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A few minutes of observation of flowers are sufficient to notice that some flower-visiting insects threaten, harass, or attack individuals from other species. Flies dive-bomb butterflies, wild bees of different species wrestle one another. One of us (MR-B) has observed this phenomenon repeatedly during at least 20 years in a garden in Michigan, USA (Fig. 1). Yet, interspecific agonistic behaviours between flower visitors on flowers are not documented in the literature.

Aggression has been studied in insects focusing on inter-colony interactions or parasitoidism [START_REF] Hardy | Hymenopteran Contests and Agonistic Behaviour[END_REF]. Few papers look at aggression on flowers while foraging. [START_REF] Sampson | Aggression between Floral Specialist Bees Enhances Pollination of Hibiscus (Section Trionum: Malvaceae)[END_REF] show that intraspecific agonistic behaviours of the wild bee Ptilothrix bombiformis could enhance the pollination of Hibiscus. [START_REF] Greenleaf | Wild Bees Enhance Honey Bees' Pollination of Hybrid Sunflower[END_REF] show that honeybees are more likely to switch to another flower after "interacting" with a wild bee (increasing pollination efficiency), but these interactions are defined merely as the wild bee joining the honeybee on the flower head. There is a small but growing literature on interspecific aggression [START_REF] Grether | The Evolutionary Consequences of Interspecific Aggression: Aggression between Species[END_REF], but this conceptual framework has not been applied to understanding interspecific flower visitor aggression on flowers. [START_REF] Drury | Reproductive Interference Explains Persistence of Aggression between Species[END_REF] suggest that interspecific aggression over resources is maladaptive and evolutionarily unstable, unless sex is also non-discriminating (females are a common resource). [START_REF] Grether | Causes and Consequences of Behavioral Interference between Species[END_REF] predict that aggressive interference between species can either lead to competitive exclusion and local extirpation, or to temporal or spatial partitioning of habitats between species. Neither of these cases seems a priori to describe previous non-systematic observations of flower visitor aggression on flowers: species as diverse as butterflies, flies and wasps cannot plausibly all be accidentally mating with each other, and they are clearly not partitioning floral resources, but rather repeatedly interacting on the same flowers. Indeed, observations during the past 20 years by MR-B suggest an interspecific dominance hierarchy between flower visitor species at flowers, a possibility not mentioned in the literature on interspecific aggressive interference.

The goal of the present observational study was thus to characterize the agonistic behaviours of flower visitor insects within dyadic interactions and the factors influencing them, and to establish a dominance hierarchy based on the propensity of morphospecies to initiate and be targeted by agonistic behaviours.

Ad libitum observations were carried out from the 25th of April to the 6th of May 2022 in urban parks in Paris, France. Based on these initial observations, we constructed an ethogram of behaviours displayed by flower visitor insects (Table 1) with 2 categories: (1) initial agonistic behaviour of the focal individual ("attacker", initiating the interactions), including "neutral" behaviour and 4 categories of increasing intensity of aggression, and (2) the reaction of both the focal individual and the targeted individual ("defender", sharing the flower head). We also created a list of morphospecies grouped on taxonomic (e.g., order, family, genus, species) and morphological (e.g., size, colour, pattern) criteria, covering mainly Hymenoptera and Diptera orders (Table 2).

Systematic observations, carried out from the 9th of May to the 2nd of June 2022, consisted of 64 sessions, fixed at 11am, 12am, 3pm and 4pm, in 4 well-flowered urban parks in Paris: Parc André Citroën, Parc de Bercy, Parc Monceau, Jardin des Plantes. We focused on plants with dense inflorescence, and we rotated the hours at which each plant was observed. We used a focal behaviour approach, continuously recording as many behaviours as we observed during each 45 min session. The initiated and the resulting behaviours, and the morphospecies of the "attacker" and the "defender" were noted for each interaction. See Appendix S1: Section S1 for detailed protocol.

In a total of 48 hours of observation, we identified 1374 interactions (e.g., Fig. 1) of which 67% were "aggressive" (intimidation (I1) = 40%, aggression (I2) = 15%, wrestling (I3) = 6%, hovering flight (I) = 6%). Among the resulting behaviours, statu quo (SQ) and defender escape (E) are predominant (37% each). Pursuit by the attacker (PA=8%), tolerance (T=7%), replacement (R=5%), swirling (SW=3%), shadowing (SH=2%) and pursuit by the defender (PB=1%) are far less common. The morphospecies most involved in the interactions are the "other wild bees" category (WB=42%), honeybees (HB=40%), the "other bumblebees" category (B=30%), yellow-striped bumblebees (YB=25%), grey bees (GB=7%) and large hoverflies (LH=6%). The 6% remaining are shared by hoverflies (H=1.8%), Polistes wasps (PW=1.2%), "other Brachycera" category (BR=1.0%), carpenter bees (CB=0.5%), Coleoptera (C=0.5%), green bottle flies (GF=0.4%) and Lepidoptera (L=0.4%) (grouped in "Other" category thereafter). Vespula wasps (VW), the "other wasps" category (W), bee flies (BY), flesh flies (FF) and Nematocera (NE) were not observed to be involved in interactions either as attackers or defenders, although they were observed several times on the plants.

To understand what meteorological and biotic factors promoted inter-insect aggression, we conducted a confirmatory path analysis with piecewiseSEM package (2.1.2) in R (4.1.2). This analysis (Appendix S1: Section S2) shows that number of insects is enhanced with increasing temperature and flower density, and reduced with damaged flowers. This result is supported by studies showing that insect activity is strongly correlated to the meteorological conditions and especially to the temperature as insects are ectothermic [START_REF] Willmer | Thermal Constraints on Activity Patterns in Nectar-Feeding Insects[END_REF][START_REF] Gilbert | Diurnal Activity Patterns in Hoverflies (Diptera, Syrphidae)[END_REF]. Moreover, the number of "neutral" interactions is only dependent on number of insects, whereas the number of "aggressive" interactions increases with increasing number of insects, sunlight and wind level, and number of "neutral" interactions. Direct sunlight might increase energy available to display agonistic behaviours. We speculate that wind may create a stressful environment that may increase the likelihood of aggressivity. Finally, the plant family does not explain either the number of insects or the number of interactions, as this variable was non-significant in our model (see Appendix S1: Figure S2 and Table S4). This is consistent with the result of [START_REF] Willmer | Thermal Constraints on Activity Patterns in Nectar-Feeding Insects[END_REF] who showed that insect activity is poorly correlated with flower rewards but rather with intrinsic parameters of insects and weather conditions. However, a systematic study across a greater range of plant families may reveal a taxonomic effect. In addition, systematic observations across weather conditions may reveal more fully how they affect aggression among insects.

Our observations supported the idea that there was a non-random dominance hierarchy between species. We observed that large hoverflies and grey bees tended to attack most of the other individuals, whereas honeybees and yellow-striped bumblebees were much calmer and more peaceful. Pearson's χ² tests on contingency tables show that some morphospecies are likely to initiate more "aggressive" than "neutral" behaviours (Pearson -𝜒²=152.26, df=6, p=2.58 x 10 -30 , VCramer=0.33, n=1374). Thus, large hoverflies, grey bees, the "other wild bees" and the "Other" categories, are more aggressive than honeybees, yellow-striped bumblebees, and the "other bumblebees" category (Appendix S1: Figure S3). "Attackers" also non-randomly target specific morphospecies (Pearson -𝜒²=426.04, df=3, p=3.59 x 10 -68 , VCramer=0.27, n=914).

Honeybees, yellow-striped bumblebees, and the "other bumblebees" and "other wild bees" categories mainly attack within their own morphospecies. Yellow-striped bumblebees target honeybees too, as do the large hoverflies. Large hoverflies and grey bees preferentially attack the "other bumblebees" category (Appendix S1: Figure S4). Interactions and resulting behaviours are also significantly non-random (Pearson -𝜒²=1456.74, df=28, p=1.25 x 10 -289 , VCramer=0.51, n=1,374). "Neutral" interactions and "hovering flight" lead to statu quo most of the time whereas "intimidation", "aggression" and "wrestling" are mainly followed by the escape of the defender (Appendix S1: Figure S5).

Finally, we further explore whether there is a dominance hierarchy by attributing the David's Score [START_REF] David | Ranking from Unbalanced Paired-Comparison Data[END_REF] to each morphospecies and classifying them in decreasing order (Fig. 2). Only "aggressive" interactions (i.e., non-"neutral") were used. To adapt David's Score to this context, we considered multiple interactions between 2 morphospecies as different rounds of the same "match", whose winner is the one initiating the most "aggressive" behaviours. The resulting hierarchy yields 3 groups: (1) large hoverflies and grey bees exhibiting the most "aggressive" behaviours; (2) "other bumblebees" category, Lepidoptera, yellow-striped bumblebees, and honeybees, receiving more attacks than they initiate; and (3) the remaining morphospecies, initiating as many "aggressive" behaviours as they are receiving. This outcome is interesting because honeybees tend to outperform and crowd out wild bees [START_REF] Cane | Gauging the Effect of Honey Bee Pollen Collection on Native Bee Communities: Apis Pollen Depletion and Native Bees[END_REF][START_REF] Steffan-Dewenter | Resource Overlap and Possible Competition between Honey Bees and Wild Bees in Central Europe[END_REF]. This means that their dominance is not mediated by aggressive interference, but by competition presumably mediated by resource exploitation efficiency, which may be related to their eusociality. We did not observe any clear patterns relating the traits of our morphospecies categories to aggressivity or dominance. A finer identification of morphospecies to species level would allow an analysis of how species traits such as size, sociality, foraging specialism, and so on, affect the position in the interspecific dominance hierarchy.

The observed interspecific dominance hierarchy in urban parks in Paris confirms previous non-systematic observations in a suburban garden on another continent with a substantially different and perhaps more biodiverse flower-visiting fauna (i.e., more beetles and butterflies).

Further extending and refining the methodology to include finer morphospecies categories, more diverse habitats, weather conditions, and species assemblages, and other parts of the world, might reveal the factors influencing the formation and maintenance of interspecific dominance hierarchies by flower visitor insects on flowers.

The observation that the baseline behaviours are "neutral", implying the least energy expenditure, along with the finding that sunshine and wind increase the rate of aggression, suggests that these aggressive behaviours could be partially explained by ethological accounts of arousal and stress. A fuller explanation that describes cost/benefit strategies of interspecific aggression among flower visitor insects remains to be elaborated. In addition, our observations suggest that the literature on interspecific aggressive interference should incorporate interspecies agonistic hierarchies.

Table 1. Identification and description of behaviours observed within dyadic flower visitor insect interactions. Note: Letters "A" and "B" refer respectively to the "attacker" initiating the interaction and to the "defender" receiving the interaction. 

  affected by A's action and remains on its flower B's departure is not due to the action of A A does not land nor stay on the flower T Tolerance B and A are foraging side by side on the same flower SH Shadowing B is followed by A from one flower to another E Escape B is driven out of its flower by A and A does not take B's flower R Replacement B is driven out of its flower by A and A takes B's flower PA Pursuit A B is driven out of its flower by A and A pursues B in flight SW Swirling B and A chase each other in flight PB Pursuit B B pursues A in flight after A's action
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 1 Fig. 1. Flower visitor insects attacking another individual from other species. Photos (a) and (b)
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 2 Fig. 2. Hierarchy of morphospecies based on their propensity to initiate "aggressive"
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Table 2 .

 2 List of morphospecies created for the identification of the interactions. Species mentioned are only examples of individuals that may have been seen during the observations.

	ID	Morphospecies Family	Species examples †
	Hymenoptera			
	HB	Honeybees	Apidae	Apis mellifera (sspp.)
	GB	Grey bees	Apidae	Anthophora plumipes / Anthophora
				quadrimaculata
	CB	Carpenter	Apidae	Xylocopa violacea
	YB	Yellow-striped	Apidae	Bombus hortorum / Bombus
		bumblebees		lucorum / Bombus terrestris / Bombus
				vestalis
	B	Other	Apidae	Bombus pascuorum / Bombus
		bumblebees		hypnorum
	WB	Other wild bees Andrenidae / Apidae /	-
			Colletidae / Halictidae /	
			Magachilidae / Melittidae	
	VW	Vespula wasps	Vespidae	Vespula vulgaris / Vespula germanica
	PW	Polistes wasps	Vespidae	Polistes spp.
	W	Other wasps	-	-
	Diptera			
	H	Hoverflies	Syrphidae	Epysyrphus balteatus / Scaeva
				pyrastri / Syrphus ribesii /
				Xanthogramma dives
	LH	Large hoverflies	Syrphida	Eristalis spp. / Merodon equestris /
		(> 15mm)		Volucella inanis
	BY	Bee flies	Bombyliidaee	Bombylius major
	GF	Green bottle	Muscidae / Tachinidae /	Calliphora vomitoria / Gymnochaeta
		flies	Calliphoridae	viridis / Lucilia spp.
	FF	Flesh flies	Sarcophagidae	Sarcophaga carnaria
	BR	Other	-	-
		Brachycera		
	NE	Nematocera	-	-
	Other			
	L	Lepidoptera	-	-
	C	Coleoptera	-	-
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