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LE is observed across many organisms and may range in severity 

and duration; competition loss often involves subsequent changes in 

mating or fighting tactics by loser (Rutte et al. 2006; Okada and Miyatake 2010)

Insect systems’ fast generation time, stereotyped aggressive 

behaviors, and more well-characterized nervous systems make them ideal 

for studying LE establishment

STUDY GOAL:  Test whether protein synthesis is required for LE-

related behaviors in Gnatocerus cornutus.

HYPOTHESIS: Protein synthesis inhibition eliminates loser behaviors,

RATIONALE: Protein synthesis inhibitors like cycloheximide (CHX) 

have been experimentally associated with memory impairment in 

mice and Drosophila (Tully et al. 1994, Yin et al. 1994; Trannoy et al. 2016)

Abstract
The loser effect (LE) is the propensity of an organism to lose subsequent resource contests after experiencing an initial loss. In this 

study, we test whether ongoing protein synthesis maintains and modulates the intensity of LE behaviors in the broad-horned flour 

beetle, Gnatocerus cornutus. We find that CHX-treated losers took longer to retreat from fights and did not enter LE shutdown as 

rapidly as untreated beetles; however, CHX-treated losers presented with familiar opponents in a second fight entered LE more quickly 

than those given a novel opponent. This supports a model in which a) ongoing protein synthesis is required for the typical LE 

presentation in this beetle and b) LE involves components of both opponent recognition and memory consolidation which may work 

independently. Investigating the molecular mechanisms of LE in this system may also clarify potential genetic influences on 

stress-related psychopathologies like PTSD.

Ongoing protein synthesis is likely 

required for the typical LE presentation 

in G. cornutus: CHX-treated, 

losing G. cornutus delay both time to first 

retreat and transition into LE shutdown

LE may involve independent components 

of both opponent recognition and 

memory consolidation: +CHX losers 

in familiar trials entered LE shutdown much 

more rapidly than their +CHX unfamiliar 

counterparts, but more slowly relative to               

-CHX competitors in unfamiliar trials

Future directions: Ruling out contribution of 

winner effects; RNAi/pharmaceutical KD of 

genes that may be involved in different 

chronological aspects of LE response

Further characterizing molecular 

mechanisms of LE establishment in 

insects facilitates ID of functional 

homologs to vertebrate stress pathways, 

more rapid screening of pharmaceutical 

interventions 

Figure 2. The time for males exposed to CHX to (A) First Retreat or 

(B) LE Shutdown when paired with a male they previously lost to 

(blue: familiar) or a male they had no prior experience fighting (orange: 

unfamiliar).Shaded area is a 95% CI.

Figure 1. Effects of CHX treatment and weight difference on the time 

to (L) first retreat and (R) start of LE shutdown. Shaded area is a 95% CI.

• 2 weeks after eclosion

• Only males have mandibular horns

• Weighed and given odd/even ID#

Identifying 
Competitors

• Fights in dark under red lamp, 
recorded; 20 min-1h

• Female perfumed 2.5cm arena in 
6-well plate + filter paper, then one 
odd# and one even# male beetle 
added

• Losers showed LE shutdown 
initiation

Initial Fight

• Fresh CHX solution dropped onto 
filter paper

• +CHX group incubated 16h

CHX Treatment of 
Losers

• 29 unfamiliar (+CHX, –CHX), 12 
familiar (+CHX)

• Time of first retreat, time to LE 
shutdown quantified via 
observation of ~40-min videos

Behavior Trials

Methods
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