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Abstract We review North American research on

Compsilura concinnata (Meigen), a highly generalist

tachinid parasitoid that was introduced in 1906 to

control two invasive forest insects: gypsy moth and

browntail moth. The impact on gypsy moth in natural

populations in North America has long thought to be

minor, a view confirmed by recent work in Canada and

Wisconsin, USA. However, research with experimen-

tally created populations of gypsy moth suggests that

it may be more important than previously realized.

Studies on browntail moth in both naturally occurring

and experimental populations suggest that C. concin-

nata is probably the main reason browntail moth

disappeared from most of its former range in North

America. Research on giant silk moths suggests that

C. concinnata has become the major source of

mortality among several species and may be respon-

sible for the notable decline in their densities that has

occurred over the last century. C. concinnata has been

touted as a premier example of the generalist natural

enemy that should be avoided in classical biological

control introductions, yet in the case of browntail moth

its effect has been extremely beneficial.
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Introduction

Classical biological control has long been a principal

tool in the worldwide effort to combat the devastating

effects of non-native invasive species. Classical

biological control involves locating natural enemies

of invasive species in their native range and releasing

them in the newly invaded habitat. The non-target

effects of introduced herbivores on beneficial plants

have been a concern for many decades in classical

biological control programs targeting invasive weeds

(Wapshere 1989; Briese 2005). Extensive host range

testing has been done since the earliest use of this

technique. Non-target impacts on native insects are a

much more recent concern. Formerly, there was little

or no evidence that arthropod predators or parasitoids

introduced as biological control agents against other

invasive arthropods had any important deleterious

effects on non-target species. As a result, several

authors concluded that the technique was generally

safe and unlikely to have significant effects on non-

target organisms (Coulson et al. 1991; Godfray 1995).

However, as pointed out by Howarth (1991), ‘‘absence

of evidence is not evidence of absence’’ of such

effects. In the last decade, several studies have

documented attacks on native non-target species by a

number of introduced agents (e.g. Obrycki et al. 2000;
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Henneman and Memmott 2001). As pointed out by

various authors (Lynch and Thomas 2000; Parry

2009), however, it is relatively easy to document the

occurrence of introduced predators and parasitoids on

native non-target species. It is much more difficult to

demonstrate significant impact of these natural ene-

mies on the density of their non-target hosts. Our work

on the effect of the generalist tachinid parasitoid,

Compsilura concinnata (Meigen) on giant silk moths

is one of the few examples where such impact has been

documented (Boettner et al. 2000). We used life table

studies to show that C. concinnata is causing very high

mortality and decline in densities of experimental

cohorts on a number of our native giant silk moths

(Saturniidae) at several research sites in Massachusetts

(USA). Follow-up research by other investigators has

confirmed our findings in some regions (Kellogg et al.

2003), but less so in others (Selfridge et al. 2007; Parry

2009). In addition, however, we have also shown that

C. concinnata was probably responsible for the

decline and extirpation of browntail moth, a serious

forest defoliator that invaded New England in the first

decade of the twentieth century, but subsequently

disappeared over most of its newly invaded range

(Elkinton et al. 2006). Our review expands upon and

updates an earlier review (Elkinton and Boettner

2004) that focused on the impact of C. concinnata

on giant silk moths. Here we add more recent work

on that topic and review additional research on

C. concinnata in North America. Furthermore, we

add an important dimension to the story, which is the

impact of C. concinnata on browntail moth.

Introduction of C. concinnata to North America

The gypsy moth was introduced to North America in a

suburb of Boston, MA, USA in 1868 (Forbush and

Fernald 1896). By the late 1880s, it had become a

serious defoliator in eastern Massachusetts, and this

damage triggered a substantial eradication effort based

on hand removal of gypsy moth egg masses and

widespread application of lead and copper arsenate

insecticides to infested trees. Despite this effort, the

area infested by gypsy moth continued to expand

across eastern New England in the first decade of the

twentieth century. The eradication effort was then

abandoned, and in 1905 the United States Department

of Agriculture embarked on a major effort to introduce

predators and parasitoids of gypsy moth from its

native range in Europe and Asia (Howard and Fiske

1911). Eventually, twelve introduced species of par-

asitoids were successfully established on gypsy moth

in North America (Hajek 2007). One of these species

was C. concinnata, a tachinid with a very broad host

range that has now been recovered from at least 200

species of Lepidoptera and Symphyta (Arnaud Jr

1978; Boettner et al. 2000; Strazanac et al. 2001). The

broad host range of C. concinnata was well understood

by the individuals involved in its dissemination, but its

potential impact on native Lepidoptera was not a

significant concern in those days (Howard and Fiske

1911; Culver 1919; Webber et al. 1926). Introductions

of C. concinnata and efforts to release it in other parts

of the country against gypsy moth and other target

species continued over much of the twentieth century

(Sanchez 1996).

Effects of C. concinnata on gypsy moth populations

Despite the establishment of C. concinnata and eleven

other introduced parasitoid species, gypsy moth has

continued to spread into southern and mid-western

regions of the US. Frequent outbreaks have continued

to occur throughout the introduced range in northeast-

ern North America. Even in its native range in Europe

and Asia, where gypsy moth has a richer fauna of

parasitoids and other natural enemies, outbreaks and

defoliation by gypsy moth occur in many, but not all,

regions with forests of appropriate host trees. Few long

term studies have been done to document the impact of

parasitoids on gypsy moth anywhere in the world, and

their overall role in gypsy moth dynamics remains

ambiguous (Elkinton and Liebhold 1990). A study by

Sisojevic (1975) in the former Yugoslavia appeared to

show a classic host-parasitoid oscillation between

gypsy moth and three tachinid species, of which

C. concinnata was one. The level of parasitism

recorded by Sisojevic and in other European studies

was notably higher than that observed for the same

parasitoid species on gypsy moth in North America

(Reardon 1976; Elkinton and Liebhold 1990).

A comprehensive eleven-year study of parasitism in

naturally occurring populations of gypsy moth in New

Jersey (USA) was conducted by Williams et al.

(1992). In that study, there was no hint of any direct

or delayed density dependence of parasitism by
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C. concinnata on gypsy moth, and overall levels of

parasitism by this species never exceeded 20%.

Parasitism by other species was also quite low and

only weakly density dependent. This study confirmed

the conclusions drawn by earlier investigators: that

parasitoids played a limited or equivocal role in the

population dynamics of gypsy moth in North America

(Campbell 1975; Reardon 1976; Elkinton and Lieb-

hold 1990). Several more recent studies have recorded

parasitism of gypsy moths in populations along the

advancing front of the gypsy moth invasion in North

America. Gray et al. (2008) recorded 32% parasitism

by C. concinnata in one year among gypsy moths that

had recently invaded Wisconsin (USA). In another

Wisconsin study, Hajek and Tobin (2011) recorded

parasitism by C. concinnata that varied between 1.6%

and 11.9%, Timms and Smith (2011) showed that

parasitism by C. concinnata on gypsy moth in Ontario,

Canada varied between 2.5% and 5.9% in successive

years. In all three of these studies, C. concinnata

caused higher larval mortality than any of the four

other parasitoid species that had been recorded

attacking the larval stage of gypsy moth in earlier

studies (Reardon 1976; Williams et al. 1992). It seem

likely that the ability of C. concinnata to attack many

other species of Lepidoptera may enable it to cause

higher levels of parasitism among low density and/or

newly established gypsy moth populations than other

gypsy moth parasitoid species, which have a much

more narrow host range. Other recent studies have

documented parasitism by C. concinnata on various

species of Lepidoptera in agricultural settings (Wilkinson

et al. 2004; Wold-Burkness et al. 2005).

Research involving experimentally created popu-

lations of gypsy moth in our laboratory (Gould et al.

1990) produced quite different results from those of

Williams et al. (1992) and the more recent gypsy moth

studies cited above. Our study involved collecting

gypsy moth egg masses and placing them at densities

that ranged from 40,000 to 1.1 9 106 eggs ha-1 on

hectare-sized plots in an oak-dominated forest in

western Massachusetts, where the naturally occurring

gypsy moth densities were very low and where there

had not been any recent gypsy moth outbreaks.

Following egg hatch, we collected and reared gypsy

moth larvae on a weekly basis and recorded parasitoid

emergence. In contrast to the results reported by

Williams et al. (1992), larval parasitism by C. concinnata

was strongly density dependent and exceeded 90% at the

highest densities (Fig. 1). We have confirmed these

results in many subsequent experiments (e.g. Ferguson

et al. 1994). It is important to understand, however, that

the data collected by Williams et al. (1992) represented

variation in parasitism in a single population followed

over several years (temporal density dependence),

whereas the data from our experiments represented

variation in parasitism among plots or populations all in

the same year (spatial density dependence). Population

ecologists have disagreed about the conditions under

which spatial density dependence leads to temporal

density dependence, but most agree that the latter is

required for a natural enemy to stabilize the densities of

its host. We do not know why the levels of parasitism

recorded by Gould et al. (1990) were so much higher

than that recorded by Williams et al. (1992), but we

suspect that it is due to differences in spatial scale. In the

hectare-sized, experimentally created populations, we

suspect that C. concinnata aggregated to the higher

density populations from forest areas outside the plots.

In naturally occurring populations of gypsy moth,

outbreaks and changes in density occur on a much

larger spatial scale. The effects of aggregation from low

density populations outside the outbreak area might be

confined to the area near the perimeter of the outbreak.

On the other hand, perhaps the results of Gould et al.

(1990) show that C. concinnata plays a much more

important role than we had realized in suppressing

incipient outbreaks of gypsy moth on a small spatial

scale.

Effects of C. concinnata on giant silk moths

The large impact by C. concinnata on gypsy moth

that we recorded in the experiments reported by

Gould et al. (1990) made us wonder what impact

C. concinnata might be having on other native

Lepidoptera. In particular, we hypothesized that those

species such as giant silk moths (Saturniidae) that

complete larval development in late summer, after

gypsy moth is no longer present, may be at highest risk

of attack. Compsilura concinnata is a multivoltine

insect (Culver 1919). It completes a first generation on

gypsy moth and has two or three subsequent gener-

ations on other Lepidoptera, whose larvae are present

in late summer. This fact may link the dynamics of

these different species. The numbers of C. concinnata
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available to attack gypsy moths in the spring will

be determined by the abundance of late summer hosts

for C. concinnata. Similarly, the attack rates by

C. concinnata on late summer Lepidoptera may be

highly influenced by the abundance of gypsy moths.

Cecropia moths, Hyalophora cecropia L., like other

giant silk moths, became notably rarer in the north-

eastern United States in the twentieth century than

they used to be (Schweitzer 1988; Tuskes et al. 1996).

We could find no data to prove declines. However,

anecdotal descriptions of local densities by collectors

in the early twentieth century far exceed densities that

exist today (Eliot and Soule 1902; Smith 1908).

Several hypotheses have been advanced to account for

this decline (Schweitzer 1988; Tuskes et al. 1996).

These ideas include: 1) the widespread use of DDT to

suppress gypsy moth in the 1960s (yet silk moths

should have recovered after spraying ceased); 2) the

decline of host trees due to expanding urban develop-

ment (yet, there are dramatically more host trees in

Massachusetts today than in the 1830s when 80% of

the landscape was in farmland), and 3) the deleterious

effects of mercury vapor street lights on moth mating

(yet silk moths are still common in other regions of the

country with abundant lights). There was no concrete

evidence for or against any of these hypotheses, but we

considered them unlikely (Boettner et al. 2000).

Our experience documenting the large impact

of C. concinnata on experimentally created popula-

tions of gypsy moth (Gould et al. 1990) lead us to

propose an alternative hypothesis: that populations of

giant silk moths have been suppressed by C. concin-

nata. Giant silk moths have larval stages that last as

long as 60 days, and the larvae are present in late

summer, when those of other Lepidoptera are scarce.

We hypothesized that C. concinnata densities would

be especially high in the northeast, where first

generation numbers would build up on highly abun-

dant gypsy moths and then move to attack other

species in late summer.

To test this hypothesis, we deployed 500 first instar

cecropia moths (Boettner et al. 2000) on trees at the

same site in western Massachusetts as our earlier work

on C. concinnata impact on gypsy moths (Gould et al.

1990). We put them out on understory black cherry

trees (Prunus serotina L.) at a density of five per tree

on 100 trees spaced at 5–20 m intervals along four

transects across the forest. We followed these larvae

continually through the entire larval stage in order to

get a measure of total larval survival. The initial

density per tree of the larvae that we deployed was

comparable to the density of naturally occurring

cecropia moths (Tuskes et al. 1996; Marsh 1935,

1937). In addition, we reared other larvae in the

laboratory and placed cohorts of 100 larvae on nearby

black cherry using the same instar as the larvae that we

were monitoring in the field for overall survival.

Approximately one week later, we retrieved this

second group of larvae and replaced them with another

laboratory-reared cohort. The retrieved larvae were

reared in the laboratory and mortality from parasitoids

was recorded.

None of the original 500 cecropia larvae that we

deployed in the field survived to the pupal stage

(Fig. 2). In fact, none survived longer than 40 of the

approximate 60 days required to complete larval

development. The vast majority of this mortality was

caused by C. concinnata. It caused a cumulative

mortality of 81% among the first three instars and was

by far the largest cause of death (Table 1). The total

mortality caused by C. concinnata that we docu-

mented would have been even higher had we been able

to record attacks on later instars. Unfortunately, our

laboratory-reared colony of cecropia larvae became

infected with a pathogen, so we did not have fourth

and fifth instars to deploy. We know from subsequent

Fig. 1 Percent mortality of gypsy moth caused by C. concin-
nata in a series of experimental populations of gypsy moths

created on 1 ha plots with different densities of egg masses

(adapted from Gould et al. 1990)
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research by Kellogg et al. (2003) in Virginia (USA),

that levels of parasitism by C. concinnata on fourth

and fifth instar silk moths are even higher than on the

first three instars. Thus, we conclude that the levels of

parasitism by C. concinnata in our field populations

were at least 81% and were probably a good deal

higher, since we failed to record attacks on later

instars.

We wished to compare our results to previous

studies of cecropia moth larval survival and found that

no such studies existed. The only data on cecropia

moth survival and causes of death that we found was of

cecropia pupae in Illinois (Marsh 1935, 1937). Using

this information, along with data on cecropia fecun-

dity, and arbitrarily assuming 100% survival of egg

and adult stages, we calculated the larval survival

needed to maintain cecropia populations at a constant

density (dotted straight line in Fig. 2). The survival we

recorded was much less than that. If we had been able

to incorporate the actual mortality rates of egg and

adult stages, the required level of survival of larval

cecropia for population stability would have to be even

higher. Our conclusion is that no cecropia population

can persist for very long, if it sustains the level of

mortality that we observed in our field experiment.

We recognize, of course, that the rates of parasitoid

attack are likely to diminish from the levels that we

observed as the density of cecropia declines. Indeed,

that is the only way that cecropia can persist in nature.

We point out, however, that declines in attack rates

with host density by generalist natural enemies such as

C. concinnata are not inevitable, because the density

of C. concinnata is unlikely to be linked to that of

particular host species, especially those such as

cecropia moth, which are relatively sparse compared

to other lepidopteran hosts (e.g. Timms 2010).

Nevertheless, we have wondered whether aggrega-

tion responses by C. concinnata may have elevated the

levels of parasitism we observed on our experimen-

tally created cecropia populations in a manner similar

to what occurred for our experiments with gypsy moth

(Gould et al. 1990). The density of five larvae per tree

on trees spaced at 5–20 m intervals may be compa-

rable to what occurs in nature for cecropia moth eggs

(Tuskes et al. 1996), but is higher than that observed

for late instars, at least now that natural densities have

declined. To test this idea, we have conducted follow-

up experiments on Cape Cod with the polyphemus

moth, Antheraea polyphemus (Cramer) in 2002.

We compared C. concinnata attack rates on larvae

deployed at densities of one per tree versus five per

tree, with trees spaced at least 20 m apart on 12 km

transects (Boettner and Elkinton, unpublished). Attack

rates by C. concinnata on larvae deployed one per tree

in an oak forest was 62% after only 6–7 days in the

field, and this was only marginally lower than on

larvae deployed five per tree (74%). Overall attack

rates by C. concinnata on polyphemus larvae in this

experiment were even higher that what we had

recorded for cecropia moth (Boettner et al. 2000)

and on some cohorts reached 100% after a week in the

field.

In a follow-up study to ours, Kellogg et al. (2003)

deployed luna moth larvae (Actias luna L.) in Virginia.

Like us, they found that C. concinnata dominated

the parasitoid fauna emerging from these larvae

Fig. 2 Survivorship curves

(log10 numbers plotted vs.

time) recorded from daily

observations of 500

H. cecropia larvae deployed

on black cherry trees on four

different dates in a forest in

Pelham, MA, USA. Dotted

line represents an estimate

of the required survival for a

population to experience no

change in density based on

data collected by Marsh

(1937) (reprinted from

Boettner et al. 2000)
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(accounting for 62% of the parasitoids reared),

although the rates of attack were not quite as high as

the values (81%) we reported on cecropia in Massa-

chusetts (Boettner et al. 2000). They also found that

up to 47% of the C. concinnata that emerged from

these larvae were hyperparasitized by two species of

trigonalid wasps, a group we have not seen in

Massachusetts. Both we and Kellogg et al. (2003)

also released and recovered single cohorts of prom-

ethea moth, Callosamia promethea (Drury). We found

67% parasitism by C. concinnata among 117 larvae

that were deployed in the field and recovered after six

or eight days (Boettner et al. 2000). In contrast,

Kellogg et al. (2003) found no parasitism by

C. concinnata, but theirs was a very small sample

(18 larvae recovered), so comparisons with our

findings with this species are quite tentative. Finally,

we collected 50 naturally occurring pine barrens buck

moth larvae (Hemileuca maia maia Drury) on Cape

Cod, Massachusetts (Boettner et al. 2000). We found

that C. concinnata had parasitized 36% of them. This

finding was very similar to the 30% parasitism

reported by Stamp and Bowers (1990) in the closely

related Hemileuca lucina Edwards, which they col-

lected in central Massachusetts. In all of these

examples, C. concinnata was causing higher levels

of parasitism than any other parasitoid species. In

contrast, Selfridge et al. (2007) found C. concinnata

more prevalent in late instar H. maia than in early

instars, although native parasitoids were more abun-

dant overall. Parry (2009) also found much lower rates

of parasitism from C. concinnata on H. maia in New

York, and, his rates of parasitism on other silk moths in

New York were also much lower than comparative

studies in Massachusetts. Thus, while more intensive

studies would be required to elucidate the dynamics of

any of these host species, it is clear that C. concinnata

has become a major, if not dominant, source of

mortality that was superimposed on whatever mortal-

ity factors were already governing the dynamics of

these species before the introduction of C. concinnata.

For this reason, we believe C. concinnata is the most

likely cause of the reported decline of giant silk moths

in the northeastern United States. Wagner and van

Driesche (2010) consider the combined impact of

controls of gypsy moth (from release of parasitoids

and pathogens, to chemical sprays) to be a major factor

in declines of rare and imperiled species of Lepidop-

tera in the northeastern United States. Parry (2009)

suggests that C. concinnata may also be displacing a

native silk moth parasite, Lespesia frenchii, (Willis-

ton) which was common in Massachusetts in early silk

moth studies (Schaffner and Griswold 1934), but

appears to have disappeared from mainland Massa-

chusetts today. However, with the exception of Parry

(2009), the direct impact of C. concinnata on nearly

100 species of native silk moth parasitoids remains

virtually unstudied. Therefore, we may have only

begun to understand the impacts from this single fly

species on native fauna.

Effects of C. concinnata on browntail moth

While conducting our studies on C. concinnata and

giant silk moths, we started research on the puzzling

case of another invasive forest insect, the browntail

moth, Euproctis chrysorrhoea L. In the early twentieth

century, the browntail moth was considered one of the

Table 1 Causes of death for larval cecropia moth and the percentage observed dying at each stage among cohorts of larvae released

and recovered from the field (reprinted from Boettner et al. 2000)

Stage Observed field mortality Rearing mortality

No. of larvae

deployed

Spiders

(%)

Stink bugs:

Pentatomid (%)

Days

in field

Number of larvae

recovered for rearing

Ichneumonid

H. fugitivus (%)

Tachinid

C. concinnata (%)

1st instar 100 5 4 7 54 1.9 13

2nd instar 100 4 0 5 40a 0 27.5

3rd instar 100 4 0 6 40 0 70

Totalb 300 12.4 4 134 1.9 81.1

Compiled from daily checks and additionally rearing out the survivors of each instar
a One second instar escaped during rearing and is not included in this total
b Total percentage mortality calculated as 1 - (1 - m1)(1 - m2)(1 - m3), where mi is the fraction dying during instar i
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most dangerous invasive species in eastern North

America. First discovered near Boston, Massachusetts

(USA) in 1897 (Fernald and Kirkland 1903), it spread

rapidly across the eastern United States and into

southern Canada over the next two decades (Fig. 3,

Burgess 1923). Browntail moth is a polyphagous

caterpillar that defoliated a wide range of native tree

species, and it was considered an economic and

environmental hazard equal to or exceeding that of the

gypsy moth (Burgess and Crossman 1929). In addition

to defoliating trees, browntail moths also posed a risk

to human health because their larvae possess urticating

hairs that can cause allergic reactions ranging from

skin rashes to death (Blair 1979). In response to the

threat posed by browntail moth, control efforts

initially focused on the mechanical removal of over-

wintering larvae. Then, in 1905, the first large scale

biological control effort was initiated focusing on

gypsy moth as well as browntail moth as described

above. This effort resulted establishment of three

European tachinids in North America that attacked

browntail moth (Howard and Fiske 1911). These were

C. concinnata and two other species of tachinid flies

both of which specialize on browntail moth: Towns-

endiellomyia nidicola (Townsend) and Carcelia

laxifrons (Villeneuve). Around 1915 a very dramatic

decline in the browntail moth distribution began

(Fig. 3) that continued over the next few decades.

By 1922, the distribution had shrunk to about half of

its former range (Fig. 3) and by mid-century, it had

gone extinct everywhere except for two coastal

enclaves, one on Cape Cod and the other around

Casco Bay in Maine. At these locations it persists to

this day, often at high population density.

As the threat posed by browntail moth receded,

interest in this invasive species waned. Since the

1920s, with one notable exception (see Schaefer 1974),

no research has been conducted on the population

ecology of browntail moth in North America. Schaefer

(1974) found relatively low parasitism of browntail

moth (8–23%) by these tachinids in the sand-dune

habitats of Cape Cod and Casco Bay. As a result, he

concluded that natural enemies were not responsible

for the decline of browntail moth in North America. In

contrast to Schaefer’s (1974) findings, research in the

1920s by Burgess and Crossman (1929) showed that

these tachinids, especially C. concinnata, caused

substantial mortality of browntail moth, although with

high between-site variability.

We began our work on browntail moth by reana-

lyzing historical data on parasitism of browntail moth

collected by Burgess and Crossman (1929) during the

period when browntail moth was retreating all across

New England. We discovered an important pattern in

Burgess and Crossman (1929) data, unrecognized by

the original authors (Table 2). When their data was

partitioned into coastal and inland sites, parasitism by

C. concinnata was five times higher at inland sites

compared to coastal sites (Elkinton et al. 2006,

Table 2). Based on these observations, we hypothe-

sized that C. concinnata was responsible for the

disappearance of browntail moth from inland sites. We

tested this hypothesis on Cape Cod (Fig. 3 inset) by

creating experimental browntail moth populations in

inland sites where browntail moth was absent, in

coastal sand dune habitats where browntail moth

occurs at high density, and in coastal scrub habitats

where browntail moth occurs at a low density.

Parasitism by C. concinnata (Fig. 4) was absent in

the coastal sand dune habitat where browntail moth is

abundant, very high at inland sites where browntail

moth is absent, and intermediate in the coastal scrub

habitat where browntail moth occurs at low density.

By the end of the larval stage, all of the browntail moth

populations we had created in inland locations had

disappeared. We suspect that C. concinnata is absent

from the sand dune habitat because of the depauperate

nature of vegetation there. C. concinnata is multivol-

tine and requires a series of mid and late summer

Lepidopteran hosts that may simply not be present in

the sand-dune habitat. Whatever the explanation, our

finding of high levels of parasitism by C. concinnata at

inland sites coupled with the complete disappearance

of the experimental browntail moth populations at

those sites paralleled the historical data (Table 2)

collected by Burgess and Crossman (1929). These

results strongly suggest that C. concinnata has played

a key, but hitherto unappreciated role in the collapse of

browntail moth populations across its invaded range.

Conclusions

The results of our studies with C. concinnata with silk

moths are sobering to anyone concerned with conser-

vation of our native insect fauna. More recent work

by Kellogg et al. (2003) and Parry (2009) largely

confirm our findings, although it is clear that the
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impact of C. concinnata varies regionally. Perhaps the

most striking fact to us is how little we know about the

population dynamics and impact of natural enemies

for any of our native species. Ours was the first study

of its kind on cecropia moth, one of our largest and

most showy native Lepidoptera. We know even less

about the changes in density and their causes for nearly

all other native insect species. Even for species such as

gypsy moth that have been studied intensively by

generations of researchers, our understanding of the

Initial Introduction - 1897

Currently – Cape Cod

Currently – Casco Bay

Maximum Extent -
1914

1922

Race
Point

Jeremy Point

Woodend

Provincetown

Uninfested 2001

Infested 1972-73

Infested 2001

Coastal scrub, infested

Coastal scrub, uninfested

Inland (uninfested, except one plot)

Plots in 2000

1 km

Wellfleet

Coastal sand-dune habitat, infested

N

Fig. 3 Distribution map showing spread of browntail moth

across New England to a maximum extent in 1915 (light

shading) and its subsequent retreat to coastal enclaves. Dark

shading indicates browntail moth distribution in 1922 (redrawn

from Burgess 1923). Inset Outer Cape Cod showing plot

locations of experimentally created browntail moth populations

in the region generally infested (intermediate gray) or uninfested

(light gray) with browntail moth in 2000 and 2001. Areas

marked with the darkest shading show browntail moth

distribution recorded in 1972–1973 by Schaefer (1974). These

areas are sand-dune habitats, which still contain the highest

densities of browntail moth. Symbols indicate locations of

experimental populations of browntail moth we created in

different habitat types (reprinted from Elkinton et al. 2006)
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impact of particular natural enemies, such as

C. concinnata, remains imperfect. The reason for this

state of affairs is that research on insect population

dynamics is very expensive and difficult. It requires a

long-term commitment by investigators and has

never been a priority for the state or federal agencies

charged with managing our forests and natural

habitats. We believe that the community of scientists

involved in biological control introductions has

already taken many steps in establishing guidelines

and standards for host range testing to make sure

that generalists such as C. concinnata are no longer

released. As pointed out by Hoddle (2004), the

United State Department of Agriculture (USDA)

has established a permitting process that requires

host-range testing before imported natural enemies

of insects are released from quarantine. We also

believe, however, that we must strike a balance

between preventing such introductions and restric-

tions on introductions or requirements for host-range

testing that are so exhaustive and expensive that

classical biological control becomes infeasible (van

Driesche and Hoddle 1997). Our result with brown-

tail moth is ironic in that while C. concinnata, has

emerged as the premier example of a parasitoid that

should not have been introduced, it also was the

main cause of decline of the browntail moth, a very

serious invasive pest that was eliminated from most

of its introduced and potential range in North

America. This example shows that if we eliminate

generalists from the mix of potential biological

control agents for introduction, we may exclude

species that could be very effective biological

control agents. Nevertheless, we believe that this is

the price we have to pay as responsible biological

control practitioners. The overall approach of bio-

logical control remains the most important tool we

have to control many invasive species. We must

develop protocols and guidelines for host range

testing that prevent introduction of generalists, while

still allowing classical biological control using

agents with narrow host ranges to proceed.

Table 2 Percent parasitism by

tachinid parasitoids of

browntail moth in coastal and

inland New England habitats,

1923 (reprinted from Elkinton

et al. 2006; modified from

Burgess and Crossman 1929)

Coastal towns border the

Atlantic coast. Inland towns are

all at least 10 km from the

Atlantic coast

Location C. concinnata Townsendielliomyia
nidicola

Carcelia
laxifrons

Total

tachinids

Coastal habitat

Brewster, MA 3 27 7 37

Bourne, MA 5 29 22 56

Hampton, NH 1 6 5 12

Kingston, MA 0 13 0 13

Newbury, MA 53 1 3 57

Rowley, MA 28 8 2 38

Salisbury, MA 2 3 1 6

Sandwich, MA 0 18 0 18

Scituate, MA 1 19 0 20

York, ME 0 1 3 4

Mean-coastal 9.3 12.5 4.3 26.1

SE 5.0 3.0 1.9 5.6

Inland habitat

Andover, MA 63 2 0 65

Burlington, MA 77 10 0 87

Dedham, MA 16 19 0 35

East Kingston, NH 45 9 0 54

Sherborn, MA 66 1 2 69

Stratham, NH 13 0 0 13

Weston, MA 20 0 0 20

Mean-inland 42.9 4.9 0.3 49

SE 9.3 5.9 0.3 9.5

Benefits and harm caused by C. concinnata 285

123



Acknowledgments This research was supported by a

cooperative agreement no. 42-95-0015 from the Northeastern

Forest Experiment Station, USDA Forest Service and grant No.

DEB0089699 from the National Science Foundation. We thank

the many student and non-student employees who have helped

with our field research. We thank Roy van Driesche and two

anonymous reviewers for suggestions and comments on this

manuscript.

References

Arnaud PH Jr (1978) A host–parasite catalog of North American

Tachinidae (Diptera). Publication No. 1319. USDA Sci-

ence & Education Administration, Washington, USA

Blair CP (1979) The browntail moth, its caterpillar and their

rash. Clin Exp Dermatol 4:215–222

Boettner GH, Elkinton JS, Boettner CJ (2000) Effects of a

biological control introduction on three nontarget native

species of saturniid moths. Conserv Biol 14:1798–1806

Briese DT (2005) Translating host-specificity test results into

the real world: the need to harmonize the yin and yang of

current testing procedures. Biol Control 35:208–214

Burgess AF (1923) Controlling the gipsy moth and the brown-tail

moth. USDA Farmer’s Bulletin 1335, Washington, USA

Burgess AF, Crossman SS (1929) Imported insect enemies of

the gipsy (sic) moth and the brown-tailed moth. USDA

Tech Bull No 86, Washington, USA

Campbell RW (1975) The gypsy moth and its natural enemies.

Bulletin No. 381. USDA, Washington, USA

Coulson JR, Soper RS, Williams DW (eds) (1991) Biological

control quarantine: needs and procedures. In: Proceedings

of a workshop sponsored by USDA Agricultural Research

Service ARS-99, USA

Culver JJ (1919) A study of Compsilura concinnata, an

imported tachinid parasite of the gipsy (sic) moth and the

brown-tail moth. Bulletin 766. USDA, Washington, USA

Eliot IM, Soule CG (1902) Caterpillars and their moths. Century

Co, Boston, USA

Elkinton JS, Boettner GH (2004) The effects of Compsilura
concinnata, an introduced generalist tachinid, on non-target

species in North America: a cautionary tale. In van Driesche

RG, Murray T (eds) Assessing host ranges of parasitoids

and predators used for classical biological control. US

Forest Service General Technical Bulletin, pp 4–14

Elkinton JS, Liebhold AM (1990) Population dynamics of gypsy

moth in N. America. Annu Rev Entomol 35:571–596

Elkinton JS, Parry D, Boettner GH (2006) Implicating an

introduced generalist parasitoid in the invasive browntail

moth’s enigmatic decline. Ecology 87:2664–2672

Ferguson CS, Elkinton JS, Gould JR, Wallner WE (1994)

Population regulation of gypsy moth (Lepidoptera: Ly-

mantriidae) by parasitoids: does spatial density depen-

dence lead to temporal density dependence? Environ

Entomol 23:1155–1164

Fernald CH, Kirkland AH (1903) The brown tailed moth,

Euproctis chrysorrhoea: a report on the life history and

Fig. 4 Cumulative percent parasitism by two tachinid parasit-

oids of browntail moth larvae (C. concinnata and C. laxifrons)

and by ichneumonid parasitoids of browntail moth pupae

collected from beach plum in experimentally created popula-

tions on Cape Cod in different habitats (see Fig. 1 inset). The

four habitat categories were A sparsely vegetated coastal sand-

dune infested with browntail moth, B diversely vegetated inland

habitat at least 1 km from the coast without browntail moth,

C coastal scrub habitat with diverse vegetation, infested with

browntail moth and D coastal scrub habitat without browntail

moth. In 2000, we had two plots in the infested sand-dune

habitat and one each in the uninfested coastal and inland

habitats. The same lower case letters above the bars indicate

means within each species not significantly different by the

Tukey’s HSD test (a = 0.05) in the analysis that combined data

from both years. In 2000 there were no plots in the infested

coastal scrub habitat and we made no pupal collections, so we

have no data on hymenopteran parasitoids from that year.

Standard error bars are omitted from year 2000 data in B and

D because we had only one plot in those habitats in that year.

Reprinted from Elkinton et al. (2006)

286 J. S. Elkinton, G. H. Boettner

123



habits of the imported brown-tail moth, etc. Wright and

Potter, Boston, USA

Forbush EH, Fernald CH (1896) The gypsy moth. Wright and

Potter Printing Co, Boston, USA

Godfray HCJ (1995) Field experiments with genetically

manipulated insect viruses: ecological issues. TREE

10:465–469

Gould JR, Elkinton JS, Wallner WE (1990) Density-dependent

suppression of experimentally created gypsy moth, Ly-
mantria dispar (Lepidoptera: Lymantriidae), populations

by natural enemies. J Anim Ecol 59:213–233

Gray RH, Lorimer CG, Tobin PC, Raffa KF (2008) Preoutbreak

dynamics of a recently established invasive herbivore: roles

of natural enemies and habitat structure in stage-specific

performance of gypsy moth (Lepidoptera: Lymantriidae)

populations in northwestern Wisconsin. Environ Entomol

37(5):1174–1184

Hajek AE (2007) Classical biological control of gypsy moth:

Introduction of the entomopathogenic fungus Entomoph-
aga maimaiga into North America. In: Vincent C, Goettel

M, Lazarovits G (eds) Biological control: international case

studies. CABI Publications, Wallingford, UK, pp 53–62

Hajek AE, Tobin PC (2011) Introduced pathogens follow the

invasion front of a spreading alien host. J Anim Ecol 80:

1217–1226

Henneman ML, Memmott J (2001) Infiltration of a Hawaiian

community by introduced biological control agents.

Science 293:1314–1316

Hoddle MS (2004) Restoring balance: using exotic species to

control invasive exotic species. Conserv Biol 18(1):38–49

Howard LO, Fiske WF (1911) The importation into the United

States of the parasites of the gipsy-moth and the browntail

moth. USDA Bureau of Entomology Bulletin No. 1

Howarth FG (1991) Environmental impacts of classical bio-

logical control. Annu Rev Entomol 36:485–509

Kellogg SK, Fink LS, Brower LP (2003) Parasitism of native

luna moths, Actias luna (L.) (Lepidoptera:Saturniidae) by

the introduced Compsilura concinnata (Meigen) (Diptera:

Tachinidae) in central Virginia, and their hyperparasitism

by trigonalid wasps (Hymenoptera: Trigonalidae). Environ

Entomol 32:1019–1027

Lynch LD, Thomas MB (2000) Nontarget effects in the bio-

logical control of insects with insects, nematodes and

microbial agents: the evidence. Biocontrol News Inf 21:

117–130

Marsh FL (1935) A regional study of Samia cecropia and nine

associated primary parasites and hyperparasites: presenting

data on the behavior, biology, and interrelationships of

these insects. Thesis, Northwestern University, Evanston,

USA

Marsh FL (1937) Ecological observations upon the enemies of

Cecropia, with particular reference to its hymenopterous

parasites. Ecology 18:106–112

Obrycki JJ, Elliott NC, Giles KL (2000) Coccinellid introduc-

tions: potential for and evaluation of nontarget effects. In:

Follet PA, Duan JJ (eds) Nontarget effects of biological

control. Kluwer, Dordrecht, The Netherlands, pp 127–145

Parry D (2009) Beyond Pandora’s box: quantitatively evaluating

non-target effects of parasitoids in classical biological

control. Biol Invasions 11:47–58

Reardon RC (1976) Parasite incidence and ecological relation-

ships in field populations of gypsy moth larvae and pupae.

Environ Entomol 5:981–987

Sanchez V (1996) The genetic structure of northeastern popu-

lations of the tachinid Compsilura concinnata (Meigen), an

introduced parasitoid of exotic forest defoliators of North

America. Thesis, University of Massachusetts Amherst,

USA

Schaefer PW (1974) Population ecology of the browntail moth,

Euproctis chrysorrhoea (Lepidoptera: Lymantriidae).

Dissertation University of Maine, Orono, USA

Schaffner JV, Griswold CL (1934). Macrolepidoptera and their

parasites reared from field collections in the northeastern

part of the United States. Publication No. 188. USDA,

Washington, USA

Schweitzer DF (1988) Status of Saturniidae in the northeastern

USA: a quick review. News Lepidopterist Soc 1:4–5

Selfridge JA, Parry D, Boettner GH (2007) Parasitism of barrens

buck moth Hemileuca maia Drury in early and late suc-

cessional pine barrens habitats. J Lepid Soc 61(4):213–221

Sisojevic P (1975) Population dynamics of tachinid parasites of

the gypsy moth (Lymantria dispar L.) during a gradation

period (in Serbo-Croatian). Zasitia Bilja 132:97–170

Smith JB (1908) Notes on some Cecropia cocoons and parasites.

J Econ Entomol 1:293–297

Stamp NE, Bowers MD (1990) Parasitism of New England

buckmoth caterpillars (Hemileuca lucina: Saturniidae) by

tachinid flies. J Lepid Soc 44:199–200

Strazanac JS, Plaugher CD, Petrice TR, Butler L (2001) New

tachinidae (Diptera) host records of eastern North Ameri-

can forest canopy Lepidoptera: baseline data in a Bacillus
thuriengiensis variety kurstaki nontarget study. J Econ

Entomol 94:1128–1134

Timms LL (2010) What happens after establishment? The

indirect impacts of the gypsy moth on native forest cater-

pillar communities. PhD thesis, University of Toronto,

Canada

Timms LL, Smith SM (2011) Effects of gypsy moth establish-

ment and dominance in native caterpillar communities of

northern oak forests. Can Entomol 143:479–503

Tuskes PM, Tuttle JP, Collins MM (1996) The wild silk moths

of North America: a natural history of the Saturniidae of the

United States and Canada. Cornell University Press, Ithaca,

USA

van Driesche RG, Hoddle M (1997) Should arthropod parasit-

oids and predators be subject to host range testing when

used as biological control agents? Agric Hum Values

14:211–226

Wagner DL, van Driesche RG (2010) Threats posed to rare or

endangered insects by invasions of nonnative species.

Annu Rev Entomol 55:547–568

Wapshere AJ (1989) A testing sequence for reducing rejection

of potential biological control agents for weeds. Ann Appl

Biol 114:515–526

Webber RT, Schaffner JV Jr (1926) Host relations of Comp-
silura concinnata Meigen, an important tachinid parasite of

the gipsy moth and the brown-tail moth. Bulletin No. 1363.

USDA, Washington

Wilkinson TK, Landis DA, Gut LJ (2004) Parasitism of

obliquebanded leafroller (Lepidoptera: Tortricidae) in

Benefits and harm caused by C. concinnata 287

123



commercially managed Michigan apple orchards. J Econ

Entomol 97:1524–1530

Williams DW, Fuester RW, Metterhouse WW, Balaam RJ,

Bullock RH, Chianese RJ, Reardon RC (1992) Incidence

and ecological relationships of parasitism in larval popu-

lations of Lymantria dispar (Lepidoptera: Lymantriadae).

Biol Control 2:35–43

Wold-Burkness SJ, Hutchison WD, Bolin PC, Heimpel GE (2005)

A long-term survey of parasitoid species composition and

parasitism of Trichoplusia ni (Lepidoptera: Noctuidae), Plu-
tella xylostella (Lepidoptera: Plutellidae), and Pieris rapae
(Lepidoptera: Pieridae) in Minnesota cabbage. J Entomol Sci

40:211–221

Author Biographies

J. S. Elkinton, Ph.D. is a professor in the Department of Plant

Soil and Insect Sciences at the University of Massachusetts,

Amherst, USA. He conducts research on the population

dynamics of invasive forest insects. Initially he worked on

gypsy moth and subsequently on browntail moth. Current

projects involve the hemlock woolly adelgid (Adelges tsugae)

and winter moth (Operophtera brumata). The work on these

latter two species includes establishment of biological control

agents.

G. H. Boettner is a laboratory manager in the Department of

Plant Soil and Insect Sciences at the University of Massachu-

setts, Amherst, USA. He is currently collecting and rearing

Cyzenis albicans, a species-specific tachinid fly, for use in

controlling winter moth outbreaks in New England. He has

worked on parasites and diseases of gypsy moth, browntail

moth, and winter moth, as well as conservation studies of rare

butterflies and moths. A major focus is studying the non-target

effects of biological control, in an effort to understand how to

improve the safety of future biocontrol releases.

288 J. S. Elkinton, G. H. Boettner

123


	Benefits and harm caused by the introduced generalist tachinid, Compsilura concinnata, in North America
	Abstract
	Introduction
	Introduction of C. concinnata to North America
	Effects of C. concinnata on gypsy moth populations
	Effects of C. concinnata on giant silk moths
	Effects of C. concinnata on browntail moth
	Conclusions
	Acknowledgments
	References


