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RESEARCH ARTICLE

The number of larval instars in the flax weevil (Anagotus
fairburni) (Coleoptera: Curculionidae)
William D. Brockelsby a, Colin M. Miskelly b, Travis R. Glare c and
Maria A. Minor a

aSchool of Natural Sciences, Massey University, Palmerston North, New Zealand; bMuseum of New Zealand
Te Papa Tongarewa, Wellington, New Zealand; cFaculty of Agriculture and Life Sciences, Lincoln University,
Lincoln, New Zealand

ABSTRACT
The flax weevil Anagotus fairburni is a large flightless beetle, that is
one of the members of the endemic insect ‘megafauna’ of New
Zealand. It is a protected species that currently persists only on
predator-free islands or in remote and difficult to access alpine
areas. Little is documented about the ecology of the flax weevil.
In this study we estimated the number of instars in the
A. fairburni life cycle by measuring the head capsule widths of
larvae collected in the field on Mana Island Scientific Reserve. We
used kernel density function estimates to predict average head-
capsule widths and the number of larval instars. We then used
Brooks-Dyar’s law on the head capsule width data and analysed
Brooks and Crosby indexes to refine the estimated number of
instars based on imperfect data. Results from sampling of 86
larvae suggested four instar groupings, but further analysis based
on Brooks-Dyar’s law found that A. fairburni likely passes through
6 or 7 larval stages prior to pupation, with some uncertainty for
smaller instars. Our method provides new data on ecology of an
endemic species and provides a framework for further work
on similar endangered species where data is imperfect or difficult
to gather.
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Introduction

With adults measuring just over 2 cm long, the flax weevil Anagotus fairburni (Brookes
1932) (Curculionidae: Aterpini) is a large flightless beetle that is one of the many extant
members of the weevil ‘megafauna’ of New Zealand (Figure 1). The flax weevil is one of
the few insect species that is fully protected under the Wildlife Act 1953 (Miskelly 2014),
and is dependent on flax plants (Phormium spp.) for its survival during all stages of its
life cycle; the adult beetles feed on flax leaves, while larvae develop underground,
feeding on and within flax rhizomes (Gourlay 1931). Due to predation by introduced
mammals, populations of flax weevil persist only on predator-free islands or in alpine

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author
(s) or with their consent.

CONTACT William D. Brockelsby williambrockelsby@gmail.com; Maria A. Minor m.a.minor@massey.ac.nz

NEW ZEALAND JOURNAL OF ZOOLOGY
https://doi.org/10.1080/03014223.2023.2251898

http://crossmark.crossref.org/dialog/?doi=10.1080/03014223.2023.2251898&domain=pdf&date_stamp=2023-09-14
http://orcid.org/0009-0000-2182-2917
http://orcid.org/0000-0001-8789-3208
http://orcid.org/0000-0001-7795-8709
http://orcid.org/0000-0003-2095-5456
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:williambrockelsby@gmail.com
mailto:m.a.minor@massey.ac.nz
http://www.tandfonline.com


areas, which can be remote and difficult to access for research purposes (Gibbs 2009;
Towns 2009).

A small population of A. fairburni was translocated to Te Mana o Kupe ki Aotearoa
(Mana Island Scientific Reserve), an action recommended as part of the Mana Island Eco-
logical Restoration Plan (Miskelly 1999). The translocated weevils were gathered from Te
Pākeka/Maud Island Scientific Reserve and were moved in two batches, the first in 2004
(80 adult weevils) and the second in 2006 (a further 70 adult weevils). In both 2004 and
2006, weevils were released at the same location near the southern end of Mana Island
(Department of Conservation 2006). Mana Island proved an ideal habitat for these
weevils; in less than 10 years they had proliferated beyond what had been seen before
in any other translocated population, greatly outnumbered their original source popu-
lation on Te Pākeka/Maud Island. The population increased to the point they caused
the collapse of flax plants near the weevil release site on Mana Island (Miskelly 2013).
There is a concern that widespread loss of flax habitat might seriously impact the gold-
stripe gecko,Woodworthia chrysosiretica (Robb, 1980) on the island, and possibly lead to
a substantial population decline. Mana Island is the stronghold for this gecko (Flannagan
2000; Miskelly 2023). Concerns were also raised for native birds on Mana Island which
use flax nectar and seeds, such as tui, Prosthemadera novaeseelandiae (Gmelin, 1788),
korimako Anthornis melanura (Sparrman, 1786) and yellow-crowned kakariki, Cyanor-
amphus auriceps (Kuhl, 1820).

Very little is documented about the ecology of the flax weevil; what little is known
comes from captive weevils raised in the 1930s when the species was first discovered
(Gourlay 1931). Originally described as Phaeophanus fairburni, this beetle was found
on a track on Rangitoto ki te Tonga/D’Urville Island by Miss R. F. B. Huffam of

Figure 1. An adult flax weevil Anagotus fairburni, Pororangi/Mt Stokes, Marlborough Sounds, New
Zealand, 2018.
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Richmond, Nelson, in January 1931. Two days later Ernie Fairburn (an amateur ento-
mologist from Whangarei) figured out the host association, finding the weevil on a
flax plant, and together with Edwin Gourlay, they collected several specimens which
formed the basis for the original description (Brookes 1932). Gourlay’s original
account of the discovery of the weevil in 1931 is also one of the only detailed published
records of the life history the weevil. Gourlay (1931) described the ‘injurious effects’ of
weevil on the flax of D’Urville Island and documented his observations of the 100+
captive weevils that he took back to the Cawthron Institute in Nelson. He described
their nocturnal feeding habits, provided descriptions of the egg, larval, and pupal
stages, as well as observations on their preferred oviposition sites.

Gourlay (1931) provided a description (but not measurements) for the first instar larva
of the flax weevil, gave average body length measurements for the largest larval instar
(19 mm) and the pupa (16 mm), but made no estimate for the number of larval stages
that the species may have.

Understanding the life history of an insect is essential for forecasting future abun-
dances and for developing successful control programs. In the flax weevil, the number
of larval instars and the mean head capsule widths for instars are not known, which
makes instar determination in the field difficult. Knowing instar ratios in the larval popu-
lation could be used for predicting future population size, and for control strategies, as
larvae may be a more vulnerable life stage than adults.

We investigated how many instars the weevil goes through before becoming an adult,
by excavating larvae from the bases of flax plants, measuring their head capsule widths,
and applying the Brooks-Dyar rule. Based on previous work on large New Zealand
weevils (McBurney 1976; Schops 1998), we had expected 5–6 instars in A. fairburni.

The Brooks-Dyar rule, also known as Dyar’s rule (Crosby 1973) states that the sclero-
tised parts of an insect follow a linear geometric growth pattern during development
(Brooks 1886; Dyar 1890). There is a wealth of literature generated across a range of
insect taxa that have used this rule to develop a deeper understanding of their life
history (Hawking and New 1996; Ahmad and Nabi 2012; Ramaiah 2018; Ferreira-
Keppler et al. 2019; Kondur and Şimşek 2021). This rule is particularly useful when
data is difficult to gather or incomplete, as the theory enables inferences from imperfect
data (Skuhrovec et al. 2019). Not all species conform perfectly to the Brooks-Dyar rule
(Elmes 2001; Lackmann 2018); however, it is widely used in entomology and other
related sciences. While the gold standard for instar determination is to use morphology
and chaetotaxy (May 1977; May 1993; Gosik et al. 2016), working with protected animals
in nature reserves places limitations on what can be done. It is also difficult to use fine
morphology in field conditions, as we wanted a comparatively simple measurement
that non-specialist workers could use in the field.

Methods

Sampling of larvae

Sampling was carried out at the southern end of Mana Island in September 2019. Ana-
gotus fairburni larvae were extracted from twelve flax plants by uprooting and lifting
whole rosettes of heavily damaged flax and methodically searching the roots, rhizome,
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and the bases of leaves for larvae burrowing into the plant tissue. We first uprooted a
rosette, then searched the root, and then searched each flax fan by peeling off one leaf
at a time. Heavily damaged flax plants were targeted both for convenience (as flax
heavily damaged by weevils is severely weakened and easy to excavate, in comparison
to healthy plants) and to yield large numbers of larvae.

Identification of the larvae was based on the description provided by Gourlay (1931),
with the number of larvae found on each flax plant recorded. For large larvae, head
capsule widths were measured in the field using electronic field callipers accurate to
0.1 mm, and larvae were returned to the soil at the base of flax plants. Three head
capsule widths measurements were taken using the callipers for each ‘large’ larva and
an average generated from those three measurements was recorded. The small larvae
were preserved in 70% ethanol and transported to Massey University, Palmerston
North. They were then measured (using a dissecting microscope imaging system with
the Olympus CellSens software) and the head capsule widths recorded to the nearest
0.01 mm.

Data analysis

Data analysis followed the methods described by Sukovata (2019). All analysis was done
in R Studio 3.6.1, using the packages: stats, ggplot2, and nlstools. Following Sukovata’s
(2019) methodology, we used the collected head capsule data to generate histograms
and visually review the data to hypothesise expected peaks of the various instar sizes
present in our samples. After reviewing the histogram, we then followed approach 2 in
Sukovata (2019), using the data to generate a kernel density estimate (KDE) function
(Sukovata 2019, p. 3). While a variety of kernel functions exist, we used the normal
(Gaussian) distribution function, where the KDE peaks correspond to the means of
head capsule width in instars. Multiple bandwidth values were compared, with final
values chosen for goodness of fit. KDE analysis was undertaken using the density func-
tion from the stats package.

After fitting the KDE with appropriate bin widths, the KDE peaks were used to gen-
erate the mean head capsule size of each detected larval instar. This mean value was then
used as a starting value to fit a non-linear squares (NLS) model to head data using the
nlstools package. The NLS fits a Gaussian curve to each instar KDE peak, producing esti-
mates of mean and standard deviation for the head sizes in all instars. Finally, the result-
ing estimates of mean head width for each instar were plotted, with linear and ln
regression fitted to test for the overall adherence to the Brooks-Dyar rule.

In order to confirm the accuracy of our results, we calculated Brooks-Dyar ratios and
corresponding Crosby growth ratios for each of detected instars (Brooks 1886; Dyar
1890; Crosby 1973). We used the following equations to generate these ratios (Chen
2021):

Crosby′s index = bn − bn − 1
bn − 1

Brook′s index = Xn

Xn − 1
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where Xn is the mean measurement for (n instar) larvae, Xn−1 is the mean measurement
for (n−1 instar) larvae, bn denotes Brooks’ index of (n instar) larvae, and bn−1 denotes
Brooks’ index of (n−1 instar) larvae.

Results

In total, 86 larvae were collected and measured. No pupae were found during this
research, though subsequently one pupa was found by volunteer Angela Wilson on 18
October 2020. A range of larvae sizes were found in most flax plants (Figure 2).

Visual inspection of the data suggested three or four instar groupings, although the
continuous range of values made separation between groups less clear (Figure 3).

Figure 2. A range of Anagotus fairburni larval instars collected from the base of a single flax plant on
Mana Island in 2019.

Figure 3. Head capsule width data for 86 Anagotus fairburni larvae collected on Mana Island in 2019.
Note the almost continuous range of head capsule width measurements.
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Using KDE function, four main peaks were identified (Figure 4), which were used to
generate values for the most likely head capsule width for each of the corresponding four
instars (in a Gaussian model, the maximum probability coincides with the mean value).
The means for peak 1 and peak 4 were then used to fit a Gaussian NLS model. However,
peak 2 and peak 3 were not well separated and the NLS models for these peaks would not
converge; these peaks were manually fitted using Gaussian with sigma values derived
from NLS and the means derived from the KDE function. As expected, there was
some overlap between size ranges of instars (Figure 5).

From the data collected on Mana Island, there appears to be at least four larval instars
in Anagotus fairburni. Data and derived parameters are presented in Table 1.

Table 1. Estimated mean head capsule widths of Anagotus fairburni larval instars predicted from KDE
peaks, and corresponding Brooks-Dyar and Crosby growth ratios; Mana Island, 2019, n = 86.
Larval Instar Most likely head capsule width (mm) Brooks-Dyar ratio Crosby growth ratio

1 0.173
2 1.270 7.32
3 2.292 1.80 −0.75
4 3.861 1.68 −0.06

Figure 4. Kernel density estimates (KDE) of Anagotus fairburni larvae head capsule widths, Mana
Island data, n = 86, bandwidth set at 0.135. X axis values in mm.
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Prior to beginning of this work, our hypothesis was that there would be five or six
instars, as found in other large weevils such as Hadramphus spinipennis Broun, 1911
(Schops 1998) and the congeneric weevil Anagotus helmsi, Sharp, 1882, which was
thought to have ‘probably five instars’ (McBurney 1976). This suggested that either
A. fairburni has an unusually low number of larval instars, or that not all instars were
present or could be detected in our samples.

Table 2. Estimated instars for the flax weevil Anagotus fairburni projected from largest to smallest
based on the observed mean head capsule width for the largest instar and the mean observed
Brooks-Dyar’s ratio of 1.74.
Larval Instar head capsule width (mm) 1 2 3 4 5 6 7

Estimated 0.139 0.242 0.421 0.733 1.275 2.220 3.861
Observed Minimum 0.125,

mean 0.173
– – 1.270 2.292 3.861

Figure 5. The hypothesised Anagotus fairburni larval instars, with head capsule width peaks plotted
using Gaussian models. X axis values in 10−5 m.
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A Brooks-Dyar ratio is expected to be consistent between instars (Sukovata 2019). The
results for instars 2/3 and 3/4 in Table 1 are consistent with this expectation. However,
for instars 1/2 the Brooks-Dyar ratio of 7.32 suggests it is highly likely that at least one
instar was missed. The same shows up clearly with the Crosby’s growth ratio of −0.75;
when the absolute value of Crosby’s growth ratio is greater than 0.1, it indicates that
the instar groupings do not match the Brooks-Dyar rule and that the instar stages
hypothesised are not correct.

Sukovata (2019) recommended plotting the log natural values of head capsule widths
for instars and checking the linear regression equations, stating that the ln-transformed
means of the head capsule widths should be as close to a straight line as possible (i.e. R2 >
0.99). When this was done for our data for the hypothesised four instars, the regression
line was not within these bounds. However, when the first data point was removed, the
remaining instars conformed to the rule (Figure 6).

Given that the data for three larger instar sizes showed conformity with the Brooks-Dyar
and Crosby’s ratios and met the assumptions of linearity when ln-transformed, we are
confident that they are correct estimates for head capsule widths of older flax weevil
larvae on Mana Island. Armed with these data, we then predicted the likely number of
smaller instars and their head capsule width sizes by starting from the largest instar and
extrapolating to smaller instars using the Brooks-Dyar ratio of 1.74 (average of the two
values from Table 1). This approach suggests the existence of six or seven instars, before
coming within the size range of our smallest observed larvae (Table 2).

Discussion

Based on previous work on New Zealand weevils (McBurney 1976; Bennett 1987; Schops
1998), we had expected 5–6 instars in A. fairburni. However, much larger numbers of
instars occur in some weevils from the same tribe as Anagotus (Aterpini). The raspberry

Figure 6. Fitting the ln-transformed head capsule width measurements to the linear regression for
flax weevils (Anagotus fairburni) found on Mana Island, 2019. A, hypothesised four instars, B, for
three instars with the first data point removed.

8 W. D. BROCKELSBY ET AL.



weevil Aegorhinus superciliosus (Guérin-Méneville, 1830) is a horticultural pest in
southern Chile, and so has been well studied (Parra et al. 2009). When raised in a lab
on an alternate host plant (Daucus carota) A. superciliosus went through 14 instars
with very low Brooks-Dyar ratios (<1.2 on average) (Aguilera and Rebolledo 2001).
Their results show that numerous instar stages are possible in this tribe of weevils.

Our sampling effort took place during one visit to the island, rather than a sustained
effort over time, which may have impacted on our observed results. Access to Mana
Island Scientific Reserve is limited and A. fairburni is a protected species, which inhibited
our ability to sample more comprehensively. It is possible that the lifecycle of larvae in
the soil is longer than a year, and that the laying time is spread across several months,
resulting in overlapping cohorts of larvae from different generations in the soil. This
overlap and a lack of regular sampling may have led to us to missing instars in our
dataset and affected our results. Overlapping generations are not uncommon in larvae
of beetles; examples from New Zealand include the endemic brentid Lasiorhynchus bar-
bicornis (Fabricius, 1775) which spend 2 years in dead wood before emerging as adults,
and large bodied sand scarabs in the genus Pericoptus which spend 3-5years completing
their entire lifecycle (Painting and Holwell 2014; Logan 2019).

Intraspecific variation in weevil larvae size may also have affected our ability to cat-
egorise instars. Goldson et al. (2008) found that larvae of the Argentine stem weevil Lis-
tronotus bonariensis (Kuschel, 1955) sorted into different size cohorts reflecting different
generations and seasons, something the authors hypothesised may have been due to
differing environmental conditions. However, within each generation and season the
larval instars mostly conformed to Brooks-Dyar rule (with ratios close to 1.4) and
overall, there were only four larval instars (Goldson et al. 2008). Sexual dimorphism in
weevils can also affect larval head capsule widths, particularly in later instars, as shown
in the pea leaf weevil Sitona lineatus (Linnaeus, 1758) (see Hamon et al. 1984). This
may be a factor in A. fairburni, as there is some evidence that females are slightly
larger than males (Willaim David Brockelsby, unpublished data).

Based on data and analyses presented here, it is likely that the flax weevil (A. fairburni)
has six or seven instars. Larger sample sizes for smaller larvae, and more accurate
measurements, including morphological and chaetotaxy analysis, would help to
confirm our hypothesised number of instars. A separate trial underway on Mana
Island using marked weevils within a fenced enclosure/exclosure is investigating the dur-
ation of the larval life stage, and how long adults live after emergence. When combined
with these longevity data, the ability to accurately assign an instar stage to any individual
larva specimen collected would allow researchers to make more accurate predictions of
flax weevil phenology based on larval head capsule size.

Acknowledgements

Thanks to the Friends of Mana Island for their support of all the flax weevil fieldwork, including
boat trips to and from the island, supply of materials, and the teams of volunteers who set up and
monitored the flax weevil study sites. Department of Conservation Kapiti Wellington and Ngāti
Toa supported and approved work on the island; special thanks to rangers Nick Fisentzidis, Gen-
evieve Spargo and Brent Tandy for their help. Mark Anderson’s assistance with the collection of
larvae and data on the island was greatly appreciated. Reviewers’ feedback greatly improved the
focus and accuracy of the manuscript.

NEW ZEALAND JOURNAL OF ZOOLOGY 9



Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

William D. Brockelsby http://orcid.org/0009-0000-2182-2917
Colin M. Miskelly http://orcid.org/0000-0001-8789-3208
Travis R. Glare http://orcid.org/0000-0001-7795-8709
Maria A. Minor http://orcid.org/0000-0003-2095-5456

References

Aguilera AP, Rebolledo RR. 2001. Estadios larvarios de Aegorhinus superciliosus [Larval stages of
Aegorhinus superciliosus] (Guérin, 1830) (Coleoptera: Curculionidae). Revista Chilena de
Entomología. 28:5–8.

Ahmad T, Nabi S. 2012. On the food preferences and application of Dyar’s law to different hopper
instars of Choroedocus illustris Walker (Orthoptera: Acrididae). Italian Journal of Zoology. 79
(4):598–606. doi:10.1080/11250003.2012.685766.

Bennett BG. 1987. Observations on rearing Karocolens pittospori (Coleoptera: Curculionidae:
Molytinae). New Zealand Entomologist. 9(1):34–37. doi:10.1080/00779962.1987.9722490.

Brookes AE. 1932. A new genus and six new species of Coleoptera. Transactions and proceedings
of the New Zealand Institute. 63:25–33.

Brooks WK. 1886. Report on the Stomatopoda collected by H.M.S. Challenger during the years
1873–76. London: H.M.S. Challenger Repts.

Chen CE. 2021. Biological traits and life history of Pagiophloeus tsushimanus (Coleoptera:
Curculionidae), a weevil pest on camphor trees in China. Journal of Forestry Research.
32:1979–1988. doi:10.1007/s11676-020-01227-2.

Crosby TK. 1973. Dyar’s rule predated by Brooks rule. New Zealand Entomologist. 5:175–176.
doi:10.1080/00779962.1973.9722993.

Department of Conservation. 2006. Flax weevil transfer from Maud Island to Mana Island June
2006 OLDDM-706089. Wellington: Department of Conservation.

Dyar HG. 1890. The number of molts of lepidopterous larvae. Psyche: A Journal of Entomology.
5:420–422. doi:10.1155/1890/23871.

Elmes GW. 2001. Larvae of lycaenid butterflies that parasitize ant colonies provide exceptions to
normal insect growth rules. Biological Journal of the Linnean Society. 73:259–278. doi:10.1111/j.
1095-8312.2001.tb01362.x.

Ferreira-Keppler RL, Rafael JA, Martins RT. 2019. Morphology and bionomy of immature stages
and description of the adult male of Catachlorops (C.) rufescens (Fabricius, 1805) (Diptera:
Tabanidae) from the Central Amazon, Brazil. Zoologischer Anzeiger. 278:57–65. doi:10.1016/
j.jcz.2018.11.004.

Flannagan HJ. 2000. Conservation biology of the goldstripe gecko (Hoplodactylus chrysosireticus)
and interactions with Duvaucel’s gecko (Hoplodactylus duvaucelii) on Mana Island, Cook Strait,
New Zealand [master’s thesis]. Palmerston North: Massey University.

Gibbs GW. 2009. The end of an 80-million year experiment: a review of evidence describing the
impact of introduced rodents on New Zealand’s ‘mammal-free’ invertebrate fauna. Biological
Invasions. 11:1587–1593. doi:10.1007/s10530-008-9408-x.

Goldson SM, McNeill MR, Proffitt JR, Baird DB. 2008. Seasonal variation in larval-instar head-
capsule sizes of Argentine stem weevil, Listronotus bonariensis (Kuschel) (Coleoptera:
Curculionidae). Australian Journal of Entomology. 40:371–375. doi:10.1046/j.1440-6055.2001.
00241.x.

Gosik R, Sprick P, Skuhrovec J, DeruśM, Hommes M. 2016. Morphology and identification of the
mature larvae of several species of the genus Otiorhynchus (Coleoptera, Curculionidae,

10 W. D. BROCKELSBY ET AL.

http://orcid.org/0009-0000-2182-2917
http://orcid.org/0000-0001-8789-3208
http://orcid.org/0000-0001-7795-8709
http://orcid.org/0000-0003-2095-5456
https://doi.org/10.1080/11250003.2012.685766
https://doi.org/10.1080/00779962.1987.9722490
https://doi.org/10.1007/s11676-020-01227-2
https://doi.org/10.1080/00779962.1973.9722993
https://doi.org/10.1155/1890/23871
https://doi.org/10.1111/j.1095-8312.2001.tb01362.x
https://doi.org/10.1111/j.1095-8312.2001.tb01362.x
https://doi.org/10.1016/j.jcz.2018.11.004
https://doi.org/10.1016/j.jcz.2018.11.004
https://doi.org/10.1007/s10530-008-9408-x
https://doi.org/10.1046/j.1440-6055.2001.00241.x
https://doi.org/10.1046/j.1440-6055.2001.00241.x


Entiminae) from Central Europe with an update of the life history traits. Zootaxa. 4108:1–67.
doi:10.11646/zootaxa.4108.1.1.

Gourlay ES. 1931. A new and important flax-infesting weevil. New Zealand Journal of Science and
Technology. 13:163–169.

Hamon N, Allen-Williams L, Lee JB, Bardner R. 1984. Larval instar determination of the pea and
bean weevil Sitona lineatus L. (Coleoptera: Curculionidae). Entomologist’s Monthly Magazine.
120:167–171.

Hawking JH, New TR. 1996. The development of dragonfly larvae (Odonata: Anisoptera) from
two streams in north-eastern Victoria, Australia. Hydrobiologia. 317:13–30. doi:10.1007/
BF00013722.

Kondur Y, Şimşek Z. 2021. Determination of larval instars of Diprion pini L. (Hymenoptera:
Diprionidae) in Çankırı Scots pine forests. Turkish Journal of Forestry. 22:1–7.

Lackmann AR. 2018. Breaking the rule: five larval instars in the podonomine midge Trichotanypus
alaskensis Brundin from Barrow, Alaska. Journal of Limnology. 77:31–39.

Logan AR. 2019. Rearing indicates life cycles of 2–5 years for coastal sand scarab beetles Pericoptus
punctatus and P. truncatus (Coleoptera: Scarabaeidae). New Zealand Journal of Zoology.
46:236–252. doi:10.1080/03014223.2018.1545679.

May BM. 1977. Immature stages of Curculionidae: Larvae of the soil-dwelling weevils of New
Zealand. Journal of the Royal Society of New Zealand. 7:189–228. doi:10.1080/03036758.
1977.10427160.

May BM. 1993. Larvae of Curculionoidea (Insecta: Coleoptera): a systematic overview. Fauna of
New Zealand, 28.

McBurney JG. 1976. Notes of the life history and distribution of Anagotus helmsi (Coleoptera:
Curculionidae). New Zealand Entomologist. 6:177–181. doi:10.1080/00779962.1976.9722235.

Miskelly CM. 1999. Mana Island ecological restoration plan. Wellington: Department of
Conservation.

Miskelly CM. 2013. A plague of flax weevils – a conservation hyper-success story. Te Papa blog, Te
Papa Tongarewa (Wellington); [accessed 8 December 2022]. https://blog.tepapa.govt.nz/2013/
11/13/a-plague-of-flax-weevils-a-conservation-hyper-success-story.

Miskelly CM. 2014. Legal protection of New Zealand’s indigenous terrestrial fauna – an historical
review. Tuhinga. 25:25–101.

Miskelly CM. 2023. From farm to forest: 50 years of ecological transformation on Mana Island,
New Zealand. Tuhinga. 34:1–46. doi:10.3897/tuhinga.34.98136.

Painting CJ, Holwell GI. 2014. Observations on the ecology and behaviour of the New Zealand
giraffe weevil (Lasiorhynchus barbicornis). New Zealand Journal of Zoology. 41:147–153.
doi:10.1080/03014223.2013.854816.

Parra LB, Mutis AT, Aguilera AP, Ramón RR, Quiroz AC. 2009. Knowledge of the “Cabrito del
Frambueso” weevil (CF) Aegorhinus superciliosus (Guérin) (Coleoptera: Curculionidae).
Idesia (Arica). 27:57–65. doi:10.4067/S0718-34292009000100008.

Ramaiah MM. 2018. Biology studies of tobacco caterpillar, Spodoptera litura Fabricius. Journal of
Entomology and Zoology Studies. 6:2284–2289.

Schops K. 1998. Metapopulation dynamics and behaviour of the endangered weevil, Hadramphus
spinipennis in relation to its host plant Aciphylla dieffenbachii on the Chatham Islands, New
Zealand. [dissertation]. Lincoln: Lincoln University.

Skuhrovec JV, Volovnik S, Gosik R, Stejskal R, Trnka F. 2019. Cleonis pigra (Scopoli, 1763)
(Coleoptera: Curculionidae: Lixinae): morphological re-description of the immature stages,
keys, tribal comparisons and biology. Insects. 10:325. doi:10.3390/insects10100325.

Sukovata L. 2019. A comparison of three approaches for larval instar separation in insects – a case
study of Dendrolimus pini. Insects. 10:1–12. doi:10.3390/insects10110384.

Towns DR. 2009. Eradications as reverse invasions: lessons from Pacific rat (Rattus exulans)
removals on New Zealand islands. Biological Invasions. 11:1719–1733. doi:10.1007/s10530-
008-9399-7.

NEW ZEALAND JOURNAL OF ZOOLOGY 11

https://doi.org/10.11646/zootaxa.4108.1.1
https://doi.org/10.1007/BF00013722
https://doi.org/10.1007/BF00013722
https://doi.org/10.1080/03014223.2018.1545679
https://doi.org/10.1080/03036758.1977.10427160
https://doi.org/10.1080/03036758.1977.10427160
https://doi.org/10.1080/00779962.1976.9722235
https://blog.tepapa.govt.nz/2013/11/13/a-plague-of-flax-weevils-a-conservation-hyper-success-story
https://blog.tepapa.govt.nz/2013/11/13/a-plague-of-flax-weevils-a-conservation-hyper-success-story
https://doi.org/10.3897/tuhinga.34.98136
https://doi.org/10.1080/03014223.2013.854816
https://doi.org/10.4067/S0718-34292009000100008
https://doi.org/10.3390/insects10100325
https://doi.org/10.3390/insects10110384
https://doi.org/10.1007/s10530-008-9399-7
https://doi.org/10.1007/s10530-008-9399-7

	Abstract
	Introduction
	Methods
	Sampling of larvae
	Data analysis

	Results
	Discussion
	Acknowledgements
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


