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Egeria densa is a submerged aquatic weed that can grow into dense monocultures in rivers and dams in South 
Africa, which negatively affects ecosystem functioning and services. The biological control agent Hydrellia egeriae 
Rodrigues-Júnior (Diptera: Ephydridae) was first released against Egeria densa Planchon (Hydrocharitaceae) in 
South Africa in 2018. Biotic resistance in an introduced range can have negative impacts on the ability of a biological 
control agent to establish and exert top-down pressure. Dipteran and lepidopteran species that are used as biological 
control agents are often susceptible to higher levels of parasitism in their introduced range than biological control 
agents from other insect orders. In addition, ecological analogues that are present in South Africa, make H. egeriae 
particularly vulnerable to biotic resistance. Considering this, post-release surveys were conducted to investigate 
if native parasitoids will extend their host range to include H. egeriae. Chaenusa seminervata van Achterberg, 
C. anervata van Achterberg (Braconidae: Alysiinae: Dacnusini) and Ademon lagarosiphonae van Achterberg 
(Braconidae: Opiinae) were reared from field-collected H. egeriae pupae, within a year of its release. These braconid 
parasitoids were previously recorded from a native herbivore, Hydrellia lagarosiphon Deeming (Diptera: Ephydridae). 
Parasitism levels of H. egeriae ranged from 50 to 74% in cold months and 0 to 60% in warmer months, with higher 
levels of parasitism at a site where H. lagarosiphon naturally occurs. This study also found that cumulative release 
events of the biological control agent increase the probability of parasitism of field populations, by directly increasing 
the host pool. However, biological control efficacy can potentially be increased by limiting release efforts to a 
maximum of two release events per site per season, with particular focus on releasing in warm (i.e. spring/summer) 
months. Continued post-release surveys are necessary to not only monitor H. egeriae’s impact on E. densa, but also to 
obtain a better understanding of seasonal parasitism levels across E. densa-invaded sites in South Africa. 

INTRODUCTION

Following the successful management of invasive floating aquatic weeds in South Africa, empty 
niches have been filled by secondary invaders which include rooted emergent and submerged 
aquatic weeds (Coetzee et al. 2021). One of these secondary invaders is Egeria densa Planchon 
(Hydrocharitaceae) or Brazilian waterweed. It is a submerged aquatic weed that is native to South 
America, and it was introduced into South Africa in the late 19th or early 20th century (Cook 
and Urmi-König 1984). Only male plants occur in South Africa, and therefore its main mode of 
reproduction is vegetative growth. 

In warm temperature conditions, E. densa can express different morphologies in response 
to seasonal changes; an herbaceous type with weak stems in summer and a robust grass type 
in winter (Haramoto and Ikusina 1988). Egeria densa does not have specialised storage organs 
(tubers and turions), but stores carbohydrates in its leaves, stems, and roots to survive colder 
temperatures (Haramoto and Ikusina 1988). In tropical and subtropical regions, E. densa does 
not exhibit bimodal biomass patterns but grows actively year-round with its highest biomass in 
summer (Mazzeo et al. 2003).

Egeria densa grows vigorously in polluted or degraded freshwater systems, which allows it to 
form dense monocultures that crowd out native fauna and flora and restrict water usage. Any plant 
fragment with a double node has the potential to develop into a new individual. Considering this, 
and its ability to easily spread to new sites in South Africa, Hydrellia egeriae Rodrigues-Júnior 
(Diptera: Ephydridae), native to Argentina, was imported via the U.S.A., and released as a biological 
control agent in 2018 after a risk assessment confirmed that it is safe for release (Smith et al. 2019). 

Introduced organisms can reach high population levels in their novel environment, because they 
are released, partially or completely, from their co-evolved enemies (Keane and Crawley 2002; 
Heimpel and Mills 2017; Schulz et al. 2019). However, previous work has shown that weed and 
insect biological control agents often experience antagonism or biotic resistance in their introduced 
range (Cornell and Hawkins 1993; Hill and Hulley 1995; Paynter et al. 2010; Hill and Coetzee 
2020), which reduces their capacity to exert top-down control on their host species. The number 
of parasitoids that introduced species acquire in their introduced range (Kelly et al. 2009) is often 
a reflection of the number of parasitoids (species from the orders Hymenoptera and Diptera) they 
have in their native range (Cornell and Hawkins 1993; Paynter et al. 2020). Parasitoids of weed 
biological control agents in the introduced range are typically generalists (Cornell and Hawkins 
1993), but specialist parasitoids can also extend their host range if the biological control agent is 
closely related to a native host (Godfray et al. 1995). The feeding guild of the biological control agent 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-3010-7493%0D
https://orcid.org/0000-0001-6930-9741%0D
https://orcid.org/0000-0002-0364-3349%0D
https://orcid.org/0000-0003-0579-5298


2African Entomology 2024, 32: e15718 (6 pages) 
https://doi.org/10.17159/2254-8854/2024/a15718

has also been identified as a predictor of potential parasitism 
prior to release. Hill and Hulley (1995) found that in South 
Africa, poorly concealed endophagous agents were the most 
affected with 62.5% of introduced species in this guild being 
parasitised, followed by well-concealed endophages (47.1%) and 
ectophages (20%). When biological control agents were grouped 
into insect orders, Hill and Hulley (1995) also concluded that 
insect order may be a predictor of parasitism. Biological control 
agents within the orders Diptera and Lepidoptera are most 
attacked, while other orders are less likely to acquire parasitoids. 

The shorefly family Ephydridae has approximately 2  000 
described species that are distributed worldwide. Species 
within the family are generally herbivores of aquatic and semi-
aquatic plants. Natural enemies of the genus Hydrellia are 
well documented (Deonier 1971; Stiling et al. 1984; Kula et al. 
2009; Cabrera Walsh et al. 2012; Coon et al. 2014; Katzenberger 
and Zacharias 2015), and the most common parasitoid family 
associated with Hydrellia spp. is Braconidae (Goulet and Huber 
1995). In its native range, H. egeriae parasitism levels were 
10.4% and included the parasitoids Chaenusa aurantium Kula 
and Martinez (Hymenoptera: Braconidae), Hydrelliaeucoila 
egeria Díaz and Gallardo (Hymenoptera: Figitidae), and an 
unidentified pupal fungus (Cabrera Walsh et al. 2012). These 
parasitoid species do not occur in South Africa, but other 
Hydrellia spp. parasitoids occur in South Africa, with higher 
parasitism levels reported in cold months compared to warmer 
months (Martin et al. 2013). Considering the phylogenetic 
relatedness of both host-parasitoid associations (Paynter et al. 
2010), we hypothesise that H. egeriae will experience parasitism 
in its introduced range in South Africa. We also hypothesise that 
similar to H. egeriae’s ecological analogue, parasitism levels will 
be higher in cold months when the insect enters diapause. 

MATERIALS AND METhODS

Site descriptions

The presence of parasitoids and the percentage of H. egeriae’s 
population that was parasitised, were measured quarterly at 
two sites between May 2019 and September 2020. The first 
study site was in the Nahoon River (–32.962777; 27.911388) in 
the Eastern Cape province. The site is situated approximately 
22.7 km downstream from the Nahoon Dam (est. 1966), and 
approximately 500 m before a weir that leads the freshwater 
river into an estuary. The river is approximately 55 m wide at 
the site and holds the highest density of E. densa in the Nahoon 
River. The second site is Midmar Dam (–29.531156; 30.203999) 
located in the KwaZulu-Natal province. The dam’s surface area 
is approximately 1 880 ha, and E. densa distribution is mostly 
localised in the bays of the dam. A subset of the dam was selected 
for the study, mainly because of easy accessibility and limited 
time to achieve study aims. 

Study organism

Hydrellia egeriae is a multivoltine leaf-mining fly. Adults are 
1.3–3.0 mm in length and naturally feed on nectar, fungi, and 
dead insects. Females oviposit on protruding E. densa leaves 
or other available substrates (Smith et al. 2019). Upon eclosion, 
the first larval instar feeds in the mesophyll layer of an E. densa 

leaf. Larvae create entry scars in the epidermal layer of a leaf 
with their mouth hooks. First instars usually feed in the crown 
of the shoot, where leaves are softer. Older instars feed on leaves 
throughout the plant. Hydrellia egeriae has three instars, before 
pupariation at the base of the last leaf it mined. Upon emergence, 
adults float to the water surface in an air bubble (Cabrera Walsh 
et al. 2013; Smith et al. 2019). Egg to adult development at a 
constant 25 °C takes a month to complete (Cabrera Walsh et al. 
2013), and previous work has shown that H. egeriae’s thermal 
physiology is wider than that of its host plant (Smith et al. 2022).

Release events

Only one release of H. egeriae was made at the Nahoon River 
(October 2018), while four releases were made at Midmar 
Dam (March 2019 – March 2020). Hydrellia egeriae was mass-
reared in large portable pools in a polytunnel at the Waainek 
Research Facility, Rhodes University, Makhanda, South Africa, 
allowing the insects to develop under semi-natural conditions. 
A population count of H. egeriae at the mass-rearing facility was 
done every month or two months and the population size was 
calculated as the number of immatures (eggs, larvae, pupae) per 
kilogram fresh weight of E. densa. 

For release events, the largest number of available H. egeriae 
was collected from the mass-rearing population. Hydrellia 
egeriae was released by transporting E. densa containing 
immatures from the mass-rearing facility to the release site and 
placing it in the water. To estimate the number of biological 
control agents released for each release event, the corresponding 
population size for that month (immatures/kg fresh weight E. 
densa) and the weight of collected plant material was used. The 
release effort for this study is illustrated in Table 1. The total 
number of H. egeriae immatures released at Midmar Dam was 
59 926, and 10 071 for the Nahoon River. 

Parasitoid collection

Egeria densa plant material containing H. egeriae individuals 
was collected from the two field sites in order to rear out 
potential parasitoids. This was done in conjunction with H. 
egeriae post-release surveys. Five collections were made from the 
Nahoon River (May 2019, July 2019, December 2019, July 2020, 
September 2020), and four collections were made from Midmar 
Dam (June 2019, October 2019, March 2020, August 2020). 
Egeria densa was collected at each site along a pre-determined, 
fixed transect. In the Nahoon River, the transect was parallel 
with the riverbed and spanned 58 m in length. The transect in 
Midmar Dam consisted of two shorter transects parallel to the 
shoreline. Shorter transects were selected because a single, long 
transect would traverse areas in the dam that were too deep to 
wade through. Taken together, the transect was approximately 
167 m in length. 

A quadrat (0.5 m × 0.5 m) was randomly thrown at the start 
of a transect. Three to five quadrats (0.5 m × 0.5 m in size) of E. 
densa were collected at each site. All the E. densa found within a 
quadrat (≤ 1 m in water depth) was collected by hand and placed 
in a black plastic bag. Water was drained and bags were placed 
in cooler boxes containing ice packs to keep conditions cool 
during transportation. In the case of Midmar Dam only three 
quadrats were collected because plant material was transported 

Table 1: Hydrellia egeriae release events and size at the Nahoon River and Midmar Dam between 2018 and 2020. 

Site Date Number of Hydrellia egeriae immatures released

Nahoon River October 2018 10 071

Midmar Dam

March 2019 6 726
June 2019 8 800

October 2019 30 000
March 2020 14 400
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by aeroplane back to the laboratory. Five quadrats were collected 
from the Nahoon River, because plant material was transported 
by car back to the laboratory. At the laboratory, the bags were 
placed in a 5 °C fridge until dissected. Every E. densa shoot (20 
to 30 cm),  in a sample bag was inspected for H. egeriae pupae. 
The pupal life stage was selected because previous studies have 
shown that Hydrellia spp. parasitoids generally feed on late-instar 
larvae and on pupae (Deonier 1971; Kula et al. 2009; Martin et 
al. 2013; Coon et al. 2014). Once a puparium was found, the E. 
densa fragment containing the pupa was broken off with forceps 
and placed in a vial containing fresh water. The number of pupae 
collected from all quadrats per sampling event at each of the 
two sites was pooled. Vials were placed in a laboratory at room 
temperature and checked every second day for H. egeriae adult 
emergence or parasitoid emergence. This provided the number 
of parasitoids that emerged from the field-collected H. egeriae 
pupae per sampling event. 

Eclosed insects were collected and placed in an Eppendorff™ 
containing 96% ethanol. Parasitoid specimens were identified 
by one of the authors (SvN; van Noort et al 2021) and voucher 
specimens were deposited at SAMC: Iziko South African 
Museum, Cape Town.

Statistical analysis

Percentage parasitism

The proportion of parasitism for each sampling event was 
calculated by dividing the number of emerged parasitoids by the 
total number of H. egeriae pupae collected. This proportion was 
used to calculate the percentage parasitism for each sampling 
event. To determine if parasitism was different between seasons, 
sampling events, and thus parasitism levels, were grouped into 
cold months (March–August) and warm months (September– 
February). Only two groups instead of Spring, Summer, Autumn, 
Winter were used due to limited sampling events.

To determine if sampling period and site had a significant 
effect on H. egeriae parasitism, a generalised linear model (GLM) 
was used. Hydrellia egeriae parasitism (yes/no) was modelled as 
a linear function of sampling period (cold and warm), assuming 
a binomial error distribution with a logit link function. The 
DHARMa package (Hartig 2022) was used to plot a graph of the 
model and check for violation of homogeneity. Thereafter, the 
statistical significance of the model was assessed by performing 
a likelihood ratio test (p < 0.05). The Tukey post-hoc analysis 
test was performed to test for statistical differences (p < 0.05) 
between sites within the period treatment. 

Effect of cumulative release events on parasitism

To investigate the probability of H. egeriae parasitism in the 
field as a function of cumulative release events, data from 
Midmar Dam and Nahoon River were combined. Hydrellia 
egeriae parasitism (yes/no) was modelled as a function of the 
number of H. egeriae releases using a generalised linear model 
(GLM), assuming a binomial error distribution with a logit link 
function. The DHARMa package (Hartig 2022) was used to plot 
a graph of the model and check for violation of homogeneity. 
Thereafter, the statistical significance of release events on the 
probability of H. egeriae parasitism in the field was assessed by 
performing a likelihood ratio test (p < 0.05). All analyses and 
graphs were done in the R environment (R Core Team 2022).

RESULTS

Hydrellia egeriae was parasitised by three species of native 
parasitoids: Chaenusa seminervata van Achterberg, C. anervata 
van Achterberg (Braconidae: Alysiinae: Dacnusini), and Ademon 
lagarosiphonae van Achterberg (Braconidae: Opiinae) (van Noort 
et al 2021). These species were previously recorded from Hydrellia 

lagarosiphon Deeming (Diptera: Ephydridae) a specialist herbivore 
of Lagarosiphon major (Ridl.) Moss ex Wager (Hydrocharitaceae) 
in South Africa (van Achterberg & Prinsloo 2012). 

Percentage parasitism

The percentage parasitism for the study period ranged from 20.0 
to 87.4% in Midmar Dam and 0.0 to 84.3% in the Nahoon River. 
Hydrellia egeriae parasitism levels in Midmar Dam were 74.32 ± 
3.23% (n = 3) in cold months and 60.0 ± 16.33% (n = 1) during 
warm months. In the Nahoon River, parasitism levels were 
50.0 ± 4.44% (n = 3) in cold months with no (n = 2) parasitism 
occurring in warm months (Figure 1). 

The interaction of site and sampling period on H. egeriae 
parasitism was significant (χ2 = 5.55, df  = 1, p < 0.05). Parasitism 
of H. egeriae was also significantly affected by site (χ2 = 24.77, 
df = 1, p < 0.001) and sampling period (χ2 = 8.50, df = 1, p < 0.01) 
individually. Tukey post-hoc analysis showed that H. egeriae 
parasitism was significantly higher in the Midmar Dam during 
both cold (p < 0.001) and warm months (p < 0.001) than in the 
Nahoon River (Figure 1). 

Effect of cumulative release events on parasitism

The cumulative number of H. egeriae release events significantly 
increased the probability of agent parasitism in the field (β1 = 
1.93, χ2 = 55.83, df = 1, p < 0.001). The model shows that for every 
additional release event, the probability of parasitism increased 
(Figure 2). After two release events the probability of parasitism 
in the field was approximately 60%, and after eight release events 
the probability of parasitism, nearly 100%.

DISCUSSION

Parasitoids that attacked H. egeriae in South Africa were 
previously recorded from H. lagarosiphon (van Achterberg 
and Prinsloo 2012), a specialist herbivore of L. major in South 
Africa (van Noort et al. 2021). These parasitoids have thus 
extended their host range to H. egeriae within a year of releasing 
this biological control agent. This is not surprising due to the 
phylogenetic relatedness of the two herbivore species and their 
host plants (McFadyen and Spafford Jacob 2003; Paynter et 
al. 2010). Martin et al. (2013) found that the native herbivore, 
H. lagarosiphon, had parasitism rates that ranged from 13 to 
28% in summer and 0 to 52% in winter. Similarly, in our study, 

Figure 1: The mean (± SE) percentage of Hydrellia egeriae parasitised in 
the Nahoon River and Midmar Dam, South Africa during cold and warm 
months for the years 2019–2020. Letters indicate significant (p < 0.05) 
differences between sites within the period treatment. 
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H. egeriae parasitism was higher in the cold months (50 to 74%) 
than in the warm months. The higher parasitism rates in winter 
could be linked to the apparency of the host plant throughout 
the year, meaning the host plants are perennial and available to 
their herbivores throughout the year (McFadyen and Spafford 
Jacob 2003). Both Hydrellia species are multivoltine, and the 
temperate and subtropical climates may favour population 
buildup throughout the year (McFadyen and Spafford Jacob 
2003). During cold months, H. lagarosiphon and H. egeriae enter 
diapause, and overwinter mostly in the immobile pupal stage. 
Hydrellia spp. parasitoids generally prefer late-instar larvae or 
pupae (Deonier 1971; Kula et al. 2009; Martin et al. 2013; Coon 
et al. 2014), and thus, parasitoids could benefit from a large pool 
of vulnerable hosts during cold months. 

All three parasitoids, C. seminervata, C. anervata and 
A. lagarosiphonae, were collected from Midmar Dam, while 
only A. lagarosiphonae was collected from the Nahoon River. 
These collections are within the known distribution range of 
the parasitoids. Chaenusa seminervata and C. anervata occur 
in the Mpumalanga and KwaZulu-Natal provinces, while 
A. lagarosiphon occurs in the Mpumalanga, KwaZulu-Natal, and 
Eastern Cape provinces (van Achterberg and Prinsloo 2012). It is 
plausible that the proximity of native host plants of H. lagarosiphon 
could have contributed to higher parasitoid richness in Midmar 
Dam compared to the Nahoon River. No Lagarosiphon species 
occur in the Nahoon River, while Lagarosiphon. muscoides Harv. 
(Hydrocharitaceae) and Potamogeton species (Potamogetonaceae) 
occur in the Midmar Dam. The leaf-mining fly H. lagarosiphon 
has been collected from L. muscoides and Potamogeton species 
(Mangan et al. 2019). However, differences in parasitoid richness 
between the two sites could also be an artefact of differences in 
release efforts, and sampling size.

The high levels of parasitism recorded in this study will affect 
field populations of H. egeriae, and thus inundative releases will 
be necessary to achieve better control of E. densa. However, 
inundative releases may indirectly increase the probability of 
H. egeriae parasitism by increasing the host pool. Therefore, to 

contribute to the biological control of E. densa in South Africa, 
while minimising parasitism in the field, it is recommended that 
release events take place during the warm (i.e. spring/summer) 
months. Inundative releases should commence after winter to 
assist low field populations, but release events should be limited 
to a maximum of two releases per site per season.

Parasitism of biological control agents in their introduced 
range has received some attention over the decades, with the 
first review on this topic published by Goeden and Louda (1976). 
With the accumulation of information, guidelines were given 
on the selection of biological control agents with particular 
focus on avoiding parasitism in the target country (McFadyen 
and Spafford Jacob 2003; Paynter et al 2010). This includes the 
phylogenetic relatedness in the country of introduction and the 
feeding niche and taxonomy of the insect etc. (McFadyen and 
Spafford Jacob 2003; Paynter et al 2010). For example, Cornell 
and Hawkins (1993) found the lowest (2.2%) parasitoid richness 
on herbivores with a mixed feeding niche and the highest 
values (7.7%) on herbivores that are endophytic and poorly 
concealed. This means that introduced herbivores with larval 
stages that are both exophytic and endophytic may acquire 
fewer parasitoids, compared to herbivores that are conspicuous, 
as in the case of H. egeriae. Parasitoid richness may also be a 
measure of host mortalities, as seen in a meta-analysis of 2 188 
holometabolous species from 86 countries by Hawkins (1993). 
In this study, herbivores (i.e., case bearers, leaf-miners, gallers) 
with high parasitoid richness experienced higher mortality rates 
compared to herbivores (i.e., root feeders, borers, mixed) with 
low parasitoid richness. 

Biotic resistance towards introduced biological control agents 
has led to low-impact or failed biological control programmes, 
for example the gall fly, Procecidochares utilis Stone (Diptera: 
Tephritidae), a biological control agent released against 
Ageratina adenophora (Spreng.) King and H. Rob. (Asteraceae) 
in Thailand, Australia, India, New Zealand, Hawaii, China, 
Nepal, and South Africa. In Hawaii, the dipteran agent acquired 
four parasitoids, and surveys between 1950 and 1957, and 1966 

Figure 2: The probability of Hydrellia egeriae parasitism in the field as a function of H. egeriae release events (2018–2020) in South Africa. Confidence 
interval (CI) indicated with greyscale.
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and 1971, showed that parasitism rates ranged from 30 to 93% in 
winter and 7 to 72% in summer (Bess and Haramoto 1972). The 
efficacy of the agent in Hawaii varies, depending on the local 
climate, parasitism, and predation (Winston et al. 2023).

Some biological control programmes only have a limited list 
of prospective agents to choose from, as in the case of E. densa 
(Cabrera Walsh et al. 2013). In such cases, biological control 
agents should not be disregarded due to possible parasitism 
in their introduced range (Hill and Hulley 1995; van Klinken 
and Burwell 2005). Parasitism of biological control agents 
is undesirable, not only because of its impact on the efficacy 
of the biological control programme, but also because of its 
indirect effect on native food webs (Paynter et al 2020). Hydrellia 
species are poorly studied in South Africa, and the parasitoids 
recorded in this study were initially discovered due to a classical 
biological control programme on L. major (Martin et al. 2013; 
van Achterberg and Prinsloo 2012). It is highly likely that a 
larger parasitoid host pool, which would occur if H. egeriae 
populations remained high, could increase parasitism pressure 
on native hosts, especially if there is synchrony between host 
species. However, a potential hyperparasitoid, Janicharis 
africanus Gumovsky and Delvare (Hymenoptera: Eulophidae) 
has also been reared from field-collected H. egeriae (van Noort 
et al. 2021). Thus, the parasitoids recorded and monitored in this 
study are likely experiencing top-down pressure. Alterations to 
food web interactions are difficult to establish, but continued 
post-release surveys can assist in mapping the seasonal 
abundance and distribution of parasitoids and hyperparasitoids 
at E. densa-invaded sites in South Africa. 
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