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ABSTRACT	
	

Many	organisms	often	 rely	on	chemical	defenses	 to	deter	predators.	However,	
the	 way	 in	 which	 invertebrates	 utilize	 chemical	 defenses	 has	 been	 relatively	
understudied.	 Darkling	 beetle	 species	 of	 the	 Eleodes	 and	 Coelocnemis	 genera	
exhibit	defensive	posturing	followed	by	malodorous	chemical	secretions	to	signal	
their	 unpalatability	 towards	 potential	 predators.	However,	 the	metabolic	 costs	
and	trade-offs	associated	with	these	mechanisms	are	unknown.	It	is	also	unclear	
whether	 certain	 beetle	 species	 utilize	 chemical	 defenses	 more	 readily	 than	
others.	 We	 examined	 the	 defensive	 displays	 and	 secretions	 of	 four	 darkling	
beetles	species.	We	also	examined	the	effect	of	captivity	on	defensive	behavior	
by	 comparing	 responses	 in	 beetles	 challenged	 in	 situ	 versus	 beetles	 that	were	
held	captive.	We	found	that	beetles	challenged	 in	captivity	exhibited	defensive	
posturing	 for	 a	 significantly	 shorter	 time	 than	 beetles	 challenged	 in	 situ.	 In	
addition,	one	species,	Eleodes	armatus,	required	a	significantly	longer	period	of	
agitation	before	odor	release	compared	to	the	other	 three	species.	Our	results	
suggest	that	prior	stress	can	cause	the	beetles	to	choose	evasion	over	defensive	
posturing	and	that	different	species	utilize	different	strategies	in	their	defensive	
secretions.	

	
	
INTRODUCTION	

Chemical	 defense	 mechanisms	 have	
evolved	in	a	number	of	organisms	as	an	
effective	method	 in	 reducing	 predation	
risk	 (Šanda	 et.	 al.	 2012).	 Chemical	
defenses	 in	 organisms	 are	 either	
synthesized	 endogenously	 or	
sequestered	 exogenously	 from	 the	

environment	 and	 can	 broadly	 range	 in	
their	 level	 of	 intensity,	 from	 being	
distasteful	and	unpalatable	(e.g.	stinging	
nettle,	 striped	 skunk,	 etc.)	 to	 highly	
toxic	 and	 even	 lethal	 to	 predators	 (e.g.	
tetrodotoxin	 in	 pufferfish,	 rough	
skinned	 newts,	 blue-ringed	 octopus,	
among	 others).	 Chemical	 defenses	 are	



  
 

 

CEC Research | https://doi.org/10.21973/N3MD4J    Fall 2017 2/6 

often	 accompanied	 by	 warning	
behaviors	 that	 signal	 the	 possession	 of	
chemical	 weaponry	 to	 predators	
(Skelhorn	 and	 Ruxton	 2007).	 	These	
behavioral	 adaptations	 often	 come	 at	
an	 ecological	 cost,	 such	 as	 reduced	
ability	to	retreat	from	predators	quickly,	
larger	 body	 sizes	 and	 diurnal	 activity.	
However,	chemical	defense	mechanisms	
and	warning	behaviors	can	be	critical	for	
survivorship	 despite	 these	 costs	 (Hatle	
and	 Townsend,	 1996).	 The	 use	 of	
defensive	 secretions	 is	 an	 effective	 but	
costly	 weapon	 for	 Eleodes	 and	
Coelocnemis	 beetles,	 and	 thus,	 the	
severity	 of	 their	 defensive	 behavior	
(warning	 display	 versus	 chemical	
release)	 may	 vary	 with	 perceived	
predation	 risk.	 Specifically,	 releasing	
defensive	secretions	are	associated	with	
metabolic	 costs	 of	 synthesizing	 the	
chemical.	 While	 beetles	 can	 secrete	
sufficient	 discharge	 from	 defensive	
glands	more	than	once	during	an	attack,	
they	 typically	 only	 discharge	 once	
because	 residual	 secretions	 that	persist	
on	 the	 abdomen	 can	 sufficiently	 deter	
predators	 and	 depleted	 glands	 may	
require	 several	 days	 to	 replenish	
completely	 (Eisner	 and	 Meinwald,	
1966).	Therefore,	controlling	how	much	
defensive	 secretion	 is	 released	 versus	
the	 less	 costly	 behavior	 of	 exhibiting	 a	
defensive	 posture	 without	 chemical	
secretion	 during	 an	 attack	 is	 an	
important	adaptation	for	these	beetles.	
Members	 of	 the	 genus	 Eleodes	 and	

Coelocnemis,	 also	 known	 as	 darkling	 or	
pinacate	 beetles,	 possess	 repugnatory	
glands	 that	 produce	 malodorous	
defensive	 secretions	 that	 allow	
predators	 to	 quickly	 learn	 to	
discriminate	 against	 these	 beetles	

(Eisner	 and	 Meinwald,	 1966).	 If	
threatened	 by	 a	 predator,	 Eleodes	 and	
Coelocnemis	 beetles	 will	 discharge	
chemical	 defenses	 from	 the	
repugnatory	 gland	 as	 a	 spray.	 This	
display,	however,	may	make	 the	beetle	
more	 vulnerable	 as	 it	 requires	 them	 to	
face	their	head	into	the	ground.	As	such,	
these	beetles	possess	another	chemical	
adaptation	 as	 a	 final	 deterrent	 against	
predation—the	 blood	 of	 these	 beetles	
also	 consists	 of	 repellent	 substances	
that	 make	 them	 unpalatable	 to	
predators	 (Eisner	and	Meinwald,	1966).	
Thus,	 these	 repellent	 substances	
increase	 their	 chances	 of	 surviving	 a	
predatory	attack.	
While	 we	 know	 that	 these	 beetles	

utilize	 chemical	defense,	 there	 is	 a	 lack	
of	understanding	regarding	interspecific	
differences	 in	 defense	 displays	 among	
beetle	 species.	 These	 unknown	
differences	 between	 interspecific	
differences	include	defensive	responses,	
differences	 in	 chemical	 secretion,	 and	
body	 structures.	 In	 addition,	 there	 is	
also	 a	 lack	 of	 understanding	 regarding	
the	 effects	 of	 captivity	 on	 organisms	
that	 utilize	 chemical	 defenses.	
Individuals	 can	 vary	 widely	 in	 their	
responses	 to	 captivity.	 They	 are	 often	
highly	 susceptible	 to	 stress,	 have	
shorter	 lifespans	 and	 may	 have	
reproductive	 problems,	 reducing	 their	
overall	 survivorship	 (Mason,	 G.	 2010).	
This	lack	of	understanding	has	led	us	to	
investigate	 these	 knowledge	 gaps	 by	
looking	 at	 the	 beetles	 of	 Granite	
Mountain	to	see	if	changes	in	stress	and	
differences	 among	 species	 affect	
defensive	secretion	response	time.	
We	 investigated	 various	 trade-offs	 in	

chemical	 defense	 behaviors	 in	 beetles	
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(representatives	 from	 Eleodes	 and	
Coelocnemis).	 We	 first	 asked	 whether	
the	duration	of	defensive	posturing	and	
time	 until	 chemical	 release	 would	 vary	
among	beetle	species,	potentially	due	to	
interspecific	 differences	 in	 size.	
Secondly,	 we	 asked	 how	 captivity	
affects	 defensive	 chemical	 secretion.	
We	 hypothesized	 that	 wild	 beetles	
would	be	more	prone	to	predation	and	
would	therefore	exhibit	longer	defensive	
postures.	 We	 also	 hypothesized	 a	
shorter	 time	 until	 defensive	 chemical	
secretion	 in	 captive	beetles	 versus	wild	
due	 to	 the	 physiological	 stress.	 In	
summation,	all	of	 these	would	allow	us	
to	 better	 infer	 how	 stress	 and	
interspecific	differences	amongst	beetle	
species	affect	response	time	to	stimulus	
and	 the	way	 in	which	 beetles	 prioritize	
these	ecological	trade-offs.	

METHODS	

Study	System	

We	 conducted	 our	 study	 from	
November	 3–8,	 2017,	 at	 Sweeney	
Granite	 Mountains	 Desert	 Research	
Center	 (34.7813°	 N,	 115.6538°	 W),	
located	 in	 the	 Mojave	 Desert,	 Kern	
County,	 California.	 Our	 study	 area	
consisted	 of	 desert	 scrub	 habitat	
dominated	 by	 cholla	 (Cylindropuntia	
acanthocarpa),	 cat-claw	 acacia	
(Senegalia	gregii),	creosote	bush	(Larrea	
tridentata),	 and	 Mojave	 yucca	 (Yucca	
shidigera).	

Experimental	Design	

In	 order	 to	 examine	 differences	 in	
chemical	 defense	 behavior	 among	
beetle	species,	we	conducted	challenge	
experiments	 with	 beetles	 encountered	

in	 situ.	 We	 selectively	 sampled	 beetles	
by	walking	along	roads	and	trails	during	
early	mornings	and	late	afternoon	when	
beetles	 were	most	 active	 (Smith	 et.	 al.	
2014).	For	each	encountered	beetle,	we	
first	recorded	how	close	we	could	get	to	
the	 beetle	 before	 it	 displayed	 a	
defensive	 posture.	 If	 there	 was	 no	
reaction	to	our	presence,	we	conducted	
consecutive	 challenges	 of	 perturbation	
on	 the	 beetle,	 with	 each	 challenge	
simulating	 an	 increasing	 level	 of	
predation	 risk.	 During	 the	 first	
challenge,	 we	 aggressively	 tapped	 the	
beetle	 on	 top	 of	 their	 abdomen	 using	
metal	forceps	and	timed	the	duration	of	
their	defensive	display.	When	the	beetle	
lowered	 its	 abdomen	 and	 began	 to	
retreat,	 we	 conducted	 a	 second	
challenge	 by	 tapping	 the	 beetle	 twice	
more	 with	 our	 forceps	 and	 again	
recorded	 the	 duration	 of	 their	 second	
defensive	 display.	 After	 the	 beetle	
lowered	 its	 abdomen	 again,	 we	
conducted	 a	 final	 challenge	 by	
continually	tapping	it	on	its	abdomen	in	
a	 consistent	 rhythm	 and	 recorded	 the	
duration	 of	 time	 until	 it	 released	 its	
defensive	 secretions	 or	 exposed	 its	
repugnatory	 gland	 (without	 direct	
chemical	 secretion).	 Following	 these	
challenges,	we	collected	the	beetle	and	
stored	 it	 in	 a	 4	oz.	 specimen	 cup	 to	be	
used	 in	 further	 challenge	 experiments,	
as	described	below.	
We	further	investigated	the	effects	of	

captivity	 on	 behavioral	 defensive	
response	 in	 beetles	 collected	 from	 in	
situ	 challenges,	 as	 well	 as	 beetles	 that	
were	 opportunistically	 collected	 in	 the	
reserve.	 All	 beetles	 were	 kept	 in	
captivity	for	one	day	before	undergoing	
further	 challenges	 in	 order	 to	 ensure	
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that	 all	 captive	 beetles	 underwent	 the	
same	 stress	 induced	 environment.	 We	
conducted	 challenges	 with	 these	
beetles	 according	 to	 the	 same	protocol	
described	above.	
For	both	captive	and	wild	beetles,	we	

calculated	 total	 time	 of	 interaction	 as	
the	 sum	 of	 times	 from	 all	 three	
treatments	 and	 used	 this	 to	 measure	
interspecific	 differences	 in	 defensive	
behavior.	We	used	electronic	calipers	to	
measure	physical	characteristics	of	each	
beetle	 representative	 of	 interspecific	
differences	in	size	using	thorax	width	as	
a	proxy	because	it	was	the	most	reliable	
form	 of	 morphological	 measurement.	
We	 also	 recorded	 the	 number	 of	
antenna	segments,	leg	spikes,	and	tarsal	
claws	 of	 each	 individual	 to	 assist	 in	
species	identification.		

Statistical	Analysis.	

We	used	 JMP	 Pro	 13	 software	 for	 all	
data	 analyses.	 For	 these	 analyses,	 we	
performed	 ANOVA	 tests	 comparing	
morphological	 measurements	 among	
beetle	 species	 to	 determine	 if	 there	
were	 interspecific	 behavioral	
differences.	 We	 conducted	 a	 t-test	 to	
examine	 interspecific	 differences	 in	
duration	 of	 defensive	 display	 by	
comparing	 total	 time	 until	 chemical	
release	 in	 E.	 armatus	 versus	 all	 other	
beetle	 species	 in	 our	 study	 due	 to	 its	
prevalence	 in	 our	 study	 site.	 We	
conducted	 a	 t-test	 to	 investigate	 the	
effect	 of	 captivity	 on	 the	 duration	 of	
defensive	 display	 for	 the	 first	 and	
second	challenge.	We	used	a	one-tailed	
t-test	 for	 these	 analyses	 because	 our	a	
priori	 hypothesis	 predicted	 that	
captivity	would	decrease	the	duration	of	
a	defensive	display.	

RESULTS	

Out	of	 the	38	beetles	 sampled	 in	 this	
study,	 18	 were	 Eleodes	 armatus,	 16	
were	E.	dentipes,	two	were	E.	obscurus,	
and	 two	 belonged	 to	 genus	
Coelocnemis.	 We	 found	 that	 each	
species	 of	 beetle	 had	 a	 unique	 mean	
thorax	width	(N	=	38,	P	<	0.0001;	Figure	
1).	 We	 found	 that	 E.	 armatus	 took	 a	
longer	 time	 to	 secrete	 their	 defensive	
chemicals	 compared	 to	 the	other	 three	
species	 (N	 =	 38,	 P	 =	 0.02;	 Figure	 2).	
Additionally,	 we	 found	 that	 beetles	
encountered	 in	 situ	 held	 a	 longer	
duration	of	display	compared	to	beetles	
challenged	 in	 captivity	 during	 both	 the	
initial	challenge	(N	=	38,	P	=	0.04;	Figure	
3)	 as	 well	 the	 subsequent	 second	
challenge	(N	=	38,	P	=	0.03;	Figure	4).	

DISCUSSION	

Our	 results	 support	 our	 research	
question	 that	 there	 are	 differences	 in	
defensive	 behavior	 in	 wild	 and	 captive	
beetles.	We	observed	 that	wild	 beetles	
will	 display	 defensive	 postures	 longer	
than	 those	 in	 captivity,	 with	 captive	
beetles	 opting	 to	 flee.	 When	
reintroduced	 to	 stimulus,	 wild	 beetles	
would	 still	 be	 in	 a	 defensive	 display	
longer	 than	 the	 captive	beetle.	Overall,	
we	 saw	 a	 trend	 that	 captive	 beetles	
took	less	time	to	release	their	defensive	
discharge	 compared	 to	 wild	 beetles.	
This	may	 be	 due	 to	 increased	 stress	 in	
captivity	 (Mason,	 G.	 2010).	
Furthermore,	 defensive	 chemical	
secretion	 differed	 among	 different	
species,	with	E.	armatus	taking	longer	to		
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Figure	1.	Mean	thorax	plate	width	±	se	of	beetle	
species.	Bars	represent	means	+	1	S.E.M.		
 

 
Figure	2.	Mean	duration	of	first	and	second	
threat	display	±	se	of	beetle	wild	and	captive.	

 
Figure	3.	Mean	odor	release	time	of	E.	armatus	
versus	all	other	species	sampled.	Error	bars	
represent	±	1	standard	error.		

secrete	 their	 chemical	 defense.	 This	
may	 suggest	 E.	 armatus	 is	 better	
adapted	 to	 the	environment	because	 is	
one	of	the	largest	beetles	and	the	most	
prominent	in	the	area.	
In	 addition,	 we	 were	 able	 to	 identify	

the	 presence	 of	 beetles	 (Eleodes	
dentipes,	 Eleodes	 obscurus,	 and	
Coelocnemis)	 that	 had	 not	 been	
recorded	 at	 Granite	 by	 comparing	
physical	 characteristics	 such	 as	 mean	
thorax	 width.	 It	 is	 unclear	 how	 many	
species	 of	 Eleodes	 and	 Coelocnemis	
occur	 in	 the	 Mojave	 Desert,	 but	 we	
were	able	to	confirm	that	there	is	more	
than	 just	 the	E.	armatus	 species,	which	
is	 currently	 the	only	Eleodes	species	on	
the	 Sweeney	 Granite	 Mountain	 Desert	
Research	 Center	 invertebrate	 species	
list.	 We	 suggest	 that	 more	 research	
should	 be	 done	 to	 distinguish	 the	
differences	 and	 similarities	 in	 the	
geographic	distribution,	physiology,	and	
behavior	 between	 species	 of	 Eleodes	
and	Coelocnemis.	
Future	 research	 can	 focus	 on	 the	

composition	 of	 repugnatorial	 secretion	
between	 species,	 especially	 those	 that	
exhibit	 Müllerian	 mimicry.	 While	
Müllerian	 mimics	 have	 retained	 these	
defensive	 glands	 through	 convergent	
evolution,	 it	 would	 be	 interesting	 to	
explore	 the	 similarities	 and	 differences	
between	each	species	and	the	chemical	
composition	of	the	compounds	found	in	
the	repugnatory	gland	that	makes	these	
organisms	 unpalatable	 (Eisner	 and	
Meinwald,	 1966).	 Further	 research	
could	 also	 focus	 on	 the	 phylogenetic	
relationships	 among	 these	 beetle	
species.	 Future	 studies	 could	 also	
explore	 the	 similarities	 of	 defensive	
chemical	 composition	 in	 plants	 as	 well	
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as	compounds	found	in	beetle	defensive	
secretion	 in	 areas	 of	 overlapping	
distribution.	Finally,	further	research	on	
the	 implications	 of	 captivity	 on	
organisms,	 specifically	 those	 with	
defensive	 chemical	 secretions,	 is	
needed	 to	 better	 inform	 catch-and-
release	 studies	 and	 improve	 individual	
welfare	of	the	organism.	
The	 costs	 and	 benefits	 of	 these	

beetles’	 defensive	 posturing	 and	
chemical	 secretion	 has	 not	 been	
quantified	 in	 prior	 research.	 Their	
chemical	defenses	are	a	costly	resource;	
we	 would	 expect	 the	 beetles	 to	 have	
adapted	by	only	utilizing	it	when	the	risk	
of	 actual	 predation	 is	 high	 enough.	
There	 is	 a	 choice	 of	 “fight	 or	 flight”	 in	
such	 situations.	 We	 observed	 that	
beetles,	 which	 experienced	 the	 prior	
stress	of	 captivity,	 chose	 to	 flee	overall	
rather	 than	 display	 their	 defensive	
posture.	 This	 result	 suggests	 that	
beetles,	 which	 were	 attacked,	
previously	 may	 choose	 to	 evade	 the	
next	predator	rather	than	defend	 itself.	
This	 highlights	 the	 costliness	 of	 their	
chemical	 defenses	 and	 sheds	 insight	
into	which	 situations	beetles	 choose	 to	
evade	or	defend	themselves.	
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