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Megamelus scutellaris Berg (Hemiptera: Delphacidae) is the most recent of nine biological control agents
developed to manage invasive water hyacinth, Pontederia (=Eichhornia) crassipes Mart. (Pontederiaceae), in
South Africa. More than a million M. scutellaris have been mass-reared and released since the first introduction
of the agent into South Africa in 2013, successfully establishing overwintering populations at 32 sites in seven
of the nine provinces. Establishment has also been recorded at seven of these sites through natural dispersal
from sites where they had established. Inundative releases, where large numbers of M. scutellaris are released
regularly, have resulted in excellent establishment, and caused a significant reduction in water hyacinth cover
in areas where, historically, biological control seemed unlikely due to excessive eutrophication. Although M.
scutellaris has established well throughout South Africa through classical biological control methods, this
study also showed that inundative releases of biological control agents over multiple seasons results in the
most effective control of the weed, especially at cool temperate and eutrophic sites.

INTRODUCTION

Many of South Africa’s waterways face invasion from floating aquatic weeds, of which water
hyacinth, Pontederia crassipes Mart. (Pontederiaceae), remains the worst despite decades of
interventions to mitigate its spread (Coetzee et al. 2021). The invasiveness of water hyacinth, which
originated from South America, has been exacerbated by highly eutrophic waterways that stimulate
the plant’s rapid growth and reproduction (Coetzee and Hill 2012). While biological control has
reduced the invasiveness of water hyacinth in South Africa, at many sites, the populations of the
weed remains above a tolerable level (Tipping et al. 2014a; Moran et al. 2021).

To date, nine species of biological control agents (eight arthropods and one fungal pathogen)
have been released on water hyacinth in South Africa (Hill and Coetzee 2017). The complement of
nine different control agents totals more than has been released anywhere that the plant is invasive
(Hill and Coetzee 2017). Despite the large suite of introduced natural enemies, classical biological
control of water hyacinth is constrained by cooler temperatures experienced in the more temperate
areas of South Africa, as low temperatures reduce the fecundity of beneficial insects released for
biological control while increasing their development times (Byrne et al. 2010; May and Coetzee
2013). The local climate can significantly influence the potential establishment of a biological
control agent population, particularly in areas that experience winter frosting (Byrne et al. 2010).
Additionally, water hyacinth will rapidly recover from winter frost damage during the spring.
However, the insect populations, which were depleted by the cold weather, will only reach their
maximum density by the late summer. Therefore, there is a delay in the effectiveness of biological
control (Byrne 2010; Reddy et al. 2019; Miller et al. 2021).

Since the first releases of biocontrol agents in the late 1980s and 1990s, several species have
established on water hyacinth in South Africa, particularly the weevils Neochetina eichhorniae
Warner and N. bruchi Hustache (Coleoptera: Brachyceridae) (Hill and Cilliers 1999), which feed on
the laminae and mine the petioles of the plants (Bashir et al. 1984). However, given variable levels of
success of biological control of P. crassipes, Hill and Olckers (2001) suggested that there was a need
for additional control agents that were able to reproduce quickly, could respond to environmental
perturbations more effectively, and would complement the current suite of biological control agent
species. To this end, the phloem-feeding planthopper, Megamelus scutellaris Berg (Hemiptera:
Delphacidae) was released in South Africa in 2013 (Coetzee 2013). High levels of feeding activity
by M. scutellaris causes significant damage at the cellular level, thus reducing the photosynthetic
efficiency of water hyacinth (Tipping et al. 2011; Miller et al. 2019). Additionally, because M.
scutellaris feeds by inserting its stylets directly into the plant’s vascular tissues (Sosa et al. 2007),
the feeding wounds provide an entry point for infection by phytopathogens (Sutton et al. 2016).

Megamelus scutellaris is multivoltine with overlapping generations, and its life cycle is relatively
short compared to some of the other biological control agents (Sosa et al. 2005). Eggs, usually
laid between the leaf and the petiole, hatch approximately seven days after oviposition in outdoor
environments. The nymphs develop from first to fifth instar (imago) approximately 25 days after
hatching, depending on temperature (Sosa et al. 2005). While other biological control agents of
water hyacinth live a portion of their lifecycles within the petioles or laminae aslarvae, M. scutellaris
nymphs are vagile, which is advantageous on systems that employ integrated management
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practices involving manual removal or herbicide applications to
remove water hyacinth (Goode et al. 2021). If water hyacinth is
destroyed by physical removal or herbicide sprays, the larvae of
holometabolous species like the Neochetina spp. are destroyed
with the plants. However, the more mobile M. scutellaris can
move to the remaining plants in the system, increasing the
likelihood that biological control will persist despite the other
integrated control practices (Goode et al. 2021).

Similar to other delphacids, M. scutellaris adults show wing
dimorphism, where the adults are either brachypterous (having
underdeveloped wings) or macropterous (having developed
wings for dispersal). This morphological variation is only
presented in adults and remains permanent (Zera and Denno
1997). Under optimal conditions, most M. scutellaris will
be brachypterous, while macroptery is most common when
intraspecific competition is high or when host-plant quality is
poor (Denno and Roderick 1992; Fitzgerald and Tipping 2013).
Brachyptery is favoured in healthy systems as the metabolic
cost of flight muscles reduces fecundity, therefore, flightless
adults have larger ovaries and produce more offspring (Zera and
Denno 1997). Macroptery has been observed at numerous sites
in South Africa (Supplementary Figure 1), and this is considered
to be important for dispersal to new sites.

Megamelus scutellaris was imported to South Africa from
the U.S.A. and tested for host-specificity, whereafter it was
released onto water hyacinth infested systems. The first release
was made on the Kubusi River in the Eastern Cape province
(-32.565; 27.489) in 2013. Since then, the agent has been released
onto several systems within South Africa, covering variable
climatic regions such as the Mediterranean climate zones of the
Western Cape which have hot dry summers and winter rainfall,
the humid subtropical zones typical of the KwaZulu-Natal east
coast which have very hot summers and mild winters, and the
drier subtropical highlands with cold and dry winters (North-
West and Gauteng provinces) (Peel et al. 2007). The only other
country currently where M. scutellaris is a classical biological
control agent outside of South America is the U.S.A., where the
agent was first released in 2010 (Tipping et al. 2014b).

Given the variety of South African climatic zones, climatic
mismatches are a concern. Such mismatches between the
climates of the native and host ranges are responsible for the
failures of a significant proportion of classical biological control
programmes, as the natural enemies usually inhabit a narrower
fundamental niche than their host plants (Harms et al. 2021).
May and Coetzee (2013) reported that M. scutellaris would
be less likely to establish and persist in the cooler interior of
South Africa, particularly when temperatures were below its
developmental threshold of 11.5 °C, while others determined
that the survival and fecundity of M. scutellaris in rearing
cultures is significantly reduced below 18 °C and above 33 °C
(Grodowitz et al. 2017). Thus, the upper and lower temperature
thresholds of M. scutellaris might be exceeded in parts of South
Africa where these temperatures are commonplace.

However, recent research has suggested that the thermal
tolerances of some insects are more plastic than was previously
thought. Ten years after release in South Africa, the established
range of the water hyacinth mirid, Eccritotarsus catarinensis
Carvalho (Hemiptera: Miridae) in South Africa, was found to
be broader than initially anticipated from thermal physiology
models (Coetzee et al. 2007; Coetzee et al. 2008). Griffith et al.
(2019) determined that E. catarinensis had established at both the
warmest and coldest release sites in South Africa, while Porter et
al. (2019) demonstrated the plastic nature of the thermal limits
of E. catarinensis. These studies illustrate that control agent
populations canlocally adaptin sites thatare climatically variable
after establishment, making these populations more thermally
suitable over time. Therefore, M. scutellaris may be better suited
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to cooler sites than May and Coetzee (2013) initially anticipated,
as the thermal tolerances of field and rearing populations of the
insect have changed over time since the first quarantine colony
was tested in 2009 (C. Trivella, unpub.).

While predictive thermal physiology models are powerful
tools, they cannot account for behavioural thermoregulation,
thermal plasticity, or variable microclimates within the structure
of water hyacinth mats which may contribute to the increased
thermal ranges experienced by the biological control agents. The
difficulty in predicting the distributions of a biological control
agent once it has been released from rearing facilities speaks to
the importance of post-release evaluations in modern biological
control implementation practices. Therefore, we aimed to
determine where M. scutellaris has established in South Africa.
Through a synthesis of information relating to current release
strategies, we aim to formulate a new best-practice approach for
future releases of the agent such that establishment and effective
biological control is implemented. The information gathered
from these analyses can then be used to implement strategic
adaptive management policies toward managing water hyacinth
in South Africa and, in the future, in other African countries.

MATERIALS AND METHODS

Field trips were conducted during the summer months (October—
April) between 2017 and 2021 to monitor all sites where
M. scutellaris had been released. Most of the sites were sampled
during March and April when the insect population is highest
(Miller et al. 2021), but incidental sites were recorded as they
were found. Site selection was guided by the release records
from 2013 to 2020, and 34 sites in total were investigated based
on these release records. Some other sites where M. scutellaris
was suspected of having dispersed were also surveyed on an ad
hoc basis. These sites were prioritised based on their proximity
to waterbodies where M. scutellaris had swarmed recently,
while other populations were found as part of annual surveys to
monitor invasive weeds around South Africa (Coetzee et al. 2021).

All M. scutellaris releases are coordinated by the Centre for
Biological Control, with the overwhelming majority of insects
being released from the Waainek Mass Rearing Facility. Some
insect releases have been made from other cultures maintained
by the South African Sugar Research Institute (SASRI) in the
KwaZulu-Natal province, as well as some from the City of Cape
Town (COCT) facility in the Western Cape and some stations set
up in strategic areas with community partners (Hill et al. 2021).
These records are included.

A visual investigation to look for signs of M. scutellaris was
performed at each site, usually nearest to the point where the
insects were released. If the insects were not found through a
brief visual inspection, water hyacinth plants in 10 different
areas of the water hyacinth mat were submerged using a plastic
70-litre bin with the bottom removed to make a tube. A cross
made from fencing wire was affixed to the bottom of the sampler
to push the plants down (see Miller et al. 2021 for the detailed
sampling protocol). Once submerged, biological control agents
on the plants float to the surface, and the M. scutellaris (whose
light body colour contrasted with the black plastic) could be
easily identified. The numbers of M. scutellaris per sample are
not presented in this study, as the focus was on the presence or
absence of the insects. Populations of M. scutellaris were only
considered established if they were found after at least one entire
winter since release, and these were assumed to be the progeny
of the founding population. Megamelus scutellaris was assumed
to have not established if it was not found at a site. The data
were then grouped into sites where released populations of M.
scutellaris had established or sites where the insect was present
but releases had not been made (dispersal). These were plotted
on a map using QGIS v. 3.24.3.



RESULTS

Cumulatively, 1 087 345 individual M. scutellaris were released
from the Waainek Mass Rearing facility at 108 sites in South
Africabetween 2014 and 2020 (Figure 1). Between 2014 and 2015,
the majority of releases were made in the Eastern Cape (96 500
at 8 sites) KwaZulu-Natal (53 500 at 8 sites), the Western Cape
(53 345 at 11 sites), and Gauteng (45 000, 5 releases at one site).
Very few releases were made in the Free State province, with the
province only accounting for 12 000 (1.1%) of the total number
of M. scutellaris released in South Africa, where three releases
were made at one site, and establishment was not successful. The
Free State province does not have many water hyacinth sites,
except for the Vaal River, where the plants form patches that
are typically managed using herbicide. More recently, increased
release effort in the North-West province has accounted for
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21.8% of the total number of M. scutellaris released in South
Africa (39.6% of all M. scutellaris released in the year 2020), the
majority of which were released on the Hartbeespoort Dam. The
Gauteng province accounted for 20.6% of the total number of
M. scutellaris released between 2013 and 2020. Due to problems
with rearing, no M. scutellaris were released in 2016.

There are 32 sites where M. scutellaris is considered to have
established in South Africa, while at nine sites establishment
has failed (Figure 2). Of the 32 successful establishment sites,
the insect has been recorded as established by natural dispersal
to seven of these. Some of these dispersal sites were downstream
of known release sites. Migration to downstream areas was
anticipated as periodic flooding events moved the water hyacinth
and M. scutellaris downstream. In contrast, establishment on
Dudley Pringle Dam in KwaZulu-Natal was suspected to have
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Figure 1. Total number of Megamelus scutellaris released annually per province between 2014 and 2020 (KZN: KwaZulu-Natal)
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Figure 2. Distribution of water hyacinth (Pontederia crassipes) in South Africa (grey dots). Black dots represent sites where Megamelus scutellaris was
recorded after any intentional release. Blue triangles represent dispersal sites without release. Clear circles represent sites where M. scutellaris was not
recorded despite having been released. LP: Limpopo, MP: Mpumalanga, KZN: KwaZulu-Natal, EC: Eastern Cape, WC: Western Cape, NC: Northern Cape,

FS: Free State, GT: Gauteng, NW: North-West
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originated from unintentional ‘hitch-hikers” on water hyacinth
leaves following releases of N. eichhorniae from a mass rearing
site based at the South African Sugar Research Institute (SASRI).
Until that point, no known releases of M. scutellaris were made
from SASRI. Surprisingly, dispersal sites in East London (the
Nahoon River and the Equestrian Centre Dam) were located
approximately 60 km from the Kubusi River, the nearest site
where M. scutellaris was released, suggesting long-distance
dispersal by macropterous individuals. The Strandfontein
Waste Water Treatment Works and Princess Vlei sites were
also dispersal sites where the origin of the founding population
remains unknown, but intentional releases soon followed at
both sites. Overall, M. scutellaris has been recorded in seven of
South Africa’s nine provinces, favouring the warmer, subtropical
areas or areas with a Mediterranean climate (Table 1). Water
hyacinth is not a significant concern in the drier parts of South
Africa’s interior, except for sections of the Vaal River. However,
M. scutellaris has not been released here as the river is usually
managed with herbicide and manual removal (Department of
Forestry, Fisheries and the Environment, pers. comm.).

The KwaZulu-Natal (KZN) province had the highest number
of establishment sites (n = 7), where M. scutellaris was released

Table 1. Establishment sites of Megamelus scutellaris in South Africa

just once, except the Nseleni River, where three releases were
made (Table 1). The majority of M. scutellaris releases were made
on lentic water bodies in the North-West (NW) and Gauteng
(GT) provinces, where 237 000 and 224 000 M. scutellaris had
been released in each province, respectively, despite releases
only beginning in the North-West in 2018 (Figure 1). Most of
the releases of M. scutellaris were focused on the Hartbeespoort
and Roodeplaat dams. Despite being hypertrophic and high-
elevation sites, M. scutellaris populations rapidly built up at
both dams causing declines in the total cover of water hyacinth
(Coetzee et al. 2022).

Despite predictions that M. scutellaris would not establish in
some parts of South Africa due to climatic conditions thought
to exceed its thermal capabilities, establishment over multiple
years was recorded at both the coldest and hottest long-term
monitoring sites in South Africa: the Kubusi River in the Eastern
Cape province and at the Nseleni River in northern KwaZulu-
Natal (Table 1). The Kubusi River is located in a cold, temperate
region, with as many as 56 frost days recorded in a season and
year-round rainfall (Byrne et al. 2010). In contrast, the Nseleni
River falls within a sub-tropical climatic zone on the eastern
coastline and is characterised by high temperatures and summer

) Esﬁimated Total Mean
Site Province* Latitude Longitude Establishment d\.spersa\ Number of number number per Water body  Year of first
type distance  releases released release type release
(km)
Equestrian centre EC -32.901 28.011 Dispersal 60 0 0 0 Farm Dam —
Nahoon Rivert EC -32.964 27913 Dispersal 60 5 23500 4700 River 2018
Kubusi River EC -32.565 27489 Established — 4 11000 2750 River 2014
Wylde Weir EC -32.586 27469  Established — 1 6000 6000 Weir 2015
Yellowwoods River EC -32934 27473 Established — 3 23000 7667 River 2015
Blesbokspruit Wetland GT 26220 28482 Established 2 4000 2000 Wetland 2020
R'“Siﬂ‘éiazﬁoo” Bird GT 25757 2895  FEstablished  — 2 7000 3500 River 2017
Sandspruit GT -26.004 27952 Established — 8 63000 7875 River 2015
Roodeplaat Dam GT -25.623 28.350 Established — 9 46000 511 Dam 2020
Witfield Dam GT -26.187 28.202 Established — 1 5000 5000 Dam 2021
Portmannspruit KZN -29.388 30.562 Dispersal 0.5 0 0 0 River —
Broadmore KZN -29454 30.598  Established — 1 5000 5000 Farm Dam 2015
Camelot KZN -29.39%4 30.647  Established — 1 5000 5000 Farm Dam 2015
Doornkop KZN -29.396 30.557  Established — 1 5000 5000 Farm Dam 2015
Cato Ridge KZN -29.761 30.529  Established — 1 5000 5000 Farm Dam 2019
Nseleni River KZN -28.677 32.029 Established — 3 24000 8000 River 2015
Dudley Pringle Dam KZN -29.522 31.153 Established — 1 * — Dam —
Letaba Estate LP -23.857 30.329  Established — 3 18000 6000 Farm Dam 2018
Groot Letaba River LP -23.875 30.331 Established — ** ** — River 2018
Noord-Kaap River MP -25.583 30919  Established 2 2 16000 8000 Weir 2014
Suid-Kaap River MP -25.730 30984  Established — 3 22000 7333 River 2014
Barberton Nature Reserve MP -25.600 30958 Dispersal — 0 0 0 River —
Groot Letaba River (KNP) MP -23.834 31.633 Established — 5 36000 7200 River 2020
Hartbeespoort Dam NW -25.766 27.828 Established — 43 192000 4465 Dam 2018
Hex River NW -25401 27474 Established — 3 18000 6000 Weir 2020
Bospoort Dam NW -25.575 27.305 Established — 5 27000 5400 Dam 2020
Goukou WC -34.291 21.308 Dispersal 2.5 0 0 0 Farm dam —
Strandfontein WWTW+ WC -34.091 18.513 Dispersal ~ Unknown 9 27550 3061 Reservoir 2020A
Dwarsweg WC -34.032 22.271 Established — 1 5000 5000 Farm dam 2015
Bree River WC -34.076 20431 Established — 1 11000 11000 River 2015
Goukou River WC —34.271 21.299 Established — 1 5000 5000 River 2015
Princess Vlei WC -34.047 18481 Dispersal ~ Unknown 0 0 0 Dam —
*Insects released unintentionally with Neochetina spp. No other known SASRI releases of M. scutellaris.
** Site was populated from the same insect consignment above. Exact release figures for each site unknown
ARelease data from City of Cape Town insect rearing facility
tPopulations recorded from dispersal before first release
+EC: Eastern Cape, GT: Gauteng, KZN: KwaZulu-Natal, LP: Limpopo, MP: Mpumalanga, NW: North-West, NC: Northern Cape
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rains with an average maximum annual temperature of 26 °C
(Byrne et al. 2010; Jones 2014).

DISCUSSION

Determining whether a biological control agent can establish in
a novel environment is critical to the success of an invasive weed
management project (McFayden 1998). Despite the climatic
variability, M. scutellaris has been able to survive in a variety of
regions within South Africa, successfully overwintering in both
the coldest sites where biological control has been attempted,
as well as the warmest, despite data showing that M. scutellaris
would not persist where temperatures exceeded 30 °C (May &
Coetzee 2013). Climate has also had a significant influence on the
efficacy of M. scutellaris as a classical biological control agent and
on water hyacinth biological control as a whole in South Africa.
Despite the short generation time of M. scutellaris, the time
taken for population recovery in colder sites is still a concern,
with the impact of biological control often lagging behind the
exponential growth of the weed until late in the season when
the populations fully recover (Miller et al. 2021). Therefore,
implementing new inundative release strategies beginning early
in spring has helped speed up the recovery of biological control
agent by mass-releasing the insects shortly after winter to boost
their populations in the field (Hill et al. 2021).

In the U.S.A., M. scutellaris has been released in several
States, including Louisiana, California, and Florida (Grodowitz
et al. 2014). Despite extensive releases, establishment has been
reported as variable in the U.S.A., and this has been attributed
to summer temperatures exceeding the upper thermal limit of
39.1 °C (Coetzee, unpub. data) for M. scutellaris (Grodowitz et al.
2014; Tipping et al. 2014b; Pratt et al. 2021). Another biotype of
M. scutellaris collected from Paraguay has been released in the
south-eastern U.S.A. (Foley et al. 2016). Because Paraguay falls
within a warmer climatic zone than Argentina, the Paraguayan
biotype of M. scutellaris may be more heat tolerant than the
Argentine biotype initially released in the U.S.A. and South
Africa. Hence, the Paraguayan biotypes might increase the
establishment potential in areas that experience hot summers.

Prospecting for more climatically suitable biotypes can
address climatic mismatches. However, there are challenges to
collecting new biological control agent populations, particularly
if cryptic species are collected (Paterson et al. 2019). Some
species within a species complex may not be sufficiently host-
specific and could threaten the safety of a biological control
programme (Bickford et al. 2007).

The danger of collecting cryptic species and the costs involved
in importing new populations of biological control agents can be
prohibitive. Therefore, research into cold-hardening insects prior
to release is becoming more frequent (Zhou et al. 2011; Mukherjee
et al. 2014). Griffith et al. (2019) determined that populations of
E. catarinensis in the field could undergo microevolutionary
processes driven by climate. These adaptations resulted in slight
expansions of the insects’ thermal tolerances in the field. They
showed that laboratory populations of an insect could be cold-
hardened before release in the field. Cold-hardening can increase
a biological control agent’s ability to survive in colder areas,
suggesting that, over time, insects might be able to acclimate
more effectively to climates that do not match their host
ranges, and this technique should be investigated for potential
applications in the field (Griffith et al. 2019).

Additionally, temperatures within the canopy of water
hyacinth are more stable than atmospheric conditions and,
thus, provide a more suitable microclimate for the insects
(Grodowitz et al. 2017). For example, the three-dimensional
structure of water hyacinth mats provides a temperature buffer
to M. scutellaris living on the plants. Within a closed canopy
of water hyacinth, the temperatures are usually lower than
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the surrounding air due to cooling effects from water moving
through the xylem and shading from the leaves (Grodowitz
et al. 2014). Therefore, M. scutellaris might behaviourally
thermoregulate by moving up and down petioles to maintain a
stable temperature, usually remaining near the water’s surface
when temperatures are warm and ascending petioles in cooler
weather (Grodowitz et al. 2014). However, research suggests that
acclimating insects to local temperatures can be achieved pre-
release to increase the propensity for population establishment
at release sites that might have climates different from the
rearing temperatures (Griffith et al. 2019).

One of the major limitations when implementing a biological
control programme is determining how many control agents
to release and how frequently to perform releases. A single,
large release provides a robust founding population but this
remains susceptible to disturbances and stochastic events,
such as floods and herbicide applications. In contrast, multiple
releases of smaller populations allow the implementer to
mitigate single stochastic events, but at the expense of a large
founding population. Smaller releases could also increase
susceptibility to potential Allée effects (Grevstad 1999). The
current practice for utilising M. scutellaris has been to regularly
release as many insects as possible from mass-rearing facilities
while maintaining sustainable populations and avoiding
excessive bottlenecking (Coetzee et al. 2022). The number
of agents released was typically between 1 000 and 15 000 M.
scutellaris per week during the summer months (Centre for
Biological Control, Release Records). While single releases have
led to successful establishment at 10 of the sites, the highest
populations of M. scutellaris were always observed at sites where
multiple releases had been made. Not all sites had M. scutellaris
population densities that would be considered damaging, but
their survival year-on-year indicates that this could be achieved
in future. Damage can be difficult to assess at an early stage
(Miller et al. 2019).

Inundative techniques have yielded unprecedented success at
two large, hypertrophic, and economically important reservoirs
in the Highveld region of South Africa. The Hartbeespoort and
Roodeplaat dams had regular releases of M. scutellaris between
2019 and 2020 totalling around 238 000 insects released between
the dams from 52 individual release events. Due to the increased
release effort, the cover of water hyacinth significantly reduced
at both sites, with surface cover decreasing at the Hartbeespoort
Dam from over 37% to less than 6% during the summer time
(pers obs; Coetzee et al. 2022). Elsewhere in Africa, success has
been achieved on Lake Victoria through the inundative release of
Neochetina spp. (Wilson et al. 2007). Therefore, inundation has a
record of success in the literature, and should be regarded as the
best practice for future release strategies. Selecting a candidate
site to implement a mass rearing strategy must be carefully
thought out, and not all sites will be suitable, as inundation
requires a significant allocation of insect and human resources
to these sites. Therefore, before applying inundative techniques,
one must determine if the site is likely to be disturbed by other
management methods, such as herbicide applications or major
manual/mechanical removal initiatives that could destroy
the populations of biological control agents. Additionally, it is
best to ensure that the water body is large enough so that the
hydrology and wind effect will allow the mat to break up as the
agents cause damage, thus enabling the dying plants to sink
(Hill and Olckers 2001).

Measuring the success of a biological control programme can
be difficult, especially with floating aquatic plants that move with
currents and wind. Due to the size of these projects and the high
degree of stochasticity, metrics of success are often imprecise
and, therefore, difficult to describe quantitatively (Hoffmann et
al. 2019). Furthermore, post-release studies are often neglected



due to most of the available funding being directed towards
the pre-release assessment of a prospective agent (Schaffner et
al. 2020). The types of data collected and the terminology used
to classify success are usually case-specific and inconsistent,
making accurate comparisons difficult (Moran et al. 2021). In
systems invaded by water hyacinth, there is a great need to slow
the rate of invasion to reduce damage and limit seed production.
This often makes collecting exact empirical data difficult, as
several stakeholders are often involved in the release processes. In
contrast, the release sites are often varied, subject to disturbances,
and spatially separate. New avenues are being investigated using
combinations of citizen science data to help monitor plant and
insect populations. In addition, remote sensing (using Sentinel-2
satellite imagery) enables users to visualise the site-wide changes
in plant coverage to more accurately measure changes over time
in relation to biological control agent populations (Singh et al.
2020; Hill et al. 2021; Coetzee et al. 2022).

CONCLUSION

Hill and Olckers (2001) recommended considering the
importation and release of additional biological control agents
to improve the prospects for water hyacinth management.
Megamelus scutellaris has proved to be a valuable addition to
the suite of biological control agents already released in South
Africa, as it is very damaging when at high densities and easy
to rear. The data presented in this paper show that M. scutellaris
can establish in a wide range of climates and be effective at high
altitude and highly eutrophic sites, where it has contributed to
significantly reducing the coverage of water hyacinth on several
large dams (Coetzee et al. 2022). The current recommended best
practice for releasing M. scutellaris is regular releases as part
of a strategic and adaptive management plan that includes all
stakeholders (Hill et al. 2021), and these data show that various
release protocols can lead to establishment. However, major
success requires a more targeted approach (Coetzee et al. 2022).
Future research should aim to develop more efficient rearing and
release protocols to produce the greatest numbers of healthy M.
scutellaris for the lowest cost to promote more regular releases
in South Africa, while cost minimising will also enable M.
scutellaris to be prioritised for release in other African countries
where water hyacinth also has devastating consequences.
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