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Abstract 20 

Host-parasite interactions are impacted by climate, which may result variation of parasitism across 21 

landscapes and time. Understanding how parasitism varies across these spatio-temporal scales is 22 

crucial to predicting how organism will respond to and cope under a rapidly changing climate. 23 

Empirical work on how parasitism varies across climates is limited. Here, we examine the variation 24 

of parasitism across seasons and identify the likely climatic factors that explain this variation using 25 

Agriocnemis femina damselflies and Arrenurus water mite ectoparasites as host-parasite study 26 

system. We assessed parasitism in a natural population in a subtropical climate between 2021-27 

2023 and calculated prevalence (percentage of infected individuals) and intensity (the number of 28 

parasites on an infected individual) of parasitism across different seasons. Parasite prevalence and 29 

intensity were greater during cooler seasons (autumn and winter) compared to hotter seasons 30 

(spring and summer). Mean temperature and precipitation were negatively correlated with parasite 31 

prevalence whereas only mean precipitation was negatively correlated with parasite intensity. 32 

Tropical, Subtropical and Mediterranean countries are predicted to experience extreme climatic 33 

events (extreme temperature, less precipitation and frequent drought) as a consequence of 34 

anthropogenic climate change, and our finding suggests that this could increase parasitism in 35 

aquatic insects.   36 



Introduction 37 

Host-pathogen interactions are impacted by the environment in which they occur (1,2). Local 38 

climate such as temperature, precipitation, as well as resource availability, predator-prey 39 

interactions impact hosts immunity as well as pathogen virulence (3–5). Consequently, the 40 

outcome of host-pathogen interactions, i.e., infections, varies across different climatic conditions. 41 

For example, in Eulamprus quoyii lizard, parasite intensity was greater in tropical climate 42 

compared to temperate climate (6). Similar to latitudinal variation, parasitism also varies across 43 

seasons mostly driven by the variation of temperature (4,7). For example, in fire ant (Solenopsis 44 

invicta) parasite infections were greater in in summer (8). Seasonal changes in rainfall, on the other 45 

hand, is the strongest predictor of parasite infection in aquatic and semi-aquatic organism (9,10). 46 

For example, in freshwater snails (e.g. Elimia proxima), and fish (e.g. Hoplias malabaricus and 47 

Cirrhinus mrigala) parasitism was negatively related to precipitation (9–11). How parasitism 48 

varies across season and what climatic factors drive parasitism in aquatic and semi-aquatic insects, 49 

is however less understood primarily because studies focus on northern hemisphere temperate 50 

populations where insects are active only for a shorter period.       51 

 52 

Damselflies (Odonata: Insecta) are semi-aquatic insects with an aquatic larval stage and a 53 

terrestrial adult stage. They are frequently parasitised by Arrenurus water mites that externally 54 

attach to their body and wings (12,13). The extent of parasitism varies between sexes, 55 

developmental stages, and in different climates (5,12). For instance, ectoparasite prevalence and 56 

intensity in odonates were greater in temperate climates compared to boreal climates of the 57 

Northern Hemisphere (5). Studies on parasitism in damselflies across season are limited, with one 58 

of the few studies reporting that the extent of ectoparasitism in Coenagrion puella was greater  at 59 



the start of the season (May) compared to the end (August) with temperature not associated with 60 

this variation (4). It is noteworthy that there is a significant knowledge gap about damselfly 61 

parasitism in tropical regions (14). Until now, most of the studies on parasitism in damselflies have 62 

been focused on temperate populations where the flight season is very short and variations of 63 

climatic factors are limited (14). Moreover, tropical insects (e.g. damselfly) are more vulnerable 64 

to climate change than temperate insects, therefore, understanding the influence of tropical seasons 65 

and identifying the climatic drivers in damselflies parasitism is of high priority to predict how 66 

climate change will affect damselfly-parasite interaction (15). 67 

 68 

Our study aims to understand the pattern and driver of the seasonal variation of parasitism 69 

Agriocnemis femina damselflies. We studied the ectoparasite water mite infection in natural 70 

population in north-eastern Bangladesh, where these damselflies are active throughout a year. 71 

Based on previous studies in the Northern Hemisphere, we predict that 1) parasitism will vary over 72 

the season, 2) parasitism will be greatest in summer when temperatures are higher, and 3) will also 73 

be lower when precipitation is high.  74 

 75 

Methods and materials 76 

Study system 77 

Agriocnemis femina (Coenagrionidae) is the one of the smallest damselflies (wing length: 10.5-78 

11.00 mm) and is distributed in South Asia, South-East Asia, and Australia (16–18) (Fig S1). This 79 

species is commonly found in water body (ponds, lakes, rivers) associated grasslands. Female 80 

Agriocnemis femina exhibit ontogenetic colour change from red to green which signals sexual 81 

maturity (19). Agriocnemis femina is one of the most common species in the north-eastern region 82 



of Bangladesh and can be seen in flight all year round (17). In the natural population, this species 83 

is parasitised by Arrenurus water mites (12) that initially colonise the aquatic larvae and then shift 84 

to the adult during damselfly metamorphosis where they commence the parasitic phase (20), 85 

imposing considerable fitness costs on the host (13,21).  86 

 87 

Study site  88 

We surveyed parasitism in Agriocnemis femina damselflies in the north-eastern region of 89 

Bangladesh in a natural population located on the campus of Shahjalal University of Science and 90 

Technology, Bangladesh. Spring and summers are hot (average spring and summer temperature: 91 

25.8°C, and 28.25°C respectively) with high rainfall (average spring and summer rainfall: 328.6 92 

mm, and 695.3 mm respectively) (22). Autumn and winter are comparatively colder (average 93 

autumn and winter temperature: 25.8°C, and 18.5°C respectively) and experience less rainfall 94 

(average autumn and winter rainfall: 244.3 mm, and 21.5 mm) (22).  95 

 96 

We surveyed the study site every month from March 2021 to February 2023 (except in July 2021, 97 

because of national lockdown, from February-June, and September-October 2022 due to 98 

temporary road closure to access the study area). No permits were required as Agriocnemis femina 99 

is not a protected species and the field site is protected.  100 

 101 

Parasite prevalence and intensity 102 



We captured damselflies with insect catching nets (dimensions: 1260mm handle, 456mm diameter 103 

hoop, 81cm long net bag) while walking along the edge of water and grasslands. For every captured 104 

individual, we recorded their sex (male and female), and the developmental stage of females 105 

(immature females are red and mature females are green) while male developmental status cannot 106 

be determined precisely under field conditions (12,19). We examined the damselfly’s dorsal and 107 

ventral thorax, and abdomen for parasites and if present, counted the number of parasites. To 108 

prevent recapture, we marked their wings with a permanent marker and released them back into 109 

the population. We conducted the fieldwork between 08:00 and 10:00 hours when the species are 110 

mostly active, and condition are favorable for field work (MKK and SP personal observations).  111 

 112 

Bioclimatic factors 113 

We collected monthly data for temperature and precipitation for 2021-2023 from Bangladesh 114 

Meteorological Department (BMD) and calculated monthly average temperature (°C) and 115 

precipitation (mm) for each month that we surveyed the population (23). 116 

 117 

Statistical analyses 118 

We calculated parasite prevalence and intensity in damselflies and applied DurgaDiff function of 119 

Durga package to determine difference of parasite prevalence and parasite intensity between 120 

seasons (24). We applied a generalized linear mixed models (GLMMs) to identify the effect of 121 

temperature and precipitation on parasite prevalence and intensity. We fitted GLMM model with 122 

parasite prevalence as response variable, temperature and precipitation as fixed effects, and 123 

sampling year as random factor. We further applied generalized linear model (GLM) with a 124 



quasipoisson distribution with parasite intensity as response variable and temperature and 125 

precipitation as response variables. We analysed all data in R version 4.0.3 (25) using packages 126 

“lme 4” (26), “MuMIn” (27), “performance (28)” and “Durga” (24). 127 

 128 

Results 129 

A total of 2846 individuals of Agriocnemis femina were observed of which 10.6% were parasitised 130 

(Table S1, Supplementary file). Parasite prevalence was highest in winter (17.3%) and lowest in 131 

summer (4.5%). On average a parasitised individual had three parasites (range: 1-19). Parasite 132 

intensity was greatest in autumn (3.10 parasites/damselfly) and lowest in spring (1.92 133 

parasites/damselfly).    134 

Parasite prevalence was greater in winter compared to spring (mean difference = 0.166, 95% CI 135 

[0.053, 0.304]; Fig 1a) and summer (mean difference = 0.167, 95% CI [0.050, 0.295]; Fig 1a). But 136 

parasitism did not differ between winter and autumn (mean difference = 0.010, 95% CI [-0.144, 137 

0.193]; Fig 1a).  Parasite intensity was higher in autumn compared to spring (mean difference = 138 

1.180, 95% CI [0.634, 1.839]; Fig 1b) and summer (mean difference = 0.970, 95% CI [-0.532, 139 

1.745]; Fig 1b), but there was no difference in parasite intensity between autumn and winter (mean 140 

difference = 0.392, 95% CI [-0.187, 1.071]; Fig 1b). 141 

Parasite prevalence was negatively related to monthly temperature (GLMM: estimate = -0.391 ± 142 

0.089, z = -4.375, P < 0.00001; R2 = 0.098; Fig 2a) and mean monthly precipitation (GLMM: 143 

estimate = -0.475 ± 0.110, z = -4.320, P < 0.00001; R2 = 0.098; Fig 2b). Parasite intensity was 144 

negatively correlated only with precipitation, (GLM: estimate = -0.303 ± 0.126, t = -2.398, P = 145 



0.017; R2 = 0.050; Fig 2d) but not with temperature (GLM: estimate = 0.051 ± 0.074, t = 0.692, P 146 

= 0.489; R2 = 0.050; Fig 2c). 147 

Discussion 148 

Climatic variables, such as temperature or precipitation influence insect physiology, and host-149 

pathogen interactions which might result in differential level of parasitism across seasons (29–33). 150 

In this study, we provided strong evidence that water mite prevalence and intensity in damselflies 151 

vary across seasons, with higher rates of infection occurring during cooler months (winter and 152 

autumn) compared to hotter months (spring and summer). We further showed that, mean 153 

temperature and rainfall were negatively related with parasite prevalence, whereas mean 154 

precipitation was negatively related with parasite intensity.  155 

The higher prevalence and intensity of parasitism in autumn and winter months compared to spring 156 

and summer could stem from increased susceptibility of damselflies to parasitic infections (34,35).  157 

Larval growth rate (36) and development time are longer in colder months compared to warmer 158 

months (37–39). Furthermore, both larvae and adult damselflies are less active when temperature 159 

is low (36). The longer larval period and reduced mobility might increase exposure of damselflies 160 

to parasites (40,41). Consequently, water mites might have more time to find a host and engorge 161 

(42) thereby increasing parasitism in colder months (41,42).  162 

On the other hand, hotter seasons (summer and spring) with high temperature provides an ideal 163 

habitat condition for the development of invertebrates including damselflies and water mites (43). 164 

However, we observed water mite parasitism is lower at higher temperature. Damselflies mount a 165 

greater immune response (encapsulation rate) to infection at higher temperatures which could 166 



further reduce parasitism in summer and spring (34). Accordingly, parasitism in Coenagrion 167 

puella damselflies was lower in warmer seasons compared to the cooler seasons (4). 168 

The lower rate of parasitism in spring and summer compared to winter could arise because of the 169 

impact of the subtropical monsoon in the northeast region of Bangladesh which brings heavy 170 

rainfall (on average 695.33 mm during wet and hot summer months) (22). Additionally, our low 171 

altitude study area (altitude = 10m), receives water from the adjacent Meghalaya Hills (altitude = 172 

1961m), which often experience one of the highest average rainfalls around the world (44–46). As 173 

a consequence the study area frequently floods (46). We argue that the flash flooding probably 174 

diluted the density of water mites in the small ponds similar to a previous study that observed water 175 

mite abundance in the tropical river Ganga was greater in winter months compared to monsoon 176 

months (47). Similarly, lower parasitism during high rainfall was also recorded in other aquatic 177 

and semi-aquatic organisms such as in fish (Cirrhinus mrigala) and in snail (Elimia proxima) 178 

(9,10). Conversely, reduced precipitation probably increases parasitism by increasing damselflies 179 

susceptibility and also by increasing the concentration of water mites in ponds (48,49).  180 

Our study provide evidence that parasitism in subtropical climate increases during cooler and drier 181 

seasons. Our subtropical study has relatively less fluctuation of climatic factors across seasons. 182 

Under ongoing anthropogenic climate change, Tropical, Subtropical, and Mediterranean regions 183 

are expected to experience climatic extremes, and seasonal instability which could stress insects 184 

such as damselflies, making them vulnerable, which may further be advantageous for their 185 

parasites (50–52). Therefore, we predict that parasitism might increase in aquatic and semi-aquatic 186 

insects especially in Tropical, Subtropical, and Mediterranean regions. Odonates with lentic 187 

habitats are more threatened than odonates with lotic habitat because climate change induced 188 

varying temperature and rainfall patterns e.g. arid conditions may cause habitat loss in lentic 189 



odonates more quickly (53). Our study highlights that, in addition to habitat loss, climate change 190 

induced increase in parasitism might further exacerbate odonates fitness and contribute to local 191 

extinctions– a research avenue in need of further attention.  192 

 193 

Statement of diversity and inclusion 194 

We believe and support equity, diversity, and inclusion in science and everywhere. The authors 195 

come from different nationalities and cultural backgrounds (Bangladesh, Austria, and Australia) 196 

They represent different career stages (Masters student, Early career researcher, and Professor). 197 

One or more of the authors self-identifies as a member of the LGBTQI+ community and represents 198 

ethnic as well as religious minority in science. We actively maintained gender balance while citing 199 

scientific articles.  200 

 201 

Acknowledgment 202 

We sincerely acknowledge the traditional custodianship of the land, the Wallumattagal clan of the 203 

Dharug nation where Macquarie University is situated. We thank Donald James McLean for 204 

helping in data visualisation. Authors thank their families and friends for their support.    205 

 206 

 207 

 208 

 209 



References 210 

1. Poisot T, Guéveneux‐Julien C, Fortin M, Gravel D, Legendre P. Hosts, parasites and their 211 

interactions respond to different climatic variables. Glob Ecol Biogeogr. 2017;26(8):942–51.  212 

2. Kiewnick S. Effect of temperature on growth, germination, germ-tube extension and survival 213 
of Paecilomyces lilacinus strain 251. Biocontrol Sci Technol. 2006;16(5):535–46.  214 

3. Friman VP, Lindstedt C, Hiltunen T, Laakso J, Mappes J. Predation on multiple trophic levels 215 
shapes the evolution of pathogen virulence. PloS One. 2009;4(8):e6761.  216 

4. Hassall C, Lowe CD, Harvey IF, Watts PC, Thompson DJ. Phenology determines seasonal 217 
variation in ectoparasite loads in a natural insect population. Ecol Entomol. 2010;35(4):514–218 
22.  219 

5. LoScerbo D, Farrell MJ, Arrowsmith J, Mlynarek J, Lessard J. Phylogenetically conserved 220 
host traits and local abiotic conditions jointly drive the geography of parasite intensity. Funct 221 

Ecol. 2020;34(12):2477–87.  222 

6. Salkeld DJ, Trivedi M, Schwarzkopf L. Parasite loads are higher in the tropics: temperate to 223 

tropical variation in a single host‐parasite system. Ecography. 2008;31(4):538–44.  224 

7. Zamora-Vilchis I, Williams SE, Johnson CN. Environmental temperature affects prevalence 225 
of blood parasites of birds on an elevation gradient: implications for disease in a warming 226 

climate. PloS One. 2012;7(6):e39208.  227 

8. Valles SM, Oi DH, Porter SD. Seasonal variation and the co-occurrence of four pathogens and 228 
a group of parasites among monogyne and polygyne fire ant colonies. Biol Control. 229 
2010;54(3):342–8.  230 

9. Zemmer SA, Wyderko J, Da Silva Neto J, Cedillos I, Clay L, Benfield E, et al. Seasonal and 231 
annual variation in trematode infection of stream snail Elimia proxima in the Southern 232 

Appalachian Mountains of Virginia. J Parasitol. 2017;103(3):213–20.  233 

10. Majumder S, Panda S, Bandyopadhyay P. Effect of temperature on the prevalence of different 234 
parasites in Cirrhinus mrigala Hamilton of West Bengal. J Parasit Dis. 2015;39:110–2.  235 

11. Gonçalves RA, Oliveira MSB, Neves LR, Tavares-Dias M. Seasonal pattern in parasite 236 

infracommunities of Hoplerythrinus unitaeniatus and Hoplias malabaricus (Actinopterygii: 237 

Erythrinidae) from the Brazilian Amazon. Acta Parasitol. 2016;61(1):119–29.  238 

12. Paul S, Khan MK, Herberstein ME. Sexual and developmental variations of ecto-parasitism in 239 
damselflies. Plos One. 2022;17(7):e0261540.  240 

13. Khan MK, Herberstein ME. Parasite‐mediated sexual selection in a damselfly. Ethology. 241 
2022;128(8):572–9.  242 



14. da Silva GG, Poulin R, Guillermo-Ferreira R. Do latitudinal and bioclimatic gradients drive 243 
parasitism in Odonata? Int J Parasitol. 2021;51(6):463–70.  244 

15. Shah AA, Gill BA, Encalada AC, Flecker AS, Funk WC, Guayasamin JM, et al. Climate 245 

variability predicts thermal limits of aquatic insects across elevation and latitude. Funct Ecol. 246 
2017;31(11):2118–27.  247 

16. Kalkman V, Babu R, Bedjanič M, Conniff K, Gyeltshen T, Khan M, et al. Checklist of the 248 
dragonflies and damselflies (Insecta: Odonata) of Bangladesh, Bhutan, India, Nepal, Pakistan 249 

and Sri Lanka. Zootaxa. 2020;4849(1):1–84.  250 

17. Shah MNA, Khan MK. OdoBD: An online database for the dragonflies and damselflies of 251 
Bangladesh. Plos One. 2020;15(4):e0231727.  252 

18. Orr A, Theischinger G, Hawking J. The complete field guide to dragonflies of Australia. Csiro 253 

Publishing; 2021.  254 

19. Khan MK. Female prereproductive coloration reduces mating harassment in damselflies. 255 

Evolution. 2020;74(10):2293–303.  256 

20. Smith BP. Host-parasite interaction and impact of larval water mites on insects. Annu Rev 257 

Entomol. 1988;33(1):487–507.  258 

21. Braune P, Rolff J. Parasitism and survival in a damselfly: does host sex matter? Proc R Soc 259 
Lond B Biol Sci. 2001;268(1472):1133–7.  260 

22. Fick SE, Hijmans RJ. WorldClim 2: new 1‐km spatial resolution climate surfaces for global 261 

land areas. Int J Climatol. 2017;37(12):4302–15.  262 

23. Bangladesh Meteorological Department [Internet]. [cited 2023 Jul 23]. Available from: 263 
http://live3.bmd.gov.bd/ 264 

24. Khan MK, McLean DJ. Durga: An R package for effect size estimation and visualisation. 265 

bioRxiv. 2023;2023–02.  266 

25. R Core Team. R: A language and environment for statistical computing (version 4.0. 267 
3)[Computer software]. Vienna, Austria: R Foundation for Statistical Computing; 2020. 2020;  268 

26. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. 269 

ArXiv Prepr ArXiv14065823. 2014;  270 

27. Barton K. MuMIn: multi-model inference. R package version 0.13. 17. HttpCRAN R-Proj 271 

Orgpackage MuMIn. 2010;  272 

28. Lüdecke D, Ben-Shachar MS, Patil I, Waggoner P, Makowski D. performance: An R package 273 

for assessment, comparison and testing of statistical models. J Open Source Softw. 2021;6(60).  274 



29. Yourth CP, Forbes MR, Smith BP. Immune expression in a damselfly is related to time of 275 
season, not to fluctuating asymmetry or host size. Ecol Entomol. 2002;27(1):123–8.  276 

30. Gehman ALM, Hall RJ, Byers JE. Host and parasite thermal ecology jointly determine the 277 

effect of climate warming on epidemic dynamics. Proc Natl Acad Sci. 2018;115(4):744–9.  278 

31. Ovadia O, Schmitz OJ. Weather variation and trophic interaction strength: sorting the signal 279 
from the noise. Oecologia. 2004;140:398–406.  280 

32. Powell LR, Berg AA, Johnson D, Warland J. Relationships of pest grasshopper populations in 281 
Alberta, Canada to soil moisture and climate variables. Agric For Meteorol. 2007;144(1–282 

2):73–84.  283 

33. Fecchio A, Wells K, Bell JA, Tkach VV, Lutz HL, Weckstein JD, et al. Climate variation 284 
influences host specificity in avian malaria parasites. Ecol Lett. 2019;22(3):547–57.  285 

34. Robb T, Forbes M. On understanding seasonal increases in damselfly defence and resistance 286 
against ectoparasitic mites. Ecol Entomol. 2005;30(3):334–41.  287 

35. Blanford S, Thomas MB, Pugh C, Pell JK. Temperature checks the Red Queen? Resistance 288 
and virulence in a fluctuating environment. Ecol Lett. 2003;6(1):2–5.  289 

36. De Block M, Stoks R. Adaptive sex‐specific life history plasticity to temperature and 290 
photoperiod in a damselfly. J Evol Biol. 2003;16(5):986–95.  291 

37. Trottier R. Effect of temperature on the life-cycle of Anax junius (odonata: aeshnidae) in 292 

canada1. Can Entomol. 1971;103(12):1671–83.  293 

38. PRITCHARD G. The roles of temperature and diapause in the life history of a temperate‐zone 294 
dragonfly: Argia vivida (Odonata: Coenagrionidae). Ecol Entomol. 1989;14(1):99–108.  295 

39. Norling U. Constant and shifting photoperiods as seasonal cues during larval development of 296 
the univoltine damselfly Lestes sponsa (Odonata: Lestidae). Int J Odonatol. 2018;21(2):129–297 

50.  298 

40. Forbes MR, Baker RL. Condition and fecundity of the damselfly, Enallagma ebrium (Hagen): 299 
the importance of ectoparasites. Oecologia. 1991;335–41.  300 

41. Nagel L, Robb T, Forbes MR. Parasite-mediated selection amidst marked inter-annual 301 

variation in mite parasitism and damselfly life history traits. Ecoscience. 2009;16(2):265–70.  302 

42. Leung B, Baker RL, Forbes MR. Research note Grooming decisions by damselflies, age-303 

specific colonisation by water mites, and the probability of successful parasitism. Int J 304 
Parasitol. 1999;29(3):397–402.  305 

43. Batzer D, Boix D. An introduction to freshwater wetlands and their invertebrates. Invertebr 306 

Freshw Wetl Int Perspect Their Ecol. 2016;1–23.  307 



44. Deb JC, Halim MA, Rahman HT, Al-Ahmed R. Density, diversity, composition and 308 
distribution of street trees in Sylhet Metropolitan City of Bangladesh. Arboric J. 309 
2013;35(1):36–49.  310 

45. Barman N, Borgohain A, Kundu SS, Kumar NK. Seasonal variation of mountain-valley wind 311 
circulation and surface layer parameters over the mountainous terrain of the northeastern 312 
region of India. Theor Appl Climatol. 2021;143:1501–12.  313 

46. Murata F, Hayashi T, Matsumoto J, Asada H. Rainfall on the Meghalaya plateau in 314 

northeastern India—one of the rainiest places in the world. Nat Hazards. 2007;42:391–9.  315 

47. Rana KK, Bahuguna P, Chauhan A, Rayal R. Occurrence of aquatic mites in terms of their 316 
density and diversity from snow-fed river ganga near deoprayag, uttarakhand, india. J Exp 317 
Zool India. 2023;26(1).  318 

48. Shearer CL, Ezenwa VO. Rainfall as a driver of seasonality in parasitism. Int J Parasitol 319 
Parasites Wildl. 2020;12:8–12.  320 

49. Smith IM, Cook DR, Smith BP. Water mites (Hydrachnidiae) and other arachnids. In: Ecology 321 
and classification of North American freshwater invertebrates. Elsevier; 2010. p. 485–586.  322 

50. Day W. The effect of rainfall on the abundance of tarnished plant bug nymphs [Lygus 323 
lineolaris (Palisot)] in alfalfa fields. Trans Am Entomol Soc. 2006;132(3):445–50.  324 

51. Rouault G, Candau JN, Lieutier F, Nageleisen LM, Martin JC, Warzée N. Effects of drought 325 

and heat on forest insect populations in relation to the 2003 drought in Western Europe. Ann 326 
For Sci. 2006;63(6):613–24.  327 

52. Salcido DM, Forister ML, Garcia Lopez H, Dyer LA. Loss of dominant caterpillar genera in a 328 
protected tropical forest. Sci Rep. 2020;10(1):422.  329 

53. Cerini F, Stellati L, Luiselli L, Vignoli L. Long-term shifts in the communities of odonata: 330 
effect of chance or climate change? North-West J Zool. 2020;16(1).  331 

 332 

 333 

 334 

 335 

 336 

 337 



 338 

 339 

 340 

Fig 1. Seasonal variation of parasite prevalence and intensity in Agriocnemis femina 341 

damselflies. (a) Parasite prevalence and (b) parasite intensity across four seasons. Each circle in 342 

(a) represents a sampling event and in (b) represents a parasitised damselfly. The effect size (mean 343 

differences) in parasite prevalence and in parasite intensity between seasons are shown in the lower 344 

panel. 345 



 346 

Fig 2. Correlation of parasite prevalence and intensity with temperature and precipitation 347 

in Agriocnemis femina damselflies. Correlation of parasite prevalence with mean monthly 348 

temperature (a) and mean monthly precipitation (b) Correlation of parasite intensity with mean 349 

monthly temperature (c) and mean monthly precipitation (d) Each circle in (a) and (b) represents 350 

a sampling event and in (c) and (d) represents a parasitised damselfly. The fitted lines in each 351 

figure represent overall trend of data points. 352 


