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Abstract

Urbanization displaces natural habitats with impervious surfaces and managed ornamental green infrastructure. This study
compared the structure of lepidopteran community in an office campus cleared from forest to that in the remaining forest.
For the comparison, we trapped 2,233 lepidopteran specimens of 56 species from an office campus and adjacent forest.
The species richness of lepidopteran assemblage in the office campus was half of that in the forest and consisted primarily
of the same species found in the forest. The abundance and biomass of Lepidoptera in the office campus was a quarter of
that in the forest. The biomass and abundance of Lepidoptera decreased along with the impervious area within 100-meter
radius around the traps and approached zero when impervious surfaces covered the area entirely. The specimens in the
trapped lepidopteran assembly from the office campus were on average larger, indicating elevated mobility, than those
caught from the forest. Our results support earlier studies concluding that fragmented urban landscape selects for large
mobile species, which can feed on ornamental plants or can disperse between high-quality habitats within urban landscape.
Green infrastructure with native plants, high-quality native habitats and their connectivity can maintain species-rich lepi-

dopteran communities in urban landscapes.

Keywords Biodiversity - Biomass - Habitat - Moth - Urban - Forest

Introduction

Urbanization refers to a phenomenon where people move
from rural areas to cities. This phenomenon causes cities
to grow outward, displacing surrounding areas (Mahtta et
al. 2019). Cities have often developed into biodiversity
hotspots, and they can sometimes maintain high biodiversity
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despite urban development (Cincotta et al. 2000; Luck
2007). Cities, gardens, and ruderal areas can harbor hotspots
e.g., for butterflies (Ockinger et al. 2009; Prudic et al. 2022).
Densities of several bird species, including threatened ones,
can be higher in urban than rural areas (Seress and Liker
2015; Jokimaki et al. 2018). On the other hand, an urbaniza-
tion-related change in land use has often negative effects on
many taxon groups (Piano et al. 2020; Fenoglio et al. 2020;
Pignataro et al. 2020). Thus, the impact of urbanization can
be positive or negative depending on species and the type of
land use change involved (Seress and Liker 2015; Jokiméki
et al. 2018; Prudic et al. 2022; Fenoglio et al. 2020; Piano et
al. 2020; Pignataro et al. 2020).

Expanding cities turn their surrounding areas into built-
up area and fragment the habitat of the surrounding areas
(Liu et al. 2016; Mabhtta et al. 2019). Urban built-up areas
include many types of habitats such as gardens, parks, and
lawns, but impervious surfaces are among the best charac-
teristics of urban landscape seen as buildings, roads, and
parking lots (Lu and Weng 2006). The displaced surround-
ing habitat can include natural habitats from deserts to rain-
forests in developing countries but often also agricultural
land or other human-impacted habitats in old civilizations,
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which have already been urbanized for centuries (Wil-
liams 2008). In many new civilizations, the ongoing rapid
urbanization takes place mainly at the expense of native
forests. For example, the land displaced by built-up area
was mostly (64—77%) forest at 34 Finnish city regions in
2000-2012 (Tiitu 2018). During 1990-2017 in Finland,
243,000 hectares of boreal forest has been cleared for built
environment (Timonen 2020). Thus, Finland is a good site
to examine the impact of urbanization on biodiversity at
the expense of native boreal forest biome, which globally
cover 1,100,000,000 hectares and ca. 30% of all forests in
the world (Artaxo et al. 2022).

Urban environments differ from the surrounding areas
in many ways, which shape biological communities. Heat
island effect refers to elevated temperatures in cities (Frank
and Backe 2023). For example, the city of Jyvéskyld in
Finland is 4.1 °C warmer than the surrounding rural area
(OECD 2022). The heat island effect facilitates the pole-
ward expansion of distribution ranges and prolongs the
reproduction seasons of warm-adapted species (Murakami
et al. 2007; Zuckerberg et al. 2011; Robinet et al. 2012;
Greig et al. 2017).

The vegetation in urban areas differs from that in the sur-
rounding landscape. The most common type of urban field
vegetation is lawn, which can support only a limited herbiv-
orous insect fauna. In urban landscapes, trees and shrubs are
often cultivated non-native ornamental plants (Tallamy et al.
2021). For example, in Finland, non-native taxa comprised
92% of 1,200 tree and shrub taxa, which include all native
and most of the cultivated species (ca. 500), hybrids (ca.
100), subspecies, varieties and important forms (ca. 100)
and cultivars (ca. 500) occurring in the country (Hamet-Ahti
etal. 1992). Non-native ornamental plants can serve as hosts
for non-native insects and native generalists too (Kowarik et
al. 2019; Kopacka et al. 2021; Tallamy et al. 2021). Often
the abundance and species richness of herbivorous Lepidop-
tera is lower in non-native than in native plants, the differ-
ence being largest among specialists (Burghardt et al. 2010;
Tallamy et al. 2021).

Urban fragmentation challenges animal species differ-
ently. Highly mobile species such as birds may cope with
fragmentation. For example, a common urban bird, Western
Jackdaw (Corvus monedula), finds suitable nest sites in cit-
ies but can seek for food several kilometers away from the
nest site (Meyrier et al. 2017). Compared to birds, inverte-
brates have lower dispersal ability, which often span from
tens to hundreds of meters in lepidopteran species (Ribeiro
et al. 2012; Robinet et al. 2012; Kuussaari et al. 2014, 2021;
Merckx and Van Dyck 2019). In 30% of global forests, the
fragmentation has created patches, which have <200 m
distance to their edges (Haddad et al. 2015). We need to
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understand the changes in the species-rich invertebrate
communities upon fragmentation at small (< 150 m) scale.

In this study, we examined changes in a Lepidoptera
community related to the development of forest into an
office campus, an example of typical urbanization-related
land-use change displacing native habitat. We trapped Lep-
idoptera from the office campus and the surrounding for-
est with bait traps located within 150 m from the edge of
habitat. The changes in the abundance, biomass and species
richness were related to the land use change and explained
by the vegetated area around the traps. We identified the
winners and losers among the species related to the urban-
ization event.

Methods
Study area

Our study area was the Ylistonmiki hill (62.227°N,
25.744°E) at a suburb of the seventh largest city in Finland,
Jyvéskyld (Fig. 1). The study area has been covered with
forests at least for a century (Supporting information Text
1). Urbanization extended to the study area in early 1990s
when 3.3 hectares of forest was cleared into an office cam-
pus as explained in detail in SI Text 1. During our study in
2022, the office campus had extended to an area of 6 hect-
ares (Fig. 1).

Sampling design

To assess how the forest clearance into an office campus has
affected the lepidopteran fauna, we placed ten bait traps in
the study area, a set of five both in the office campus and in
the surrounding forest. The lepidopteran catch between the
two contrasting environments were compared and linked to
the environments surrounding the traps.

Lepidoptera trapping

We used Jalas-type traps baited with wine (Pettersson and
Franzén 2008). Traps with wine baits catch selectively
nectar-feeding moths from few lepidopteran families,
Noctuidae in particular. The traps were hung at 3 m eleva-
tion in deciduous trees at randomized locations but within
40-150 m from the forest edge. For the randomization, we
selected 20 potential locations (excluding roofs and roads)
for the traps on a map and used lottery to choose the final
trap locations shown in Fig. 1. The catch of traps was col-
lected daily between 28 June and 11 July 2022. The caught
lepidopteran specimens were counted and identified to spe-
cies according to external morphology. The main larval food
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Fig. 1 An aerial photograph of
the study area, an office campus
surrounded by forest in May
2020. The dots c1—c5 show the
locations of bait traps in the
office campus delineated with a
white border. The squares {15
show the trap locations in the
forest. The hashed area shows a
forest patch, which was cleared
before our sampling period for a
padel hall.Source: open data by
National Land Survey of Finland

plants and the habitat requirements for the trapped species
were compiled from literature (Table S4).

The biomass of each species was determined as mean dry
mass of 1-5 randomly selected specimens from the catch.
The specimens were dried at +60° for >24 h and their
mass was measured with an analytical balance at the accu-
racy of 0.01 mg. The biomass of lepidopteran assemblage
caught in a trap was calculated by multiplying the number
of counted specimens with their species-specific mean dry
mass. The mean mass of specimens in the lepidopteran
assemblage caught from a trap was calculated from the total
biomass (described above) by dividing it with the number
of individuals.

Description of environment

The environment around the traps was mapped at two scales:
at 10 and 100 m radii. At 10-meter radius, the main type of
vegetation, including the tree species, was determined dur-
ing the field work. In the office campus, the sparse vegeta-
tion was recorded as lawns, planted ornamental trees and
shrubs as well as a few non-planted herb species. The sparse
vegetation in the office campus next to traps was compared
to the larval foodplants of trapped Lepidoptera (Table S4).

In the forest, the basal area of trees was determined with a
relascope and the height of trees was measured with a hyp-
someter, and the total volumes of trees per hectare was cal-
culated. The areal coverage of plant species in field layer
were estimated with a quadrat. Based on the vegetation
in field layer, the forest type was classified according to
Cajander (1949).

At 100-meter radius, we separated landscape into imper-
vious surfaces and green vegetated area from an aerial pho-
tograph. We determined the vegetated green area (lawns,
planted vegetation, forest) using a manual measurement tool
for area in an ArcGIS application (Karpalo) from an aerial
photograph provided by National Land Survey of Finland.
The selected 100-meter radius maximized the differences in
vegetated areas around the traps and accounted for the con-
nectivity between the forest and the office campus (i.e., edge
effect Porensky and Young 2013).

Statistical analyses
The statistical analyses were made with the R Statisti-
cal Environment (version 4.1.2). The differences in the

lepidopteran catch between the office campus and the for-
est were assessed with #-test, either as differences in the
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two-week total catches (two-tailed #-test with unequal vari-
ances) or species-specific daily catches (paired #-test). The
latter test was applied only for the catches of abundant spe-
cies following normal distribution. The dependence of lepi-
dopteran catch on the vegetated area within 100-m radius
of traps were assessed with regression analysis. The signifi-
cance of dependence was assessed with F-parameter and
the significance of regression coefficient and intercept with
t-parameter.

Results
Description of the study area

The study area consisted of (i) Oxalis-Myrtillus type of
Norway spruce forest and (ii) an office campus, which dis-
placed a part of forest in early 1990s during a rapid phase
of urbanization in the province of Central Finland (Fig. 1,
SI Text 1). Within a 10 m radius, the five bait traps in for-
est were surrounded by Oxalis-Myrtillus type of Norway
spruce forest, where the main species of herbs were Vac-
cinium myrtillus and Oxalis acetocella; and the main spe-
cies of trees were Norway spruce (Picea abies), Scotch pine
(Pinus sylvestris), Common aspen (Populus tremula), Silver
birch (Betula pendula) and Rovan (Sorbus acuparia; Table
S1, Figure S2).

The office campus was dominated by the impervious
surfaces of large buildings, parking lots and roads (Fig. 1).
The sparse vegetation consisted of lawns, planted ornamen-
tal trees and two shrub species. A tiny (< 10 m?) road-side
meadow represented a bit higher diversity of herbs than
the lawns. The about 60 planted trees>10 m in height in
a 6-hectare campus consisted partly of the same trees spe-
cies as in the surrounding forest (Common aspen Populus
tremula, Silver birch Betula pendula, Rovan Sorbus aucu-
paria) but also included Norway Maple (Acer platanoides)
and non-native Common lime (7ilia x europea; Table S1,
Figure S2). The traps were hung in these tree species and
were surrounded by impervious surfaces (parking lots,
roads, and buildings), urban green infrastructure (lawns,
ornamental non-native Spiraea japonica and Aronia sp.
shrubs), and in one case (trap ¢5) by a small road-side
meadow (Table S1, Figure S2).

The vegetated green area within 100-meter radius from
traps ranged from a minimum of 5,000 m? (18% vegetated,
82% impervious surface) at Trap c2 in the office campus to
a maximum of 31,416 m? (100% vegetated, 0% impervious
surface) at Trap fl in the forest. Within 100-meter radius,
the traps in the office campus were surrounded on average
by 7,813 + 1,767 m? of vegetation, which was significantly
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less than for the traps in the forest (27,949 + 2,351 m?; mean
+ SD, n=5;1t;,=15.1, p<0.001; n=>5 traps; Table S2).

The abundance and biomass of Lepidoptera in the
office campus and the forest

During a two-week period (28 June—11 July 2022), the ten
traps caught altogether 2,233 specimens of 56 lepidopteran
species (Table S2). The biomass of species ranged from
0.003 g specimen™! (n=1, Schrankia costaestrigalis, Ere-
bidae) to 0.270 + 0.027 g specimen™! (mean + SD, n=2;
Deilephila elpenor, Sphingidae); Table S3). The traps of the
office campus caught 82 + 60 specimens trap~ ' two weeks ™!,
a quarter of 365 + 148 specimens trap~ ! two weeks™! in the
forest traps (mean + SD, n=>5 traps; Table S2). Similarly,
the biomass of caught lepidopteran assemblage was 3 +2 g
trap~! two weeks™! in the office campus, a quarter of that in
the forest (13 + 5 g trap™! two weeks™!; n=5; £55 = 3.71,
p=0.001; Fig. 2A). The number of trapped species was 15
+ 8 trap~! two weeks™! in the office campus and 30 + 3
trap~! two weeks™! in the forest with a significant differ-
ence (f5 4 =-3.37, p=0.015; Fig. 2B).

Abundance and biomass of Lepidoptera in relation
to the vegetated and impervious landscape

According to a regression analysis, the lepidopteran catch
depended on the vegetated area within 100-meter radius
of traps (for abundance F, g = 20.55, p=0.002; for bio-
mass F ¢ = 17.89, p=0.003; Fig. 3). The vegetated area
explained 72% and 69% of the number of specimens and
biomass caught from traps, respectively (Fig. 3). In Fig. 3A,
the regression coefficient (0.014 +0.003; estimate + SE) is
significantly different from zero (r=4.53, p=0.002), but the
intercept (-34 +65) is not (t = -0.52, p=0.61). In Fig. 3B,
the regression coefficient (0.0005+0.0001) is significantly
different from zero (t=4.23, p=0.003), but the intercept
(-0.84+2.54) is not (¢ = -0.33, p=0.75). The regression
coefficients were significantly different from zero, but the
intercepts were not (Fig. 3). The latter indicates an absence
of Lepidoptera when the landscape lacks vegetated area and
is entirely covered by impervious surface.

Changes in the lepidopteran community structure
related to urbanization

The most abundant moth was Acronicta rumicis (Noc-
tuidae) both in the office campus and in the forest (Fig. 4;
Table S2). Acronicta rumicis and 12 other species had sig-
nificantly lower abundances in the office campus than in the
forest when the daily catches (n=14 days) were analyzed
with paired #-test (Fig. 4). For example, Atolmis rubricollis



Urban Ecosystems

25 -
A

20 1

10 1

Biomass
(grams two weeks' trap™)

40 B

35 1

30 4

25

20

15 1

10

Species richness
(species two weeks ' trap™)

forest campus

Fig. 2 The (A) biomass (grams trap~' two weeks™!) and (B) species
richness (number of species two weeks™! trap™!) in the trapped lepi-
dopteran assemblage in the forest and in the office campus. The whis-
kers show minimum and maximum, the box shows the first and third
quartile, the cross refers to mean and horizontal line to median of 5
traps

(Erebidae) was absent from the office campus but abundant
in the forest (Fig. 4). Agrotis exclamations (Noctuidae) had
significantly higher abundance in the office campus than
in the forest (Fig. 4). Among the abundant species, Oligia
latruncula (Noctuidae), Acronicta megacephala (Noctui-
dae) and Thethea or (Drepanidae) had no significant dif-
ferences in abundances between the office campus and the
forest (Fig. 4, paired t-test, p>0.05, df=13). In the office
campus, these moths were most abundant in the traps sur-
rounded by their larval food plants (O. latruncula in trap c5
with grasses in a small meadow, A. megacephala and T. or
in trap c2 with Populus, Tables S1, S2, Fig. S2). In the office
campus, 99% of 410 specimens and 92% of 38 species
belong to the same species found in the forest traps, when
examining the total catch from five traps during the two-
week study period (Table S2). Five out of six unique spe-
cies in the office campus were singletons such as Acronicta

aceris (Noctuidae), a new record for the province of Central
Finland.

The biomass of specimens in the caught lepidopteran
assemblage was 0.043 + 0.002 g specimen~! in the office
campus, 1.16-fold higher than that in the forest (0.037 +
0.002 g specimen™'; n=5; t5 , = -3.82; p=0.001; Fig. 5).

Discussion

Our results clearly show that the biomass of a lepidopteran
community decreased dramatically when native forest was
cleared and turned into a conventional office campus domi-
nated by impervious surfaces. The abundance and biomass
of Lepidoptera decreased along with a decrease in vegetated
area and approached zero in a landscape covered entirely
with impervious surface. Displacement of forest with an
office campus decreased species richness considerably and
changed the species composition of the lepidopteran com-
munity. This type of urban development can cause local
extinctions for some species such as Atolmis rubricollis and
increase the mean size of specimens caught with bait traps.

A displacement of native forest with built-up area
causes a dramatic loss in lepidopteran abundance

According to the catch of bait traps in this study, the biomass
and abundance of lepidopteran community decreases to a
quarter when native forest is replaced with an office campus
dominated with impervious surfaces. A similar difference
was found in the abundance of geometrid moths caught in
light traps between the native forest and the urban area of
Loja City in Ecuador (Gaona et al. 2021). In Britain, the
biomass of trapped moths was about one third in urban area
compared to woodland (Macgregor et al. 2019). In highly
urbanized Belgium, the abundance of trapped macromoths
did not differ between areas of low and high urbanization,
but a significant decrease was found for butterflies in stan-
dard transects (Piano et al. 2020). In heavily urbanized
western Europe, the biomass of flying insects has decreased
during recent decades even in rural nature reserves and may
have reduced the difference in the abundance of Lepidop-
tera between rural and urban areas (Hallmann et al. 2017).
This study investigated Lepidoptera with bait traps, while
other studies have used standard transects, nets and light
traps (Macgregor et al. 2019; Piano et al. 2020; Fenoglio
et al. 2020; Gaona et al. 2021). Independent of the method
of investigation, the biomass of Lepidoptera generally
decreases with urbanization and the decrease is the most
dramatic when native forest is turned into urbanized area
(Macgregor et al. 2019; Piano et al. 2020; Fenoglio et al.
2020; Gaona et al. 2021).
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Impervious surfaces are unsuitable habitat for most
Lepidoptera

The regression analyses of this study indicate that the abun-
dance and biomass of Lepidoptera decrease along with
a decrease of vegetated area and approach zero when the
landscape is covered entirely with impervious surfaces such
as parking lots, roads, and buildings. In similar manner,
butterfly abundance approaches zero when the coverage of
impervious surface in the landscape approaches 100% in
Melbourne, Australia (Kurylo et al. 2020). Several studies
have reported a decline in lepidopteran abundance or bio-
mass with an increase of impervious surfaces (Melliger et
al. 2017; Tzortzakaki et al. 2019; Merckx and Van Dyck
2019; Kuussaari et al. 2021). Our study and that of Kurylo et
al. (2020) agree with the earlier findings and further indicate
that a landscape without vegetation, e.g., in a highly urban-
ized city centers, is unsuitable habitat for most lepidopteran
species. This is an obvious conclusion for the lepidopteran
species and likely to other invertebrates feeding on green
vegetation.

Changes in the community structure of Lepidoptera
upon urbanization

According to this study, the species richness of lepidopteran
community in an office campus is only half of that in an
adjacent forest area. Our results agree with earlier general
findings that urbanization decreases species richness of lep-
idopteran communities (Clark et al. 2007; Fenoglio et al.
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2020; Gaona et al. 2021; Kurylo et al. 2020; Kuussaari et al.
2021; Piano et al. 2020; Pignataro et al. 2020).

In this study, the specimens were on average larger in the
assemblage of Lepidoptera trapped in the office campus than
in the forest. Similarly, the size of specimens in the trapped
lepidopteran community increased with built-up area in Bel-
gium (Merckx and Van Dyck 2019). Because mobility gen-
erally increases with size, these findings suggest an elevated
mobility for the lepidopteran communities in fragmented
urban environments, a general trend found also in other
types of fragmented landscapes (Ewers and Didham 2006).
Both this study and that of Merckx and Van Dyck (2019)
used traps, which attract flying adult stages of Lepidoptera.
Such traps can attract selectively mobile large-sized species
from the surrounding good-quality habitats (e.g., a native
forest in this study). If most Lepidoptera caught from the
traps in the office campus arrived from forest, those moths
flew across the 100—-150 m wide poor habitat when seeking
for nectar. Thus, the most lepidopteran species caught from
the traps in office campus, primarily large noctuids or drepa-
nids, can cope with habitat fragmentation when the connec-
tivity between habitats is <100-150 m. The mobility of
lepidopteran species varies considerably, e.g., from 44 m of
Siona lineata (Geometridae) to 985 m of Anthocharis car-
damines (Pieridae) in a release experiment (Kuussaari et al.
2014). In another study, 4. cardamines belongs to a group of
butterfly species, which was able to exploit suitable habitat
patches (urban gardens) within 500 m distance but did not
coupe distances of > 1,000 m like the most mobile group of
butterflies in Barcelona, Spain (Pla-Narbona et al. 2022).
The latter study shows that mobility and the connectivity
between suitable habitats are key determinants of lepi-
dopteran communities in urban environments.

The lepidopteran species with poor mobility e.g., lim-
ited to <100 m, are not likely to occupy habitat patches
beyond their dispersal ability (Pla-Narbona et al. 2022). In
this study, Atolmis rubricollis was abundant in the forest but
absent from the office campus. The larvae of 4. rubricol-
lis feed on lichens growing on branches of trees, spruce in
particular (Hydén 2006) and obviously these moths avoided
open urban landscape with sparse trees in our study area.
The specialization on lichens and poor dispersal ability
make A. rubricollis comparable to other food specialists
with limited mobility, which tend to be the first to go locally
extinct in urbanization-related habitat fragmentation (Clark
et al. 2007; Kuussaari et al. 2021).

In this study, only one species, Agrotis exclamationis
(Noctuidae), was significantly more abundant in the office
campus than in the forest. According to Ahola and Silvonen
(2011), A. exclamationis is abundant in manmade surround-
ings and may avoid woodland (Table S4). The larva is
polyphagous on herbs (Table S4). Among abundant species,
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Oligia latruncula (Noctuidae), Acronicta megacephala
(Noctuidae), and Tethea or (Drepanidae), were as abundant
in the office campus as in the forest. The larvae of O. latrun-
cula live inside stems or sheaths of grasses (Ahola and
Silvonen 2011). Tethea or and A. megacephala are found
in open forests and parks with Populus tremula, the host
plant of their larvae (Mikkola et al. 1985; Ahola and Sil-
vonen 2011). Populus tremula was abundant in the forest
and planted in the office campus too. The urban traps caught
one Acronicta aceris (Noctuidae) moth, a new record for
the province of Central Finland and one of the northernmost
records of this species (Figure S3). The larvae of Acronicta
aceris feed on native Norway Maple (Acer platanoides)
and non-native Common lime (7ilia x europea) planted in
the office campus (Ahola and Silvonen 2011, Table S4).
When examined together, A. exclamations, O. latruncula,
A. megacephala, T. or, and A. aceris formed a group of spe-
cies, which can find a suitable habitat and larval foodplants
among the sparse vegetation of office campus. As this study
concerned adult states (imago), a part of moths found in the
traps of office campus may have emerged close to the traps
or been attracted to copulate or lay eggs on larval food-
plant. This study together with earlier findings indicates that
an urban landscape selectively hosts herbivorous insects
feeding on the planted native or non-native plant species
(Kowarik et al. 2019; Kopacka et al. 2021).

Acronicta aceris found in the office campus belongs to
a large group of warm-adapted lepidopteran species, which
are expanding their ranges northward (Hallfors et al. 2020).
The expansion history of A. aceris suggests that cities form
a frontline for the species expansion (Figure S3). This study
did not measure the temperature of office campus in the sub-
urb of Jyviskyld, but according to satellite measurements
the city of Jyvéskyld is 4.1 °C warmer than the surround-
ing rural area (OECD 2022). The elevated temperature in
the urban area can be expected to support the development
and increase the survival of 4. aceris, its hostplants Nor-
way Maple (Acer platanoides) and Common lime (7ilia x
europea) at Jyviaskyld situated in the North edge of their
distribution (Figure S3, Hamet-Ahti 1992). This study sug-
gest that warm urban thermal niches may have facilitated
the northward expansion of Acronicta aceris similarly as
found earlier for plants and birds (Murakami et al. 2007;
Zuckerberg et al. 2011).

How to mitigate biodiversity loss associated with
urbanization?

Based on the findings of the present study, we propose some
recommendations for maintaining species rich and abun-
dant native lepidopteran communities. In city planning, one
should (i) preserve hotspots of biodiversity such as native
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forests and (ii) maintain connectivity between forest patches
within the dispersal ability of Lepidoptera (Hansen et al.
2017; Meerow and Newell 2017). Our study suggests that
most but not all lepidopteran species can disperse between
habitats separated by the distance of < 150 m. When urban-
ization displaces forests, instead of non-native plants as the
ornamental green urban infrastructure, one should (iii) pre-
fer native keystone trees, such as Populus spp., which can
support larvae of several local lepidopteran species (Nara-
ngo et al. 2020; Burghardt et al. 2010; Tallamy et al. 2021).

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s11252-
023-01456-3.
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