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THE	SENSES	
	
All	 sea	 slugs	 and	 nudibranchs	 have	 sensory	 organs	 that	 assist	 them	 to	 successfully	 relate	 to	 their	
environment,	 to	 respond	 or	 react	 and	 thus	 navigate	 their	 way	 through	 life.	 These,	 operating	 in	
combination,	enable	them	to	move	about	their	habitat,	to	locate	and	eat	their	food,	to	find	and	copulate	
with	a	mate	and	to	avoid	predators	or	other	threats.	The	various	organs	sense	chemicals,	light,	touch,	
pressure,	 vibration	 and	 temperature.	 We	 are	 familiar	 with	 the	 obvious	 rhinophores	 possessed	 by	
nudibranchs	but	 there	are	other	 sensory	organs	 that	are	not	 so	obvious	 to	 the	casual	observer.	The	
ability	of	some	of	these	is	known	but	for	others,	only	conjectured.		
	

SIGHT	
	
Eyespots	

	
Photoreceptors,	or	eyes	or	rather,	paired	eyespots	can	be	seen	on	nearly	all	sea	slugs,	embedded	sub-
epidermally	in	the	skin.	If	the	actual	eyespots	cannot	be	observed	it	may	be	that	they	are	located	well	
below	the	epidermis	and	an	area	of	translucent	skin	covers	them	but	allows	light	to	penetrate	to	those	
simple	 light-receptive	 organs	 situated	 immediately	 below.	 It	 may	 also	 be	 the	 case	 that	 they	 are	
camouflaged	in	some	manner	by	pattern	or	skin	colour.	The	eyespots	are	located	anteriorly	on	the	slug	
in	the	“head”	region,	near	the	base	of	and	in	proximity	to	the	rhinophores	or	equivalent	head	tentacles.	
They	are	paired,	one	on	the	right	side	of	the	”head”	and	one	on	the	left.	In	saying	that	they	are	located	
on	either	side	of	the	head,	in	some	however,	they	are	positioned	very	close	together	just	each	side	of	
the	midline.	They	are	quite	obvious	in	the	Sea	Hares,	noticeable	in	many	others,	but	require	some	keen	
observation	to	discern	in	some.	
	
	

	

	
	
	
These	eyespots	are	rather	rudimentary	in	development	therefore	fine	discriminations	are	unlikely	but	
it	 is	 known	 that	 they	 can	 detect	 light,	 its	 intensity	 and,	 because	 there	 are	 two,	 perhaps	 also	 the	
direction	 from	which	 that	 light	arrives.	 It	 is	 therefore	postulated	 that	 the	combination	of	changes	 in	
intensity	and	direction	perhaps	allow	some	interpretation	of	movement,	related	to	shadows,	too.	
	 	

The	sap-sucking	sea	slug	Costasiella	kuroshimae	has	
close-set	eyespots	between	the	head	tentacles	on	the	

midline.	

The	large	and	distinctive	eyespots	of	the	sea	hare	Aplysia	
nigrocincta,	located	on	the	sides	of	the	head,	are	easy	to	
discern.	
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The	 registering	 of	 colour	 or	 shape	 though	 is	 thought	 to	 be	 beyond	 their	 capability.	 Part	 of	 their	
function	is	no	doubt	to	also	simply	register	day	or	night	or	the	approach	thereof,	for	the	slug’s	internal	
body	clock.	Nocturnal	species	will	know	when	it	is	night	and	intertidal	species	will	also	be	warned	of	
the	greater	threat	of	drying	out	during	the	day.	
	
There	are	tissues	in	the	eyespot	makeup	that	correspond	to	a	cornea	closest	to	the	epidermis,	a	dark	
retina,	a	primitive	somewhat	spherical	lens	in	the	eye	cup	and	a	short	optic	nerve	because	the	eye	is	
invariably	located	almost	right	on	top	of	the	main	ganglions.	Investigations	across	the	sea	slug	types	
thus	far	have	shown	a	wide	diversity	in	the	arrangement	of	their	photosensitive	membranes	however	
two	different	types	of	photoreceptor	cells	have	been	identified.	They	have	different	sensitivities,	one	
type	register	dim	or	bright	and	the	other	flashing	or	constant.	This	primitive	organization	is	 in	stark	
contrast	to	the	highly	developed	eyes	of	those	other	molluscs,	the	cephalopods	-	the	octopus	and	squid	
for	example.	
	

	
	 	

The	eyespots	on	this	Armina	nudibranch	are	positioned	
on	the	lateral	sides	of	the	rhinophore	stalks	to	avoid	

being	covered	by	the	front	edge	of	the	mantle.	

This	primitive	Acteonoidea	headshield	slug,	Bullina	
lineata,	has	easily	discerned	eyespots	through	the	

translucent	headshield.	
	

The	sacoglossan	Thuridilla	splendens	has	eyespots	that	
are	masked	by	the	dark	lines	in	the	pattern	on	its	body.	

Translucent	pads	behind	the	rhinophores	allow	the	
light	to	penetrate	through	the	epidermis	to	the	small	

eyespot	below	on	this	Nembrotha	lineolata.	



Understanding	Nudibranchs	and	other	Sea	Slugs	–	The	Book	

David	A.	Mullins			2019		-	The	Senses	
	

4	

CHEMOSENSORY	
	

With	 such	 a	 low	 level	 of	 sight	 ability	 just	 how	 do	 the	 sea	 slugs	 find	 their	 way	 around	 the	 marine	
environment?	Normally	 in	nature	 if	one	of	 the	senses	 is	reduced	another	becomes	highly	developed.	
The	 sea	 is	 not	 just	 salty	water,	 it	 is	 a	 veritable	 soup	 of	 dissolved	 chemicals	 produced	 and	 released	
either	intentionally	or	as	a	by-product	of	mere	existence	by	every	form	of	life	abiding	therein.	Just	as	
mammals,	for	example,	can	detect	chemicals	in	the	air	by	smelling	them	via	their	nose	so	too	can	the	
sea	 slugs	 detect	 chemicals	 in	 the	water	 via	 their	 rhinophores	 or	 the	 equivalent	 head	 tentacles.	 But	
these	are	not	the	only	type	of	chemical	detectors.	The	more	primitive	forms	have	different	organs	for	
this	 function	 and	 sometimes	 there	 may	 be	 additional	 organs	 for	 specific	 detections	 not	 all	 fully	
understood	at	this	time.		

	
Hancock’s	Organ	
	
The	cephalaspideans	and	acteons,	the	head-shield	slugs,	have	a	chemical	sensory	patch	on	both	sides	
anteriorly	 between	 their	 foot	 and	headshield	 called	Hancock’s	Organ.	 This	 is	 considered	 to	 be	 their	
primary	chemosensory	receptor	and	believed	to	be	homologous	to	the	rhinophores	(discussed	below)	
being	well	supplied	with	cerebral	nerves.	They	are	thought	to	have	replaced	the	osphradium,	the	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 	

Nembrotha	kubaryana,	rearing	up	to	test	the	
surrounding	waters	in	order	to	decide	on	a	direction	of	

travel.	

Godiva	quadricolor	on	the	move	with	the	full	
complement	of	sensory	detectors	arrayed.	

The	Hancock’s	Organ	leaflets	(arrowed)	of	Hydatina	
physis	lie	protected	beneath	the	headshield	lobes.	

Bulla	vernicosa	has	the	anterior	corners	of	the	
headshield	highly	modified	into	tubular	siphons	to	
funnel	water	flow	over	the	Hancock’s	Organs.	
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principal	 chemo-turbidity	 sensor	 of	 the	majority	 of	 shelled	molluscs,	which	 tests	water	 as	 it	 enters	
their	mantle	cavity.	Hancock’s	Organ	is	extremely	variable	in	presentation	and	may	take	the	form	of	a	
roughened	 surface,	 a	 number	 of	 folds,	 small	 papillae	 or	 even	 leaflets,	 often	 situated	 within	 a	
depression	 or	 pit.	 	 Some	 species	 have	 enhanced	 efficiency	 by	 forming	 part	 of	 the	 headshield	 into	 a	
funnel	 anteriorly	 to	 direct	 water	 flow	 over	 these	 sensory	 patches.	 A	 similar	 organ	 is	 possessed	 by	
Umbraculum	(the	umbrella	shells),	the	primitive	members	of	the	sea	hares,	the	Akeridae	and	also	the	
less	well-known	fresh	or	brackish	water	living	Acochlidia.	
	
Osphradium	
	
Many	of	the	so-called	“primitive”	sea	slugs	that	bear	shells	possess	an	osphradium.	This	includes	some	
of	 the	 cephalaspideans	 with	 forward	 opening	 mantle	 cavities,	 the	 Aplysia	 sea	 hares,	 the	 shelled	
sacoglossans	(e.g.	Lobiger)	and	the	umbrella	shells	(e.g.	Tylodina)	This	organ	is	located	just	in	front	of	
the	 gill	 within	 the	 mantle	 cavity.	 As	 mentioned	 previously	 it	 has	 a	 chemosensory	 function	 but	
suggestions	have	been	made	that	because	the	gill	is	situated	within	the	mantle	cavity	and	water	has	to	
be	 cycled	 through,	 it	 also	 has	 a	 turbidity	 and	 pH	 sensing	 function	 to	 assist	 in	 the	 regulation	 of	
respiration.	
	

	
Rhinophores	
	

One	of	the	most	obvious	external	anatomical	features	of	the	majority	of	sea	
slugs	 is	 the	 rhinophores.	 Situated	 anteriorly,	 pointing	 up	 and	 above	 the	
body	of	 the	 slug,	 appearing	 to	be	 leading	 the	way	 into	 the	unknown	 they	
seem	 to	 herald	 its	 arrival,	 however	 the	 opposite	 is	 actually	 true	 as	 they	
have	already	informed	the	slug	of	what	possibly	lies	well	ahead.	The	word	
rhinophore	 is	 derived	 from	 two	 words	 of	 classical	 Greek	 origin:	 rhino	 =	
nose	 and	 phore	 =	 to	 bear	 or	 carry.	 From	 this	 we	 can	 deduce	 that	 their	
function	is	to	detect	chemical	compounds	just	as	we	humans	use	our	nose	
for	smelling,	although	humans	in	modern	society	seemingly	use	that	sense	
almost	as	a	form	of	gratification	rather	than	survival	(apart	from	the	“sniff	

test”	of	course).	The	term	rhinophores	is	used	loosely	to	refer	to	the	anterior	head	tentacles	of	all	the	
sea	 slugs	because	of	 their	 similarity	of	purpose	although	 in	 the	 strictest	 sense	 the	word	 rhinophore	
applies	only	to	the	true	nudibranchs.	
	
	 	

Most	Sea	Hares,	like	the	Aplysia	above,	possess	a	shell	
or	its	remnant	covering	the	gill	and	heart	and	an	
osphradium	to	assist	in	respiration	regulation.	

Lobiger	viridis	has	its	gill	under	the	shell	in	the	mantle	
cavity.	The	osphradium	measures	the	pH	and	turbidity	

of	the	water	funneled	in.	
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With	 the	 thousands	 of	 different	 chemicals	 dissolved	 in	 the	 water	 just	 what	 are	 the	 nudibranchs	
looking	 for	 and	 why?	 The	 three	 main	 objectives	 for	 an	 individual	 nudibranch’s	 survival	 and	 the	
survival	of	its	species	are:	feeding,	predator	avoidance,	and	mating,	therefore	they	are	trying	to	detect	
chemical	cues	that	have	been	produced:	by	their	prey	in	order	to	feed,	by	their	predators	to	effect	an	
escape	and	by	conspecifics	(their	own	species)	to	enable	mating	and	continuance	of	the	species.	
	
The	 rhinophores	bear	 receptors,	 chemoreceptors,	within	 their	 epithelium	 that	 are	 able	 to	bind,	 and	
thus	recognize,	a	specific	range	of	chemical	molecules	released	intentionally	or	unintentionally	by	any	
of	those	other	parties	thus	enabling	recognition	of	their	existence	in	the	vicinity.	The	binding	of	those	
molecules	to	the	chemoreceptors	triggers	a	neurologically	signal	to	the	“brain”.	The	importance	of	the	
rhinophores	to	the	nudibranch	in	sensory	perception	is	revealed	in	the	large	size	and	proximity	of	the	
nerves	connecting	them	to	the	cerebral	ganglion,	which	functions	as	the	nudibranch’s	brain.	
	

	
Many	and	varied	are	the	shape	and	form	of	rhinophores	across	all	the	families	of	the	nudibranchs	and	
sea	slugs	from	rolled	tubes	to	very	plain	and	smooth	rods	to	highly	elaborated	structures.	Many	of	the	
elaborations	such	as	horizontal	or	vertical	lamellae,	annular	rings	or	papillae	are	thought	to	increase	
efficiency	 by	 providing	 a	 larger	 surface	 area	 for	 the	 testing	 of	 the	 water	 flowing	 over	 them.	
Additionally	they	serve	to	also	slow	the	velocity	of	water	flow	over	or	through	them	in	order	that	the	
chemical	compounds	might	more	readily	bind	with	the	receptors.		A	cross	section	of	some	of	the	types	
is	illustrated	here.	
	

	
	
	
	
	
	
	
	
	

	
	 	

Virtually	sightless,	Hypselodoris	jacksoni	however,	
locates	and	hones	in	on	its	specific	food	amongst	all	the	
other	benthic	marine	life	giving	off	chemical	cues.	

It’s	a	big	ocean;	a	slow	slug;	and	mates	are	few	and	far	
between	however,	a	pair	of	Goniobranchus	daphne	

locates	each	other	to	propagate	the	species.	

The	simple,	smooth	and	rod-like	
rhinophores	of	Aegires	serenae.	

The	long	rhinophores	of	
Cadlinella	ornatissima	with	

their	many	lamellae.	

The	highly	elaborate	rhinophore	
and	pocket	structure	common	to	

the	Marionia	species.	
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Rolled	tubes	with	slit	–	
Berthella	martensi	

Bifurcated	tubes	–	Cyerce	
nigra	

Laminated	clubs	on	stalks	–	
Hexabranchus	sanguineus	

Horizontal	lamellae	on	long	
clubs	–	Ardeadoris	averni	

Vertical	lamellae	on	bulbous	clubs	
–	Dermatobranchus	ornatus	

Rod-like	with	annulated	rings	
–	Favorinus	tsuruganus	

Long	and	tapering	with	surface	
wrinkles	–	Sakuraeolis	nungunoides	
	

Long,	many-branched	stalks	
surrounding	laminated	club	–	

Dendronotus	regius	
	

Finger-tipped	laminated	clubs	
on	stalks	-	Trapania	palmula	

Pulpit-like	rhinophores	a	central	
finger	surrounded	by	crown-like	
papillae	–	Tritoniopsis	elegans	

Large	perfoliate	rhinophores	with	
stubby	tips	–	Pteraeolidia	semperi	

Club	with	arborescent	processes	
surrounding	central	finger	arising	
from	ornate	sheaths	–	Marionia	sp.	

A	small	selection	of	rhinophore	types	
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Such	important	organs,	which	in	many	instances	look	not	unlike	an	attractive	worm	waving	about	in	
the	 currents,	 need	 to	be	protected	 from	attack	of	 course	and	a	number	of	methods	have	evolved	 to	
help	achieve	that	aim.	These	range	from	pockets	into	which	the	rhinophores	can	rapidly	retract,	raised	
sheaths	 from	 within	 which	 they	 can	 “peek”	 out,	 protective	 appendages,	 extra-rhinophoral,	
surrounding	or	arching	over	and	even	closely	associated	decoy	(sacrificial)	appendages	to	deceive	an	
attacker.	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	

	 	

This	simple	type	of	protective	pocket	enabling	
rhinophore	retraction	is	common	amongst	many	

dorids	–	Phyllidia	varicosa	

Raised	sheaths,	some	quite	elaborate,	provide	for	a	
graduated	retraction	of	rhinophores	–	Marionia	sp.	

Large	 extra-rhinophoral	 processes	 are	
possessed	 by	 Trapania	 scurra	 for	 distraction	
and	protection	against	predatory	attack.	

Aegires	villosus	has	raised	protective	processes	
around	the	lateral	edge	of	it	raised	rhinophoral	

sheaths	for	protection.	

This	 undescribed	 Bornella	 has	 obvious	 decoy	
“rhinophores”	above	the	drably	coloured	real	thing.	

As	with	all	the	aeolids	Phyllodesmium	poindimiei	lacks	
pockets	or	basal	sheaths	for	rhinophore	retraction.	
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This	diversity	of	shape	and	arrangement	has	been	an	important	characteristic	in	helping	to	classify	the	
various	 types	of	nudibranchs	 and	 therefore	 also	helpful	 in	 assisting	with	 identifications	when	using	
external	features.	It	is	important	to	realize	that	the	recognition	by	the	rhinophores	of	the	presence	of	
prey	or	predator	or	mate	 is	achieved	 from	a	distance	 i.e.	 they	are	 long-range	detectors.	Detection	of	
these	chemicals	is	pointless	of	course	unless	use	can	be	made	of	that	recognition	so	it	is	not	surprising	
that	the	rhinophores	can	take	it	a	step	further	by	refining	the	reception	of	the	incoming	signals	which	
will	 enable	 the	 nudibranch	 to	 respond,	 to	 hone	 in	 and	 hunt	 down	 the	 source	 or	 to	 take	 avoidance	
action	 i.e.	 to	navigate.	There	are	two	modes	at	work	here.	One	is	 the	reading	of	 the	concentration	of	
recognized	 molecules	 detected	 and	 how	 that	 concentration	 varies	 as	 a	 result	 of	 the	 nudibranch’s	
movements	 and	 the	 other	 is	 the	 direction	 of	 arrival	 of	 those	 molecules	 i.e.	 how	 they	 strike	 the	
rhinophores.	 There	 are	 two	 rhinophores	 so	 a	 stereo	 effect	 is	 in	 action	 and	 in	 many	 cases	 the	
rhinophores	 can	 also	be	 individually	waved	 from	 side	 to	 side	 or	 even	 individually	 rotated	 to	 better	
read	the	incoming	“signals”,	not	unlike	RDF	or	radio	direction	finding.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

Additionally	the	rate	of	water	flow	can	be	assessed	and	this	brings	us	to	the	other	important	sensory	
ability	of	 the	rhinophores	and	that	 is	 the	detection	of	pressure	waves,	 including	water	 flow	and	also	
vibrations	through	the	water.	These	physical	rather	 than	chemical	changes	are	detected	by	different	
types	of	sensory	cells	in	the	rhinophore	epithelium	that	are	mechanoreceptors,	a	type	of	ciliated	cell.	
Other	sensory	cells	in	the	body	and	gills	may	also	be	at	work	here	but	a	simple	test	of	tapping	the	side	
of	a	tank	that	holds	nudibranchs	or	waving	a	hand	above	their	dorsal	surface	to	create	a	pressure	wave	
in	the	water	will	have	them	contracting	their	gills	and	rhinophores	in	response.	
	
Research	 has	 suggested	 that	 some	 nudibranchs,	 in	 detecting	 the	 chemical	 molecules	 deriving	 from	
certain	types	of	predators	in	the	vicinity	may	alter	their	diet.	For	example,	Coryphella	verrucosa	upon	
detecting	the	presence	upstream	of	the	sea	star	Crossaster	papposus,	reportedly	significantly	increased	
their	uptake	of	highly	toxic	microbasic	mastigophore	nematocysts	over	other	types	for	protection.	
	
Lateral	slots	
	
These	 little-known	 organs	 (also	 referred	 to	 as	 sensory	 pits,	 lappets	 and	 pre-rhinophoral	 sensory	
organs)	are	located	anteriorly	on	each	side	of	the	“head”	immediately	below	the	rhinophores	and	notal	
brim	but	above	the	oral	tentacles	of	Tambja	species	of	nudibranch.	
	 	

Many	rhinophores	possess	the	ability	to	rotate	to	better	
assess	 the	direction	of	arrival	and	thus	 the	source	of	a	
chemical	 stimulus.	 In	 this	 image	 Hypselodoris	 obscura	
has	 rotated	 the	 closer	 rhinophore	 90	 degrees	 to	 the	
body	axis	whilst	the	other	has	only	rotated	45	degrees.	
	

This	undescribed	Noumeaella	aeolid	has	executed	a	
tight	turn	to	the	right	as	a	result	of	some	received	
chemical	stimulus.	It	may	be	an	avoidance	reaction	
or	a	feeding	response.	
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Each	 consists	 of	 a	 horizontal	 slit,	 the	opening	 and	 closing	of	which	 is	 controlled	by	 the	nudibranch.	
When	closed,	which	appears	to	be	the	normal	state,	they	are	extremely	difficult	to	observe	but	when	
dilated	 and	 everted,	 by	 some	 unknown	 stimulus,	 it	 can	 be	 seen	 that	 they	 have	 a	 series	 of	 complex	
grooves	running	diagonally	 from	each	side	of	the	centreline	 in	the	manner	of	a	 feather	or	 leaf.	Their	
true	 function	 is	 currently	unknown	but	believed	 to	be	 sensory	 in	 some	way	due	 to	 their	manner	of	
construction	and	the	fact	they	have	substantial	connections	to	the	rhinophore	nerves.	It	is	thought	that	
the	 similarly	 located	 deep	 crescentic	 groove	 of	 species	 of	 Thecacera	 and	 the	 grooved	 lappets	 or	
sensory	folds	of	some	species	of	Gymnodoris	are	homologous.	An	interesting	point	to	consider	is	that	
all	the	Tambja	and	Thecacera	and	some	of	the	Gymnodoris	prey	upon	bryozoans.	
	

	
	

	
	
	 	

Here	 are	 two	 views	 (two	 different	 species)	 of	 the	 lateral	 slot	 of	 the	 Tambja	
nudibranchs.	Typically	they	are	closed	as	arrowed	on	the	left	and	only	visible	as	an	
almost	indistinct	horizontal	slit.	The	right	image	(courtesy	of	Kevin	Roe)	shows	the	
exposed	 laminations	when	 it	is	open.	Although	the	 true	function	has	not	yet	been	
ascertained	it	is	believed	they	are	sensory	and	associated	with	feeding.	
	

Thecacera	picta	possesses	a	feature	on	each	side	of	its	
head	under	the	rhinophores	referred	to	as	crescentic	
grooves	believed	to	be	analogous	to	the	lateral	slots	of	
Tambja	species.	
	

Some	 species	 of	 Gymnodoris	 have	 distinctive	
expansions	 on	 each	 side	 anteriorly	 that	 are	 referred	
to	as	sensory	folds.	Unlike	the	Tambja	and	Thecacera	
these	are	usually	always	obvious.	
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Caruncle	
	
The	 members	 of	 the	 family	 Janolidae	 (e.g.	 Janolus)	 possess	 an	 elevated	 branched	 or	 wrinkled	 or	
swollen	 sensory	 structure	 located	 between	 the	 rhinophores	 and	 running	 longitudinally,	 called	 the	
caruncle.	 It	 is	 not	 unlike	 a	 low	 cockscomb	 or	 crest	 in	 appearance	 but	 its	 precise	 function,	 although	
presumed	to	be	sensory,	is	unknown.		
	
Most	species	of	Armina	(family	Arminidae)	also	possess	a	caruncle	but	here	it	is	a	transverse	structure	
either	complete	or	divided	i.e.	one	in	front	of	each	rhinophore	and	much	less	obvious.	They	are	most	
usually	situated	in	front	of	the	rhinophores	but	sometimes	behind.	
	

	
	

CHEMO-TACTILE	
	
Oral	tentacles	and	oral	veil	
	
The	 rhinophores	 or	 head	 tentacles	 are	 used	 for	 long-range	 detection	 as	 we	 have	 discussed	 but	
nudibranchs	 also	 need	detection	 hardware	 for	 close-proximity	 foraging	 and	 avoidance.	 Additionally	
there	needs	 to	 be	 testing	 and	 guidance	 over	 the	 final	 gap	 in	 order	 to	 properly	 orient	 and	bring	 the	
mouth	to	bear	upon	the	food	source,	which	no	doubt	possesses	its	own	sensors.	Not	surprisingly	these	
organs	are	 located	each	side	of	the	mouth	and	are	thus	termed	oral	tentacles.	They	serve	to	provide	
both	 tactile	 and	 positive	 or	 negative	 taste	 reception	 confirmation	 (chemo-tactile)	 of	 what	 the	
nudibranch	is	about	to	ingest	or	avoid.	The	chemical	detection	here	is	predominately	of	hydrophobic	
molecules	 i.e.	 those	 not	 dissolved	 in	water	 but	 situated	 on	 the	 substrate	 or	 food	 source	which	will	
initiate	a	 feeding	response.	Depending	upon	which	oral	 tentacle,	or	what	position	along	the	oral	veil	
(see	 below)	 is	 stimulated,	 and	 the	 strength	 of	 that	 stimulation	 the	 slug	 will	 be	 able	 to	 respond	 by	
turning	 either	 slightly	 or	 sharply	 either	 towards	 a	 feeding	 stimuli	 or	 away	 from	 an	 averse	 stimuli.	
Although	 it	would	seem	that	 the	majority	of	 the	reception	 is	contact	based	 it	 is	 thought	 that	at	 least	
some	distance	reception	(water	testing)	is	also	possible	by	the	oral	tentacles.	They	are	also	believed	to	
be	the	primary	source	for	the	detection	of	water	flow	over	the	animal.	
	
	
	
	 	

In	Janolus	the	caruncle	is	usually	quite	conspicuous	as	
seen	above.	Situated	in	between	the	rhinophores	as	a	
ridge	running	longitudinally	this	example	has	the	
appearance	of	cauliflower.	
	

A	 close-up	 view	 of	 a	 Janolus	 caruncle	 showing	 the	
position	 between	 the	 rhinophores	 and	 its	 convoluted	
nature.	
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The	 oral	 tentacles,	 just	 like	 the	 rhinophores,	 may	 take	 many	 forms	 from	 short	 paired	 digits	 (e.g.	
dorids)	 to	 long	whip-like	 (e.g.	aeolids),	 to	palmate	 i.e.	having	a	number	of	digits	attached	 to	bilobed	
wider	 palm-like	 appendages	 (e.g.	 Hexabranchus	 &	 Bornella)	 or	 they	 may	 be	 placed	 as	 a	 grooved	
tentacle	 at	 either	 end	 of	 a	 membranous	 oral	 veil,	 laying	 across	 and	 over	 the	 mouth	 (e.g.	
pleurobranchids).	 It	 should	 be	 noted	 that	 discrete	 oral	 tentacles	 may	 be	 lacking	 altogether,	 their	
function	taken	over	by	the	oral	veil.	
	

	
	
The	oral	 veil	 itself	may	be	 equipped	with	 sensory	papillae	or	 a	number	of	 large	projections	 termed	
velar	tentacles	(e.g.	polycerids	&	tritoniids).	If	a	comparison	was	made	to	a	human	equivalent	then	the	
tongue	would	be	similar	in	that	it	performs	both	tactile	and	taste	functions.	The	oral	veil	of	the	Melibe	
genus	of	the	dendronotids	is	possibly	the	most	highly	modified.	These	nudibranchs	have	an	oral	veil	
that	is	developed	into	a	hood	that	expands	greatly	to	be	thrown	over	the	substrate,	or	held	up	into	a	
current,	to	trap	and	then	contract	to	capture	the	prey.	Their	veil	is	ringed	by	sensory	papillae.	In	the	
aeolids	the	oral	tentacles	can	be	quite	long	and	well	developed	stretching	out	in	front	or	either	side	of	
the	nudibranch	continually	moving	over	and	testing	the	substrate	in	an	exploratory	manner.	In	those	
sea	slugs	 that	hunt	active,	on	 the	move	prey	 the	oral	 tentacles/veil	are	well	developed	to	 follow	the	
mucous	trail	left	behind	on	the	substrate	by	their	victim	and	thus	track	them	down.	
	 	

The	long	oral	tentacles	of	Pteraeolidia	semperi	lead	the	
way	confronting	the	environment	in	an	exploratory	
manner	and	reaching	across	a	broad	front.	
	

The	ventral	surface	of	Discodoris	cebuensis	showing	the	
short	digiform	oral	tentacles,	usually	hidden	from	view	
beneath	the	anterior	of	the	mantle.	
	

A	view	of	the	ventral	surface	of	Cratena	sp.	showing	the	
long	oral	tentacles	arising	from	each	side	of	the	mouth.	
	

The	oral	tentacles	of	Nembrotha	milleri	sorting	through	
the	ascidians	upon	which	it	feeds.	
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The	 palmate	 oral	 tentacles	 of	 Bornella	 anguilla	
positioned	 each	 side	 of	 the	 mouth	 guide	 the	
nudibranch	to	the	polyps	of	its	hydroid	prey.	

This	 side	 view	 of	 the	 anterior	 end	 of	 Tritoniopsis	
elegans	 illustrates	 the	 numerous	 velar	 tentacles	
projecting	forwards	from	the	oral	veil.	

The	 broad	 oral	 veil	 of	 Dermatobranchus	 ornatus	
repeats	 the	 markings	 of	 the	 mantle	 margin	 on	 its	
periphery.		

In	species	of	Melibe	the	oral	veil	is	developed	into	an	
elaborate	hood	that	can	be	thrown	over	the	substrate	
or	held	up	in	the	current	to	trap	prey.	

The	 broad	 triangular	 oral	 veil	 of	 Berthella	 martensi	
sits	 below	 the	 rhinophores	 and	 above	 the	 mouth.	
Each	end	of	the	veil	is	rolled	to	form	a	ventral	groove.	

Euselenops	 luniceps	 has	 a	 remarkably	 wide	 oral	 veil	
bearing	numerous	papillae	 fringing	 the	 anterior	 edge	
that	it	uses	to	test	the	sand	for	food.	



Understanding	Nudibranchs	and	other	Sea	Slugs	–	The	Book	

David	A.	Mullins			2019		-	The	Senses	
	

14	

Sensory	Bristles	
	
Some	 species	 of	 carnivorous	 predatory	 headshield	 slugs,	 the	 aglajids,	 (e.g.	Navanax,	 Chelidonura	 &	
Mariaglaja)	possess	a	headshield	that	is	triangular	shaped	and	carry	sensory	bristles	(compound	cilia)	
upon	raised	ridges	and	mounds	along	the	broader	anterior	edge	on	both	sides	of	the	mouth,	that	are	
believed	to	equip	them	for	detecting	chemical	cues,	and	thereby	being	able	to	follow,	the	mucous	trails	
of	their	flatworm	or	sea	slug	prey.	These	are	capable	of	retraction	into	pockets	for	protection.	
	
	

	
Propodial	tentacles	
	
Certain	species	of	aeolid	and	arminid	nudibranchs	possess	what	are	termed	propodial	tentacles.	These	
are	located	at	the	front	corners	of	the	foot.	Their	shape	and	size	range	from	a	simple	rounding	out	of	
the	anterior	foot	corners	to	stubby	tentacles	to	full-blown	long	recurved	tentacles	that	can	actually	be	
longer	 in	 some	 species	 than	 the	 oral	 tentacles	 of	 their	 relatives.	 These	 are	 understood	 to	 also	 be	
chemo-tactile	in	function	but	to	what	degree	are	unknown.	

	
	
	
	
	
	
	
	
	
	
	
	
	

	 	

Sensory	 bristles	 line	 the	 anterior	 end	 of	 the	
headshield	 of	 Mariaglaja	 inornata	 testing	 the	
substrate	for	chemical	cues	left	behind	by	their	prey.	
	

This	rare	colour	form	of	Mariaglaja	sandrana	exhibits	
many	long	and	fine	sensory	bristles.	
	

The	 aeolid	 Caloria	 indica	 exhibiting	 its	 array	 of	 sensory	
tentacles	 including	 the	propodial	 tentacles	 formed	by	 the	
anterior	corner	of	the	foot.	

A	few	arminids	also	have	well-developed	foot	corners	
as	illustrated	with	this	species	of	Armina	here.	
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TOUCH	
	

As	 well	 as	 the	 gills	 and	 rhinophores	 retracting	 when	 directly	 touched	 a	 similar	 response	 can	 be	
initiated	by	 touching	 the	nudibranch	on	any	part	 of	 its	 body.	This	would	 indicate	 that	 a	network	of	
sensory	 nerves	 responding	 to	 touch/pressure	 exists	 over	 the	 entire	 body.	 This	 is	 in	 addition	 to	 the	
concentrated	tactile	receptors	in	the	oral	tentacles/veil	and	propodial	tentacles	that	could	be	referred	
to	as	operating	in	an	exploratory	manner	rather	than	in	a	passive	reactive	manner.	
	

	
ORIENTATION	

	
Statocysts		
	
Nudibranchs	might	 only	 be	 slugs	 but	 because	 they	move	 around	 they	 still	 need	 to	 be	 aware	 of	 the	
location	of	their	body	in	relation	to	the	three	dimensional	environment.	Basically	this	is	to	know	which	
way	is	up	and	which	way	is	down	and	everything	in	between,	i.e.	are	they	upside	down	for	example?	
Bilateral	 paired	 balance	 receptors,	 or	 statocysts,	 are	 located	 internally	 in	 the	 head	 region	 for	 this	
purpose.	 Statocysts	 are	 fluid-filled	 spherical	 structures	 containing	 a	 large	 stone	 or	 a	 concretion	 of	
many	smaller	stones	–	a	statolith	or	several	individual	small	stones	–	statoconia,	that	are	free	to	move	
about	within	but	are	acted	upon	by	gravity	or	momentum.		The	statolith	or	statoconia	impinge	upon	
the	 tips	of	 cilia	projecting	 from	sensory	cells	lining	 the	 statocyst	walls	 into	 its	 cavity	 and	depending	
upon	which	cilia	they	stimulate	provide	 information	to	the	nudibranch	on	spatial	orientation	and	its	
own	 acceleration,	 however	 small	 that	 may	 seem	 to	 us.	 This	 feedback	 also	 allows	 balance	 to	 be	
maintained.	 It	 is	 also	 postulated	 that	 perhaps	 hydrostatic	 pressure	 is	 communicated	 through	 the	
statocysts	but	the	modus	of	that	operation	is	not,	as	yet,	understood.	 It	 is	reasonable	to	assume	that	
the	sea	slugs	would	have	some	method	of	sensing	this,	as	they	possess	a	hydraulic	“skeleton”	of	sorts.	
	
Note	on	smell	and	taste:	
It	is	worth	mentioning	that	there	is	a	compelling	argument	put	forward	by	Mollo	et	al,	 	(Sensing	marine	biomolecules:	smell,	taste,	and	the	
evolutionary	transition	from	aquatic	to	terrestrial	 life,	Frontiers	 in	Chemistry,	Vol	2,	Art	92,	October	2014)	that	 in	applying	the	terrestrial	
terms	of	smell	and	taste	to	marine	animals	they	have	become	reversed.	Based	on	the	type	of	molecules	the	rhinophores	are	detecting	they	
should	be	called	glossophores	i.e.	they	are	acting	like	a	tongue	because	they	are	tasting	the	water	borne	molecules	and	that	the	oral	tentacles	
“…constantly	 touching	 the	 substrate	 and	 sensing	 liposoluble	 odorant	molecules,	 could	 be	 regarded	 as	 the	 true	 aquatic	 noses.”	 	 Solubility	 or	
volatility.	 In	UNDERSTANDING	 NUDIBRANCHS	 we	 have	 not	 yet	 adopted	 this	 line	 of	 thought	 and	 its	 suggested	 terminology,	 in	 order	 to	
prevent	confusion	with	long	standing	conventions.	

	
	

Halgerda	aurantiomaculata	detects	a	pressure	wave	
and	withdraws	a	rhinophore	into	its	pocket.		
	

In	 response	 to	 pressure	 wave	 detection	 Hypselodoris	
obscura	withdraws	gills	into	the	protective	pocket.	


