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Competitive behaviors in reproduction and
the neuronal regulating pathways

What kinds of competitive strategies are there in the reproductive process?

What 1s the difference in developmental
morphology 1n competitive rearing condition?
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Reproductive organ size change in other species in detection of rivals
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Focal male __ _ Heterospecific males

> Ecol Evol. 2018 Dec 10;9(1):410-416. doi: 10.1002/ece3.4759. eCollection 2019 Jan.

Isolation Conspecific  Heterospecific Social effects on fruit fly courtship song
2. Social environment manipulation (6 days)
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4. Courtship song analysis

Longer pulse song duration produced by males previously reared with a social partner is not due to longer IPI, but
reflects a greater number of pulses per burst.

males raised in isolation: 8.2 + 1.3 pulses/burst

males raised with conspecific males: 9.3 £ 1.9 pulses/burst

males raised with heterospecific males: 9.5 + 2.4 pulses/burst



> Neuron. 2016 Jun 15;90(6):1272-1285. dol: 10.1016/j.neuron. 2076.05.004. Epub 2016 Jun 2.
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> Curr Biol. 2019 Nov 18;29(22):3887-3898.e4. doi: 10.1016/).cub.2019.09.045. Epub 2019 Oct 31.

Social Context Enhances Hormonal Modulation of
Pheromone Detection in Drosophila
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Prolonged mating duration in detection of rivals

> Curr Biol. 2011 Apr 12;21(7):617-22. doi: 10.1016/j.cub.2011.03.008.
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Prolonged mating duration without larger number of offspring in detection of rivals

> Ecol Evol. 2020 May 4;10(12):5517-5526. doi: 10.1002/ece3.6293. eCollection 2020 Jun.

Fitness consequences of redundant cues of
competition in male Drosophila melanogaster
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Regulating pathway for prolonged mating duration in detection of rivals

> Nat Neurosci. 2012 Jun;15(6):876-83. doi: 10.1038/nn.3104.

Contribution of visual and circadian neural circuits to
memory for prolonged mating induced by rivals

Woo Jae Kim 1, Lily Yeh Jan, Yuh Nung Jan

> Neuron. 2013 Dec 4;80(5):1190-205. doi: 10.1016/j.neuron.2013.09.034.

A PDF/NPF neuropeptide signaling circuitry of male
Drosophila melanogaster controls rival-induced

prolonged mating
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Visual and circadian pathways regulate
the mating duration.
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Mating plugs through genital damage in spiders

The tip of the male sperm transfer organ
(embolic conductor, ec) breaks and remains
stuck in the genital opening.

Fromhage, L., & Schneider, J. M. 2006



Mating plugs through genital damage in other species.

Regeneration of the genital in nudibranchs

Hectocotylus: mating arm in octopuses



Prolonged mating duration Block the copulatory opening




Sexual cannibalism as a manifestation of sexual conflict

Jutta M. Schneider et al. 2014



Thank you!



Competitive behaviors for food in animal

* What are the effects of food competition on animals?
« How does food resource relate to aggression ?

* What about food competition and neural modulation in male and females?
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What and Why ?——Competition for food in nature

In the process of finding food, especially when food is in short supply, animals compete with other animals in
their own species and other species for food resources.



Types of food competition

Performance competition

Head-to-head competition

Animals Compete for Food

Within species

Predatory competition _ Steal across species

_  Eat other animal

by Ron Kurtus



What are the effects of food competition on animals ?



Groups receiving localized food displayed more aggression than those
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Feeding rate (seeds / min)

Competition for food increases the rate of feeding and aggression
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Aggression can be promoted by food in both males and females
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Effect of starvation on aggression of D. suzukii males
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Ageression rate

Probability of fencing

Food deprivation increased aggression and food patch occupancy
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Direct effects of larval competition on development time and fecundity in

seed beetles
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Body mass (mg)

The developmental environment modulates mating-induced aggression and
fighting success in adult female Drosophila
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The relationship between larval aggregation and larval body
mass 1s dietdependent
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How does food resource relate to aggression ?



NPY acting through Y1 receptors regulates the 5-HT system, thereby coordinately linking
food intake with enabling territorial aggressive behavior
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cVA promotes aggression at high fly densities and dispersal of male flies
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What about food competition and neural modulation in males

and females?



Allopregnanolone promotes success in food competition in subordinate male rats
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the absolute amount of food
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Food promote aggression and the level of aggression depends on




Flies decrease fighting when food exceeds a certain threshold and the activity of sugar

sensing Gr5a+ gustatory receptor neurons 1s required for aggression
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fruitless regulates aggression and dominance in Drosophila
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Presence of food odor, copulating male and activity of OR47b olfactory sensory

neurons contribute to female aggressive behavior
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Summary

1. In general, food competition affects body mass and aggressive behavior ;

2. Food-related aggressive behavior in mammals has been linked to other behavioral pathways,including feeding
and anxiety-related behaviors, and these links are maintained by multiple hormone and neurotransmitter systems
that signal through complex neuronal circuits to control impulsiveness and aggressiveness ;

3. Inmales, Gr5a+ GRN is required for normal levels of food-induced aggression and fru regulates aggression in

fruit flies; In females, food odors through OR47b causing aggressive behavior.
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Competitive behaviors for territory and the
neuronal regulating pathways

* How do organisms compete for territory in time and space?

* How do neurons drive competition related to social hierarchy?
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Territorial competition

. . -

Chimpahzee




How do organisms compete for territory in time and space?



Tactical use of elevation by wild chimpanzees

"Be before the enemy in occupying the raised and sunny spots (. . .)
Then you will be able to fight with advantage”

—Sun Tzu
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Tactical use of elevation by wild chimpanzees iy
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Interspecific territoriality is widespread
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Resource competition as a primary driver of interspecific territoriality
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Different factors mediate interspecific territoriality between species of the same family
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Experimental evolution with position-dependent selection
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Competitive expansion in space
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Summary

1. Smart decision-making in the competition of biological territories

Chimpanzee, high elevation in territorial contexts (Depending on elevation, imbalance of power, and intercommunity distance)

North American passerine, interspecific territoriality (Plumage dissimilarity and song dissimilarity)

Chemotaxing bacteria, colonizing a habitat (Quantitative analysis of time and space in microecological evolution)

- Social
hierarchy

Territorial
competition




How do neurons drive competition related to social hierarchy?
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Tube-test ranking for social hierarchy
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Prefrontal cortex
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Dominant mice have larger synaptic strength than the subordinate ones
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dmPFC neurons are activated during effortful behaviors in the dominance tube test
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Different types of neurons in the dorsomedial prefrontal cortex play different roles in social competition
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Different types of neurons in the dorsomedial prefrontal cortex play different roles in social competition
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Synaptic strength in the MDT-dmPFC circuit underlies the winner effect in the tube test
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The synaptic connections of the MDT-PFC circuit mediate the "winner effect"

( Zhou T, et al. Science. 2017 )



MPFC—-LH neurons modulate dominance
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Summary

1. Smart decision-making in the competition of biological territories
Chimpanzee, high elevation in territorial contexts
North American passerine, interspecific territoriality

Chemotaxing bacteria, colonizing a habitat

2. Neuron driven social competitive behavior mechanism

» mPFC, as a neural substrate for dominance hierarchy

dmPFC neurons are activated during effortful behaviors

Different types of neurons in the dorsomedial prefrontal cortex play different roles in social competition

The synaptic connections of the MDT-PFC circuit mediate the "winner effect*

vV V V VY

mPFC-LH pathway encodes social competition and modulates social dominance behaviour
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