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Abstract
This study monitored the invertebrates in restoration plantings in the Winstone Aggregates
Hunua Quarry. This was to assess the re-establishment of invertebrates in the restoration
planting sites and compare them with unplanted control and mature sites. This study
follows on from a baseline study carried out in 2014-2015 measuring the restoration
trajectory of invertebrates in the Winstone Aggregate Hunua quarry site. A range of
entomological monitoring techniques were used and found that dung beetles, millipedes,
foliage moths, leaf litter moths and some mite species increased in numbers from the
control sites through to the mature sites, while ants, rove beetles, grass moths, some
carabid beetles, and worms showed a downwards trend from the mature sites to the
control sites. Further monitoring of invertebrates in the restoration area should be carried
out.

Introduction
New Zealand’s leading provider of aggregates and sand is Winstone Aggregates (Fletcher
Building, 2015). In the 1920s Hunua quarry started a small business obtaining stone and
aggregates from a rock source in the Hunua Gorge (Winstone Aggregates, 2011). Winstone
Aggregates bought the main Hunua block in 1955 as they realized the quarry potential for
supplying the rapidly growing South Auckland area (Winstone Aggregates, 2011). The quarry
is approximately 250ha in size and lies next to Hunua Road and Symonds Stream (Ussher
and Miller, 2012). In 1958 they bought Symonds Hill, the neighbouring land, for future
extraction (Winstone Aggregates, 2011).
The Hunua Ranges are sharp ranges that reach up to 688m high (McClure, 2015), and are
formed by Mesozoic greywackes and remnants of Tertiary sandstone (Barton, 1972). A large
area of the Hunua Ranges are covered in dense forests, large valleys, and includes the
Hunua falls, and a regional park (McClure, 2015). Some of the larger valleys have been
dammed as it is in one of Auckland’s major water catchments (Te Ara, 1966).
Auckland has a subtropical climate with warm and humid summers and mild winters
(Chappell, 2013). Rainfall increases with elevation (Barton, 1972), and the Hunua Ranges
often get a 50% higher mean annual rainfall of 1,400-2,000mm (Chappell, 2013). The higher
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elevation also reduces the mean annual temperatures by 2-4 ˚C common in the lowland
areas to 12˚C (Chappell, 2013). The mean annual sunshine hours are 1,900-1,950 (Chappell,
2013).
Winstone Aggregates have to comply with New Zealand legislation, by ecologically
compensating any unavoidable adverse effects on the environment that are caused by their
activities (Parliamentary Counsel Office, 2009). Ecological restoration is the main action
environmental managers use to restore damaged environments (Young et al, 2001).
Winstones Aggregates have been increasing the environmental values of similar areas
within proximity to the location site and have been relatively successful (Stokvis et al, 2014).
The Hunua Ranges vegetation once was a mixed forest ranging from tawa-podocarp, kauri,
hard beech, tanekaha, montane scrub, and taraire forest (Barton, 1972). The deforestation
from before and after the arrival of Europeans has caused a change in vegetation that now
consists of weeds, pasture grasses and regenerating indigenous forests (Lindsay et al, 2009).
The changes of the forest occurred before Winstone Aggregates began their operations.
Winstone Aggregates have attempted to create a burgeoning forest with a prospering
ecosystem.
Winstone Aggregates instigated a mitigation plan which included the Vegetation
Management Plan (Winstone Aggregates, 2011). This plan hoped to create a larger area of
new forest replacing the vegetation that was being removed to enable quarrying (Winstone
Aggregates, 2011). Better management of the existing forest is a goal of the Vegetation
Management Plan (Tonkin and Taylor LTD, 2010). The aim is to revegetate 39.9 hectares of
indigenous forest by creating ecological improvement for the fauna and flora (Tonkin and
Taylor LTD, 2010).
Environmental studies have been previously completed in the Hunua Ranges. Mammalian
pest control studies have been carried out in the Hunua Ranges. One study focused on the
conservation of the North Island kokako (Callaeas cinerea) and the effects of intense
mammalian pest control on non-target native birds (Baber et al, 2009). A more recent study
was organized for the Department of Conservation comparing and contrasting biodiversity
for Hunua Quarry (Lloyd et al, 2012). The study focused on birds, aquatic fauna, pests, and
geckos (Lloyd et al, 2012). Only one study has looked at the invertebrates of Hunua Quarry.
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Last year’s study researched the invertebrates trajectory of the Winstone Aggregates area,
and concluded that some species showed a downwards restoration trajectory but assumed
that it was of lower ecological value, whilst others showed an upwards ecological trajectory
and were assumed to be higher in ecological value (Stokvis et al, 2014). This study
recommended further research to confirm the success of the restoration plantings.
This study evaluates the ecological trajectory of invertebrates from the restoration plantings
and compares it with the unplanted control sites (grassland) and mature forest. This is to
assess the re-establishment of the invertebrate biodiversity in the restoration planting
areas. This study will collect data by using a range of entomological tools including: wooden
discs, pitfall traps, weta motels, leaf litter extraction, moth trapping and earthworm
sampling. This will allow for collection of data to confirm the success of restoration
plantings.

Methodology
Three sites: unplanted (control/grassland), mature forest, and restored forest (planted in
2011), were used in this project. Four replicates in each site were set up last year for
monitoring. Each replicate had one transect line with four sub-replicates of each monitoring
method (Figure 1). The monitoring methods consisted of pitfall traps, weta motels and
wooden discs. Additional monitoring methods were carried out in the different sites which
included earthworm analysis, and light trapping. There were a total of twelve transect lines,
48 pitfall traps, 48 weta motels, 48 wooden discs and 12 leaf litter samples. Due to time
restraints, the earthworm analysis and light trapping could not be done in all sites. Three
replicates from each site were chosen for the earthworm analysis, and three sub-replicate
sites were also chosen, giving a total of 27 holes. Two replicate sites were used in each
habitat. A total of 12 light traps were set up.

Weta motels
A weta motel is a man-made shelter for weta and other invertebrates (Bowie et al, 2014).
Untreated wood is used for the construction with a plastic slopping roof, and a small
entrance hole located at the bottom to prevent predators from entering (Bowie et al, 2014).
The dimensions of the weta motels used in the quarry site were 50 x 50 x 210mm long
4

(Stokvis et al, 2014). The weta motels were surveyed on 17th November 2015 and
6th January 2016. Site C1/1 was knocked over by a passing tractor and only surveyed once.

Pitfall traps
The pitfall traps were located approximately half a metre behind the weta motels, but were
placed in the ground. The pitfall traps that were placed last year were pulled out, and sticks
were placed in the holes for future surveying. In two control sites the holes had caved in and
were re-dug. The restored sites had plastic pipes in the pitfall trap holes allowing for more
efficient collection of data in future surveying. Plastic cups were 69mm in diameter and
were placed into the ground and were filled with 1/3 Monopropylene Glycol (antifreeze) to
preserve the insects that fell into the cup. Square roofs were placed over the cups and were
held down by lacing wires leaving a gap of approximately 1.5cm, to prevent rain and other
unwanted debris falling into the pitfall traps. Three square roofs were missing from site C2
and were replaced with string and a plastic triangle. The pitfall traps were set up on the 8th
of December 2015 and retrieved on the 6th of January 2016. Two pitfall traps were flooded
(R2/1 and C2/2.)

Wooden discs
The wooden discs were placed out late last year on the 18th of November 2014. They were
placed between the weta motels and the ground was cleared before they were placed
(Stokvis et al, 2014). The wooden discs were originally cut in log form and then cut into
discs in the summer of 2013-2014 and two types of wood were used (Stokvis et al, 2014).
These were Cupressus lusitanica (white cedar), and Vitex lucens (Puriri) (Stokvis et al, 2014).
There were a total of four discs in each site with two being white cedar and the other two
being puriri. The discs had sizes ranging from 400mm to 600mm (Stokvis et al, 2014). The
discs were checked on the 17th of November 2015. A data sheet was printed out before
with the family names of most invertebrates. The data was collected by counting the
numbers of invertebrates found underneath the wooden discs. Most of the wooden discs
had become embedded in the ground and required two men and a shovel to turn them
over. They were also checked on the 10th of December 2015.
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Leaf litter samples
A total of twelve leaf litter samples were collected. The samples were the size of an A4
piece of paper. This was then placed into a Berlese extractor with a 40watt bulb. The
catchment was preserved in 70% ethanol and the samples were left for one week before
retrieving for analysis.

Earthworm samples
A total of three replicate sites were used in each habitat. A total of three holes were dug in
each sub replicate site making a total of 27 samples. The holes were dug approximately half
a metre between the weta motel and the wooden disc. The holes were dug by a spade. The
spade was used to dig a soil pit with a depth of 20cm and width and length of 10cm. The soil
was placed onto a sheet of newspaper where it was sorted through by hand. The worms
were placed into zip lock bags with some soil and labelled. The worms should be sorted and
analysed straight away, as left for too long they begin to rot. It took some time before the
worms could be analysed and this resulted in some worms rotting and becoming difficult to
identify. The worms were placed into a container filled with water to clean the worms and
then they were placed into RTUs. Once placed into RTUs the worms were put onto a
weighing machine and the weight was recorded. Each RTU had a photograph taken next to a
10 cent piece to help compare their size. Earthworm samples were collected on the 9th of
December 2015.

Light trapping samples
Two replicate sites were used in each habitat. A total of twelve light traps were set up. The
light traps used an automatic battery that turned the light trap on after dark with the light
lasting for approximately six hours. The light traps were set up at the sites. Serrated paper
was used at the bottom of the bucket for the moths to burrow into. Sites R1/1, C1/1, and
M1/1 were used twice and Sites R4/1, C4/1, and M4/1 were also used twice. The morning
after the light traps had been on, fly spray was sprayed over the bucket and then the moths
were placed into vials. After being taken back to the lab, they were pinned and put into
Relative Taxonomic Units (RTUs).
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Analysis
The data from all of the pitfall traps and leaf litter samples was analysed under a
microscope, counted, and placed in to RTUs in the laboratory at Lincoln University, New
Zealand. To measure the diversity of mites, moths, weevils and beetles, these individuals
were analysed by looking at the different morphological features and placed into a RTU
group. The other insects in the leaf litter and pitfall traps were put into family levels and
counted. Worms were first identified into either native or exotic. Native earthworms have
less than 20 segments from mouth to clitellum (saddle), while the exotic earthworms have
more than 20 segments (Lee, 1959). However it was observed that in almost all of the
worms that were sampled, the clitellum was absent, which made it hard to identify native
from exotic. For DNA analysis in the future the worms were placed in ethanol. High
concentrations of ethanol is fatal to worms, which causes the worms to spew a mucus like
substance from their bodies ruining DNA analysis (K. Youngnam, personal communication,
March 18, 2016). To avoid this from occurring the worms were placed in diluted ethanol of
about 75% water and 25% of 70% ethanol into an ice-cream container. Gradually adding
pure ethanol to the worms causes them to die of intoxication. The worms can be placed into
vials and labelled. All the data was placed into a Metadata sheet in Excel, and statistical
graphs were constructed to show any significance in differences in ecological trajectories
found between the control, the restored, and the mature sites.
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Figure 1. Aerial view of the research sites showing the three vegetation types:
Control/exotic grass (white circles), Restoration plantings (red circles), and Mature forest
(yellow circles) at the Winstone Aggregates Hunua Quarry in Auckland.

Results
Weta motels
The mean abundance of 2.5 therids/motel was found on the 17/11/15 for the control site
and decreased to the mean abundance of 1.75 therids/motel on the 6/1/16. On both dates
the mature sites had a mean abundance of 1.25 therids/motel. The weta motel in the
restored sites did not have any therids (Figure 2).
The mean abundance of 10.75 tree wetas/motel was found in the restored sites. Mature
sites occupied had a mean abundance of 0.25 tree weta/motel. No tree wetas were found in
the control sites (Figure 3). Female tree weta had a mean abundance of 17.5/motel and
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males had a mean abundance of 4/motel in the restored sites (Figure 4). In the mature sites
there was a mean abundance of 0.38 female tree wetas/motel and a mean abundance of
0.13 male tree wetas/motel (Figure 4).
No cave wetas were observed in any of the sites. Control sites had a mean abundance of
7.75 earwigs/motel. One weevil was observed in the mature sites on both dates of
assessment.

Pitfall traps
There was a total of 28 invertebrates found in the pitfall traps. Three skinks were found in
pitfall traps in the restored sites.
Beetles
A total of 24 beetles were found across different vegetation types. A rare and distinctive
carabid species Maoripamborus fairburni (Harris, 2013) was collected in one of the control
sites. Common carabids were found in each site in similar numbers and it was identified as
Ctenognathus sp. Restored sites had a mean of 20.75 Ctenognathus/site, control sites had a
mean of 18.5 Ctenognathus/site and mature sites has a mean of 12.25 Ctenognathus/site.
The total mean of carabid beetles found in control sites were 19.75. Restored sites had a
mean of 19.25 carabids/site, and mature sites had a mean of 15 carabids/site (Figure 16).
The mature sites had the highest number of Mecodema crenicolle (large carabid) with a
mean of 1.25 M.crenicolle/site. Restored sites had a mean of 0.25 M.crenicolle/site and zero
was found in the control sites (Figure 15). Dung beetles (Saphobius sp.) were also more
abundant in the mature sites with a mean of 2 dung beetles/site. Restored sites had a mean
of 0.5 dung beetles/site and control sites had a mean of 0.25 dung beetles/site (Figure 12).
Staphylinidiae (rove) beetles were only present in control and restored sites. There were
two species present in the pitfall traps. Rove beetles (RTU 5), were more abundant in the
control sites with a mean of 5 rove beetles/site. Restored sites had a mean of 3.5 rove
beetles/site (Figure 13). The RTU 28 (rove beetles), was more abundant in the restored sites
with a mean of 2 rove beetles/site. Control sites had a mean of 0.5 rove beetles/site (Figure
14).
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Seven species of weevils were present in the pitfall traps, varying in each habitat. Weevils
were more abundant in the mature sites with a mean of 4.25 weevils/site. Control sites had
a mean of 3.5 weevils/site and restored sites had a mean of 2.25 weevils/site (Figure 8). Five
species were identified as: Phaeocharis sp., Phrynixus sp., Sitona obsoletus (clover root
weevil), Mandalotus miricollis, and Listroderes foveatus.
Cave weta
A mean of 8 cave weta/site was found in the mature sites. This decreased to 1.25 cave
wetas/site found in the restored sites. There were no cave weta found in the control sites
(Figure 5).
Bristletails
Bristletails were more abundant in the mature sites with a mean of 9.5 bristletails/site.
Restored sites had a mean of 2 bristletails/site, while there were no bristletails found in the
control sites (Figure 6).
Ants
There were a few different species of ants found. Ants were significantly higher in the
control site with a mean abundance of 307.75 ants/site. Restored sites had a mean of 56
ants/site and mature sites had a mean of 34.75 ants/site (Figure 7).
Centipedes
Mature and restored sites had the same mean of 1 centipede/site. This decreased to a mean
of 0.25 centipedes/site in control sites (Figure 9).
Spiders
Spiders were more abundant in the restored sites and had a mean of 24.25 spiders/site.
Mature sites had a mean abundance of 17.5 spiders/site and this decreased to a mean of 8.5
spiders/site in control sites (Figure 10).
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Earthworms
A higher mean abundance of worms was found in the restored sites with a mean of 17.75
worms/site. Control sites had a mean of 8.5 worms/site. Mature sites had a lower number
of worms found in pitfall traps with a mean of 1.25 worms/site (Figure 11).
Snails
The garden snail was only abundant in the control sites and had a mean of 1.25 snails/site.
There were two exotic snails present in pitfall traps: cellar snail (Oxychilus allarius) and
Cohlopoca buccinella. Both species were significantly higher in the control sites. Control
sites had a mean of 34.25 O. allarius/site and a mean of 52.25 C. buccinella/site. Restored
sites had a mean of 3 O. allarius/site and mature sites had a mean of 3.25 O. allarius/site
(Figure 17). Cohlopoca buccinella was not present in pitfall traps in restored or mature sites.

Wooden discs
The unplanted control sites had a total of 27 invertebrates found under a wooden disc.
Restored sites had a total of 23 invertebrates found. The mature sites had the lowest
number of species found at 9/site (Figure 18). On both dates of observation, numbers of
invertebrates were similar.
Slaters were significantly more abundant in the control sites than in the restored or the
mature sites. Red ants and black ants were more abundant in the control sites compared to
the restored and mature sites. The larger ants (Amblyopone australis) were more abundant
in restored sites with a mean abundance of 3.75 ants/disc. Control sites had a mean
abundance of 0.87 ants/disc and mature sites had zero.
Carabid beetles were more abundant in the control sites with a mean abundance of 6.75
carabids/disc. The restored sites were similar to the control sites with a mean abundance of
5.75 carabids/disc. Mature sites had a mean abundance of 0.25 carabids/disc and were
significantly lower from the control and restored sites (Figure 19).
Millipedes had similar numbers in each vegetation type. Mature sites had a mean of 3.25
millipedes/disc, restored sites had a mean of 3.5 millipedes/disc, and control sites had a
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mean of 3.25 millipedes/disc (Figure 20). Small centipedes were observed in the control and
restored sites and only one larger centipede was found in the mature site.
A total of five Uliodon spiders were found in the control sites, of which two had an egg sac.
Only one Uliodon spider was found in the restored sites. Short legged harvestman were also
more abundant in the control sites.

Leaf litter samples
Insects
A total of 24 invertebrate species were found in the leaf litter samples. Mature sites were
higher in insect diversity than the control sites. The mature sites had a mean of 18
species/leaf litter sample while control sites had a mean of 11 species/leaf litter sample.
Restored sites were slightly lower than the mature sites with a mean of 17 species/leaf litter
sample (Figure 22).
Common bag moth larvae were found only in mature sites and had a mean abundance of
1.75 larvae/leaf litter sample. Diptera was higher in the control sites and had a mean of
15.75 flies/leaf litter sample. This decreased in mature sites with a mean of 4 flies/leaf litter
sample and dropped even more in restored sites with a mean of 2.75 flies/leaf litter sample.
Mites
A total of 31 RTUs were found in leaf litter samples. Mature and restored sites had a mean
of 17 mites/leaf litter sample. Control sites had a mean of 9 mites/leaf litter sample (Figure
21).
Mite species RTU 6 were more abundant in the mature sites which had a mean of 3.75 RTU
6/leaf litter sample. Restored sites decreased to a mean of 0.5 RTU 6/leaf litter sample,
while RTU 6 was not present in the control sites (Figure 23).
Mite species RTU 19 was more abundant in restored sites with a mean of 5 RTU 19/leaf
litter sample. Control sites had a mean of 2.25 RTU 19/leaf litter sample and mature sites
had a mean of 1 RTU 19/leaf litter sample.
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Mite RTU 21 was present in all vegetation types but was more abundant in mature sites and
had a mean of 2.5 RTU 21/leaf litter sample. Restored sites had a mean of 0.75 RTU 21/leaf
litter sample and control sites had a mean of 0.25 RTU 21/leaf litter sample (Figure 24)
There was a higher abundance of mite species RTU 2 found in the restored sites which had a
mean of 11.25 RTU 2/leaf litter sample. This decreased in control sites which had a mean of
6.75 RTU 2/leaf litter sample. In mature sites this decreased even more to a mean of 0.75
RTU 2/leaf litter sample (Figure 25).

Earthworm analysis
There was a total of 119 worms found in the control sites. In the restored sites a total of 56
worms were found, and in the mature sites there was a total of 21 worms found. Control
sites had a mean of 7.93 worms/sample, while restored sites had a mean of 4.31
worms/sample, and mature sites had a mean of 2.63 worms/sample (Figure 27).
The total weight (grams) of worms was higher in the control sites with a mean of
41.12grams/site. Mature sites had a mean of 24.64grams/site. The restored sites had the
lowest total weight with a mean of 18.45grams/site (Figure 26).
Restored sites had the larger abundance of native worms and had a mean of 7 native
worms/site. This decreased in control sites to a mean of 4 native worms/site. Mature sites
had the lowest abundance of native worms and had a mean abundance of 1.67 native
worms/site. No exotic worms were found in the mature sites, while control sites had the
highest abundance of exotic worms with a mean of 7 exotic worms/site. Restored sites had
a mean of 4 exotic worms/site. Restored sites had the largest proportion of native worms
and control sites had the lowest proportion of native worms (Figure 28).

Light trapping
The restored sites had the higher abundance of insects with a total of 38 insects found.
Control sites had a total of 27 insects. Mature sites had the lowest abundance of insects
with 24 insects/site (Figure 29).
Caddisflies were found in similar numbers in the control and restored sites but numbers
decreased in the mature sites. Restored sites had a mean abundance of 4 caddisflies/light
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trap, while control sites had a mean of 3.38 caddisflies/light trap. Mature sites had a mean
of 1 caddisflies/light trap (Figure 30).
There were three main hostplants that the moths were present in; grass, foliage, and leaf
litter. Control sites had a mean of 5.4 grass moths/light trap, and restored sites had a mean
of 3.4 grass moth/light trap. Mature sites were less abundant and had a mean of 2.5 grass
moths/light trap (Figure 31).
Foliage moths were more abundant in the mature sites and had a mean abundance of 2.6
foliage moths/light trap. Restored sites had a mean of 1.3 foliage moths/light trap. Control
sites were less abundant and had a mean of 1 foliage moths/light trap (Figure 32).
Leaf litter moths were more abundant in the mature sites and had a mean of 5.25 leaf litter
moths/light trap. Restored sites had a mean of 2.75 leaf litter moths/light trap. Control sites
were less abundant and had a mean of 1.5 leaf litter moths/light trap (Figure 33).
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Figure 2: Mean abundance of Theridiidae found in weta motels over two dates A) 17/11/15
and B) 6/1/16 across three vegetation types.
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Figure 3: Mean abundance of tree weta in weta motels across three vegetation types.
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Figure 4: Mean abundance of male tree weta and female tree weta in weta motels across
three vegetation types.
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Figure 5: Mean abundance of cave weta found in pitfall traps across three vegetation types.
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Figure 6: Mean abundance of bristletails found in pitfall traps across three vegetation types.
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Figure 7: Mean abundance of ants found in pitfall traps across three vegetation types.
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Figure 8: Mean abundance of weevils found in pitfall traps across three vegetation types.
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Figure 9: Mean abundance of centipedes found in pitfall traps across three vegetation types.
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Figure 10: Mean abundance of spiders found in pitfall traps across three vegetation types.

19

30

Mean Abundance

25
20
15
10
5
0
Control

Restored

Mature

Vegetation type

Figure 11: Mean abundance of worms found in pitfall traps across three vegetation types.
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Figure 12: Mean abundance of Saphobius sp. (Dung beetle) found in pitfall traps across
three vegetation types.
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Figure 13: Mean abundance of Staphylinidae (RTU 5) found in pitfall traps across three
vegetation types.
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Figure 14: Mean abundance of RTU 28 Staphylinidae (rove beetles) found in pitfall traps
across three vegetation types.
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Figure 15: Mean abundance of beetle Mecodema crenicolle found in pitfall traps across
three vegetation types.
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Figure 16: Mean abundance of carabid (ground) beetles found in pitfall traps across three
vegetation types.
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Figure 17: Mean abundance of two exotic snail’s cellar snail (Oxychilus sp.) and Cohlopoca
buccinella found in pitfall traps across three vegetation types.
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Figure 18: Total number of invertebrates found underneath the wooden discs across three
vegetation types.
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Figure 19: Mean abundance of carabid (ground) beetles found under the wooden discs
across three vegetation types.
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Figure 20: Mean abundance of millipedes found under the wooden discs across three
vegetation types.
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Figure 21: Mean abundance of mite species found in leaf litter samples across three
vegetation types.
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Figure 22: Mean abundance of total insects found in the leaf litter samples across three
vegetation types.
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Figure 23: Mean abundance of mite RTU 6 found in leaf litter samples across three
vegetation types.
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Figure 24: Mean abundance of mite RTU 21 found in leaf litter samples across three
vegetation types.
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Figure 25: Mean abundance of mite RTU 2 found in leaf litter samples across three
vegetation types.
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Figure 26: % native weight (grams) of worms found in earthworm samples across three
vegetation types.
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Figure 27: Mean abundance of worms found in earthworm samples across three vegetation
types.
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Figure 28: Proportion of native worms found in earthworm samples across three vegetation
types.
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Figure 29: The total number of invertebrates found in light traps across three vegetation
types.
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Figure 30: Mean abundance of caddisflies found in light traps across three vegetation types.
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Figure 31: Mean abundance of grass moths found in light traps across three vegetation
types.
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Figure 32: Mean abundance of foliage moths found in light traps across three vegetation
types.
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Figure 33: Mean abundance of leaf litter moths found in the light traps across three
vegetation types.

Discussion
This study follows on from a baseline study carried out in 2014-2015 of the ongoing
ecological restoration project in the Winstone Aggregates Hunua Quarry.

Weta motels
Tree wetas were present in all of the weta motels in the restored sites. There were several
more females to males in the weta motels. Bowie et al. (2014) found a similar trend in their
study and this imbalance of female to male appeared to be normal depending on the
species of weta. There were only three tree weta found in the mature sites. Tree wetas
prefer less dense canopy covers (Bowie et al. 2014). Mature sites had complex
microhabitats and dense canopy covers, and is a possible reason why fewer tree wetas were
found in this area.
Therid spiders are frequently found in these motels and typically build their webs under
some form of shelter (Hodge et al. 2007). These spiders were more abundant in the control
sites and less abundant in the mature sites. No therids were found in the restored sites, due
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to the presence of tree weta in the motels. Therids were able to build their webs and exist in
the control sites where there were no tree wetas.

Pitfall traps
Pitfall traps mainly catch ground dwelling invertebrates, and gives a good understanding of
diversity in the leaf litter (Work, et al. 2002). Pitfall traps were placed out in the middle of
summer when invertebrates are most active (Cowan and Moeed, 1987). Two pitfall traps
(restored site 2 replicate 1, and control site 2 replicate 1), had been flooded with rain water
which may have washed out a number of invertebrates. The effect of this has not
significantly affected the study due to the number of replicates and sub-replicates used.
Spiders were more abundant in the restored sites and had increased in numbers from the
study done in the previous year (Stokvis, 2014). The number of spiders found in the mature
sites was only slightly less than numbers found in the restored sites. The number found in
the control sites was considerably less than the number found in the restored sites. Spiders
are good overall indicators of biodiversity and often considered as bioindicators and as they
are generalist predators, they play an important role in the food chain (Malumbres Olarte,
2010). Therefore there must be a good number of invertebrates in the restored sites for
numbers of spiders to be so high. In this study the spiders were not separated into family or
species level due to time restraints. Further research into the types of spiders in this area
could give a better understanding of the biodiversity. Knowledge of whether these spiders
are exotic or native and whether these spiders are present or absent in various sites would
help in understanding the biodiversity of the area.
Ground (carabid) beetles showed an ecological trajectory that decreased in numbers from
the control sites to the mature sites. This shows a different result to last year’s study by
Stokvis (2014) which showed the beetles increasing in numbers from the control sites to the
mature sites. The beetles were split up into RTUs and some carabids did not show this
trend. Mecodema crenicolle was not present in the control site, and increased in numbers
from the restored sites to the mature sites. The dung beetle (Saphobius sp.) also showed a
similar trend. Hahner et al. (2013) investigated testing indicators of restoration success in
Punakaiki and found dung beetles to have a higher abundance in the mature sites and fewer
numbers in the control sites. Hahner et al. (2013) also believed dung beetles were a mature
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forest indicator species. Saphobius sp. is a native dung beetle and is known to be limited to
undisturbed native forest (Dung beetles in New Zealand, 2012). Native beetles are usually
unable to tolerate ecological changes such as changing habitats (Kuschel, 1990). Native
beetles are often found in smaller numbers in exotic grasslands and generally show a
positive trend in native bush restoration (Crisp et al. 1998). Not all of the beetles were
identified. Exotic species can live in a range of habitats and this may explain why there are
higher numbers in the control sites (Crisp et al. 1998). Further monitoring should be carried
out to see if this trend continues.
Staphylinidae beetles are a highly diverse family and are common in agricultural landscapes
(Crisp et al, 1998; Bohac & Pospisil, 1984). Most are generalist predators while others feed
on decomposing plant matter (Klimaszewski et al. 1996). RTU 5 showed a high abundance of
rove beetles in the control sites. This decreased in the restored sites and may be because
they are more abundant in modified habitats such as grasslands. RTU 28 showed a reversed
trend as rove beetles were more abundant in the restored areas than in the grasslands. RTU
28 were lower in abundance than RTU 5. Rove beetles are diverse and they are found largely
in grassland, but other species that occur in lower numbers in grassland are more abundant
in forests (Bohac, 1999).
Cave weta showed an ecological trajectory that increased from the restored sites to the
mature sites. Bowie et al. (2012) showed a similar trend where cave wetas were more
abundant in the mature forest. Cave wetas are found in forests and caves in the North
Island (Parkinson, 2007). This may indicate why none were found in the control sites and
more were found in the mature sites. Bristletails showed a similar trend, increasing in
numbers from the restored sites to the mature sites. Bristletails also known as silverfish are
among the most primitive insects and have similar appearances to the earliest insects found
on earth (Parkinson, 2007). They are more commonly found in houses, but little is known
about bristletails in New Zealand, and further research should be carried out in this area.
Ants and exotic snails show an opposite trend with an ecological trajectory increasing from
the mature sites to the control sites. Both exotic snail species were higher in the control
sites and showed a downwards trend in restored and mature sites. Exotic species colonise
modified habitats quickly but some species aren’t able to colonise indigenous forest very
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well (Brockerhoff et al. 2009). This might explain why these exotic snails are only found in
large numbers in the control sites.
Worm abundance was much higher in the restored sites compared to the control and
mature sites. Worms weren’t separated into exotics or natives due to the absence of
clitellum. Stokvis (2014) did not separate the worms either but showed higher abundance in
the control sites compared to the restored and mature sites. DNA analysis should be carried
out to get a more accurate result.
Centipede abundance was highest in the mature and restored sites. Stokvis (2014) showed
an ecological trajectory that increased form the control sites to the mature sites. The
numbers of centipedes have decreased this year with the highest mean abundance of 1
centipede/mature site, while in the study carried out by Stokvis’ (2014) had the mean of
10.19 centipede/mature site. This is a significant decrease in abundance of centipedes and
further research should be carried out to explain this result and to see if this trend
continues.

Wooden discs
The wooden discs had been undisturbed at the site for a year and on the first day of
assessment it was difficult to flip them over as most of them had rooted to the ground. This
was very common in the mature sites. There were not many invertebrates underneath the
wooden discs in the mature sites and this is a limitation as more were expected to be found.
Due to this limitation the wooden discs where checked twice providing more precise results.
On both dates of assessment tiger slugs (Limax maximus) were more abundant in restored
sites. Numbers on both dates of assessments remain constant. Control sites slightly
decreased in abundance but not significantly. The low and constant numbers of these slugs
is important as they regulate the population of the Spanish slug (Arion vulgaris) as these are
a destructive slug species (Nordsieck, n.d.). Tiger slugs can be damaging to plants if
populations are large (Nordsieck, n.d). To ensure these slugs are not damaging the
restoration plantings, Winstone Aggregates should regularly monitor their numbers.
The carabids beetles followed the same trend as in the pitfall traps and control sites had the
highest abundance. Stokvis (2014) showed carabids had the highest abundance in the
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restored sites and similar abundance in the control and mature sites. This is a very different
trend as mature sites had a significant decrease in carabid abundance. This may be due to
the wooden discs being rooted to the ground.
Millipedes showed an ecological trajectory that increased from the control sites to the
mature sites. Stokvis (2014) showed a similar trend, but had a more defined decrease from
restored to control sites.

Leaf litter samples
The mite taxa was diverse and there were at least 31 individual RTUs found. Mite species
were more diverse in restored and mature sites, and they decreased in abundance in the
control sites. The insect taxa was also diverse with a total of 24 species found. Insects
showed an ecological trajectory that increased from the control site to the mature site.
Mites can be used as good indicators of disturbance (Walter and Proctor, 1999). RTU 2 did
not follow the same trend and had the highest abundance in the restored site. RTU 21 is the
same mite species as RTU 26 in Stokvis’ (2014) study, and showed the same ecological
trajectory that showed an increase from the control to the mature sites. Both RTU 6 and
RTU 21 are two mite species that can be used as indicators of a successful ecological
trajectory. The Punakaiki restoration study had similar results and identified mite species as
possible indicators for ecological diversity (Hahner et al. 2013).

Earthworm samples
The difficultly in classifying the worms collected in this study significantly affected the
results. Most of the worms had an absent clitellum which is the main way to distinguish
between native and exotic worms (Lee, 1959). Only one species was identified: Octolasiion
cyaneum found in the restored sites. A total of 130 out of 196 worms could not be sorted
into exotic or native species. This is a major limitation of this study. DNA analysis is
recommended to identify the remaining worms. The worms that did have the clitellum were
sorted into natives and exotics.
The number of native earthworms often declines when land has been modified into exotic
grasslands, and exotic earthworms often replace them (Brockerhoff et al, 2009; Lee, 1967).
Restored sites showed the highest abundance of native earthworms. This decreased in the
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control sites and reduced even more in the mature sites. This trend may be less significant
due to the inability to identify all the worms. The exotic worms were more abundant in the
control sites. The trend shows the exotic worms are outcompeting the native worms in
these modified environments. In one of the control sites there was a Kauri forest no more
than 10 metres away. This could explain why more native earthworms were found in the
control site than the mature, however the limitation above limits this discussion.
The total weight of earthworms was highest in control sites due to the having the greatest
number of worms. Mature sites had the least number of worms but had the second highest
total weight. Worms were much larger in the mature forest sites but due to the inability to
identify these worms as native or exotic the relevance of this finding is limited. Restored
sites had the second highest number of worms but the lowest total weight. There appeared
to be more juveniles in the restored sites. The proportion of native worms were highest in
the restored sites and mature sites followed. Control sites proportion of native worms were
the lowest but had the highest proportion of exotic worms.
Future research in this area should use DNA analysis of the earthworms so a more
significant result can be identified and discussed.

Light trap samples
Lepidoptera consist largely of moths and forms the third largest order of insects (Crowe,
2002). New Zealand has over 1650 moth species that live in a diverse range of habitats
(Landcare Research, 2012). The main method of catching moths is by using light traps
(Baker and Sadovy, 1978). There are different forms of light traps and some can be more
efficient in collecting moths than others (Baker and Sadovy, 1978). The light trap used in this
study was a 15watt UV light and is less powerful than mercury vapour lamps that are
commonly used. This limited the number of moths caught as the light is less powerful. It
can only emit light for a couple of metres. Mercury vapour lamps can emit light 3 metres
and more (Baker and Sadovy, 1978). More moths could have been collected if mercury
vapour lamps had been used.
Noctuidae are plump bodied moths that fly mostly at night and are typically dull coloured
(Crowe, 2002). There are approximately 170 species in New Zealand and many are unique to
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New Zealand (Crowe, 2002). The larvae of most Noctuid moths feed on plant material on
the forest floor (Crowe, 2002). This suggests that more Noctuids would be found in the
forest than in the grassland. Noctuids were more commonly found in the restored areas,
but were less abundant in the mature forests.
The common grass moth (Orocrambus flexusellus) is native to New Zealand. It is a slim
bodied moth, flies during the day, and camouflages well in the grass (Terrain, 2008).
Restored sites had the highest abundance of grass moths (RTU 12) while control sites
decreased in abundance. Caddisflies are not moths but are closely related to Lepidoptera.
These showed the same trend in this study as the common grass moth. The restored sites
were only planted in 2011 and grass is still present in these areas which may be the reason
they are more abundant in the restored areas. In future years the grass should decrease in
the restored sites and the common grass moth could become more abundant in the control
sites than in the restored sites.
The invertebrates caught in light traps were more abundant and diverse in the restored
areas. Myrmeleontidae (antlions) were only caught in the restored areas. Antlions are
predatory and act as bioindicators of heavy metal pollution (Nummelin et al. 2007). There
were many species of wasps and flies found in the restored area. Mature sites had the least
number of invertebrates found, but an interesting trend was found with a species of beetle
(Odontria). Large abundance of Odontria found in the light traps in the mature sites.
Odontria was found in the restored pitfall traps but not in the mature sites. Only one
Odontria was found in the restored light traps compared to nine in the mature light traps.
This should be investigated in future studies.

Conclusion
This research investigated the entomological trajectory of the restoration plantings and
compared it against grassland and mature forest in the Winstone Aggregates Hunua Quarry.
Invertebrates had a high diversity that differed between the vegetation types. Results
showed that some species showed an upward ecological trajectory, while others showed a
downward ecological trajectory from control sites through to mature sites. There were
enough species that showed an upward ecological trajectory to show the restoration
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process is progressing well. Further research should be carried out to see if these trends
continue over the years.

Recommendations for further study
There are a number of ways and opportunities to improve this study at Winstone
Aggregates and they include:
•

Replace the 15watt UV light trap with 160watt mercury vapour lamps. The mercury
vapour lamps are brighter than the light traps used in this study and may pull in
greater numbers of moths. This will better assess diversity but could attract moths
from outside those being monitored.

•

DNA analysis of the earthworm samples. This will separate the worms into natives
and exotics. Stephane Boyer could help in setting up DNA analysis.

•

Soil analysis should be conducted to confirm the restored sites are not limited by
degraded soil. An assessment of the control and mature sites should also be done.

•

Other vegetation sites that are present in the Winstone Aggregates site should be
included in future studies including: older mature forest sites, pine forest sites, and
kauri forests sites.

•

Continuation of this study would continue to build on existing knowledge.
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Appendix: Invertebrate species list
Order
HYMENOPTERA

Family/Subfamily/ Species/Tribe/RTU Common
Superfamily
name
Formicidae

Amblyopone australis

Large native
ant

Formicidae

Tetramorium grassii

South African
ant
Parasitoid
wasp
Mason wasp

Ichneumonoidea

COLEOPTERA

Sphecidae

Pison spinolae

Carabidae

Mecodema
?crenicolle
Ctenognathus sp.

Ground
beetles
Ground
beetles
Snail-eating
beetle
Chafers

Scarabaeidae

Maoripamborus
fairburni
Heteronychus arator
(F.)
Odontria sp.

Scarabaeidae

Saphobius sp

Dung beetles

Staphylinidae

Rove beetles

Lycidae

RTU 5 (15mm length)
?Maorothius sp.
RTU 28 (1-4mm
length)
Porrostoma rufipenne

Elateridae

Agrypnus variabilis

Cerambycidae

? Ptinosoma

Cerambycidae

Oemona hirta

Carabidae
Carabidae
Scarabaeidae

Staphylinidae

Chafers

Rove beetles
Net-winged,
redwinged
beetles
Click beetles
Flat-faced
longhorn
beetle
Lemon tree
borer

Location/Collection
method
Restored wooden discs
and pitfalls. Control
sites wooden discs.
Found in control site
pitfall traps
Found in restored light
traps
Mud nests in control 1
site in weta motels
Found in mature &
restored pitfall traps
Found in mature,
restored, & control
pitfall traps
Found in pitfall trap
C2/1
Found in control pitfall
traps
Found in restored
pitfall traps
Found in mature light
traps
Found in mature &
restored pitfall traps
Found in control pitfall
traps
Found in restored
pitfall traps
Found in control pitfall
trap
Found in mature &
restored pitfall traps
Found in R4/2 pitfall
trap
Found in C3/4 weta
motel
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Curculionidae

Phaeocharis sp.

Weevil

Curculionidae

Phrynixus sp.

Weevil

Curculionidae

Sitona obsoletus

Weevil

Curculionidae

Mandalotus miricollis

Weevil

Curculionidae

Listroderes foveatus

True weevils

Cerylonidae

? Epurea sp. indet

Hydrophilidae

Tormissus linsi (Sharp
1884)

Zopheridae

Pristoderus bakewelli

DERMAPTERA

Forficulidae

HEMIPTERA

Cicadidae

Melampsalta ?suta

Pentatomidae

Nezara viridula

Cicadellidae
Oxychilidae

Oxychilus sp.

Helicidae

Helix aspersa

Cochlicopidae

Cochlicopa buccinella

GASTROPODA

Limacidae

Limax maximus

ARANEAE

Theririidae

MOLLUSCS

Lycosidae

Anoteropsis sp.

Salticidae
Zoropsidae
Zoropsidae

Uliodon
albopunctatus
Uliodon n. sp.

Water
scavenger
beetle
Fungus beetle

Found in mature pitfall
traps
Found in all sites in
pitfall traps
Found in M1/1 pitfall
trap
Found in control pitfall
traps
Found in control pitfall
traps
Found in mature 2/3
pitfall trap
Found in mature pitfall
traps

Found in mature &
restored pitfall traps
Earwigs
Found in control weta
motels. Found in
control & restored
pitfall traps
Cicada
Found in restored light
traps
Green
Found in restored
vegetable bug wooden discs. Found in
control light trap C4/1
Leafhopper
Cellar snail
Found in all sites pitfall
(exotic)
traps
Garden snail
Found in control pitfall
traps
Land snail
Found in control pitfall
traps
Tiger Slugs
Found in restored and
control wooden discs
Cobweb
Found in control and
spiders
mature weta motels
Wolf spiders
Found in control leaf
litter
Jumping
Found in restored &
spider
mature leaf litter
Vagrant
Found in all sites pitfall
spider
trap
New vagrant
Found in control and
species
restored wooden discs
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CHILLIPODA

Scolopendridae

NEUROPTERA

Myrmeleontidae

ORTHOPTERA

Anostostomatidae

Cormocephalus
?rubriceps

LEPIDOPTERA

Antlion

Found in restored light
traps
Found in restored &
mature weta motels
Found in restored &
mature pitfall traps
Found in restored &
mature pitfall traps
Found in control
wooden discs
Found in mature M4/1
light traps
Found in restored
wooden discs
Found in C1/4 wooden
disc
Found in control,
restored light traps,
grass hostplant
Found in all sites light
traps, grass hostplant
Found in restored site
light traps, grass
hostplant
Found in restored site
light traps, leaf litter
hostplant
Found in all sites light
traps, leaf litter
hostplant
Found in mature site
light traps, leaf litter
hostplant
Found in restored &
mature site light traps,
lichen hostplant
Found in restored site
light traps, dead wood
hostplant
Found in restored &
mature site light traps,
Hoheria seeds
hostplant

Auckland tree
weta
Cave weta

Hemiandrus sp.

Ground weta

ISOPODA
BLATTODEA

Found in mature pitfall
trap

Hemideina thoracica

Rhaphidophoridae
Anostostomatidae

Giant
centipede

Slaters
Blattidae

Cockroach

Blatellidae

Celatoblatta vulgaris

Blattidae
Hepialidae

Maoriblatta
novaeseelandiae
Wiseana copularis

Bush
cockroach
Large black
kekerengu
Porina moths

Hepialidae

Wiseana umbraculata

Porina moths

Hepialidae

Wiseana signata

Porina moths

Tineidae

Opogona omoscopa

Tineid moths

Oecophoridae

Tingena armigerella

Concealer
moths

Oecophoridae

Leptocroca scholaea

Concealer
moths

Oecophoridae

Phoeosaces
compsotypa

Concealer
moths

Oecophoridae

Izatha hudsoni

Concealer
moths

Gelechiidae

Anisoplaca achyrota

Twirler moths
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Gelechiidae

Anisoplaca ptyoptera

Stem miner
moths

Tortricidae

Epiphyas postvittana

Light brown
apple moths

Tortricidae

Merophyas
leucaniana

Leafroller
moths

Tortricidae

Cryptaspasma
querula
Planotortrix
notophaea
Planotortrix
excessana

Leafroller
moths
Leafroller
moths
Greenheaded
Leafroller
moths
Brownheaded
Leafroller
moths
Leafroller
moths

Tortricidae
Tortricidae
Tortricidae

Ctenopseustis
obliquana

Tortricidae

Strepsicrate
zopherana

Crambidae

Achyra affinitalis

Crambidae

Culladia strophaea

Crambidae

Orocrambus
flexuosellus

Crambidae

Orocrambus apicellus

Crambidae

Orocrambus
ramosellus

Crambidae

Hygraula nitens

Crambidae

Uresiphita maorialis

Crambidae

Udea flavidalis

Found in restored site
light traps,
Carmichaelia hostplant
Found in control &
restored light traps,
foliage of herbs
Found In control &
restored light traps,
grass hostplant
Found in restored site
light traps
Found in restored light
traps, foliage hostplant
Found in restored light
traps, foliage hostplant

Found in control site
light traps, foliage
hostplant
Found in mature site
light traps,
manuka/kanuka
hostplant
Grass moths
Found in mature &
restored site light traps,
soil roots
Grass moths
Found in control site
light traps, larvae in soil
Common
Found in control &
Grass moths
restored site light traps,
grass hostplant
Grass moths
Found in all sites light
traps, grass hostplant
Grass moths
Found in restored site
light traps, grass
hostplant
Pond moths
Found in all sites light
traps, aquatic herbs
hostplant
Kowhai moths Found in control site
light traps kowhai
hostplant
Grass moths
Found in mature site
light traps, herbs/lianes
hostplant
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Crambidae

Scoparia halopis

Grass moths

Crambidae

Scoparia minusculalis

Grass moths

Crambidae

Eudonia leptatea

Grass moths

Crambidae

Eudonia bisinualis

Grass moths

Crambidae

Eudonia sabulosella

Grass moths

Crambidae

Eudonia octophora

Grass moths

Crambidae

Eudonia philerga

Grass moths

Pyralidae

Patagoniodes
farinaria
Leptomeris rubraria

Snout moths

Geometridae

Pseudocoremia
leucelaea

Forest looper
moths

Geometridae

Pseudocoremia
productata

Geometer
moths

Geometridae

Pseudocoremia suaris

Geometer
moths

Geometridae

Pasiphila bilineolata

Geometer
moths

Geometridae

Austrocidaria
callichlora

Carpet moths

Geometridae

Austrocidaria similata

Carpet moths

Geometridae

Epyaxa rosearia

Common
Carpet moths

Geometridae

Geometer
moths

Found in restored site
light traps, mosses
hostplant
Found in restored light
traps, mosses hostplant
Found in mature site
light traps, sod
webworm
Found in control site
light traps, mosses
hostplant
Found in control site
light traps, sod
webworm
Found in control site
light traps, mosses
hostplant
Found in restored site
light traps, mosses
hostplant
Found in all sites light
traps, composite herbs
Found in control &
restored light traps,
Plantago hostplant
Found in mature site
light traps, podocarps
hostplant
Found in mature site
light traps, tree foliage
hostplant
Found in restored site
light traps, tree foliage
hostplant
Found in restored site
light traps, Hebe
hostplant
Found in restored site
light traps, Coprosma
hostplant
Found in restored site
light traps, Coprosma
hostplant
Found in restored site
light traps, herbs
hostplant
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Geometridae

Declana floccosa

Geometridae

Ischalis variabilis

Geometridae

Gellonia dejectaria

Geometridae

Cleora scriptaria

Geometridae

Cleora filata

Geometridae

Hydriomena
deltoidata

Erebidae

Schrankia
costaestrigalis

Erebidae

Rhapsa scotoscialis

Erebidae

Tyria jacobaeae

Cinnabar
moths

Noctuidae

Graphania mutans

Noctuidae

Graphania insignis

Grey-Brown
Cutworm
moths
Dart moths

Noctuidae

Agrotis ipsilon

Dark SwordGrass moths

Noctuidae

Dipaustica epiastra

Owlet moths

Noctuidae

Tmetolophota purdii

Orange
Astelia
Wainscot
moths
Caddisflies

TRICHOPTERA
DIPTERA

Tipulidae

Forest
Semilooper
moths
Geometer
moths
Brown
Evening
moths
Kawakawa
Looper moths
Australian
Pug moths
Carpet moths
PinionStreaked
Snout moths
Macromoths

Crane flies

Found in restored site
light traps, tree/shrub
foliage hostplant
Found in mature site
light traps, ferns
hostplants
Found in mature site
light traps, tree foliage
hostplant
Found in restored site
light traps,
Pseudowintera
hostplant
Found in mature light
traps, flowers hostplant
Found in restored site
light traps, herbs
hostplant
Found in all sites light
traps, Juncus hostplant
Found in all sites light
traps, leaf litter
hostplant
Found in restored site –
hand collected, ragwort
hostplant
Found in mature &
restored site light traps,
herbs hostplant
Found in restored site
light traps, herbs
hostplant
Found in mature &
restored site light traps,
herbs hostplant
Found in restored site
light traps, sedges
hostplant
Found in mature site
light traps, Astelia
hostplants
Found in all sites light
traps
Found in all sites light
traps
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PLASMATODEA

Phasmatidae

THYSANURA

Lepismatidae

Clitarchus hookeri

OPILIONES

CLASSICLITELLATA

Triaenonychidae

Soerensenella sp.

Lumbricina

Octolasiion cyaneum

Common stick Restored site
insect
Bristletails
Found in restored &
mature pitfall traps
Short legged
Found in control &
harvestman
restored pitfall traps
(exotic)
Short legged
Found in restored &
harvestman
mature pitfall traps
(native)
Common
Found in restored &
introduced
mature sites
earthworm

Reptiles
SQUAMATA

Scincidae

Skink

Found in restored
pitfall traps
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