Published on
behalf of the
Entomological
Society of

> Canada

The Canadian Entomologist (2025), 157, el6, 1-17
doi:10.4039/tce.2025.8

ARTICLE

Plant diversity and origin do not predict abundance and
diversity of syrphid flies (Diptera: Syrphidae) in small
urban gardens

Savitri Raghuraman@® and Michelle Tseng

Departments of Botany and Zoology, Biodiversity Research Centre, University of British Columbia, Vancouver, British
Columbia, V6T 174, Canada
Corresponding author: Savitri Raghuraman; Email: savitrikraghuraman@gmail.com

(Received 6 September 2024; accepted 30 January 2025)

Abstract

Gardens have emerged as a key habitat resource for pollinators in cities, but more research is needed to
determine the optimal garden characteristics for maximising native pollinator diversity. Syrphid flies
(Diptera: Syrphidae) are abundant generalist fly pollinators that have received less study than other
pollinators in urban gardens. In this study, we investigated whether flowering plant diversity and the
presence of native plants were related to syrphid abundance and diversity in urban street gardens. Over a
two-month period, we sampled 12 small public gardens in a residential urban area (Vancouver, British
Columbia, Canada) to explore correlations between plant and syrphid assemblages. Gardens reflected the
relative scarcity of native plants in our study system, such that gardens with native flowers present ranged
from 10 to 60% cover. Although syrphid abundance and richness varied among gardens, neither floral
richness nor the presence of native flowers was correlated with syrphid abundance or diversity. Beyond
plant diversity and origin, other characteristics may be more important to syrphid visitation at the garden
scale. A better understanding of the role of garden characteristics among the complex factors shaping
urban syrphid assemblages will offer valuable insights for the improvement of pollinator conservation
strategies.

Introduction

Concern about biodiversity loss worldwide, in combination with an increasing human
population, makes it important to find opportunities for conservation in highly modified
environments. Most of the world’s population lives in urban areas, and this proportion is set to
increase rapidly in the coming decades (United Nations 2019). However, high human population
density does not necessarily translate to depauperate ecological communities. Urban green space,
such as public parks and gardens, can provide numerous benefits for plant and animal biodiversity
(Goddard et al. 2010), as well as improve human well-being (Kondo et al. 2018). Pollinating
insects are one focal group that can be supported by urban green space at a low cost relative to the
resulting increase in biodiversity (Hall et al. 2017). Pollinators are at risk from a multitude of
anthropogenic factors, primarily the conversion of habitat to agricultural and urban areas
(Vanbergen and The Insect Pollinators Initiative 2013; Fenoglio et al. 2020). Replacing lost habitat
in urban areas could help to mitigate pollinator declines. Our study was broadly interested in how
urban gardens can be optimised as habitat for syrphid pollinators.
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Many studies show that diverse communities of native pollinators persist in urban green spaces
around the world, suggesting that this type of habitat could be incorporated into broader
pollinator conservation efforts (Hall et al. 2017). Accordingly, several recent studies have
investigated which types of city gardens support the greatest pollinator diversity or abundance.
Baldock et al. (2019) showed that among nine land use types in four cities, residential gardens and
community gardens received the most pollinator visits. These green space types also had higher-
than-average floral abundance and richness, driven by numerous nonnative plant taxa. In
Matteson and Langellotto (2010), sunlight and floral availability were correlated with increased
bee and butterfly richness in inner-city community gardens, whereas the surrounding habitat
matrix had minimal effects. The study suggests that in certain contexts, gardens can support
pollinator diversity no matter where plots are placed in the landscape. On the other hand, some
studies have found that the effects of landscape-scale factors interact with local factors to
determine pollinator diversity (Bates et al. 2011; Janvier et al. 2022).

Research on urban pollinator species diversity has focused mainly on bees and, to a lesser
extent, butterflies, whereas less charismatic groups like fly pollinators have often been
inadequately sampled or not identified to the species level (Harrison and Winfree 2015;
Majewska and Altizer 2018). One such group of understudied pollinators is the syrphid flies
(Diptera: Syrphidae), also known as hover flies or flower flies. Globally, Diptera is the second-
most frequent order of flower-visiting insects after Hymenoptera (Larson et al. 2001), and
syrphid flies are considered the most important dipteran pollinators due to their usual adult diet
of pollen and nectar (Winfree et al. 2011). Fly pollinators can increase the resilience of
pollination services to environmental disturbance because their resource requirements are
distinct from those of bees, particularly in the larval stage (Ssymank et al. 2008). Habitat
requirements for syrphid larvae vary across the family, with major functional groups dwelling
among herbaceous plants, in soil litter, in trees, or in water, and feeding as decomposers,
predators, or herbivores (Schweiger et al. 2007). Unlike bees, syrphid flies are not central-place
foragers, meaning that they have no fixed nest to return to after foraging, and therefore they can
move freely about the landscape throughout their adult lives. Like large-bodied bees, syrphid
flies can carry viable pollen for long distances (Rader et al. 2011), potentially facilitating plant
gene flow over fragmented landscapes (Doyle et al. 2020).

The distinct traits of Syrphidae described above suggest that this group’s responses to
urbanisation may differ from those of bees. For example, if cities are more limited in syrphid larval
habitat than in bee nesting sites for the species in the regional species pool, only the hardiest and
most generalist syrphids may persist in urban landscapes and be less affected by local habitat
characteristics than bees are. Among bees, the urban filter tends to favour species that are
generalist, have small bodies, emerge late in the season, and nest in cavities (Ayers and
Rehan 2021). Similarly, syrphid composition in urban areas is likely to be influenced by species
functional traits. Persson ef al. (2020) documented that equivalent gardens in urban versus rural
areas supported distinct bee assemblages, whereas syrphid assemblages in the urban gardens were
a subset of the species in the rural gardens. Meanwhile, Bates et al. (2011) found that syrphid
richness was affected by both a landscape-scale urbanisation gradient and local-scale habitat traits,
whereas bee richness was correlated only with the urbanisation gradient.

Given the known importance of syrphid flies as pollinators and the increasing use of urban
gardens as a pollinator conservation strategy, in our study, we investigated whether two plant
assemblage characteristics — flowering plant richness and prevalence of native plants — correlate
with syrphid abundance and diversity in urban gardens. Numerous studies have documented that
overall pollinator richness or bee species richness increases with flowering plant richness (Ayers
and Rehan 2021), and limited research on syrphid flies suggests that syrphid abundance is higher
in gardens with more plant diversity. Both Rocha et al. (2018) and McDougall et al. (2022)
documented positive correlations between plant richness and syrphid abundance, but neither
study tested the relationship between plant richness and syrphid richness. The geographic origins
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of plant species may also influence the pollinators supported by gardens. For pollinators in
general, past studies have yielded mixed findings on whether native plants receive more visits and
more diverse visitors than nonnative plants (Chrobock et al. 2013; Garbuzov and Ratnieks 2014;
Lowenstein et al. 2019). In gardens with mixed native and nonnative plants, total pollinator
activity was positively correlated with a relative abundance of native plants (Fukase and
Simons 2016; Staab et al. 2020). Considering syrphids specifically, Salisbury et al. (2015) found
that more syrphids visited plots of native plants than plots of nonnative plants. Furthermore,
Smith et al. (2006) found that the species richness of native plants was positively correlated with
syrphid abundance in residential gardens. It is unclear from past research whether the abundance
or presence of native plants predicts syrphid abundance and diversity in urban gardens, with
studies on syrphid diversity particularly lacking. Answering this question will help to explore the
utility of planting native plants in gardens for supporting biodiversity.

Syrphid flies are widely recognised as generalist pollinators. Nevertheless, evidence of floral
preferences in syrphids suggests that flower visitation may differ between habitat patches that
vary in plant diversity and native plant availability, along with plant species identities.
Although syrphid species that exclusively pollinate a single plant species are rare (Lucas
et al. 2018), syrphid flies have been shown to selectively feed on certain flowering plant species
over others (Gilbert 1981; Cowgill et al. 1993; Colley and Luna 2000; Klecka et al. 2018).
Syrphid species displayed varying preferences for plants based on plant height, inflorescence
size, and flower colour (Klecka et al. 2018), and the length of syrphid species’ mouthparts was
associated with the corolla depth of the flowers they visited (Gilbert 1981). The degree of floral
specialisation varies across the family, with members of subfamilies Eristalinae and Pipizinae
demonstrating more floral specificity than do members of Syrphinae (Klecka et al. 2018).
Lucas et al. (2018) found that the pollen loads carried by five different syrphid genera
comprised distinct and complementary plant species pools, further indicating within-family
variation in floral preferences. Increased attractiveness or accessibility of certain flowers over
others suggests that differences in garden quality for urban syrphids could depend on the
floral assemblages planted.

To better understand the garden traits that best support syrphid abundance and diversity, the
present study aimed to characterise the relationships between garden-scale plant characteristics
and the syrphid assemblages that visited them. We sampled a selection of small, volunteer-
maintained street gardens that spanned varying levels of flowering plant richness and proportion
of native flower cover. Based on the existence of floral preferences and the variation in their
specificity between syrphid groups, we predicted that gardens with more flowering plant taxa and
a higher prevalence of native flowering plants would attract more abundant and diverse syrphid
visitors.

Methods
Site selection

Twelve street gardens were selected in West Point Grey, a low-density residential
neighbourhood in Vancouver, British Columbia, Canada (Fig. 1; Supplementary material,
Table S1). A single neighbourhood was chosen to keep the habitat matrix more consistent across
sites and to minimise landscape-scale effects as a source of variation. All sites were volunteer-
maintained gardens on public property, either between the sidewalk and the street, at street
corners, or in the centre of a traffic circle. Plot sizes ranged from 2 to 22 m? (Supplementary
material, Table S1). Only gardens that received sunlight during the morning hours were selected
because the presence of sunlight influences syrphid activity (Gilbert 1985). In addition, selected
gardens were at least 50 m from the other selected gardens. Selected sites spanned a range of

https://doi.org/10.4039/tce.2025.8 Published online by Cambridge University Press


https://doi.org/10.4039/tce.2025.8
https://doi.org/10.4039/tce.2025.8
https://doi.org/10.4039/tce.2025.8

4 Raghuraman and Tseng

Figure 1. Map of the 12 gardens used as study sites (orange squares). The coarse-scale inset (top right) shows where the
study area (white rectangle) was situated in Vancouver, British Columbia, Canada.

flowering plant richness levels (1-15 genera) and proportion cover values for flowering native
plants (0-60%). Sites also had high turnover in the identities of plant genera.

Timing of sampling

Gardens were each visited approximately once per week between 19 July and 21 September 2022.
Each week, sites were sampled on the three closest possible sunny days to each other with more
clear sky than cloud cover, winds less than 10 km/hour, and temperatures between 15 °C and 25 °
C. Sites were assigned randomly to each day, with new assignments each week, but it was not
possible to randomise the order of sites within a day due to constraints on travel time. Sites were
all sampled between 8:00 and 14:00, local time, because this window centres on the peak time for
adult syrphid activity in another temperate region (Gilbert 1985). If on a given visit, a site had less
than 1% cover of plants with flowers on them, it was not sampled that week; for this reason, two
sites were sampled five times each, whereas the others were sampled eight times each, for a total of
90 samples.

Plant observations

For every sample, a single observer (S.R.) recorded each unique plant morpho-species in flower
within the garden, excluding grasses. Plants were identified to the finest possible taxonomic level
in the field. Representative plants were photographed for subsequent verification of identifications
using Klinkenberg (2020) and Flora of North America Editorial Committee (1993), and their
geographic origins were noted from the same, as well as from Plants of the World Online (2022).
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If a plant was native to British Columbia, it was always identified to the species level. If a native
species identification was ruled out, the plant was identified to the genus level. For each
morphologically distinct plant species that was blooming in the garden, the percent cover of
flowering individuals over the horizontal area of the garden was visually estimated by the observer
(S.R.). If the percent cover value was less than 5%, it was estimated as either 1, 3, or 5%. If the
percent cover value was greater than 5%, it was estimated to the nearest 5%. For example, a plant
species with approximately 2.5% cover of flowering individuals would be recorded as 3%, whereas
12.5% cover would be recorded as 15%. Individuals lacking flowers were not counted.

Syrphid observations

Syrphids were actively collected using a sweep net. We chose active collection over pan
trapping because pan traps have low effectiveness for many syrphid species (Bates et al. 2011),
along with concerns about bycatch of nontarget insects and human interference with traps. For
every sample, a single observer (S.R.) actively collected syrphid visitors using a sweep net for
20 minutes while slowly walking the perimeter of the patch. A visitor was defined as any syrphid
that interacted with the flowering plants in the garden by making physical contact with any part of
the plant. The timer was paused for 1-2 minutes while removing the insect from the net and
euthanising it with potassium cyanide before resuming sampling.

Specimens were stored in the freezer, pinned, and identified based on morphological characters
in published keys (Vockeroth 1992; Thompson 1997; Skevington and Thompson 2012; Miranda
et al. 2013; Speight et al. 2013; Young et al. 2016; Skevington et al. 2019). Our use of taxon
concepts and taxonomic classification was consistent with Skevington et al. (2019). Specimens
were identified to the species level, except for the following three taxa of Neocnemodon Goffe,
Platycheirus Lepeletier and Serville, and Eupeodes Osten Sacken, which are subsequently treated as
species. Two morphologically similar individuals of the genus Neocnemodon were not identified to
the species level because the genus requires revision (Skevington et al. 2019). In addition, two
morphologically similar individuals of the genus Platycheirus were grouped under Platycheirus sp.
A because they could not be reliably identified to the species level, but they were distinct from the
other species identified in that genus. For Eupeodes sp. A, four males were identified as Eupeodes
fumipennis (Thomson), but according to Vockeroth (1992), the 32 females possibly also belonging
to Eupeodes fumipennis could not be morphologically distinguished from female Eupeodes
americanus (Wiedemann) or Eupeodes pomus (Curran); therefore, we assigned the higher
taxonomic grouping to both males and females by calling them Eupeodes sp. A. Representative
specimens of each species were vouchered at the University of British Columbia Spencer Museum
(Vancouver, British Columbia, Canada). Species were classified as native to British Columbia or
nonnative using the same resources as for species identification.

Data analysis

Statistical analyses were performed in R, version 4.2.2 (R Core Team 2022). First, because sites
were ostensibly within flight distance of each other for some syrphid species (Schweiger
et al. 2007), we tested syrphid assemblages for spatial autocorrelation. This was achieved by
producing a Bray-Curtis similarity matrix of syrphid species present at least once during the
sampling season for each pair of sites, producing another matrix of the geographic distance
between each site, and running a Mantel test with 1000 permutations on these matrices. The effect
of spatial autocorrelation was not statistically significant (P =0.56). Variables were checked
graphically for normality, and variables that were not normally distributed were transformed and
checked again for normality; following this, syrphid abundance was transformed to log.(x + 1) for
all statistical modelling.
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To examine if syrphid abundance or richness differed among sites, for each response variable,
we conducted linear models with the fixed effects of garden identity, sampling day, and the
interaction between them. To test the effects of time on plant and syrphid assemblages, we
generated linear mixed models for the response variables of flowering plant genus richness,
syrphid abundance, and syrphid species richness. Each model included sampling day (days since
start of sampling period) as a fixed effect and garden identity as a random effect. To examine the
effects of plant richness on syrphid abundance or syrphid richness, we used linear mixed-effects
models with plant richness as a fixed effect and garden as a random effect. We did not use models
that included both sampling day and plant richness (and their interaction) as predictors because
these predictors were colinear and exhibited variance inflation factors greater than the
recommended threshold of 3 (Zuur et al. 2010). To investigate the effects of native plants on
syrphid abundance or richness, we categorised samples as having either low or high relative
presence of native flowering plants rather than using percent native flower cover because nearly
half (48.9%) of samples lacked native plants and the remainder of samples had a wide range of
percent native flower cover values. Relative presence of native plants was defined as “high” if
native plant individuals with flowers covered at least 10% of the site in a garden sample, and “low”
samples had native percent cover less than or equal to 2% (0-2%). No samples had a 2-10% cover.
Using these categories, we conducted linear mixed-effects models with the relative presence of
native flowering plants and the geographic origin of the syrphid species as the fixed effects, plus an
interaction term between them. Garden identity was incorporated as a random effect.

All linear modelling used the R package, ImerTest (Kuznetsova et al. 2017), and variance
inflation factors were checked with the car package (Fox and Weisberg 2019). Spatial
autocorrelation was tested using the vegan package (Oksanen et al. 2022). Data visualisation and
manipulation used the cowplot (Wilke 2024) and tidyverse (Wickham et al. 2019) packages.

Results
General findings

Over the course of the July-September sampling period, we observed a wide range of plants and
syrphid visitors at the 12 study gardens in Vancouver. Seventy-three plant genera were recorded in
flower (Supplementary material, Table S2). Native plants were represented by 12 species within 10
genera, and nonnative plants were represented by 65 genera. For syrphid flies, we collected 409
individuals of 29 species and 18 genera (Table 1). Most syrphid species were native (79.3%).
However, the six nonnative species contributed 249 individuals, or 60.9% of the total. The
nonnative compost fly, Syritta pipiens (Linnaeus), was the most common species, represented by
184 individuals, or 45% of the individuals collected. Generally, native plants were less abundant
and diverse than nonnative plants, and native syrphids had lower abundance but higher richness
than nonnative syrphids. Gardens significantly differed in syrphid abundance and syrphid
richness after accounting for sampling through time (Supplementary material, Table S3).

Effects of time and plant richness on syrphid abundance and richness

Across the 12 gardens, the number of plant genera in bloom tended to decrease over the
sampling period from mid-July to mid-September (Figs. 2 and 3, N=90, F, ;7416 =61.094,
P <0.0001). No general pattern was detected in syrphid abundance or richness over time
(abundance: Fig. 2 and Supplementary material, Fig. S1; N =90, F, 7935, =2.353, P =0.129;
richness: Fig. 3 and Supplementary material Fig. S2; N =90, F, 79144 = 3.096, P =0.082). No
detectable relationship was observed between syrphid abundance and plant genus richness
(Fig. 4A; N =90, F 59003 =0.007, P=0.934) or between syrphid richness and plant genus
richness (Fig. 4B; N =90, F; 4197 = 0.009, P = 0.927).
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Table 1. List of syrphid species observed across urban garden sites in Vancouver, British Columbia, Canada between mid-
July and mid-September 2022. Species were either native to British Columbia or of nonnative Eurasian origin. For each
species, the proportion out of 12 gardens where the species was collected at least once, the proportion out of 90 samples
where the species was collected, and the sum of individuals collected across all samples are shown

Species Origin Proportion of gardens  Proportion of samples  Individuals collected
Eristalis flavipes Native 0.083 0.011 1
Eupeodes perplexus Native 0.083 0.011 1
Eupeodes sp. A Native 0.833 0.289 36
Eupeodes volucris Native 0.417 0.067 7
Fazia micrura Native 0.083 0.011 1
Helophilus fasciatus Native 0.167 0.033 5
Melanostoma mellinum Native 0.083 0.011 1
Neocnemodon sp. Native 0.250 0.033 3
Parasyrphus relictus Native 0.083 0.011 1
Platycheirus sp. A Native 0.167 0.022 2
Platycheirus stegnus Native 0.167 0.033 3
Platycheirus trichopus Native 0.083 0.011 1
Scaeva affinis Native 0.417 0.078 7
Sericomyia chalcopyga Native 0.083 0.011 1
Sphaerophoria philanthus Native 0.083 0.011 1
Sphaerophoria sulphuripes ~ Native 0.750 0.167 17
Spilomyia citima Native 0.417 0.056 5
Syrphus opinator Native 0.833 0.244 33
Syrphus ribesii Native 0.167 0.022 2
Syrphus torvus Native 0.083 0.011 1
Syrphus vitripennis Native 0.250 0.033 3
Toxomerus marginatus Native 0.083 0.011 1
Toxomerus occidentalis Native 0.750 0.189 27
Eristalis arbustorum Nonnative 0.500 0.167 26
Eristalis tenax Nonnative 0.333 0.044 5
Eumerus funeralis Nonnative 0.583 0.144 22
Merodon equestris Nonnative 0.167 0.022 2
Myathropa florea Nonnative 0.500 0.100 10
Syritta pipiens Nonnative 1.000 0.611 184

Effects of plant origin on syrphid abundance and richness

Lastly, we examined whether the presence of native flowers predicted differences in native and
nonnative syrphid abundance and richness in garden samples. Forty of 90 samples had
appreciable presence of native plants in flower (defined as having at least 10% cover of the garden),
and 50 samples were classified as having no or minimal native flowers, with 0% cover of native
flowering plants in 44 samples and 1-2% cover in six samples. Interestingly, the median and
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Figure 2. Change over time in syrphid abundance and the genus richness of plants in flower for 12 urban gardens (panels
correspond to sites A-L). A total of 90 samples were collected between mid-July and mid-September 2022.
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Figure 3. Change over time in syrphid species richness and the genus richness of plants in flower for 12 urban gardens
(panels correspond to sites A-L). A total of 90 samples were taken between mid-July and mid-September 2022.

maximum values of nonnative syrphid abundance appeared higher in samples with native plants
than in those with minimal or absent native plants, whereas the equivalent values for native
syrphid abundance were the same across sample groups (Fig. 5A). However, this interaction
between plant origin and syrphid origin was not statistically significant at the 0.05 level, and
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Figure 4. A, Abundance and B, species richness of syrphid visitors to 12 urban gardens are plotted against the genus
richness of plants in flower per sample for 90 samples. The axis of syrphid abundance, A, is scaled to loge(y + 1).

neither main effect was statistically significant over the 90 samples per syrphid origin category
(presence of native flowers: F; g5 441 = 0.360, P = 0.551; syrphid species origin: F; 164,135 = 3.002,
P =0.085; native flowers x syrphid origin interaction: F; js4135=3.414, P=0.066). Syrphid
richness was similar across native and nonnative syrphid species and levels of native flowering
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against relative presence of native flowers per sample, with 90 samples per syrphid origin category. High relative presence
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cover. The axis of syrphid abundance, A, is scaled to loge(y + 1).

plant cover for the 90 samples each of native and nonnative syrphids (Fig. 5B; presence of
native flowers: F)g9g39=10.0003, P=0.986; syrphid origin: F js4620 =3.384, P =0.067;
native flowers x syrphid origin interaction: F ;44620 = 0.051, P = 0.822).
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Discussion

This study aimed to determine the influence of plant richness and the presence of native plants
on syrphid abundance and diversity in small urban gardens. Contrary to our hypotheses, neither
plant richness nor the presence of native plants affected the abundance or diversity of garden-
visiting syrphid flies in a study system with relatively low abundance and diversity of native plants.

Our results do not support the predicted relationship between flowering plant diversity and
syrphid abundance and diversity in urban gardens. Although floral diversity decreased over the
sampling period, neither the number of syrphid visitors nor the number of species recorded in
each syrphid sample changed significantly with time, and floral diversity did not explain the
variation among syrphid assemblages. However, other studies have found support for garden
plant diversity predicting syrphid abundance. Rocha et al. (2018) showed that syrphid abundance
increased with garden plant richness in private residential gardens that ranged from 29 to
1654 m?. Similarly, McDougall ef al. (2022) found that urban crop gardens received increased
numbers of syrphid visitors to the study’s single target plant species when the surrounding garden
had higher plant richness. Our study’s lack of support for a relationship between plant diversity
and syrphid assemblages may be due to the smaller size of our study gardens, which ranged from
2 to 22 m?: increases in plant richness may have covered areas too small to have an observable
effect on syrphid abundance or diversity, although models with the added explanatory variable of
garden size could not be used due to excessive colinearity. Another possibility is that floral
characteristics not captured by the metric of plant richness, such as flower colour or shape, or
simply plant identities, influenced the findings. Anecdotally, syrphids appeared particularly
attracted to certain plant species, such as native Douglas aster, Symphyotrichum subspicatum
(Asteraceae), nonnative poppies, Eschscholzia sp. (Papaveraceae), and nonnative goldenrod,
Solidago sp. (Asteraceae). As such, the presence of a preferred plant species in flower may have
impacted syrphid visitation to the entire garden more than plant richness did. The lack of
relationship between syrphid diversity and plant diversity could also be related to landscape-scale
filtering of more florally specialised syrphid species from urban areas. In support of this
explanation, Persson et al. (2020) showed that syrphid species richness was similar across four
types of residential urban gardens, with these species representing a small subset of the
significantly richer set of species collected in rural gardens. Although we do not have data from
rural gardens to support this claim, our results indicate that syrphid species capable of persisting
in the urban landscape are generalist enough as adults for plant diversity not to influence their
garden preferences. If more selective species are absent from the landscape due to other
limitations, increasing plant richness in urban gardens will not make a difference to diversity of
syrphid visitors.

The presence of native plants in street gardens did not significantly explain variation in the
abundance or diversity of native and nonnative syrphids in our study. Few other studies have
investigated the influence of native plants on syrphids specifically. Salisbury et al. (2015) found
that plots of native plants had more syrphid activity than nonnative plots did. Looking at the
effects of native plants on pollinating insects more generally, some studies have shown that
pollinator abundance benefits from native plants (Chrobock et al. 2013; Salisbury et al. 2015;
Lowenstein et al. 2019), whereas Garbuzov and Ratnieks (2014) found that abundance was not
affected by plant origin. The effects of native plants on pollinator diversity have also been found to
be positive (Garbuzov and Ratnieks 2014) or not significant (Staab et al. 2020). Our results do not
provide support for predicted relationships between native plants and syrphid assemblages.
Several factors may have contributed to this result. Firstly, over half of the individuals collected
were nonnative, and the native syrphids may have been too few in number (160 individuals total)
to detect a general response of this group’s abundance and richness to garden characteristics.
Additionally, many gardens that were defined as having a high relative presence of native plants
still had low percent cover, ranging from 10 to 60%, with an average native percent cover of 17%
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across all samples with and without native flowers. The relatively small amount of real-world
variation in native plant cover reflects a challenge of correlative investigations in this study system.
Other studies of urban gardens have similarly recorded that a minority of plant cover was native
(Matteson and Langellotto 2011; Fukase and Simons 2016). We recorded only 12 native plant
species of 10 genera, compared to nonnative species from 65 genera, and this small set of native
species may not have included any species that are particularly attractive or important to native
syrphids. Tallamy et al. (2021) warned against making comparisons between insects supported by
native and nonnative plants in environments that are already lacking in diversity, where shifting
baselines can hide the true impacts of plant origin. Given the potential for urban landscapes to
filter out more sensitive syrphid species, in addition to the low relative diversity of native plants
across our study system, the presence of native plants in a street garden may not meaningfully
change its attractiveness to the native syrphids able to live in the area.

Although our predictions were not supported, we cannot generalise that plant richness and
native plants do not affect syrphid assemblages in all urban gardens. As discussed above, the
studied street gardens were small, and variation between them may have been influenced more by
the surrounding habitat matrix than by the characteristics of the individual gardens. Matteson and
Langellotto (2011) highlighted that the addition of 10-m? native plant patches to community
gardens did not increase pollinator richness, leading them to reason that floral additions were too
small to make a measurable difference in the much larger community gardens or that nesting
requirements were a more limiting factor. Although our study minimised variation in the habitat
resource availability surrounding the study sites by selecting street gardens within a 650-m radius
of one another in the same residential neighbourhood, we were unable to quantify the variation in
floral availability or diversity in the private front yards and backyards near each garden; because
these yards were larger than the study sites, their plant composition could have conceivably
affected our results. Future research in this system could incorporate surveys of private property or
satellite imagery. Additionally, in order to keep the habitat matrix similar, the minimum distance
between study gardens was 50 m, even though syrphid dispersal distances vary by species from less
than 2 m to hundreds of kilometres (Schweiger et al. 2007). Although this proximity may suggest
that the studied gardens were visited by a homogenous pool of pollinators, our initial analysis
showed that gardens significantly differed in the abundance and richness of syrphid visitors,
indicating that the gardens were not equivalent patches of habitat. A combination of factors
including garden size, garden plant identities, and surrounding habitat could have contributed to
the significance of garden identity as a fixed effect, but our study was not able to partition these
effects from our focus variables of plant richness and native plant presence due to colinearity
between predictors. The sampling period from July to September may also have influenced our
findings. Staab et al. (2020) showed that responses of pollinators to the relative availability of
native flowers changed with time, with nonnative plants supporting more pollinators late in the
season as native plants declined. Colinearity prevented us from accounting for both temporal
variability and plant assemblages simultaneously in models of syrphid abundance and richness,
but a study with a larger temporal scale may be more sensitive to interactions between predictors.
An observational approach introduces more incidental variation into the experiment from
differences in garden management, plant identities, size, age, and other factors, but studying pre-
existing street gardens is still highly relevant to the objective of optimising gardens in public space
as conservation tools. We base our findings on a set of gardens that we already know are realistic
for members of the public to maintain, whereas experimental plots may not as closely reflect real-
world urban pollinator habitat.

Importantly, our findings characterise the syrphid assemblages that visit small urban gardens in
Vancouver, British Columbia, Canada. McCune et al. (2023) documented 48 syrphid species in
Montréal, Quebec, Canada, using pan traps in cemeteries, parks, and community gardens, with
less than half of these species detected in the community gardens. To our knowledge, no other
studies have documented which syrphid species forage in gardens in North American cities, and
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little is known about the relative abundance of native versus nonnative syrphids in urban gardens.
Across urban and rural farms in western Washington state, United States of America, Olsson
et al. (2021) recorded syrphids spanning 18 species to be the second-most frequent flower visitors
and the only pollinators of several crops. In Europe, varying sampling methodologies have
identified 15 syrphid species in urban residential gardens (Rocha et al. 2018), 27 species in urban
churchyards and cemeteries (Bates et al. 2011), and 17 species in urban meadows managed for
insect conservation (Wintergerst et al. 2021). Our study shows that even small street gardens can
support similarly high levels of syrphid richness, but nonnative species are the most frequent
visitors. Comprehensive species inventories of the Vancouver area and the surrounding region are
lacking, but such data could clarify whether the syrphid species served by small gardens are a
subset of the regional species pool where more sensitive species are filtered out, or whether
syrphids tend to be generalist enough to thrive in city gardens. This type of information on local
species composition is valuable as a baseline for pollinator conservation efforts under conditions
of climate change and continuing habitat transformation.

In conclusion, we found that neither flowering plant diversity nor the presence of native plants
explained the variation in syrphid abundance or diversity between street gardens. The factors that
can be used to optimise syrphid diversity through urban garden management are not clear from
these results. Although the presence of native flowers did not predict native syrphid abundance or
diversity in our study, there are many known benefits to planting native flowers. For instance,
native plants can support a higher abundance of herbivorous insects (Burghardt and
Tallamy 2013), which in turn may provide more prey for predatory syrphid larvae. Studying a
broader range of insect taxa, Mata et al. (2021) demonstrated that both vegetation heterogeneity
and locally native plants are important for maximising insect diversity. Future studies could
investigate urban syrphid diversity in larger gardens, over longer time periods, or with
experimental approaches, particularly to disentangle the effects of garden size, floral
characteristics such as colour and shape, and plant assemblage characteristics such as
diversity. McCune et al. (2023) suggest that the relationship they demonstrated between green
space size and syrphid richness could be a result of increased habitat heterogeneity and a greater
variety of larval habitat resources available. Our study focused on habitat resources for syrphid
flies in the flower-feeding adult stage, but quantifying larval habitat availability of different feeding
guilds in urban areas and relating this to functional or species diversity is another avenue open for
research. These questions are important given the current situation of global insect declines to
which urbanisation contributes (Wagner et al. 2021). Urban gardens hold potential for pollinator
conservation, but more work is needed to determine how native syrphids can reap the benefits.
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