Indian Forester, 152 (3) : 245-262, 2026
DOI: 10.36808/if/2026/v152i3/171159

Thermal Constraints Drive

Elevational Divergence in

Mate-guarding Behaviour of Dragonflies
and Damselflies (Odonata) in the
Bhagirathi River Basin,
Uttarakhand, India

Mate-guarding behaviour is a key reproductive strategy in Odonata, yet its
variation across Himalayan elevational gradients remains poorly
documented. This study examined mate-guarding behaviour in 53 species of
dragonflies and damselflies observed across freshwater habitats of the
Bhagirathi River Basin in Uttarakhand, Western Himalaya. Behavioural
observations recorded copulation duration, guarding distance, ambient
temperature and copulation success across multiple elevations. Results
revealed substantial interspecific variation in mating investment, with
prolonged copulation associated with higher reproductive success. Most
dragonflies exhibited contact guarding, whereas damselflies showed a
broader spectrum including spatial guarding strategies. These findings
highlight the influence of thermal environments and behavioural investment
onreproductive success in Himalayan odonate communities.

Key words: Odonata, Mate guarding, Bhagirathi basin, Western Himalaya,
Reproductive ecology.

Introduction

Mate guarding is a common reproductive strategy in insects,
particularly in Odonata, where males guard females during or after
copulation to reduce sperm competition and ensure paternity (Corbet,
2004; Cérdoba-Aguilar, 2009). In dragonflies and damselflies, guarding
occurs either as contact guarding, where males remain attached to
females in tandem during oviposition, or non-contact guarding, where
males defend females from nearby perches.

Odonata research in India has a long history encompassing
taxonomy, ecology, and distributional studies (Fraser, 1933, 1934, 1936;
Prasad and Varshney, 1995; Dijkstra and Kalkman, 2012). Odonates are
closely associated with freshwater ecosystems (Kalkman et al., 2007;
Bried et al., 2020; Dijkstra et al., 2013) and respond strongly to
environmental gradients such as temperature, hydrology, and habitat
structure (Subramanian, 2005). Due to their ecological sensitivity and
well-defined life histories, they are widely used as indicators
(Subramanian and Babu, 2018; Uniyal et al., 2022) of freshwater
ecosystem health and climate-driven ecological change (Kalkman et al.,
2007; Bried et al., 2020).

Mountain systems such as the Western Himalaya exhibit steep
environmental gradients that influence species distribution and life-
history traits (Mani, 1974; Singh and Singh, 1992). Although odonate
diversity in the Himalaya has been increasingly documented but their
reproductive behaviours remain poorly studied (Subramanian and Babu,
2018; Kalkman et al., 2020; Kumar and Prasad, 1981). Previous studies
from the Western Himalaya have documented diverse odonate
assemblages associated with riverine and forested habitats (Uniyal et al.,
2000; Kumar and Sharma, 2003). Recent studies have highlighted
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increasing threats to odonate populations due to habitat
alteration, climate change, and anthropogenic
pressures (Bried et al., 2020; Tang and Visconti, 2020).

The Bhagirathi River Basin in Uttarakhand (Fig. 1),
a major headwater of the Ganga River, supports diverse
freshwater habitats across a wide elevational range.
These habitats provide breeding grounds for a rich
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assemblage of dragonflies and damselflies (Bhardwaj et
al., 2016).

This study investigates mate-guarding behaviour
across multiple odonate species in the Bhagirathi basin,
examining variation among species and assessing how
copulation duration and guarding distance influence
reproductive success. The findings provide insights into
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the reproductive ecology of Himalayan odonates and
contribute baseline information for freshwater
biodiversity conservation.

Study Area

Habitat structure, hydrology, and vegetation
composition are known to influence odonate
assemblages and behaviour (Balzan, 2012; Husain,
2018). The study was conducted in freshwater habitats
of the Bhagirathi River Basin, Uttarakhand (Fig. 1), India,
in the Western Himalaya. Originating from the Gangotri
Glacier, the basin spans a wide elevational gradient from
alpine zones to subtropical foothills. Sampling sites

included streams, riverbanks, forest wetlands, irrigation
canals, and ponds across elevations. The region shows
strong climatic seasonality with cold winters, monsoon-
dominated summers, and marked temperature variation
along elevation gradients, influencing the life cycles and
breeding activity of odonates.

Material and Methods
Sampling period

The study was conducted in the Bhagirathi River
Basin, encompassing diverse freshwater habitats such
as streams, riverbanks, and riparian zones across
elevational gradients (Plates 1 & 2). Field surveys were

Plate1 : Representative aquatic habitats across elevation gradient—high-altitude meadow lakes (A, B, D), glacial river

stream (C), and montane perennial streams (E, F).
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carried out from 2017 to 2019, covering multiple
breeding seasons. Sampling was conducted during the
pre-monsoon (March-June) and monsoon
(July—September) periods, corresponding to peak
emergence and reproductive activity of Odonata in
montane ecosystems (Corbet, 2004). Maximum species
richness and mating activity were observed during the
pre-monsoon and early monsoon phases.

Species Identification and Selection

Fieldwork was conducted by a trained research
team, with member's assigned roles including species
identification, behavioural observation, and
environmental data recording to ensure consistency and
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accuracy. Breeding behaviour of a total of 53 Odonata
species were recorded, comprising 29 Anisoptera (Plates
3, 4, 5) and 24 Zygoptera (Plates 6, 7, 8). Species were
selected based on observable mating behaviour, habitat
representation, and adequate sample size.

Species identification was carried out using
standard taxonomic keys, including The Fauna of British
India, Odonata Volumes I-Ill and Dragonflies of India—A
Field Guide. Identification was primarily based on visual
observation and photographic documentation,
supplemented by opportunistic capture—release using
insect nets for difficult taxa (Fraser, 1933, 1934, 1936;
Subramanian, 2005; De et al., 2021). Allindividuals were
released unharmed following identification.

Plate 2 : Representative aquatic habitats across elevation gradient—rocky river channel (A), reservoir (B), small hill stream (C),
cascade stream (D), boulder-bed forest stream (E), and riparian meadow wetland (F).
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Behavioural Observations

Field sampling was conducted using a belt transect
approach along riparian habitats and water bodies to
systematically record species presence and activity
(Krebs, 1999). Transects of fixed width were surveyed,
and all individuals encountered within the transect area
were documented.

Following transect-based surveys, behavioural
observations were conducted using focal animal

sampling with continuous recording (Altmann, 1974).
Individuals detected during transect walks were selected
for detailed observation within defined focal zones of
5-10 m radius to minimize disturbance. Behavioural
sequences were recorded from the initiation of tandem
formation until completion of copulation or oviposition.

Copulation duration was measured using a digital
stopwatch from tandem linkage to separation or
oviposition completion. For each observation, species
identity, copulation duration, guarding distance, ambient

(A)

(E)

(F)

Plate 3 : Mate-guarding and reproductive behaviours in Dragonflies- Anax nigrolineatus (A-D): non-contact guarding (A), contact
guarding (tandem) (B), territorial attack posture with legs extended (C), and territorial hovering (D); Orthetrum luzonicum-
copulation wheel position (E); Cordulegaster brevistigma—non-contact oviposition on a mossy rock (F).
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temperature, copulation success, and number of
observations were recorded. Mate-guarding behaviour
was classified as contact guarding, non-contact guarding,
or mixed guarding (Alcock, 1994; Cérdoba-Aguilar, 2009).

Simultaneously, male territorial behaviour was
documented, including perch defense, aggressive
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interactions (chasing and displacement), and territory
occupancy duration. The association between
territoriality and mating success was evaluated by
recording whether mating events occurred within
defended territories or non-territorial contexts, as
territorial behaviour influences access to mates and
oviposition sites (Alcock, 1994; Corbet, 2004).

(E)

(F)

Plate 4 : Mate-guarding and reproductive behaviours in Dragonflies- Orthetrum triangulare (A, B): non-contact guarding while
searching for oviposition site (A) and non-contact oviposition (B); Sympetrum hypomelas- copulation wheel position (C);
Aeshna petalura- non-contact oviposition in aquatic vegetation (D); Anax immaculifrons-territorial guarding while searching
for oviposition site (E); Orthetrum pruinosum-female with visible egg clutch (F).
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Environmental Data Collection peak activity hours (0900-1500 h) to minimize diel
variation in behaviour (Corbet, 2004). Habitat features
such as perch availability and proximity to water were
also noted to support interpretation of territorial
dynamics.

Ambient temperature was recorded in situ during
each behavioural observation using a handheld digital
thermometer. Observations were conducted during

(E) (F)

Plate 5 : Mate-guarding and reproductive behaviours in Dragonflies- Trithemis kirbyi (A, B): male (A) and female (B), with stress-
induced egg clutch release following capture of a copulated pair; Sympetrum himalayanum (C, D): female releasing egg
clutch under handling stress during identification; Orthetrum internum (E, F): copulation (E) and non-contact guarding with

territorial protection (F).
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Data Analysis

Descriptive statistics (mean + standard deviation)
were calculated for all behavioural variables.
Relationships among copulation duration, guarding
distance, and copulation success were analysed using
correlation and linear regression models. The effect of
territorial behaviour on reproductive success was
assessed by comparing mating success between
territorial and non-territorial individuals. Comparative
analyses were performed between Anisoptera and
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Zygoptera, and across mate-guarding categories. Data
visualization included scatter plots, regression fits, and
boxplots. All analyses were conducted using R (R Core
Team, 2023).

Ethical Considerations

The study followed a non-invasive observational
approach with minimal disturbance to natural
populations. Capture—release methods were used only
when necessary for species identification, and no
specimens were collected or harmed during the study.

(D)

(E)

(F)

Plate 6 : Mate-guarding and reproductive behaviours in damselflies - Indolestes cyaneus (A—C): contact guarding while searching
for oviposition site (A), exophytic oviposition (B), and endophytic oviposition (C); Anisopleura lestoides -copulation wheel
position (D); Ischnura forcipata (E, F): copulation wheel (E) and exophytic oviposition (F).
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Results and Discussion the study. The observations revealed considerable
interspecific variation in copulation duration, mate-
guarding distance, ambient temperature, and copulation
A total of 152 mating observations belonging to 29 success, indicating diverse reproductive strategies
species of dragonflies (Anisoptera) were recorded during among the observed taxa (Figs. 2 a, b, cand Table 1).

Mate Guarding Strategies in Dragonflies (Anisoptera)

(A) (B)

(E) (F)

Plate 7 : Mate-guarding and reproductive behaviours in damselflies - Calicnemia eximia (A-D): territorial display by male (A),
searching for oviposition site (B), contact oviposition in mountain drainage (C), and non-contact pair searching for
oviposition site (D); Indolestes cyaneus - contact exophytic oviposition (E); Lestes praemorsus -contact exophytic
oviposition (F).
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Behavioural diversity in mate-guarding strategies
has been widely reported across odonate taxa under
varying ecological conditions (Alcock, 1994; Dijkstra et
al., 2013; Thorp and Rogers, 2011). Variation in habitat
structure and microclimatic conditions can significantly
influence mating behaviour and territoriality in odonates
(Balzan, 2012; Tang and Visconti, 2020). Copulation

[March

duration varied substantially among species, ranging
from 15 minutes in Brachythemis contaminata to 52.00 +
22.63 minutes in Onychogomphus biforceps. Several
species belonging to the genus Orthetrum showed
comparatively longer copulation durations, particularly
Orthetrum internum (51.63 * 4.82 min) and Orthetrum
triangulare (47.00 * 5.52 min). Intermediate durations

(E)

(F)

Plate 8 : Mate-guarding and reproductive behaviours in damselflies - Ceriagrion fallax- contact guarding (A); Ischnura rufostigma
(B, C): endophytic oviposition (B) and exophytic oviposition (C); Ischnura forcipata- contact endophytic oviposition (D);
Megalestes major - use of high tree perches during territorial conflict while searching for oviposition sites (E); Lestes
praemorsus - contact guarding with endophytic oviposition disturbed by a nearby male (F).
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Table 1 : Summary of mate-guarding behavioural parameters across observed Anisoptera species.

()

Species ID| Genus Species Sample Duration (min) Distance Temp. Copulation
Size (n) (m) (°C) success (%)
ODO01 Anax nigrofasciatus 16 27.88 + 12.38 0.64+1.39 2474+218 73.94 £ 19.29
0OD02 Aeshna petalura 24 36.08 £ 15.72 0 21.77 £ 3.31 89.00 £ 15.44
ODO03 Ictinogomphus ~ rapax 17 39.88 £ 6.62 0 29.12+2.07 93.53+7.82
ODO04 Anisogomphus  bivitattus 1 26 0 224 79
ODO05 Onychogomphus biforceps 2 52.00 £ 22.63 0 25.20 £ 2.55 77.00 £ 14.14
OD06 Paragomphus lineatus 1 48 0 33.3 77
OoDO07 Anotogaster basalis 3 38.00 £ 1.00 0 22.63+1.24 89
OD08 Cordulegaster brevistigma 2 26.50 +0.71 0 20.65 +0.07 81.5+17.68
0OD09 Acisoma panorpoides 1 16 0 31.6 67
OD10 Brachythemis contaminata 1 15 0 29.7 79
OoD1M1 Crocothemis servilia 2 19+0 1.2+1.70 28.15+1.06 86 + 11.31
OD12 Orthetrum pruinosum 6 38.17 £5.75 0 27.25+1.50 7817 £2.79
OD13 Orthetrum sabina 1 36 0 33 82
OD14 Orthetrum glaucum 2 32 +8.49 0 32+ 1.41 83.5+0.71
OD15 Orthetrum internum 8 51.63 +4.82 0 227+0 87.75+2.49
OD16 Orthetrum luzonicum 1 38 0 26+ — 76
OoD17 Orthetrum taeniolatum 2 40.5+2.12 0 24.85+2.05 75.5+0.71
OoD18 Orthetrum triangulare 18 47.00 £ 5.52 0.17+0.60 24.18+0.70 75.83 + 8.49
OD19 Sympetrum hypomelas 8 29.75+4.37 0 19.76 + 1.33 77.38 £3.77
0D20 Sympetrum fonscolombii 3 31.00 + 1.00 0.70 £ 1.21 242 +£1.00 79+ 1.00
0OD21 Sympetrum commixtum 1 32 0 26.2 81
0OD22 Sympetrum speciosum 3 34.33£1.53 2.17 £ 0.06 17.7+£0 83+ 1.00
0oD23 Pantala flavescens 12 43.92 + 11.87 0 23.78+1.43 87.58 + 4.49
OD24 Potamarcha congener 1 40 3.3 33.3 67
OD25 Tramea virginia 3 40.33+8.74 0 214+0 860
OD26 Trithemis aurora 2 41.50+7.78 0 28+0 76.5+0.71
0oD27 Trithemis festiva 3 31+8.08 0 25.53 £2.97 78 +1.00
0D28 Trithemis kirbyi 2 34 +18.38 0 26.1 +£5.66 79 +14.14
OD29 Palpopleura sexmaculata 7 32.43 £5.50 0 27.24 +4.01 75.71 £3.20

were recorded for species such as Aeshna petalura
(36.08 + 15.72 min), Pantala flavescens (43.92 + 11.87
min), and Trithemis aurora (41.50 £ 7.78 min). The
observed differences in copulation duration indicate
varying levels of behavioural investment during mating
among dragonfly species.

Mate-guarding distance showed relatively lower
variation compared with copulation duration. Most
species displayed contact guarding behaviour, with
guarding distances recorded as 0 m, indicating that

males remained physically attached to females during
oviposition. However, a few species exhibited limited
non-contact guarding behaviour. For instance,
Potamarcha congener showed the highest guarding
distance (3.3 m), while Sympetrum speciosum (2.17 +
0.06 m) and Crocothemis servilia (1.2 £ 1.70 m) also
exhibited moderate guarding distances. These
observations suggest that although contact guarding is
the predominant strategy in dragonflies, some species
adopt spatial guarding tactics.
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Copulation success also varied among species,
ranging from 67% in Acisoma panorpoides and
Potamarcha congener to 93.53% in Ictinogomphus
rapax. High success values were also observed in
Aeshna petalura (89.00 + 15.44%), Anotogaster basalis
(89%), and Pantala flavescens (87.58 * 4.49%).
Ambient temperature during mating observations
ranged between 17.7 °C and 33.3 °C, reflecting the wide
environmental conditions under which reproductive
behaviour occurred.

Behavioural analysis
Variation in reproductive success among species

Substantial variation in reproductive success was
observed among the studied species (Figs. 3, 4, 5).
Several taxa achieved success rates above 85%, while
others showed comparatively lower reproductive
outcomes. Species exhibiting relatively longer
copulation durations generally demonstrated higher
copulation success, suggesting that increased
behavioural investment during mating may enhance
reproductive outcomes. For example, species such as
Ictinogomphus rapax, Aeshna petalura, and Pantala
flavescens showed comparatively higher reproductive
success values.

Relationship between copulation duration and
reproductive success

Regression analysis revealed a moderate positive
relationship between copulation duration and copulation
success (Fig. 7). Species with longer copulation
durations tended to achieve higher reproductive
success, indicating that prolonged mating may increase
sperm transfer efficiency or reduce the likelihood of
interference by rival males. Similar behavioural patterns
have been documented in several Odonate species
where prolonged copulation contributes to improved
fertilization success (Corbet, 2004; Coérdoba-Aguilar,
2009; Thompson, 1990).
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Mate-guarding distance and reproductive success

The relationship between mate-guarding distance
and copulation success was comparatively weak (Fig.
6). Although a few species exhibited extended guarding
distances, these did not consistently correspond with
higher reproductive success. This suggests that spatial
separation during guarding may not strongly determine
mating outcomes in dragonflies. Instead, close physical
association between males and females during
oviposition appears to be a more common reproductive
strategy within Anisoptera.

Behavioural strategy landscape of mate guarding

Integration of copulation duration and guarding
distance revealed distinct behavioural patterns among
species (Fig. 8). Most species clustered within a region
characterized by short guarding distances and moderate
copulation durations, indicating a predominant contact-
guarding strategy. However, a few species displayed
higher behavioural investment, characterized by longer
copulation durations combined with moderate guarding
distances. These patterns suggest that dragonfly
species may adopt different reproductive tactics
depending on ecological and behavioural constraints.

Mate-guarding strategy framework

The integrated mate-guarding strategy framework
combining guarding distance, copulation duration, and
reproductive success further highlighted the importance
of behavioural investment in mating outcomes (Fig. 9).
Species exhibiting longer copulation durations generally
achieved higher reproductive success, as illustrated by
larger bubble sizes representing higher reproductive
success values. This pattern suggests that temporal
investment during mating may play a significant role in
determining reproductive success among dragonflies.

Correlation among behavioural variables

Correlation analysis among behavioural traits
showed that copulation duration had the strongest

T (ol m O w1 ) e e L

Fig. 5

Copulation success (%) across Anisopteran species (Mean + SD), and its relationship with copulation duration and mate-
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success &Correlation heatmap showing relationships among behavioural variables.

positive association with copulation success (r = 0.56)
(Fig. 10). Guarding distance exhibited only a weak
relationship with reproductive success, while ambient
temperature showed minimal influence on behavioural
variables within the observed range. These findings
indicate that reproductive success in dragonflies is
influenced more strongly by behavioural investment
during copulation than by spatial guarding behaviour.

Overall behavioural pattern

Overall, the results indicate that variation in mate-
guarding strategies among dragonfly species is
primarily structured along gradients of copulation
duration and guarding distance. Reproductive success
was more strongly associated with prolonged mating
duration than with guarding distance, suggesting that
temporal investment during copulation plays a more
critical role in determining mating success. The diversity

of guarding behaviours observed among species
reflects multiple behavioural strategies that may have
evolved in response to ecological pressures and
reproductive competition, highlighting the adaptive
significance of mate-guarding behaviour in dragonfly
reproductive ecology.

Mate-guarding behaviour in Damselflies (Zygoptera)

A total of 185 mating observations belonging to 24
species of damselflies were recorded across different
seasons and elevations. The observations revealed
substantial interspecific variation in copulation duration,
mate-guarding distance, ambient temperature, and
copulation success, indicating diverse reproductive
strategies within the assemblage (Figs. 11 a, b, ¢ and
Table 2).

Copulation duration varied widely among species,
ranging from 14.64 * 4.21 minutes in Agriocnemis
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Table 2 : Summary of mate-guarding behavioural parameters across observed Zygoptera species.

[March

Species | Genus Species Sample Duration Distance Temperature Copulation
ID Size (n) (min) (m) (°C) Success (%)
OD30 Agriocnemis Pygmaea 11 14.64 £4.21 0.00 £ 0.00 28.93 +1.07 73.82+9.21
0OD31 Ischnura Aurora 7 19.71 £8.60 0.71+0.21 29.09 + 3.41 59.71 + 3.64
0OD32 Ischnura Senegalensis 9 15.00 £ 3.04 0.88£0.19 27.07 +£1.60 66.22 + 8.87
OD33 Ischnura Forcipata 1 16 1 26.6 52
OD34 Ischnura Rufostigma 1 17 0.9 26.6 64
OD35 Ischnura Rubilio 2 16.00 £ 0.00 0.90 + 0.00 26.60 £ 0.00 55.00 + 1.41
0OD36 Pseudagrion Decorum 3 16.00 £ 1.00 1.33+0.55 28.60 £ 0.00 66.67 +2.08
OoD37 Pseudagrion Rubriceps 15 2293 +7.50 3.63+2.46 27.88 +1.33 64.87 £ 12.67
OD38 Ceriagrion Coromandeliaum 7 25.57 + 8.98 3.66 £ 0.98 25.46 +4.35 72.86 +6.06
0OD39 Lestes Praemorsus 21 26.62 £ 10.79 5.48 +5.30 27.05 +£1.62 60.48 + 21.40
OD40 Indolestes Cyaneus 33 17.97 £ 9.51 2.94 +3.27 22.40 £ 0.00 77.12+14.76
OD41 Megalestes Major 13 30.38 + 12.42 4.45+2.70 24.39 +1.50 82.31+9.03
OD42 Copera Vittata 1 57 3.3 32.6 89
0OD43 Calicnemia Eximia 3 56.33+8.74 0.87 £ 0.65 2413 £1.37 77.33+10.26
OD44 Anisopleura Lestoides 8 36.63 +5.11 2.48 +3.52 24.30 £ 0.56 80.25 +9.89
0OD45 Anisopleura Comes 3 40.00 £ 1.00 1.40+0.10 2243 +2.00 76.00 + 11.00
0OD46 Bayadera Indica 2 43.50 £ 0.71 1.50+0.14 23.20 £ 0.00 64.50 + 3.54
0oD47 Neurobasis Chinensis 4 35.00 £ 0.82 6.75 + 3.08 31.10+1.73 55.25+13.10
0D48 Drepanosticta ~ Carmichielli 2 45.50 £ 0.71 3.20 £ 0.00 26.90 £ 0.00 95.00 +2.83
0OD49 Libellago Lineata 2 23.50+0.71 0.15+0.07 25.40 £ 0.00 72.50+7.78
OD50 Rhinocypha Quadrimaculata 17 16.94 +£5.48 1.98 +0.87 27.54 +1.38 68.59 + 19.46
0OD51 Rhinocypha Biforata 3 28.33+7.23 3.43+0.05 28.93+0.29 80.00 + 6.56
0OD52 Rhinocypha Trifasciata 12 28.00 +4.22 2.61+0.49 28.17 £1.02 76.08 + 15.44
OD53 Rhinocypha Unimaculata 6 26.50 + 2.51 1.82+0.37 2717 £0.75 72.00 + 18.11
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Fig. 11 a,b,c : Elevational variation in mate-guarding behaviour and temperature in Damselflies

pygmaea to 56.33 £ 8.74 minutes in Calicnemia eximia,
indicating considerable differences in behavioural
investment during mating. Mean mate-guarding
distance ranged from 0 m in strictly contact-guarding
species to 6.75 + 3.08 m in Neurobasis chinensis,
suggesting the presence of both contact guarding and
non-contact guarding strategies within the studied taxa.

Copulation success also exhibited marked variation
among species, ranging from 52% in Ischnura forcipata
to 95% in Drepanosticta carmichaeli. Ambient
temperature during mating observations ranged

between 22.4 + 0.0 °C and 32.6 °C, reflecting the broad
environmental conditions under which reproductive
behaviour occurred.

Behavioural analysis
Variation in reproductive success among species

Substantial variation in reproductive success was
observed among species, with several taxa achieving
success rates above 80%, while others exhibited
comparatively lower reproductive outcomes. Species
displaying longer copulation durations generally showed
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higher copulation success, suggesting that increased
behavioural investment during mating may enhance
reproductive outcomes (Figs. 12, 13 & 14).

Relationship between copulation duration and
reproductive success

Regression analysis revealed a moderate positive
relationship between copulation duration and copulation
success (Fig. 15). Species with longer copulation
durations tended to achieve higher reproductive
success, indicating that prolonged mating may increase
sperm transfer efficiency or reduce the likelihood of
interference by rival males.

Mate-guarding distance and reproductive success

The relationship between mate-guarding distance
and copulation success was comparatively weak (Fig.
16). Although some species exhibited extended
guarding distances, these did not consistently
correspond with higher reproductive success,
suggesting that spatial separation during guarding may
not strongly determine mating outcomes.

Behavioural strategy landscape of mate guarding

Integration of copulation duration and guarding
distance revealed three distinct behavioural patterns
among species (Fig. 17).
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1. Contact-guarding strategy — species exhibiting
short guarding distances and shorter copulation
durations

2. Mixed guarding strategy — species with moderate
guarding distances and intermediate durations

3. High behavioural investment strategy — species

displaying long copulation durations combined with
moderate guarding distances

These patterns suggest that species adopt different
reproductive tactics depending on ecological and
behavioural constraints.

Mate-guarding strategy framework

The integrated strategy framework combining
guarding distance, copulation duration, and
reproductive success further highlighted the importance
of behavioural investment in mating outcomes (Fig. 18).
Species exhibiting longer copulation durations generally
achieved higher reproductive success, as illustrated by
larger bubble sizes representing higher reproductive
success values.

Correlation among behavioural variables

Correlation analysis among behavioural traits
showed that copulation duration had the strongest
positive association with copulation success (r =0.56). In
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Fig.12-14 : Copulation success (%) across Zygopteran species (Mean = SD), and its relationship with copulation duration and mate-

guarding distance across species.
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Fig.15-17 : Behavioural strategy landscape of Zygopteran species based on guarding distance and copulation duration.
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contrast, guarding distance exhibited only a weak
relationship with reproductive success, while ambient
temperature showed minimal influence on behavioural
variables within the observed range.

Behavioural pattern

Overall, the results indicate that variation in mate-
guarding strategies among Zygopteran species is
primarily structured along gradients of copulation
duration and guarding distance. Reproductive success
was more strongly associated with prolonged mating
duration than with guarding distance, suggesting that
temporal investment during copulation plays a more
critical role in determining mating success (Fig. 19).

The diversity of guarding behaviours observed
among species reflects multiple behavioural strategies
that may have evolved in response to ecological
pressures and reproductive competition, highlighting the
adaptive significance of mate-guarding behaviour in
damselfly reproductive ecology.

Discussion

The present study provides one of the most
comprehensive behavioural datasets on mate-guarding
strategies in Himalayan odonates. Observations across
53 species revealed substantial interspecific variation in
reproductive behaviour, highlighting the diversity of
mating strategies within the assemblage.

One of the most consistent patterns observed in the
study was the positive relationship between copulation
duration and reproductive success. Species exhibiting
prolonged copulation generally achieved higher
reproductive success, suggesting that extended mating
may enhance sperm transfer efficiency and reduce the
likelihood of sperm competition. Similar findings have
been reported in several odonate species where
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prolonged copulation plays an important role in paternity
assurance (Corbet, 2004; Cérdoba-Aguilar, 2009).

In contrast, mate-guarding distance showed
relatively weak influence on reproductive success,
indicating that spatial guarding behaviour may be less
important than temporal investment in mating. Many
dragonfly species displayed strict contact guarding
during oviposition, which is consistent with previous
observations that Anisopteran species often maintain
tandem formation to preventinterference by rival males.

Damselflies, however, displayed greater
behavioural diversity. Several species exhibited mixed
or non-contact guarding strategies, with males
maintaining short distances from ovipositing females
rather than continuous physical contact. This
behavioural flexibility may reflect differences in habitat
structure, territorial behaviour, and mating competition
among Zygopteran species.

The behavioural strategy landscape analysis
further revealed that most species clustered within a
region characterized by short guarding distances and
moderate copulation durations, suggesting that contact
guarding remains the dominant reproductive strategy
across many Himalayan odonates. However, a subset of
species exhibited higher behavioural investment
characterized by prolonged copulation durations.

Environmental factors such as temperature and
habitat structure likely influence these behavioural
strategies. Odonates are ectothermic organisms, and
reproductive activity is strongly influenced by ambient
temperature and seasonal conditions (Kalkman et al.,
2007). In montane ecosystems such as the Western
Himalaya, environmental variability may therefore play
an important role in shaping mating behaviour and
reproductive investment.
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Fig.18-19 : Mate-guarding strategy framework in Zygoptera integrating guarding distance, copulation duration, and copulation
success &Correlation heatmap showing relationships among behavioural variables.
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Overall, the results highlight the adaptive diversity
of mate-guarding strategies among odonates and
emphasize the importance of behavioural ecology in
understanding freshwater insect communities in
Himalayan ecosystems.

Conservation and Management Implications

Freshwater ecosystems of the Western Himalaya
are experiencing increasing pressures from climate
change, hydropower development, river regulation, and
land-use change (Singh and Singh, 1992). These
disturbances can alter aquatic habitats and potentially
affect odonate populations that depend on specific
breeding environments.

Because reproductive behaviour in odonates is
closely linked to habitat conditions and thermal
environments, changes in freshwater ecosystems may
disrupt mating systems and reduce reproductive
success. Monitoring behavioural indicators such as
mate-guarding strategies can therefore provide valuable
early signals of ecological disturbance in freshwater
habitats. (Das et al., 2016; Das and Uniyal, 2018, Das et
al.,2020)

The Bhagirathi River Basin supports diverse
odonate assemblages that play important ecological
roles as predators of aquatic insects and as indicators of
ecosystem health. Conservation strategies should
prioritize the protection of natural riverine habitats,
riparian vegetation, and wetland systems that support
odonate breeding.

Maintaining environmental flows in Himalayan
rivers and protecting freshwater microhabitats will be
critical for sustaining odonate diversity and associated
ecosystem functions in the region.

Conclusion

This study presents the first multi-species analysis
of mate-guarding behaviour in dragonflies and
damselflies from the Bhagirathi River Basin of the
Western Himalaya. Substantial variation in copulation
duration, guarding distance and reproductive success
was observed among species.

Copulation duration showed the strongest positive
relationship with reproductive success, indicating that
behavioural investment during mating plays a key role in
reproductive outcomes. While dragonflies
predominantly exhibited contact guarding strategies,
damselflies demonstrated greater behavioural diversity
including spatial guarding tactics.

These findings contribute to the understanding of
odonate reproductive ecology in Himalayan freshwater
ecosystems and provide baseline behavioural data that
may assist future biodiversity monitoring and
conservation planning under changing environmental
conditions.

Thermal constraints drive elevational divergence in Mate-guarding behaviour of Dragonflies and Damselflies...
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