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General abstract 

Introduced wasps can have significant impacts on communities within their newly 

invaded range. A recent wasp introduction to New Zealand is the European paper 

wasp, Polistes dominula Christ, which was first observed in the Nelson-Tasman region 

in 2016. The ecology and behaviour of P. dominula was investigated, as well as the 

direct and indirect impacts of this wasp on local communities in Nelson. Aspects of 

nesting behaviour, habitat preference and abundance were studied with the intent to 

inform management decisions. The abundance and colony survival of P. dominula 

was greatest in suburban areas, where nests were predominantly built within 

anthropogenic structures. Colony survival of P. dominula was comparatively higher 

than for colonies of the longer established exotic congener Polistes chinensis Pérez. 

Neither Polistes species were found to nest within native or exotic forest sites, with 

translocated colonies of P. dominula unsuccessful within forest habitats. As a species 

that originates from a warmer climate, the lower temperatures in forests are likely a 

contributor to the inability of P. dominula to thrive in these areas.  

The impacts that newly invasive predators have on communities within their invaded 

range are often poorly understood. Following the arrival of P. dominula, I show data 

indicating that there have been substantial declines in the abundance of several local 

butterfly species in Nelson. The monarch butterfly, Danaus plexippus Linnaeus was 

one of the species reported by residents to be in population decline. Field experiments 

found P. dominula to be a major cause of monarch caterpillar mortality. Caterpillar 

survival was the lowest in suburban areas, where the abundance of P. dominula was 

highest. Early instar caterpillars had comparatively higher mortality rates than late 

instar caterpillars, as the defensive behaviour of larger caterpillars had greater 

success against these wasps. Whilst P. dominula was the main driver behind 

caterpillar mortality throughout my experiments, the discovery of caterpillars by wasps 

appeared to happen by chance through direct contact between the wasp and their 

prey. There was also no evidence of nestmate recruitment by foraging wasps to sites 

where caterpillars were found. 

Predation has the capacity to not only impact prey populations, but through the 

suppression of herbivory, plants can indirectly benefit from the presence of predators. 

The presence of P. dominula was found to have strong, cascading effects on the 
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milkweed host and food plant of D. plexippus. Milkweed fitness in areas populated by 

P. dominula was substantially greater than the fitness of plants in areas without this 

invasive predator. Plant growth and reproduction of milkweeds placed in areas where 

P. dominula were present, and able to predate upon caterpillars, were found to exhibit 

a similar amount of growth and flower production as netted control plants which 

excluded monarch caterpillars completely. The outcomes of this experiment suggest 

that P. dominula is strongly suppressing these herbivorous caterpillars.  

Overall, this thesis provides insight into the behaviour and ecology of P. dominula in 

New Zealand. Findings of this research suggest that this newly invasive wasp is having 

detrimental effects on local communities and that P. dominula should be controlled to 

reduce the impacts of this wasp on New Zealand’s ecosystems. Knowledge obtained 

in this study can direct conservation management strategies and aid in the 

development of effective control methods.  
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Chapter 1: General Introduction 

Biological invasions threaten biodiversity and disrupt ecosystem processes worldwide 

(Pysek et al., 2020; Pysek & Richardson, 2010; Spatz et al., 2017). Through their direct 

and indirect effects, invasive species can significantly alter ecosystems (O'Dowd et 

al., 2003; Pysek et al., 2020). The ecological and economic consequences of 

biological invasions have been well documented in the literature (Snyder et al., 2004; 

Vilà et al., 2011), with invasive species described as a leading contributor to species 

endangerment and extinction (Paolucci et al., 2013; Pilowsky & Starks, 2018). 

Increased global connectivity has accelerated the rates of species introductions, which 

is further exacerbated by global change (Paini et al., 2016; Pysek et al., 2020; Renault 

et al., 2018). Research into the ecology of invasive species within their new range, 

their impacts on native communities and understanding the processes which allow for 

the successful establishment of a species, is essential for devising effective 

management strategies (Beggs et al., 2011; Caesar, 2005; Nuñez et al., 2017).  

Hymenopteran insects have proven themselves to be exceptionally successful 

invaders globally (Beggs et al., 2011; Lester & Beggs, 2019; Tsutsui & Suarez, 2003). 

Social invasive insects are particularly successful as a result of their ability to reach 

high densities, their social behaviour, and wide-ranging, generalist diets (Lester & 

Beggs, 2019; Ward & Morgan, 2014). In their native range, generalist insect predators 

play important roles in terrestrial food webs, as they feed across a range of trophic 

levels (Crowder & Snyder, 2010). Predators therefore have the potential to structure 

communities and alter species diversity (Beschta & Ripple, 2009). However, invasive 

predators can have devastating impacts on native communities (Beggs & Rees, 1999; 

Potter-Craven et al., 2018; Toft & Rees, 1998) due to prey sharing no ecological or 

evolutionary history with the invader (Salo et al., 2007). Invasive social insects have 

been found to drive shifts in ecosystems directly via predation and indirectly through 

cascading effects across trophic levels (Moya-Laraño & Wise, 2007; O'Dowd et al., 

2003). Predatory wasps have demonstrated an ability to alter communities within their 

invaded range, which has been credited to their colony productivity and high nest 

densities (Beggs et al., 2011; Lester & Beggs, 2019). The success and colony 

productivity of social wasps is dependent on environmental and ecological factors, 

which can vary across their native and invaded ranges (Clapperton & Dymock, 1997; 
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Roets et al., 2019). Therefore, understanding the ecology of newly invasive wasps is 

crucial, as the nesting behaviour, abundance and impacts of these predators can vary 

greatly between regions (Hozumi et al., 2015; Lester & Beggs, 2019; Sheehan et al., 

2015).  

Islands often contain a large proportion of unique, endemic species due to their 

geographic isolation from the mainland (Paulay, 1994; Reaser et al., 2007). This 

distance can limit the taxa of organisms that can naturally colonise these islands. 

Populations of species are often smaller on islands relative to the mainland as a result 

of the smaller land area. Smaller population sizes make island biota more sensitive to 

ecological disturbance and species extinction (Reaser et al., 2007). The vulnerability 

of island ecosystems to the threat of invasive species is now widely acknowledged 

(Donlan & Wilcox, 2008; Spatz et al., 2017). New Zealand broke away from the 

mainland 80 million years ago (Waters & Craw, 2006), and as a result of its long 

isolation, evolved a large proportion of endemic species (Wilson, 1997). Many native 

species have been lost since the arrival of humans and the associated introduction, 

both deliberate and accidental, of exotic species (Cassey, 2001; Dowding & Murphy, 

2001). To conserve New Zealand’s ecosystems and economy, biosecurity has 

become a national priority (Brenton-Rule et al., 2016; Pysek et al., 2020).  

Like many other islands, New Zealand’s invertebrates exhibit a high level of 

endemicity. For example, of the 2,000 native butterfly and moth species that have 

been identified, 90% are endemic (Stringer & Hitchmough, 2012). Introduced 

predators have impacted the populations of numerous invertebrate species across 

New Zealand (Stringer & Hitchmough, 2012). Invertebrates are crucial in structuring 

ecosystems as primary consumers, predators, prey, pollinators and detritivores 

(Seastedt & Crossley, 1984). Despite their importance, invertebrates are not often 

prioritised in conservation management (Clark & May, 2002).  

Native wasps in New Zealand are solitary, so native entomofauna are ill-equipped to 

tolerate the abundance and predation pressure of predatory social wasps. Two 

invasive wasps, Vespula germanica Fabricius and V. vulgaris Linnaeus have become 

particularly abundant in New Zealand, threatening biodiversity and ecosystem function 

(Beggs et al., 2011; Lester & Beggs, 2019). The overall estimated cost of these wasps 

to the New Zealand economy is estimated to be greater than $130 million per year 
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(MacIntyre & Hellstrom, 2015). Other invasive wasps that have successfully 

established include two paper wasp species, Polistes chinensis (subspecies: 

antennalis) Pérez and P. humilis Fabricius, who through predation or competition for 

food has impacted local biodiversity (Clapperton, 1999; Ward & Ramón‐Laca, 2013).  

The European paper wasp, Polistes dominula Christ, is an invasive wasp whose 

presence in New Zealand was first realised in the summer of 2015, with estimates that 

this invader could have arrived as early as 2011 (MPI, 2016). The sunny 

Mediterranean area is the predominant native range of P. dominula. Like many other 

invasive species, P. dominula has moved from warmer to more temperate areas 

across several continents with the aid of human trade and travel (Benade et al., 2014; 

Cervo et al., 2000; Liebert et al., 2006; Weiner et al., 2011). This success of P. 

dominula as an invader has been attributed to its generalist diet, co-founding behavior, 

high colony survival rates and the use of anthropogenic structures as nesting sites 

(Roets et al., 2019; Tibbetts & Reeve, 2003). Previous research has found P. dominula 

to primarily be an urban species, though it has been discovered in other habitat types 

(Gamboa et al., 2005; Roets et al., 2019). Polistes dominula consume carbohydrate-

based foods, such as nectar and fruit, to meet the energy requirements of the adults 

(Cranshaw et al., 2011). In addition to this, like many other Polistes spp., P. dominula 

are generalist predators, preying upon a variety of invertebrates, including many 

Lepidopteran species, to feed to their developing larvae (Cervo et al., 2000; Jeon et 

al., 2019; Ward & Ramón‐Laca, 2013).    

This study was conducted to investigate the ecology and potential impacts of the 

invasive paper wasp Polistes dominula in New Zealand. Study sites were within the 

Nelson-Tasman area, as this is where P. dominula was first discovered and believed 

to have been the longest. I investigated the abundance and nesting ecology of this 

invasive wasp. I also assessed the predation pressure P. dominula exerted over prey 

and the indirect effects this wasp could have on plants.  

In Chapter 2, I studied the abundance and ecology of P. dominula in comparison to 

the longer-established P. chinensis. I investigated the habitat preference, colony 

productivity and nest survival of both paper wasp species to inform decisions on the 

population management of P. dominula. 
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In Chapter 3, I studied both the direct and indirect effects of P. dominula as a predator. 

I investigated the predation pressure that P. dominula exerted on a local butterfly 

species, Danaus plexippus Linnaeus. The indirect, cascading effects of P. dominula 

on the host plant of D. plexippus were also tested. 

Finally, in Chapter 4, I discuss the implications of my results. Overall, this thesis 

suggests that P. dominula is having an impact on local communities in New Zealand 

and provides some insight into the ecology of this invasive wasp which can inform 

management strategies.  
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Chapter 2: Nesting ecology and colony survival of 

two invasive Polistes wasps (Hymenoptera: 

Vespidae) in New Zealand 

 

Abstract 

We examined the abundance, nesting ecology and colony survival of two invasive 

species of paper wasp, Polistes dominula Christ and Polistes chinensis Pérez 

(subspecies: antennalis), within their invaded range of New Zealand. The more recent 

invader of the two species, P. dominula, exhibited a strong habitat preference, 

reaching the highest abundances within suburban areas. Coastal habitats were also 

found to be suitable environments for P. dominula, although wasp abundance in these 

areas was comparatively lower in comparison to suburban sites. Whilst P. chinensis 

showed a preference for nesting in coastal habitats, this was not reflected in the 

abundance of adult wasps in these areas. Nests of P. dominula were larger and more 

productive, likely a result of the multiple founding and earlier emergence of workers 

compared to P. chinensis. Both species exhibited significant differences in nest 

survival, with P. dominula observed to have a higher colony survival rate, particularly 

in suburban habitats where this species utilized manmade substrates as nesting sites. 

Neither species nested within forest sites and translocated nests of P. dominula failed 

to thrive within forest habitats. Findings of this research suggest that P. dominula will 

not pose a threat to species inhabiting forested areas. Instead, biodiversity managers 

should focus their efforts on suburban and coastal environments as native species in 

these areas will require the greatest protection. 

 

Introduction 

Invasive species have adverse consequences for biodiversity and ecosystem 

processes (Pysek et al., 2020; Pysek & Richardson, 2010; Spatz et al., 2017). Invasive 

social insects count amongst the most wide-ranging and destructive species (Lester 

& Beggs, 2019; Pilowsky & Starks, 2018). Social insects constitute a large portion of 

invasive invertebrate research due to their ability to reach high densities, often having 
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a wide host range and feeding across a range of trophic levels (Roy et al., 2011; 

Snyder & Evans, 2006; Ward & Morgan, 2014). Social wasps can cause considerable 

ecological and economic damage in the ecosystems they invade (Beggs et al., 2011; 

Lester & Beggs, 2019). Numerous factors contribute to the success of social wasps 

and colony productivity is arguably the most important (Perez-Bote et al., 2020). 

Productivity depends on both ecological and environmental factors. 

The European paper wasp, Polistes dominula Christ and Asian paper wasp, Polistes 

chinensis Pérez (subspecies: antennalis), are two predatory social wasps that have 

recently established in New Zealand. The most recent invader of the two paper wasp 

species is P. dominula, whose presence in New Zealand was first realised in 2016, 

although it has been estimated that this wasp could have arrived as early as 2011 

(MPI, 2016). The more widespread and established P. chinensis has been in New 

Zealand since the 1970s (Clapperton et al., 1996). Native wasps in New Zealand are 

predominantly solitary, so there are concerns about the impact these social wasp 

species could have on native communities. Research into the abundance and impact 

of P. chinensis has already been conducted in some parts of New Zealand (Clapperton 

et al., 1996; Clapperton & Dymock, 1997; Clapperton & Lo, 2000; Ward & Morgan, 

2014; Ward & Ramón‐Laca, 2013). As P. dominula is such a recent invader, little 

research has been conducted on this species in their newly invaded range. To help 

biodiversity managers, more information is needed on its habitat preference, colony 

growth, abundance and survival.  

The native range of P. dominula is predominantly the Mediterranean region. With the 

assistance of human activity, this wasp has spread to other temperate areas across 

several continents (Benade et al., 2014; Cervo et al., 2000; Liebert et al., 2006). The 

success of P. dominula as an invader has largely been attributed to its generalist diet, 

comparatively short development time and co-founding behavior. Multiple studies 

investigating the success of P. dominula compared to native paper wasp species within 

its invaded range have found P. dominula to be the more successful species (Gamboa 

et al., 2004; Liebert et al., 2006; Pilowsky & Starks, 2018; Roets et al., 2019). This 

success was often attributed to P. dominula being less parasitized, with higher nest 

survival rates and the utilization of human structures. Research within both the native 

and invaded range of this wasp found it to be a predominantly urban species, however, 

it has been observed in other habitats (Gamboa et al., 2005; Roets et al., 2019).  
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Here, we compare nesting characteristics of the most recent invader P. dominula to 

the more established P. chinensis in New Zealand. We specifically compare these two 

species in terms of (1) habitat preference, (2) differences in seasonal activity phases, 

(3) differences in colony productivity (cell numbers in nests and wasp abundance), and 

(4) nest survival. An understanding of the nesting locations and abundance of P. 

dominula will allow biodiversity managers to predict the likely effects of this newly 

invaded wasp.  

 

Methods    

Study Site 

This study was conducted in the Nelson-Tasman region of New Zealand (41.299° S, 

173.244° E) (Fig. 2.1) over two reproductive cycles of the wasps, from late spring in 

November 19th, 2018 – early autumn in March 18th, 2019 and November 11th, 2019 – 

March 16th, 2020. Nelson is the site where P. dominula was first observed in New 

Zealand in 2016, and is believed to be the area where this wasp has been at the 

longest, although it is established in other areas of the upper part of the South Island 

and more recently there have been reports of P. dominula reaching more southern 

regions of the island. The only sightings of P. dominula in the North Island have been 

in Auckland. Temperature and precipitation in these areas appears to be favourable 

for P. dominula (Howse et al., 2020).  

Fig. 2.1. (a) Map of New Zealand with the Nelson-Tasman region outlined by a white 

box and (b) study sites within the Nelson-Tasman region over the two summers of 

2018/19 and 2019/20. Orange bookmarks represent suburban sites, blue bookmarks 

represent coastal sites and green bookmarks represent the forest sites. Sourced from 

google maps https://www.google.co.nz/maps  
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To determine whether P. dominula and P. chinensis had a nesting preference, habitat 

was categorized into three types: suburban, coastal and forest (Fig. 2.2). Suburban 

sites were residential areas, each containing a house with a garden area. A total of 16 

suburban sites were used over the two summers (Fig. 2.1b). Coastal sites shared at 

least one boundary within 100m of the high tide line. A total of seven coastal sites 

were used over the two summers (Fig. 2.1b), which were comprised of a mix of shrubs, 

herbaceous plants, sedges and grasses. No permanent anthropogenic structures 

were present, however, some sites contained plant protectors as part of a 

conservation programme (Fig. 2.2a). These protectors were made of plastic, standing 

40cm tall, designed to protect plants from herbivory by rabbits and pukekos. Plant 

protectors were frequently used as nesting sites by both Polistes species. Forest sites 

had boundaries at least 50m in from the forest edge and a minimum canopy cover of 

50%. There were six forest sites (Fig. 2.1b), which were classified as industrial pine, 

native beech, native podocarp, or a mix of regenerating native and exotic forest.  

 

 

 

 

 

 

Fig. 2.2. Sites of differing habitat types that were searched for Polistes nests. 

Habitats were coastal (a and b), suburban (c and d) and forest (e and f). Note 

coastal site (a) contained plant protectors, which were utilized by both Polistes 

species. All sites searched were within the Nelson-Tasman region of New 

Zealand. Photo credit: Rose McGruddy. 
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Abundance and productivity 

The abundance and productivity of P. dominula in Nelson was compared to the longer-

established exotic congener P. chinensis. It should be noted that there is a third exotic 

congener, Polistes humilis Fabricius, in New Zealand, but this species is not present 

in Nelson. To compare nest productivity of P. dominula and P. chinensis, changes in 

nest size (number of cells) was recorded each week over both summers. The number 

of adult wasps on each nest were recorded over the summer of 2019-20 to compare 

changes in the abundance of both Polistes species over a season. Wasp densities 

were monitored every fortnight at five sites within each habitat type. These counts 

were conducted in the early hours of the day, typically between 6.30-9.00am when all 

wasps were likely to be present. An additional five suburban sites, one coastal and 

one forest were also monitored on a monthly basis to supplement fortnightly counts 

and provide a more robust estimate of wasp abundance. As not all sites were of the 

same size, the number of Polistes wasps was adjusted to give an estimate of 

abundance per 1,000m2. For analysis, abundance was broken down into three main 

phases of the nesting cycle: founding phase, worker phase and reproductive phase. 

The founding phase, where the foundress(es) (or reproductively active individual), 

begins constructing the nest, laying eggs and feeding the subsequent larvae. The 

founding phase ends when the first adults emerge from the nest (Höcherl & Tautz, 

2015), therefore transitioning into the worker phase. During the worker phase, the nest 

grows in size at a greater rate and wasp densities increase as more workers emerge. 

The reproductive phase follows the worker phase, which is evident by the emergence 

of gynes (reproductive females) and males. There is also a slowing or complete stop 

to nest growth during this time. The reproductive phase is where wasp densities on 

each nest reach their peak. 

 

Nest survival rates 

Survival time in weeks was analysed from late spring, calendar week (CW) 47 in 

November 11th, 2019 until the end of the season in autumn around the 16 th of March 

2020 (CW 13). To determine whether there was a preferable habitat for both P. 

dominula and P. chinensis, the abundance, growth and survival of nests were 

monitored each week. The substrate on which a foundress chose to nest was recorded 
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as being either natural or manmade to determine whether this choice impacted a 

nest’s chance of successfully surviving until the end of the season. Natural substrates 

were often the stems of small shrubs (>1m), herbaceous plants, sedges and rocks. 

Manmade substrates included metal, treated timber, concrete or plastic. The number 

of foundresses on each nest was also recorded and verified in the fortnightly wasp 

count before the first workers emerged. Nests were classified as abandoned if, in 

addition to no wasps being present, the nests had either been emptied of eggs, larvae 

or pupae, or the nests were substantially damaged. Damaged nests that were truly 

abandoned were usually emptied of any remaining eggs or larvae by the next weekly 

count, most likely by ants. All nests were checked in subsequent weeks to ensure the 

nest had been abandoned and that no workers had successfully emerged.  

 

Translocation of P. dominula nests 

After completing the first summer of data collection, it became apparent that neither 

P. dominula nor P. chinensis nested in forest habitats, except in areas that had been 

disturbed by human modification. These forested sites were often surrounded by 

infestations of Polistes spp. wasps. Given the close proximity of Polistes spp. to these 

sites, it appears that dispersal ability was not the limiting factor preventing these wasps 

from establishing within these sites. Previous research on P. chinensis in New Zealand 

has demonstrated that this species is not commonly found in forest habitats 

(Clapperton et al., 1996; Ward & Morgan, 2014). As a new invader to New Zealand, 

no similar research had been conducted on P. dominula. To determine whether P. 

dominula were not found in forests because they were unable to survive, a nest 

translocation experiment was conducted. This experiment was done in Nelson, from 

January 24th until February 20th, 2020. This time period was selected as nests were in 

the worker phase when nest survival rates and wasp densities are higher than the 

founding phase, and therefore less likely to be abandoned due to bad weather, ant 

invasion or foundress death. Nests of P. dominula were attached to the inside of plastic 

containers (n = 24, Fig. 2.3). Eight nests were translocated into two forest habitats 

(four nests in each) and changes in nest growth, wasp densities and nest survival were 

monitored. One forest site was an industrial pine forest, the other regenerating native 

forest. The remaining nests were evenly divided and translocated into two suburban 

and two coastal habitats as controls. The number of cells per nest and the number of 
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adult wasps were recorded before and after the experiment. Research has found 

temperature to have an important effect on Polistes nest growth (Höcherl & Tautz, 

2015) and foraging (Weiner et al., 2011), with wasps failing to forage for food at 

temperatures below 20°C (Kovac et al., 2019). To compare temperatures between 

habitats, HOBO Pendant® UA-001-08 temperature data loggers were placed within 

each site on the nest boxes. The proportion of hours that exceeded 20°C within each 

habitat type over the 28-day trial were then compared for analysis.  

Statistical analysis 

Statistical analyses were conducted in R 3.6.0 (R Development Core Team, 2020). To 

compare the abundance of wasps for both P. dominula and P. chinensis, a 2x2 

factorial test was conducted with habitat type (coastal, suburban) and species (P. 

dominula and P. chinensis) as factors at each of the three phases of the nesting 

season. The main effects of each treatment on the abundance of wasps per 1,000m2 

and interactions between factors were tested using a PerMANOVA, as the data was 

non-normal. The analyses were conducted using ‘perm.anova’ from the package 

‘RVAideMemoire’ (Hervé & Hervé, 2020).  

Polistes nest survival was investigated using the packages ‘survival’ (Lin & Zelterman, 

2002) and ‘survminer’ (In & Lee, 2019) to generate Kaplan-Meier plots to visualize 

Fig. 2.3. Plastic nest boxes that were used for translocation experiment to discover whether P. 

dominula would be successful in forest habitats. The experiment was conducted for one month of 

the summer in 2020, in Nelson, New Zealand. Photo credit: Rose McGruddy and Matt Howse. 
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survival curves. Differences between survival curves were then analysed using log-

rank tests. A logistic regression with data fitted to a binary distribution was conducted 

on nest survival for each Polistes spp. using the ‘lme4’ package (Bates et al., 2014), 

with nest substrate and number of foundresses as factors and site as a random effect. 

As data failed to meet the assumption of normality, a PerMANOVA was conducted on 

changes in nest size and wasp densities of translocated nests using the ‘vegan’ 

package (Dixon, 2003). The factor in the model was habitat type, with initial nest size 

and initial wasp abundance included as covariates. Differences in the proportion of 

hours that were equal to, or over temperatures of 20°C within each habitat were tested 

using a Chi-squared test. 

 

Results 

Abundance and productivity 

Nests of P. dominula and P. chinensis were monitored once a week to record changes 

in nest size (number of cells) during the summer seasons of 2018/19 and 2019/20. 

During the summer of 2018/19, 124 P. dominula and 67 P. chinensis nests were found 

across 18 locations. In the following year, we monitored 94 P. dominula and 195 P. 

chinensis nests across 10 locations. All monitored nests were within coastal or 

suburban areas (Fig. 2.4), as no nests of either Polistes species were found within 

forest habitats. Nests were discovered in the final stages of the founding phase in late 

spring/early summer (calendar week (CW) 46-50). Over the nesting season, P. 

dominula nests typically had more cells than the nests of P. chinensis (Fig. 2.5). More 

cells in a nest increases the probability of a greater reproductive output (Pickett & 

Wenzel, 2000). Polistes dominula workers began emerging around CW 48, with 80% 

of nests in 2018-19 and 84% of nests in 2019-20 having workers by CW 2. By 

comparison, workers of P. chinensis emerged slightly later, with workers beginning to 

emerge in CW 49 and only 70% and 53% of nests having workers by CW 2 for the 

summers of 2018-19 and 2019-20, respectively. Nests at CW 2 were larger for P. 

dominula (mean: 58.9 cells, SE: 4.16) than for P. chinensis (mean: 46.7 cells, SE: 

2.49). Once the workers had emerged, the number of cells added to the nest each 

week increased substantially for both species.  
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Fig. 2.4. Polistes nests monitored over the nesting season: (a) P. dominula nest on a house in a 

suburban site, (b) P. chinensis nest in the garden of a suburban site, (c) P. dominula nest inside a 

plant protector in a coastal site and (d) P. chinensis nest on a shrub in a coastal site. The wasps 

shown are approximately 2cm long. Photo credit: Rose McGruddy and Matt Howse.  

Fig. 2.5. The average nest size (number of cells) ± 1 SE of P. dominula and 

P. chinensis over 18 weeks of the nesting season for two years (2018-19 

and 2019-20) in Nelson, New Zealand. Gaps in the data are for weeks 

where no nests were monitored. A total of 246 P. dominula nests and 280 

P. chinensis nests contributed to this analysis.  
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During the founding phase, species had a significant main effect on wasp abundance 

(PerMANOVA: F1,28 = 4.87, P = 0.033) with P. dominula reaching higher densities 

(mean: 12.1 wasps per 1,000m2, SE: 2.58) than P. chinensis (mean: 5.08 wasps per 

1,000m2, SE: 2.23, Fig. 5). This difference is likely explained, in part, by co-founding 

which is frequently exhibited by P. dominula, with one-third of nests in this study having 

more than one foundress. Co-founding involves multiple foundresses working together 

to build the nest, feed larvae and defend the nest. Having multiple foundresses 

increases the number of wasps per nest at the founding phase of the nesting season. 

Co-founding is rarely exhibited by P. chinensis, so only a single foundress is 

expanding the nest and feeding larvae at this time (Clapperton & Dymock, 1997; 

Miyano, 1980). Habitat had no main effect on wasp abundance at the founding phase 

of the nesting season (PerMANOVA: F1,28 = 2.73, P = 0.115). During the worker phase, 

species was again found to have a main effect on wasp abundance (PerMANOVA: 

F1,28 = 11.21, P = 0.002, Fig. 2.6). There was an average abundance of 21.3 (SE: 4.57) 

P. dominula wasps per 1,000m2 across habitats compared to the 5.1 (SE: 2.11) P. 

chinensis wasps per 1,000m2. This difference in abundance is likely due to the higher 

failure rates of P. chinensis nests and the comparatively earlier emergence time and 

population growth of P. dominula. By the reproductive phase (CW 8), species and 

habitat had strong interactive effects on wasp abundance (PerMANOVA: F1,28 = 4.47, 

P = 0.037, Fig. 2.6).  

Suburban habitats had the highest abundance of paper wasps, which were 

predominantly comprised of P. dominula (Fig. 2.6). In suburban habitats, the average 

abundance of P. dominula and P. chinensis at the peak of the nesting season was 

87.4 (SE: 21.0) and 9.1 (SE: 7.30) wasps per 1,000m2, respectively. In coastal 

habitats, the abundance of P. dominula was 26.5 (SE: 16.10) wasps per 1,000m2 and 

for P. chinensis, 15.4 (SE: 5.50) wasps per 1,000m2. In summary, these results 

indicate that P. dominula thrives in suburban habitats and was typically over 9-fold 

more abundant in these areas than P. chinensis at the peak of the nesting season. 

The more recently arrived P. dominula was also more abundant than P. chinensis in 

coastal areas. 
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Nest survival 

Nests of P. dominula had a higher survival rate over a season compared to P. 

chinensis (log-rank test, χ2 = 20.8; P < 0.001), with 46% of P. dominula nests surviving 

until the end of the season, compared with only 21% of P. chinensis nests that 

survived. Nest survival for P. dominula was greater for nests built in suburban habitats, 

with 72% of P. dominula nests surviving until the end of the season, whereas only 31% 

of coastal nests survived (log-rank test, χ2 = 17.5; P < 0.001, Fig. 2.7a). The odds of 

nest success were 5.4 times higher for P. dominula nests built on manmade substrates 

compared to nests built on natural substrates (P = 0.016, Fig. 2.8). It should be of note 

that of the nests that survived within coastal sites, 90% were built within manmade 

plant protectors (Fig. 2.2a). Nests were either built on the plant within the protector, 

the supporting bamboo stick keeping the protector in place, or on the plastic of the 

protector itself. These protectors probably provided wind and rain protection, plus the 

benefit of a warmer temperature. There was no significant difference in P. chinensis 

Fig. 2.6. Boxplots showing the abundance of P. dominula and P. chinensis 

per 1,000m2 based on habitat type spanning 18 weeks of the nesting 

season for the summer of 2019-20 in Nelson, New Zealand. Habitat types 

were suburban (n = 10) and coastal (n = 6). Nests were surveyed at three 

points in time: the founding phase in November (CW 48), after worker 

emergence in January (CW 2) and during the reproductive phase in 

February (CW 8).  
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nest survival between habitats (log-rank test, χ2 = 0; P = 0.899, Fig. 2.8). Of the 220 

P. chinensis nests that were monitored for survival, 76% were built in coastal sites, 

suggesting there was a preference for these areas, despite the fact they conferred no 

survival advantage. Nest substrate for P. chinensis also did not significantly affect nest 

survival (P = 0.821, Fig. 2.8). Further information on the nest substrates utilized by 

each species can be viewed in Appendix A (Tables A1 & A1). 

 

 

 

 

 

 

 

 

 

 

Fig. 2.7. Kaplan-Meier survival estimates (± 95% CI) on the nest survival of (a) P. dominula (n = 

129) and (b) P. chinensis (n = 220) based on habitat type (suburban and coastal) over 18 weeks of 

the nesting season in Nelson, New Zealand. Survival curves are the results of the summer 2019-

20. A log-rank test was used to compare the survival of nests for P. dominula and P. chinensis in 

each type of habitat. 
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In the summer of 2019/20, 30% of P. dominula nests had two or more foundresses. 

The number of foundresses present was found to significantly affect nest survival (P 

= 0.015), with the odds of nest success increasing by 68% for each foundress present 

on the nest. Of the nests with two or more foundresses, 72% survived, whereas single-

foundress nests had a survival rate of only 27% (Fig. 2.9a). The maximum number of 

P. dominula foundresses observed on a nest was ten. Only 4% of P. chinensis nests 

had more than one foundress, and the maximum number of foundresses observed on 

a nest was two. Nests of P. chinensis did not appear to have an increased chance of 

survival compared to nests with a single foundress, with survival rates of 22% and 

20% respectively (Fig. 2.9b). The rarity of co-founding observed for P. chinensis in this 

experiment was in accordance with findings from previous research (Clapperton & 

Dymock, 1997; Miyano, 1980).  

 

 

 

 

Fig. 2.8. The proportion of active nests built on natural/manmade substrates for (a) P. dominula 

during the founding phase at the start of the season (n = 129) and (b) the proportion of P. dominula 

nests built on natural/manmade substrates that survived until the reproductive phase near the end 

of the season (n = 57). The proportion of active nests of P. chinensis based on substrate are also 

presented in (c) the founding phase (n = 220) and (d) reproductive phase (n = 41). Nests are split 

into two habitat types (coastal and suburban). Data presented is for the summer of 2019-20 in 

Nelson, New Zealand. 
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Translocated nests 

Habitat had a significant effect on P. dominula nest growth and wasp abundance in 

the translocation experiment (PerMANOVA: F2,19 = 4.01, P = 0.028, Fig. 2.10). Nests 

placed within forest habitats only increased by an average of 0.1 cells (SE: 0.12) in a 

month, whereas nests in coastal and suburban sites increased by an average of 6.62 

cells (SE: 2.39) and 10.6 cells (SE: 4.50), respectively (Table A3). Wasp abundance 

in forest habitats decreased (mean: -0.1 wasps, SE: 2.30) with only 50% of nests 

translocated into this habitat surviving the 28-day trial. In suburban habitats, wasp 

abundance increased by an average of 4.4 wasps (SE: 2.70), with 75% of nests 

surviving. In coastal habitats, wasp abundance increased by 3.6 wasps (SE: 1.71) and 

100% of nests survived. The proportion of hours where the temperature exceeded 

20°C for the 28 days of the experiment differed significantly between habitat types (χ2= 

80.3, P < 0.001, Fig. S1). Forest habitats had the lowest number of hours meeting or 

exceeding 20°C, with only 36% of the hours monitored reaching these temperatures. 

This differed significantly to the proportion of hours reaching ≥ 20°C in suburban (48%) 

and coastal (61%) habitats. Forest sites only reached a maximum of 30.1°C, whereas 

suburban sites reached temperatures as high as 41.3°C and coastal sites reached 

43.1°C (Table A4).  

Fig. 2.9. The proportion of (a) P. dominula and (b) P. chinensis nests 

that survived based on foundress number over 18 weeks of the nesting 

season of 2019-20 in Nelson, New Zealand. For P. dominula, as many 

as 10 gynes co-founded the nest, whereas for P. chinensis the maximum 

number of foundresses observed was two.  
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Discussion 

Our research on the abundance, nest growth and survival of P. dominula and P. 

chinensis found that P. dominula exhibited a strong habitat preference. Although 

habitat did not have a main effect on wasp abundance during the founding or worker 

phase, the interaction between habitat and species by the reproductive phase found 

P. dominula to be the most abundant species, reaching the greatest densities in 

suburban habitats. Across all phases of the nesting season, P. dominula was found in 

greater abundance relative to P. chinensis. Co-founding by P. dominula during the 

founding phase increased the number of wasps per nest. This advantage early in the 

season likely contributed to the earlier emergence of workers and higher abundance 

of P. dominula at the start of the worker phase. The habitat type in which P. chinensis 

were most abundant were coastal areas, although results of this research found the 

abundance of wasps for this species did not differ between habitat types. An unusually 

high abundance of P. chinensis nests (46 nests within an area of 1,300m2) at a 

particular suburban site could provide a possible explanation for our insignificant 

results. This site contained a large number of small shrubs and grasses, which P. 

chinensis appears to preferentially nest upon. Previous research conducted in New 

Fig. 2.10. Average changes in (a) nest size (# of cells) ± 1 SE and (b) number of P. 

dominula adult wasps per nest ± 1 SE. Nests were translocated into three habitat types: 

forest, coastal and suburban (n = 8 nests per habitat type). Translocated nests were placed 

within each site for one month and changes to the number of cells and wasps per nest 

were compared across habitats. 
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Zealand has found P. chinensis to be most abundant in shrubland and flax salt 

meadow sites (Clapperton et al., 1996), which is what was observed within the majority 

of sites monitored in this study.  

Nests of P. dominula were larger than P. chinensis over the nesting season. Workers 

of P. dominula emerged earlier than P. chinensis, which could have given P. dominula 

a competitive advantage, as the number of wasps per nest can be a significant 

predictor of nest growth (Grinsted & Field, 2018). Studies comparing the productivity 

of P. dominula and another congener, P. fuscatus, also found P. dominula workers 

emerged relatively earlier (Gamboa et al., 2005; Pilowsky & Starks, 2018).  

The higher nest survival rates of P. dominula compared to P. chinensis were also in 

accordance with previous research that found P. dominula to be a successful invader 

and have advantages over congeners such as P. fuscatus and P. marginalis 

(Armstrong & Stamp, 2003; Gamboa et al., 2004; Pilowsky & Starks, 2018). Our 

results found survival of P. dominula nests to be highest in suburban habitats. It has 

been suggested that urban areas can provide warmer habitats for invasive wasps that 

originate from warmer climates (Sorvari, 2018). Polistes chinensis had a similar 

survival rate across both habitat types, suggesting there was no survival advantage 

for this species to nest in either coastal or suburban sites. Nest survival rates for P. 

chinensis were similar to those observed previously in New Zealand, where overall 

colony survival was 22-25% (Clapperton & Dymock, 1997). Whilst no Polistes nests 

were found under the canopy of forest habitats, nests could be found in open areas 

created by human disturbances (walking tracks, campsites etc.), predominantly on 

anthropogenic structures. Research has found P. dominula does nest within forest 

habitats, but in that particular study the forest sites were in close proximity to the forest 

edge (<50m) (Gamboa et al., 2005). A citizen science project conducted in New 

Zealand found some paper wasps in forest habitats, however, they were individual 

wasps, not nests, and it was unclear how far into the forest habitat those individuals 

were found (Clapperton et al., 1996). A significant, negative correlation has also been 

observed between canopy cover and both Polistes and Vespula spp. wasp densities 

elsewhere in New Zealand (Schmack et al., 2020).  

Nest substrate was found to significantly affect nest survival for P. dominula, as the 

majority of nests that survived the nesting season were built on manmade substrates. 

This behavior of nesting on manmade substrates has been observed for numerous 
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social wasp species in urban areas and may be an advantageous strategy, as it can 

provide shelter from harsh weather conditions and protect against many natural 

predators (Detoni et al., 2018). However, it has also been found that in urban 

environments, human activity is the main cause of nest failure (Perez-Bote et al., 2020; 

Reed & Vinson, 1979). Polistes chinensis evidently does not utilize manmade 

structures to the same extent as P. dominula, as only half of all P. chinensis nests that 

survived until the reproductive phase in suburban areas were built on manmade 

substrates. Similar results on the use of manmade structures as nesting sites were 

observed in an earlier study of P. chinensis in New Zealand, prior to the establishment 

of P. dominula (Clapperton & Lo, 2000).  

Having more than one foundress per nest provided a survival advantage for P. 

dominula nests, which has been observed in other areas of this species’ range 

(Höcherl & Tautz, 2015; Tibbetts & Reeve, 2003). Co-founding acts as a safeguard if 

a foundress dies before the worker phase, as the other foundress(es) can keep the 

colony alive. It also has the potential to increase the amount of food that can be 

gathered to feed larvae, which could explain why workers hatched earlier in the season 

relative to P. chinensis. Co-founding is seldom used as a strategy by P. chinensis, as 

so few nests had more than one foundress. Multiple founding by this species is also 

uncommon within its native range of East Asia (Miyano, 1980). Co-operative nesting 

in Polistes wasps is likely driven by climate, with multiple founding observed in paper 

wasps, such as P. dominula, from warmer and wetter climates (Sheehan et al., 2015).  

Nests of P. dominula failed to thrive in forest habitats in our translocation experiment. 

The nests did not grow in size and half of the nests were abandoned by their 

foundresses and workers. Polistes nests have been found to grow larger with faster 

larval development and more offspring in sun-warmed sites than in cooler sites 

(Inagawa et al., 2001). It has also been suggested that P. dominula does not forage 

for food at temperatures below 20°C (Kovac et al., 2019; Weiner et al., 2011). In our 

experiment, forest sites had the lowest proportion of hours that reached or exceeded 

20°C. These cooler temperatures may have prevented wasps from reaching the body 

temperature necessary for flight as frequently as was required for nest survival. 

Reduced foraging time could lead to starvation of both the adults and larvae, driving 

the adults to abandon the nest. 
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Understanding the nesting ecology and habitat preference of invasive wasps can help 

inform managers of the potential risks that each species can pose within its newly 

invaded range. Polistes dominula has proven itself to be a suburban species, not only 

in New Zealand, but also in other areas of its native and invaded range (Gamboa et 

al., 2005; Roets et al., 2019). By reaching such high abundances in suburban areas, 

this species is likely to have a greater impact on human health than P. chinensis, as 

there is the potential for a greater frequency of wasp stings. As predators, these 

species will also impact New Zealand’s ecosystems. The diets of the two species differ 

to some extent, with P. chinensis predominantly predating upon Lepidopteran larvae 

(Ward & Ramón‐Laca, 2013), whereas P. dominula has a broader and more generalist 

diet (Howse et al., 2021). Whilst P. dominula was less abundant in coastal habitats, 

this species can thrive in these areas. As P. chinensis is also prominent in these 

habitats, coastal communities are likely experiencing extra pressure from the presence 

of these two predators. Research on P. chinensis has found this species capable of 

consuming large quantities of prey (Clapperton, 1999). The impact of P. dominula on 

communities in New Zealand has also proven to be significant, with declines in 

Lepidopteran species since this predator’s arrival (McGruddy et al., 2020). This is of 

concern for New Zealand’s local invertebrate communities, as an increase in the 

abundance of invasive species tend to cause a decline in native populations and 

communities (Bradley et al., 2019). The discovery in the current study that neither 

Polistes species nest within forest habitats, suggest these wasps are unlikely to have 

a significant impact on invertebrate species in these areas. The findings of this 

research have management implications, as conservation and biodiversity managers 

can be guided to where protection is most needed, specifically urban and coastal 

habitats, but not forest environments. We have identified areas most at risk of these 

invasive wasps and when these pests will reach their highest densities. Moving 

forward, considerable work is needed to slow the spread of P. dominula to other parts 

of New Zealand and improve current control strategies for both Polistes species. 
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Chapter 3: Invasive paper wasps have strong 

cascading effects on the host plant of monarch 

butterflies 

 

Abstract 

The direct and indirect impacts that invasive predators have on communities within 

their invaded range are poorly understood, particularly in the early stages of invasion. 

Through top-down control of their prey, predators have the capacity to trigger 

cascading effects on lower trophic levels. We found the recent arrival of the invasive 

paper wasp Polistes dominula Christ has been associated with substantial declines in 

local butterfly abundance in New Zealand. One of the butterfly species we observed 

to be affected is the monarch, Danaus plexippus Linnaeus with densities reduced by 

66% at the study site. Field experiments were conducted to examine the strength of 

the predation pressure exerted by P. dominula on monarch caterpillars and the 

cascading effects on milkweed (Gomphocarpus physocarpus E. Mey.) fitness. A 

survival study of monarch caterpillars was conducted across three habitat types 

(coastal, forest and suburban). Caterpillar survival in suburban areas was lowest, with 

only 45% of caterpillars remaining after just six hours of exposure to wasp foraging. 

Predation by P. dominula explained 85% of caterpillar deaths within the trial period. 

The cascading effects of P. dominula presence were quantified through changes in 

the height, foliage and reproductive output of milkweed plants. Monarch caterpillar 

predation by P. dominula was found to have a positive effect on milkweed fitness. This 

study demonstrates a strong trophic cascade initiated by an invasive predator. These 

findings highlight the impacts an invasive species can have on local communities 

beyond their direct predatory effects. 

 

Introduction 

Predation has been widely demonstrated as an important biotic process, influencing 

the density and distribution of prey (Moon & Silva, 2013; Terborgh et al., 2001; Worm 

& Myers, 2003). The effects of this top-down control on prey population dynamics can 
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extend indirectly to lower trophic levels (Borer et al., 2006; Halaj & Wise, 2001; Liere 

et al., 2015). Predators therefore have the capacity to structure communities and alter 

species diversity (Beschta & Ripple, 2009; Britten et al., 2014; Shears & Babcock, 

2002). However, invasive predators can have detrimental effects on communities, as 

prey species often do not share an evolutionary or ecological history with the intruder 

(Gurevitch & Padilla, 2004; Salo et al., 2007). This novelty leaves prey vulnerable to 

exploitation by the invasive predator, which can have flow-on effects for other trophic 

levels (O'Dowd et al., 2003) 

Hymenopteran insects are particularly successful invaders, with the ability to have 

substantial impacts on native biodiversity (Lester & Beggs, 2019). These invasive 

predators and their capacity to decimate native invertebrate communities directly has 

been well documented (Beggs & Rees, 1999; Potter-Craven et al., 2018; Toft & Rees, 

1998). Yet the indirect effects these predators can have on lower trophic levels within 

their invaded range has received less attention. Due to the invasion success and 

strong predatory effects of these social insects, they are likely to be important 

instigators of trophic cascades (Holway et al., 2002; Rosumek et al., 2009). 

We examined both the direct and indirect effects of the invasive European paper wasp 

Polistes dominula Christ. This predatory wasp has successfully invaded several 

continents (Benade et al., 2014; Cervo et al., 2000; Liebert et al., 2006), including a 

recent invasion of New Zealand in the last decade. The presence of this invader was 

first realised in New Zealand in the summer of 2015, although it has been estimated 

that P. dominula could have arrived as early as 2011 (MPI, 2016). This wasp is a 

generalist predator, which preys upon a variety of Lepidopteran species (Cervo et al., 

2000), including the monarch butterfly, Danaus plexippus Linnaeus (Rayor, 2004).  

In this study, larvae of the monarch butterfly and their milkweed host plant 

(Gomphocarpus physocarpus E. Mey.) were used to test the direct and indirect effects 

of P. dominula. Native to North America, the monarch butterfly is an assisted 

immigrant in New Zealand, first recorded in the early 1840s (Zalucki & Clarke, 2004). 

The introduction of milkweed plants, which host monarch caterpillars, was necessary 

for this butterfly to successfully establish and persist in New Zealand (Wise, 1980). 

Anecdotally, a decline has been observed in monarchs and other Lepidopteran 

populations in the Nelson region of New Zealand over the last decade, with residents 

attributing the cause to the newly invasive paper wasp P. dominula. There are other 
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possible explanations for these declines, however, as P. dominula is not the first paper 

wasp to invade New Zealand. A close relative, the Asian paper wasp, Polistes 

chinensis Pérez, invaded in the 1970s and since then has become well established in 

many parts of the country (Clapperton et al., 1996). Monarch caterpillars, among other 

Lepidopteran larvae, are prey species of P. chinensis in New Zealand (Ward & 

Ramón‐Laca, 2013). Predation pressure exerted by P. dominula alone, or in addition 

to predation by the already established P. chinensis, could be instigating these 

butterfly declines. Discovering the driver behind these declines in Lepidopteran 

populations is important as there are implications for the wider invertebrate community 

and conservation efforts (Beggs et al., 2011; Beggs & Rees, 1999; Brockerhoff et al., 

2010).  

We present the results of an annual butterfly survey, which exhibited changes in 

Lepidopteran populations following the arrival of P. dominula. We also examined the 

direct effects of this predatory, invasive wasp on monarch caterpillars and the indirect 

effects of this predator-prey interaction on the fitness of the milkweed host plant. In a 

field experiment, the survival rates of monarch caterpillars within suburban, coastal 

and forest habitats were recorded. We hypothesized that P. dominula would be the 

primary cause of caterpillar mortality. We also predicted that through the direct 

predation of monarch caterpillars, paper wasps would indirectly alter plant biomass 

and fitness (Fig. 3.1). Released from herbivory, introduced milkweed, with a high 

reproductive rate, wind dispersal and few other herbivores, has the potential to 

become so abundant that people could perceive it as a pest. 

 

Methods 

Annual survey of butterfly abundance 

The estimates of annual butterfly abundance were undertaken using a citizen science 

project. A transect walk was conducted in the residential area of Nelson (41.2985° S, 

173.2441° E), from 2009 to 2020 recording adult abundance of three common 

Lepidopteran species (D. plexippus, Pieris rapae Linnaeus, 1758 and Zizina labradus 

Godart). The transect line was 4.7km long and the walk was conducted roughly once 

a week over the summer from December until March. Walks were undertaken between 

the daylight hours of 10am and 4pm on days with calm weather. The walk 
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encompassed a mixture of suburban streets and riverside reserves. All butterflies that 

were identifiable as far as the eye could see from the transect line were recorded.  

 

 

 

 

 

 

 

Experiment 1 – Predation of caterpillars by Polistes dominula 

This field study was conducted in the Nelson-Tasman region of New Zealand in late 

summer, in February 2020, when wasp densities were high. Six sites were chosen to 

quantify the predation pressure of paper wasps on monarch caterpillars: two suburban, 

two coastal and two forest. Both suburban sites were residential areas containing a 

house and garden area. Both gardens contained a mix of native and exotic shrubs, 

flaxes and herbaceous plants, with mature trees along the back boundary of the 

properties. Coastal sites were within 100m of the high tide line and lacked any 

permanent anthropogenic structures. These coastal sites were comprised of a mix of 

sedges, herbaceous plants, shrubs and grasses. One of the coastal sites contained 

plastic plant protectors as part of a local conservation programme, which both Polistes 

spp. were observed to utilize as nesting sites. Forest sites were 50m in from the forest 

Fig. 3.1. Trophic interactions 

between the predator P. dominula, 

monarch caterpillar herbivore and 

primary producer G. physocarpus. 

The wasp has negative, direct 

effects on caterpillars through 

predation. Caterpillars have 

negative, direct effects on the host 

plant through herbivory. The 

predicted beneficial, indirect effects 

of wasp predation for host plant 

fitness is represented by the dashed 

line. Photo credit: Philip Lester and 

Rose McGruddy. 
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edge, with a canopy cover of >50% and both sites comprised a mix of exotic and 

regenerating native forest. The suburban sites either contained or were in close 

proximity to, several self-sown Gomphocarpus plants. There did not appear to be any 

milkweeds growing in close proximity to any coastal or forested sites. 

Each study site was roughly 700m2 in size. Wasp nest densities of both P. dominula 

and P. chinensis were estimated by thoroughly searching within the chosen site and 

recording the nests found and counting the number of wasps per nest. This estimate 

was then scaled to give an estimate of wasp densities per 1,000m2 for each site. 

Previous research has found the foraging distance of Polistes spp. to be roughly 150m 

(Dew & Michener, 1978), so calculations of wasp densities in the area could be an 

underestimate of the number of wasps within range of the experiment.  

Monarch caterpillars were used for this experiment as their larval stage occurs when 

paper wasp densities are high. They are also a common species in suburban habitats 

of New Zealand (Wise, 1980). The caterpillars used in this experiment were reared 

from eggs gathered in situ from milkweeds in the Nelson region and kept safe from 

predators within a netted enclosure. At the time of the experiments, there was a wide 

range of caterpillars across all instars. To discover the effect of caterpillar size on 

survival, the caterpillars were separated into two groups. Caterpillars from the 2nd 

through to early 4th instar were classified as ‘small’ and late 4th instar through to 5th 

instar were classified as ‘large’. In order to record caterpillar survival as accurately as 

possible, the experiment was carried out at two study sites per day across three days, 

rather than all six sites simultaneously. Two observers conducted the experiment, one 

at each site. To reduce the influence that variable weather conditions could have on 

results, experimental days were chosen when weather was predicted to be relatively 

sunny, with no rain, low winds and maximum temperatures of 21°C or higher.  

Six potted milkweed plants were chosen for each site, three of which were covered in 

an insect-proof cloth as a control to exclude Polistes wasps. The plants used were 

between 71 – 95cm tall. Five small and five large caterpillars were assigned to each 

individual plant. Caterpillars were placed on their respective plants an hour before the 

experiment to give them time to settle. Pairs of plants (one exposed and one control) 

were then placed within the study site with a spacing between plant pairs of at least 

20m. These milkweed plants were monitored at the sites for six hours between the 

hours of 10:30-11:00 and 16:30-17:00 when wasps are observed to be actively 
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foraging. Hourly counts of remaining caterpillars were recorded, as well as any 

additional observations of caterpillar mortality between these hourly intervals. Where 

possible, the cause of caterpillar mortality/absence was recorded.  

The majority of caterpillars used in this experiment were too large for either Polistes 

spp. to remove in a single flight, so the wasp that initiated the attack would often return 

repeatedly to cut and remove a food bolus from its prey. If the exact moment of attack 

on a particular caterpillar was not observed, but a wasp was seen to be collecting a 

food bolus from the caterpillar, this wasp was assumed to be the cause of death. On 

occasion, 5th instar caterpillars were found on the ground or vegetation in close 

proximity to their respective milkweed plant. This behaviour was observed during both 

trials for all habitat types and was likely driven by the individuals’ need to pupate. If 

discovered, the caterpillars were returned to their plant. The wasp species, size and 

nest location were noted to determine how many wasps successfully predated 

caterpillars on a particular plant. It is possible to identify individual wasps of P. 

dominula based on features such as facial (Tibbetts & Lindsay, 2008) and thoracic 

markings, wasp size and direction of flight path. The identification of individual wasps 

was assessed predominantly by looking at markings on the face, as the size, shape 

and number of black spots on the clypeus of P. dominula are highly variable (Fig. 3.2) 

(Tibbetts & Dale, 2004). Two trials of this experiment were conducted on consecutive 

weeks: trial 1, 9-14 February and trial 2, 16-20 February 2020.  

 

 

 

 

 

 

 

 

 
Fig. 3.2. Photos exhibiting the high 

variation in black spot patterning on the 

clypeus of P. dominula, which can be used 

to identify individual wasps. Photo credit: 

Rose McGruddy. 
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Experiment 2 – Cascading effects of Polistes dominula predation on host plant fitness 

The cascading effects of P. dominula on milkweeds was tested in a field experiment 

from January to March 2020. This experiment was done simultaneously in both the 

Nelson region, where P. dominula is present, and the climatically similar Wairarapa 

region (40.9449° S, 175.6690° E) (NIWA, 2016), where P. dominula is yet to establish. 

Ideally, the two regions would have been in closer proximity, however, this was not 

possible with the current distribution of P. dominula. Three suburban sites were 

selected within each region. Five milkweed plants were placed within each site, two of 

which were controls covered by insect-exclusion nets to prevent D. plexippus 

butterflies from laying their eggs and to exclude wandering caterpillars. This gave a 

total of 15 plants in P. dominula occupied areas and 15 in areas where P. dominula 

was absent. The milkweeds were in free-standing pots, placed in garden areas where 

they would receive full sun. Groundcover in these gardens varied both between and 

within sites, ranging from grass and soil to bark or gravel. Height of the surrounding 

vegetation varied, with some milkweeds standing alone, metres from other vegetation, 

whilst others were within proximity of mature trees upwards of 4m tall. Plants were 

watered every two to three days as needed. 

In both regions the exposed milkweed plants were available for the natural colonisation 

of D. plexippus. Resulting caterpillars can cause substantial damage to their host plant 

through the consumption of leaves, stems and flowers. The cascading effects of P. 

dominula on the host plant were therefore measured through changes in plant growth 

(height and leaf number) and reproductive output (number of flowers per plant) at the 

end of eight weeks. A measure of seed pods would have given a better estimate of 

reproductive output, but constraints of the experimental design prevented this, as the 

insect-exclusion nets used for the control plants excluded both caterpillars and 

pollinators.  

To control for as much variation in plant changes as possible between the two regions, 

all 30 plants were transplanted into 20cm pots containing the same brand of potting 

mix. Prior to the experiment, any invertebrate inhabitants that could confound results, 

such as aphids or monarch eggs, were removed from all plants. Plant height, leaf 

number and flowers were counted for each individual plant before the experiment. The 

initial height of plants from the soil line within each pot ranged between 75-102 cm. 

The initial number of leaves per plant ranged from 86 to 257. The flowers of G. 
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physocarpus are primarily white and grouped in drooping umbels of approximately 

eight flowers. No plants were flowering prior to the experiment. 

 

Statistical analysis 

Statistical analyses were conducted in R 3.6.0 (R Development Core Team, 2020). 

Data from the annual butterfly survey was grouped according to the year the summer 

season began. As butterfly numbers tend to fluctuate based on each species life cycle, 

butterfly counts from each walk were averaged for each month of December, January, 

February and March for comparison between species. In the summer beginning in 

2014, only one weekly survey was conducted for the months of February and March, 

which was presented as the average for that month. The summer of 2015 is estimated 

to be the time when P. dominula was introduced and became abundant in the region. 

For a statistical comparison of butterfly abundance before and after the establishment 

of P. dominula, the dataset was split. Butterfly counts from 2009-2014 were placed 

into one group and the counts from 2015-2019 were placed in another. To ensure 

approximate normality of the data, counts for D. plexippus, P. rapae and Z. labradus 

were square-root transformed before they were analysed using ANOVA.  

The results of the first experiment investigating the effects of P. dominula predation on 

monarch caterpillars did not differ significantly between trial 1 and trial 2, so the 

datasets were combined for analysis. Monarch caterpillar survival was investigated 

using the ‘survival’ (Lin & Zelterman, 2002) and ‘survminer’ (In & Lee, 2019) packages 

to generate Kaplan-Meier plots to visualize survival curves, with differences between 

these curves analysed using pairwise log-rank tests (Jager et al., 2008). Not all 

instances of caterpillar absence could be attributed to death, as there were a small 

number of cases where caterpillars were simply absent from the plant, with no 

evidence of predation (caterpillar remains, haemolymph on leaves, etc.). The majority 

of these unexplained absences involved caterpillars that were in their 5 th instar stage 

that had likely left the plants in search of a suitable place to pupate. In the absence of 

contrary evidence, however, these absences were still coded as a death event in the 

survival analyses. Logistic regression was used to assess the relationship between 

estimated densities of Polistes spp. and caterpillar survival. The indirect effects of P. 

dominula on changes in host plant height, leaf number and reproductive output were 
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analysed using a one-way ANOVA, with data tested to ensure normality. Pairwise 

comparisons between groups were conducted using Tukey’s post hoc analysis. 

 

Results 

Annual survey of butterfly abundance 

There was a significant decline in butterfly abundance across all three butterfly species 

(D. plexippus, P. rapae and Z. labradus) from the summer beginning in 2015 (Fig. 

3.3a-c). The grouped average butterfly abundance for the summers of 2015-2019 was 

significantly lower than the grouped average butterfly abundance for the summers of 

2009-2014. There was an overall decrease of 66% for D. plexippus (F1,152 = 79.89, P 

< 0.001), 54% decrease for P. rapae (F1,152 = 61.95, P < 0.001) and 87% decrease for 

Z. labradus (F1,152 = 26.85, P < 0.001). A small spike in abundance can be observed 

in February and March of the 2019 summer for both D. plexippus and P. rapae, which 

may be indicative of early stages of population recovery for these two species. To 

consider climate as an explanation for changes in abundance, further analyses were 

conducted investigating the possible effects of rainfall and air temperature on butterfly 

numbers. These climate variables did not differ significantly in the periods before and 

after P. dominula introdution (P  0.199) so they are unlikely to have affected the 

patterns of observed butterfly abundance. The full results of this climate analysis are 

presented in Appendix B (Tables B1 & B2, Figures B1 & B2). 
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Fig. 3.3. Data from an annual survey in Nelson showing mean (+ 1 SE) 

butterfly abundance for three local species: (a) Danaus plexippus, (b) 

Pieris rapae and (c) Zizina labradus. Butterfly abundance is presented 

from the months of December through to March over 11 summers. The 

area highlighted in grey from 2011-2014 is the likely timeframe of P. 

dominula invasion in Nelson, New Zealand. 
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Predation of caterpillars by Polistes dominula 

Predation by P. dominula was the reason for 85% of monarch caterpillar deaths on 

milkweed plants across both trials (Fig. 3.4). Predation by P. chinensis explained just 

5% of caterpillar deaths, while the cause of 9% of caterpillar absences was unknown. 

During trial 1 at a suburban site, a weka (Gallirallus australis), a bird native to New 

Zealand, pecked and killed two monarch caterpillars, but did not consume them, 

accounting for the final 1%. Caterpillar survival rates differed significantly for all three 

habitat types (Pairwise log-rank test, P < 0.05, Fig. 3.5). Overall, caterpillar survival in 

suburban areas was the lowest, with only 45% remaining after just six hours of 

exposure. Survival in coastal areas was higher than suburban, with 64% of caterpillars 

surviving the trial. Forest sites had the highest survival rates, with 96% of caterpillars 

found to still be on the plant after six hours. Of the small proportion of caterpillars that 

were unaccounted for in the forest sites, predation was not observed to be the cause 

of absence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4. A summary of the cause of death/absence of monarch 

caterpillars for three habitat types combined (suburban, coastal 

and forest) over a 6-hour time period. The total mortality of 

caterpillars shown is for two trials. 
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The probability of caterpillar mortality increased significantly as densities of P. 

dominula increased (estimate = 0.011, SE = 0.002, P < 0.001). Suburban sites had 

the highest P. dominula densities, with an average of 104 ± 2.6 wasps per 1,000m2 

(Table B3). Densities of P. dominula in coastal sites were lower, with an estimate of 

65 ± 5.5 wasps per 1,000m2. Estimated densities of P. chinensis were not significantly 

associated with the probability of caterpillar mortality (estimate = -0.02, SE = 0.012, P 

= 0.119). The average densities of P. chinensis in the suburban and coastal sites were 

3 ± 0.1 wasps per 1,000m2 and 22 ± 0.5 wasps per 1,000m2, respectively. No nests of 

either P. dominula or P. chinensis were found within the forest sites, and therefore the 

densities of paper wasps in these areas were recorded as zero.  

Small caterpillars had a lower chance of survival than large caterpillars at sites 

occupied by P. dominula, as small caterpillars constituted 61% of all deaths (log-rank 

test, χ2 = 13.5; P < 0.001, Fig. 3.6). Large caterpillars were frequently observed to rear 

and thrash their bodies when attacked by P. dominula, sometimes deterring the wasp 

sufficiently for it to search elsewhere. Small caterpillars were not as successful in 

deterring wasps when exhibiting similar behaviour.  

Of plants where P. dominula discovered caterpillars, 42% were discovered by only 

one wasp. That individual would continue to return to the plant repeatedly to search 

for more caterpillars throughout the day. The maximum number of wasps to discover 

caterpillars on a single plant within the six-hour timeframe was five. In instances where 

Fig. 3.5. Kaplan-Meier survival 

estimates (± 95% CI) on the 

survival of monarch caterpillars 

based on habitat type (suburban, 

coastal or forest) over a 6-hour 

time period. Survival curves are 

the combined results of two trials 

(n=120 for each habitat type). 

Pairwise log-rank tests were 

used to compare survival of 

caterpillars in each type of 

habitat. 
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multiple wasps found a plant, they often left in different directions, indicating they were 

from different nests.  

 

 

 

Cascading effects of Polistes dominula predation on host plant fitness 

In the absence of the predatory P. dominula, monarch caterpillars significantly 

impacted milkweed growth (Fig. 3.7a), with the height of exposed plants increasing by 

only 3% on average. This change in height differed significantly to the observed height 

increase of 42% for the associated control plants which excluded caterpillars 

completely (P < 0.001, one-way ANOVA, Tukey’s post hoc). In the presence of P. 

dominula, predation of monarch caterpillars was so effective at reducing plant damage 

that changes in plant height did not differ significantly between the increase of 35% for 

the exposed treatment and 38% for the associated control (P = 0.944, one-way 

ANOVA, Tukey’s post hoc). Changes in height for exposed plants in P. dominula 

occupied areas also did not differ significantly to the changes in height observed for 

control plants in areas without this wasp (P = 0.786, one-way ANOVA, Tukey’s post 

hoc).  

Monarch caterpillars substantially reduced the number of leaves on exposed 

milkweeds in areas where P. dominula were absent (Fig. 3.7b), with an average leaf 

decrease of 63%, which differed significantly from the average leaf increase of 57% 

Fig. 3.6. Kaplan-Meier survival 

estimates (± 95% CI) of monarch 

caterpillars in areas occupied by 

the wasp P. dominula, based on 

caterpillar size over a 6-hour 

time period. Survival curves are 

the combined results of two trials 

(n=240). A log-rank test was 

used to compare survival of 

small caterpillars (2nd – early 4th 

instar) with that of large 

caterpillars (late 4th – 5th instar). 
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for the associated control plants (P < 0.001, one-way ANOVA, Tukey’s post hoc). 

Again, the strong, indirect effect P. dominula had on reducing plant damage caused 

by monarch caterpillars meant changes in leaf number did not differ significantly 

between the 96% increase for the exposed treatment and 96% increase for the 

associated control (P = 0.993, one-way ANOVA, Tukey’s post hoc). There was also 

no significant difference in leaf changes between exposed plants in areas with this 

wasp and control plants in areas without P. dominula (P = 0.996, one-way ANOVA, 

Tukey’s post hoc). It should be noted that minor leaf damage was observed on leaves 

in the presence of P. dominula, indicating that caterpillars were hatching and 

consuming plant material. However, these caterpillars appeared to be removed before 

they could cause extensive damage to plant growth. 

 

 

  

 

 

 

 

 

 

Fig. 3.7. Relative changes in milkweed 

plant (a) height, (b) leaf number and (c) 

reproductive output in response to the 

presence or absence of the predatory 

wasp P. dominula. Exposed treatments 

allowed for monarch butterflies to lay 

eggs on milkweeds and for resulting 

caterpillars to feed on the host plant. 

Control treatments were plants covered 

by bug-exclusion nets to exclude 

monarch adults and caterpillars from 

having access to the milkweed plant, 

preventing herbivory.  
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Exposed milkweeds in areas without P. dominula produced an average of 29.8 ± 19.9 

flowers, with control plants in the area producing an average of 259 ± 41.5 flowers. 

The difference in flower number between the two treatments was significant (P < 

0.001, one-way ANOVA, Tukey’s post hoc, Fig. 3.7c). This result shows that caterpillar 

herbivory likely had a strong enough effect to negatively impact plant reproduction. 

The number of flowers per plant did not differ significantly between exposed milkweeds 

in areas where P. dominula were present relative to the associated control (P = 0.999, 

one-way ANOVA, Tukey’s post hoc). The average number of flowers on plants for the 

exposed and control treatments in the presence of P. dominula were 99.6 ± 30.7 and 

105 ± 43, respectively. This similarity between exposed and control treaments suggest 

P. dominula can remove caterpillars effectively enough to prevent herbivory from 

having significant, detrimental effects on plant reproduction. There were roughly three 

times the average number of flowers on exposed plants in P. dominula occupied areas 

(99.6 ± 30.7) compared to exposed plants in areas where P. dominula were absent 

(29.8 ± 19.9), however, the difference in flowers produced was not significant (P = 

0.569, one-way ANOVA, Tukey’s post hoc). There was a significantly greater number 

of flowers for the P. dominula absent control treatment compared to both treatments 

where P. dominula were present (Tukey’s post hoc, P < 0.05). Many plants require a 

minimum number of leaves for floral intitiation (Holdsworth, 1956), as the production 

of reproductive structures is energetically costly. The milkweed plants in the P. 

dominula present area had fewer leaves on average (113 ± 5.2 initial leaves) prior to 

the experiment than plants in the area without this wasp (179 ± 12.7 initial leaves). It 

is reasonable, therefore, to assume that the plants in the Nelson region had less 

flowers as they likely reached the minimum leaf number required to reproduce at a 

comparatively later stage.  

 

Discussion 

We found that the invasive wasp P. dominula can exert a predation pressure strong 

enough to initiate a trophic cascade. The removal of monarch caterpillars as a result 

of P. dominula predation significantly reduced herbivore load. This predation in turn 

yielded a significant increase in plant height and foliage for plants in the presence of 

P. dominula compared to plants in areas where this wasp was absent. These results 

were in accordance with predictions for plant growth, as monarch caterpillars consume 
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the leaves and stems of the plant, causing substantial damage to their host. Whilst the 

presence of P. dominula did not lead to a significant difference in flower production 

compared to exposed milkweeds in areas without this predator, the similarity in the 

number of flowers per plant compared to control plants in the Nelson region suggest 

that P. dominula is having a strong effect on reproductive output. Ideally, reproductive 

output would have been quantified as seed pod production rather than flowers for this 

study, but the nets used on control plants to exclude monarch caterpillars also 

excluded pollinators. However, our observations of self-sown, older milkweed plants 

in the region with P. dominula found these plants to be heavily loaded with seed pods. 

Therefore it seems that the increased flowering level results in increased seed 

production.  

Increases in P. dominula densities were found to significantly decrease the probability 

of caterpillar survival. Densities of P. dominula were highest in suburban areas, which 

was in accordance with findings of previous research that these wasps prefer to nest 

on anthropogenic structures (Roets et al., 2019). A higher rate of caterpillar predation 

in urban gardens was observed in a similar study investigating the predatory effects 

of P. dominula on monarch caterpillars in differing habitat types (Baker & Potter, 2020). 

Coastal areas were found to contain comparatively fewer P. dominula nests than 

suburban areas, which appeared to be reflected in the lower mortality rates of 

caterpillars in these areas. No nests of either P. dominula or P. chinensis were found 

within forest habitats. This result was unsurprising as a negative correlation has been 

observed between Polistes and canopy cover (Schmack et al., 2020). Caterpillar loss 

in forest areas was not observed to be a result of predation and was likely due to 5th 

instar individuals leaving the plant to pupate. However, we cannot rule out the 

possibility of predation by another species, as predatory Vespula spp. have also 

established in New Zealand and been proven to significantly deplete Lepidopteran 

populations in forest habitats (Beggs & Rees, 1999). The invasive paper wasp P. 

chinensis, which is documented as a predator of monarch caterpillars (Ward & Ramón‐

Laca, 2013), accounted for a relatively small proportion of caterpillar deaths in 

suburban and coastal areas, perhaps due to its lower abundance compared to P. 

dominula. 

Our study found P. dominula densities to significantly impact monarch caterpillar 

survival rates, yet surprisingly few wasps actually discovered, and killed, caterpillars. 
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On average, only one wasp found, and succesfully hunted prey on an experimental 

milkweed. This wasp then appeared to return to the plant repeatedly throughout the 

day, taking more caterpillars. The maximum number of wasps to successfully predate 

upon caterpillars on any individual milkweed plant during a 6 hour trial was five. One 

explanation for this finding is the lack of recruitment behaviour in many social wasp 

species (Jeanne et al., 1995; Richter, 2000). Therefore, the discovery of caterpillars 

seemed to be an outcome of chance foraging success by an individual wasp.  

Large caterpillars (late 4th to 5th instar) had a lower rate of mortality relative to small 

caterpillars (2nd to early 4th instar). This lower mortality is unsurprising based on 

observations in the field of large caterpillars thrashing about or dropping to the ground 

when touched by P. dominula, resulting in the wasp searching elsewhere. Similar 

observations were made in previous studies focused on the predation of monarch 

caterpillars by P. dominula (Baker & Potter, 2020; Rayor, 2004). These findings 

suggest that if a caterpillar is able to survive through earlier instars, there is a size 

threshold where they are more likely to escape predation.  

The results from the annual butterfly survey not only provide evidence that monarch 

butterfly populations have declined significantly since the establishment of P. 

dominula, but they show a decline in other Lepidopteran populations as well. One of 

the populations in decline was the common blue butterfly, Zizina labradus which, like 

the monarch butterfly, is a self-introduced species in New Zealand (Gibbs, 1980). 

Declines in populations of Pieris rapae (white butterfly) following the arrival of P. 

dominula is considered to be a beneficial outcome, as the caterpillars of this invasive 

pest eat the leaves of cabbage, broccoli and other brassica vegetables. Paper wasps 

have been recommended as control agents against P. rapae, as predation by Polistes 

spp. has been found to significantly increase cabbage weight (Gould & Jeanne, 1984).  

The butterfly surveys coupled with results from our experiments give a compelling 

case that P. dominula exert a strong predation pressure on Lepidopteran species in 

New Zealand, which can indirectly influence lower trophic levels. As P. dominula is a 

generalist predator, it is possible that this wasp could be impacting not only the 

relationship between monarchs and their host, but also the host plants of other prey 

species. Invasive species have the capacity to reach high abundances within their 

invaded ranges. This phenomenon is often explained by factors such as enemy 

release (Torchin et al., 2003). High levels of abundance in addition to their exploitation 
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of novel prey is what makes the impact of invasive predators so devastating (Beggs & 

Rees, 1999; Piovia-Scott et al., 2017).  

The upward trend in 2019 for both monarch and cabbage white butterflies suggests 

butterfly populations may be recovering. It is not uncommon for invasive insect 

populations to crash following an initial outbreak and population boom (Lester & 

Gruber, 2016). The population decline of an invasive species is often attributed to 

causes such as parasites, disease outbreaks, competition or resource availability 

(Strayer et al., 2017). The slight increase in butterfly abundance over the most recent 

summer could be an indicator that P. dominula is experiencing a population decline in 

that area. Even a small decline in wasp abundance may be sufficient to allow butterfly 

abundance to increase.  

It has been observed that exotic species are capable of facilitating the invasion and 

spread of other exotic species (Relva et al., 2010). In addition to their positive, indirect 

effects through predation, P. dominula might also be having a direct, positive effect as 

a pollinator of milkweeds (Rafferty & Ives, 2012). Several species of milkweeds have 

been introduced to New Zealand, and in addition to G. physocarpus, the other two 

most common milkweed species are G. fruticosus and Asclepias curassavica. The 

milkweed Asclepias tuberosa, known in North America as the “butterfly weed”, is not 

imported to New Zealand for fear of it spreading and becoming an invasive weed (MPI, 

2018). The abundance of milkweeds in New Zealand is currently controlled by the 

intense herbivory of monarch caterpillars (Wise, 1980). Herbivore removal can 

potentially cause harm if there are no other regulating factors in place to control exotic 

plant species (Zavaleta et al., 2001). Released from this regulation by the indirect 

effect of P. dominula predation, G. physocarpus and other milkweed species could 

become so abundant as to be perceived as invasive weeds. More definitive research 

would need to be conducted to test this, but initial observations suggest that one 

invasive pest species may have created another.  
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Chapter 4: General discussion 

In this thesis, I investigated the abundance, nesting ecology and predatory impacts of 

P. dominula in Nelson, New Zealand. I investigated the abundance and nesting 

behaviour of P. dominula and the congener P. chinensis that established in New 

Zealand decades earlier, as a comparison to gauge the success of P. dominula at its 

early stages of invasion. This investigation was achieved by monitoring nests in the 

field, recording their growth and survival over two reproductive cycles and recording 

the nesting behaviours that appeared to have contributed to their success. I 

determined the habitat preference of both species, which has implications for 

communities that host the highest abundance of these predators. Additionally, when 

P. dominula were not observed to occupy forest habitats, to determine whether this 

absence was due to an inability to thrive, I translocated nests into these areas and 

recorded colony growth and survival.  

I measured the strength of the predation pressure exerted by P. dominula on 

invertebrate prey by placing monarch caterpillars into the field and recording their fate. 

Additionally, I presented results from an annual butterfly survey that spanned six years 

before the discovery of P. dominula and the five years following its known presence, 

showing a decline of butterfly abundance in Nelson since the invasion of P. dominula. 

Finally, I tested whether the predation pressure exerted by P. dominula was strong 

enough to have cascading effects on the host plant of monarch caterpillars. The results 

presented in this thesis should inform and guide biodiversity management decisions 

and aid our understanding of how invasive species affect host communities. 

 

The abundance, nesting ecology and survival of Polistes dominula 

The ecology and behaviour of invasive organisms can differ across ranges, which has 

implications for the level of impact the invader has on native communities (Hozumi et 

al., 2015; Lester & Beggs, 2019). Knowledge of the ecology of an invasive organism 

is essential for effective population management (Caesar, 2005; Lester & Beggs, 

2019; Nuñez et al., 2017). In chapter two, I studied the abundance, nesting ecology 

and survival of the invasive wasp P. dominula in Nelson, New Zealand. I found that P. 

dominula was most abundant in suburban habitats. The rate of nest survival for P. 

47



 
 

dominula was particularly high in these areas, where this species utilized manmade 

substrates as nesting sites. The preference and success of P. dominula in suburban 

habitats was anticipated, as P. dominula has been observed to prefer these habitats 

in other areas of this wasp’s range (Gamboa et al., 2005; Perez-Bote & Mora-Rubio, 

2020; Roets et al., 2019). Urban areas may create warmer environments in temperate 

regions for invasive wasps like P. dominula that originate from warmer climates 

(Sorvari, 2018). As suburban areas had the highest abundance of P. dominula, 

communities in these environments are most at risk of being impacted by this new 

exotic wasp species. Many of the invertebrates affected in these areas will be exotic 

species, like the cabbage white butterfly (Pieris rapae), the control of which is a 

desirable outcome for some residents. However, there will be native species, like the 

yellow admiral butterfly (Vanessa itea Fabricius), and endemic red admiral butterfly 

(V. gonerilla Alfken), at risk of predation by P. dominula. In coastal habitats, P. 

dominula was comparatively less abundant than in suburban habitats, however, 

communities in these areas will also be affected. Endemic species in these areas likely 

to be influenced include the threatened copper butterfly, Lycaena ianthina Salmon, 

and the conservation-dependent Kiwaia sp. (yet to be assigned a scientific name) 

found only in Cloudy Bay of the upper South Island (Hoare et al., 2017). Evidence for 

P. dominula predation of several of these butterfly species can also be seen in the 

findings from a diet analysis of P. dominula in Nelson (Howse et al., 2021). 

Neither P. dominula nor P. chinensis were observed to nest within forest habitats in 

this study. Nests of P. dominula translocated into these areas either died or did not 

grow over the course of the experiment, contrasting to the nests placed in coastal and 

suburban habitats. The lower temperatures in the shade of the forest canopy were 

likely to be a factor contributing to the inability of this wasp to thrive. Sun-warmed sites 

have been found to contain more Polistes spp. nests, with faster brood development 

and the earlier emergence of workers (Jeanne & Morgan, 1992). The findings of the 

translocation experiment confirm that native and exotic forests are unlikely to be 

infested with P. dominula, which has management implications. The majority of New 

Zealand’s native and endemic invertebrate species are forest-dwellers (Watt, 1975), 

so species in these areas, such as the rare, endemic, forest ringlet butterfly (Dodonidia 

helmsii Butler) (Hoare et al., 2017), are not likely to be impacted by this wasp.  
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The direct impacts of Polistes dominula 

Invasive predators can have significant impacts on prey populations within their new 

range (Beggs & Rees, 1999; Potter-Craven et al., 2018; Toft & Rees, 1998). In chapter 

three, I found P. dominula exerted a strong predation pressure on caterpillars of the 

monarch butterfly (Danaus plexippus). I expected P. dominula to be the primary cause 

of monarch caterpillar mortality, as Nelson residents had reported a substantial drop 

in monarch populations since the establishment of P. dominula. Residents also told 

me they had seen paper wasps attack and eat monarch caterpillars. The findings from 

the annual butterfly survey in Nelson demonstrated a decline of monarchs and other 

local butterfly populations, providing further support that P. dominula was having a 

strong impact on local invertebrate species. Diet analyses on the gut contents of P. 

dominula larvae in coastal areas of Nelson have found butterflies are not the only 

insects being predated upon. Samples I helped Matthew Howse collect for his 

research on the diet of P. dominula in Nelson, New Zealand, showed that this predator 

has a very wide prey range (Howse et al., 2021). In addition to numerous moth and 

butterfly species being found in the gut contents of wasp larvae, other invertebrates 

present included; cicadas (Kikihia spp. and Amphipsalta spp.), beetles, flies, mantids 

(Orthodera sp.), spiders (Cryptachaea spp.), leafhoppers and crickets. 

 

The cascading effects of P. dominula 

Originally, the ‘trophic cascade’ concept was developed as a foundational ecological 

theory, allowing for a better understanding of food webs and community dynamics, 

with a particular focus on the cascading effects of predators. Trophic cascade theory 

has since been developed so that it can be applied to the management and 

conservation of ecosystems (Bamber et al., 2020; Ripple & Beschta, 2012; Ripple et 

al., 2016). In this study, the indirect, cascading effects of P. dominula on the milkweed 

host plants of monarch caterpillars appeared to be strong enough to impact plant 

fitness. As P. dominula is a generalist predator, a diverse group of invertebrate species 

is included in their diet (Cervo et al., 2000; Howse et al., 2021). It is therefore likely 

that multiple host plants of invertebrates are influenced by the presence of this invasive 

wasp. As invertebrates serve a wide range of ecological functions, significant 

reductions in certain populations could have detrimental knock-on effects for the wider 
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community. Previous studies focusing on the role of insect predators in trophic 

cascades have predominantly been conducted in agricultural systems, as a means of 

finding more effective biocontrol agents to manage herbivorous crop pests (Ali et al., 

2018; Gould & Jeanne, 1984; Southon et al., 2019). The research conducted in this 

thesis makes an important contribution to the field of ecology, as it offers insight into 

the impacts of an invasive, insect predator from a biodiversity management 

perspective. For example, my study indicates that forest-dwelling species such as the 

forest ringlet butterfly (Dodonidia helmsii) are unlikely to be affected by P. dominula. 

Species of conservation interest restricted to suburban or coastal sites, in contrast, 

are much more likely to experience predation by this wasp. Similarly, trophic cascades 

induced by this predator would be possible in suburban or coastal, but not forest, 

habitats.  

 

Future directions and management of Polistes dominula 

Further information on the ecology and impacts of P. dominula in New Zealand would 

be useful for its management. This study demonstrated that P. dominula exerts a 

strong predation pressure on monarch caterpillars, but as a generalist predator, this 

wasp is likely impacting a wide range of invertebrate species. Diet analysis of P. 

dominula has been conducted in coastal habitats (Howse et al., 2021), yet a similar 

analysis for wasp populations in suburban habitats where this wasp is most abundant 

could be useful in identifying which invertebrate species could be under threat. As a 

primarily suburban species, P. dominula may prove beneficial in these areas, as this 

wasp could predate upon herbivorous pests in gardens and vegetable patches, and 

thus be of benefit for pest control (Lester, 2018; Sumner et al., 2018), but there is also 

the potential for native species that colonise these areas to be influenced. Further 

research into the invertebrate species impacted by P. dominula would better inform 

biodiversity and conservation management.  

The current confirmed distribution of P. dominula includes the upper part of the South 

Island of New Zealand, with reports of the distribution of this wasp spreading as far 

South as Alexandra (Howse et al., 2020). The only reported North Island sightings are 

from Auckland, although this is yet to be confirmed. It is possible P. dominula is already 

present in other areas throughout New Zealand and has been misidentified as its 
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longer-established congener, P. chinensis. As Nelson has a port and is the area where 

P. dominula is believed to have been the longest, in addition to the preference of this 

wasp to nest on anthropogenic structures, P. dominula was likely introduced to New 

Zealand via a shipping container. Predictive modelling has found the vast majority of 

human-habited areas of New Zealand to be climatically suitable for this wasp to 

establish (Howse et al., 2020), so the spread of this species across New Zealand is 

likely to occur in the near future. The range expansion of this wasp is of concern for 

invertebrate species across the country, particularly moths and butterflies. Currently, 

Auckland is the only area of the North Island where P. dominula has been observed. 

If this wasp successfully spreads to the areas predicted in the model, there are several 

species of critically threatened moths inhabiting coastal areas of the North Island that 

would likely be impacted. An example of moths at risk if P. dominula spreads are two 

critically threatened subspecies of the Pimelea moth, Notoreas peronata, which are 

only found along the east coast of the North Island in areas predicted to be colonised 

by P. dominula (Howse et al., 2020).  

The annual butterfly survey in chapter three exhibited a decline in the number of 

butterflies seen following the arrival of P. dominula, with some species affected more 

than others, yet none of the three species studied became locally extinct over the 11 

years of surveying. This finding provides hope that some local species will be able to 

tolerate the predation pressure exerted by this wasp. There were even signs of a 

potential, slow population recovery for all three butterfly species in the most recently 

recorded summer of 2019. This small increase in numbers may just be a consequence 

of P. dominula experiencing a less-productive year, as colony growth and abundance 

of this wasp can fluctuate between years (Höcherl & Tautz, 2015). Alternatively, P. 

dominula populations could be declining to some extent. Population ‘booms’ followed 

by sudden population declines of exotic species are frequently observed in invasive 

species (Cooling & Hoffmann, 2015; Simberloff & Gibbons, 2004; Wetterer et al., 

2014). The ‘boom-bust’ concept is prominent in invasion biology and is fundamentally 

important to understanding and managing biological invasions (Strayer et al., 2017). 

The boom-bust phenomena has been observed in some populations of invasive ant 

populations across the globe (Lester & Gruber, 2016). Argentine ant populations in 

New Zealand were found to have an average expected survival time of 14 years 

(Cooling et al., 2012). Invasive yellow crazy ant populations in Australia crashed within 
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a timeframe of only five years (Cooling & Hoffmann, 2015). Note that, however, not all 

populations of ants have declined in their invaded range (Lester & Gruber, 2016; 

Menke & Holway, 2020). To my knowledge, no previous publication has followed the 

long-term trends in P. dominula abundance or has documented a decline in their 

abundance after the invasion and colonisation of a new habitat. It will be interesting to 

follow the population dynamics of this wasp over the next decade.  

Potential mechanisms behind the dramatic declines of invasive species are numerous 

and varied. Pathogens and parasites are one such mechanism found to drive 

population declines (Flory et al., 2011). Invasive species typically have lower genetic 

diversity as a consequence of bottlenecks associated with a comparatively small 

number of individuals invading a new area. This renders populations more susceptible 

to disease outbreaks. Competition with local species is another possible mechanism 

that could exclude an invasive species, particularly smaller populations as they have 

been found to be more susceptible to failure in the face of competition (Palmer, 2004; 

Sagata & Lester, 2009). Time-lags in density-dependent populations could also 

explain the population boom of an invasive species followed by a collapse (Strayer et 

al., 2017). A better understanding of the population dynamics of P. dominula is needed 

moving forward. The continuation of the annual butterfly survey could prove to be a 

useful indicator of how populations of P. dominula change over time. If populations of 

this invader are beginning to decline, we need to discover the driver to further promote 

this decrease in numbers. In the absence of any conclusionary evidence that P. 

dominula populations are declining, more pro-active methods for population control 

need to be explored by biodiversity managers. 

New Zealand’s ecosystems and economy are under increasing pressure from invasive 

organisms. The control of invasive species is most effective in the early stages of 

invasion before the population grows and spreads (Burgos-Rodríguez & Burgiel, 2019; 

Simberloff, 2003). Whilst complete eradication of P. dominula may not be possible, 

control of wasp populations will limit the damage inflicted by these predators and may 

prevent some invertebrate species from becoming locally extinct. Insecticides are 

commonly utilized for the control of invasive insects (Mack et al., 2000; van Zyl et al., 

2018). The diet of P. dominula includes protein and carbohydrate-based foods, which 

are two possible attractants to be used in the development of toxic baits. 

Carbohydrate-based baits for the control of P. dominula are not an option in New 
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Zealand as these toxic baits could be attractive to non-target species such as native 

birds, lizards and honeybees. The protein-based bait, Vespex®, was developed in 

New Zealand for the control of invasive Vespula wasps and is quite effective in wasp 

control (Edwards et al., 2017; Lester & Beggs, 2019). Vespex® attracts foraging 

Vespula workers that take the bait back to their nests and feed to their nestmates, 

brood and queen. Based on the foraging behaviour I observed whilst conducting my 

experiments, control of P. dominula using a protein-based bait like Vespex® is not a 

viable option. To be effective, a bait must be attractive to the target wasp species and 

be ingested by enough individuals to ensure colony failure. During the monarch 

caterpillar experiment, individual wasps seemed unable to detect the presence of a 

caterpillar unless they were in very close proximity. There was also no recruitment of 

nestmates to a site where a caterpillar had been killed. Unlike Vespula spp., P. 

dominula only consumes live prey and does not scavenge off dead animals (Beggs et 

al., 2011). In addition to this, female workers of P. dominula are capable of 

reproduction if the queen dies (Liebig et al., 2005), therefore a large number of 

nestmates would need to be poisoned for the colony to fail. With all these factors 

considered, currently produced protein-based baits for P. dominula are likely to be 

ineffective. It is, however, possible that pheromones or other attractants may be 

utilized in the development of a control, as certain chemicals have been found to attract 

P. dominula (Landolt & Zhang, 2016; Landolt et al., 2014). 

Continuous improvement to existing pest management strategies and novel control 

methods are required to limit the effects of invasive organisms. With the increase in 

tolerance to insecticides in addition to the potential risks to the environment and non-

target species (Chagnon et al., 2015; Relyea, 2005), pest management is moving 

away from the use of chemicals towards more species-specific control methods (van 

Zyl et al., 2018). Gene silencing or RNA interference (RNAi) technology is currently 

being investigated as a control method for a variety of pest organisms (Huvenne & 

Smagghe, 2010; Joga et al., 2016; Scott et al., 2013) and has been proven to increase 

the mortality rate of target insects (Hunter et al., 2012; Zhu et al., 2011). As this 

technique has a high specificity, there is less risk of non-target species being affected. 

Further research into novel control methods such as RNAi for the control of P. 

dominula would be valuable as there is potential for effective control of this pest with 

minimal adverse consequences for New Zealand’s ecosystems. If these gene 
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silencing techniques prove successful, they have implications not only for P. dominula, 

but also for the control of other invasive insects.  
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Appendices 

Appendix A: Nest substrates of Polistes spp. and additional data 

regarding the nest translocation experiment in chapter two 

 

 

Manmade substrate       
   Nest surface P. dominula P. chinensis 

  Plant protector Plastic 27 11 

   Leptospermum scoparium 21 6 

   Bamboo stick 15 16 

   Myoporum laetum 6 16 

   Podocarpus totara 5 2 

   Linum sp. 4 1 

   Plagianthus divaricatus 4 0 

   Carex sp. 3 0 

   Muehlenbeckia sp. 2 0 

   Dead plant 1 2 

   Dodonaea viscosa 1 0 

   Pittosporum tenuifolium 1 0 

   Coprosma repens 0 2 

   Fuscospora solandrei 0 1 

  Fence Wood 18 18 

   Metal 9 0 

   Brick 0 2 

  House Metal 31 0 

   Plasterboard 5 0 

   Wood 1 2 

   Brick 0 2 

   Concrete 0 1 

  Shed Metal 10 0 

   Wood 8 3 

   Plasterboard 1 0 

  Wall Wood 7 0 

   Concrete 5 0 

   Plastic 1 0 

   Rock 0 7 

  Decking Wood 4 0 

  Glasshouse Metal 3 0 

  Outdoor furniture Wood 3 0 

  Sign Wood 3 0 

  Headstone Concrete 2 1 

  Mailbox Metal 1 0 

  Wheelbarrow Metal 1 0 

  Bottle Plastic 1 0 

  Pot Plastic 0 1 

  Stake Plastic 0 1 

Table A1. Manmade nest substrates of P. dominula and P. chinensis nests monitored over two 

nesting seasons (2018/19 and 2019/20) in Nelson, New Zealand. The number of nests found on 

each surface type for both Polistes species are listed. Note: nests built on natural plant surfaces 

within plant protectors were still considered to be manmade substrates as these locations provided 

artificial protection from the weather.  
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Natural substrate       
   Nest surface P. dominula P. chinensis 

  Shrub Plagianthus divaricatus 12 93 

   Pittosporum tenuifolium 12 5 

   Coprosma sp. 9 13 

   Leptospermum scoparium 7 11 

   Coprosma repens 5 0 

   Pittosporum sp. 3 17 

   Myoporum laetum 2 2 

   Ozothamnus leptophyllus 2 2 

   Dodonaea viscosa 1 1 

   Podocarpus totara 1 1 

   Hebe sp. 1 1 

   Sophora sp. 1 0 

   Dead plant 0 6 

   Myrsine australis 0 3 

   Genista sp. 0 2 

   Muehlenbechier sp. 0 2 

   Abelia sp. 0 2 

   Buxus sp.  0 2 

   Corokia cotoneaster 0 2 

   Hippophae sp. 0 1 

   Kunzea ericoides 0 1 

   Nepeta sp. 0 1 

   Thymus vulgaris 0 1 

   Erica oatseii 0 1 

   Griselinia littoralis 0 1 

  Herb Lavandula sp. 0 1 

   Rumex sp. 0 1 

   Iris sp. 0 3 

  Sedge Carex sp. 1 18 

  Rockface Rock 1 4 

  Succulent Aloe vera 0 3 

  Grass Uncinia uncinata 0 2 

Table A2. Natural nest substrates of P. dominula and P. chinensis nests monitored over two 

nesting seasons  (2018/19 and 2019/20) in Nelson, New Zealand. The number of nests found 

on each surface type for both Polistes species are listed.   
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Habitat                                                                                                     Nest Initial 
wasps per 
nest 

Initial nest 
size (# of 
cells) 

Final 
wasps 
per nest 

Final 
nest size 

Change in 
wasps per 
nest 

Change 
in nest 
size 

Nest 
survival 

Coastal 1 D2 1 50 6 50 5 0 Survived 

Coastal 1 D3 11 54 10 65 -1 11 Survived 

Coastal 1 D4 4 47 11 62 6 15 Survived 

Coastal 1 D7 8 55 9 56 1 1 Survived 

Coastal 2 D17 1 42 2 42 1 0 Survived 

Coastal 2 D20 3 33 6 41 3 8 Survived 

Coastal 2 D25 14 77 28 93 14 16 Survived 

Coastal 2 D26 5 43 5 45 0 2 Survived 

Suburban 1 D12 4 63 17 93 13 30 Survived 

Suburban 1 D14 5 59 12 62 7 3 Survived 

Suburban 1 D21 9 65 0 65 -9 0 Died 

Suburban 1 D24 11 66 21 96 10 30 Survived 

Suburban 2 D8 4 40 0 40 -4 0 Died 

Suburban 2 D9 6 47 10 54 4 7 Survived 

Suburban 2 D10 5 68 8 70 3 2 Survived 

Suburban 2 D22 14 85 25 98 11 13 Survived 

Forest 1 D1 2 60 0 60 -2 0 Died 

Forest 1 D5 4 54 3 54 -1 0 Survived 

Forest 1 D6 1 54 0 54 -1 0 Died 

Forest 1 D11  3 35 0 35 -3 0 Died 

Forest 2 D13 29 142 21 142 -8 0 Survived 

Forest 2 D16 8 78 20 78 12 0 Survived 

Forest 2 D18 2 70 9 71 7 1 Survived 

Forest 2 D23 5 36 0 36 -5 0 Died 

Fig. A1. Proportion of hours 

where the temperature ≥20°C 

(± 95% CI) over the 28-day trial 

period of the P. dominula nest 

translocation experiment 

within each habitat type. The 

proportion of hours were found 

to differ significantly between 

all three habitat types (Post 

Hoc Chi-squared test, P < 

0.05).  

Table A3. Raw data for the P. dominula nest translocation experiment, including the initial number 

of wasps per nest, initial number of cells per nest, final number of wasps, final number of cells and 

whether the nest survived. Experiment conducted from January 24th until February 20th, 2020 in 

Nelson, New Zealand. 
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Appendix B: Climatic data for annual butterfly survey and wasp 

abundance for chapter three 

Testing the effect of climate on butterfly abundance in Nelson 

To investigate the possible effects of climate on butterfly abundance in Nelson, data 

were used from the National Climate Database using ‘CliFlo’. Total rainfall (cm) and 

average air temperature (°C) data were extracted and have been presented alongside 

annual averages of butterfly abundance for each species in Table B1. Alongside 

average butterfly counts, monthly climatic changes have also been plotted for total 

rainfall (cm) (Fig. B1) and average air temperature (°C) (Fig. B2). To discover if there 

has been a significant change in rainfall or temperature over the summer months in 

Nelson since 2014 that could explain the decline in butterfly abundance, climatic data 

were grouped into two time periods: 2009-2014, and 2015-2019. An ANOVA found 

neither total rainfall nor average air temperature differed significantly between the two 

periods (Table B2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

58



 
 

 

 

 

 

 

  Year 
Ave. butterfly 

no. 
Total summer 
rainfall (cm) 

Ave. summer 
air temp. (°C) 

Yearly 
rainfall (cm) 

Yearly ave. 
temp. (°C) 

D. plexippus 2009 11.1 21.1 17.4 78.3 12.5 

  2010 28.0 31.7 18.0 96.7 13.5 

  2011 18.8 60.8 16.8 133.5 13.3 

  2012 38.6 26.4 17.7 83.7 13.0 

  2013 28.8 27.5 17.2 98.9 13.9 

  2014 10.4 22.6 18.0 86.1 13.3 

  2015 4.3 41.2 18.5 68.4 13.3 

  2016 5.2 27 17.3 125 13.8 

  2017 6.6 62.3 19.2 101.9 13.7 

  2018 7.8 20.8 18.8 129.8 13.7 

  2019 12.7 22.8 17.4 101.3 13.6 

P. rapae 2009 47.8 21.1 17.4 78.3 12.5 

  2010 71.4 31.7 18.0 96.7 13.5 

  2011 62.2 60.8 16.8 133.5 13.3 

  2012 55.1 26.4 17.7 83.7 13.0 

  2013 64.6 27.5 17.2 98.9 13.9 

  2014 44.0 22.6 18.0 86.1 13.3 

  2015 27.1 41.2 18.5 68.4 13.3 

  2016 21.0 27 17.3 125 13.8 

  2017 25.3 62.3 19.2 101.9 13.7 

  2018 25.4 20.8 18.8 129.8 13.7 

  2019 30.1 22.8 17.4 101.3 13.6 

Z. labradus 2009 10.2 21.1 17.4 78.3 12.5 

  2010 14.5 31.7 18.0 96.7 13.5 

  2011 2.5 60.8 16.8 133.5 13.3 

  2012 28.6 26.4 17.7 83.7 13.0 

  2013 6.9 27.5 17.2 98.9 13.9 

  2014 14.7 22.6 18.0 86.1 13.3 

  2015 5.7 41.2 18.5 68.4 13.3 

  2016 0.3 27 17.3 125 13.8 

  2017 0.8 62.3 19.2 101.9 13.7 

  2018 1.5 20.8 18.8 129.8 13.7 

  2019 0.8 22.8 17.4 101.3 13.6 

Table B1. Table presenting the average butterfly abundance for the summer that year, alongside 

total summer rainfall (cm), average summer air temperature (°C), yearly rainfall (cm) and yearly 

average temperature (°C) for Nelson, New Zealand. Climate data sourced from NIWA (2020) The 

National Climate Database, New Zealand. https://cliflo.niwa.co.nz 
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  df SS F P 

Total rainfall for Dec-Mar: Group 1 2678 0.11 0.753 

 Residuals 9 228399   

Average air temp for Dec-Mar: Group 1 1.49 3.37 0.199 

 Residuals 9 3.97   

Fig. B1. Data from an annual survey in Nelson 

showing mean (+ 1 SE) butterfly abundance 

and total rainfall (cm) for three local species: (a) 

D. plexippus, (b) P. rapae and (c) Z. labradus.  

Fig. B2. Data from an annual survey in Nelson 

showing mean (+ 1 SE) butterfly abundance 

and average air temperature (°C) for three 

local species: (a) D. plexippus, (b) P. rapae 

and (c) Z. labradus. 

Table B2. Table presenting the results of an ANOVA investigating the difference in total rainfall (cm) 

or average air temperatures (°C) for the months of Dec-Mar between the years 2009-2014 and 

2015-2019 in Nelson. These time periods correspond to before and after the introduction of P. 

dominula into this region. The ANOVAs were conducted to test if climate variables could be 

associated with changes in butterfly abundance.   
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Site 
 

P. dominula wasps 
(1,000m2) 

P. chinensis 
wasps (1,000m2) 

P. dominula nests 
(1,000m2) 

P. chinensis nests 
(1,000m2) 

Trial 
1 Suburban 1 91 2 12 1 

 Forest 1 0 0 0 0 

 Coastal 1 122 25 6 2 

 Suburban 2 114 2 13 1 

 Forest 2 0 0 0 0 

 Coastal 2 1 18 1 2 
Trial 
2 Suburban 1 99 3 11 1 

 Forest 1 0 0 0 0 

 Coastal 1 129 29 5 2 

 Suburban 2 139 3 12 1 

 Forest 2 0 0 0 0 

 Coastal 2 1 26 1 2 

Table B3. Number of wasps and nests (per 1,000m2) for P. dominula and P. chinensis at each site 

during Trial 1 and Trial 2 of the experiment investigating the predation of monarch caterpillars in 

Nelson, New Zealand. 
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