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Abstract
Globally urban wetlands are under high anthropogenic pressure of degradation. Urban
wetlands are hotspots for species losses and rapid turnover in species assemblages.
Therefore, studying such wetlands may provide an estimate of the pace of local ex
tinction, concerning wetlanddependent species such as odonates. We undertook
a study to document odonate species across a tropical urbanization gradient. We
sampled six localities across the gradient across the Mula River that flows through
the Pune City, India. We sampled adult odonates using a newly devised Halfcircle
Point Count method from September 2016 to March 2017. We took multiple temporal
replicates per site. We also sampled larvae across six sites once in November 2016. We
measured site characteristics such as canopy cover, solid waste, and water turbidity
to understand the level of disturbance at each site. We recorded 41 odonates, six
species (primarily Gomphidae members) exclusively from the larval sampling. We did
not find the localization of species in a particular site across the urbanization gradient,
possibly because we sampled a relatively short stretch of the river to capture the varia
tion. Here, we update the Odonata list of Pune including data on larvae. We demonstrate
that larval sampling complements Odonata surveys, especially in recording Gomphids.
We recommend future research to include a longer timespan and extensive sampling area.

Key words: Gomphids, Larval sampling, Mula River, Species assemblage, Urban wetlands

Introduction
Globally freshwater wetland habitats are in crisis (Polhemus 1993, Clausnitzer et al.
2009). With an everexpanding human population in tropical developing countries,
anthropogenic pressure on freshwater wetlands is increasing day by day. Therefore,
the protection and conservation of freshwater wetlands have become the need of
the hour. Protection of such habitats is partially taken care by recommendations pro
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vided through Ecological Impact Assessments (EIAs). Many EIAs and other ecological
studies rely on biological indicators for assessing habitat quality. Odonates are used as
ecological indicators along with the other invertebrates (GómezAnaya & Novelo
Gutiérrez 2015, ValenteNeto et al. 2016, Martins et al 2017) for assessing freshwater
habitats, for instance, determining the status of river and floodplain systems (Gerlach
et al. 2013). Because of their high sensitivity to multiple environmental stressors such
as pollutants and temperature changes, the impacts of urbanization on odonates could
be drastic leading to displacement, reduction in population, and local extinction
(reviewed in VillalobosJiménez et al. 2016). Cities necessarily modify the regional spe
cies pools (Goertzen & Suhling 2014). Depending upon the impacts of urbanization
on freshwater ecosystems, the Odonata fauna in the cities may vary and therefore, cities
have a good potential to host odonate diversity and conserve it. Having said this, species
responses to their habitat may vary spatiotemporally. Therefore, it is of primary importance
first to test if a species or a species assemblage can be used as a proxy of habitat
quality it represents. Till now, most of the studies have focused on understanding the
habitat and pollution responses of temperate odonates. There is scanty research
material available, especially from tropical Asian countries. Kutcher & Bried (2014)
show that for identifying indicator species, a thorough understanding of its habitat
and pollution covariates is necessary. Koparde (2016) argue that species responses
may change across regions and habitat parameters; therefore, it is mandatory to first
understand the response of a range of such potential indicator species, before using them
as a proxy of habitat health.

Another much overlooked issue in odonatological studies today is the use of nonstand
ardized counting methods. Especially, in the case of India, there is not a single study
mentioning standardization of sampling methods. All of the studies rely on transect
and sweep net method which may not be the bestsuited methods for standardized
sampling of adult odonates. Studies pertaining to odonate diversity in India have so

Figure 1. Map of selected sites of Mula River, Pune (Google Inc. 2017). The red dots
indicate studied sites. Mulshi is the farthest site from urbanization. The white on the map
indicates the builtup area.
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Figure 2. Representative photograph of one of the sampled sites (Aundh) in a high
ly urbanized area. This part of the Mula River gets solid waste (including plastic bottles)
directly thrown into the water by passersby. The green vegetation is Lemna spp. (Photo
graph: Pankaj Koparde).

far focused on adult odonates, except few on larvae (Prasad & Varshney 1995, Sharma &
Rawat 2009). Since odonate larvae are underwater predators, they are the most sen
sitive odonate life stage when it comes to water quality. Apart from their ecological
qualities, adult sampling if coupled with larval sampling can aid in better understanding
the diversity of the region (Raebel et al. 2010, Bried et al. 2012, Kutcher & Bried 2014,
Jeanmougin et al. 2014). Use of complementary methods in faunistic studies has been
suggested to better capture the diversity, especially in the case of elusive groups such
as Gomphidae (Almeida et al. 2013).

To further explore these ideas, we chose to work on the Mula River that flows across
the metropolitan city of Pune in India. As a part of this project, we conducted a series
of surveys to capture Odonata diversity across an urbanization gradient by sampling
both adult odonates and larvae.

Material and Methods
1. Study Area

We used Bhuvan Portal maps (<http://bhuvan.nrsc.gov.in/bhuvan_links.php>) to as
sign the sites. We selected six sites along Mula River, Pune, India from Mulshi to RTO
(Figures 13, Table 1), spread across a high to low urbanization landuse. Each site
was five km apart (linear distance) from its adjacent sites. We assigned these sites
considering the landuse around them. Sites which fall in the city centre or near to
the city centre, having a heavy builtup area around were considered as highly ur
banized (High Urbanization) and likewise we identified the urbanization gradient. We
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measured the linear distance of each site from the city centre using the distance
tool in Google Earth Pro 7.3.0.3832 (Google Inc. 2017). The number of sites was determined
to best capture the identified urbanization gradient starting from pristine areas such
as Mulshi (Low Urbanization) to highly polluted areas such as RTO (High Urbanization)
over 25 km long stretch of the river.

Figure 3. Representative photograph of one of the sampled sites (Mulshi) in a low
urbanized area, which is also the farthest site from the city centre. This part of the Mula
River was cleanest as compared to all other sites. The site is surrounded by moist
deciduous forest in hilly terrain. (Photograph: Pankaj Koparde).

Table 1. Site locations. On an urbanization gradient, Mulshi is the farthest from the Pune
City centre.
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2. Data Collection – Adult Odonates

We used Halfcircle Point Count (HCPC) method to sample adult odonates after due
standardization at one of the study sites (Aundh). We found that the HCPC technique
as the most efficient technique in capturing the accurate estimate of species richness
among four techniques compared, Fullwidth Belt Transect (FWBT), Halfwidth Belt
Transect (HWBT), Fullcircle Point Count (FCPC), and Halfcircle Point Count (HCPC)
(details in Darshetkar et al. unpublished data). We sampled adult odonates during
09001100 hrs (September 2016 to April 2017), following Kulkarni & Subramanian (2013).

Figure 4. The scoopnet method was used to catch odonate larvae. In the photo
graph above, PD is sampling larvae at Paud site. (Photograph: Pankaj Koparde).

Figure 5. The debris collected in the scoopnet was transferred to a white porcelain
tray and odonate larvae were picked using a pair of pointed forceps. In the photograph,
PK and PD are sorting odonate larvae caught at Aundh site. (Photograph: Apeksha
Darshetkar).
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We took multiple temporal replicates at each site. For identification, we followed Fraser
(1933, 1934, 1936).

3. Data Collection – Larvae and Exuviae

For sampling larvae, we used scoopnet method (Figure 4). At each site we sampled
larvae at three places taking two scoops of 3 m in length, making it six scoops at
each site. We transferred the contents of the scoop to a tray and then slowly removed
the debris. We picked odonate larvae using a pair of pointed forceps and transferred
them to another tray containing water (Figures 5, 6). Finally, we transferred individual
larvae to a vial containing Ethanol for preservation purpose. We also collected exuviae
occasionally. Due to a limited budget, we could sample odonate larvae only once
(November 2016) across the six sites. We followed Kumar (1973a, b), Fraser (1919) and
reference specimens reared by PD for identification.

4. Data Collection – Site Characteristics

We collected data on canopy cover, solid waste, and water turbidity at five point count
stations randomly picked per visit per site. We measured the canopy cover using a
densitometer. For estimating water turbidity, we collected the surface water in a glass
flask, allowed the water to settle for two minutes, and then estimated water turbidity on
a categorical scale (absent, low, medium, and high). For calculating solid waste we
counted floating garbage piles and categorized the degree of solid waste into four
categories – absent (no piles), low (05 piles), medium (520 piles), high (>20 piles).

Figure 6. The yield of a scoop obtained at Paud site. The tray contains Libellulidae
and Macromiidae members, along with Pseudagrion and Agriocnemis (Photograph:
Pankaj Koparde).
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Discussion and Results

Average data of canopy cover and modal values of solid waste and water turbidity
per site are presented in Tab. 2. The values for water turbidity and solid waste changed
from high to low with respect to the distance of the site from the city centre. During
the adult odonate sampling, we recorded 22 odonates (dragonflies = 13, damselflies =
9) on point counts. From our casual observations outside sampling at the sites, we
gathered data for fifteen additional species. From our larval sampling, we recorded
19 species (dragonflies = 13, damselflies = 6) including two species that we could not
identify. A complete list of odonates observed is provided in Table 3 (see appendix).
From the larval sampling, we recorded six taxa which we could not prove through adult
odonate sampling. These taxa are Burmagomphus cf. pyramidalis, Macrogomphus annu
latus, Macromia sp., Paragomphus lineatus, Zyxomma petiolatum, and Pseudagrion sp.
(other than P. decorum, P. microcephalum, and P. rubriceps). Data for these species
except M. annulatus is only available from the old literature (Fraser 1934, Prasad 1996),
recent studies (Kulkarni & Subramanian 2013, Koparde 2016) have not recorded these
species from Pune. Even for the present study with extensive and repetitive adult odo
nate sampling at six sites, we could not capture the species data that we did by larval
sampling. Therefore, our results underscore the need to include complementary me
thod/s such as larval sampling in Odonata diversity studies to capture an accurate
representation of the species richness as done elsewhere (Almeida et al. 2013).

Most gomphids found during the study were in the early instars. Despite being the
most populated and polluted with solid wastes RTO site shows a high number of adult
odonate species, whereas Mulshi being situated in the comparatively cleaner region
has less number of species recorded. This may be due to the disparity in the habitats
present and the prey base supported in the different sites. One possibility is that adult

Table 2: Site characteristics.
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odonates do not perceive the water quality strongly and therefore may persist in
polluted sites. We found that in comparatively polluted areas there is an indication of
species aggregation near the pockets with comparatively better condition. We found that
presence of leaflitter and plenty of aquatic vegetation caused number of damselfly
species to be more in Nande but in Mulshi where sandy and rocky riverbed predomi
nates, despite being far from the city and being less polluted the larval density and di
versity is considerably less. Based on broader material, e.g. Souza et al. (2015) found that
high (γ)diversity and distribution of Odonata were associated with habitat heterogeneity
in streams. However, the abiotic variables also seem to affect the distribution of Odona
ta species, in view of the impact of the land use in the vicinity of streams.

Some species such as Tholymis tillarga and Brachythemis contaminata were frequently
found in turbid polluted water. Both the species breed in standing water such as weedy
ponds and sluggish water (Fraser 1936, Subramanian 2009). In a river system, turbidity
may introduce sluggishness and that is possibly the reason these species occur in such
areas. Another possibility is their prey base which could be weedrelated insects.

We expected that habitat sensitive species such as endemic species (Babu et al.
2013, Koparde et al. 2015) will aggregate in areas with cleaner water, away from the
city, and pollution tolerant species will be encountered across all the sites. We did not
find clustering of species or species exclusivity at any site, in adult odonate sampling
(Darshetkar et al. unpublished data). Most of the species were observed at all the sites
(Table 3). Most of the species recorded were generalists and widespread as per Fraser
(1933, 1934, 1936) and Subramanian (2009). For a few species, there was no information
available. We took multiple temporal replicates (2 to 6) at each site, separated by a
month’s interval, to avoid sampling error. The pattern observed here is possible be
cause we chose sites which are in a similar landuse type for such a study. Across all
the sites, although the degree of urbanization changed, the bioclimate, elevation,
and macrohabitats were comparable. In the case of larval sampling, since the sampling
duration was small and we could not take temporal replicates, no conclusions can
be drawn from the data.

The present study was successful in recording and updating the list of odonates of
the Pune City, and supporting the role of larval data in Odonata diversity studies. This
study can be further improvised by including a larger area in sampling and taking
temporal replicates in larval sampling. We hope to continue the research and would
like to ask others to replicate this study at other locations to gather information on
the role of urbanization in influencing odonate assemblages.
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Figure 7. River Heliodor Libellago lineata male specimen photographed at Nande. The
occurrence of L. lineata was occasional and rare during the study. (Photograph: Pankaj
Koparde)

Figure 8. Blackwinged Bambootail Disparoneura quadrimaculata male specimen
photographed at Nande. D. quadrimaculata was sighted in a small rocky patch at
Nande locality exclusively. (Photograph: Pankaj Koparde).

Figure 9. Trumpet Tail Acisoma panorpoides male specimen photographed at Aundh.
(Photograph: Pankaj Koparde).
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Figure 10. Coraltailed CloudWing Tholymis tillarga male specimen photographed
at RTO (Photograph: Pankaj Koparde). Plenty of Tholymis larvae were found emerging
from the water near a highly polluted water treatment plant at this site.

Figure 11: Macromia sp. larva from the Paud site. The spidery long legs indicate its
family Macromidae and a horn like projection between two antennae and spoon
like labium indicates its genus to be Macromia. (Photograph  Prosenjit Dawn).
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Appendix
Table 3. List of species recorded during the survey. PTS: Pollution Tolerance Status –

TOL: Tolerant, SEN: Sensitive, MR: Moderate Response. *offsampling observations, A
= presence as adult odonate, L = presence as odonate larva. The list follows
Subramanian (2017).
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