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THIS REPORT MUST INCLUDE INFORMATION FROM THE ENTIRE PROJECT  
 
3. EXECUTIVE SUMMARY  
 
 
Many orthopterans are associated with large scale destruction of crops, rangeland and 
pastures. Plangia graminea (Serville) (Orthoptera: Tettigoniidae) is considered a minor sporadic 
pest in vineyards of the Western Cape Province, South Africa, and was the focus of this study. 
In the past few seasons (2012 - 2015) P. graminea appeared to have caused a substantial 
amount of damage leading to great concern among the wine farmers of the Western Cape 
Province. Very little was known about the biology and ecology of this species, and no 
monitoring method was available for this pest. The overall aim of the present study was, 
therefore, to investigate the biology and ecology of P. graminea in vineyards of the Western 
Cape to contribute knowledge towards the formulation of a sustainable integrated pest 
management program, as well as to establish an appropriate monitoring system. 

 

No detailed surveys have as yet been undertaken to assess the assemblage structure of 
katydids in vineyards and to verify their taxonomic status. By conducting a survey in vineyards 
located in the greater Stellenbosch region of the Western Cape, the identities of the katydid 
species present and their pest status was determined. A monitoring method was developed by 
adapting a generic sampling system for monitoring key arthropod pests in vineyards. Due to the 
perfect camouflage of adult katydids within the vine canopy, surrogate methods for monitoring 
this pest were investigated. Besides determining the basic biology and ecology of P. graminea 
within vineyards, aspects of its physiological ecology with implications on its mating behaviour 
were investigated. Furthermore, natural enemies that could potentially be used as 
environmentally-friendly biological control agents against this pest were identified. 

 

Three Phaneropterinae species were identified, namely P. graminea, Eurycorypha lesnei 
Chopard and a Phaneroptera species. Due to the similarity between the Plangia and 
Eurycorypha species, an ID-key was compiled for easy identification by growers. Plangia 
graminea was found to be the primary katydid pest in vineyards monitored. There was only one 
generation per year, with an overwintering egg stage.  The monitoring of katydid eggs could 
potentially be used to monitor P. graminea, as eggs were positively and significantly correlated 
with katydid numbers and could allow early prediction estimates of katydid populations in 
vineyards. Temperature appeared to be an important environmental factor enhancing 
population outbreaks, as it influenced katydid development, but could also affect mating 
success of male katydids. It was found that there was a significant metabolic cost associated 
with the mating calls of P. graminea males. This study identified two natural control agents that 
could potentially be incorporated into an integrated pest management program for the control of 
P. graminea, namely hymenopteran egg parasitoids and an entomopathogenic fungus. 

 

The outcomes of this study aim towards the development of a practical, sustainable and 
environmentally-friendly integrated pest management program. Future research should focus on 
validating a monitoring method in the field, establishing an economic threshold, testing the 
efficacy of entomopathogenic fungi in the laboratory and in the field, and investigating the 
mechanisms involved in habitat preferences of hymenopteran egg parasitoids. 
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
The ‘’krompokkels’’ or katydids (Plangia sp.) are sporadic, minor pests on grapevines.  In the 
past season, however, they appear to have done a substantial amount of damage, particularly 
in certain areas.  Due to their sporadic appearance, we do not know very much about the life 
cycle and biology of this pest, and therefore cannot formulate a management plan. The aim of 
this research is to develop an understanding of the identity and basic biology of this pest, 
specifically to predict development rates and field population dynamics, as well as establish a 
basic monitoring system.  
 
5. DETAILED REPORT 
 
a. PERFORMANCE CHART (for the duration of the project) 

 
Milestone Target Date Extension 

Date 
Date 

completed 
1. Species identification of katydid 

assemblage 
July 2013  July 2013 

2. Physiological activity at various 
temperatures 

December 2013  December 2015 

3. Seasonal population dynamics using 
acoustic monitoring 

July 2015  July 2015 

4. Basic monitoring system using damage 
rating method 

July 2014  July 2015 

5. Preliminary assessment of pathogenic 
fungi for biological control 

October 2014  October 2016 

6. Journal publication(s) – final 
milestone  

- Physiology of katydids (published, 
scientific) 

- Katydid ecology in vineyards 
(Winelands, in prep.) 

- Sampling system for katydids in 
vineyards (Scientific and popular, in 
prep) 

 
 
August 2017 
 
July 2018 
 
October 2018 

 August 2017 
 
October 2017 

 
 
 
b)  WORKPLAN (MATERIALS AND METHODS) 

1) Species identification 
Field collected specimens will be identified. Dr Corey Bazelet is a post-doctoral fellow in 
the Department who has experience with this group and will be consulted if the 
taxonomy of this group is in doubt or requires revision.  This objective will link closely 
with Dr Achiano’s project, as his field collected samples will be identified and 
accessioned into the Stellenbosch University Insect Collection for future reference. 

 
2) Physiological activity 

The measurement of calling frequency and its temperature dependence under controlled 
laboratory conditions will allow field estimation of body temperature, a critical component 
of predicting development times of populations in vineyards.  Laboratory-reared colonies 
will be used to determine thermal physiology (e.g. resting metabolic rates measured 
using flow-through respirometry) using temperature-controlled waterbaths, infra-red gas 
analyzers (LiCor Li-7000) and electronic activity detectors (AD-2, Sable Systems). The 
physiological methods described in Lachenicht et al. (2010) will be followed. Dr Achiano 
proposes to do a life table study of this insect, but a life table cannot establish with 
accuracy the thermal limits or minimum temperature for development (as this is only an 
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estimate).  Therefore, our objective will complement the life table proposed by Dr 
Achiano in that a more accurate predictive model can be established using both life table 
and physiology data. 

 
3) Seasonal population dynamics 

Measurement of field microclimate conditions and field calling frequencies, using 
thermochron iButtons (high resolution microclimate data loggers) and recording 
microphones year-round to predict seasonal changes in population abundance.  Calling 
frequencies will determine species assemblage structure and species identity and also 
give an indication of population abundance and physical distribution within monitored 
vineyards.  This will be done in specific outbreak vineyards.  Abiotic and biotic factors 
(such as potential host plants) around these vineyards will be recorded and analysed to 
determine possible causal factors for katydid occurrence.  This objective also links with 
Dr Achiano, who will be determining course-scale distribution within Western Cape 
vineyards and associated climatic factors, while this objective will focus more on 
microclimatic data and fine-scale distribution within vineyards. 

 
4) Monitoring system 

The research will focus on using the standard monitoring protocol developed for 
vineyards (de Villiers & Pringle 2008), which utilizes a presence/absence scouting 
system.  Since katydids are largely active at night, it will be more practical for producers 
to scout for damage symptoms.  Damage done by katydids will be separated from that 
done by other insects (e.g. weevils) from observations of the laboratory colonies reared 
on potted vines.  A damage rating based on feeding damage will then be correlated with 
bioacoustics data of population levels in the vineyards using Statistica. Such acoustic 
monitoring methods have been implemented in oil palm plantations in Southeast Asia 
with great success (pers. comm Paul Grant).  Mr Paul Grant will analyse acoustic 
recordings. 

 
5) Biological control using pathogenic fungi 

A Metarhizium isolate, already cultured from a Plangia specimen during 2012, will be 
obtained from the National Collection and cultured for preliminary assessments.  
Laboratory colonies will be bio-assayed under controlled conditions.  Three different 
strains will be compared, using 20 insects each per replicate (4 replicates).  Probit 
analysis will be used to analyse data (Finney 1971). Dr Justin Hattingh from ARC Small 
Grain Crops Institute will collaborate with us on potential fungal strains to test and also 
on specific testing methods. 
 

This project will be supervised by Drs Pia Addison (monitoring and project co-ordination) and 
John Terblanche (physiology), Paul Grant (bioacoustics), Dr Corey Bazelet (taxonomy) all from 
Stellenbosch University.  One MSc student will be trained.  Dr Justin Hattingh (ARC Small Grain 
Crops Institute, Bethlehem) will be consulted regarding bioassays of pathogens.  Dr Ken Pringle 
will be consulted regarding statistical analyses. 
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c)  RESULTS AND DISCUSSION 
 

1) Species identification 
 
Adults 
 
Three species in three different genera of the subfamily Phaneropterinae were found in 
vineyards in the greater Stellenbosch region of the Western Cape. One species in the genus 
Plangia Stål, Plangia graminea (Serville); another species in the genus Eurycorypha Stål, 
Eurycorypha lesnei Chopard; and a Phaneroptera sp. that could not be identified to species 
level due to the need for major taxonomic review of this genus. Plangia and Eurycorypha are 
closely related genera and have the same general appearance (Ragge 1980). Therefore, we 
have compiled an identification key that includes characteristics that can be used by growers to 
distinguish between the two species (Table 1). The Phaneroptera sp. is different in appearance 
compared to the other two species, with its hind wings extending further beyond the forewings 
in comparison with other Phaneropterinae (Ragge 1980). The wings are also more slender and 
elongate compared to P. graminea and E. lesnei (Fig. 1). The P. graminea complex was 
reviewed by Hemp et al. (2015), and P. compressa (Walker) was synonymised with P. 
graminea. 
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Table 1. Identification key for growers: Most conspicuous characteristics used to distinguish between 
Plangia graminea and Eurycorypha lesnei adults in vineyards of the greater Stellenbosch region of the 
Western Cape. 
 

Characteristic Photo P. graminea E. lesnei 

 P. graminea E. lesnei   

Elytra spot 
(males) 

  

Dark brown spot on 
the stridulatory area of 
the tegmina. 

No spot present 

Female 
ovipositor 

  

Short, broad, strongly 
curved with orange – 
brown colour towards 
the apex 

Narrower, longer, 
less strongly curved, 
greenish yellow 

Abdomen (male 
and female) 

  

Bright blue, purple, 
reddish colouration on 
the dorsal side of the 
abdomen 

Abdomen pale 
yellowish-green 

Tympanum (ear) 
on front leg 

       

Brown – black 
colouration on the 
inside of the 
tympanum 

Pale yellowish-
green colour 

Male stridulatory 
file 

 
 

 

2.5 mm, 67 teeth 2.6 mm, 118 teeth 

 

 

 
 

 
Fig. 1. Phaneroptera species found in vineyards in the greater Stellenbosch region of the Western Cape. 
Photo credit: Jaco Smit. 
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It should also be noted that adult P. graminea display an array of different colour morphs 
ranging from green, brown and pink (Fig. 2). 
 

 
 

Fig. 2. Colour polymorphism: (A) green, (B) brown, (C) pink; observed in Plangia graminea individuals 
found in vineyards of the greater Stellenbosch area, Western Cape. 
 
 
Nymphs 
 
Plangia graminea and E. lesnei nymphs look unlike the adults, and also unlike each other – 
especially the first two instars (Fig. 3). It is therefore easier to distinguish between the two 
species during their immature stages. Nymphs of the Eurycorypha genus are characterised by 
their ant-like appearance and behaviour (Ragge 1980; Hemp et al. 2013). Nymphs of E. lesnei 
are no exception (Fig. 3 B). Records show that Eurycorypha nymphs live together with 
Camponotus and Myrmicaria ant species (Ragge 1980; Hemp et al. 2013). Anoplolepis spp. are 
widely distributed dominant ant species that forage in vineyards in the Western Cape (Addison 
& Samways 2000), therefore ant mimicry in E. lesnei nymphs could be a valuable defense 
mechanism to avoid predation from these ants. 
 
 

 
 

Fig. 3. Photos of a (A) Plangia graminea nymph, and a (B) Eurycorypha lesnei nymph, found in vineyards 
in the greater Stellenbosch region of the Western Cape. 
 
 
Eggs 
 
The eggs of P. graminea and E. lesnei look very similar. The eggs are black, oval shaped and 
flat. Only when the eggs are studied under high magnification could distinctive subtle features 
be observed (Fig. 4). The appearance and position of the micropyle on the egg is often 
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characteristic of most species. Micropyles are usually contained on the depressed dorsal area 
of the egg (Rentz 2010) (Fig. 4 C). The micropyle of E. lesnei eggs could not be located on the 
SEM photographs. The surface structure of E. lesnei eggs has an argyle pattern, while the 
pattern on P. graminea eggs appears hexagonal (Fig. 4 B, D). Moreover, there is a significant 
difference in the size of the eggs, with eggs of P. graminea being slightly longer and wider than 
eggs of E. lesnei (Fig. 5). 
 

 
 

Fig. 4. SEM photographs of (A) Eurycorypha lesnei egg, (B) surface structure of E. lesnei egg, (C) 
Plangia graminea egg with position of micropyle encircled in red, (D) surface structure of P. graminea 
egg, (E) micropyle of P. graminea egg (Mag = 269 X). 
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Fig. 5. Length and width measurements (mean ± S.E.) of Plangia graminea and Eurycorypha lesnei eggs 
collected in vineyards of the greater Stellenbosch region, Western Cape. 
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2) Physiological activity 
 
Overall, calling activity was significantly positively correlated with CO2 production (R=0.73, 
P<0.0001), where VCO2 increased with an increase in number of calls, although variable among 
individuals (Fig. 6A). There was no relationship between the power of calls and VCO2 (P=0.189) 
(Fig. 6B), and call power was not related to Δcost (P=0.76) and percentage cost (P=0.521) as 
estimates of the metabolic cost of calling (Fig. 6 C, D). 
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Fig. 6. Scatterplots showing the relationship between various calling (sound) estimates and metabolic 
rate of call cost estimates in katydids.  (A) VCO2 relative to number of calls was significantly positively 
correlated (y=0.0004x+0.327; R=0.73, P<0.0001) (B) VCO2 versus peak power of calls recorded (overall 
trend: P=0.189); (C) metabolic cost of calling expressed as difference between the mass specific 
metabolic rate during calling minus mass specific resting metabolic rate when not calling divided by the 
number of calls plotted against peak calling power recorded (overall trend: P=0.76); (D) metabolic cost of 
calling expressed as the percentage change over resting rates divided by the number of calls versus peak 
calling power (overall trend: P=0.521). Each individual is shown as a unique line colour as well as the 
overall trendline is shown in black in bold if statistically significant (only in the case of A). Note that power 
graphs were only for a subset of 6 individuals for which these data could be estimated. 
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The mean total number of calls per trial was 347.6±137.8 (range: 9-1350). The mean 
percentage increase in metabolic rate (MR) from resting metabolic rate (RMR) to calling 
metabolic rate (CMR) was 60.1±12.7% in calling males (maximum 154%). However, the mean 
percentage increase per call (or per WS) was ca. 1±0.5% [mean±s.e.m.] (Table 2). Expressing 
the cost of calling in different metrics yielded different results. An individual with a relatively high 
calling rate experienced a small percentage increase in MR (Individual 5, call rate=826; 
absolute increase=13.6%), whereas an individual with a low calling rate (Individual 9, with a 
max calling rate of 9) experienced an absolute increase in MR of ca. 50% (Table 2). However, 
the cost of calling for a ‘cheap’ caller with a high calling rate accumulated rapidly over time and, 
therefore, Individual 5 experienced a high cumulative cost (3735.2 CO2 ml h-1 g-1) compared to a 
more expensive caller (Individual 9, 18.7 CO2 ml h-1 g-1) with a low call rate (Table 2). A power 
law function described this relationship between cumulative cost and percentage increase per 
call (y=130.21x-1.068, R2=0.858); where y=cumulative cost, and x=percentage increase per call. 
 
Mean CO2 production rates for calling males was 0.443±0.056 CO2.ml h-1 g-1. This was an 
increase of about 1.6 times the mean resting rate of 0.279±0.028 CO2.ml h-1 g-1 (Table 2). 
 
Sign tests indicated that RMR was significantly different from CMR, Z=3.015. There was no 
significant difference in air temperature within the respirometry cuvette between RMR and CMR 
(23.5±2.0°C) (t=0.229, P=0.824, N=11). Across all individuals for the ‘no calling’ periods only, 
the RMR was positively related to temperature [y=mx±s.e.+c±s.e.: y=0.0320±0.002x-
0.410±0.040; R2=.39; F1,529=329.18, P<0.0001] and had a typical Q10 effect (Q10=2.09). 
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Table 2. Summary statistics from P. graminea respirometry and acoustic recordings. Percentage increase in metabolic rate (MR, CO2 ml h-1 g-1) 
from resting metabolic rate (RMR, CO2 ml h-1 g-1) to calling metabolic rate (CMR, CO2 ml h-1 g-1), and expressed per call (at maximum calling effort) 
for 11 Plangia graminea individuals respectively. Cumulative costs of calling estimated as the mean cost of calling multiplied by the number of calls 
per individual over 9.5 h. Note that estimates are for 10 min interval summaries and are conditional on the number of calls being at maximum (full 
details in Materials and Methods). 

Individual 

Plangia 

Body mass  

(g) 

Mean 

temperature 

(°C) 

RMR (Not 

Calling) 

(CO2 ml h-1 g-1) 

CMR (max. call 

effort) 

(CO2 ml h-1 g-1) 

Number of 

calls 

Increase in MR 

(%) 

Increase per 

call 

(%) 

Cumulative 

cost 

(CO2 ml h-1 

g-1) 

1 0.64 24.6 0.287 0.568 905 98.0 0.1 2468.7 

2 0.83 21.5 0.170 0.226 118 33.0 0.3 191.0 

3 0.77 27.1 0.359 0.915 1350 154.5 0.1 4614.6 

4 0.88 26.0 0.385 0.407 159 5.7 0.04 579.2 

5 0.70 27.4 0.476 0.540 826 13.6 0.02 3735.2 

6 0.79 22.8 0.258 0.456 49 76.8 1.6 122.0 

7 0.58 22.0 0.233 0.433 62 86.2 1.4 139.0 

8 0.65 21.9 0.244 0.357 38 46.5 1.2 89.1 

9 0.60 22.7 0.219 0.326 9 48.6 5.4 19.8 

10 0.75 22.0 0.223 0.319 150 43.1 0.3 318.1 

11 0.68 21.8 0.213 0.330 158 54.9 0.3 320.7 

Mean±s.e.m. 0.71±0.03 23.6±0.7 0.279±0.028 0.443±0.056 347.64±137.80 60.1±12.7 1.0±0.5 1145.2±500.3 
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The MR of calling P. graminea males was found to be significantly higher compared to periods 
of RMR, therefore, calling is associated with increased metabolic costs. Since male katydids 
produce calls to attract conspecific females for mating, calling is closely related to their 
reproductive success. However, this cost is additional to other metabolic costs involved during 
mating (such as the production of a spermatophylax), and other metabolically expensive daily 
activities such as flying and feeding. The increased metabolic cost associated with calling could 
therefore constrain a male katydid’s mating behaviour. Considering the overall Q10 effect of 
temperature on the metabolic rate of an animal, increased temperature experienced in the field 
may demand trade-offs to be made in terms of the animal’s daily energy budget. Elevated 
temperature in vineyards (as potentially experienced through climate change) could, therefore, 
potentially result in reduced calling activity of male katydids and, in turn, decrease their 
reproductive success. This would result in lower population levels in vineyards the following 
season. 
 
 

3) Seasonal population dynamics 
 
 
Plangia graminea was the most abundant species and accounted for ca. 82% of the katydids 
collected in vineyards. Plangia graminea is therefore the primary katydid pest in the vineyards 
monitored during this study. Eurycorypha lesnei and the Phaneroptera sp. were present in low 
numbers, and accounted for ca. 14% and 4%, respectively. Therefore, the latter two species do 
not appear to be pests at present. 
 
Laboratory reared eggs 
Katydids hatched at all temperatures except at 30 and 35ºC (Fig. 7). Nymphs hatched earliest 
(17 September 2013 – 2 October 2013) at 25ºC, and latest at 15ºC (2 October 2013 – 31 
October 2013). Of a total of 50 eggs (per temperature treatment) that were placed in the 
incubators at the start of the trial, only three nymphs hatched at 15 and 25ºC. Four nymphs 
hatched at 20ºC; however, one instar (hatching date, 2 October 2013) perished after 9 days due 
to a handling error and was therefore excluded from Fig. 7. Instar development was suboptimal 
at 15ºC, with only one individual reaching second instar. Although 15ºC was unsuitable for adult 
development, one individual survived to 1st instar and another reached 2nd instar before they 
perished. One of the three hatchlings at 15ºC perished after only 6 days, possibly indicating that 
this temperature is not favourable for katydid development, although a larger sample size would 
be necessary in order to determine this. Although only 3 moults were observed (i.e. 3 instars) 
(Fig. 7), it is possible that there are more instars, since the nymphs consumed their exuviae 
after moulting. Therefore, a moulting event could have been overlooked due to the exuviae 
being consumed before inspection. In future, nymphs could be marked with paint on the thorax 
to assist detecting each moult. For Ruspolia differens (Serville) five and six instars were 
recorded for males and females, respectively (Thornton & Brits 1981), and five nymphal stages 
for East African Eurycorypha species (Hemp et al. 2013). At 20ºC, the total duration of the life 
cycle was 134 days (N=1) and the total adult duration was 68 days. At 25ºC the total adult life 
duration was 61 days, bringing the total duration of the life cycle to 140 days (N=1) (Fig. 7). 
Similar development times were observed for R. differens individuals reared under laboratory 
conditions in South Africa; with the total average duration of the life cycle being 147 days and 
the adult life duration 72 days (Brits & Thornton 1981).
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Fig. 7. Hatching dates and developmental rates for Plangia graminea reared at different temperatures (15, 20, 25ºC) in incubators at Stellenbosch University, 
Western Cape. Eggs were collected in vineyards located in the greater Stellenbosch region of the Western Cape from March – August 2013. 
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Katydid nymphs and adults 
The seasonal cycle of P. graminea and E. lesnei is graphically represented for eggs, nymphs 
and adults in Fig. 8. The collective representation of the two species, P. graminea and E. lesnei, 
was necessary since it was difficult to distinguish between the adults of the two species in the 
field. However, P. graminea was identified as the primary katydid pest. Moreover, at times when 
nymphs and adults were present at the same time, both stages were counted without distinction 
and, therefore, katydid density refers to both life stages. The reason for not making the 
distinctions between P. graminea and E. lesnei, and between nymphs and adults, was that I 
wanted to customize a monitoring method that could easily be adopted by growers. 
 
Mating was first observed in adult katydids in late December (personal observation). Egg laying 
followed soon after and continued until late austral-summer before vineyards entered the period 
of winter dormancy. In late April 2014 the leaves started to drop, and the remainder of the 
leaves were dry and brittle. Katydids were still present during May 2014, and although most 
were adults, a couple of late instars were also observed during this time. From the end of May 
2014, katydid numbers dropped to zero and from June 2014 to end of August 2014 there were 
no leaves present. Katydid eggs were largely present throughout the year. The eggs 
overwintered and represented the new generation of nymphs for the next season. Plangia 
graminea seemed to have only one generation per year, which appears to be the case for most 
species in temperate regions (Gwynne et al. 1988; Rentz 2010). 
 
Katydid nymphs hatched in spring, early in the season (mid-September 2014) at the onset of 
bud break. The nymphs developed and predominantly fed on the young foliage of the vine. 
From observations made in the laboratory, only three instars could be distinguished, as was 
also found during egg incubation experiments at different temperatures (Fig. 7). Populations 
reached a peak in early-November 2014, followed by a drastic decrease during December 
2014. The decline in population numbers may have been due to pesticide treatments in an 
attempt to supress other pest populations e.g. weevils, or extreme heat conditions experienced 
during this time (farm managers, pers. comm.). Adult katydids were first observed middle to 
late-November 2014, approximately 2 ½ months after the first instars were observed in 
vineyards, which corresponded to the time passed from first instar to adult observed in 
laboratory observations (Fig. 7). Adult katydids, being cryptic in vineyards, may also have 
attributed to lower counts during December 2014, as observers’ eyes were still untrained and 
they were more difficult to spot. After mid-December 2014 most katydids observed were adults 
(> 70% in Dec; > 80% in Jan 2015). The adults remained in the vineyard for the remainder of 
the season. 
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Fig. 8. Mean density (± SE) of katydids (Plangia and Eurycorypha spp. combined) and viable eggs in four 
vineyards located in the greater Stellenbosch area from January 2014 to March 2015. Grey zone 
represents the dormant period (no leaves) while the arrow indicates bud break. 
 
 
 

4) Monitoring system 
 
 
Leaf damage 
The immature stages of katydids feed on young leaves of the vine and later, after fruit 
set, the feeding can extend to young fruit clusters (Ferreira & Venter 1996). Adults have 
also been observed feeding on ripe berries (own observations, Fig. 9, D). The resultant 
leaf damage looks like that of Banded Fruit Weevil, P. callosus, damage (Ferreira & 
Venter 1996; and present study), especially leaf damage caused by immature katydids. 
Both katydids and weevils can start feeding on the leaf from anywhere (Fig. 10), and do 
not necessarily need to feed from the edge of the leaf inwards, contrary to the comment 
made by Allsopp (2012) that “unlike snoutbeetles, which typically feed from the edge of 
the leaf inwards, long-horned grasshoppers will start eating the leaf from anywhere.” 
However, the larger holes in the centre of the leaf and the greater extent of feeding from 
the edge of the leaf could be used to distinguish adult katydid damage from weevil 
damage (Fig. 10). However, damage caused by katydid nymphs looks very similar to 
that of weevil damage, and this may therefore not be a practical monitoring measure for 
the grower. 
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Fig. 9. Feeding damage caused by Plangia graminea in vineyards of the greater Stellenbosch area. (A) 
Adult P.  graminea feeding from the edge of the leaf inwards, (B) typical leaf damage in a vineyard, (C) 
adult P. graminea damage, (D) adult P. graminea feeding on ripe berries [Photo: Allsopp (2012)]. 
 
 

  
Fig. 10. Comparison between (A) adult Plangia graminea leaf damage and (B) Phlyctinus callosus 
damage on grapevine leaves in vineyards of the greater Stellenbosch area, Western Cape, South Africa. 
 
Leaf damage was positively and significantly correlated with the number of katydids observed (r 
= 0.222, P < 0.001; Spearman r = 0.23, p < 0.01) (Fig. 11). However, the correlation was found 
to be poor. The actual number of katydids present could have been much higher than the 
number of katydids observed, due to the cryptic and elusive nature of katydids. Moreover, leaf 
damage could potentially have been overestimated in the field due to the similarity between 
katydid and weevil damage (observed during this study), and snail damage (Ferreira & Venter 
1996). 
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Fig. 11. Scatterplot illustrating the relationship between the mean number of katydids (Plangia and 
Eurycorypha) and the percentage leaf damage observed on farms located in the greater Stellenbosch 
region of the Western Cape. 
 
Egg monitoring 
Since katydids are cryptic and difficult to spot, it could be more feasible to monitor katydid eggs 
instead of katydid adults. For this to be a practical surrogate monitoring method, however, there 
should be a significant correlation between the number of katydids observed and the number of 
katydid eggs observed (specifically viable eggs since only viable eggs will contribute to the next 
season’s katydid population). However, simply comparing the number of viable eggs against the 
number of katydids gave a poor correlation (r = -0.063, P = 0.168). This is to be expected since 
there is a lag period from the time eggs are laid to when katydids are observed. A cross-
correlation to determine the lag period between viable eggs and katydids indicated a lag period 
of 5 sampling intervals, i.e. 5 two-week intervals (10 weeks), between the time viable eggs were 
observed and when katydids were observed in the vineyards. By shifting the number of viable 
eggs 10 weeks ahead, the peak in viable egg density corresponded with the peak in katydid 
density observed in vineyards (Fig. 12). This increased the correlation between the number of 
viable eggs and the number katydids to a significant level (r = 0.404, P < 0.001) (Fig. 13). There 
was also a significant correlation between the total number of eggs (viable and non-viable 
combined) and the number of katydids, without having to adjust to the lag period (r = 0.233, P < 
0.001). Egg monitoring could, therefore, potentially be used to predict katydid populations in 
vineyards because the association was found to be significant but should be supplemented with 
further visual monitoring of nymphs and adults as the correlation was found to be poor. 
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Fig. 12. Mean katydid density (± S.E.) (Plangia and Eurycorypha spp., adults and nymphs) and the 
adjusted viable egg density (+ 5 sampling intervals, based on the Cross-Correlation Function) in 
vineyards located in the greater Stellenbosch area from March 2014 to March 2015. 
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Fig. 13. Scatterplot illustrating the relationship between the mean number of katydids (Plangia and 
Eurycorypha, adults and nymphs) and the number of viable eggs observed (Plangia and Eurycorypha), 
after lag time adjustment (+ 5 sampling intervals), in vineyards located in the greater Stellenbosch region 
of the Western Cape. 
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Acoustic monitoring 
 
Population levels can be determined within vineyards using a microphone array. Recording 
calling frequencies by placing multiple microphones in the vineyard will allow for triangulation of 
individuals and give an estimation of katydid abundance. To ensure that microphones are 
spaced far enough apart so that two microphones cannot pick up the same calling individual we 
determined the maximum distance that the microphones pick up Plangia calls. Live individuals 
were placed on an open rugby field and their calls were recorded at various distances. The 
maximum distance that the recording devices could pick up Plangia calls was 55 m. The 
microphones should therefore be placed 55 m from each other.  
 
The distance that the recording devices pick up Plangia calls was tested in three different 
vineyard blocks. We found that the travelling distance of Plangia calls varied within each block 
and also in different directions within a block.  A number of parameters may influence the 
distance that sound travel including temperature, wind, slope and the leaf density of the 
vineyard. The distance can also be increased or decreased by tuning the sensitivity of the 
recording devices; however, these settings were kept constant in order to standardize the 
experiment. The following distances were recorded in the three blocks respectively (Table 3, 
Fig. 14). 
 
 
Table 3. The distance at which Plangia calls could still be recorded in three different blocks when moving 
away from the source of the call; diagonally (along the row), downwards and upwards in the block. 
 Distance (m)  
 Diagonal Down Up *Estimated 

Area (m2) 
 

Block 1 82.5 30 15 230 
Block 2 120 25 25 395 
Block 3 120 35 30 528 
Average 107.5 30 23.3 384.3 
* The area of the acoustic range was estimated by calculating the area under the sphere drawn around 

these distances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14.  Trial site of vineyard outlay where acoustic sampling took place during April 2015. 
 
 
There was great variation in the sound area produced by the katydids, but more repetitions 
need to be done in order to determine whether the variation does play a role, along with 
measurement of various factors in these blocks, such as slope, aspect, leaf density, wind etc.  
At this stage this method was not thought to be practical enough to pursue. 
 
 

5) Biological control using pathogenic fungi 

BLOCK 1 

BLOCK 3 

BLOCK 2 
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One P. graminea individual collected in a Stellenbosch vineyard was found to be infected with 
an EPF (Fig. 15). It was identified as Metarhizium anisopliae and pure cultures of this isolate 
were sent to the National Collection of Fungi, ARC-PPRI, in Pretoria and accessioned as PPRI 
12353. Considering that M. acridum, e.g. Green Muscle®, is already being used as an effective 
mycoinsecticide against orthopteran pests in Africa and that P. graminea is susceptible to 
Metarhizium, the prospect of using this EPF as a biological control agent against P. graminea is 
attractive. 
 

 
Fig. 15. Plangia graminea female infected with Metarhizium anisopliae (EPF), collected in a vineyard in 
Stellenbosch, Western Cape. 
 
Green Muscle® Bioassay 
After four days, percentage mortality was higher for the two fungal treatments, 50% and 65% for 
the 2.5 x 104 and 5 x 104 concentrations respectively, compared to 10% and 20% for the 
TWEEN 80® and water control groups respectively (Fig. 16). However, after four days, control 
mortality escalated rapidly, with TWEEN 80® mortality even exceeding that of the 5 x 104 
concentration after day 6. The 2.5 x 104 treatment was the first to reach 100% mortality after 10 
days, followed by the TWEEN 80® control (15 days), with the water and 5 x 104 treatment both 
achieving 100% mortality after 17days. Since the bioassay was conducted relatively late in the 
season, high control mortality could be attributed to the fact that the katydids used were aged 
and may have been more susceptible when subjected to either control or fungal treatments. 
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Fig. 16. Percentage mortality of Plangia graminea adults after being treated with the commercial Green 
Muscle® mycoinsecticide and control treatments. Treatments:  ddH2O = distilled water control; TWEEN® 
80 = distilled water + TWEEN® 80 control; 2.5 x 10(4) = 2.5 x 104 spores/insect; 5 x 10(4) = 5 x 104 
spores/insect. 
 
 
Egg parasitoids 
Two species of parasitic wasps (Hymenoptera) emerged from the katydid eggs. The wasps 
emerged from the eggs by chewing a circular hole out of the egg-shell. Eggs that were 
parasitized could therefore easily be distinguished from eggs out of which katydids had hatched 
in the field and laboratory (Fig. 17 A, B). The wasps could only be identified to genus level (Fig 
18 A-C), since both genera are in need of taxonomic revision (S. van Noort, pers. comm.). One 
species belonged to the genus Anastatus (Anastatus) (Eupelminae; Eupelmidae; Chalcidoidea) 
(Fig. 18 A, B). There are two subgenera in this genus with about 25 described species for the 
Afrotropical region and many undescribed species (S. van Noort, pers. comm.). This species 
belongs to the nominate subgenus Anastatus, hence the repeat of the genus name as 
subgenus in brackets. Sexual dimorphism is extreme in the eupelmids, with females (Fig. 18 A) 
looking very different from the males (Fig. 18 B). Anastatus spp. are primary endoparasitoids of 
a wide variety of insect eggs, including Orthoptera. The other species belongs to the genus 
Baryconus (Scelioninae; Platygastridae; Platygastroidea) (Fig. 18 C). Baryconus spp. have 
been recorded as endoparasitoids of Tettigoniidae eggs. This particular species is close to B. 
africanus (Dodd), but may be one of the other described species recorded from the region, or 
more likely an undescribed species (S. van Noort, pers. comm.). 
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The parasitoids started hatching early in November and continued to emerge until early-April, 
reaching a peak in January (Fig. 19). The level of egg parasitism in the vineyards monitored 
between September 2013 and February 2014 was estimated to be ca. 22%. Surveys and 
monitoring efforts on parasitism rates of hymenopteran parasitoids of grasshopper and locust 
egg pods recorded parasitism rates ranging from <10% to >30% (Baker et al. 1996; Lockwood 
& Ewen 1997). 
 

 
Fig. 19. Mean (± S.E.) of wasps emerging from katydid eggs that were collected in vineyards in the 
greater Stellenbosch region of the Western Cape, November 2013 – April 2014. 
 

A C B 

Fig. 18. Parasitic wasps that emerged from katydid eggs. (A) Female and (B) male Anastatus 
(Anastatus) sp. (Eupelminae; Eupelmidae; Chalcidoidea); (C) Baryconus sp. (Scelioninae; 
Platygastridae; Platygastriodea). 

A B 

Fig. 17. (A) Katydid eggs from which parasitic wasps emerged; (B) Katydid egg from which katydid 
nymph emerged. 
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This indicates that these wasps are important natural control agents for katydids and their 
efficacy could be optimized by determining optimal environmental conditions. The prospect of 
using hymenopteran egg parasitoids for the control of orthopteran pests is appealing due to 
their long historical use as successful biological control agents (Lomer et al. 2001). One 
example of a hymenopteran egg parasitoid that was successfully introduced as a biological 
control agent is Scelio pembertoni Timberlake, which was imported to Hawaii for the control of 
the grasshopper Oxya chinensis (Thunberg) (Clausen 1978). 
 
 
d)  CONCLUSIONS  
This study confirmed that Plangia graminea is the primary katydid pest in Western Cape 
vineyards, constituting more than 80% of the katydid population in vineyards monitored.  
Towards the end of this study, it was demonstrated that P. graminea forms a complex of 
species and was reviewed by Hemp et al. (2015), who synonymised P. compressa (Walker) 
with P. graminea. Following this publication, therefore, it was clear that what was believed 
to be P compressa was actually Eurycorypha lesnei, which was less abundant together with 
an unidentified Phanaeroptera spp. 
 

Temporally, two peaks in katydid density – each at different life stages – were observed 
from January 2014 to March 2015. Viable egg density reached a peak in August 2014, and 
katydid density in November 2014. Utilising a cross-correlation to determine the lag phase 
between eggs and katydids visible in the canopy, these two peaks aligned well after 
adjustment for a 10-week lag time, indicating that egg monitoring could be used for early 
prediction. Furthermore, these two population peaks indicate two possible target stages 
for control measures to be applied. Firstly, hymenopteran egg parasitoids can be utilised to 
reduce the peak in viable egg density observed in winter (August), therefore, suppressing the 
pest population before damage can occur at the onset of the new season. Hatching rates of 
hymenopteran egg parasitoids, reared from katydid eggs in the laboratory, reached a peak in 
January 2014 (Fig. 18). This corresponds to the time at which adult katydids were first observed 
laying eggs during this study. Therefore, increasing the parasitic wasp population at this stage 
would increase egg parasitism rates in the vineyards, and in turn suppress the katydid 
population of the following season. Secondly, entomopathogenic fungi in the form of a 
mycoinsecticide (e.g. EPF), could potentially be used to target the second population peak in 
November. Not only is November a critical time to target this pest due to the high population 
density recorded at this time, but environmental conditions for EPF appear to be most 
favourable during this month. Environmental factors such as relative humidity, temperature and 
UV radiation have an effect on the efficacy of entomopathogenic fungi in the field (Lomer et al. 
2001). The optimum temperature recorded for Metarhizium IMI 330189 (active ingredient in 
Green Muscle®) sporulation is 25°C (Thomas & Jenkins 1997). The average maximum 
temperature recorded during November 2000-2012 was 25°C, and an average maximum 
relative humidity of 83.6% was recorded from 2008-2012 (weather data acquired from one of 
the farms monitored during this study). Therefore, environmental conditions experienced during 
the month of November appears to be favourable for the application of Metarhizium as a 
mycoinsecticide. The peak in katydid density was observed early in November. At this stage 
nymphs have not matured to adults and are still apterous and, therefore, potentially more 
susceptible to fungal infection as the wings of adult katydids could act as a barrier for fungal 
spores to reach the insect-body. 

There are many benefits associated with the monitoring of katydid eggs. Firstly, eggs are 
relatively easy to collect and species determination is possible by investigating the size and 
surface structure of the eggs (Fig. 4, 5). Secondly, egg monitoring in winter months (June – 
August) could be used as an early prediction of the expected population density for the 
following season; given the 10-week lag phase between the time eggs are observed and 
when katydids are observed in the vineyards. Furthermore, the eggs can be used as an 
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indicator of the parasitism level of katydid egg parasitoids (Hymenoptera) present in the 
vineyards. These parasitoids are important natural control agents of katydids in vineyards. 
Based on this information, growers can make more informed management decisions, therefore, 
employing more cost-effective control measures. 

In comparison with egg monitoring, monitoring leaf damage was found to be a less 
effective monitoring tool. Although there was a significant correlation between leaf damage 
and katydid density, this correlation was poor. The reason for this poor correlation could be that 
katydid density was poorly reflected by the amount of leaf damage observed, since katydids are 
well camouflaged and difficult to spot within the vine canopy. Moreover, leaf damage was 
potentially overestimated due to the similarity between katydid and weevil damage (present 
study), and damage caused by snails (Ferreira & Venter 1996).  

This study also provided the first information on the biology and ecology of P. graminea. There 
is only one generation per year, with an overwintering egg stage. The eggs are predominantly 
laid within the bark of the vines. The eggs hatch early in the season (mid-September), and 
nymph-to-adult development takes about 2 ½ months. Temperature appears to be an important 
environmental factor influencing population outbreaks, as it influences katydid development, but 
could also affect mating success of male katydids. From the laboratory study, it was found 
that low temperatures (15°C) were inadequate for katydid development, and no eggs 
hatched at 30°C and 35°C. Complete katydid development was only observed at 20°C and 
25°C, and the total duration of the life cycle recorded in the laboratory was 134 and 140 
days, respectively, at these two temperatures. 
Plangia graminea males produce chirping calls to attract conspecific females for mating. Their 
reproductive success is, therefore, closely related to their calling success. The results of this 
study recorded a significant increase in metabolic rate during calling activity of P. graminea 
males. Since calling in P. graminea males is additional to other metabolic costs involved during 
mating, including the production of a spermatophylax, and to other daily activities such as flying 
and feeding, the increased metabolic cost of calling could energetically constrain its mating 
behaviour. Furthermore, temperature has an exponential influence on the metabolic rate of an 
animal, with metabolic rate roughly doubling with a 10°C increase in temperature (Nespolo et al. 
2003; Terblanche et al. 2007; Irlich et al. 2009; reviewed in Dell et al. 2011). Elevated 
temperatures experienced in the field could, therefore, necessitate trade-offs to be made by the 
animal in terms of energy allocation towards different activities based on its daily energy budget. 
Therefore, increased temperatures could result in reduced calling activity and in turn a 
decrease in reproduction success leading to lower population levels the following 
season. This study, therefore, provides baseline knowledge that can be used in the 
development of a population prediction model based on field temperature and the metabolic 
rate of P. graminea.  Initial indications of temperature tolerances show that P. graminea did not 
develop optimally at higher temperatures (30°C and 35°C), so potentially this species will not do 
well based on current climate change predictions of increasing temperatures. 

Hymenopteran egg parasitoids appear to be important control agents that are already present 
within Western Cape vineyards. This study recorded parasitism rates of ca. 22% in 
vineyards monitored in the greater Stellenbosch region of the Western Cape. Two wasp 
species from the Anastatus and Baryconus genera were recorded during this study. A peak in 
wasp emergence was observed in January 2014 from field-collected eggs reared in the 
laboratory during this study. This corresponds to the time when adult katydids were most 
abundant and started laying eggs. The peak of wasp activity in the vineyards from January 
onwards would, therefore, target the newly laid katydid eggs and are therefore well 
synchronised with the host. These hymenopteran egg parasitoids could, therefore, potentially 
be used to suppress the katydid population of the following season. A way of employing these 
parasitic wasps in vineyards would be by means of ecological engineering, in other words, 
making the vineyards more attractive to these wasps and, therefore, increasing the natural 
populations within vineyards. Targeted field monitoring for katydid egg parasitoids in future 
studies could assess habitat preferences of these wasps. Habitat and plant characters have a 
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strong impact on the parasitism efficacy of parasitic wasps in natural systems as well as in 
biological control, and a thorough understanding of their habitat and plant preferences is key to 
the optimization of biological control programs (Romeis et al. 2005).  The search for action 
thresholds requires further research. 

An entomopathogenic fungus (EPF), Metarhizium anisopliae, was isolated from a P. graminea 
individual collected in a Stellenbosch vineyard. This isolate, accessioned as PPRI 12353 at the 
National Collection of Fungi (ARC-PPRI, Pretoria), indicates that P. graminea is susceptible to 
EPF – specifically Metarhizium. This makes the use of an EPF as a biological control agent 
against this pest attractive, also considering that Metarhizium acridum is already effectively 
being used as a mycoinsecticide against orthopteran pests in Africa (Thomas 2000; Lomer et al. 
2001). Due to high control mortality during the Green Muscle® bioassay trial (100% after 15 
days), possibly due to the fact that katydids used were aged, the results of the bioassay 
performed in this study can be regarded as inconclusive. However, these preliminary results 
indicate further research is warranted for the treatments. Future bioassays testing the virulence 
of this commercial product together with the Metarhizium anisopliae strain isolated from P. 
graminea, should be performed against different life stages of the katydids. Since EPF invade 
the host cuticle directly (Niassy et al. 2011), immature katydids would potentially be more 
susceptible to infection, as adult wings could act as a barrier. The ideal time for EPF application 
appears to be early-November, when katydid population density is at a peak and katydids are 
still apterous. Moreover, it appears that this period also coincides with favourable environmental 
conditions for EPF application. The combined utilisation of hymenopteran egg parasitoids 
and an EPF could potentially be incorporated into an IPM program for the long-term 
management of this pest, but requires further study. The wasps can be used to suppress 
the population before the new season starts (as they would target eggs laid by the previous 
generation of katydids), while EPF can be used to target population peaks early in the season, 
which could potentially be predicted through the monitoring of katydid eggs. 
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6. ACCUMULATED OUTPUTS  
 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
NA 
 
b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Popular article(s) in Winelands 
Talks at relevant growers meetings 
Fact sheet on website:  http://www.sun.ac.za/english/faculty/agri/conservation-ecology/ipm 
 
c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname Student Nationality 

Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

      

      

      

Masters Students   

M. Doubell South African MSc MSc Dec. 2017 R220 000 

      

      

PhD students   

      

      

      

Postdocs   

      

      

      

Support Personnel (not a requirement for HORTGRO Science) 
      

      

      

 
 
 
 
 
 
 
 
 
 

http://www.sun.ac.za/english/faculty/agri/conservation-ecology/ipm
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(1) 
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(2) 

Institution & 
Department 
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Project 
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P. Addison PhD - W F 
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Ecology and 
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University 
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Entomology, 
Stellenbosch 
University 
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Terblanche PhD - W M 

Conservation 
Ecology and 
Entomology, 
Stellenbosch 
University 

Coll - 

AP. Malan PhD - W F 

Conservation 
Ecology and 
Entomology, 
Stellenbosch 
University 

Co R40 
000 

PBC. Grant PhD - W M 

Conservation 
Ecology and 
Entomology, 
Stellenbosch 
University (at time 
of research period) 

Coll - 

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 
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(2017). The metabolic costs of sexual signaling in the chirping katydid Plangia graminea 
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Journal of Experimental Biology 220: 4440-4449; doi: 10.1242/jeb.160036 
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7. BUDGET 
 
TOTAL COST SUMMARY OF THE PROJECT 
 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2013 
 

    185 248 92 624  277 872 

2014 
 

    205 000 102 000  307 000 

2015 
 

    0 0  0 

 
 

        

  
        

 
 

    390 248 194 624  584 872 

 
 



Addison 30 
 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 
 

 
EVALUATION BY INDUSTRY 
 
This section is for office use only 
 

Project number  

  

Project name  

  

Name of Sub-Committee*  

 

Comments on project 

 

 

Committee’s recommendation (Review panel in the case of PHI) 

 
• Accepted. 

 
          
 

• Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

• Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 
*SUB-COMMITTEES 
 
Winetech 
Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 
Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
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