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How	does	social	
environment	affet the	
survival	and	
reproduction behavior？



Social	Interactions	Have	a	Profound	Effect	on	
Sleep	Regulation

Cue:	Aggression

Cue:	Social environment

Cue:	Courtship



population	 density	during	 larval	development	has	an	impact	on	the	sleep	behavior	of	adult	flies,	causing	
female	flies	to	sleep	longer,	 and	in	more	consolidated	bouts.



these	effects	are	attenuated	in	amnesiac mutant flies,	but	are	not	affected	by	
mutation	to	the	ubiquitous	 olfactory	receptor	or83b.



Similar	results	were	shown	for	groups	of	females	housed	 in	
groups	of	30	for	9	days	.



Socially	enriched	individuals	 slept	significantly	more	than	
socially	impoverished	 ones.	The difference	 in	sleep	was	
restricted	to	daytime	sleep and	depend	on	visual	and	
olfactory	sensory	 inputs.



Experience-dependent	changes	in	sleep	need	require	
dopaminergic	modulation,	 cAMP	signaling,	 and	particular	
subsets of	memory	genes.





The	difference	is	dependent	on	the	core	clock	gene per	but	it	
is	independent	of	other	core	clock	genes	like timeless, cycle,	
and clock .	This	may	indicate	that	this	is	a	clock-independent	
process	in	which per has	a	separate	function.
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sleep	acts	to	downscale	synaptic	connections	that	are	
potentiated	during	 waking	experience.



The	axonal	tips	were	larger	after	
sleep	deprivation	 than	after	sleep,
consistent	with	an	increase	in	
volume	of	presynaptic	terminals.	



Synapse	size	or	number	 increases	after	a	few	
hours	of	wake	and	decreases	only	 if	flies	are	
allowed	to	sleep.



突触稳态假说：果蝇在觉醒期间，受周围社交信息
影响，突触连接数量激增，在睡眠期间对无用突触
连接进行修剪，以保持神经环路的可塑性；使得下
一次觉醒期间能进行更多的突触连接。

睡眠是作为一种保持神经环路可塑性的代价。关于
这个假说最早的实验证据可追溯到1984年的文章：



Conclusions:

• 社交对睡眠的影响从幼虫时期就开始了

• 幼虫时期的社交环境对成虫睡眠需求的影响，雌蝇比雄蝇更多

• 成虫时期雄蝇比雌蝇受社交环境的影响更多

• 视觉和嗅觉感官输入均能使得睡眠需求增加

• 多巴胺能神经元和学习记忆相关基因调控了依赖于社交环境的睡眠需
求的变化

• 依赖于社交信息的睡眠需求主要由节律因子per以一种区别于其他三个
节律因子的稳态机制来调控

• 提出一种模型：睡眠—突触稳态假说



Thank you！



嗅觉信息主导了睡眠差异的产生



视觉信息经验改变了睡眠需求





睡眠清除氧自由基假说



Social isolation effect on 
Drosophila aggression
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Social isolation induce aggression in many species



Ø How does social isolation regulate aggression？

• Sensory

• Neuromodulator

Ø Why Drosophila has a higher aggression level after social 

isolation？



Ø How does social isolation regulate aggression？

• Sensory

• Neuromodulator

Ø Why Drosophila has a higher aggression level after social 

isolation？



Vision does not involved in the social isolation induced aggression



Social status affected aggression is reversible 
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Screening of the associated genes of social isolation and aggression



Nonneuronal protein involved in the regulation of aggression by social experience



Drosophila gets social information through cVA

Social state

Aggression
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cVA effects aggression in social Drosophila via Or65a ORNs



Aggression reduced in Drosophila with Or65a ORNs activation experience 
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cVA enhance aggression of crowded Drosophila via the or67d ORNs
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A model of cVA modulates aggression by social experience/status



Neuromodulator changes in social isolation induced aggression



Decreased Dsk Expression increases aggression in social isolation flies



Dsk neurons activity bidirectionally regulates aggression in single housed fly



TK∩fruP1 neuron activity positively correlated with aggression



TK regulates aggression through Takr86C in single housed flies



Summary:

• Pheromone is very important for the establishment of social 

experience and the regulation of social behavior.

• The presence or absence of social experience can be reflected by 

differences in neuromodulators expression.



Ø How does social isolation regulate aggression？

• Sensory

• Neuromodulator

Ø Why Drosophila has a higher aggression level after social 

isolation？



Social isolation stress increase aggression in rodents



Aggression reduced after group feeding in cricket



Aggression level is not constant during the normal behavior test



Ross, Amy P et al., Hormones and behavior, 2019.

Milan Szuperak , et al., eLife, 2018. 

Social rebound after social isolation



Take home messages:

• The role of cVA in Drosophila aggression regulation.

• Neuromodulator involved in the modulation of social isolation 

related aggression.

• The significance of higher aggression levels for Drosophila.



Thanks



Effects of social experience on courtship in Drosophila 
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ØHow social  environment affects drosophila mating behavior 

ØSocial experience and courtship behavior of both sexes 



How social environment affects drosophila mating behavior?



Individual	 contextual	inputs

mating	status	

hormonal	 state	

population	 density	

prior	experience

modulate	the	display	of	social	behaviors

How?



Group	housing	enhances	pheromone	response	of	Or47b	neurons	in	mature	males



GH elevates	Or47b	pheromone	 response	by	means	of	activity-dependent	CaMKI	signaling.

Heightened	 levels	of	Or47b	ligands	in	group-housing	 conditions	are	sufficient	 to	sensitize	Or47b	ORNs	in	
mature	males.



GH elevates	Or47b	pheromone	 response	by	means	of	activity-dependent	CaMKI	signaling.



GH	enhances	courtship	behavior	by	activating	a	CaMKI-dCBP	signaling	pathway	in	male	Or47b	ORNs	



Juvenile	hormone	 signaling	 is	required	 for	the	effect	of	group	housing	 on	Or47b	ORNs

Two	molecular	pathways—one	signaling	population	 density	and	the	other	fly	age—are	both	 required	
for	the	activity-dependent	Or47b	neuronal	plasticity.



Group	housing	 enhances	the	efficacy	of	juvenile	hormone	signaling



FruM	expression	levels	determine	Or47b	response



Communicating	housing	 condition	and	signaling	hormonal	 state—act	in	concert	to	regulate	the	expression	
of	FruM	 in	Or47b	ORNs.	

Juvenile	hormone	 signaling	 require	FruM	to	elevate	pheromone	 responses



Summary:

• Group	housing	enhances	courtship	motivation	in	mature	but	not	immature	males.

• Group	housing	elevates	the	pheromone	response	of	Or47b	ORNs	only	in	mature	males.

• CaMKI/CBP	pathway	synergizes	with	juvenile	hormone	in	sensitizing	Or47b	ORNs.

• FruM	levels	fine-tune	pheromone	sensitivity	according	to	both	fly	density	and	age.



Effects of social experience or environment on male fruit flies



（Lucas	Marie-Orleach、Nathan	W.	Bailey et	al.Ecology	and	
Revolution.2018）

Experimental	procedure	to	test	the	social	plasticity	of	courtship	song.	



（Department	of	Psychology,	McMaster	Universit.Animal	Behaviour.2004）

Male	experience	affected	the	proportion	of time	males	spent	courtingand	the	rank	order of	courtship	latencies	



Compared	to	males	experienced	with mated	females,	males	experienced	with	immature	females decreased	
courtship	latency	towards	virgin	and	mated females	and	increased	courtship	duration	towards	virgin females.	

males experienced	at	courting	immature	females
males experienced	at	courting	mated	females

Male	experience	significantly	affected	both	the	proportion	 of	time	males	spent	courting	and	courtship latency



Summary:

• The	courtship	song	of	fruit	flies	is	influenced	by	social	environment.

• Male	experience	affected	the	proportion	of time	males	spent	courtingand	the	rank	order of	

courtship	latencies



Effects of social experience or environment on female fruit flies



（Department	of	Biology,	University	of	Toronto,	McMaster	Universit.Proc.	R.	Soc.	B .2012）

Social	environment	 can	influence	mate	choice	and	fecundity,	and	notably	genotypic diversity	in	the	next	generation.



Social	heterogeneity	affects mating	frequency



（Sabine	Nöbel,	Etienne	Danchin et	al.Behavioral	Ecology.2018.）

Influence	of	social	information	on	mate	selection	of	female	fruit	 flies

Mate-copying



Summary:

•群居增强了成熟雄蝇的求偶动机，提高了 or47b	的信息素反应并且这个过程需要CaMKI-dCBP途径

与保幼激素协同；FruM	根据果蝇密度和年龄调整信息素敏感度。

•社交环境影响雄果蝇的求偶歌；雄性经历影响雄性求偶的时间比例和求偶潜伏期的等级顺序。

•黑腹果蝇会根据社会环境改变交配行为和后代生产；社会经验导致雌性果蝇的“配偶复制”。



THANK				YOU		!



• 社交环境对果蝇的生存繁衍意义重大

• 丰富的社交环境会增加果蝇的睡眠需求，这可能是为了对清醒期间产生

的突触连接进行修剪以保持果蝇大脑神经环路的可塑性。

• 社交隔离会使得果蝇的打斗增强，通过信息素和神经调质的改变传递社

交信号，打斗提升也可能是社交隔离后的行为反弹。

• 社交环境也会影响果蝇对信息素检测的灵敏度从而改变雄蝇的求偶策略。
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