
INTRODUCTION
Grass grub (Costelytra giveni, Coca-Abia & Romero-Samper, 
2016), previously C. zealandica is an endemic scarab and 
New Zealand’s most significant pastoral pest (Dumbleton 
1942; Pottinger 1968; Ferguson et al. 2019) with infestations 
impacting on pasture productivity, persistence, and quality 
(Ferguson et al. 2019). The larvae are C-shaped, generally 
white in colour but often translucent allowing soil to be seen 
in the hindgut, with a light tan head and a horseshoe-shaped 

cluster of anal bristles. Costelytra giveni generally has a one-
year life cycle in agricultural environments, with three larval 
instars (Fenemore 1984). Based on previous observations, 
larval populations generally build up to damaging levels 
within 2–4 years after pastures are sown following 
cultivation (East & Kain 1982; Jackson et al. 1989), although 
damaging populations can also occur to older pastures  
(>4 years) (East & Kain 1982). In Canterbury, larval damage 
to pasture is most obvious in winter (May-July), but 
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Abstract
Grass grub (Costelytra giveni, Coca-Abia & Romero-Samper), is New Zealand’s most significant pastoral pest. 
A field trial conducted in 2021 found that larval densities appeared to increase over time, and this result was 
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2024 trial indicates that, overall, the ryegrass – endophyte combinations did not influence the observed larval 
densities, which is consistent with current knowledge that the endophytes used in the trial generally have 
negligible impact on larvae.
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estimating larval densities to determine potential damage 
can be undertaken in March (autumn) to anticipate the 
potential of damaging populations in April-May (Ferguson 
et al. 2019), allowing planning and implementation of 
mitigation measures before significant yield loss occur. 

In 2021, a replicated field trial was undertaken to examine 
the effect of an endophyte on sheep health parameters at the 
AgResearch research farm at Lincoln New Zealand (McNeill 
et al. 2025). This trial comprised six perennial ryegrass 
(Lolium perenne)-endophyte (Epichloë spp.) treatments: 

(1) L. perenne breeding line GA66 (diploid), without 
endophyte (E-); 

(2) GA66 infected with wild-type (WT) endophyte  
(E. festucae var. lolii (Latch, M.J.Chr. & Samuels) C.W.Bacon 
& Schardl also known as common toxic endophyte);

(3) GA66 infected with Epichloë species (LpTG-3) AR1 
endophyte;

(4) GA66 infected with Epichloë species (LpTG-3) AR37 
endophyte

(5) L. perenne breeding line (GPD (diploid) infected with 
AR37 endophyte; and 

(6) GPT (tetraploid) breeding line infected with AR37. 

This trial provided an opportunity to sample C. giveni 
larval infestations on four occasions from January to 
June. Larval densities appeared to increase over time, 
and this result was attributed to first and second instars 
being missed when soil cores were examined (McNeill et 
al. 2023). The endophytes used in the 2021 trial are not 
known to control C. giveni larval populations (Anon 2024; 
Thom et al. 2014) so data were not assessed to determine 
any effect of endophyte on larval density. The implications 
from the 2021 trial were that sampling in early autumn 
would underestimate larval densities, resulting in potential 
impacts later in autumn or winter, requiring management 
strategies to ameliorate yield losses. Another key finding 
was that damaging larval densities occurred within nine 
months of pasture establishment.

This current paper reports on a 2024 study with the 
primary aim of determining if the 2021 results were 
repeatable. Similar ryegrass-endophyte combinations 
were sown in October 2023, as part of a wider ryegrass-
endophyte study on sheep health. Plots were sampled for 
larvae on three occasions from February to June 2024. This 
study also provided an opportunity to update information on 
larval parameters, including position in the soil profile and 
head capsule widths of the three larval instars. These latter 
measurements were originally described in an unpublished 
document by Kelsey dating from 19701 (see Kain 1975, page 
8), but which appears to have been lost from the published 
literature. In addition, the possible effects of endophyte 
were examined in this later trial. 

MATERIALS AND METHODS

Site details
The trial site was located on the Bioeconomy Science 
Institute (formerly AgResearch) research farm near 
Lincoln, Canterbury, New Zealand (S43.632°, E172.469°)  
(Figure 1). The trial had a randomised block design comprising 
three replicates per treatment. All treatments occurred in 
each of the three blocks (replicates), with plots measuring  
50 m x 35 m. The soil types of the trial site were Templeton 
moderately well drained silt loam (Typic Immature Pallic 
Soils) in Block 2 (identified with a blue perimeter) and 
Wakanui imperfectly drained silt loam (mottled Immature 
Pallic Soil) in Blocks 1 and 3 (orange and green perimeters, 
respectively) (Manaaki Whenua - Landcare Research 2019), 
Figure 1. The trial area was established with perennial 
ryegrass-endophyte monocultures similar to that described 
in McNeill et al. (2023) and sown 3 to 7 October 2023. In this 
trial, the treatments were: 

(1) L. perenne breeding line GA66 (diploid), without 
endophyte (E-) – same as sown in 2021; 
(2), GA66 infected with wild-type endophyte – same as 
in 2021;
(3) GA66 infected with Epichloë species (LpTG-3) AR1 
endophyte – same as in 2021;
(4) GA66 infected with Epichloë species (LpTG-3) AR37 
endophyte – same as in 2021;
(5) GPD infected with AR37 – endophyte same as in 2021; 
and 

(6) GPD2 infected with AR37 – different strain than sown 
in 2021.

The entire trial site covered an area previously sown with 
a range of species including ryegrass-white clover pasture, 
fodder beet, chicory, plantain, and sugar beet. Adjacent 
crops including established lucerne (Medicago sativa L.) and 
onions (Allium cepa L.) are also visible in Figure 1. Additional 
ryegrass-endophyte monocultures were also sown amongst 
the treatment plots and between Block 2 and the onion crop 
in 2023, but were not part of this research. 
Following sowing, spray irrigation was applied as required, 
with applications of 10–20 mm/pass throughout October-
December 2023 to ensure good pasture establishment 
and growth. Irrigation was not applied during January and 
February 2024, to stress pastures and limit pasture growth 
as part of the wider sheep-endophyte research. Plots were 
grazed with weaned Romney ewe lambs for 30–40 days 
in January and again in May. Following the initial grazing 
period, all plots were topped on 7 March 2024 to a mean 
height of 6.1 cm (4.1–7.6 cm). Irrigation was reinstated in 
March and April 2024 with a total 85 mm applied in four 
applications supplemented by rainfall.
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Figure 1. Aerial view of trial area and adjacent crops at Lincoln, Canterbury, 13 May 2024. Orange perimeter is Block 1, blue 
perimeter is Block 2 and green perimeter is Block 3. Individual plot size is 35 m x 50 m. Google Earth Pro. Version 7.3.6.10441. 
Accessed 15 October 2025.



Grass grub sampling
Sampling for C. giveni larvae was undertaken on 16 February 
(summer), 22 April (autumn) and 11 June (winter) 2024. 
In each plot, 10 soil cores were collected using a handheld 
corer (weighing 16.6 kg), traversing each plot in a zig zag 
pattern, with 10–15 steps between cores. This pattern was 
consistent for each of the three sample dates. The core 
width was 10 cm dia. with the aim of coring to a depth of 10-
12 cm, although previous experience has shown the depth 
achieved depended on soil dryness at the time of sampling. 
The vegetation on each core was removed to soil level with 
hand shears and the core placed in a plastic bag. Cores were 
individually examined on a tray in the laboratory, with the 
soil carefully broken up by hand and larvae removed and 
counted. Prior to processing, the depth of the core was 
measured to the nearest 0.5 cm. During processing, the 
approximate depth at which larvae were found was also 
recorded by dividing the core into thirds and counting the 
number of larvae occurring in each third. Other pest species 
such as porina (Wiseana spp. Walker) larvae, root aphid 
(Aploneura lentisci (Passerini)), and pasture mealybug 
(Balanococcus poae (Maskell)) were recorded from the 
cores, although the latter two species were simply recorded 
as either present or absent. Both root aphid and pasture 
mealybug feed on ryegrass roots. 

Molecular identification of larvae
A small number of larvae collected in the June sample 
appeared smaller in size than the remaining larvae. These 
were potentially another pasture-feeding New Zealand 
scarab species, such as Odontria spp. (e.g., Odontria striata 
(White)) or Pyronota spp. (e.g., P. festiva (Fabricius)), so a 
subsample of larvae was taken for molecular identification. 
DNA was extracted from the heads of five small and four 
large larvae for molecular analysis, with individuals selected 
by visual assessment. Part of the mitochondrial COI gene 
was amplified using primers LCO1490 and HCO2198, then 
sequenced and compared with references sequences in 
Genebank for identification (N. Richards, pers. comm.).

Larval weights and head capsule widths
Individual larval weights and head capsule widths were 
recorded at each sampling occasion. Larva damaged during 
collection or subsequent processing were not weighed. 
Larvae were weighed on a balance (0.000 g, Sartorius 
Extend). Head capsule width (mm) was measured at the 
widest point of the capsule under a binocular scope (Leica 
MZ6) at 12 x magnification (1 division = 0.04 mm). 
To provide the head capsule ranges for the three instars, first 
instar larvae were collected from three of the trial plots on  
17 and 23 December 2024. This was after the February to 
June 2024 sampling and allowed for retrospective analysis 
of the larval stages found in the February, April, and June 
samples. Based on the biology of the beetle (Fenemore 1984), 
first instar can be expected to be found at this time of the 
year so offspring of adults that emerged in late spring. Soil 
samples were collected using a spade and hand sorted in the 
field with larvae collected for subsequent measurements. 

Soil moisture 
Soil moisture was measured for all plots at the three sampling 
dates. After each core was processed, a representative 
handful of soil was taken from the tray and placed into a 
plastic bag until all 10 cores were checked, after which a 
bag was sealed and kept in a chiller (4–6°C) until drying. 
Soil from each core was weighed, placed in a metal tray and 
dried at 105°C for c. 25 h, then reweighed to determine % 
moisture content. 

Statistical analyses
Analyses were carried out on C. giveni larval densities, 
position in the core profile, larval head capsule width and 
weight, soil moisture, and comparison of the core depths 
taken at each sample date. Three linear mixed models 
(LMM) were used to analyse C. giveni larval densities at each 
sampling date, overall larval density trends over the three 
sample dates (average of ryegrass – endophyte treatments), 
and soil moisture. In each analysis, comparison of the factors 
(sampling date, treatment, replicated plot block) was made 
using the Fisher’s least significant difference (LSD) method. 
LMM and larval weight analyses were carried out with SAS 
(version 9.4), while larval head capsule measurements were 
analysed with statistical software Minitab (version 21.3). 
Soil core depth, and the relationship between larval density 
and soil moisture were analysed using Genstat (Genstat 23), 
and position of larvae in the core profile analysed using R 
(Version 4.3.2). 

Overall density trend across all treatments 
Larval densities per plot were analysed with a single common 
trend of mean density across all six ryegrass – endophyte 
treatments over three sampling dates. The densities were 
loge(x+1) transformed and the same random effect matrix 
as the previous LMM analysis was used. The fixed effect 
was, however, a single numerical variable of sampling days, 
which was calculated from the beginning of year 2024; 
i.e., 46, 112 and 162 days for 16 February, 22 April and  
11 June, respectively. 

Soil moisture 
For soil moisture, the LMM used an autoregressive 
covariance matrix as random effects. The fixed effects were 
sampling date and replicated plot block factors, including 
their interaction effects, due to the interest of analysis being 
comparison between three replicated plot blocks, rather 
than between ryegrass – endophyte treatments. 

Larval head capsule widths and weights
Instars were categorised based on Dyar’s rule (Dyar 1890) 
that head capsule widths of instars follow a geometric 
progression in growth. Mean head capsule widths were 
determined by fitting a normal mixture model as described 
in Goldson et al. (2001). The normal mixture model was a 
mixture of three Gaussian curves, with each of these curves 
representing the distribution of head capsule width of each 
instar. Larvae collected in December 2024 were included to 
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determine the range of head capsule widths for each instar, 
but excluded when calculating the percentage of the three 
instars occurring on 16 February, 22 April, and 11 June. 
To examine the effect of ryegrass – endophyte treatment 
on larval instar development, larval head capsule width 
using regression was used for both the 22 April and 11 June 
cohorts. Treatment comparison was not made for samples on 
16 February, due to insufficient number of larvae recovered 
across all plots to allow for meaningful analysis. Mean and 
SEM of larval weight were calculated for each instar. 

Soil core depth, and the relationship between larval 
density and soil moisture
Across the three sample dates, core depth was compared 
by ANOVA, with sample date comparisons made using the 
Fisher’s least significant difference (LSD) method. The 
relationship between larval density and soil moisture was 
investigated in linear regression analysis where density was 
regarded as the dependent variable and the moisture as a 
single explanatory variable. The resulting residual plots did 
not show violation of regression analysis assumptions, and 
no transformation was required on the density values for 
analyses. 

Comparison of larval depth (position) between sampling 
dates
Position of larvae in the core profile at each sampling date was 
classified into three depth sections: top third, middle third or 
lower third. Position data were analysed and compared using 
a generalised linear model (GLM) with Poisson distributions 
through a log link function. This Poisson-log GLM consisted 
of two factors: sampling date (Date) and larval position 
(Position), as well as their interaction Date-by-Position.  
The GLM analysis was carried out with the glm() function 
in R.

Density by ryegrass – endophyte treatments
Larval counts of the 10 soil cores taken from each plot 
were summed to calculate the total count for the plot, 
then converted into densities (number m-2) based on core 
area (0.007854 m-2). Prior to LMM analysis, the densities 
were loge(x+1) transformed to stabilise variation, and 
to approximate their distribution closer to a normal 
distribution. The addition of 1 to the densities was required 
to account for observed zero densities in the analysis. 
The analysis modelled correlation among the repeatedly 
measured densities over three sampling dates as random 
effects, by an unstructured covariance matrix. The fixed 
effects were factors of ryegrass – endophyte treatment and 
sampling date, including their interaction for comparison, as 
well as the effects of the replicated plot blocks. 

Larval weights in relation to ryegrass – endophyte 
treatments
Individual C. giveni larval weights taken from each plot 
were averaged to calculate the mean weight per plot, then 
compared between treatments within each sampling date, 
as well as across sampling date within each treatment 
using ANOVA. The ANOVA consisted of a single factor  

DateTreatment (DateTrt), which was a combination of 
sampling date and treatments. The DateTrt factor, instead 
of the separate two factors, was required due to one 
treatment (GPD2 AR37) having no larvae across all three 
replicates on 16 February, resulting in its exclusion in the 
analysis. Consequently, the DateTrt factor had 17 levels  
(= 5 treatments + 6 treatments x 2 replicates). The replicate 
block effects were not included in the analysis, because the 
DateTrt factor was not balanced between the three blocks. 
Within the ANOVA, subsequent ryegrass – endophyte 
treatment comparisons, and sampling date comparisons 
were made using the LSD method.

RESULTS and DISCUSSION

Larval density

Overall density
For larval density, there were statistically significant 
effects of sample date, ryegrass-endophyte, and replicates 
across the trial. Overall, from February to April 2024,  
C. giveni larval populations showed an apparent increase in 
density when averaged across all treatments, with a mean  
(± SEM) of 38.2 ± 9.3 and 82.1 ± 19.3 larvae m-2, respectively 
(P<0.01) (Figure 2, Supplementary Table 1). The June 
sample showed only a modest increase in mean density 
across all plots to 84.9 ± 15.3 larvae m-2 in comparison to 
the April sample (Figure 2) and was not significant (P>0.05). 
This result was due to declines in densities in six of the  
18 plots in the June sample (Supplementary Table 1). 
Overall, densities in replicate Block 3 were significantly less 
than in replicate Blocks 1 and 2. The presence of damaging 
larval population in plots six months after cultivation and 
sowing is interesting, with signs of plant yellowing evident 
in April (Supplementary Figure 1). 

Effect of block (replicate)
There was a significant replicate block effect (P<0.001), 
with generally low populations found in Block 3 (replicate 
3) plots. When data from this replicate block were excluded, 
there was still the apparent increase in density, but that 
increase was no longer significant, due to the reduced 
replicate number from 3 to 2 (Supplementary Figure 2). 

Effect of soil moisture
There was no relationship between larval density and soil 
moisture on all three sampling dates (P>0.10).

Effect of ryegrass – endophyte treatment
In February, larval densities were low across all plots, with 
significant differences between endophyte treatments 
(GA66 E-, GA66 WT, GA66 AR1 and GPD2 AR37) compared 
with GPD AR37 where no larvae were recovered (P 0.011 – 
P 0.048). In April, mean larval densities in the GA66 AR37 
plots were significantly lower than GA66 E- (P=0.025) and 
GA66 WT (P=0.027). This trend continued through to June, 
with mean larval density for GA66 AR37 being significantly 
lower than GA66 E-, GA66 WT or GPD2 AR37 (Table 1). 
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GA66 AR37 densities were also lower than either GA66 AR1 
or GPD AR37, but not significantly. For GPD AR37, mean 
densities showed a significant increase across the February, 
April and June sampling dates from 0, 59 ± 30.6 and 81 ± 
40.4 larvae m-2, respectively. 

Although differences in densities were observed within 
sample dates and amongst the six treatments (Figure 2), 
the overall increase in larval densities across all treatments 
over the three sampling dates was approximately linear 
on the log-transformed scale and significant (F1,17 = 8.45, 

P=0.010) (Figure 3). The back transformed equation from 
the Loge(Density+1) scale was: Density (m-2) = exp(2.979 + 
0.0106*Days) - 1. 

Cores and larval depths
Mean  soil-core depths (cm ± SEM) achieved for 16 February,  
22 April and 11 June, were 9.95 ± 0.10, 14.33 ± 0.12, and 13.39 
± 0.11, respectively. These depths were significantly different 
among the three sampling dates (F statistic = 440.04, df=2 
& 528: P<0.001), and significantly different (P<0.05) when 

Figure 2. Mean C. giveni larval density (m-2 ± SEM) for each of the six ryegrass –  endophyte treatments measured at Lincoln 
on 16 February (summer), 22 April (autumn), and 11 June (winter) 2024. Data from all three replicates.

Table 1. Mean C. giveni larval density (m-2  ± SEM) across all sampling dates (16 February, 22 April and 11 June 2024) for six 
ryegrass – endophyte treatments. For each sample date, treatments that share a common letter do not differ significantly at 
the 5% significance level. 

Treatment Sampling Date
16 February 22 April 11 June

Mean (± SEM) Letters Mean (± SEM) Letters Mean (± SEM) Letters
GA66 E- 55.2 ± 29.7 a 148.6 ± 71.4 a 93.4 ± 41.8 a
GA66 WT 51.0 ± 19.5 a 110.4 ± 59.9 a 93.4 ± 34.8 a
GA66 AR1 38.2 ± 19.5 a 84.9 ± 43.1 ab 97.7 ± 56.2 ab
GA66 AR37 29.7 ± 23.6 ab 21.2 ± 11.2 b 38.2 ± 22.1 b
GPD AR37 0 b 59.4 ± 30.6 ab 80.7 ± 40.5 ab
GPD2 AR37 55.2 ± 33.2 a 67.9 ± 50.1 ab 106.2 ± 47.9 a
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comparing between dates. For the 16 February sample, dry 
soil meant it was difficult to consistently achieve the desired 
depth (10-12 cm). There were no treatment effects.
Analysis of larval position in the core profile, by sample 
date, indicated a weak level of overall interaction between 
these two factors (P=0.094), suggesting some positional 
differences across the three sampling dates. Pair-wise 
comparisons of sampling dates for each position, showed 
that for the 16 February (summer) sample, significantly 
fewer larvae occurred in the lower third of the profile, 
compared to the 22 April (autumn) and 11 June (winter) 
samples (Z statistic=2.35: P=0.019 and Z statistic=2.57: 
P=0.010, respectively) (Table 2). In April, larvae occurred in 

the top third of the core, with fewer in the middle third of 
the core, relative to the other sample dates. By comparison, 
on 11 June, a significantly smaller proportion of larvae were 
found in the top third of the profile in comparison to the  
16 February and 22 April samples (Z statistic=4.50: P<0.001 
and Z statistic=5.22: P<0.010, respectively). In February, 
larvae were positioned towards the surface which may 
reflect location of egg emergence and subsequent feeding 
in the root zone (Pottinger 1968). By June (winter), larvae 
tended to be lower in the soil profile, possibly in response to 
colder soil temperatures in the top 1–5 cm of soil, but also to 
pupate (Kain 1975; Fenemore 1984). 

Figure 3. Mean C. giveni larval density (m-2 ± SEM) across six ryegrass – endophyte treatments measured at Lincoln on  
16 February (summer), 22 April (autumn), and 11 June (winter) 2024. Mean trend (red line) was estimated from the linear 
mixed model analysis containing a numerical day variable as a fixed effect, then back-transformed to provide densities per 
m2. The black broken lines indicate the 95% confidence interval of the mean trend, also back-transformed. Data for all three 
replicates.

Table 2. Percentage of larvae occurring in the core profile at each sample date. Dates that share a common letter within each 
position do not differ significantly at 5% significance level. Numbers in brackets are total larvae occurring in each third of the 
soil core.

Sampling date Core Profile Position
Top Middle Lower

% count Letter % count Letter % count Letter
16 February 67.7 (23) a 25.8 (8) b 6.5 (1) b
22 April 69.7 (75) a 19.3 (21) c 11.0 (12) a
11 June 54.2 (62) b 34.2 (39) a 11.7 (14) a



Molecular identification of larvae
In the June sample, it was also noticeable that there was a 
cohort of second instar larvae considerably smaller than the 
bulk of larvae measured (Figure 4). These smaller larvae 
represented c. 11% (10/86) of the total number measured. 
It was initially suspected that these larvae were another 
New Zealand scarab species. However, molecular analysis 
showed that all nine sequences were identical and a 98.5% 
match to C. giveni sequences from a Lincoln reference 
collection (N. Richards, pers. comm.). In the light of these 
results, it is now assumed that there were two distinctive 
cohorts of C. giveni present. This observation may reflect 
the arrival of a late emerged population of adults (Fenemore 
1984) that had flown into the trial area, with establishment 
of a further cohort of larvae. Alternatively, there was a subset 
of larvae with delayed development due to limited nutrition. 

Head capsule widths and weights
Mean head capsule widths (mm ± SEM) for the first, second 
and third C. giveni instars were 1.21 ± 0.04, 1.96 ± 0.11 and 
3.00 ± 0.13 mm, respectively (Table 3). The corresponding 
mean larval weights (mg ± SEM) for first, second and third 
instar larvae were 11.2 ± 2.72, 48.2 ± 4.63, and 167.7 ± 3.23 
mg, respectively.
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Mean (± SEM) and median larval weights for the February 
sample were 45 ± 3.6 mg (n=47) and 43.0 mg, respectively. 
By April, the mean (± SEM) and median larval weights 
were 160 ± 5.7 mg (n=75) and 171 mg, respectively. Larval 
weights in June were little changed, with mean and median 
weights of 160 ± 5.6 mg (n=86) and 171 mg, respectively. 
In the February sample, one larva was heavier than the 
remaining larvae, and when plotted using a box plot and 
whisker graph, was a distinct outlier (Figure 4). This was 
not identified, but potentially a larva from an early cohort of 
eggs laid in November. 

In February, first instar larvae represented c. 8% of the 
larvae recovered, with the greatest proportion being second 
instar larvae (c. 79%). In April, the percentages of second 
and third instars were c. 4% and 96%, respectively, while in 
the June sample, the percentages of second and third instars 
were c. 11% and 89%, respectively. Fewer 3rd instar larvae 
were recovered from GA66 AR37 plots across both April and 
June (total 10) compared to the other treatments, although 
the reason is unclear.

A comparison of head capsule widths of larvae collected 
from the respective ryegrass – endophyte treatments, in 
either April or June, showed no significant differences. The 
head capsule ratio between first and second instars was 1.619 

Figure 4. Boxplot and whisker graph showing C. giveni larval weight (mg) distribution for the 16 February (summer), 22 April 
(autumn) and 11 June (winter) 2024 samples. Each box plot shows the mean (x), median (line), first and third quartile limits, 
and the whiskers indicate the upper and lower 1.5 x the interquartile range. Points outside whiskers are outliers.

Larval Instar Mean width (±SE) Min. width Max. width N
First 1.21 ± 0.04 1.09 1.27 35

Second 1.96 ± 0.11 1.71 2.25 54
Third 3.00 ± 0.13 2.67 3.33 206

Table 3. Estimated C. giveni larval mean head capsule width (mm ±SEM) by instar, with minimum (Min) and maximum (Max) 
widths, and number (N) measured.
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and between second and third instars was 1.531. This result 
differs from Dyar’s (1890) general prediction that successive 
instar head-capsule widths increase geometrically in a 
ratio of about 1.4 from stage to stage. However, Dyar’s Rule 
can be viewed as a generalisation and affected by variable 
instar duration (Richards 1949), and insect taxa and sex 
(Hoshizaki 2020). While the head capsule widths reported 
here provide a guide to categorising the three larval instars, 
variation in widths can be expected based on region, soil 
type, plant species and soil moisture. For instance, McNeill 
et al. (2021), found that season, endophyte and host grass 
species had a significant effect on larval head capsule widths 
of Argentine stem weevil, Listronotus bonariensis (Kuschel). 

Relationship of larval weight to head capsule width
Larval weight showed a general correlation with head 
capsule width for the February sample, with a simple 
linear regression equation of y = 13.638x + 1.4112,  
R2 = 0.599. The April and June relationships were best 
explained by polynomial equations, with the April dataset 
having a relatively poor correlation between larval weight 
and head capsule width (y = -37.334x2 + 13.895x + 1.6814, 
R2 = 0.388). For June, the relationship was stronger and 
given by the equation y = -29.744x2 + 14.015x = 1.468,  
R2 = 0.809. 

Larval weights in relation to ryegrass – endophyte 
treatments
In general, there were no consistently significant differences 
in relation to ryegrass-endophyte combinations even though 
mean larval weights did vary across treatments. Both the 
February and June samples showed no significant ryegrass 
– endophyte effects. The exception was the April sample, 
where larvae collected from the GPD AR37 treatment, 
weighed significantly less than the GA66 E- (P=0.009), 
GA66 WT (P=0.008) and GPD2 AR37 (P=0.029) treatments  
(Table 4). The GA66 AR37 treatment was also significantly 
different than all the others, but with only one larva 
measured, this result can be ignored. Overall, while larval 
weights were statistically different amongst treatments for 
22 April 2024, the effect was not strong. 

Other insect pests
The incidence of the other key ryegrass pests was very 
low. Porina (Wiseana sp.) caterpillars were first detected 
in the April sample with a 4.4% (8/180 cores) incidence, 
and again in June (3.9%, 7/180 cores). On both April and 
June sampling dates, porina caterpillars were found in all 
treatments except GPD2 AR37, while treatment GA66 WT 
generally had a higher prevalence of caterpillars compared 
to the other treatments. Pasture mealybug (B. poae) 
were also first detected in the April sample with a 1.7%  
(3/180 cores) incidence but were not detected in June. Root 
aphid (A. lentisci) was first detected at low levels in June and 
again at a very low incidence of 1.7% (3/180 cores). 

Soil moisture
Mean (± SEM) soil moisture measurements for the three 
sample dates and each replicate are shown in Table 5. 
Moisture levels were significantly lower in February than 
April and June, with LMM analysis showing a significant 
sample date effect (P<0.001). There was also a significant 
replicate plot block effect (P<0.001) in June, with Block 
2 plots being significantly lower than either Block 1 or 
Block 3 (P<0.001 and P=0.002, respectively). This result is 
potentially due to the superior drainage of the Templeton 
silt loam (Block 2) in comparison to Wakanui silt loam 
(Blocks 1 and 3). A non-significant sample date by replicate 
interaction effect confirmed that sample date effects and 
replicate block effects are independent and additive, 
regardless of each other. 

Comparison with the 2021 trial
The apparent increase in larval density was consistent with 
that observed in 2021 (McNeill et al. 2023). However, the 
strength of the trend was not as strong as that found in 2021. 
Low densities in six of the plots were attributed to mortality 
between the April and June 2024 sample dates. These 
declines were possibly due to either entomopathogens 
known to cause premature mortality in C. giveni larvae 
(Glare et al. 1993), larval combat (Wightman 1974), or bird 
predation (East & Pottinger 1975).

16 February 22 April 11 June
Treatment Mean ± SEM Letters Mean ± SEM Letters Mean ± SEM Letters

GA66 E- 45.53 ±    1.86  (11) a 169.73 ±   4.21 (22) a 185.30 ± 12.90   (18) a
GA66 WT 40.70 ± 12.90  (11) a 170.23 ±   4.68 (21) a 181.93 ±   9.93   (12) a
GA66 AR1 51.50 ± 14.00   (6) a 159.55 ±   4.35 (14) ab 181.85 ±   6.35   (14) a
GA66 AR37 36.00 ±   2.00   (7) a 38.00 ±   0.00   (1) c 170.50 ±   0.00     (4) a
GPD AR37          ̶  (0) 131.40 ± 21.60   (9) b 178.46 ±   3.74   (11) a
GPD2 AR37 60.65 ±   2.85 (12) a 165.55 ±   8.45   (8) a 173.68 ±   7.68   (16) a

Table 4. Mean C. giveni larval weight (mg ± SEM) for each of the six ryegrass – endophyte treatments measured at Lincoln on 
16 February (summer), 22 April (autumn) and 11 June (winter) 2024. For each sample date, treatments that share a common 
letter do not differ significantly at the 5% significance level. Numbers in brackets are number of larvae measured.
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General discussion
The increase in larval densities across the three 2024 
sampling dates was reasonably linear, with the back-
transformed overall trend to describe the mean change 
in estimated C. giveni larval densities being given by the 
equation Density (m-2) = exp(2.979 + 0.0106*Days) - 1. The 
pattern of C. giveni infestation across the trial indicated 
that overall, the ryegrass-endophyte combinations did not 
influence the observed densities despite some significant 
differences at specific dates for GA66 AR37. This overall 
result is consistent with current knowledge that the 
endophytes (AR1 and AR37) used in the trial generally have 
negligible impact on larvae (Anon 2024; Thom et al. 2014; 
Hewitt et al. 2021). Previous field studies have also been 
ambiguous with regard to endophyte and larval interactions. 
A four-year field study in Waikato, New Zealand found that 
population build up was lower under AR37, compared to 
E-, AR1 or wild-type endophyte ryegrass pastures (Thom 
et al. 2014). By comparison, McNeill et al. (2025) found 
the opposite result. These different results are possibly 
related to unique plant spectral signatures of the ryegrass-
endophyte combinations, influencing orientation of adults 
during dispersal flights, and subsequent egg laying (McNeill 
et al. 2025). 

Costelytra giveni have a relatively low fecundity of 10-
30 eggs/female (Kain 1975; Fenemore 1984; Barratt et al. 
1990). Following mating, females lay most of their eggs near 
the point of emergence from the soil, before flying further 
afield to feed and infest new sites (Fenemore 1984; Feguson 
et al. 2019). Therefore, the accepted view is that infestations 
remain localised with only a slow rate of spread (Fenemore 
1984; East & Kain 1982; Barratt et al. 1990), and buildup 
of populations to damaging level at new sites occurs over 
several years. This study, and the earlier work at Lincoln 
(McNeill et al. 2023), indicates that populations are achieving 
damaging levels within six months of pasture establishment. 
Townsend et al. (1993) showed a correlation between 

larval densities measured in August and September with 
November (spring) rainfall in the previous year. In this trial, 
rainfall along with irrigation to aid ryegrass establishment, 
occurred over the period when egg laying and first instar 
eclosion occurred, thereby favouring larval establishment. 
The theory that a resident population of larvae was present 
in the putative trial site prior to establishment and survived 
cultivation, with adults then emerging to oviposit in plots 
was discounted as previous studies have shown very high 
larval mortality (≥ 90%) under spring ploughing and 
cultivation (Kain & Atkinson 1970; Stewart 1986).

The 10 cm corer used in this experiment is convenient 
and efficient in the collection of soil samples, compared to 
digging spade squares. However, achieving a desired depth 
of 10 – 12 cm, was problematic in summer, which reflected 
the hardness of the soil. A tractor-mounted corer would 
achieve the desired depths but is more time consuming to 
operate, and financially costly compared to the hand corer. 
Mitigating concerns regarding missing larvae in the profile 
in February was that overall, 68% of larvae were recovered 
from the top third of the cores. 

Overall, farmers and farm advisors need to be aware that 
sampling in February through to April may underestimate 
C. giveni larval densities occurring in late autumn, winter, 
and confirms the outcomes of the 2021 research (McNeill 
et al. 2023). Furthermore, larval populations may cause 
significant damage and yield loss within six months of 
pasture establishment. Data on larval head capsule widths 
and weights of the three instars provides a useful reference 
for further comparative research on this high impact insect 
pest. 

CONCLUSIONS
The key outcomes of this research were that timing of 
sampling can result in significantly different C. giveni larval 
density estimates and damaging populations can arise 
within six months of pasture establishment. Overall, there 
was no clear effect of endophyte type on larval density.
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Table 5. Mean (± SEM) soil moisture (%) for cores collected 
on the three sample dates in 2024 at Lincoln. Replicates that 
share a common letter within the same sample date are not 
statistically significantly different at 5% significance level.

Sample date Replicate Mean ± SEM % 
soil moisture

Letter

16 February 2024 1 10.11 ± 0.41 a
2 9.01 ± 0.52 a
3 10.12 ± 0.23 a

22 April 2024 1 16.82 ± 0.50 a
2 15.75 ± 0.45 a
3 16.27 ± 0.46 a

11 June 2024 1 16.94 ± 0.36 a
2 14.61 ± 0.21 b
3 16.58 ± 0.40 a
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SUPPLEMENTARY INFORMATION

Supplementary Table 1. Mean C. giveni larval density (m-2) for each replicate and each sampling date (16 February, 22 April 
and 11 June 2024) for the ryegrass – endophyte treatments. 

16 February 22 April 11 June
Treatment Replicate Density (m-2) Density (m-2) Density (m-2)
GA66 E- 1 63.7 229.2 114.6

2 50.9 178.3 152.8
3 0 12.7 12.7

GA66 WT 1 76.4 229.2 140.1
2 63.7 63.7 114.6
3 12.7 38.2 25.5

GA66 AR1 1 50.9 140.1 203.7
2 63.7 114.6 76.4
3 0 0 12.7

GA66 AR37 1 76.3 25.5 38.2
2 0 38.2 76.4
3 12.7 0 0

GPD AR37 1 0 76.4 114.6
2 0 101.9 127.3
3 0 0 0

GPD2 AR37 1 114.6 165.5 191.0
2 50.9 38.2 101.9
3 0 0 25.5

Supplementary Figure S1. Grass grub (C. giveni) larval damage as indicated by yellowing of pasture (red arrows). Lincoln, 
16 April 2024. Photo: Mark McNeill.
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Supplementary Figure S2. Mean C. giveni larval density (m-2 ± SEM) across six ryegrass – endophyte treatments from 
replicates 1 and 2 only, measured at Lincoln on 16 February (summer), 22 April (autumn), and 11 June (winter) 2024. Mean 
trend (blue dotted line) was estimated from the linear mixed model analysis containing a numerical day variate as a fixed 
effect, then, back-transformed to provide densities m-2.


