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Invasive paper wasps have strong cascading effects
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Abstract. 1. The direct and indirect impacts that invasive predators have on communi-
ties 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.

2. We found the recent arrival of the invasive paper wasp Polistes dominula Christ
has been associated with substantial declines in local butter!y abundance in New
Zealand. One of the butter!y 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.) "tness.

3. 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 6 h of exposure to wasp foraging. Predation
by P. dominula explained 85% of caterpillar deaths within the trial period.

4. The cascading effects of P. dominula presence were quanti"ed 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 "tness.

5. This study demonstrates a strong trophic cascade initiated by an invasive predator.
These "ndings highlight the impacts an invasive species can have on local communities
beyond their direct predatory effects.

Key words. Danaus plexippus, Gomphocarpus physocarpus, introduced species, pre-
dation, Polistes dominula, trophic cascade.

Introduction

Predation has been widely demonstrated as an important biotic
process, in!uencing the density and distribution of prey (Ter-
borgh et al., 2001; Worm & Myers, 2003; Moon & Silva, 2013).
The effects of this top-down control on prey population dynam-
ics can extend indirectly to lower trophic levels (Halaj &
Wise, 2001; Borer et al., 2006; Liere et al., 2015). Predators,
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therefore, have the capacity to structure communities and alter
species diversity (Shears & Babcock, 2002; Beschta & Rip-
ple, 2009; Britten et al., 2014). 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 !ow-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
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(Lester & Beggs, 2019). These invasive predators and their
capacity to decimate native invertebrate communities directly
have been well documented (Toft & Rees, 1998; Beggs &
Rees, 1999; Potter-Craven et al., 2018). 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
(Cervo et al., 2000; Liebert et al., 2006; Benade et al., 2014),
including a recent invasion of New Zealand in the last decade.
The presence of this invader was "rst 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 butter!y, Danaus plexippus Linnaeus (Rayor, 2004).

In this study, larvae of the monarch butter!y and their milk-
weed host plant (Gomphocarpus physocarpus E. Mey.) were
used to test the direct and indirect effects of P. dominula. Native
to North America, the monarch butter!y is an assisted immi-
grant in New Zealand, "rst recorded in the early 1840s (Zalucki
& Clarke, 2004). The introduction of milkweed plants, which
host monarch caterpillars, was necessary for this butter!y 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 possi-
ble explanations for these declines; however, as P. dominula is
not the "rst paper wasp to invade New Zealand. A close rela-
tive, 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 cater-
pillars, among other Lepidopteran larvae, are prey species of P.
chinensis in New Zealand (Ward & Ramón-Laca, 2013). Pre-
dation pressure exerted by P. dominula alone, or in addition to
predation by the already established P. chinensis, could be insti-
gating these butter!y declines. Discovering the driver behind
these declines in Lepidopteran populations is important as there
are implications for the wider invertebrate community and con-
servation efforts (Beggs & Rees, 1999; Brockerhoff et al., 2010;
Beggs et al., 2011).

We present the results of an annual butter!y 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 "tness
of the milkweed host plant. In a "eld experiment, the survival
rates of monarch caterpillars within suburban, coastal, and forest
habitats were recorded. We hypothesised 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 "tness (Fig. 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.

Materials and methods

Annual survey of butter!y abundance

The estimates of annual butter!y 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 4.7 km
long and the walk was conducted roughly once a week by
two of the authors (C.J.I.W. and T.B.S.) over the summer
from December to March. Walks were undertaken between
the daylight hours of 10 am and 4 pm on days with calm
weather. The walk encompassed a mixture of suburban streets
and riverside reserves. All butter!ies that were identi"able as
far as the eye could see from the transect line were recorded.

Experiment 1 – Predation of caterpillars by Polistes dominula

This "eld study was conducted in the Nelson 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,
!axes, and herbaceous plants, with mature trees along the back
boundary of the properties. Coastal sites were within 100 m
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 utilise as nesting sites. Forest sites were 50 m in from
the forest 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 700 m2 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 1000 m2 for each site. Previous research has found the
foraging distance of Polistes spp. to be roughly 150 m (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
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Fig. 1. Trophic interactions between the predator Polistes dominula, monarch caterpillar herbivore, and primary producer Gomphocarpus physocarpus.
The wasp has negative, direct effects on caterpillars through predation. Caterpillars have negative, direct effects on the host plant through herbivory.
The predicted bene"cial, indirect effects of wasp predation for host plant "tness is represented by the dashed line. Photo credit: Philip Lester and Rose
McGruddy. [Colour "gure can be viewed at wileyonlinelibrary.com].

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 second through to early
fourth instar were classi"ed as ’small’ and late fourth instar
through to "fth instar were classi"ed as ’large’. In order to record
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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 (R.A.M. and M.W.F.H.), one at each site. To
reduce the in!uence 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 and
95 cm tall. Five small and "ve 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 20 m. These milkweed plants were monitored at
the sites for 6 h between the hours of 10:30 and 11:00 and 16:30
and 17:00 when wasps are observed to be actively 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 !ight, 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, "fth 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 !ight path. The identi"cation 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. 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.

Experiment 2 – Cascading effects of Polistes dominula
predation on host plant "tness

The cascading effects of P. dominula on milkweeds were
tested in a "eld experiment from January to March 2020.
This experiment was done simultaneously in both the Nelson
region, where P. dominula is present, and the climatically sim-
ilar 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 pos-
sible with the current distribution of P. dominula. Three subur-
ban sites were selected within each region. Five milkweed plants
were placed within each site, two of which were controls cov-
ered by insect-exclusion nets to prevent D. plexippus butter!ies
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, while
others were within proximity of mature trees upwards of 4 m 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 !owers. 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 !owers 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
20 cm 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 !owers were counted for
each individual plant before the experiment. The initial height of
plants from the soil line within each pot ranged between 75 and
102 cm. The initial number of leaves per plant ranged from 86
to 257. The !owers of G. physocarpus are primarily white and
grouped in drooping umbels of approximately eight !owers. No
plants were !owering prior to the experiment.

Statistical analysis

Statistical analyses were conducted in R 3.6.0 (R Development
Core Team, 2020). Data from the annual butter!y survey were
grouped according to the year the summer season began. As
butter!y numbers tend to !uctuate based on each species
life cycle, butter!y 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 butter!y abundance
before and after the establishment of P. dominula, the dataset
was split. Butter!y counts from 2009 to 2014 were placed into
one group and the counts from 2015 to 2019 were placed in
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Fig. 2. Photos exhibiting the high variation in black spot patterning on the clypeus of Polistes dominula, which can be used to identify individual
wasps. Photo credit: Rose McGruddy. [Colour "gure can be viewed at wileyonlinelibrary.com].

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 "rst experiment investigating the effects
of P. dominula predation on monarch caterpillars did not dif-
fer signi"cantly between trial 1 and trial 2, so the datasets were
combined for analysis. Monarch caterpillar survival was investi-
gated using the ’survival’ and ’survminer’ packages to generate
Kaplan–Meier plots to visualise survival curves, with differ-
ences 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 "fth 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 regres-
sion was used to assess the relationship between estimated den-
sities of Polistes spp. and caterpillar survival. The indirect effects

of P. dominula on changes in host plant height, leaf number, and
reproductive output were 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 butter!y abundance

There was a signi"cant decline in butter!y abundance across
all three butter!y species (D. plexippus, P. rapae, and Z.
labradus) from the summer beginning in 2015 (Fig. 3a-c).
The grouped average butter!y abundance for the summers of
2015–2019 was signi"cantly lower than the grouped average
butter!y 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
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Fig. 3. Data from an annual survey in Nelson showing mean (+1 SE)
butter!y abundance for three local species: (a) Danaus plexippus, (b)
Pieris rapae, and (c) Zizina labradus. Butter!y abundance is presented
from the months of December through to March over 11 summers. The
area highlighted in grey from 2011 to 2014 is the likely timeframe of
Polistes dominula invasion in Nelson, New Zealand. [Colour "gure can
be viewed at wileyonlinelibrary.com].

and P. rapae, which may be indicative of early stages of pop-
ulation 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 butter!y numbers (Table S1 & S2, Fig. S1 &
S2). These climate variables did not differ signi"cantly in the
periods before and after P. dominula introduction (P≥ 0.199)
so they are unlikely to have affected the patterns of observed
butter!y abundance.

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. 4).

Fig. 4. A summary of the cause of death/absence of monarch cater-
pillars for three habitat types combined (suburban, coastal, and forest)
over a 6-h time period. The total mortality of caterpillars shown is for
two trials. [Colour "gure can be viewed at wileyonlinelibrary.com].

Fig. 5. Kaplan–Meier survival estimates (± 95% CI) on the survival of
monarch caterpillars based on habitat type (suburban, coastal, or forest)
over a 6-h 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. [Colour "gure
can be viewed at wileyonlinelibrary.com].

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 "nal
1%. Caterpillar survival rates differed signi"cantly for all three
habitat types (Pairwise log-rank test, P < 0.05, Fig. 5). Overall,
caterpillar survival in suburban areas was the lowest, with only
45% remaining after just 6 h of exposure. Survival in coastal
areas was higher than suburban, with 64% of caterpillars surviv-
ing the trial. Forest sites had the highest survival rates, with 96%
of caterpillars found to still be on the plant after 6 h. Of the small
proportion of caterpillars that were unaccounted for in the forest
sites, predation was not observed to be the cause of absence.
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Fig. 6. Kaplan–Meier survival estimates (± 95% CI) of monarch
caterpillars in areas occupied by the wasp Polistes dominula, based on
caterpillar size over a 6-h 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 (second – early fourth instar) with that of
large caterpillars (late fourth – "fth instar). [Colour "gure can be viewed
at wileyonlinelibrary.com].

The probability of caterpillar mortality increased signi"-
cantly as densities of P. dominula increased (estimate = 0.011,
SE= 0.002, P< 0.001). Suburban sites had the highest P. domin-
ula densities, with an average of 104± 2.6 wasps per 1000 m2

(Table S3). Densities of P. dominula in coastal sites were
lower, with an estimate of 65± 5.5 wasps per 1000 m2. Esti-
mated densities of P. chinensis were not signi"cantly 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 1000 m2

and 22± 0.5 wasps per 1000 m2, 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 cater-
pillars constituted 61% of all deaths (log-rank test, !2 = 13.5;
P < 0.001, Fig. 6). Large caterpillars were frequently observed
to rear and thrash their bodies when attacked by P. dominula,
sometimes deterring the wasp suf"ciently for it to search else-
where. 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 6-h timeframe was "ve.
In instances where 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
"tness

In the absence of the predatory P. dominula, monarch
caterpillars signi"cantly impacted milkweed growth (Fig. 7a),

with the height of exposed plants increasing by only 3% on
average. This change in height differed signi"cantly 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
signi"cantly between the increase of 35% for the exposed treat-
ment 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 signi"cantly
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. 7b), with an average leaf decrease of 63%, which
differed signi"cantly from the average leaf increase of 57%
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 signi"cantly
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 signi"cant 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.

Exposed milkweeds in areas without P. dominula produced
an average of 29.8± 19.9 !owers, with control plants in the
area producing an average of 259± 41.5 !owers. The difference
in !ower number between the two treatments was signi"cant
(P < 0.001, one-way anova, Tukey’s post hoc, Fig. 7c). This
result shows that caterpillar herbivory likely had a strong
enough effect to negatively impact plant reproduction. The
number of !owers per plant did not differ signi"cantly between
exposed milkweeds in areas where P. dominula was present
relative to the associated control (P = 0.999, one-way anova,
Tukey’s post hoc). The average number of !owers on plants
for the exposed and control treatments in the presence of
P. dominula was 99.6± 30.7 and 105± 43, respectively. This
similarity between exposed and control treatments suggest P.
dominula can remove caterpillars effectively enough to prevent
herbivory from having signi"cant, detrimental effects on plant
reproduction. There were roughly three times the average
number of !owers 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 !owers produced was not signi"cant (P = 0.569, one-way
anova, Tukey’s post hoc). There was a signi"cantly greater
number of !owers for the P. dominula absent control treatment
compared to both treatments where P. dominula was present
(Tukey’s post hoc, P < 0.05). Many plants require a minimum
number of leaves for !oral initiation (Holdsworth, 1956), as the
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Fig. 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 Polistes dominula. Exposed treatments allowed for
monarch butter!ies to lay eggs on milkweeds and for resulting caterpil-
lars to feed on the host plant. Control treatments were plants covered by
bug-exclusion nets to exclude monarch adults and caterpillars from hav-
ing access to the milkweed plant, preventing herbivory. [Colour "gure
can be viewed at wileyonlinelibrary.com].

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 !owers 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 signi"cantly reduced herbivore load. This predation in
turn yielded a signi"cant 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 the leaves and stems of the plant, causing substantial
damage to their host. While the presence of P. dominula did not
lead to a signi"cant difference in !ower production compared to
exposed milkweeds in areas without this predator, the similarity
in the number of !owers 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 quanti"ed as seed pod production rather than !owers
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 !owering level
results in increased seed production.

Increases in P. dominula densities were found to signi"cantly
decrease the probability of caterpillar survival. Densities of
P. dominula were highest in suburban areas, which was in
accordance with "ndings 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 re!ected 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 "fth 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 signi"cantly 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 signi"cantly impact
monarch caterpillar survival rates, yet surprisingly few wasps
actually discovered, and killed, caterpillars. On average, only
one wasp found, and successfully hunted prey on an exper-
imental 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-h trial
was "ve. One explanation for this "nding is the lack of recruit-
ment behaviour in many social wasp species (Jeanne et al., 1995;
Richter, 2000). Therefore, the discovery of caterpillars seemed

© 2020 The Royal Entomological Society, Ecological Entomology, 46, 459–469

http://wileyonlinelibrary.com


Cascading effects of an invasive wasp 467

to be an outcome of chance foraging success by an individual
wasp.

Large caterpillars (late fourth to "fth instar) had a lower
rate of mortality relative to small caterpillars (second to early
fourth instar). This lower mortality is unsurprising based on
observations in the "eld 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 (Rayor, 2004; Baker & Potter, 2020).
These "ndings 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 butter!y survey not only provide
evidence that monarch butter!y populations have declined
signi"cantly 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 butter!y, Zizina
labradus, which like the monarch butter!y, is a self-introduced
species in New Zealand (Gibbs, 1980). Declines in populations
of Pieris rapae (white butter!y) following the arrival of P.
dominula is considered to be a bene"cial 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 signi"cantly increase cabbage
weight (Gould & Jeanne, 1984).

The butter!y surveys coupled with results from our experi-
ments give a compelling case that P. dominula exert a strong
predation pressure on Lepidopteran species in New Zealand,
which can indirectly in!uence lower trophic levels. As P. domin-
ula 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. Inva-
sive 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 lev-
els of abundance in addition to their exploitation of novel prey
are 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
butter!ies suggests butter!y 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 butter!y 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 suf"cient to allow butter!y 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 ’butter!y 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
de"nitive 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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