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Summary 

 
Project and Client 
In September–October 2004, Maungatautari Ecological Island Trust eradicated all introduced  
mammal species from two fenced ‘exclosures’ totalling 100 ha within Maungatautari. In November–
December 2006 mammals were eradicated from the whole of the ecological island. This report 
describes the changes that have occurred in the ground-dwelling beetle community of the southern 
exclosure (65 ha) on Maungatautari in summer 2 years after the first eradication of introduced 
mammals. The research was funded by the Maungatautari Ecological Island Trust and the Foundation 
for Research, Science and Technology (Contract C09X0503). 
 
Objectives 
• To survey the ground-dwelling beetles in the southern exclosure on Maungatautari, 2 years after 

the eradication of introduced mammals and compare with baseline data collected before the 
eradication. 

• To compare samples collected from sampling sites outside the southern exclosure (a non-
treatment site) with those collected within the exclosure over the same time period. 

• To determine changes in the beetle community of the southern exclosure on Maungatautari since 
the eradication. 

 
Methods 
• Beetle assemblages were sampled using 10 pitfall traps at two transects located inside the 

southern exclosure, and compared with two non-treated sites (10 traps at each transect) outside 
the exclosure on Maungatautari. 

• For the pre-eradication sampling, traps were set in May–June 2004, June–July 2004, Nov–Dec 
2004, Dec 2004–Jan 2005, and Jan–Feb 2005. Post-eradication samples were collected in Nov–
Dec 2006, Dec 2006–Jan 2007, and Jan–Feb 2007. 

• Captured beetles were sorted on the basis of external morphology to morphospecies or recognised 
taxonomic units (RTUs) and, where possible, given generic and species-level identifications. 

• Beetles were classified into one of three functional groups (herbivores, detritivores and predators) 
at family or subfamily level. 

• Each beetle species was measured and classified as ‘very small’ (<5 mm), ‘small’ (5–10 mm), 
‘small medium’ (10–20 mm), ‘large medium’ (20–30 mm) or ‘large’ (>30 mm). 

• The average biomass (g) was recorded for each beetle species caught.   
 
Results 
• A total of 10 793 beetles from 128 RTUs were captured over the total trapping period. 
• The most species-rich families in samples were Staphylinidae and Curculionidae (represented by 

23 and 32 species, respectively). 
• After mammal eradication, beetle abundance increased 8% a month inside the exclosure and 2% 

a month outside, a significant difference. It was also evident that summer samples had 1.35 times 
more beetles than samples collected during the winter. 

• There was no evidence of a difference in the number of beetle species collected before and after 
mammal eradication or between seasons. 

• Of the 128 beetle species caught, 91 species were classified as very small, 16 species as small, 16 
species as small medium, 3 species as large medium and 2 species (Lasiorhynchus barbicornis 
(Brentidae) and Mecodema oconnori (Carabidae)) as large. The proportions of the different sized 
beetles were similar inside and outside the exclosure but varied with season. 
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Months since mammal eradication
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Fig. 2 Changes in beetle species richness (±SE) from pitfall traps situated inside (open squares) and 
outside (closed squares) the exclosure during winter 2004 (May–Jun 04; Jun–Jul 04), summer 04–05 
(Nov–Dec 04; Dec 04–Jan 05; Jan–Feb 05) and summer 06–07 (Nov–Dec 06; Dec 06–Jan 07; Jan–
Feb 07).   

 
5.2 Changes in size classes of beetles caught 

Of the 128 beetle species caught, 91 species were classified as very small, 16 species as small, 16 
species as small medium, 3 species as large medium and 2 species (Lasiorhynchus barbicornis 
(Brentidae) and Mecodema oconnori (Carabidae)) as large. 
 
The proportions of the different sized beetles were similar inside and outside the exclosure (Fig. 3). 
The size of the beetles caught varied with season, with very small beetles being dominant during 
winter while small and small medium beetles were dominant during summer. The proportions of 
small, small medium and large medium increased with time since sampling began, while the 
proportion of very small beetles in the samples decreased (Fig. 3). 
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Fig. 3 Proportions of beetles in different size-classes caught within and outside the Maungatautari 
exclosure in each sampling period. White = very small (<5 mm), light grey = small (5–10 mm), dark 
grey = small medium (10–20 mm), dotted = large medium (20–30 mm), and black = large (>30 mm). 
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Of the five ‘larger’ (3 medium large and 2 large) beetle species caught, three species (Lasiorhynchus 
barbicornis (Brentidae), Stethaspis sp. 1 (Scarabaeidae) and Mecodema crenaticolle (Carabidae)) 
were only caught inside the exclosure during Dec–Jan 07 although only 1–2 specimens were captured. 
Mecodema oconnori increased in abundance after mammal eradication inside the exclosure (Fig. 4). 
Time since mammal eradication showed no effect on the abundance of Parabaris atratus (Carabidae).  
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Fig. 4 Changes in the abundance of Mecodema oconnori (Carabidae) (±SE) from pitfall traps situated 
inside (open squares) and outside (closed squares) the exclosure during winter 2004 (May–Jun 04; 
Jun–Jul 04), summer 04–05 (Nov–Dec 04; Dec 04–Jan 05; Jan–Feb 05) and summer 06–07 (Nov–Dec 
06; Dec 06–Jan 07; Jan–Feb 07).  

 
5.3 Changes in beetle biomass 

A total of 1381.5 g of beetles were caught over the total trapping period. Given that biomass is a 
product of beetle size and abundance, there was a significant difference in the biomass of beetles 
collected with time since eradication (F1,15 = 124.31, P < 0.001; Fig. 5; Appendix 1C). However, 
whether the beetles were collected from inside or outside the exclosure or which season they were 
collected in did not have a significant effect on the biomass of beetles captured (Appendix 1C).  
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Fig. 5 Changes in total beetle biomass (±SE) from pitfall traps situated inside (open squares) and 
outside (closed squares) the exclosure during winter 2004 (May–Jun 04; Jun–Jul 04), summer 04–05 
(Nov–Dec 04; Dec 04–Jan 05; Jan–Feb 05) and summer 06–07 (Nov–Dec 06; Dec 06–Jan 07; Jan–
Feb 07).  

 

5.4 Trophic structure 

Of the beetle species caught, 65 species were detritivores, 32 species were predators, and 31 species 
were herbivores.  
 
The proportions of detritivores, predators and herbivores were similar inside and outside the exclosure 
at each sampling period (Fig. 6). The proportions of each trophic group caught varied with season, 
with herbivores being more common during winter while detritivores and predators were dominant 
during summer. The variation in the proportions of the three trophic groups caught during the two 
summer sampling periods was random (Fig. 6). 
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Fig. 6 Proportions of the three beetle trophic groups caught within and outside the Maungatautari 
exclosure in each sampling period. White = detritivores, light grey = herbivores and black = predators. 
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5.5 Beetle community composition 

The ordination based on species composition and abundance showed that the beetle community 
sampled within the exclosure changed after mammal eradication (Fig. 7). Five groups of transects 
with differing beetle species composition were identified by the FUSE clustering analysis, and these 
groupings have been overlaid onto the SSH ordination to identify trends in beetle community 
composition within the study (Fig. 7). The groups formed a sequence from all transects sampled prior 
to the mammal eradication during winter 2004 (Group I) through to transects sampled within the 
southern exclosure during summer 2006/07, 2 years after mammal eradication (Group V). 
Interestingly, there was no substantial difference in beetle species composition of the transects outside 
the exclosure during both summers sampled (2004/05 and 2006/07; Group II). Beetles sampled from 
within the exclosure in Dec 04 – Jan 05 and Jan–Feb 05 formed two separate groups between Groups 
II and V (Fig. 7) suggesting that the changes in composition began quite quickly after the eradication. 
Of the 85 beetle species caught within the exclosure after mammal removal, 50 species were ‘new’ 
(not trapped beforehand) and 11 species caught before the eradication were not trapped again 
(Appendix 2; Fig. 7).The beetle fauna was less affected by season and variation between years. 
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Fig. 7  Two-dimensional SSH ordination of beetle abundance data for each transect (n = 10 pitfall 
traps) at each sampling period.  Stress value = 0.18). Open symbols = inside the exclosure and closed 
symbols = outside the exclosure.  
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6. Discussion 

 
Although this study was only based on a modest sample of pitfall traps dispersed through time, a 
number of interesting trends have emerged. There have been very limited data collected in New 
Zealand examining the effect of removing mammalian predators on beetle fauna (but see Sinclair et 
al. 2005). Therefore, the data presented here are important, especially with the increasing number of 
conservation projects being established throughout New Zealand using predator-proof fences to 
exclude mammals once they have been eradicated from within an area.  
 
The beetle community sampled from within the southern exclosure on Maungatautari changed in 
abundance and composition after mammals were eradicated. For example, the most common beetle 
sampled, Cholevinae sp. 1 (Leiodidae), was caught in low numbers within the exclosure before the 
eradication (4% of sample) but had significantly increased in the samples after the eradication (96% 
of samples). Cholevinae beetles are detritivores, feeding in the forest leaf litter, so are vulnerable to 
mammal predation. The magnitude of community difference before and after eradication was greater 
than seasonal differences between summer and winter, and between years. All these comparisons 
suggest that the change in composition is related to the effects of mammal eradication possibly 
causing changes in demographic rates and interspecific interactions (e.g. predation, competition). 
These changes probably affect some species and not others. 
 
Of the ‘larger’ beetles caught at Maungatautari, the majority were Carabidae. It is well known that 
carabid beetles have advanced defence mechanisms including distastefulness and a pungent odour 
secreted when the beetles are harassed (Larochelle & Larivière 2001). Mecodema crenaticolle and 
M. oconnori display these characteristics (pers. obs.). Although these carabid species have these 
defence mechanisms, they increased in abundance after the eradication of mammals in the southern 
exclosure indicating that they are still eaten by mammals.   
 
The responses of invertebrates to mammal removal appears to be variable. Previous studies have 
found invertebrate species richness and abundance increased after rat eradication. For example, on 
Tiritiri Matangi Island the capture frequency of two species of Zoropsidae (Araneae) increased by 
400% in the 4 years after eradication although millipedes, centipedes and harvestman showed no 
change (Green 2002) despite an increase in conspicuousness of saddlebacks (Graham & Veitch 2002). 
In contrast, van Aarde et al. (2004) found that changes in the invertebrate communities on 
subantarctic Marion Island were independent of the presence of mice and that the differences between 
years were larger than the differences between mice exclosure plots versus control plots. Three years 
after rat eradication from Kapiti Island, the invertebrate catch frequency and diversity showed a 
dramatic decrease, most obvious in the Carabidae and Amphipoda (Sinclair et al. 2005). A four-fold 
increase in the abundance and conspicuousness of some insectivorous birds on the island and 
fluctuations between El Niño and La Niña weather patterns may have affected the ‘recovery’ of the 
invertebrate community (Sinclair et al. 2005). Preliminary results from the pest mammal eradication 
at Karori Wildlife Sanctuary also indicate a decline in the abundance and species richness of beetles, 
probably due to the presence of mice and the high densities of reintroduced native birds (Watts et al. 
in preparation) though composition did change.  
 
The increase in bird numbers, either naturally or by reintroductions, after mammal eradication is 
usually hailed as a sign of a successful eradication, but the impact of birds on invertebrate 
communities is usually ignored. Since insectivorous birds begin to thrive in pest-free areas, this could 
have replaced the previous mammalian predator pressure on invertebrate populations. One of the most 
common and usually the first species to be translocated into pest-free sanctuaries, the North Island 
robin, is likely to have the greatest effect, as they forage for invertebrates in the soil, among the leaf 
litter, on rotten logs, and in low vegetation that can be reached from the ground (Higgins & Peter 
2002). Powlesland (1981) recorded the remains of Mecodema (Carabidae) and unidentified beetle 
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species in pellets collected from robins at Kowhai Bush. North Island kiwi are selective feeders 
choosing large (>8 mm) slow-moving invertebrates from the upper layer of the soil (Colbourne & 
Powlesland 1998; Colbourne et al. 1990; Reid et al. 1982). Earthworms, cicada nymphs, and 
scarabaeidae beetles and their larvae were the most commonly eaten arthropods (Colbourne et al. 
1990; Reid et al. 1982). Invertebrate populations could also be affected by increased densities of other 
birds (e.g. fantail, tomtit, grey warbler, morepork, kingfisher, blackbird, thrushes), which occurred 
within the forest previously but will potentially increase in numbers following predator removal. 
While these birds are not likely to limit beetle populations, they will have some effect on them. The 
present study on Maungatautari occurred before the reintroduction of any additional insectivorous 
bird species, except for low densities of North Island brown kiwi within the southern exclosure. Thus, 
it created a baseline dataset examining the beetle community after mammal removal but before many 
insectivorous bird reintroductions. It is unknown whether there is a difference in the types of 
invertebrates preyed upon by insectivorous birds compared with mammals and how these differences 
might manifest. 
 
With the rapid increase in the establishment of conservation projects focused on maintaining 
mammal-free sanctuaries using pest-proof fences throughout New Zealand, our results are an 
important step in understanding how the beetle community responds to mammal removal and the 
process of ecosystem adjustment. The responses of beetles, and invertebrates generally, to the 
eradication of mammals are not uniform, and species appear to respond to the relief of predation 
pressure at different rates (Rufaut & Clearwater 1997). Rufaut & Gibbs (2003) monitored a 
population of Wellington tree wētā (Hemideina crassidens) after the eradication of Rattus exulans 
(kiore) from Nukuwaiata (Chetwode Islands), Pelorus Sound. Tree wētā density did not increase 
markedly over the 4-year period, but the proportion of active adults did increase. Wētā were observed 
to move into larger and more crowded refuges, to occupy galleries closer to the ground, and to spend 
less time sitting in gallery entrances – so there were changes in behaviour (Rufaut & Gibbs 2003).  
 
If we are to learn anything about invertebrate responses to mammal eradications on mainland New 
Zealand we should have specific objectives in mind when we are designing the monitoring 
programmes of these fenced sanctuaries. Important considerations include: (1) identical protocols for 
monitoring at different managed mainland sites and at any associated non-treatment sites; (2) 
monitoring over a longer timescale to account for any seasonal or annual variation; and (3) allowing 
monitoring to occur after pests have been eradicated but before any translocations occur.  
 

7. Recommendations 

 
• Monitoring of the beetle community should continue at the southern exclosure on Maungatautari 

every summer between November and February, even though the non-treatment transects outside 
the exclosure have also had mammals eradicated. This will allow comparisons to be made as 
native bird reintroductions occur and insectivorous bird densities (both native and introduced) 
increase within the southern exclosure. Also of interest is whether the beetle communities outside 
the exclosure show similar trends to those shown in this study in the absence of mammals.   

• Ideally, another non-treatment site (e.g. Mt Pirongia, Te Miro or Maungakawa) should be 
established now that the mammals have been eradicated from Maungatautari. 
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Appendix 1  
General linear regression analysis on beetle abundance (A), species richness (B) and biomass 
(C) per trap day collected from pitfall trap samples situated inside and outside the enclosure. 
* = interaction term. 
 
A) Beetle abundance 

F ratio P value   SS df MS 
   Accumulated analysis of variance   

Change to model      
+ Time since mammal removal 3.26 1 3.26  249.02 <0.001 
+ Inside or outside the enclosure  0.83 1  0.83 63.30 <0.001 
+ Season  0.45 1  0.45  34.44 <0.001 
+ Time since mammal removal*Inside or outside the enclosure  0.74 1  0.74 56.27 <0.001 
+ Time since mammal removal*Season  0.03 1  0.03 2.41  0.159 
+ Inside or outside the enclosure*Season  0.00 1  0.00  0.42  0.535 
+ Time since mammal removal*Inside or outside the enclosure*Season  0.00 1  0.00  0.35  0.568 
Residual 0.10 8 0.01   
Total  5.42 15  0.39   

 
 
B) Beetle species richness 

F ratio P value   SS df MS 
   Accumulated analysis of variance   

     Change 
0.04 1 0.04 1.67 0.222  + Time since mammal removal 
0.03 1 0.03 1.21 0.294  + Inside or outside the enclosure 
0.02 1 0.02 1.09 0.319  + Time since mammal removal* Inside or outside the enclosure 
0.06 1 0.06 2.61 0.135  + Season 
0.27 11 0.02   Residual 
0.44 15 0.02   Total 

 
 
C) Beetle biomass 

F ratio P value   SS df MS 
   Accumulated analysis of variance   

     Change 
30.33 1 30.33 124.31 <0.001  + Time since mammal removal 
0.75 1 0.75 3.09 0.107  + Inside or outside the enclosure 
0.13 1 0.13 0.56 0.471  + Time since mammal removal* Inside or outside the enclosure 
7.34 1 7.34 30.10 <0.001  + Season 
2.68 11 0.24   Residual 

41.25 15 2.75   Total 
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Appendix 2 
Total abundance of beetle species sampled from pitfall traps situated inside and outside the 
southern exclosure on Maungatautari. Nomenclature follows Klimaszewski & Watt (1997) 
and species are ordered alphabetically by family.  
 

Total 
abundance Family Species name 

Sphinditeles sp. 1 Anobiidae 1 
Lasiorhynchus barbicornis (Fabricius, 1792)  Brentidae 1 
Allocinopus sp. 1 Carabidae 7 
Aulacopodus calathoides (Broun, 1886) Carabidae 322 
Ctenognathus adamsi (Broun, 1886)  Carabidae 1733 
Dicrochile sp. 1 Carabidae 153 
Holcaspis mordax Broun, 1886  Carabidae 455 
Holcaspis sp. 1 Carabidae 4 
Mecodema oconnori Broun, 1912  Carabidae 95 
Mecodema crenaticolle Redtenbacher, 1868     Carabidae 1 
Molopsida sp. 1 Carabidae 4 
Parabaris atratus Broun, 1881  Carabidae 223 
Nodulosoma sp. 1 Cerambycidae 2 
Tenebrosoma albicoma (Broun, 1893) Cerambycidae 2 
Tenebrosoma tenebricum (Broun, 1893) Cerambycidae 5 
Tenebrosoma terrestre (Broun, 1880) Cerambycidae 3 
Sphaerothorax suffusus (Broun, 1886) Clambidae 4 
Adoxellus sp. 1 Coccinellidae 1 
Rhyzobius rarus (Broun, 1880)  Coccinellidae 94 
Holopsis rotundatus Broun, 1886 Corylophidae 9 
Holopsis sp. 1 Corylophidae 6 
Sericoderus sp. 1 1 Corylophidae 
Micrambina sp. 1 Cryptophagidae 76 
Thortus sp. 1 Cryptophagidae 15 
Abrotheus sp. 1 Curculionidae 2 
Metacalles sp. 1 Curculionidae 2 
Phloeophagosoma sp. 1 Curculionidae 1 
Agacalles formosus Broun, 1886 Curculionidae 13 
Agacalles sp. 1 Curculionidae 5 
Agacalles tortipes (Broun, 1880)  Curculionidae 3 
Allanalcis sp. 1 Curculionidae 2 
Bantiades sp. 1 Curculionidae 2 
Catoptes binodis (White, 1846) Curculionidae 1 
Crisius ventralis (Broun, 1885)  Curculionidae 1 
Crisius variegatus Broun, 1880  Curculionidae 1 
Crooktacalles certus (Lyal, 1993) Curculionidae 7 
Dermothrius ruficollis (Broun, 1893)  Curculionidae 31 
Etheophanus sp. 1 Curculionidae 8 
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Geochus sp. 1 Curculionidae 3 
Gromilus variegatus Broun, 1880  Curculionidae 2 
Hygrochus oculatus Broun, 1881 Curculionidae 14 
Hypocryphalus asper (Broun, 1881) Curculionidae 1 
Listronotus bonariensis (Kuschel, 1955)  Curculionidae 1 
Lyperobates sp. 1 Curculionidae 1 
Paelocharis sp. 1 Curculionidae 3 
Paromalia nigricollis (Broun, 1895) Curculionidae 1 
Paromalia vestita Broun, 1880  Curculionidae 1 
Phrynixus astutus Pascoe, 1875 Curculionidae 5 
Phrynixus modicus Pascoe, 1875 Curculionidae 4 
Rhopalomerus picipennis Broun, 1880  Curculionidae 1 
Scelodolichus hilaris Broun, 1893 Curculionidae 32 
Scelodolichus sp. 1 Curculionidae 35 
Styphlotelus fascicularis Broun, 1893 Curculionidae 14 
Trinodicalles conicollis (Broun, 1913) Curculionidae 2 
Zeacalles incultus (Broun, 1893) Curculionidae 1 

Curculionidae Crytorhynchini sp. 1 20 
Amphiplatys lawsoni Sharp, 1877 Elateridae 4 
Oxylasma sp. 1 Elateridae 5 
Panspoeus guttatus Sharp, 1877 Elateridae 1 

Elateridae Elateridae sp. 1 6 
Holoparamecus sp. 1 1 Endomychidae 
Cryptodacne brouni Sharp, 1878 Erotylidae 2 
Cryptodacne synthetica Sharp, 1878 Erotylidae 1 
Cercyon sp. 1 Hydrophilidae 2 
Cyloma lawsonus Sharp, 1872 Hydrophilidae 7 
Cyloma stewarti Broun, 1894 Hydrophilidae 22 
Tormissus linsi (Sharp, 1884) Hydrophilidae 252 
Lithostygnus sp. 1 Latridiidae 5 
Melanophthalma sp. 1 Latridiidae 44 
Colon hirtale (Broun 1880) Leiodidae 2 
Inocatops sp. 1 Leiodidae 1 
Isocolon sp. 1 Leiodidae 2 
Zeadolopus sp. 1 Leiodidae 56 

Leiodidae Cholevinae sp. 1 4325 
Leiodidae Leiodidae n.g., n.sp. 2 

Hylobia sp. 1 Melandryidae 22 
Melandryidae Melandryidae n.g., n.sp. 4 

Triphyllus sp. 1 Mycetophagidae 10 
Epuraea sp. 1 Nitidulidae 2 
Thelyphassa sp. 1 Oedemeridae 1 
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Ptiliidae Ptiliidae sp. 1 66 
Odontria sp. 1 Scarabaeidae 7 
Saphobius lepidus Broun, 1912 Scarabaeidae 1 
Saphobius sp. 1 Scarabaeidae 25 
Saphobius sp. 2 Scarabaeidae 388 
Saphobius sp. 3 Scarabaeidae 66 
Stethaspis sp. 1 Scarabaeidae 2 
Amplectopus sp. 1 Scirtidae 9 

Scirtidae Scirtidae sp. 1 73 
Scydmaenidae Scydmaenidae sp. 2 147 
Staphylinidae Euplectini sp. 1 3 

Hamotulus sp. 1 Staphylinidae 2 
Quedius sp. 1 Staphylinidae 178 
Quedius sp. 2 Staphylinidae 2 
Quedius sp. 3 Staphylinidae 1 
Agnosthaetus sp. 1 Staphylinidae 1 
Anabaxis foveolata (Broun, 1880) Staphylinidae 1 
Baeocera tekootii Löbl & Leschen, 2003 Staphylinidae 3 
Baeocera tenuis Löbl & Leschen, 2003 Staphylinidae 2 
Brachynopus latus Broun, 1881 Staphylinidae 30 
Eupines sp. 1 Staphylinidae 154 
Hyperomma sp. 1 Staphylinidae 2 
Hyperomma sp. 2 Staphylinidae 2 
Maorothius sp. 1 80 Staphylinidae 
Myllaena sp. 1 Staphylinidae 1 
Paratorchus sp. 1 Staphylinidae 4 
Pselaphus sp. 1 Staphylinidae 1 
Sagola sp. 1 Staphylinidae 9 
Sepedophilus sp. 1 Staphylinidae 351 
Silphotelus nitidus Broun, 1895 Staphylinidae 49 
Tramiathaea cornigera (Broun, 1880) Staphylinidae 44 

Staphylinidae Aleocharinae sp. 1 691 
Staphylinidae Omaliinae sp. 1 4 

Kaszabadelium aucklandicum (Broun, 1880) Tenebrionidae 2 
Menimus sp. 1 Tenebrionidae 2 
Wattadelium sp. 1 Tenebrionidae 1 
Xylochus sp. 1 Tenebrionidae 2 
Brouniphylax sp. 1 Ulodidae 11 
Ablabus sp. 1 Zopheridae 9 
Ciconissus sp. 1 Zopheridae 11 
Epistranus sp. 1 Zopheridae 1 
Glenentela sp. 1 Zopheridae 1 
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Pristoderus bakewellii (Pascoe, 1866) Zopheridae 100 
Pristoderus tuberculatus (Broun, 1880) Zopheridae 31 
Rytinotus squamulosus Broun, 1880 Zopheridae 1 
Syncalus sp. 1 Zopheridae 1 
Syncalus sp. 2 Zopheridae 4 
Tarphiomimus indentatus Wollaston, 1873  Zopheridae 1 
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