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Combining citizen science, bioclimatic envelope models and observed habitat
preferences to determine the distribution of an inconspicuous, recently detected
introduced bee (Halictus smaragdulus Vachal Hymenoptera: Halictidae) in
Australia

Abstract

Introduced bees may compete with native fauna, spread parasites or pathogens to commercial bee hives,
or increase the fecundity of introduced weeds. Therefore, the recent detection of Halictus smaragdulus,
native to the western Palaearctic, in the Hunter Valley region of New South Wales (NSW, Australia) is
cause for concern. However, it is currently difficult to justify control measures, as there is little known on
its ecology, impacts and distribution. Determining the current distribution is fundamental to managing
introduced species, yet this is difficult with inconspicuous species such as H. smaragdulus, especially as
recent introductions are often found in low densities. We demonstrated how a combination of
approaches could be used to improve the identification of occupied locations in NSW, including
bioclimatic envelope models, proximity to known populations, and observed habitat preferences.
Members of the public were also trained to collect specimens and improve overall survey efficiency. Bees
were collected using pan traps and sweep netting. H. smaragdulus was detected at 44 new locations,
extending the known distribution from ~1,250 to 46,800 km2. While bioclimatic envelope models helped
guide survey locations, species detectability was higher when observed habitat preferences and proximity
to known populations were also considered. We also demonstrated that with training via the internet and
appropriate procedures for returning specimens in the mail, members of the public could successfully
collect this small and inconspicuous invertebrate, with potential applications for other similar species.
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Abstract Introduced bees may compete with native fauna, spread parasites or pathogens
to commercial bee hives, or increase the fecundity of introduced weeds. Therefore, the
recent detection of Halictus smaragdulus, native to the western Palaearctic, in the
Hunter Valley region of New South Wales (NSW, Australia) is cause for concern.
However, it is currently difficult to justify control measures, as there is little known on
its ecology, impacts and distribution. Determining the current distribution is
fundamental to managing introduced species, yet this is difficult with inconspicuous
species such as H. smaragdulus, especially as recent introductions are often found in
low densities. We demonstrated how a combination of approaches could be used to
improve the identification of occupied locations in NSW, including bioclimatic
envelope models, proximity to known populations, and observed habitat preferences.
Members of the public were also trained to collect specimens and improve overall
survey efficiency. Bees were collected using pan traps and sweep netting. H.
smaragdulus was detected at 44 new locations, extending the known distribution from
~1,250km* to 46,800km®. While bioclimatic envelope models helped guide survey
locations, species detectability was higher when observed habitat preferences and
proximity to known populations were also considered. We also demonstrated that with
training via the internet and appropriate procedures for returning specimens in the mail,
members of the public could successfully collect this small and inconspicuous

invertebrate, with potential applications for other similar species.
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Introduction

The impacts of introduced bees potentially include competition with native fauna,
transmission of parasites and pathogens to commercial bee hives, disruption of native
plant pollination networks, and increased pollination and spread of introduced weeds
(Goulson 2003). Hence, extreme care should be taken before any new bee species are
introduced outside their native ranges. However, the recent discovery (Gollan et al.
2008) of an introduced bee (Halictus smaragdulus Vachal Hymenoptera: Halictidae;
native to western Palaearctic) in the Hunter Valley region of New South Wales (NSW),
Australia, has received little attention. This is perhaps unsurprising given that
controlling an introduced species is expensive and hard to justify unless the species is
proven to be harmful and invasive (Mack et al. 2000). The ecology, distribution and
impacts of H. smaragdulus are poorly known, but should harmful effects be detected in
future, any delay in management might mean it is no longer possible to control the
species (Sakai et al. 2001).

In this study, we aimed to make an initial assessment of the areas that were
potentially affected by H. smaragdulus by determining the current distribution of this
recently detected introduced species. It was first detected in Australia in riparian areas
of the Hunter Valley (NSW) in November 2004 and January 2006 (Gollan et al. 2008).
Although it was the second most abundant bee captured in that study, it was assumed to
be a recent introduction because it had not been detected in previous surveys. Gollan et
al. (2008) also noted that the species had high potential to spread, and indeed it may

already have been present at other locations.
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Determining the distribution of newly introduced species is problematic, as it is
difficult to detect species that are only present in low densities (Harvey et al. 2009).
Identifying expanding range boundaries is even more problematic, as populations are
often patchy, temporally variable, and at even lower densities near the extremities (Frey
2009; Randin et al. 2006), and may be subject to complex dynamics (Kanda et al. 2009).
To ensure early detection of introduced species, and to estimate the invaded range, it is
important to develop efficient sampling strategies (Harvey et al. 2009; Hauser and
McCarthy 2009).

Climate matching or bioclimatic envelope modelling techniques often give a
poor indication of invasion success or extent (Williamson 1999), but due to a lack of
ecological knowledge on many introduced species, these are often the only techniques
that can be used (Baker et al. 2000). While some argue that climate matching or
correlative niche-modelling techniques can reliably predict the geographic region of
invasions (e.g. Peterson 2003, 2006; Sutherst 2003), others have suggested that models
will not be able to predict the full extent of invasions when species adapt or evolve to
cope with new conditions or face a new suite of interacting species (Broennimann et al.
2007; Broennimann and Guisan 2008). Indeed, there is increasing evidence that models
cannot always be transferred to new geographic locations (Gray et al. 2009; Randin et
al. 2006; Zanini et al. 2009).

There is now increasing recognition that bioclimatic models are more reliable
when they are developed using both the native and invaded ranges, but it has been
suggested that bioclimatic models developed using only the native range can still
identify the initial point of introduction (Broennimann et al. 2007). This is important for

the special case of newly detected arrivals, such as H. smaragdulus, as there is
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insufficient information to include the invaded distribution in models. In this situation it
is inevitable that models produced using only the native range will have higher
uncertainty. However, when the ultimate objective is to conduct surveys to determine
the actual distribution in the invaded range, identifying one true model is unnecessary. It
may be preferable to use a range of models to guide surveying effort rather than rely on
one model as a definitive prediction.

While coarse-scale bioclimatic models of the potential distribution of introduced
species are an important management priority that has received a large amount of recent
interest (e.g. Ward 2007), species distributions are affected by other factors at other
scales and this affects how well bioclimatic models can be used to detect actual
localities where the species is currently present (Loo et al. 2009). For example, in the
absence of knowledge on habitat preferences, presence within a coarse grid cell may
provide insufficient information to actually locate the species within that cell even if it
is present. Determining and incorporating habitat preferences is therefore also an
important priority to locate new populations, although there was limited information on
habitat preferences for H. smaragdulus prior to this study and hence we had to rely on
observations made during the course of our study.

Information on the distribution of introduced species can also be obtained by
sampling locations in close proximity to known populations (Schmidt et al. 2010).
Proximity-based sampling can be particularly effective for detecting populations that
have dispersed short distances, but the area to be sampled obviously increases
dramatically with dispersal distance. Therefore, it is also difficult and expensive to

detect populations where there have been sporadic long-range dispersal events without
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targeting environments using knowledge about habitat preferences or climatic
suitability.

Members of the general community can also be a valuable resource for
supplementing for survey data. Such activities are sometimes referred to as ‘citizen
science’ and such participation in environmental and ecological monitoring projects
have been described as a global phenomenon (Danielson et al. 2003). Citizen science
can be especially informative for ecological niche models where the paucity of relevant
scientific data makes it difficult to develop informative predictive models (Kadoya et al.
2009). However, specialised methods need to be developed in cases like the present one,
where the species is inconspicuous and requires expertise for accurate identification.
Recent technologies such as the internet can deliver training on methodological aspects,
social media can support citizens quickly and effectively if questions or difficulties
arise, and specimens can be mailed to experts for identification, provided that
appropriate procedures are established.

In this study, we demonstrated how a combination of these approaches could be
used to determine the distribution of H. smaragdulus in Australia. Sampling was
undertaken at sites where coarse-grained bioclimatic envelope models predicted that the
climate was most suitable, or within ~200km of the locations where the bee had
previously been found in Australia. While bioclimatic models may help predict the
overall range of a species, they are less suited to predicting the actual localities where
the species may be found within the range (Guisan et al. 2006; Williams et al. 2009). To
address this issue, we complemented the bioclimatic models by evolving our sampling
techniques to target sites with habitats that matched the environments where we

observed the bees nesting or foraging. Samples collected by members of the public also
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supplemented the survey by providing low cost, albeit less intensive, sampling within at

least part of the area of interest.

Material and methods

Bioclimatic envelope models

Information about the occurrence of H. smaragdulus in its native range was obtained
from the Royal Belgian Institute of Natural Sciences (1029 records) and the Global
Biodiversity Information Facility (GBIF) database (www.gbif.org; 46 records).
Duplicate locations and records over oceans and seas were discarded, resulting in 688
locations in the native range, geographically separated by up to 7,650 km between
Morocco, France, Kazakhstan and Pakistan (Fig. 1). Five forms of the species have been
identified based on morphological differences in genitalia (Pauly and Rassel 1982), and
only ‘form D’ had been observed in Australia (Batley and Pauly, unpublished data).
There were only 19 known locations for form D in the native range, though they still
spanned a wide range of environmental conditions from Spain to Iran (~5,350 km).

We used the WorldClim global climate layers for current climate at a 2.5 arc
minute resolution (Hijmans et al. 2005) to produce correlative bioclimatic models using
Maxent version 3.2.19 with default values for regularisation parameters (Phillips et al.
2006). These regularization parameters are designed to prevent overfitting by producing
models with fewer non-zero coefficients, and are suitable for a range of presence-only
datasets (Phillips and Dudik 2008). Nevertheless, given the inherent variability of

correlative models and the fact that we had insufficient information to include the
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invaded range in models, we did not rely on Maxent to select the ‘correct’ predictors
and produce one ‘true’ model. Instead, six models were produced using different
combinations of predictors and distributional data. Three models were produced using
all 688 records for H. smaragdulus, and another three with only the 19 form D records.
The first model for each used all 19 WorldClim predictors, the second used four
commonly used predictors (mean annual temperature, mean annual precipitation,
maximum temperature of the warmest month, and minimum temperature of the coldest
month), and the third used only mean annual temperature and precipitation. There will
obviously be other combinations, statistical methods and environmental factors that will
produce different predictions, but these six models provided an indication of how
variable the models were, and were sufficient to act as a qualitative guide for the design
of our surveys.

There was insufficient information on the distribution in the invaded range (14
locations over a minimum convex polygon area of ~1,250km?) prior to this study to
include it in the bioclimatic models. The known locations were spatially autocorrelated
relative to the density of records in the native range, spanned a small variation in
environmental conditions, and we suspected were an incomplete representation of the
invaded range (later justified by results). If we included incomplete knowledge of the
Australian range in our models we may have biased predictions towards the known
locations and against the unknown locations that were the ones we actually wanted to
locate. We therefore elected to base models only on the native range. While this may
add to model uncertainty, this uncertainty is inevitable when we do not know the
distribution in the invaded range, and cannot assess a priori which model performs best

at predicting unknown populations. Given the uncertainties with our bioclimatic
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models, the six models we produced were used as a qualitative guide rather than a
definitive prediction.

The species records from the native range were randomly divided into ten pools,
and ten-fold cross validation was performed using nine pools at a time for training
models, and one pool for validation. Model performance was assessed using the average
Area Under the receiver operator characteristic Curve (AUC of the ROC) over the ten
cross validation models from the native distribution, and the average AUC of these ten
models when calculated using Australian distributional data both before and after our
surveys. All AUC values were calculated by Maxent by providing a test sample file.

We do not imply that the model with the highest AUC is necessarily the best
model, as there is no evidence that the species has reached equilibrium in Australia or
that the full distribution is known. Therefore, the model that performs best with the
known distribution is not necessarily the best indicator of the actual or future

distribution.

Surveys of H. smaragdulus

H. smaragdulus was targeted using yellow and white pan traps that were left for
approximately 48 hours. Pan traps were used as they are a standardised and passive
method of collecting, and were known to capture H. smaragdulus in Australia (Gollan
et al. 2008). Traps were yellow or white plastic dishes, approximately 15 cm in diameter
and 5 cm deep, which were pinned to the ground with wooden skewers and filled with

salt water. Detergent was added to reduce surface tension.
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We designed three initial surveys to include sites surrounding the locations
where H. smaragdulus was first detected (Gollan et al. 2008), as well as areas predicted
to have high climatic suitability by the six Maxent models. These three surveys did not
target any specific habitat, as there was no a priori information on the species’
preferences. The sites were distributed adjacent to roads (within 50 m) approximately
10 to 15 km apart, and included a variety of soil types and natural and human-
dominated land uses, including forests, fields, riparian areas, vineyards, and irrigated
areas. We placed two yellow and two white pans at each site. All traps were separated
by approximately 5 m.

We conducted our first survey from 14—17 October 2008 at 100 sites in the
region between Wollongong, Griffith and Albury (Fig. 2a). This area was targeted as
the models consistently predicted it had highest climatic suitability, albeit at some
distance from the known populations (Fig. 2). The sites were selected so that they
spanned areas that were consistently identified as highly suitable across the six models
(Fig. 2), albeit assessed qualitatively and some sites were in marginal habitat according
to some of the models.

The second survey was conducted from 3—6 November 2008 at 94 sites in the
region between Lithgow, Wellington and Tamworth (Fig. 2b), while the third survey
was conducted from 13—-16 December 2008 at 97 sites in the coastal region between
Sydney and Port Macquarie (Fig. 2c). These two surveys included some sites in the
Hunter Valley, but were mainly designed to survey areas in adjacent regions to the
known populations. Climatic suitability was not the primary factor, and sites span a

range of predicted suitabilities.

10



Ashcroft et al. Detecting newly introduced species

These three initial surveys were supplemented by records obtained by members
of the public on a voluntary basis. H. smaragdulus is a small metallic bee (6 to 8 mm
long) that is difficult to identify and distinguish from native species in-situ, making
direct observations by untrained members of the public difficult. Therefore, we had to
produce protocols and methods, which were not prohibitively expensive, that allowed
the collection of samples and their subsequent return to our laboratory for identification.

Volunteers were recruited through groups that were thought to have an interest
in this non-native species e.g. The Hunter Valley Amateur Beekeepers Association as
well as the Australian Native Bee Research Centre. In the end, a total of 28 members of
the public were enlisted all of whom placed four yellow pan traps at a site near their
homes for 48 hours on two occasions between November and December 2008, and
mailed the collected specimens to the Australian Museum for sorting and identification.
To standardise samples as much as possible, a trapping kit was mailed to volunteers.
Each kit included: sachets of salt and detergent, yellow dishes (as above), wooden food
skewers, specimen jars for return of samples, prepaid envelopes and a set of instructions
detailing where and how to deploy the traps. A training video was also produced and
made available on the YouTube website
(http://www.youtube.com/watch?v=sDwXAiGyYKS8), and a blogging website was
established so that participants could pose questions to us if they had any difficulties or
questions. Volunteer samples were predominately from the coastal areas of the Hunter
Valley, most likely due to the higher population in this area (Fig. 2d).

Ad hoc sweep netting was employed by one of the authors (MB) in late 2008 and
early 2009, and targeted introduced flowers (e.g. Gazania spp.) in urban areas around

Wellington, and between Sydney and Tamworth. Sweep netting is a less standardised
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sampling method, but can be employed in one site visit and can rapidly evolve based on
perceived habitat preferences. It was employed subjectively to provide information on
the distribution of the bee and to provide information on floral resources that the bees
were visiting.

Following these initial surveys, our casual observations were that
H. smaragdulus preferred sandy creeks and rivers with exposed earth (H. smaragdulus
nests in the ground) and locations where there were introduced weeds (e.g. Galenia
pubescens) or flowering ground covers (sources of nectar). These apparent preferences
were then used as a qualitative guide to target a fourth survey, which was conducted
between 3—6 March 2009. This survey included 78 sites near the Goulburn River and
the areas around Wellington and Gilgandra (Fig. 2e). These areas were targeted due to
the presence of sandy rivers.

A fifth and final survey was conducted in February 2010, targeting 90 sites with
suitable habitat near where the species was found during the initial surveys (Fig. 2f).
This survey used six yellow pan traps at each site and no white pan traps, as initial
results suggested that yellow pans were more effective at capturing the species (Gollan
etal. 2011).

Once we had completed our surveys we produced another Maxent model using
all records in the native and invaded ranges to estimate the potential future distribution
of the species, and to confirm the reliability of the models we produced using only the
native range. We limited predictors to the four commonly used predictors as results

suggested that the full set of 19 predictors could lead to overfitting (see results).

Results

12
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The six Maxent models varied substantially in both performance and predicted
distribution in Australia, even though they all had high cross-validation performance in
the native range (AUC > 0.95; Fig. 3). The models based on all 19 predictors had the
highest AUC when assessed using cross-validation in the native range, but performed
worst when validated using the Australian data. They predicted the Hunter Valley,
where the species was known to exist, had low suitability (Maxent logistic output < 0.1;
Fig. 2). Models with fewer predictors predicted the Australian observations better (Fig.
3), with models based on form D records marginally better than those based on all
records despite the much lower sample size (19 records versus 688 records).

All six models suggested that the most climatically suitable habitat was found in
the region between Lithgow, Albury and Griffith, yet the first survey was conducted in
this area and failed to locate the species. The absence was unlikely due to a lack of
activity, as the survey captured 213 bees and 28 species, and H. smaragdulus was
observed in high abundance in the Hunter Valley just prior to this survey (personal
observations by JG and MB).

The second and third surveys captured 310 and 200 bees, consisting of 32 and
26 species respectively. The second survey obtained 13 specimens of H. smaragdulus
over five new sites in the Hunter Valley, and an additional five specimens at an outlying
site near Wellington. This extended the known range west by approximately 170 km.
The third survey obtained 18 specimens of H. smaragdulus from three new sites in the
Hunter Valley, and extended the known range to the east by 10 km and south by 20 km.
The volunteers captured 171 bees and 12 species, including one specimen of H.

smaragdulus that increased the known range to the east a further 15 km.
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Ad hoc sweep netting located the species at three locations between Tamworth
and the Hunter Valley, as well as in Sydney. The only previous specimen from Sydney
was opportunistically collected in a dog’s water dish, and it was not clear if this was just
an isolated individual. Confirmation of more individuals in Sydney extended the known
range 155 km further south.

The fourth survey, which targeted sandy creeks and rivers, obtained 539
specimens and 35 species, including 88 specimens of H. smaragdulus at 15 new sites.
These included numerous locations between the Hunter Valley and the Wellington
population along the Goulburn River, and two sites between the Goulburn River and
Gilgandra (Fig. 4). Two sites contained dense populations near the eastern distributional
limits in the Hunter Valley, but the species was not detected further south or east,
despite targeting rivers and creeks in these areas.

The final survey from February 2010 obtained 130 specimens of H.
smaragdulus over 31 sites. This included 13 new sites around the Hunter Valley and
Goulburn River, and 18 sites which had been surveyed previously and which we
confirmed the species was present.

Overall, the known range of the species was extended considerably over what
was first reported (Gollan et al. 2008). The number of known locations increased from
14 to 58 and the range was extended 100 km north, 155 km south, 30 km east, and 185
km west (Fig. 4). This increased the known area that the species occupies, as
determined using minimum convex polygons, from ~1,250km?” to 46,800km?. The final
Maxent model we produced using data from both the native and invaded ranges (Fig. 4)
was similar to those produced before we had adequate distributional data in the invaded

range (Fig. 2). The areas with highest climatic suitability are generally found further
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south than the Hunter Valley, so there is great potential for the species to spread further

if suitable habitat is available.

Discussion

The distribution of H. smaragdulus in Australia

We have expanded the known range of H. smaragdulus in Australia considerably, and it
is now known to occupy an area of ~46,800 km”. It was found in higher numbers and at
a greater proportion of sites in the Hunter Valley than elsewhere (Fig. 4), and therefore
it is likely to be having a larger impact in this area (Yokomizo et al. 2009). Potential
impacts of introduced bees include increased competition for nest sites and floral
resources, the introduction and spread of pathogens and parasites, increased pollination
and spread of introduced weeds, and the disruption of pollination of native plants
(Barthell et al. 2001; Cook et al. 2007; Dohzono et al. 2008; Goulson 2003; Kenis et al.
2009; Stout et al. 2002; Traveset and Richardson 2006). H. smaragdulus could have
serious impacts due to its high relative abundance, long seasonal activity, and an
apparent preference for introduced plants and declared noxious weeds in New South
Wales. These include Asparagus aphyllus, Centaurea spp., Convolvulus mauretanicus,
Conyza canadensis, Eryngium campestre, Galenia pubescens, Gazania spp., Portulacca
pilosa, Thymus capitatus, Verbena bonariensis and other members of the family
Umbelliferae (Gollan et al. 2008; Gollan, Batley and Pauly, unpublished data; Herrera

1988; Petanidou and Vokou 1993).
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The eastern distributional limits have been well sampled, and it appears that the
species does not currently inhabit coastal regions in the Hunter Valley. This is
consistent with the bioclimatic envelope models, although the species has been
observed in coastal regions near Sydney (Fig. 4). In contrast, the southern limit is
currently unreliable, as the survey in the region between Albury, Griffith and Sydney
was not targeted towards the specific habitat which we now consider suitable, and may
have had low detectability. Re-surveying this area targeting sandy and weedy creeks
and rivers is needed to confirm the absence of the species in this area, especially given
that this area was consistently identified as the most climatically suitable by the original
Maxent models (Fig. 2), and remained the most climatically suitable area in the model
produced after our surveys (Fig. 4).

The northern and western limits were inconsistently defined by our models, and
were difficult to identify with field sampling due to the sparser and smaller populations
near these range limits. The distribution may extend further in these directions. Coarse-
grained bioclimatic models may guide future surveying efforts in these areas (e.g. Fig.
4), but efficient sampling also depends on identifying the habitats where the species is
most likely to be detected. Expert knowledge of suitable habitat should evolve as new
survey data becomes available, and surveying strategies should adapt to these changes.
Species distribution models may also prove more useful if fine-scale climate data is
used (e.g. Ashcroft et al. 2008) or habitat factors are included (Vanreusel et al. 2007).
However, there are still uncertainties regarding the transferability of habitat models to
other geographic areas (Bamford et al. 2009; Murray et al. 2009; Vanreusel et al. 2007),
and therefore the habitat factors we identified may only be valid in the Hunter Valley.

The habitat preferences in the native range are unknown.

16
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There is a strong possibility that H. smaragdulus will expand its distribution
further. It was one of the most abundant species we captured, occurs over a broad range
of climatic conditions in the native range, and is active from at least October to May (no
surveys have been conducted yet between June and September). All these attributes
suggest it is a generalist species and able to survive a broad range of conditions. In
particular, the bioclimatic models suggest H. smaragdulus might thrive in Victoria and
much of southern Australia (Fig. 4), although this would depend on finding suitable

nesting sites and nectar sources.

Performance of bioclimatic models

Bioclimatic envelope models can make highly variable predictions based on the
predictors selected, the climate data used and the statistical method employed. None of
the six models we produced were regarded as the only possible prediction, especially as
we had insufficient information to include the invaded range in models. The variability
amongst the six models provided a good indication of the uncertainty involved in
predicting species’ distributions, and we suggest that using a range of models as a
qualitative guide is more appropriate in the case of newly detected species than trying to
select one true model. Even if we used the AUC in the invaded range to determine
which model provided the best predictions of the known distribution, this is not
necessarily the model that is best at predicting the unknown or future distribution. In
any event, the locations where we detected the species with our surveys were the
primary output of our study, and the models were simply a tool we used to help achieve

that goal. Nevertheless, we also produced a model using both the native and Australian
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ranges after our surveys (Fig. 4), and this acts as a guide to potential future
distributions.

The models we produced both before (Fig. 2) and after (Fig. 4) our surveys
consistently predicted that the most climatically suitable conditions were in the area
between Albury and Lithgow, so there is a good chance that the species will eventually
colonise this area where there is suitable habitat (e.g. sandy soils and flowering weeds
and ground covers). On the other hand, models were inconsistent in their predictions for
the Hunter Valley region, where the species was known to be present in high numbers.
Models based on all 19 predictors had high AUC when assessed using cross-validation
in the native range, but performed poorly when transferred to Australia. Even the
models using only the 19 form D locations appeared to overfit to some degree when
using 19 predictors (Fig. 3), so the number of predictors appeared to be the primary
factor leading to overfitting.

While cross-validation may help detect when a model has been overfitted to the
data used to train models, our results suggest that it may provide an overly optimistic
view of how transferable the models are. Models that perform well when validated
using an ‘independent’ dataset from the same study area (e.g. Elith et al. 2006) may
perform poorly when transferred to new study areas (Peterson et al. 2007). Effectively,
our results suggest it is possible to overfit to the geographic area where the model is
produced, even if the model is not overfitted to the actual data used to produce the
model. This highlights the danger of including too many predictors in models (see also
Ward 2007) and illustrates the shortcomings of using data from the same study area to
perform validation. We suggest it would also be wise to test multiple models for each

species before concluding whether or not models are transferable to a new geographic
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area, as selecting one model may not be indicative of the transferability of alternative
models.

Another notable result from our models was that the models based only on 19
Form D records outperformed those based on all 688 records for the species, however
the difference was small when we reduced the number of predictors. This improvement
may be due to less spatial autocorrelation when the number of training points is
reduced, but it is also possible that it is due to better taxonomic identification. While
there is no firm evidence that the different forms of H. smaragdulus have different
environmental requirements, there is a strong chance of ecotypes given the species’
broad environmental range and its widespread distribution in its native range (Dillon Jr.
1984; Hajkova et al. 2008; Holman et al. 2003). Models that treat all individuals of a
species as genetically and environmentally identical may be suboptimal if there are
genotypes or ecotypes with different environmental niches (Boyden et al. 2008; Hampe
2004; Lee 2002; Loehle 1998; Randin et al. 2006; Wright et al. 2006). Given the
possibility of ecotypes, and the apparent success of the species in Australia, it would be
prudent to prevent further introductions that could diversify the gene pool and broaden

the environmental tolerance of the species in Australia.

Citizen science

While the volunteers only captured one specimen of H. smaragdulus, it should be noted
that many volunteers placed their traps in the coastal area where models predicted the
climate was less suitable, and our other surveys did not locate the species in these

coastal areas either. In addition, the volunteers conducted their trapping before we had
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identified potential habitat preferences, and it would be wise to include this information
to better target future surveying efforts.

Involving members of the public in survey work has the potential to accumulate
large amounts of data and this is particularly useful when there is a lack of data to
construct predictive models for newly detected species. This data may also be
prohibitively expensive to collect at large spatial scales using other methods. To further
compound this, the spatial distribution of invasive species can be continuously changing
(Kadoya et al. 2009), so a high level of temporal replication is required.

While it was not our aim to utilise vast numbers of volunteers spanning the
entire study area, our approach demonstrated that it could be achieved, and for the
purposes of a dedicated monitoring programme, could be repeated relatively cost-
effectively. Data collection by members of the public for research and management
purposes is not new, however, it has been largely restricted to large and conspicuous
mammals (see examples in Newman et al. 2003) and birds (e.g. McCaffrey 2005).
Where data on terrestrial invertebrates have been collected by members of the public,
they too have generally been the large and relatively easily recognisable species such as
the bumblebee (Bombus terrestris) (Kadoya et al. 2009) or charismatic flagship species’
such as butterflies (Swengel 1990) and dragonflies (Kadoya and Washitani 2007).
Those surveys of terrestrial invertebrates have also relied on methods using field
observations that require little, if any, specialist equipment. We have demonstrated that
data on even the small and inconspicuous species can be generated by members of the
public using standardised collecting techniques that are used by entomologists.

Involving the public in invertebrate surveys may also help overcome some of the
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‘perception’ problems that invertebrates suffer, especially among people that only

recognize ‘the dirty cockroach’ and the ‘nuisance fly’ (Samways 2007).

Conclusions

Our study demonstrated the advantages of using multiple methods to determine the
distribution of newly detected introduced species. Proximity based methods are
effective because species distributions expand outwards from occupied locations, while
bioclimatic envelope models can help target climatically favourable regions at greater
distances. However, while both these methods can help identify broad-scale regions of
interest, we found they were inefficient to detect actual populations unless we used
observed habitat preferences to improve survey efficiency at finer-scales. We also
demonstrated that modern technology could be utilised to allow volunteers to collect

inconspicuous species, and this also has the potential to improve survey efficiency.
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Fig. 1 The known locations of Halictus smaragdulus in its native range. The logistic
output from six Maxent models is shown (climatic favourability), with models
on the left produced using all 688 records for the species, and the models on the
right using the 19 known Form D records. Models from top to bottom were
produced using all 19 WorldClim predictors, four commonly used predictors,

and a simple model based only on mean annual temperature and precipitation.



Ashcroft et al. Detecting newly introduced species

Wellington

..... % Waollongong
- Ll

t— .

+ Survey sites
*» Previously known lecations

" Port
Macquarie

i
& Goulburn
s River

Fig. 2 The six panels show the Maxent logistic outputs (climatic favourability) for
south-east Australia based on the six models from the corresponding panels in
Fig. 1. Grey circles illustrate the known locations of Halictus smaragdulus prior
to our surveys, while the black dots illustrate the locations of the October 2008
survey focused on the areas that had highest climatic suitability in the six models
(a), November 2008 survey focused on proximity to the west of known locations
(b), December 2008 survey focused on the proximity to the east of the known
locations (c), volunteer samples (d), March 2009 survey focused on sandy and
weedy creeks and rivers (e) and February 2010 survey targeting areas with
suitable habitat near the locations where the species was found in the initial
surveys ().
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Fig. 3 Model performance was assessed using the average AUC of ten cross-validation
models. Training AUC was based on the native range data used to produce the
models, while the cross validation AUC was calculated using native range data
not used to produce models. The AUC for the Australian records was calculated

separately for the known locations both before and after our surveys.
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Fig. 4 The dark grey circles illustrate the locations where Halictus smaragdulus has
been observed in Australia as of July 2010, while the light grey circles represent
the known locations prior to our surveys. Black lines indicate rivers. The
Maxent logistic output shown was produced using all data in both the native and
invaded ranges after our surveys, and was based on four commonly used

predictors (see text).
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