
U.S. Army Corps of Engineers
scientists and researchers from the
U.S. Department of Agriculture
(USDA) began overseas research
in the late 1960s to find biological
control agents for use in aquatic
plant management. This search for
natural plant enemies (insects
and fungal pathogens) has led re-
searchers to the native ranges of
noxious aquatic plants, located
throughout the continents of Africa,
Asia, Europe, and Australia.

For Corps aquatic plant manag-
ers, the two most troublesome
aquatic plants are the exotic
species Eurasian watermilfoil
(Myriophyllum spicatum) and hy-
drilla (Hydrilla verticillata). These
species, which account for more
that two thirds of all noxious
aquatic weed acreage in the
United States, have similar char-
acteristics. They are rooted sub-
mersed macrophytes that grow to
the water’s surface, forming exten-
sive mats of vegetation that restrict
navigation and recreational use of
waterways. Records document the
establishment of milfoil in the
United States by 1881 (Balciunas
1982) and hydrilla, by the late
1950s or early 1960s (Balciunas
1985).

In their native range overseas,
milfoil and hydrilla comprise a
small component of a diverse as-
semblage of aquatic plants. They
generally do not cause problems
because they are exposed to vari-
ous pressures or stresses that re-
strict their growth, reproduction, or
distribution.

Classical biological control fo-
cuses on identifying stress-causing
organisms that impact plant popu-
lations. The introduction of these
host-specific agents in the new
range often reduces the target
plant population below problem lev-
els. Releases of the alligatorweed
flea beetle (Agasicles hygrophila)
have proven the effectiveness of
this control method.

Native range
As preliminary steps toward im-

plementing biological control of mil-
foil and hydrilla, it was necessary
to identify the native range of each
plant and to conduct surveys to
find potential biological control
agents for the plants.

Information from the literature
and from botanical experts indi-
cated that milfoil was native to re-
gions of Europe, Asia, and Africa
(Godfrey and Wooten 1981). The
native range of hydrilla has been
debated extensively. However,
most botanists have claimed it is
native to Asia, Africa, and Australia
(Godfrey and Wooten 1979).

The four continents that com-
prise the native range of milfoil
and hydrilla (Africa, Europe, Asia,
and Australia) represent over
60 percent of the world’s land
mass, or approximately 92.5 mil-
lion square kilometers. In general,
this area is contained between
latitude 85o N to 42o S and from
longitude 18o W eastward to
170o W, and comprises more than
40 percent of the total world surface.

Many areas on these four conti-
nents may be unsuitable for the
growth of milfoil and hydrilla. Nev-
ertheless, this represents a huge
area to survey, and researchers
often must travel great distances
between sites. In addition, travel in
much of the area is complicated by
problems related to political con-
cerns and limited accessibility to
remote areas.
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When the surveys were begun,
over 30 years ago, more than
31.5 million square kilometers of
the total area to be surveyed had
significant restrictions on move-
ment of researchers.

Insect surveys
In the late 1960s when re-

searchers began surveying milfoil,
major portions of the plant’s native
range were in countries where the
government either denied visits
or restricted movement, making
research, surveys, and travel
extremely difficult.

Researchers focused their
efforts on regions of the plant’s
native range for which only mini-
mal information on the insect
fauna was available. For this rea-
son, the surveys initially focused
on the regions around India, Paki-
stan, and Yugoslavia. Surveys in
western Europe were not initially
programmed, because extensive
general studies on the aquatic in-
vertebrate fauna had been con-
ducted for other research efforts.

In 1967 the Commonwealth In-
stitute of Biological Control (CIBC)
began surveys in Pakistan to iden-
tify insect biological agents of mil-
foil. This survey work continued
into the early 1970s, with explora-
tion of Pakistan, India, Yugoslavia,
and Bangladesh. Only incidental
collecting for milfoil agents oc-
curred between the early 1970s
and the late 1980s (Table 1).

Research on hydrilla biological
control began in 1968, with CIBC
survey efforts in India. These initial
surveys were followed by work in
Pakistan (Baloch, Phil, and Sana-
Ullah 1976) and Malaysia (Balciu-
nas 1985). Initial surveys in Africa
(Kenya and Tanzania) were con-
ducted by Dr. Robert Pemberton
during a 4-month period in 1976.

By 1976, research efforts on
milfoil and hydrilla had identified
more than 35 herbivorous insects

associated with these two plant
species (Table 1), indicating that
potential insect biocontrol agents
existed.

During most of the 1980s, over-
seas surveys focused almost exclu-
sively on insect biological control
agents of hydrilla. In 1985, while
conducting other overseas re-
search projects in Africa for CIBC,
Markham (1986) was able to sur-
vey five countries for potential bio-
control agents of hydrilla. He found
only two herbivorous insects asso-
ciated with the very sparse hydrilla
populations that he located in the
countries surveyed.

The most extensive surveys
for hydrilla biological control
agents were conducted between
1981 and 1983 (Balciunas 1985).
Dr. Joseph Balciunas visited five
countries in 1981, six countries in
1982, and seven countries in
1983. During 3 years of survey
work, he collected over 40 species
of phytophagous insects feeding
on hydrilla.

The surveys by Dr. Balciunas in-
dicated that the greatest potential
for insect agents existed in areas
of Australia and Southeast Asia.
Based on that information, the
U.S. Department of Agriculture
in 1985 established a research
facility in eastern Australia, where
Dr. Balciunas based his research
efforts. From this facility, extensive
surveys of eastern Australia were
completed, and host-specificity
testing was undertaken. Having a
scientist in residence overseas al-
lowed four insect biocontrol agents
from Asia and Australia to be
screened and eventually approved
for release in the United States as
biological control agents of hydrilla.

Development of the Sino Ameri-
can Biological Control Laboratory
(SABCL) in 1989 allowed re-
searchers access to areas in the
native range of milfoil and hydrilla
that had been closed for over
40 years. As a result, U.S. re-
searchers have been able to

conduct supervised surveys in cer-
tain regions of the People’s Repub-
lic of China (PRC) for biological
control agents of both milfoil and
hydrilla. In general, these surveys
have consisted of a 1- to 2-month
effort each year.

The SABCL has been extremely
beneficial for the initial screening
of agents. Researchers located
northern populations of Hydrellia
pakistanae at survey sites outside
of Beijing. After host-specificity
testing and quarantine screening,
this agent was released into the
more northern U.S. range of
hydrilla.

Additional research on insect
biocontrol agents has also been
reported from the former Soviet
Union (FSU) and Southeast Asia.
With funding from the Corps’
Aquatic Plant Control Research
Program (APCRP), Zaitzev and
others (1996) collected information
on 25 insect biocontrol agents feed-
ing on milfoil in areas of the FSU.

The USDA has recently estab-
lished a close working relationship
with researchers in Thailand, and
this has allowed easier access to
areas for surveys. In 1997, USDA
researchers reported that they had
collected two weevil species and
other phytophagous insects feeding
on hydrilla in Thailand
(Cofrancesco 1998).

Pathogen surveys
Overseas pathogen surveys for

biological control agents of milfoil
and hydrilla have received atten-
tion only recently. Although early
surveys indicated that both insects
and pathogens were involved,
most surveys did not examine the
impact of pathogens. The one ex-
ception was survey work in Yugo-
slavia, reported by Lekic (1972), in
which more than eight pathogens
were collected from milfoil. Since
these surveys in the early 1970s,
only sporadic efforts have been
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conducted to identify pathogens
from the native range of milfoil and
hydrilla.

Recently there has been a resur-
gence of interest in exotic plant
pathogens for milfoil and hydrilla.
In research supported by the
APCRP, Harvey and Evans (1997)
surveyed 12 western European
countries for potential pathogen

biological agents of milfoil. These
researchers collected 291 isolates
over 3 years. Based on subsequent
testing, 15 isolates appear to be
effective for milfoil control.

Dr. Judy Shearer (1997) con-
ducted surveys in the PRC during
the summers of 1994 and 1995.
She collected more than 120 iso-
lates from milfoil and 85 isolates

from hydrilla. These isolates are
currently undergoing screening at
the USDA quarantine facility in
Frederick, MD. A preliminary sur-
vey in the FSU (Zaitzev and others
1996) reported seven fungal spe-
cies associated with milfoil.

Pathogen surveys have just
begun to explore and identify the
numerous potential agents that are

Table 1. Chronological Listing of Biological Control Surveys, 1967-1996

Continent / Country Target Year
Type of
Survey

Survey
Duration

Potential
Agents

Asia / Pakistan Milfoil 1967-69 Insect Periodic
In country

11 insect spp.

Europe / Yugoslavia Milfoil 1967-72 Insect/
pathogen

Periodic
In country

15 insect spp.
8 fungi

Asia / India Hydrilla 1968 Insect Periodic
In country

1 insect sp.

Asia / Pakistan Hydrilla 1971-76 Insect Periodic
In country

8 insect spp.

Asia / Malaysia Hydrilla 1976 Insect Periodic
In country

2 insect spp.

Africa / Kenya, Tanzania Hydrilla 1976 Insect 4 months 1 insect sp.
Africa / Kenya, Uganda,
Rwanda, Burundi, Malawi

Hydrilla 1981-84 Insect Periodic
In country

2 insect spp.

Asia / India Hydrilla 1982 Insect 1 month 1-3 insect spp.
Asia / Sri Lanka, Burma,
Thailand, Malaysia,
Indonesia

Australia / Australia

Hydrilla 1982 Insect 5 months 15-18 insect
spp.

Asia / Philippines, Papua,
New Guinea, India,
Malaysia, Burma

Australia / Australia

Hydrilla 1983 Insect 5 months 20-24 insect
spp.

Asia / India Hydrilla 1985 Insect 1 month 4-6 insect spp.
Australia / Australia Hydrilla 1985-90 Insect Periodic

In country
25-27 insect
spp.

Asia / China Milfoil
Hydrilla

1989-95 Insect 1-2 months
annually

11 insect spp.

Asia / China Milfoil
Hydrilla

1993-94 Pathogen 1 month
annually

200 isolates

Europe / England, Ger-
many, Wales, Ireland,
Switzerland, Italy, France,
Austria, Scotland,
Slovenia, Spain, Portugal

Milfoil 1993-94 Pathogen Periodic
In country

291 isolates

Europe & Asia /
Former Soviet Union

Milfoil
Hydrilla

1996 Pathogen/
insect

Periodic
In country

25 insect spp.
7 fungi
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associated with problem aquatic
plant species.

Results to date
The areas surveyed for insect

and pathogen biological control
agents of Eurasian watermilfoil
and hydrilla are shown in Figures 1
and 2. A number of sites have
been identified. However, in most
cases the time spent by a re-
searcher at individual sites has
been limited to a few days. It has
often been difficult for the re-
searcher to locate populations of
the target plant, since it usually
represents only a small portion of
the total plant community. For ex-
ample, Pemberton (1980) did not
locate hydrilla populations until the
fourth month of his survey.

In addition, many of the early
studies performed by local re-
searchers in foreign countries ad-
dressed many target weeds.
Thus, the amount of time devoted
specifically to Eurasian watermilfoil
and hydrilla was not as long as the
total study time might indicate.

It is obvious that biological con-
trol research has thus far explored
only a small portion of the distribu-
tion of these target plants. It might
appear that a “hit or miss” ap-
proach was used in site selection
for surveys. However, often it was
the type of funding that dictated
the locations that were surveyed.
In the case of the surveys con-
ducted by CIBC, funding was tied
to a specific country. Surveys
funded by the Corps and other or-
ganizations followed agendas set
by the funding institutions. How-
ever, these surveys were often
adjusted to accommodate the
political and travel restrictions in
individual countries.

Researchers now have a better
overall picture of the key locations
that appear promising for potential
biological control agents of milfoil
and hydrilla. The lack of extensive
surveys for pathogens until 1993

and the wealth of potential agents
identified by Harvey and Evans
(1997) and Shearer (1997) indicate
that pathogen surveys should
continue.

The recent accessibility to re-
gions such as the Former Soviet
Union means that a wealth of
habitat for potential agents is now
available. The current economic
situation in these regions of the
world may work to our advantage
in the exploration process. Many
well-trained scientists are available
throughout the FSU, and the cost
of having them conduct the sur-
veys would significantly reduce the
cost of these projects.

To identify hydrilla populations
genetically similar to the problem
populations in the United States,
the USDA recently conducted stud-
ies to compare the genotypes of
hydrilla found in the States with hy-
drilla from other regions of the
world. Based on these studies, it
appears that hydrilla populations
from Southeast Asia are the most

similar to hydrilla found in the
United States. This information,
along with the extensive list of
potential agents collected by
Dr. Balciunas during three survey
trips, pinpoints this area for inten-
sive future research.

Future direction
Findings to date provide insight

for the future direction of biological
control research for aquatic plant
management. Recommendations
are summarized below.

w Overseas surveys and research
should be continued. Wherever
possible, local collaborators should
be used, to help reduce cost and in-
crease survey efficiency.

w All overseas surveys should si-
multaneously focus on insect and
pathogen biological control agents.

w Surveys for agents of Eurasian
watermilfoil should be directed at
key regions of eastern Europe and
western Asia, particularly the areas
of the former Soviet Union that

Figure 1. Sites surveyed for insect biological control agents of hydrilla and
Eurasian watermilfoil
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have been closed to researchers
since the late 1940s.

w Based on the genotype studies
by the USDA, surveys for biologi-
cal control agents of hydrilla need
to be directed to Southeast Asia,
particularly Thailand.
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This bulletin is published in accordance with AR 25-30 as one of the
information dissemination functions of the Environmental Laboratory of
the U.S. Army Engineer Waterways Experiment Station. It is principally
intended to be a forum whereby information pertaining to and resulting
from the Corps of Engineers’ nationwide Aquatic Plant Control Re-
search Program (APCRP) can be rapidly and widely disseminated to
Corps District and Division offices and other Federal and State agen-
cies, universities, research institutes, corporations, and individuals.
Contributions are solicited, but should be relevant to the management
of aquatic plants, providing tools and techniques for the control of
problem aquatic plant infestations in the Nation’s waterways. These
management methods must be effective, economical, and environmen-
tally compatible. The contents of this bulletin are not to be used for
advertising, publication, or promotional purposes. Citation of trade
names does not constitute an official endorsement or approval of the
use of such commercial products. This bulletin will be issued on an
irregular basis as dictated by the quantity and importance of information
to be disseminated. Communications are welcomed and should be
addressed  to the Environmental  Laboratory,  ATTN:  Dr. John W.
Barko, U.S. Army Engineer Waterways Experiment Station (CEWES-
EV-E), 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, email:
barkoj@mail.wes.army.mil, or call (601) 634-3654.
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Aquatic Plant Control
Research Program

This issue describes overseas research being conducted to
find natural plant enemies (insects and fungal pathogens)
that can be used as biological control agents for problem
aquatic plant species. Several control agents have been
identified, and the potential value of this method to Corps
aquatic plant managers is enormous.


