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Fine-scale butterfly community and trait diversity in a structurally complex urban green
space in West London. Bangay, R. — Urban and peri-urban landscapes represent increasingly
important reservoirs for biodiversity conservation, yet our understanding of community struc-
ture and genetic variation maintenance in these fragmented environments remains limited. I in-
vestigated butterfly communities and wing pattern polymorphism across four structurally dis-
tinct habitats (grassland, hedgerow, woodland edge, and woodland) within a 10ha peri-urban site
in West London. Over two summer months, standardized transect surveys recorded 2,786 indi-
viduals representing 23 species. Woodland edge and hedgerow habitats supported the highest di-
versity (21 species each), while grassland and woodland showed lower richness (17 and 13 species
respectively). Five species dominated the community, with Maniola jurtina (Meadow Brown) and
Aphantopus hyperantus (Ringlet) comprising 51% of total abundance. Mendelian analysis of wing
spot polymorphism in these focal species revealed inheritance patterns consistent with dihybrid
F2 expectations, independent of habitat context but showing significant sexual dimorphism in
M. jurtina. These findings demonstrate that small, structurally complex peri-urban habitats can
maintain both species-level and genetic diversity, highlighting their conservation value and the
importance of preserving habitat heterogeneity in urban planning strategies.
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Introduction

The transformation of natural landscapes into urban and peri-urban mosaics
represents one of the most significant global environmental changes of the 21st
century. While urbanization has traditionally been viewed as detrimental to bi-
odiversity, there is growing recognition that urban environments can serve as
important refugia for species and maintain ecological processes when appropri-
ately managed. This paradigm shift is particularly relevant for invertebrate com-
munities, which often exhibit high diversity in urban green spaces and contrib-
ute substantially to ecosystem functioning.

Butterflies serve as excellent indicators of ecosystem health and habitat qual-
ity due to their sensitivity to environmental changes, specific habitat require-
ments, and relatively well-understood ecology (Pollard & Yates, 1993). In the
United Kingdom, butterfly populations have experienced substantial declines
over recent decades, with habitat loss, fragmentation, and climate change identi-
fied as primary drivers (McDermott Long et al., 2017). Despite these broader
trends, urban and peri-urban environments may provide important stepping-
stones and refugia for butterfly populations, particularly when they contain di-
verse microhabitats that can support different ecological requirements (Dennis
etal., 2013).

The maintenance of both species-level and genetic diversity in fragmented
landscapes depends critically on habitat structure and connectivity (Dunning et
al., 1992). Edge habitats, in particular, have been recognized for their potential to
support high biodiversity by providing transitional zones between different hab-
itat types. However, the mechanisms underlying community assembly and ge-
netic diversity maintenance in these environments remain poorly understood,
particularly at the fine spatial scales relevant to urban planning and management
(Saccheri et al., 1998).

Meadow Brown — Maniola jurtina (Linnaeus, 1758) and Ringlet — Aphan-
topus hyperantus (Linnaeus, 1758), are among the most widespread and abun-
dant butterfly species in the UK, characterized by notable wing spot polymor-
phisms that have been extensively studied in rural and island populations
(Brakefield & French, 1993; Brakefield, 1979). These polymorphisms follow
Mendelian inheritance patterns and provide an excellent system for investigat-
ing how urbanization and habitat fragmentation influence genetic diversity
maintenance (Creed et al., 1964; Newland et al., 2015). Previous research has
focused primarily on large-scale geographical variation or isolated populations
(Dowdeswell et al., 1960; Creed et al., 1970, Baerwaerts et al., 1998), leaving gaps
in our understanding of genetic variation at the scale of individual urban sites.

This study addresses two primary questions: (1) How do butterfly abun-
dance and species richness vary across structurally distinct habitats within a
small peri-urban landscape? (2) Are classic Mendelian wing spot polymorphisms
maintained in urban butterfly populations, and do they show habitat-specific or
sex-linked variation? By integrating community-level surveys with phenotypic
genetic analysis, I provide insights into both ecological and evolutionary pro-
cesses operating in urban environments.
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Material and Methods

Study Site and Habitat Classification. Research was conducted at a 10 ha
site in Heston, West London (51°29' N, 0°22' W), adjacent to Osterley Park (Nation-
al Trust) and surrounded by agricultural land, residential areas, and transport infra-
structure and the M4, one of the busiest motorways in the UK. The site represents a
typical peri-urban mosaic containing multiple habitat types within close proximity.
Four distinct habitats were identified based on vegetation structure (Fig. 1, a), cano-
py cover, and management history: (1) Grassland — open areas dominated by
grasses and herbs with <10% tree cover (Fig. 1, b); (2) Hedgerow — linear woody
features comprising mixed native shrubs and trees, 2-5 m wide; (3) Woodland
edge — transitional zones between woodland and open areas, characterized by par-
tial canopy cover (30-70%) and high structural diversity; (4) Woodland — closed
canopy areas with > 80% tree cover and sparse understory vegetation.

Butterfly Surveys. Between 29 June and 30 August 2019, standardized line
transects were conducted in each habitat type. Twenty-five surveys were completed
per habitat (100 total surveys), with each transect comprising six stops at 50m inter-
vals along a predetermined route (Fig. 1, a). At each stop, all butterflies observed
within a 4m radius during a 2-minute observation period were recorded, identified
to species level, and photographed for verification when necessary.

Surveys were conducted between 10:00 and 16:00 hours on days with suitable
weather conditions (temperature >15 °C, wind speed < Beaufort scale 4, no precipi-
tation). Climatic variables (temperature, cloud cover percentage, wind strength)
were recorded at each survey to assess their influence on butterfly activity and de-
tectability.

Plant Community Assessment. Concurrently with butterfly surveys, all
flowering vascular plants within each transect were identified and recorded to pro-
vide context for nectar resource availability and habitat characterization. Plant diver-
sity indices were calculated to examine relationships between plant and butterfly
community structure.

Fig. 1. Butterfly sampling habitats and transects: @ — map of areas surveyed for each habitat.
Lines indicating layout of transects and yellow dots indicate starting positions (a — grassland,
b — hedgerow, ¢ — woodland, d — woodland edge). © Google maps; b — grassland habitat
dominated by grasses and wildflowers
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Phenotypic Data Collection. Adult M. jurtina (n = 80) and A. hyperantus
(n = 51) were captured using sweep netting during survey periods. Each individual
was sexed, photographed to record ventral wing spot patterns, and measured for left
forewing length using digital calipers (+0.01 mm). All captured individuals were
marked with small dots of non-toxic paint and immediately released at the point of
capture to prevent re-sampling.

Wing spot patterns were scored according to established protocols, with M. jur-
tina assessed for forewing (0-2 spots) and hindwing (0-3 spots) spot counts, and
A. hyperantus assessed for forewing (2-3 spots) and hindwing (5-6 spots) combina-
tions. Digital photographs were analyzed using Image] software to ensure accurate
spot counting and provide permanent records.

Statistical Analysis. Community-level analyses examined habitat differenc-
es in butterfly abundance and species richness using one-way ANOVA when as-
sumptions were met (verified using Shapiro-Wilk and Levene’s tests), or Kruskal-Wal-
lis tests when assumptions were violated. Post hoc comparisons used Tukey’s HSD or
Dunn’s tests as appropriate. Diversity indices (Shannon-Weiner, Simpson’s, Berg-
er-Parker dominance) and community similarity (Bray-Curtis dissimilarity) were
calculated from species abundance matrices. The effects of climatic variables on
community metrics were assessed using linear regression.

Wing spot polymorphism frequencies were compared to expected Mendelian
dihybrid F2 ratios (9:3:3:1) using chi-square goodness-of-fit tests. Habitat and sex
effects on spot patterns were analyzed using Pearson’s chi-square or Fisher’s exact
tests depending on sample sizes. Sexual size dimorphism was assessed using two-
way ANOVA with sex and habitat as factors. All analyses were conducted in R ver-
sion 4.0.3, with significance set at a = 0.05.

Results

Community Structure and Diversity. A total of 2,786 butterflies represent-
ing 23 species were recorded across all surveys. Species richness was highest in
woodland edge and hedgerow habitats (21 species each), intermediate in grassland
(17 species), and lowest in woodland (13 species). Total abundance showed a similar
pattern, with woodland edge recording the highest numbers (1,029 individuals), fol-
lowed by grassland (775), hedgerow (676), and woodland (306).

Five species dominated the community, accounting for approximately 85% of all
observations (Fig. 2, a): M. jurtina (33.3%), A. hyperantus (18.0%), Skipper species
complex (17.2%), Pyronia tithonus (Linnaeus, 1771; Gatekeeper, 11.1%) and Pararge
aegeria (Linnaeus, 1758; Speckled Wood, 6.5%). This dominance pattern resulted in
low community evenness across all habitats, as indicated by high Berger-Parker
dominance values (Table 1).

Significant differences in abundance were detected among habitats (Fs,e6 = 15.2,
P < 0.001), with woodland supporting significantly fewer individuals than all other
habitat types (Fig. 2, b). Species richness per survey also varied significantly among
habitats (H = 18.7, P < 0.001), with woodland edge and hedgerow supporting higher
diversity than grassland and woodland (Fig. 2, ¢).
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Seasonal patterns showed peak abundance and richness in July, with a sharp
decline in August (Supplementary Fig. Sla & b). Temperature showed a weak nega-
tive relationship with both abundance (R* = 0.26, P < 0.05) and richness across hab-
itats (Supplementary Fig. S3), while cloud cover positively influenced species rich-
ness in hedgerow habitats (R* = 0.16, P < 0.05) (Supplementary Fig. S5).
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Fig. 2. Butterfly community composition across habcitats: a — ranking of butterfly species based on
proportional abundance from the total of 2786 butterflies recorded; ¥ — mean butterfly abundance
per survey for each habitat. Standard errors for each habitat are represented by bars; c — mean species
count per survey calculated from 25 surveys of each habitat. Single letters (a-c) indicate significant
differences between means. Habitats with common letters signify non-significant differences
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Plant community diversity followed similar patterns to butterfly diversity, with
woodland edge supporting the highest floral richness (27 species) and woodland the
lowest (14 species). Bray-Curtis dissimilarity revealed that grassland and woodland
had the most dissimilar species compositions (89.9% dissimilarity), while woodland

edge and hedgerow showed the highest similarity (74.6% similarity) (Table 2).
Wing Spot Polymorphism and Genetics. Eight distinct forewing/hind-
wing spot combinations were observed in M. jurtina, and four combinations in

Table 1. Overall species abundance and rank order for each species
identified throughout the survey. Berger-Parker Dominance shows the proportion
of dominance of each species from the total butterfly abundance

Abun- Berger-Parker
Species Latin Name Rank | Dominance
dance Proportion
Meadow Brown Maniola jurtina 927 1 0.33
Ringlet Aphantopus hyperantus 501 2 0.18
Skippers (Large, Small, Ochlodes sylvanus (Esper, 1777); Thymeli- 478 3 0.17
Essex) cus sylvestris (Poda, 1761); Thymelicus
lineola (Ochsenheimer, 1808)
Gatekeeper Pyronia tithonus 309 4 0.11
Speckled Wood Pararge aegeria 180 5 0.06
Brown Argus Aricia agestis (Denis & Schiffer- 77 6 0.03
miiller, 1775)

Green Veined White Pieris napi (Linnaeus, 1758) 60 7 0.02
Common Blue Polyommatus icarus (Rottemburg, 1775) 39 8 0.01
Small White Pieris rapae (Linnaeus, 1758) 38 9 0.01
White Letter Hairstreak  Satyrium w-album (Knoch, 1782) 28 10 0.01
(UKBAP Priority, EN)

Comma Polygonia c-album (Linnaeus, 1758) 24 11 0.01
Red Admiral Vanessa atalanta (Linnaeus, 1758) 23 12 0.01
Peacock Aglais io (Linnaeus, 1758) 22 13 0.01
Purple Hairstreak (Pro-  Favonius quercus (Linnaeus, 1758) 19 14 0.01
tected)

Holly Blue (Protected) Celastrina argiolus (Linnaeus, 1758) 14 15 0.01
Small Tortoiseshell Aglais urticae (Linnaeus, 1758) 14 16 0.01
Large White Pieris brassicae (Linnaeus, 1758) 13 17 0.00
Small Copper Lycaena phlaeas (Linnaeus, 1761) 12 18 0.00
Painted Lady Vanessa cardui (Linnaeus, 1758) 5 19 0.00
Marbled White Melanargia galathea (Linnaeus, 1758) 2 20 0.00
Small Heath (UKBAP Coenonympha pamphilus (Linnaeus, 1 21 0.00
priority, NT, Protected) ~ 1758)

Total 2786 1
Table 2. Bray-Curtis index indicating similarity

in species composition between each habitat

Bray-Curtis Index Hedgerow, % | Woodland, % W. Edge, %

Grassland 46.42 10.10 45.55

W. Edge 74.59 28.81

Woodland 42.42
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A. hyperantus. In both species, observed frequency distributions did not differ sig-
nificantly from expected Mendelian dihybrid F2 ratios, indicating strong genetic
control of spot patterns independent of environmental influences (Fig. 3, a, b).

For M. jurtina, no significant habitat effects on spot distribution were detected
(x> =0.61, df = 1, P > 0.05). However, significant sexual dimorphism was observed,
with males more likely than females to possess two hindwing spots (Fisher’s exact
test, P < 0.05) (Fig. 3, ¢). The observed pattern closely matched theoretical expecta-
tions for sex-linked inheritance of spot number traits.

A. hyperantus showed no significant habitat (Fisher’s exact test, P > 0.05) or sex
effects (Fisher’s exact test, P > 0.05) on wing spot patterns, with frequencies closely
approximating expected Mendelian ratios across all categories (Fig. 3, d).

Sexual Size Dimorphism. Both species exhibited significant sexual size di-
morphism, with females displaying longer forewings than males. In M. jurtina, fe-
males averaged 25.08 mm compared to males at 23.70 mm (F,,76 = 28.67, P < 0.001).
Similarly, A. hyperantus females averaged 23.00 mm versus males at 21.12 mm
(F1,47 =58.17, P < 0.001). No significant habitat effects or sex-by-habitat interactions
were detected for wing size in either species (Fig. 4, a, b).

27 n =40 n=40

. | E Male

)
=
[e2]
o
2
=
o

(3]
wl

)
=~

Mean Forewing Length (mm)
(3]
(98]

22

Grassland W. Edge
Habitat

25

24

23

22

Mean Forewing Length (mm)

21

20 |

Hedgerow W. Edge
Habitat

Fig. 4. Sexual size dimorphism in forewing length across habitats: a — forewing size of M. jurtina comparison between males
and females collected in grassland and woodland edge; b — forewing size of A. hyperantus comparison between males and
females collected from hedgerow and woodland edge
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Discussion

This study provides compelling evidence that small peri-urban habitats can support
substantial butterfly diversity and maintain genetic polymorphisms at fine spatial
scales. The observed patterns highlight the conservation value of structurally com-
plex urban environments and provide insights into community assembly processes
in fragmented landscapes (Dennis et al., 2013; Van Dyck & Baguette, 2005).

Habitat Structure and Community Assembly. The higher diversity
and abundance in woodland edge and hedgerow habitats reflects the importance
of structural complexity and resource heterogeneity in supporting butterfly
communities (Lebeau et al., 2015; Essens et al., 2017). These transitional habitats
provide diverse microclimates, increased floral resources, and varied microhab-
itats that can support species with different ecological requirements. The edge
effect creates favorable conditions for both woodland specialists and open-habi-
tat species, effectively expanding the realized niche space available within the
site (Shapiro & Carde, 1970).

The dominance of generalist species like M. jurtina and A. hyperantus is charac-
teristic of fragmented urban environments where habitat specialists may be filtered
out by limited patch size or connectivity. However, the presence of conservation pri-
ority species demonstrates that even small urban sites can contribute to regional
conservation efforts.

Genetic Diversity Maintenance. The maintenance of Mendelian wing
spot polymorphisms in both focal species, with frequencies closely matching theo-
retical expectations, indicates that urban populations retain substantial genetic di-
versity despite potential demographic constraints (Brakefield & French, 1993; Sep-
panen, 1981). The absence of habitat-specific deviations from expected ratios sug-
gests that local selection pressures are insufficient to override genetic effects, or that
gene flow maintains genetic variation across the site.

The sex-linked differences in M. jurtina spot patterns are consistent with previ-
ous research on this species and reflect the genetic architecture of spot determina-
tion rather than environmental influences (Creed et al., 1964). The preservation of
these sex-specific patterns in urban populations indicates that fundamental genetic
processes remain intact despite the potentially stressful urban environment.

Conservation Implications. These findings have several important impli-
cations for urban conservation and planning. First, they demonstrate that relatively
small peri-urban sites can serve as significant reservoirs of both species and genetic
diversity when they contain appropriate habitat heterogeneity. The 10ha study site
supported 23 butterfly species, representing approximately 40% of British butterfly
fauna, highlighting the disproportionate conservation value of well-designed urban
green spaces.

Second, the superior performance of edge and hedgerow habitats emphasizes
the importance of maintaining structural complexity in urban environments (Van
Dyck & Baguette, 2005). Linear features like hedgerows can provide connectivity
between habitat patches while supporting high local diversity. Urban planners should
prioritize the creation and maintenance of such transitional habitats rather than fo-
cusing solely on large homogeneous green spaces.
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Climatic Influences and Phenology. The weak effects of climatic varia-
bles over the study period suggest that habitat structure plays a more important role
than short-term weather variation in determining community patterns (Kharouba &
Vellend, 2015). The negative relationship between temperature and abundance may
reflect behavioural responses to thermal stress, while the positive influence of cloud
cover on hedgerow richness could indicate extended activity periods under more
favourable microclimatic conditions (Bennie et al., 2008).

The sharp decline in abundance and richness from July to August highlights the
importance of phenological synchrony between butterfly emergence and resource
availability (McDermott Long et al.,, 2017). This pattern emphasizes the need for
urban habitat management that maintains diverse flowering resources throughout
the butterfly activity season.

Sexual Size Dimorphism Patterns. The pronounced sexual size dimor-
phism observed in both species, with females consistently larger than males, is con-
sistent with established patterns in Satyrinae butterflies and reflects evolutionary
pressures related to fecundity and reproductive success (Wiklund & Karlsson, 1988;
Gilchrist, 1990). The absence of habitat effects on size dimorphism suggests that this
trait is primarily under genetic rather than environmental control, even in heteroge-
neous urban environments.

Limitations and Future Directions. This study’s temporal and spatial
scope, while intensive within its bounds, limits the generalizability of findings.
Longer-term monitoring would provide insights into population stability and the
temporal persistence of genetic polymorphisms. Additionally, expanding the study
to multiple urban sites would allow assessment of regional patterns and the role of
connectivity in maintaining diversity.

Future research should also investigate the demographic processes underlying
the observed patterns, including dispersal rates, reproductive success, and survival
across different urban habitat types. Molecular genetic approaches could provide
more detailed insights into gene flow and population structure at both local and re-
gional scales.

Conclusions

This study demonstrates that peri-urban habitats, particularly those with high
structural complexity such as woodland edges and hedgerows, can support re-
markable butterfly diversity and maintain important genetic polymorphisms.
The close correspondence between observed and expected Mendelian ratios for
wing spot traits, combined with the preservation of sexual dimorphism patterns,
indicates that fundamental evolutionary processes remain intact in these urban
environments.

The findings strongly support the conservation value of maintaining habitat het-
erogeneity in urban planning and highlight the potential for relatively small green
spaces to contribute meaningfully to regional biodiversity conservation. As urbani-
zation continues to accelerate globally, understanding and optimizing the ecological
function of urban habitats becomes increasingly critical for maintaining both spe-
cies diversity and evolutionary potential.

ISSN 2707-725X. Zoodiversity. 2026. Vol. 60, No. 2



Fine-Scale Butterfly Community and Trait Diversity in a Structurally Complex 137

The integration of community ecology and population genetics approaches
employed here provides a robust framework for evaluating urban habitat quality
and should be considered in future assessments of urban biodiversity conservation
strategies. By demonstrating that urban environments can maintain both ecologi-
cal and genetic diversity, this work contributes to the growing recognition that
cities and their surrounding landscapes represent important frontiers for 21st-cen-
tury conservation.
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