitism occurs more frequently away from treeline and that

gall diameter is largest nearest to treeline conflicted with our original hypotheses and

indications derived from the literature.  Our study should be replicated in other fields in

order to confirm the consistency of our findings.  Additionally, bird predation frequency

in the studied field should be examined during after the winter in order to determine the

bird predation characteristics of the particular area.  Nevertheless, our results clearly
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showed that there is some relationship parasitism and location, and this is a topic that has

received relatively little attention in the published literature.  Further studies are requireed

to determine what exactly influences differences in the parasitism rate at various

distances from wooded areas and whether parasitism and location are directly related to

one another.
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Figure 1.  Eurosta solidaginis survival and parasitism rates at four distances from treeline.  
The percentages are based on 39 or 40 galls for each distance collected on September 18, 
2002.
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Figure 2.  Comparison of galls containing surviving Eurosta solidaginis  vs. all other 
contents.  The percentages of all other contents are based on the percentages of 
dead Eurosta , all parasitoids, and empty galls shown in Figure 1.  
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Figure 3.  Comparison of gall diameter between different distances from treeline.  Plotted are 
the means of all galls measured for each distance and the standard errors.   
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Figure 4.  Comparison of gall diameter depending on content.  Plotted are the means of all 
galls containing each species or condition and the standard errors.   
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