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Abstract
Common reed, Phragmites australis (Cav.) Trin. ex Steudel has recently become an

invasive in freshwater and brackish wetlands in North America. Particularly along the
Atlantic Coast, P. australis is forming large monospecific stands that replace native wet-
land vegetation and provide poor habitat for native biota. The reasons for the rapid spread
of P. australis are unclear. Although fossil rhizomes of the plant were recently discovered
in North America, the current population explosion is often attributed to accidental intro-
ductions of more competitive genotypes. Regardless of its status as introduced or indige-
nous, invasions of P. australis are a threat to biodiversity in natural wetlands and have
resulted in intensive control attempts. Chemical, mechanical, and physical control or com-
binations of these methods can suppress P. australis in the short-term, however treatments
need to be repeated every 3-5 yrs and may have undesirable effects on non-target species.
Twenty eight insect herbivore species feed on P. australis in North America. However,
only 5 of these are native to North America whereas 13 species have recently been intro-
duced accidentally. In contrast to the scarcity of native herbivores associated with P. aus-
tralis in North America, more than 140 insect species feed on P. australis in Europe and
Asia Minor and for at least 55 of these P. australis is the only known host plant. During
field surveys in 4 European countries for host specific endophagous herbivores between
1998-1999 we found more than 20 insect species mining in rhizomes and/or shoots of P.
australis. The majority of species were shoot flies, gall midges, or moths. Since these
insect groups are considered to have minor potential for biological control, data on their
distribution, abundance, feeding niche and damage caused to the host plant were collect-
ed to estimate the control potential of each species. It is concluded that some of the her-
bivore species have good potential to become important control agents for P. australis in
North America. However, any management strategy needs to weigh and balance the cur-
rent negative ecological and economical impacts of P. australis-invasions and current con-
trol attempts against benefits and potential risks of a biological control program, a process
which requires a dialogue of all stakeholder groups involved.

Keywords:  Phragmites australis, Archanara geminipuncta, Platycephala planifrons,
Lipara, biological control, common reed 

Introduction
Common Reed, Phragmites australis (Cav.) Trin. ex Steudel (Poaceae) is a cosmo-

politan grass, ranging from Europe and Africa to the Americas, Asia, and Australia (Holm
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et al. 1977). Because of its high phenotypic and genotypic plasticity, the species can be
found in a wide range of habitats (Haslam 1972a, van der Putten 1997). P. australis grows
in open marshes, along river banks, lakes, and roadsides, in ditches and other watercours-
es. New sites are colonized by the dispersal of seeds or rhizome fragments (Haslam
1972a, Fournier et al. 1995, McKee and Richards 1996). Stand expansion occurs through
vegetative growth of the extensive below-ground rhizome system (Haslam 1971, 1972a).
Records indicate P. australis presence in the Colorado river basin during the late
Pleistocene (Hansen 1978) and 3,500 ago along the Atlantic Coast (Niering et al. 1977,
Orson et al. 1987) supporting the indigenous status of the species in North America.
However, P. australis has only recently become invasive in freshwater and brackish wet-
lands along the East Coast of the United States and Canada, in eastern Washington State,
in the Upper Midwest and in the Mississippi River Delta (Marks et al. 1994). There exist
2 hypotheses for the recent P. australis invasions, the introduction of aggressive non-
indigenous genotypes and/or anthropogenic habitat alterations (Metzler and Rosza 1987,
Tucker 1990, Hauber et al. 1991, Besitka 1996). Regardless of its status as introduced or
indigenous or both, invasions of P. australis are considered a threat to native biota and
have resulted in aggressive control attempts (Marks et al. 1994). Chemical control with
glyphosate (RodeoTM), mowing, burning, or combinations of these measures may provide
short-term suppression, however treatments need to be repeated every 3-5 yrs to maintain
control and may have undesirable non-target effects (Daly 1984, Osterbrock 1984, Marks
et al. 1994).

The conspicuous lack of specialized insect herbivores associated with P. australis in
North America supports the introduction hypothesis. In Europe, over 140 herbivore
species feed on common reed and at least 55 of these are restricted to P. australis
(Schwarzländer and Häfliger 1999). In contrast, literature and field surveys in the
Northeastern United States revealed only 28 herbivore species that feed on common reed.
Thirteen of these species are recent introductions from Eurasia, 10 are of unknown origin
and only 5 species are native to North America (Blossey, unpubl. data, Schwarzländer and
Häfliger 1999). Field observations in New England and New York State indicate that sev-
eral of the accidentally introduced specialized herbivores now reach high densities with
>80% of shoots attacked (Blossey, unpubl. data); an order of magnitude higher than in
central Europe (Tscharntke 1992).

During 1998 and 1999 we surveyed central European P. australis stands for
endophagous host-specific herbivores. We collected information on species composition
in different P. australis habitats and geographical regions. For 4 groups of host-specific
herbivores, i.e., shoot flies, gall midges, shoot mining moths, and shoot/rhizome mining
moths we collected information on distribution, abundance, feeding niche, and damage
inflicted to the host plant. Based on these data the potential for biological control of each
herbivore will be evaluated and compared with other species. In addition, we wanted to
investigate whether recently introduced herbivores that reach high densities in North
America are similarly abundant within their native range.

Materials and Methods
Study Organism.  The genus Phragmites consists of four species (van der Toorn

1972), i.e., P. australis, (synonym P. communis Trin.), P. karka (Retz.) Trin. ex Steudel, P.
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mauritianus Kunth, and P. dioica. However, the validity of the latter species is controver-
sial (Hürlimann 1951). Instead, Clevering and Lissner (1999) proposed the species
Phragmites japonicus Steud. Common reed is by far the most abundant Phragmites-
species. In the past, more than 44 different varieties and forms of P. australis have been
described (Rodewald-Rudescu 1974), however these biotypes have no taxonomic rele-
vance (Clayton 1967).

Common reed is a perennial, clonal grass of wetlands. The shoot height varies with
growing conditions. Usually, the shoot height ranges between 2–3 m but maximum
heights of up to 10 m were reported (Conert 1983). The aerial plant parts are annual,
emerging in spring and dying in autumn with main growth period between May-July. Ears
appear already at the end of July but plants only start to flower in September. In late sum-
mer shoot buds develop from the rhizome but remain dormant until the following spring
(Haslam 1972a). Common reed has an extensive rhizome system, and approximately two
thirds of the biomass are allocated to below-ground plant parts (Szczepansky 1969). The
rhizome reaches a depth of up to 2 m and possesses a well-developed system of air cavi-
ties enabling the plant to grow well in unaerated soils (Haslam 1972b).

Common reed reproduces mainly by vegetative means, i.e., through rhizome buds,
creeping shoots, or rhizome fragments from which clones regenerate, but also produces
large quantities of seeds. However, seed fertility varies to a large extent and seedlings are
delicate, weak competitors.

Common reed typically forms large monospecific stands along river estuaries,
lakeshores, ditches, sloughs, and other wetlands. The plant tolerates a wide range of water
levels from more than 1 m deep to permanently dry (van der Toorn 1972). Some biotypes
also have a high salinity tolerance (Nikolajevsky 1971). P. australis grows best under
warm climatic conditions. Especially the young shoots possess only a low frost tolerance
(van der Toorn 1972). Clevering and Lissner (1999) found a wide range of ploidie levels
for P. australis, partly explaining the large morphological and phenotypic variability of
the species. Typically a plant of lowlands, common reedascends to an altitude of up to
1,900 m in the Alps, and up to 3,000 m in the Himalayan region (Haslam 1972a). The
northern European distribution limit is reached in Norway (70° 29’ N). Common reed is
considered cosmopolitan, but is most abundant in temperate regions of the Old World
(Haslam 1972a). The plant is uncommon in the tropics and not indigenous to New
Zealand, Polynesia, Australia, the extreme south of America, and the Amazon basin
(Haslam 1972a).

Common reed is used commercially and culturally in many different ways (Rodewald-
Rudescu 1974). Shoots are used in the cellulose industry, for thatching, and as fodder
(Haslam 1972b, Rodewald-Rudescu 1974). Reed plantations are useful for sewage treat-
ment (Brix and Schierup 1989) and for stabilizing river and canal banks (Bittmann 1953,
Caffrey and Beglin 1996). Throughout Europe, most P. australis stands are protected
nature reserves. They represent important refuges for breeding waterfowl and intermedi-
ate stops for migratory birds. During the past five decades, a dramatic decline in size of
reed stands has been observed in eastern, central, and northern Europe (Ostendorp 1989).
The causes for this recent decline were investigated by an international 5 yr research pro-
gram (van der Putten 1997, Brix 1999). 

Field Sites.  Fourteen field sites were chosen to investigate the complex of
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endophagous herbivores associated with common reed in central Europe. Different crite-
ria were used to select plant populations, i.e. geographical position, exposition to water
(land or water reed), management practice (no management, cutting), salinity (brackish,
fresh water), and size. Geographical position was the most important selection criteria.
Common reed stands were surveyed in three regions, northern Germany, western
Switzerland, and south of the Alps in Switzerland, eastern Austria, and southern Hungary
(Table 1). Field sites comprised brackish wetlands along the Baltic and North Sea coast,
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lakesides, riversides, sloughs, and ditches (Table 1). 
Four common reed stands were surveyed in northern Germany. At Krautsand common

reed grows in a 10-15 m wide and about 100 m long stand along the Elbe river, the third
largest stream in Europe. The plant population is not managed but exposed to tidal water
changes and anthropogenic influences (the riverside is used as pool). Schobüll is situated
at the North Sea in the Wadden Sea National Park. It is one of the few reed stands at the
North Sea coast that is directly exposed to sea water, i.e. not protected by a dike. The reed
stand is a strictly protected wildlife refuge and therefore not managed. At the third north-
ern German field site, Pülsen, common reed is growing at a lake side.  In the past, the sam-
pling area has been used to dump soil and construction material. However, the stand bor-
ders a larger P. australis population, which is a nature reserve. At Hohenfelde common
reed grows 40 m behind the coastline of the Baltic Sea in a brackish slough with a sur-
rounding ditch system. In summer this site falls dry, whereas the area is flooded up to 50
cm deep with brackish water during winter.

Six sites were sampled in Switzerland, 1 situated in the Jura mountains at Delemont,
4 in the flat agricultural middlelands and 1 south of the Alps close to the Italian border.
The Delemont field site is a shallow pond along the river Birs. The P. australis stand
grows predominantly in water and forms a monospecific stand shaded by willows. The
pond is part of a wildlife refuge and therefore the stand is not managed. The sites Yverdon,
Yvonand, and Estavayer are all located at lake Neuchatel, which is surrounded by the
largest P. australis stand in Switzerland. All three sites are nature reserves. The field site
in Kleinhöchstetten is a pond near the river Aare. The stand consists mainly of land reed,
which is cut every second year. At Bolle di Magadino, P. australis is growing in a swamp
area situated between the Ticino river and the Lago Maggiore, south of the Swiss Alps.
With a total area of 17 ha it is the second largest reed stand in Switzerland.

All Austrian sites are located around lake Neusiedl. The common reed belt around this
lake is the largest in central Europe with an estimated size of 175 km2. The collection site
at Purbach is near a little harbor and was used until recently as a dumping area for soil and
construction material. At this site, samples were taken in the transition area from land to
water reed. Siegendorf is a small slough within intensively used agricultural land. The P.
australis stand is relatively small and due to the surrounding intensive agriculture isolat-
ed from other populations. At the village Breitenbrunn the reed belt of lake Neusiedl is
approximately 4 km wide. Samples were taken at 2 areas near Breitenbrunn, at the inside
of the reed belt near the harbor and on the outside close to agricultural land neighboring
the reed belt.

The Hungarian field site at Kunfeherto is a lake with a neighboring swamp area sur-
rounded by grassland. Although the area is a nature reserve, common reed is cultivated
and harvested at this field site. At the sampling areas, clones grow on dry ground and in
up to 1 m deep water-filled ditches. Information on the field sites is summarized in Table
1. 

Sampling.  In 1998 plant samples were taken during field trips to northern Germany
between 15-20 May, 15-16 June, and 19-20 August. Swiss sites were sampled between 8-
14 May, 26-30 June, 10-14 August and 11 November, and Austrian field sites on 26 April
and between 2-3 August. In 1999 plant samples were collected during field trips to north-
ern Germany between 21-22 May, and 10–11 September. Sites in Switzerland were sam-
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Table 2
Reed growth parameters for field sites surveyed

Field site Habitat na Shoots Shoot diameter Uninfested shoots                              Infested Shoots Above ground
per m2 (mean ± SE mm) Height Dry weight Height Dry weight biomass per m2

(mean ± SE)b (mean ± SE cm) (mean ± SE g) (mean ± SE cm) (mean ± SE g) (mean ± SE g)b

Krautsand, 1998 l 18 131.9 ± 12.3 3.7 ± 0.1 181.9 ± 4.7 7.4 ± 0.4 128.1 ± 17.1 5.1 ± 1.5 922.4 ± 84.0
Schobüll, 1998 l 15 165.0 ± 18.1 4.3 ± 0.2 192.3 ± 4.0 8.0 ± 0.5 129.0 ± 9.1 4.8 ± 0.5 1113.1 ± 177.0
Pülsen, 1998 w 16 150.0 ± 17.4 4.9 ± 0.1 203.2 ± 7.2 9.1 ± 1.0 169.5 ± 8.0 9.9 ± 0.9 1477.0 ± 247.7
Pülsen, 1999 w 5 93.8 ± 13.0 6.2 ± 0.1 247.2 ± 4.5 14.4 ± 0.7 178.6 ± 17.5 6.9 ± 2.9 1300.0 ± 168.4
Hohenfelde, 1998 l 12 206.0 ± 17.4 4.4 ± 0.1 205.1 ± 4.2 7.9 ± 0.7 132.7 ± 12.2 2.8 ± 0.7 1279.2 ± 158.4
Delémont, 1998 w 16 89.1 ± 13.1 6.6 ± 0.4 217.2 ± 13.6 12.1 ± 1.6 134.6 ± 10.0 10.9 ± 2.5 1117.8 ± 265.0
Yverdon, 1998 l 9 125.0 ± 11.8 6.3 ± 0.2 282.9 ± 8.1 16.1 ± 1.7 178.7 ± 11.4 7.8 ± 1.1 1849.2 ± 261.3
Yvonand, 1998 l 14 130.4 ± 18.6 4.8 ± 0.2 224.5 ± 9.8 12.7 ± 1.5 189.8 ±12.7 9.1 ± 1.4 1447.0 ± 178.9
Yvonand, 1999 l 10 68.8 ± 4.5 6.6 ± 0.2 278.6 ± 5.9 19.7 ± 1.5 221.7 ± 15.5 12.6 ± 1.7 1218.9 ± 111.3
Kleinhöchstetten, 1998 l 8 268.8 ± 29.0 4.1 ± 0.2 199.0 ± 10.1 7.4 ± 1.0 121.8 ± 12.0 3.2 ± 0.7 1566.5 ± 200.7
Bolle di Magadino, 1999 w 0 51.3 ± 5.3 7.7 ± 0.3 331.1 ± 10.6 35.5 ± 5.4 254.6 ± 15.6 18.9 ± 2.3 1288.9 ± 181.3
Purbach, 1998 l 14 172.5 ± 33.4 5.1 ± 0.4 192.7 ± 10.9 15.1 ± 5.3 161.2 ± 18.9 8.4 ± 2.3 1751.6 ± 460.8
Purbach, 1999 l 9 57.6 ± 6.3 5.9 ± 0.2 282.8 ± 10.0 20.1 ± 2.7 208.1 ± 17.7 12.0 ± 1.6 924.8 ± 126.0
Siegendorf, 1998 l 10 115.0 ± 12.7 4.7 ± 0.1 201.3 ± 8.1 13.8 ± 1.8 128.8 ± 15.3 6.5 ± 1.3 976.5 ± 127.3
Siegendorf, 1999 l 10 106.3 ± 13.6 5.0 ± 0.1 234.7 ± 6.9 13.8 ± 1.6 178.3 ± 7.9 8.6 ± 0.8 1013.5 ± 126.3
Breitenbrunn land, 1999 l 10 71.3 ± 9.7 5.2 ± 0.2 218.9 ± 10.9 13.3 ± 1.3 192.6 ± 10.4 10.4 ± 1.2 878.1 ± 145.1
Breitenbrunn harbor, 1999 w 10 100.0 ± 10.5 5.3 ± 0.1 244.0 ± 14.8 14.1 ± 2.1 193.7 ± 9.48 7.7 ± 0.8 1078.7 ± 134.4
Kunfehértó land, 1999 l 10 59.4 ± 7.5 5.9 ± 0.2 289.1 ± 11.7 30.7 ± 3.2 289.1 ± 11.7 26.1 ± 2.5 1627.7 ± 239.1
Kunfehértó ditch, 1999 w 9 42.4 ± 5.6 8.2 ± 0.3 382.0 ± 11.5 49.7 ± 3.3 241.0 ± 22.1 24.0 ± 3.2 1506.2 ± 249.7

l, land reed; w, water reed.
a n refers to number of plots harvested per site.
b estimated from 0.04 m² and 0.16 m² plots respectively.



pled between 9 June and 6 July, and 2–16 September, and sites in Austria between 19–22
June, and 21–24 August. The samples in Hungary were collected on 18 June and 23
August.

The following sampling technique was used to collect comparable data: 20 by 20 cm
(1998) and 40 by 40 cm plots, respectively (1999) were chosen in 1 m intervals along a
transect in an alternating fashion. All shoots within each plot were harvested. Each sam-
ple consisted of a minimum of 10 plots, i.e. a transect length of 10 m. Rhizomes up to 15
cm depth within five 20 by 20 cm plots chosen along a transect were dug up once during
both field seasons at each field site. In addition to shoots collected along the transect, a
minimum of 50 shoots that were visibly attacked by herbivores were cut at the soil sur-
face at each sampling date and at each field site.

All plant samples were stored at 2°C until dissection. Collected shoots and rhizomes
were dissected for signs of herbivory and the following parameters were recorded for each
shoot: height, basal shoot diameter without leaf sheaths, and the number of internodes.
Lepidopteran larvae found during dissections were transferred onto approximately 30 cm
long, fresh cut pieces of common reed shoots. Shoot parts were inserted in a moist piece
of horticultural sponge (3 by 3 by 3 cm) welded into plastic foil and kept in transparent
plastic cylinders (27-38 cm high, 100 mm diameter) covered with a gauze lid. Plant mate-
rial was changed at regular intervals. Small larvae or pupae were kept in petri dishes
(10 mm height, 50 mm diameter). Lepidopteran pupae were kept in transparent plastic
cups (80 mm high, 60 mm diameter), filled with vermiculit and a moist piece of cotton
wool. Shoot tips containing shoot fly larvae were incubated in plastic cups (80 mm high,
60 mm diameter) after removing most of the leaf sheaths. Emergence of adult insects was
recorded at regular intervals.

Data Analysis. Data presented throughout this paper are preliminary. Only half of the
samples collected during 1998 and 1999 have so far been analyzed. Therefore, only 1-way
ANOVA with Bonferroni’s Multiple Comparison Test as Posthoc contrast and Mann-
Whitney Tests were used to test for significant differences between data sets. Throughout
the standard error (SE) is given as error measurement of means.

Results
Growth of P. australis at Field Sites. Information on the fourteen field sites is sum-

marized in Table 1. Data on P. australis growth are given in Table 2. No significant dif-
ferences between the 3 geographical regions were found for dry weight of uninfested
shoots (ANOVA; F = 3.631, P = 0.051), shoot density per m² (ANOVA; F = 2.773, P =
0.0925), and the above ground biomass of P. australis (ANOVA; F = 0.9966, P = 0.3909).
It is concluded that the geographical position had no influence on the growth pattern of
common reed.

Herbivores found. During the 2 yr survey, 21 endophagous arthropod herbivore
species were found feeding on shoots and/or rhizomes of P. australis. These species were
divided into 5 groups: shoot flies (5 species), gall midges (4 species), shoot mining moths
(4 species), shoot and/or rhizome mining moths (4 species) and others (4 species).

Shoot flies (Dipt., Chloropidae).  Platycephala planifrons (Fabricius) is a univoltine
shoot fly and 1 of the earliest herbivores to appear during spring on P. australis. Larval
feeding kills the growing point of young shoots. According to Tscharntke (1999) this
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Table 3
Abundance, impact and mortality factors of endophagous insect herbivores found during surveys  

Herbivore species Abundance Impact Mortality factors

% sites (n) % shoots No. shoots % shoot biomass % parasitism No. parasitoid % bird
infested needed per reduction (mean ± SE) species found predation

(mean ± SE) larva (mean ± SE)

Shoot flies
P. planifrons 52.9 (9) 5.3 ± 2.3 1 66.9 (P < 0.0001)a 1.5 ± 1.5 1
L. lucens 35.3 (6) 1.4 ± 0.5 1 n.s. (P = 0.4306) + 1
L. rufitarsis 23.5 (4) 1.8 ± 0.2 1 + 1
L. pullitarsis 58.8 (10) 8.6 ± 3.7 1 n.s. (P = 0.3754) +
L. similis 52.9 (9) 10.7 ± 2.1 1 n.s. (P = 0.9817) 21.6 ± 15.3 1 +
Gall midges
G. inclusa 100 (17) 15.5 ± 2.9 1
L. hungarica 47.1 (8) 8.4 ± 2.2 1
L. arundinis 41.2 (7) 4.5 ± 1.9 1
M. flexuosa 29.4 (5) 4.4 ± 1.0 1
Shoot mining moths
A. dissoluta 3.3 ± 0.9 3 + 1 +
A. neurica 41.2 (7) - 3
A. geminipuncta 70.6 (12) 11.0 ± 5.0 3-7 34.1 (P = 0.0003) 44.3 ± 7.8 7 34.9 ± 8.6
A. phragmitidis 23.5 (4) - 2-3 + 1
Shoot/rhizome mining moths
P. castaneae 35.3 (6) 5.1 ± 1.5 >1 + 3
C. phragmitella 70.6 (12) 3.9 ± 1.2 >1 n.s. (P = 0.2197) + 2 +
S. gigantella 11.8 (2) 1.5 ± 0.6 >2 + 1
R. lutosa 5.9 (1) >1

+, observed but insufficient quantitative data.
n.s., not significant.
aa Mann-Whitney Test.

}



shoot fly can cause biomass reductions of up to 50%. The biology of the shoot fly is not
well known but P. australis is the only host plant recorded for P. planifrons (Skuhravy et
al. 1978). It was found at 52.9% of the field sites. With the exception of Siegendorf, where
at 3 August 1998 32.7 ± 8.1% of the shoots were found infested (n = 45), infestation rates
did not exceed 10% (Fig. 1, Table 3), with a total mean infestation rate of 5.3 ± 2.3%
(Table 3). However, P. planifrons was the insect herbivore that caused the largest biomass
reduction of P. australis shoots with 66.9% (Mann-Whitney Test, P < 0.0001; n = 41)
(Table 3).

The genus Lipara Meigen (Dipt., Chloropidae) is restricted to the Paleaearctic region
and consists of 9 species that all live monophagous on P. australis (Beschovski 1984). The
4 European species cause more or less distinct apical shoot galls, in which the mature lar-
vae hibernate (Chvala et al. 1974). Only 1 larva can develop per shoot (de Bruyn 1994).

Infestation by Lipara lucens Meigen causes shoot tips to compress and form a spike-
like cigar gall. Therefore, L. lucens inhibits the development of inflorescence. With a
length up to 18 cm, it is the largest and most complex gall induced by a Lipara-species.
Larval survival is highest on thin shoots with a diameter of 3-4 mm. L. lucens was found
at 35.3% of the field sites surveyed. It was the rarest shoot fly in our survey with an over-
all abundance rate of 1.4 ± 0.5% infested shoots (Fig. 1, Table 3). During the beginning
of the 20th century, L. lucens was accidentally introduced into North America (Sabrosky
1958).

The biology of Lipara rufitarsis Loew is similar to that of L. lucens, however its galls
are smaller. L. rufitarsis was as rare as L. lucens. The shoot fly was found at 4 field sites
with 1.8 ± 0.2% of shoots infested (Fig.1, Table 3). According to Tewksbury (unpubl.
data), galls of L. rufitarsis were found for the 1st time in Rhode Island in 1999.

In contrast to the latter 2 species, Lipara pullitarsis Doskocil & Chvála infests prefer-
ably thick shoots with a diameter between 5–8 mm (de Bruyn 1994). L. pullitarsis was
found at 58.8% of the field sites surveyed (Table 3). The highest infestation rates were
found on 18 June 1999 in Hungary at Kunfeherto with 24.9 ± 6.7% (land reed, n = 106)
and 45.7 ± 14.2% (water reed, n = 26) of shoots infested, respectively (Fig.1, Table 3).

Lipara similis Schiner induces no distinct galls. The larvae of this shoot fly cause only
hardly visible alterations of the shoot growth. This species preferably infested thick
shoots. According to Pokorny (1971), infested shoots reach only about 70% of the height
of uninfested ones. L. similis was the most abundant shoot fly during the surveys (Fig. 1,
Table 3). At Siegendorf, larvae were found in 39.6 ± 2.3% of shoots (n = 170). L. similis
has accidentally been introduced to North America (Sabrosky 1958). In contrast to P.
planifrons, none of the Lipara-species caused significant biomass reduction of common
reed (Table 3).

Gall midges (Dipt., Cecidomyiidae).  Giraudiella inclusa (Frauenfeld) is a multi-
voltine gall midge that induces so called ‘rice grain’ galls protruding inwards from the
internode wall of shoots.  There is 1 midge larva per gall. The 1st generation infests the
basal 9 internodes, the 2nd – 4th generation attack the upper internodes of the main shoots
and narrow side shoots (Tscharntke 1986). Therefore, the population density of G. inclusa
is usually increasing with the presence of other herbivore species such as P. planifrons or
Archanara geminipuncta (Haworth) (Lep., Noctuidae) which break the apical dominance
of reed shoots (Tscharntke 1989). G. inclusa was the most abundant insect herbivore found
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Fig. 1. Distribution, relative abundance (mean ± SE percentage infested shoots), and overall
abundance for herbivore species found during field surveys.  Grey bars, 1998; black bars,
1999.
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during our surveys. It occurred at all field sites with a mean rate of infested shoots of 15.5
± 2.9% (Fig 1, Table 3). At field sites in Switzerland and Germany, more than half of all
shoots sampled were infested (Fig 1.). Tscharntke (1994) reports that G. inclusa attack
might even lead to an elongation of infested shoots, resulting in an advantage in compe-
tition for light. In contrast, dead shoots heavily attacked by G. inclusa were frequently
found in samples collected in June 1999 in Austria. In addition, we observed that shoots
with aggregated rice-grain galls showed a tendency to break. Further, shoots were fre-
quently found damaged by birds that foraged on the gall midge larvae. The gall midge was
recently found in North America (Schwarzländer and Blossey, unpubl. data).

Shoots infested by Lasioptera hungarica Möhn, the 2nd gall midge species found,
show no obvious signs of damage. However, in samples collected in June in Austria, thin
dead shoots were found which were heavily attacked by L. hungarica. The larvae of this
gall midge live gregariously. They are predominantly found between the 6th–9th internode
with 30-300 larvae per internode feeding on the mycelium of a fungus (Skuhrava and
Skuhravy 1981). L. hungarica was not as abundant as G. inclusa. The species was found
at 47.1 ± 8.4% of the field sites (Table 3). The highest infestation rate was found in
Hungary at Kunfeherto with 19.6 ± 5.6% infested shoots (n = 61) (Fig. 1, Table 3).

The presence of Lasioptera arundinis Schiner strictly depends on damage by other
herbivore species such as A. geminipuncta or P. planifrons. L. arundinis infests only side
shoots of P. australis. The internodes of infested side shoots are thickened, stout, and
filled with a dark mycelium of an associated fungus (Rohfritsch 1997). The gall midge
was found at 7 field sites (Table 3). The highest gall midge density was found at
Kunfeherto in Hungary with 12.2 ± 4.9% of the shoots infested (n = 61) (Fig. 1, Table 3).

Very little is known about Microlasioptera flexuosa (Winnertz).  This gall midge was
found in several shoot samples collected in Austria and Hungary during June and August
1999. Larvae of M. flexuosa live gregariously in the internodes of the shoot tips. There is
indication that this species has more than 1 generation per year. Shoots infested during
June broke easily and thus, do usually not reach the flowering stage. The highest density
was found at Breitenbrunn in Austria with 8.0 ± 3.6% infested shoots (n = 114) (Fig. 1,
Table 3).

Shoot mining moths (Lep., Noctuidae).  Archanara geminipuncta (Haworth) is often
mentioned as one of the key herbivore species within the reed ecosystem (Tscharntke
1999). A. geminipuncta herbivory occurs during the main growing period of Phragmites-
shoots, i.e., between mid April and June. In contrast to literature records (Wyniger 1963,
Mook 1971, Grabo 1991), A. geminipuncta does not overwinter in the larval but in the egg
stage. Larvae entered shoots through internodes at half shoot height. Inside the shoot they
fed a ring right above the nearest node below the entrance hole. Thus, the upper shoot part
was entirely separated from the lower shoot part. Larvae moved upwards and continued
to feed above the growing point of shoots. Up to 7 larvae were found feeding within the
same shoot. Later, only 1 larva was found per shoot. A. geminipuncta-larvae needed a
minimum of 3 shoots to complete development. The immature stages of Archanara-
species were difficult to separate. Therefore, the abundance rates in Figure 1 and Table 3
are combined data for all Archanara-species. The highest A. geminipuncta infestation
rates were found at Delemont with 67.6 ± 9.5% (n = 57) and Schobüll with 35.1 ± 9.1%
(n = 99) infested shoots. A. geminipuncta was the most abundant shoot miner found on P.
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australis (Fig. 1, Table 3), and caused a biomass reduction of 34.1% (Mann-Whitney Test,
P = 0.0003; n = 55) (Table 3). Seven parasitoid species were reared from A. geminipunc-
ta. In addition to the high parasitism rate predation by birds was an important mortality
factor (Table 3).

In 1999, we were able to distinguish, and rear the other two Archanara-species asso-
ciated with common reed. The impact of larval herbivory and the larval morphology were
very similar for the 2 species when compared to A. geminipuncta. In contrast to A. gemi-
nipuncta, mature larvae of Archanara dissoluta (Treitschke) were, however slightly rose
colored. A. dissoluta was not as abundant as A. geminipuncta. The moth was only found
at 3 field sites with a mean infestation rate of 3.3 ± 0.9% (Table 3). A. dissoluta is the only
Archanara-species, which was found at the 3 field sites around lake Neuchatel.  

Archanara neurica Hübner, the 3rd Archanara-species was found at 1 field site in
northern Germany and in Austria. In contrast to the other 2 Archanara-species, larvae of
A. neurica fed exclusively above the growing point of shoots.

Larvae of Arenostola phragmitidis (Hübner) were only found at the 4 northern
German sites (Table 3). Unlike Archanara-species, larvae of A. phragmitidis did not
pupate in reed shoots, but in leaf litter, damp mosses, and soil. Therefore, larvae of this
species were also found in thinner shoots than Archanara-larvae.

Shoot/rhizome mining moths (Lep., Noctuidae, Pyralidae, Cossidae).  Rhizedra
lutosa (Hübner) (Lep., Noctuidae) is a monophagous rhizome mining moth. R. lutosa
hibernates in the egg stage. Eggs are laid near the base of dead reed shoots or in litter.
Larvae start to feed in young shoots before they descend into the rhizome where they
cause considerable damage (van der Toorn and Mook 1982). R. lutosa is only found on
land reed because the larvae pupate in the soil close to the soil surface. The moths fly from
August to October (Bretherton et al. 1983). R. lutosa was 1 of the rarest herbivores in our
survey. It was only found at the field site at Pülsen in northern Germany (Table 3). R.
lutosa has recently been accidentally introduced into North America (McCabe and
Schweitzer 1991).

Phragmataecia castaneae (Hübner) (Lep., Cossidae) mines mainly in shoot bases and
upper rhizome parts of P. australis. The species has a 2-yr life-cycle. Young P. castaneae-
larvae fed in the top internodes of common reed shoots, thereby causing the death of shoot
tips. In addition dead shoots originating from rhizome parts infested with mature P. cas-
taneae-larvae were found several times during dissections. P. castaneae occurred at 6
field sites.  However, the species was not common. Only 5.1 ± 1.5% of shoots sampled
were infested (Fig.1, Table 3).

Like the latter species, Chilo phragmitella Hübner (Lep., Pyralidae) supposedly has a
2-yr life-cycle and mines in shoots and rhizomes of P. australis. The life history is simi-
lar to that of P. castaneae (Pruscha 1973). With a mean infestation rate of 3.9 ± 1.2% C.
phragmitella attacked even less shoots than P. castaneae, however it was found at 12
(70.6%) of the field sites surveyed. The highest density of immature stages was found at
Bolle di Magadino in southern Switzerland with 19.6 ± 8.5% of infested shoots (n = 71).

Little is known about the life history of Schoenobius gigantella Denis &
Schiffermüller (Lep., Pyralidae), an aquatic moth that is only known from P. australis.
This moth was only found in water stands of common reed. It is assumed that the moth
has a 2 yr life-cycle. Larvae fed on all tissues except the epidermis leading the shoots to

Schwarzländer and Häfliger410



411

break before the larvae continue to mine into the rhizome. S. gigantella is not a common
herbivore of P. australis.  It was only found at 2 field sites (11.8%) where it attacked 1.5
± 0.6% of shoots (Table 3). 

Other Herbivore Species.  Four other herbivore species were frequently found dur-
ing the field surveys. Adults of the reed beetle Donacia clavipes Fabricius (Col.,
Chrysomelidae) can be found frequently on leaves of common reed during May.  Larvae
of this beetle supposedly develop in the rhizomes of P. australis (Bienkowski 1996,
Menzies and Cox 1996). However, we found hardly any sign of larval damage during the
field surveys. Thrypticus smaragdinus Gerstaecker (Dipt., Dolichopodidae) is a
monophagous fly mining in shoots of P. australis (Lübben 1908). The larvae overwinter
in the rhizome. T. smaragdinus-larvae feed on the parenchymatic pith of internodes, but
cause no visible damage to attacked shoots. Tetramesa phragmitis (Erdös) (Hym.,
Eurytomidae) is a common herbivore species associated with P. australis. The larvae of
this eurytomid wasp mine in the parenchymatic pith of internodes. The amount of con-
sumed tissue is, however very small. T. phragmitis was found at 8 field sites. At
Kunfeherto in Hungary more than half of the sampled shoots (58.2 ± 6.4%, n = 95) were
infested by this wasp (Fig. 2). Steneotarsonemus phragmitidis (von Schlechtendal) (Acari,
Tarsonemidae) is a monophagous mite associated with common reed. S. phragmitidis-her-
bivory causes the formation of large terminal corkscrew-shaped galls (Skuhravy 1981).
The mites live gregariously on the inside of leaf sheaths above the growing point.
According to Skuhravy (1981) the biomass of infested shoots is reduced by 40-65%.  S.
phragmitidis was found at 6 field sites. The highest infestation rate was found at Purbach
in Austria with 15.1 ± 2.8% of shoots being infested (n = 83) (Fig. 2). 

Herbivore Complexes at Field Sites.  Figure 2 summarizes the number of species
and their relative abundance found at field sites in samples collected in late summer 1998
and/or 1999. In case graphs show only information for 1998, the samples collected in
1999 have not yet been analyzed, i.e., it does not mean that no herbivores were found at
these field sites during 1999 (Fig. 2). In Northern Germany, 5 herbivore species were
found at the field sites in Pülsen and Hohenfelde, 4 at Schobüll and only 3 species
occurred at Krautsand. Although the species numbers were small for the German field
sites, some of the species reached high abundance levels. Particularly, A. geminipuncta
and G. inclusa reached high infestation rates at the Pülsen and Schobüll sites (Fig. 2). The
number of species found at the 3 sites around lake Neuchatel, Yvonand, Yverdon, and
Estavayer, ranged between 3-8. The most abundant herbivore at all 3 sites was G. inclusa.
No other insect species infested more than 10% of the shoots at any of these sites (Fig. 2).
Surprisingly, the only Archanara-species found at lake Neuchatel was A. dissoluta. The
lowest herbivore species diversity for all field sites was found at Delemont in Switzerland
(Fig. 2), with only 2 endophagous herbivores, i.e., A. geminipuncta and G. inclusa (Fig.
2). However, the infestation rates for A. geminipuncta were higher at Delemont than at any
other field site with 67.6 ± 9.5% (n = 57) infested shoots in 1998 and 41.7 ± 7.0% (n =
137) in 1999 (Fig. 1 and 2). In contrast to the northern German and western Swiss field
sites a higher species diversity was found at the field sites south and east of the Alps. At
Bolle di Magadino 7 endophagous herbivore species were found attacking Phragmites-
shoots in 1999 (Fig. 2). The abundance of C. phragmitella at Bolle di Magadino was the
highest found during the surveys (Fig. 1 and 2). In addition, the gall midge L. hungarica,

Insect herbivores on Phragmites australis



412 Schwarzländer and Häfliger

Fig. 2. Species composition and relative abundance (mean ± SE percentage infested shoots)
of herbivores at 16 field sites in northern Germany, Switzerland, Austria, and Hungary.  Grey
bars, 1998; black bars, 1999.
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which was previously assumed to have a more eastern distribution, was commonly found
at this site (Fig. 2). Between 10-14 herbivore species were found at the 3 field sites in the
lake Neusiedl region in eastern Austria (Fig. 2). In addition to the high L. similis attack
rate at Siegendorf, all other Lipara-species and P. planifrons were found as well at this site
(Fig. 2). In 1999, P. planifrons and L. similis infested more than 55% of the shoots at
Siegendorf (Fig. 1 and 2). With 14 species the highest diversity of endophagous P. aus-
tralis-herbivores was surprisingly found at the garbage dump at Purbach (Fig. 2, Table 1).
At Kunfeherto, the most eastern sites included in the survey, both herbivore diversity and
intensity were high, mainly due to shoot fly infestation (Fig. 2). Kunferherto was also the
only field site at which all gall midge species were found (Fig. 2). 

There is indication that the diversity of endophagous P. australis-herbivores increas-
es with a further eastern and/or southern geographical position of Phragmites-popula-
tions. A comparison between species numbers found at the field sites in northern
Germany, western Switzerland and southern Switzerland, Austria, and Hungary revealed
a significant difference (ANOVA; F = 32.79, P < 0.0001). The mean number of herbivores
found in samples collected at northern German field sites, i.e., 3.1 ± 0.5 (mean ± SE; n =
13) and western Swiss field sites, i.e., 3.3 ± 0.4 (n = 10) were significantly smaller com-
pared to the number of herbivores found south of the Alps and at eastern P. australis field
sites, i.e., 8.7 ± 0.7 (n =15; Bonferroni’s Multiple Comparison Test, P < 0.001 for both
comparisons).

Effect of Insect Herbivory on Shoot Growth.  Most of the shoot flies and shoot min-
ing moths brake the apical dominance, and thus suppress inflorescence development of
the main shoot. However, this herbivory effect is often compensated for by the develop-
ment of side shoots. Although data are too preliminary to test the impact of individual
endophagous P. australis-herbivore species, there is indication that insect herbivory on
common reed per se significantly reduces height (ANOVA; F = 10.66, P = 0.002), and dry
weight of common reed shoots (ANOVA; F = 4.171, P = 0.048). The height of infested
shoots was with 183.0 ± 12.3 cm (mean ± SE; n = 19 samples) 23.9% smaller compared
to uninfested shoots (240.5 ± 12.6 cm; n = 19 samples). The dry weight of infested shoots
was 36.8% lower than that of uninfested ones (infested, 10.3 ± 1.4 g; uninfested 16.3 ±
2.5 g; n = 19 samples). See also Table 2.

Discussion
Potential of Herbivores for Biological Control.  The endophagous herbivore guild

associated with P. australis in Europe can be divided in 5 groups: shoot flies, gall midges,
shoot mining moths, shoot/rhizome mining moths, and others. Using this classification,
we conclude from our preliminary data that the shoot mining moths and the shoot/rhizome
mining moths species have good biocontrol potential whereas gall midges, shoot flies, and
the remaining herbivores have only minor potential for biological control of P. australis.
Although this conclusion is in concordance with other findings (Tscharntke 1999), it is
oversimplifying the available data.

Archanara geminipuncta is 1 of the most abundant herbivores of common reed in
Europe and herbivory by the moth has a significant impact on shoot growth. In addition,
it is one of the few abundant herbivore species that has not yet been accidentally intro-
duced into North America. In its native range, A. geminipuncta suffers from a high mor-
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tality caused by parasitoids and bird predation. Once released from these mortality fac-
tors, the impact of A. geminipuncta on its host plant might be even more pronounced. For
A. neurica, A. dissoluta and Arenostola phragmitidis the data is still insufficient but we
expect these species to have a similarly good biological control potential. However, it
needs to be clarified whether these species have different habitat requirements than
A. geminipuncta to avoid potential interspecific competition between species.

Because of their feeding niche, R. lutosa, P. castaneae, C. phragmitella, and particu-
larly S. gigantella should be considered as biological control candidates. All species attack
to varying degrees the rhizome of P. australis, which is with approximately 2 thirds of the
biomass the largest and most important organ of the plant (Szczepansky 1969). There
exists only preliminary data for the shoot /rhizome mining moths, however there is indi-
cation that larval feeding by any of the 4 species can cause the death of entire shoots and
suppress the development of compensatory shoot growth.

All shoot flies had a high per capita impact on shoot morphology and L. similis and L.
pullitarsis belonged to the 4 most abundant herbivore species found in our survey.
However, no Lipara-species caused a significant shoot biomass reduction. In contrast,
Platycephala planifrons significantly reduced above ground biomass of common reed. In
addition, P. australis usually responds with compensatory development of side shoots to
herbivory, however when attacked by P. planifrons this response was weak or could not
be observed at all. Therefore, we conclude that P. planifrons has a good potential for bio-
logical control of common reed. L. similis and L. pullitarsis, which have been accidental-
ly introduced into North America, are reported to reach very high abundance levels in the
area of introduction (Blossey, Tewksbury, unpubl. data). At high densities, shoot flies
might in absence of their natural enemies very well impair P. australis growth. Respective
studies comparing the performance and abundance of Lipara-species in Europe and North
America are underway (Schwarzländer and Häfliger, unpubl. data).

Based on the available data it is assumed that Giraudiella inclusa, Lasioptera  arun-
dinis, L. hungarica, Microlasioptera flexuosa, Donacia clavipes, Thrypticus smaragdinus,
and Tetramesa phragmitis only have a minor potential for biological control. Although
some gall midge species were abundant or even common they did cause no visible dam-
age. Similarly, herbivory by T. smaragdinus, and T. phragmitis did not cause any impair-
ment of P. australis shoot growth. D. clavipes fulfils 2 prerequisites considered important
for potential effectiveness of biocontrol agents, i.e., the species is a below-ground herbi-
vore and belongs to a taxonomic group correlated with biocontrol success (Harris 1973,
Crawley 1986, Gassmann 1996). However, it is yet unclear whether the larvae of this
species mine inside the rhizomes and if so whether larval feeding causes any damage to
the plants.

In contrast, herbivory by S. phragmitidis causes large apical shoot galls (Skuhravy
1981). Herbivory by this mite species causes a 58% reduction in shoot height and a 40-
65% biomass reduction of shoots (Skuhravy 1981), and Vogel (1994) reports that the mite
preferably attacks dense P. australis stands. In addition, S. phragmitidis was an abundant
and sometimes common species at the surveyed field sites. Therefore, we assume that the
mite has a good potential for biological control of P. australis.

Selection of Biological Control Agents.  More than 55 monophagous herbivore
species that have potential as biocontrol agents are associated with P. australis in Eurasia
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(Schwarzländer and Häfliger 1999). This survey aims to identify the most abundant and
most damaging species in order to facilitate the selection of the species best suited for a
biological control program. Criteria assessing the potential effectiveness of biocontrol
agents include host-specificity, distribution, impact on target plant, phenology, fecundity,
and mortality factors of potential control agents (Harris 1973, 1991, Goeden 1983,
Whapshere 1985). How to prioritize the criteria is, however subject to debate (Blossey
1995). Aside from host-specificity, impact of herbivores on individual plants is a com-
monly used selection criteria. Although several herbivore species associated with P. aus-
tralis have been studied extensively in Europe (Mook and van der Toorn 1982, Tscharntke
1992, 1999 and references therein) most of these studies lack information on the impact
of herbivores on plant population dynamics (Crawley 1989). Thus, we are not able to pre-
dict the impact of any of the herbivore species in North America. Nevertheless, we pro-
pose to give priority to the shoot/rhizome feeding moths and shoot miners. The host-speci-
ficity and biology of R. lutosa, P. castaneae, C. phragmitella, and S. gigantella should be
studied. Simultaneously, the shoot mining moths in the genus Archanara and Arenostola
and the shoot fly Platycephala planifrons should be evaluated for their potential as bio-
control agents. In addition, the interactions of accidentally introduced herbivores, i.e., R.
lutosa, Lipara spp., and S. phragmitidis with their host plant should be investigated com-
paratively in Europe and North America. We expect that attack of below-ground herbi-
vores will impair above ground shoot growth, reduce storage reserves and recovery poten-
tial, and cut and disconnect rhizomes further reducing the competitive ability of P. aus-
tralis. Attack of shoot mining herbivores will directly impair above-ground growth and
complement effects of below-ground herbivores.

Potential for Biological Control of P. australis.  Phragmites australis has been pres-
ent in North America for several thousand years (Hansen 1978). Thus, the plant is not an
ideal candidate for classical biological control. On the other hand, the distribution range
of P. australis along the East Coast increased dramatically during the past decades in a
manner that is typical for exotic invasive species. Considerable resources are being
invested to control the range expansion and population explosion of common reed (Marks
et al. 1994). While much of the recent spread might be due to anthropogenic influences,
there is also evidence suggesting that the invasive forms of P. australis are recent intro-
duction into North America (Metzler and Rosza 1987, Tucker 1990, Mikkola and
Lafontaine 1994, Besitka 1996). The molecular analysis of fossil and present day popula-
tions of P. australis which is currently underway (Saltonstall, unpubl. data) will provide
important information regarding the origin of North American genotypes. This work
might also clarify whether invasive and non-invasive genotypes are genetically distinct.  

The ecological and economic impacts of P. australis in North America and the diffi-
culties to control the species using conventional techniques, makes a biological control
program a worthwhile alternative. There is agreement among land managers that the range
expansion and population explosion of P. australis are undesirable and that the plant needs
to be controlled (Marks et al. 1994). However, there are currently no successful, plant-
specific, long-term control methods available. When evaluating benefits, potential risks,
and costs of implementing a biological control program against P. australis, the potential
risks and ecosystem effects associated with continued aerial application of herbicides, cut-
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ting, burning, flooding, or any other control method need to be considered. The introduc-
tion of host-specific herbivore species after comprehensive host-specificity testing is not
risk free either and there is no guarantee that after its introduction, a herbivore species will
successfully control P. australis. However, biological control offers the potential for an
environmentally sound and permanent control of common reed.
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