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HIGHLIGHTS

« Host plant quality for phytophagous
insects can affect their performance.
« We investigated the effect of variable
foliar nitrogen levels on an insect-

weed system.

« We found significant effects on
grasshopper fecundity, survival, body
size and sex ratios.

« The results indicate significant
potential for bottom-up regulation of
this biocontrol agent.

« Understanding a biocontrol agent’s
response to plant quality can assist
strategic weed management.
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ABSTRACT

Host plant quality for phytophagous insects, of which nitrogen is one of the most crucial components, is
highly variable and can be a major determinant of their performance. This has implications in insect-
weed biological control systems where host plant quality can affect establishment, survival and popula-
tion growth rates of the biocontrol agents. However, an understanding of bottom-up effects on these sys-
tems, particularly in aquatic environments which are prone to seasonal fluctuations in nutrient
availability, can assist in directing management strategies to achieve the best results. We evaluated nutri-
ent-mediated effects on the performance of a leaf-feeding biocontrol agent, the grasshopper Cornops aqu-
aticum for the invasive aquatic weed, water hyacinth Eichhornia crassipes. Female C. aquaticum and their
offspring had higher body weights when fed a high quality diet compared to a diet low in foliar nitrogen.
Nymphal survival (high=82%, medium=71%, low =64%) and female fecundity increased with an
increase in dietary nitrogen. High and low levels of nutrients caused a shift in the sex ratios, being
female-biased on the high quality diet and male-biased on the low quality diet. These results indicate that
C. aquaticum is highly sensitive to foliar nitrogen, suggesting significant potential for bottom-up regula-
tion of this species. Changes in the abundance and distribution of C. aquaticum according to nutrient
availability may therefore mediate its impact on the weed. This subsequently highlights the importance
of understanding the influence of nutrients on aquatic insect-weed systems and how it can drive deci-
sion-making in strategic management programmes.
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1. Introduction

Phytophagous insects are faced with variability in the quality of
their host plant, which is linked to environmental conditions and
which may positively or negatively influence their performance
(Awmack and Leather, 2002), defined as their reproductive poten-
tial, survival and growth rates. Both the nutritional value and other
constituents of plants, such as secondary defensive metabolites,
can have an effect on many aspects of insect behaviour and life his-
tory characteristics (Myers and Post, 1981; Taylor, 1984, 1989;
Ohmart et al.,, 1985; Joern and Behmer, 2002; De Bruyn et al.,
2002; Hogendorp et al., 2006).

Nitrogen in particular is a critical nutritional element for her-
bivorous insects and it has been suggested that they are function-
ally limited by the availability of nitrogen in their diet (White,
1976; Mattson, 1980). Increased nitrogen in plant tissue associated
with elevated nitrogen in the environment can have positive ef-
fects such as increased survival and body size (De Bruyn et al.,
2002; Myers and Post, 1981; Hogendorp et al., 2006). Host plant
quality can also have a wide range of effects on the fecundity
and reproductive strategies of insects. Within-species fecundity is
highly variable and is linked to genetic factors, conditions during
immature development as well as prevailing environmental condi-
tions during egg development and oviposition (Honék, 1993). Po-
tential and realized (achieved) fecundity are also influenced by a
wide range of factors and in some cases the difference between
the two can be substantial (Awmack and Leather, 2002). Host plant
quality available to female phytophagous insects during egg devel-
opment can have an impact on fitness of their offspring. Some of
the indirect effects to insects of increased environmental nitrogen
include increases in plant biomass as well as changes in plant
defensive chemicals associated with variable nitrogen availability
(Bryant et al., 1983, 1987; Gerson and Kelsey, 1999). The effects
can vary between generalist and specialist herbivores (Dyer et al.,
2004), but environmental nitrogen availability can have a substan-
tial impact on both individual insect performance (Minkenberg
and Ottenheim, 1990) and insect population dynamics (Kyto
et al.,, 1996; Denno et al., 2003; Xhong-xian et al., 2007) as a result
of changes in their behaviour and life history characteristics.

There is plasticity in the physiological responses of phytopha-
gous insects to changes in the quality of their diet. These dynamics
may influence population abundances of herbivorous insects and
for biological control agents, determine their potential to control
populations of the target weed. In general, the effects of high plant
quality are expected to have a positive effect on the performance of
biological control agents (Price, 2000; Van Hezewijk et al., 2008;
Wheeler, 2003; Myers and Post, 1981; Room and Thomas, 1985).

Water hyacinth, Eichhornia crassipes (Mart.) Solms (Pontederia-
ceae), an aquatic, free-floating perennial herb, is widespread and
highly invasive in South Africa where it is considered to be the
most prominent economic and environmental aquatic weed. Of
the five floating invasive aquatic weeds in the country, E. crassipes
has had the greatest investment in control measures with compar-
atively limited success (Coetzee et al., 2011). The success of biolog-
ical control, which is the only sustainable method for long-term
management of E. crassipes, is seemingly dependent on a number
of factors, particularly the nutrient status of water bodies (Byrne
et al., 2010; Coetzee and Hill, 2012). Many of South Africa’s water
bodies are highly eutrophic, rich in nutrients such as nitrates and
phosphates which increase plant biomass production, growth
and vegetative reproduction (Reddy et al., 1989, 1990; Ripley
et al., 2006; Coetzee et al.,, 2007, Bownes et al., 2013) to such
an extent that aquatic weed problems are considered to be symp-
tomatic of eutrophication. A recent meta-analysis of laboratory
studies that investigated the influence of nitrogen and phosphorus
on the impact of herbivory by several biological control agents al-

ready released in South Africa and field data, showed that the
nutrient status of water bodies has a greater impact on E. crassipes
growth than the biocontrol agents (Coetzee and Hill, 2012).
Although these agents, such as Neochetina eichhorniae Warner
(Coleoptera: Curculionidae), N. bruchi Hustache, Orthogalumna
terebrantis Wallwork (Acarina: Galumnidae) and Eccritotarsus cata-
rinensis Carvalho (Hemptera: Miridae), play an important role in
the management of E. crassipes, their impact has been highly vari-
able and improved control levels through the classical approach
were desirable.

The water hyacinth grasshopper, Cornops aquaticum Briiner
(Orthoptera: Acrididae) is the most recent E. crassipes biocontrol
agent introduction in South Africa with the first releases taking
place early in 2011 (Bownes and King, 2010). After the release of
E. catarinensis in 1995, C. aquaticum was the most promising candi-
date agent for South Africa when biocontrol practitioners advo-
cated consideration of new agents due to unsatisfactory levels of
control of E. crassipes after more than 30 years of biological control.
(Hill and Cilliers, 1999; Hill and Olckers, 2001) C. aquaticum origi-
nates and is distributed throughout the Neotropics, inhabiting low-
lands where it is often found in abundance on its host plant, E.
crassipes (Adis et al., 2007). According to Silveira-Guido and Perkins
(1975), C. aquaticum is diurnal, bivoltine, overwinter as adults and
exhibit a sex ratio of 1:1. The pre-oviposition and incubation peri-
ods last 25-30 days, and the nymphs develop for 40-55 days pass-
ing through five to seven instars (Oberholzer and Hill, 2001; Adis
et al., 2004; Bownes 2009).

Pre-release studies on C. aquaticum to predict the effect of nutri-
ent-enrichment on its potential efficacy and feeding rates and on
the compensatory ability of E. crassipes, showed that increases in
nitrogen in the water, and consequently the plant, reduced C. aqu-
aticum nymphal feeding rates as well as the impact of herbivory on
plant performance (Bownes et al., 2013). However, the link be-
tween insect physiology and nutritional ecology or food require-
ments suggests that host plant quality will also influence the
biocontrol potential of C. aquaticum through associated population
fluctuations of the insect. Thus, as part of an holistic assessment of
the effect of plant and water nutrient levels (which are highly cor-
related) on C. aquaticum efficacy, the influence of foliar nitrogen
levels on the individual performance of the grasshopper was also
investigated, to predict the bottom-up effects on C. aquaticum pop-
ulation dynamics. The effect of nitrogen fertilization on the popu-
lation ecology of biocontrol agents can be predicted through the
response of individuals in laboratory studies (Van Hezewijk et al.,
2008). This could assist in the strategic management of E. crassipes
in South Africa, which has recommended an augmentive, inte-
grated approach rather than classical biological control (Coetzee
et al,, 2011). This paper investigates the effect of plant quality on
survival and life history characteristics of C. aquaticum. These stud-
ies were conducted prior to the release of the grasshopper in South
Africa, to estimate the efficacy of the agent before adding it to the
ecosystem.

2. Materials and methods
2.1. Nutrient treatments

Foliar nitrogen levels of E. crassipes were manipulated by adding
different concentrations of nitrates (and phosphates) to the water
in which stock plants were cultivated. Water nutrient levels and
plant nutrient levels in E. crassipes are highly correlated (Gossett
and Norris, 1971; Soti and Volin, 2010). Nitrate and phosphate lev-
els were selected to represent a range of nutrient conditions typical
of water bodies in South Africa. The selected concentrations (Ta-
ble 1) are the averages of a year’s worth of data from three of 15
sites (Byrne et al., 2010) that represented three different nutrient
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