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Abstract

Background: Urbanization process around the world has not only changed the patterns of land use, but also

fragmented the habitat, resulting in significantly biodiversity loss. Urban rivers, serve as one of the natural corridors in
urban ecosystems, are of importance for urban ecosystem stability. However, few studies have been done to explore
the relationship between vegetation and pollinators in urban river segments. In this study, two urban streams in the
city of Chongqing were selected as the study area, riparian vegetation, butterflies and bees were investigated along
all four seasons of a year to illustrate the spatial and temporal distribution patterns. Simultaneously, the ecological
functions of the river corridor were analyzed.

Result: In this study, 109 plant species belonging to 95 genera of 39 families were recorded; the number of sampled
species for butterflies and bees were 12 and 13, respectively. The temporal and spatial patterns of species diversity
among vegetation, butterfly, and bee are different, but the trends of variation among them are similar between the
two streams. Bees were found to be more closely correlated with native flowering plants in riparian zone, rather than
with cultivated riparian vegetation.

Conclusions: The native riparian vegetation in urban rivers plays an important role in urban biodiversity conserva-

tion by serving as a corridor. This study provides data supporting the protection of the remaining natural patches
and restoration of damaged habitats in the city. The survey has accumulated data on native riparian vegetation and

pollinators in urban rivers.
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Background

Human settlements and activities have converted pris-
tine natural areas for urbanization and agricultural pur-
poses [1]. In urban areas, urban development has become
increasingly domesticated ecosystems and landscapes
around the world [2-5], which results in habitat fragmen-
tation [6, 7]. In the process of urban development, urban
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landscape has undergone large-scale changes [8, 9]. In the
past decades, rapid urbanization throughout the world
have caused extensive loss of biodiversity [10]. Studies on
urban biodiversity and ecosystem services demonstrated
that the ecosystem consequences of local species loss are
as quantitatively significant as the direct effects of several
global change stressors [11, 12]. The changes of land use
that expressing degraded physical, chemical, and bio-
logical conditions in urban significantly damage the eco-
system service functions, i.e., microclimate, recreation,
stress reduction and habitat quality for biodiversity [13].
One of the most prominent examples is the reduction of
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urban vegetation caused by urbanization, which may fur-
ther lead to the reduction of pollinators [14]. Therefore,
conservation and restoration of the urban ecosystem are
of importance for urban sustainability [15].

Pollinators, i.e., bees and butterflies, are essential for
the reproduction of many plant species, providing vital
ecosystem services to various ecosystems on the earth
[16]. Plant—pollinator interaction is usually driven by abi-
otic factors, i.e., habitat loss and fragmentation may alter
pollinator visitation to vegetation by causing declines in
pollinator populations and changes in pollinator commu-
nity composition. These processes can affect pollination
function, especially for plant species dependent upon a
particular pollinator [17]. In urban ecosystems, the area
of natural vegetation decreases while simultaneously, cul-
tivated vegetation increases. The ecosystem services can
be assessed by linking the vegetation data matrix with
pollinators, thus, the vegetation succession driven by
humans can be analyzed via this linkage [17].

As in many species communication rely highly on nat-
ural vegetation as habitat, the reduction in the connec-
tivity these species have been observed frequently with
the intensive fragmentation in urbanization process [6,
12]. Urban river and the corresponding riparian zones,
ranging from several kilometers to a few tens of kilom-
eters, are important natural wildlife corridors [18]. The
high quality of corridors is benefit for moderating some
of the adverse ecological effects of habitat fragmentation
induced by urbanization process. However, urban rivers
are susceptible to severe habitat degradation and pollu-
tion in the past decade [19], and their ecological function
on linking the fragmented habitats is neglected. Conser-
vation, restoration and rehabilitation of the urban river
can not only benefit to the river ecosystem itself, but also
establish the network for biodiversity connections [20].
Reports showed that maintaining and restoring water-
shed vegetation corridors in urban landscapes can aid
efforts to conserve freshwater biodiversity [18]. There-
fore, as wildlife corridors, urban riparian habitat may
provide many ecological functions than we expect [21].

In the current study, we investigated riparian vegeta-
tion, bees and butterflies along two urban stream longi-
tudinal, located in the city of Chongqing, China. The aim
of the study was to illustrate the relationship between
plant and pollinator within urban stream corridors. We
hypothesized that the pattern of riparian vegetation and
pollinators is closely correlated, and simultaneously, the
riparian native (or authigenic) plants are considered to be
more corresponded to pollinators. To this end, the spatial
and temporal distribution patterns of vegetation and pol-
linators along with the urban river gradients were inves-
tigated, and simultaneously, analyzed their interactions
via cluster analysis. Finally, the impact of urbanization on
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river corridors as shown by vegetation and pollinators,
and conservation strategies of riparian ecological func-
tions are discussed.

Materials and methods

Field investigation

In the current study, two urban streams (Qingshui stream
and Phoenix stream) which are located at Shapingba dis-
trict of Chonggqing (Fig. 1) were selected, according to the
study by Rollin in other areas [22]. The Qingshui stream
(QS) and Phoenix stream (PS) both originate from the
Gele mountain with lengths of 15.9 km and 7.1 km,
respectively [19]. Along the stream longitudinal, 5 sam-
pling sites at the riparian zone of the QS and 4 sampling
sites for PS were set up, of which 3 transects with length
of 50 m along the stream were involved within each site
[23]. We used the method of Wu et al. with modification
based on the reality situation of the study area to indicate
3 classes of anthropization for the current study [24]. The
information of the sampling sites is summarized in Addi-
tional file 1: Table S1.

Pollinators

We conducted 11 times of field investigations between
April and December 2019, covering four seasons of a
year. The investigations were between 10:00 and 17:00 of
a day, and only during good weather [25]. The bees and
butterflies were net-captured for 30 min in each tran-
sect during the course of each investigation. We stored
all captured bees and butterflies for later identification.
Bees are identified by body characteristics such as mouth
parts, eyes (ocellus and compound eyes) and wings (fore-
wing and hindwing), while butterflies are identified by
characteristics such as wing size, shape and pattern [25].
In addition, we perform observation approach for those
species that were hard for capturing but could be iden-
tified immediately. We identified all specimens to the
highest taxonomic level possible, and for more difficult
specimens we allocated them to morphospecies.

Vegetation

Concerning the vegetation survey, the vegetation survey
was done four times of a year, representing four seasons.
As urban riparian vegetation in the study areas are herba-
ceous, we selected three 1 x 1 m? quadrats for investiga-
tion within each transect, and the species name, number
of individuals and number of flowering vegetation were
recorded in each quadrangle [26].

Data analysis

In order to recognize the overall patterns of diversity of
riparian vegetation and pollinators, analysis of a-diversity
is necessary in the current study. Of which Shannon
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Fig. 1 Spatial distribution of the study sites

Spatial distribution of the study sampling sites

Legend
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index represents the diversity of species in a community,
Richness indicates the total number of the species in a
community, while Pielou index shows a community with
perfect evenness. These indices illustrate the diversity
pattern from different perspectives [27]. The calculation
formulas are as follows:

(1) Shannon—Wiener index

H=-3 Pln®),
(2) Richness index

R =5,
(3) Pielou index

J= = > Piln(P;)
- In(s)

’

where P, is the ratio of the number of individuals to the
total number in group i; In(P,) is the natural logarithm of
the ratio of the number of individuals to the total number
in group i; In(s) is the natural logarithm of the number of
species.

(4) Clustering analysis

In this study, cluster analysis was used to study the
similarity among nine sample sites of the two streams.
First, the difference analysis between the two streams was
carried out. If there is no significant difference, the two

streams were combined for cluster analysis. In other case,
cluster analysis for the steams was performed indepen-
dently. The cluster analysis was calculated according to
Jaccard index of the f5 diversity [27].

All experimental data were analyzed using SPSS (IBM
SPSS Statistics 25, USA). When the assumption of homo-
geneity of variance was met, one-way ANOVA was used
to investigate the differences on spatial and temporal dis-
tributions. In other case, the Kruskal-Wallis H test was
employed. Pearson correlation was used to analyze the
relationship between pollinators and vegetation at the
95% confidence level.

Results

Species composition of pollinators and riparian vegetation
In this study, a total of 110 plant species belonging to 93
genera of 36 families were investigated within the river
banks of the two streams. In QS, the number of species
was up to 70, which belong to 61 genera and 27 families,
while that in PS were 71 species, 64 genera, 28 families
(Additional file 1: Table S2), respectively. The compo-
sition of plant species between QS and PS varied with
seasonal changes. Overall, the richness and abundance
of riparian plant in the streams are similar, whereas, the
composition of plant species varied significantly due to
the fact that only 31 species co-occurred within the twos.
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The number of collected butterflies was up to 726,
which belonged to 5 families, 10 genera and 11 species
(Additional file 1: Table S3). Of which, the butterflies
were obtained in QS belonged to 10 species of 9 genera
and 5 families. The dominant species were Pieris rapae,
Pseudozizeeria maha, and Symbrenthia lilaea, with a rel-
ative abundance of 35.96%, 25.62%, and 16.75%, respec-
tively. The number of butterflies in PS was 8 species, 7
genera and 4 families, which the dominant species were
P rapae (57.53%) and P. maha (23.29%). The captured
bees in QS amounted to 227, which belong to 10 species
and 4 families. The bees sampled in PS were 13 species,
belonging to 4 families (Additional file 1: Table S3, Figs.
S1-S4). Among which, the Apis cerana was pre-domi-
nated in QS with the proportion up to 88.60%. The pro-
portion A. cerana in PS was 32.56%, followed by Vespa
vulgaris (11.63%).

Temporal and spatial patterns of species diversity
The highest Shannon—Wiener and Pielou indices of bees
along the QS longitudinal were found at QS1, which were
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significantly higher than that in the other sites of QS,
while the richness of bees did not vary significantly along
the stream longitudinal (Fig. 2a—c). Unlike bees, the pat-
terns of butterflies and riparian vegetation did not vary
distinctly along the QS longitudinal (Fig. 2d—i). There was
no significant difference in the diversity of bees, butter-
flies and vegetation among the four PS study sites (Fig. 3).

The richness of bee in QS varied with the seasons,
the highest one was observed in spring, then the value
decreased with time. In contrast, Shannon—Wiener and
Pielou indices only changed slightly (Fig. 4a). Similarly,
the high richness of bee in PS were found in spring and
summer. The other two indices showed no significant
seasonal fluctuation (Fig. 4d). The patterns of butterfly
diversity in QS and PS varied distinctly along the season.
The butterfly diversity peaked in spring and summer, and
decreased rapidly in autumn and winter (Fig. 4b and e).
Regarding the riparian vegetation, the temporal patterns
in QS and PS were different, in which a decrease trend
from spring to winter was found in QS while the increase
trend was obtained from PS (Fig. 4c and f).
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The similarity and correlation analysis

The results of cluster analysis are shown in Fig. 5, indi-
cated that for bees, the habitats in downstream of QS
was similar to PS, and the species distribution in upper
and middle reaches of QS was categorized as a group
(Fig. 5a). Regarding butterfly, the pattern of butterfly was
clustered into five categories (Fig. 5b), implying that the
habitat heterogeneity was more complex than that for
bees. Concerning vegetation, the vegetation distribution
similarity of PS sites was slightly higher than that of QS
sites (Fig. 5¢). Overall, there was no obvious commonality
among the distribution of bee, butterfly and vegetation.
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There was no significant correlation between bees
and vegetation in both rivers (Fig. 6a, b). Likewise, the
correlation between butterflies and vegetation in QS
was not closely, but that for butterfly richness and veg-
etation diversity index in PS was remarkable (p <0.05).
In QS, the richness and quantity of bee were significant
correlation with the native flowering vegetation rich-
ness (p<0.01) and abundance (p <0.05). However, this
was not found for between butterfly and native flow-
ering vegetation. In contrast, the richness of bee was
significantly correlated with the abundance of native
flowering vegetation (p <0.05), and the richness of but-
terfly was significantly correlated with the abundance
of native flowering vegetation in PS (p <0.05) (Fig. 6c,
d).
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Discussion

Effects of urbanization on river corridor

Urbanization alters the matrix and patch of natural land-
scape of the city, making differences between natural and
planted vegetation patch. The urban diversity changed by
urbanization in Chongqing had been studied for a dec-
ade, which mainly focused on butterfly and vegetation
dynamics along with the urbanization gradients. Yan
(2006) reported that even in city park with relatively high
plant diversity, the butterfly richness still less than those
in natural vegetation of suburbs [28]. These results were
quite different from that in Europe, where cities have
strong potential to provide natural and semi-natural
habitats for different groups of pollinators [29]; whereas,
the reason of different linkages between urban vegetation
and pollinator could be the different garden management
measures, variations on the human activities, and as well
as species differences between the two regions.

The composition and distribution of vegetation patches
are important to migration of animals. Natural vegeta-
tion is usually considered as ecological corridor, which
connects with other vegetation strips to create migration
routes and provide shelter for animals [30]. Scott et al.
(2010) showed that the activity and feeding behavior of

pipistrelle bats were closely correlated with the quality of
riparian buffer zones [31]. Similar, Villemey et al. (2018)
reported that linear transportation infrastructure verges
constitute a habitat and/or a corridor for insects [32].
Gray et al. (2022) indicated recently that the important
use of riparian buffers in oil palm plantations for forest-
dependent dung beetle species [33]. Furtherly, fauna
could even adapt to alternation of landscape corresponds
to the fluctuation of the flood [34]. Hence, complex eco-
logical processes inherent to intact riverine landscapes
are reflected in their biodiversity [34]; whereas, questions
still exist on what the pattern of diversity will be and do
the riparian zone functional during the changes on the
riverine.

Human interruptions to the dynamics of pollinators
along riversides are mainly from changing the riparian
plant community properties [35]. Although a total of 26
pollinators were found in QS and PS, of which 6 were
unique to PS. the dominant species between the two
rivers were different. In the QS, the dominant species
ranged from 2 to 4, but that for PS were higher. This indi-
cated that the vegetation patches in PS were suitable for
most pollinators. Our study found that there was an obvi-
ous difference on the distribution of pollinators between
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QS and PS. Our study found that there was an obvious
difference on the distribution of pollinators between QS
and PS. The richness of pollinators in QS was significantly
lower than that in PS, while the abundance of pollinators
in QS was significantly higher than that in PS. As a result,
the original normal distribution characteristics of polli-
nators become low abundance and large number distri-
bution characteristics. On the one hand, this pattern may
be caused by indirect interference of human activities,
which made the habitats of QS and PS suitable for differ-
ent plant growth. QS runs almost across the city, which
made the microclimate of QS more suitable for some
disturbance resistant plants [36]. This was why Humulus
scandens, a highly adaptable plant, can be found on every
site in QS. Except for the lower reaches, PS were within
the city. Thus, during the investigation, the seasonal
dominant plants in PS were, e.g., Senccio oldhamianus
in spring, Galinsoga parviflora in summer, Clinopodium
chinense in fall, and Cardamine leucantha in winter), and
Humulus scandens was rarely been found. On the other
hand, it might be due to the direct interference of human
activities. The vegetation in many sites of these urban
rivers has been destroyed. For example, the vegetation
of QS3 was destroyed by the used of herbicides in sum-
mer. The vegetation of QS5 has also been damaged due to
riparian engineering construction, while in PS, the down-
stream reaches were strongly disturbed by human activi-
ties. This was also the reason why in the cluster analysis,
the sampling spots in the lower reaches of both QS and
PS were similar. In contrast, the vegetation patterns in the
upper and middle reaches of the PS were relatively stable.
A possible reason could be the variation on the riparian
habitat between the two streams, which provides differ-
ent ecological quality for different species. In QS, ripar-
ian area was seriously disturbed by human activities, in
particular in sites of the middle reaches (QS2 and QS3),
while in PS, the downstream reaches were strongly dis-
turbed by human activities, because these reaches were
within the tourist site. These factors lead to the destruc-
tion of vegetation patches in rivers, since the damaged
vegetation patches decrease many ecological functions
of riparian ecosystem, one of which was the interrup-
tion of river corridors. If only plant species diversity were
studied, no differences between patches would be found,
because most of the vegetation patches destroyed were a
reduction in the number of individual species (see Figs. 2
and 3).

Implications for urban management and development

Biodiversity conservation in urban ecosystem, in particu-
lar for those rapid urbanization cities, is vital for mainte-
nance ecosystem functions. Actions that maintain large
contiguous greenspace in the landscape and establish
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native plants would support the conservation of bees and
wasps [30]. Non-native plant species together with man-
aged vegetation may have powerful effects in urban habi-
tats via changes in community-level plant phenology and
consequent changes in pollinator phenology [17]. Study
has shown that bees and hoverflies were more frequently
captured in the remnant native habitat, while beetles
(Coleoptera), butterflies/moths (Lepidoptera) were more
frequently observed in the urban residential regions in
Melbourne, Australian [34, 37]. The bumble bee abun-
dance increased with local floral abundance, besides, not
the tree species but weedy margins and weedy plant spe-
cies provide important resources to bumble bees [38].
This is in line with bee species, whose richness was found
to be positively but nonlinearly related to grassland habi-
tat area [39]. The quality of corridors can alter pollina-
tor behavior, i.e., times of visiting, frequencies, etc., and
thus further affect the vegetation succession. The over-
all hedgerow connectedness of a landscape is therefore
important both to bumblebee movement and to those
plants which depend on bumblebees for pollination ser-
vices [40].

Concerning river corridor, there was a positive correla-
tion between fragment size and orchid bee species rich-
ness and abundance in riparian zone in an urban matrix
of southwestern Brazilian Amazonia [41]. Small popu-
lations of Lychnis flos-cuculi along an urban river may
still exchange pollen due to pollinator movements, and
might therefore be regarded in management planning as
potential connecting components between populations
[42]. Overall, the studies presented above have shown
the importance of native vegetation and corridor for pol-
linators in urban ecosystem. Conservation remnant natu-
ral habitat along the river corridor is critical for species
migration, ie., invertebrates, birds, and thus the urban
ecosystem function, i.e., diversity conservation, can be
effectively improved [43].

Conclusions

In the process of urban development, the question of main-
taining biodiversity is one of the main challenges. This
study provides an insight for the development of landscape
pattern in cities. The native riparian vegetation in urban
rivers with adaptation to local climate environments, are
better for biodiversity conservation, such as pollinators.
The bees and butterflies were closely correlated with flow-
ering vegetation along the riparian zone, showing the cor-
ridor functions which can help for species migration and
connectivity. The city ecological corridor network could
be established with different urban rivers. In addition, pro-
tecting the remaining natural patches and restore damaged
habitats, for instance, by natural based solutions, are highly
recommended [44]. Although the current study clarified
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the importance of urban rivers as corridors for bees and
butterflies, whether it is important for other pollinators is
also necessary, which should be done in the future study.
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