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Incorporating biocontrol agents into an integrated
management plan: Practical considerations

JAMES P. CUDA*

INTRODUCTION

Since its inception, numerous definitions have been
proposed for the concept of integrated pest management,
or simply IPM (Bajwa and Kogan 1996). However, they all
have a common theme: IPM is “. . . an ecologically based,
environmentally conscious method that combines, or
integrates, biological and nonbiological control techniques
to suppress weeds, insects and diseases.” (Frisbee and
Lunal989). Biological control by natural enemies (preda-
tors, herbivores, parasitoids, and pathogens) should be the
foundation of any IPM program because of its broad
applicability to virtually all groups of pest organisms (Rosen
et al. 1996).

Recently, IPM has been divided into three specific areas
of application: agricultural, community, and environmental
(University of Florida Extension 2006). Clearly, integrated
management of invasive aquatic plants is within the purview
environmental IPM.

In aquatic systems, biological control can be integrated
with mechanical removal of the target weed, application of
herbicides, and plant competition (revegetation). Combin-
ing different tactics not only can increase the level of
control via additive or synergistic effects (Shabana et al.
2003, Cuda et al. 2016), but more importantly prolong the
useful life of a limited number of herbicides labeled for
aquatic use (Netherland 2014). The purpose of this article is
to briefly review some of the basic aspects of incorporating
biological control agents into IPM plans for invasive aquatic
weeds. Many of these topics have been discussed in other
publications (e.g., Harley and Forno 1992, Buckingham
1994, Julien and White 1997, Coombs et al. 2004, Cuda et al.
2008) but will be briefly summarized here. The following
physical, biological, and technical factors, working either
alone or in combination, should be considered when
developing IPM plans because they can ultimately affect
biocontrol agent establishment (“biological success”) and
population growth (“impact success”) (Forno and Julien
2000).

A word of caution is in order. Biocontrol agents can be
biologically successful in establishing and sustaining high
population densities on the target weed but may not
provide the desired level of control or impact on the weed.
As a result, Hoffman (1995) proposed a system that
describes biological control success in practical terms that
are readily understood by aquatic plant managers and
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bureaucrats. For example, biological control is defined by
Hoffmann (1995) as “complete” when no other control
method is required, “substantial” when other methods such
as herbicides are still required but at reduced level, and
“negligible” when other control methods are necessary
because the established biocontrol agent failed to control
the weed. Measuring biological control success in economic
terms (e.g., reduced herbicide applications) has an addi-
tional benefit. Funding agencies are more inclined to
continue supporting biological control when they can see
areturn on their investment. In South Africa, for example, a
cost savings of over 80% was achieved by combining
biocontrol with herbicides instead of using herbicides alone
(Van Wyk and Van Wilgen 2002).

Julien (1997), however, argues that the use of short
descriptive terms to define success, such as complete,
substantial, or negligible, oversimplifies reality because
variations in time and space are not taken into account.
For example, in those countries where the flea beetle
(Agasicles hygrophila Selman and Vogt) (Coleoptera: Chrys-
omelidae) was released on alligatorweed [Alternanthera
philoxeroides (Mart.) Griseb], biological control can range
from complete to negligible depending on the season,
geographic area, and habitat. However, the value of Hoff-
man’s system is that it equates the degree of biological
control with the extent to which other control measures
must be used, which ultimately is the goal of IPM.

When resources are limited, a simple method for
documenting the impact success of the biocontrol agent
over time is through a series of color photographs taken
from the same fixed point (Harley and Forno 1992, Julien
and White 1997). It is imperative that the same scene is
photographed from the exact location of previous photo-
graphs. This can be best accomplished by carrying a copy of
the first photo for comparison with subsequent photos, and
if possible, including a conspicuous natural landmark to
compare changes over time (Harley and Forno 1992, Julien
and White 1997).

PHYSICAL FACTORS

Density-independent factors such as climate and weather
(Andrewartha and Birch 1954) may have a profound impact
on biological control agent establishment and survival (Vogt
et al. 1992), especially when juxtaposed with plant architec-
ture. In Florida, for example, water temperatures may
exceed 40 C for extended periods during the summer,
especially in the upper portion of the canopy of the aquatic
weed hydrilla [Hydrilla verticillata (L.f.) Royle] (Cuda et al.
2008). Eggs and newly hatched larvae of the Indian hydrilla
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leaf miner (Hydrellia pakistanae Deonier) (Diptera: Ephydri-
dae) are particularly vulnerable to high temperature; in
laboratory studies, a constant water temperature of only 36
C prevented adult emergence (Buckingham and Okrah
1993). However, older larvae are capable of moving between
leaf whorls (Center et al. 1997), and perhaps migrate to
whorls deeper in the canopy to avoid extreme temperature.
Furthermore, seasonal timing and diurnal temperature
patterns may dictate whether early morning or late
afternoon releases of biological control agents are warrant-
ed. For example, nocturnal insects should be released
during the morning and diurnally active insects in late
afternoon or early evening; this provides ample time for the
biocontrol agents to adapt to their new surroundings
(Buckingham 1994).

Limnological conditions also should be assessed when
making biocontrol agent releases. Static waters or lentic
ecosystems (i.e., lakes and ponds) are more conducive to
establishment than flowing or lotic systems (i.e., rivers and
springs) because constant water movement can dislodge the
biocontrol agents from their host plants. Within a lake or
pond, water depth may be another factor precluding
biocontrol agent establishment because some submersed
plants growing in deeper water may be more difficult for the
biocontrol agent to locate or increases its vulnerability to
fish predation (Newman 2004) (see also next section).

BIOLOGICAL FACTORS

Life cycle requirements of some insect biological control
agents can affect their establishment and survival. For
instance, larvae of the Indian hydrilla tuber weevil (Bagous
affinis Hustache) (Coleoptera: Curcuionidae) severely dam-
age the tubers of hydrilla in the weevil’s native range of
India and Pakistan; seasonal fluctuating water levels
facilitate development and pupation of the larvae in
exposed tubers (Buckingham 1994). In hindsight, the tuber
weevil probably should not have been released because
drawdown conditions that expose the tubers for the weevil
to complete its life cycle rarely occur in Florida or most of
the southeastern United States.

Although great care is taken to ensure candidate weed
biological control agents are released without their co-
evolved natural enemies, resident natural enemies (i.e.,
generalist parasitoids, predators [including fish], or patho-
gens ) are capable of exploiting this new resource (Cuda et al
2008). Herbivores introduced into new geographical regions
as weed biocontrol agents often become prey items for these
natural enemies (Cornell and Hawkins 1993, Newman 2004,
Coon et al. 2014, Minteer et al. 2016). Weed biocontrol
practitioners should carefully consider the potential for
acquiring novel parasitoids when selecting agents to avoid
reducing biocontrol agent effectiveness and apparent
competition with native ecological analogues of the agent
(McFadyen and Jacob 2004, Paynter et al. 2010).

Probably the most important reason for hydrilla leaf
miners not reaching the high population levels observed in
controlled pond experiments is larval and pupal parasitism
by the native parasitoid Trichopria columbiana Ashmead
(Hymenoptera: Diapriidae). Field studies have shown pupal
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parasitism rates exceeded 30% at sites in Texas (Grodowitz
et al. 2004, Grodowitz et al. 1997) and were over 19% at sites
in Florida and Texas during later studies (Coon et al. 2014).
In North America, the genus Hydrellia is represented by 55
native species (Deonier 1971), and at least seven of these
(18%) are reported as hosts for 7. columbiana (Coon et al.
2014). The attack of the introduced hydrilla leaf miner by 7.
columbiana, or another specialist parasitoid of native
Hydprellia spp., was predictable (Buckingham and Okrah
1993), because hydrilla leaf miners were not released in an
“enemy-free space” (Lawton 1985).

Established biocontrol agents also are not immune from
infection by native disease organisms that can reduce their
effectiveness. For example, a microsporidian of the genus
Nosema was recently discovered infecting the two Neochetina
weevils that were introduced in the United States during
1970s for biological control of waterhyacinth[Eichhornia
crassipes (Mart.) Solms] (Rebelo and Center 2001). The
disease organism reduces adult survival by 30% and
reproduction by 67% (Core 2004). This would explain why
the weevils’ impact diminished over time.

TECHNICAL FACTORS

Successful establishment of an insect biological control
agent can be related to the type of release (caged vs. open),
the number and stage of the insect released (Harley and
Forno 1992, Buckingham 1994, Cuda et al. 2008), and
dispersal capability of the insect. Open field releases enable
insects and their progeny to select plants and microhabitat
conditions conducive to their survival but they may disperse
too widely, which precludes mating and increases the risk of
predation (Buckingham 1994). On the other hand, caged
releases afford protection from predators and increase the
chances of successful mating and recovery of subsequent
progeny to confirm establishment (Buckingham 1994).

To promote rapid establishment of biocontrol agents,
several releases of large numbers (hundreds of individuals)
at the same site is better than a large number of small
releases (tens of individuals) (Harley and Forno 1992).
Releases of small numbers of a biocontrol agent are more
susceptible to establishment failure due to low genetic
diversity (e.g., Allee effect), a preponderance of males that
limits reproduction, and local habitat changes. The more
release sites that are available, the greater the chances of
ensuring establishment of a biocontrol agent in the event of
unforeseen natural or man-made disasters.

The stage of the insect to be released can be important as
well. For example, open releases of only the egg stage of the
hydrilla leaf miner failed to establish the insect (Center et al.
1997). However, establishment eventually occurred when
the release method was changed to caged releases of late
instar larvae. Apparently, eggs and early instars of hydrilla
leaf miners experienced higher mortality rates in compar-
ison to later instars. A good rule of thumb is to try all release
methods until an effective one is identified to increase the
likelihood of establishment (Buckingham 1994).

Biocontrol agents with limited powers of dispersal should
be released onto every accessible weed infestation. A good
example is the highly successful South American weevil
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(Cyrtobagous salviniae Calder and Sands) (Coleoptera: Curcu-
lionidae) that was released to control giant salvina (Salvinia
molesta D.S. Mitchell) (Harley and Forno 1992).

Quality-control studies should be conducted during mass
rearing programs for established populations of a biocon-
trol agent. For instance, short-term cold storage (refriger-
ation) of the egg stage of the hydrilla midge (Cricotopus lebetis
Sublette) (Diptera: Chironomidae) was used to retard or
delay development for transportation to field sites. Howev-
er, larval hatch rate and adult emergence from the pupal
stage decreased significantly after the eggs were held in cold
storage for only 2 d (Baniszewski et al. 2015). Therefore, if
refrigeration is unavoidable, then the number of eggs
released should be increased to compensate for cold-
induced mortality.

CONCLUSIONS

The prospects for integrating biological controls with
conventional control tactics as well as revegetation (plant
competition) are excellent (Cuda et al. 2008). Laboratory
and field studies have demonstrated the successful integra-
tion of herbicides, insects, and pathogens for controlling a
variety of riparian, floating, and submersed aquatic plants
(Cuda et al. 2008, Cuda et al. 2016, Gillett-Kaufman et al.
2014, Tipping et al., in press). Some biocontrols can even
enhance the effectiveness of herbicides by reducing contact
times or number of applications (Netherland and Shearer
1996, Shearer and Nelson 2002).

To maintain sufficient densities of insect biocontrol
agents when applying herbicides, it is imperative to provide
untreated refuge areas, either by not spraying some sites or
by treating them when the biocontrol agent is less active
(Haag and Buckingham 1991, Haag and Habeck 1991, Julien
and Storrs 1996, Center and Dray 2010). However, this
practice may not be required for some biocontrols like the
sap-feeding bug Megamelus scutellaris Berg (Hemiptera:
Delphacidae), a new waterhyacinth biocontrol agent re-
leased in 2010 (Tipping et al. 2014). Unlike the Neochetina
weevils whose larvae feed internally and cannot escape the
plants after herbicide treatment, M. scutellaris may be more
adaptable to chemical control practices in highly managed
systems because of its mobility (Yao 2010).

More research is needed on integrating biological
controls with plant competition for large-scale management
of hydrilla in Florida because of herbicide resistance
(Michel et al. 2004, Giannotti 2013). Results of outdoor
tank studies indicate that selective herbivory by two
established biocontrol agents (Center et al. 1997, Center et
al. 2013), can shift the competitive balance in favor of
eelgrass (Vallisneria americana Michx.), a commonly occurring
native species frequently associated with hydrilla (Van et al.
1998). In order for native plants to compete successfully
with hydrilla, in most cases they must be well established at
the same time as, or prior to, the hydrilla invasion to be
competitive (Smart et al. 1994, Van et al. 1999). New
technology such as the development of eelgrass “sod” is now
being used in lake restoration projects (Gettys and Haller
2012). The large-scale adoption of eelgrass sod not only can
increase the establishment rate and expansion of eelgrass,
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but perhaps also increase its ability to competitively
displace hydrilla that has been weakened by biocontrol
agents (Grodowitz et al. 2000).
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