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ABSTRACT

| _' Responses to mechanical étimqli of various inten-
sities have been recorded in eieVen specles of opisthobranchs
that exhibit a variety of habitat preférences and patterns of
coloration. Areas of greatest sensitivity in all species

are the head're-gion9 extremities, and parts of the mantle or
parapodia that cover the gill. Although many responses
follow taxonomic lines and a few may be correlated with

color patterns, some convergence has occurréd in the reactive
systems of opisthobravchs from similar intertidal habitats.
Species found in the same habitat respond maximally to
coﬁparable stimulus intensitlies and frequenclies and for a
similar length of time. This is most apparent in specles
found in an exposed habltat during high and low tides. The
,resbonses elicited in opisthobranchs by direct contact with
potential predators appear to be defensive in naturé and.are
‘identical to those evoked by mechanical stimulation with a

glass prodder.
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Opisthdbranchs are gastropod molluscs which differ
 from other snails in showing some degree of detorsion and a
reduction or loss of,fhe shell° With few exceptions they
are referred tb as marine slugs and exhibit a wide variety
of color and form. 'Two groups of opisthobranchs occur on
the rocky shores of the Gulf of California at Puerto PeHlasco,
Sonora; Mexico. The firét consists of specieé found in éx=
posed hébitats in tide pools during low tides'aﬁd crawling
about on rocks énd algae during high:tides, These organiéms
* aré usually small and blend cryptically wifh their environ-
ment, alﬁhough a few brightly colored fofms éfe also founda,'
: Othervspeéies occﬁr under rocks or hang from ledges during
low tides. This éecond group may be subdivided further into
those which remain on the rocks during high tides, and those
which leave the rocks to feed., The former are usually cryp=-
tically colored and blend with the rock or a particular
species of algae or sponge that grows on -the rock, and the
latter"afe generally distinguiéhed by their bright coloration
and markings. Representatives from widely diverse taxonomic
groups are found in both habitats. |
Adult‘opisthobranchs probably contribute to the energy

flow of an ecosystem largely through the production of vast
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numbers of eggs and. larval stages, and through short life
‘cycles which lead to normal death and'gventual consumption

by scavengers and decomposition by micro-organisms. Very

few adults are préyéd’upon by other organisms, Wounded
-specimens are rare (Winkler, 1956; Paine, 1965; Crozier, 1916;
and personal observation), and opisthobranchs are only
occasionally reported from the stomachs of assoclated inter-
tidal fish (Garstang, 1889; Thompson, 1960a). Some predation
on thé california sea hare, Aglgsia californica, by the sea
anemone, Anthopleura xanthogrammica, has been reported by
Winkler and Tilton (1962), and Thompson (1960) has reported
that anemones in aquaria will ingest oﬁiéthobranchs presented
to them but with a low degree of predictability. McMillan

- (1941) found that several specles of the opisthobranch
'Fgcélina would be engﬁlfed by the tentacles of associated
aneﬁones, but after»a few seconds were released and they moved
away unharmed. Generally preﬁation by anemones is believed

0 play‘only a small role in the destruction of adult
opisthobranohso, Anemones probably play a larger role in the
consumption of larval stages along with other plankion and
filter-feeders., Some predation of adult opisthobranchs is
accomplished by the céphalaspidian Navanax inermis (Paine,
1963,‘1965)0‘ Hbﬁever, at Puerto,?eﬁasqp Navanax are generally
~small in size andifew in number, so probably only a few

opisthobranchs fall prey. to them,
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" Some line df defense must, therefore, be operating in
adult qpisthobranchs.' In some the defense is obvious. Many
eolids‘are reported to retain in the tips of thelr ceratae
i unexploded nematocysts,; obtained from ingested coelenterates,
’.Which are discharged upon physical contact (MacGinitie and
MacGinitie, 1949; and Rickettskaﬁd Calfin, 1964), A strong
acid secretion from at least three species of opisthobranchs
found off thé British Isles has beén reported by Thompsbn and
Slinn (1959) and Thombsoh (1960a,b). Paine (1963) reported
a similaf acid secretion by three speciés found on the west
coast of North America. A cholinergic agent which may p;ay
gome defensive rolé'has bee#»extracted from the digestive
gland of Aplysia californica (Winkler, Tilton.and Hardinge,
1962). | |

Other defense mechanlsms are obscure and are in great
need of further elucidation. Thompson (1960a) has reported
lglands of an unknown function in the epithelium of several
"specles of opisthobranchs which he feels secrete a poisono_
crozier (1917) discovered white conical bodies on the poster-

ior ventral surface of the mantle of Chromodoris‘zebraithat,

produced a white creamy secretion which was extremely dis=
tasteful to fish. Mucus ifself,‘which is secreted in large
quantities by all opisthobranchs9 may serve as a deterrent to
potéhtiél predation; and protective coloration and texture of

many specles of genera such as Doto and Aplysia must have



some defensive attributes.

Mechanoreception must play an important role in the
'defense;and food=finding abilities of soft-bodied animals.
It has been found through histological studies that a tre-
mendous‘amount of nervous tissue is involved in the sense of
touch in Aplysia cali;ornica (Winkler, 1956), and this isv
concentrated-ih'the‘lips,;anterior tentecles and rhinophores,
all of which are connected directly with the cerebral ganglia’
5y many»small individual and branching nefvesa. Excluding
this type of anatomical description which 1is frequent in the
taionomic litefatufe of the Subclass‘Opisthobranchieta (see
especially Hoffman, 1939 and Bullock, 1965), little work has
been done with mechanoreception of sea slugsa
| ~ The rhinophores, long,thought to be chemoreceptors,
are reported by Arey (1919), Crozier and Arey (1919), and
Argersborg (1922) to have a tactile function. This tactile
function is shown quite conclusively for Aplysia juliana by
Friﬁgs and Frings (1965), who found that stimulation of the
rhinopheres by'a eurrent of water brought about turning of .
the head toward the current if it was gentle, and away from
the current if it was strong. The only extensive acceunts
of sensory fesponses to_tactile stimulation are those of
Crozier (1917) and Crozier and Arey (1919) on the reactions’
of Ohromodoris zebra to manuaily applied tactile stimuli; and

Argersborg's (1923, 1925) reports of reactions to tactile



‘stimuli:in thé nudibranch_ﬁermisseﬁda crassicornis.
Opisthobrandhs are'soft«bodied animals that must be .
”continually:receiving énd sorting out stimuli from their en-
vironment, Under natural conditions, 1ow‘frequency meéhanical
| stimuli produced-by.direct contact with plants and animals
'may’play an important part in eliciting defensive responses
and postﬁres in these organiéms° This'study was undertaken
to investigate the nature of responses elicited by mechanical
sfimuli, and'toldetermine areas of‘greatest sensitivity’in
'eieven4épecies of opisthobranchs‘cdilected from the Gulf of
California at Puerto Peﬁascoo' The‘ecblogical aﬁd taxonomic
condition of;each,species'has been considered in some detail.
Certain resp@nses are universal for a'given taxonomic group.
| However, in this sfgdy someAevidence for convergence with
regard to duration of response, frequency of stimuli which
triggerS~cata1epsy or other‘extreme responsés, and degree of
‘ reséonse to ipcreaSed intensity of a single stimulus has been
notedAamong épecies of different taxonomic lé&els exhibiting

'-similar coloratioﬁ'patterns and habitat preferenoeso



. MATERIALS AND METHODS

Opisthobranchs were collected monthly over a oﬁe year
'period beginning August 1, 1965 from Puerto Penasco. Members
of each of the eleven species studied were found in equal
abundance at a particular tide level and time of year in
three different rocky intertidal habltats. Samples rénged
from five to one hundred individuals, although for most
species twenty to thirty members were collected. In this
area seasonal fluctuation ofrthe 6pisfhobranch populations
1s extremely marked and few specles may be found in the 1ﬁter=
- tidal throughout the year. . For.this reason collections were
‘made only during Specific months of the year for a given -
species, and these tended to cofrespond with times bf great=
est.gbundance of that spécies° (List of species, sample size,
- and collection dates are presented in Table 1).

| Organisms were observed in. the field and collections

df each specles were taken to The University of Arizona‘for.
more critical work. (
Field Stimulation

A narrow glass rod drawn to a fine point with a small
glass bead at the tip (11 p dlameter) was used to stimulate
~orgaﬁisms in the field. Stimull were applied manually and
were divided only into light and hard taps. The»préssure

6



exerted varied somewhat from organism to organism.’

All species were stimulated while covered with a few .
inches of water,  Cagella sp. and Chromoaoris Banksi'are often
found_dut of the water hanging from ledges in the low inter=
tidal° When stimulated ih this situation, thesé speclies do
not exhlibit the typical rhinophore=branchial plume withdrawal
reéponse (Tables 2 and 3), nor do manuélly applied repetitive
stimuli cause the foot to lose contact with the substratum,

as 1s the case when the organism is stimulated under water.

Laboratory Observations

Most of the experiments were carried out within
three days after collection of the organisms. All were held
.for'a short time in well-oxygenaﬁed aquaria to allow for re-
covery from any stress that might have been 1ﬁposed durlng
collectlon or ti‘ansportationQ When.studied the o;ganism ﬁas
placed in a preparation dish ten inches in diameter énd
covered with one or two inches of sea water taken from the
collection area, Alr wés bubbled in at a slow rate through
-an aif‘stone; This caused vibrations and slighf currents,
but had no affect on‘the responses that were observed. Thé
Qrganism was left in the prepafation dish covered with a ecard-
board box for at least five ﬁihutes between stimuli; This
allowed exposufe,only to dim light and mihimized externali
disturbance° Stimuli'were applied during both evening and

} daylight hours, andrno appreéiable differences in résponse



Table 1. Habitat, Sample Size, and Collection Dates of Eleven

Species of Opisthobranchs from Puerto Penasco,
Sonora, Mexico. ‘

LocatiOn of Species

!
1
i

\

(in manusecript, Miami)

| Average Size of Sample Size Order 2 Collection Dates
Organisms in Centimeters . %
" A., Species found in exposed habitats at
‘ all times. }

Tridachiella ‘diomedea (Befgh) ' %.5 25 Ascoglossa all year ‘

Stllocheilus longicauda (Quoy & Gaimard) 1.3 70 Anaspidea fJune9 July, Aug.

Chromodoris norrisi (Farmer) 1.8 10 Nudibranchiata June, July

Hypselodoris californiensis (Bergh) b, 4 20 Nudibranchiata Feb., Mar., April

B. Species found in exposed habitats only ﬁ
during high tides. . _

Berthellina engeli1 8.5 30 Notaspidea Febe, Mar., April, May

Cagsella &g, 2.6 - lOO Nudibranchiata June, July, Aug.

Chromodoris banksi! ' 4,0 60 Nudlbranchiata4 June, July, Aug.

Hermissenda crassicornis (Eschscholtz) 1.5 50 Nudibranchlata Jago, Feb.

C. Species found under rocks at all times. §

Doris wga 2.5 5 Nudibranchiata Jan., Febe., Mar.
‘Tan and cream speckled dorid? 2,8 5 Nudibranchiata Jan., Feb,
 Dendrodoris krebsii (Morch) 8.0 15. Nudibranchiata Feb., Mar., April

'1; New subspecles currently being described by E. Marcus 4, This species belongs to suborder Eolidacea., All other
(in manuseript, Miami) nudibranchs in this study belong;to suborder Doridacea,
2. New species currently being described by E., Marcus 5 Pollow1ng the' class1ficat10n of Marcus (1961).
‘ (in manuscript, Miami)
3. New genus currently being described by E. Marcus
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were found that might 'be correlated with tldal fluctuations
‘or dark/light activity;

Laboratory Stimulation

Initial laboratory stimulil ﬁere applied.as in the
field and gross response was recorded. In addition, mucus
secretion was obser&ed visually, and change in pH was rén
corded with pH papermthat'was placed as close as possible to
the area being stiﬁuléted.'ln order to check for'nematocyst
release a small cotton swab was placed on the tip of the glass
rod and after stimulation streaked across a glass slide. The
slide was stained with'l% acid fuchsin and 1% methyléne blue
as prescribed by Stephenson (1928). |

In order to observe the response to increased stimulus
intensity aﬁd to more than a single stimulus, a modificatioﬁ
of the'methods used by‘Joseﬁhson'(l96l); to apply controlled
stimull to polyps of the hydrold Syncoryne, and Paséano and
Pantin (1955); to apply mechanical stimuli to the sea anemone
- Calliactis arasiticé, was employed. A prodder whlch con-
sisted of a glass rod with a fine bead tip (diameter 11 p)
' wés aﬁtached to thé center cone of a speaker which wasvdriﬁen
eiectricaily.by puises from a Grass SD5 stimqlator. It was
necessary to run the prodder through_a medicine dropper with
an internal diameter-pnly slightly larger than the glass rod.
The medicine'drOpper.was held firmly in the center of a_stiff ‘

plastic sheet which was fixed to the metal speaker rim with
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several clamps. This éliminated-mosf of the eXtraneous vi=
‘brations that could be observed under a microscope. . The
. forward and backward.motion'of the prodder became well=-
‘defined and all cher vibrations negligiblegl The speaker
was mounted in a micro=-manipulator, the prodder positioned
over the desired point of stimulation and slowly lowered.
Upon contact with the'stimulétion point; the stiﬁulator was
turned on'aﬁ a known frequency, duration, and voltage for a
'deSiredvlength of time. 1In most cases the reactions were
'fasf and the animal pulled away from the prqdder=within
Afhirty seconds. In these experiments Passano and Pantin's
(1955) procedure of lowering the prodder into contact with
the surfacé'of the tissue just before a mechanical stimulus
was glven and raising iﬁliﬁmediately afterwards was followed.

The prodder was calibrated under a compound micro-
scope by'méasﬁring its forﬁard‘moﬁement'with an ocular micrOn
meter, .ﬁovement of the prodder Qas a linear fuﬁction of the
.Voltage applied.betweeh thirty and elghty volts (Fig. 1).
Some of the difficulties involved in applying mechanical
stimuli fo sdft tissues are discussed in Paéséno and Pantinv
»(1955)0 They note the relative nature of strength of
- mechanical stimuli which is:inherent in the experimental
design and'type of tissue-stimuiatéd, and express relative
stimulusvintensities as aApercentége‘of the maximum current

used in any one experiment. These same.units are used in



Figure 1. Forward moticr of the prodder as a function
of the voltage used to drive the prodder.
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~the experiments réported below.

Potentlal Predators

Sincetno cases of predation were observed in the field
during low or‘high tides, potential predators were selected
from among the larger carnivorbus‘or omnivorous organisms
Which occupied thé same general habitaf. Samples of each
species of opisthobrénchs were subjected to these organisms
both in the natural habitat and in aquaria. |
4 The two largest anemones found in the tide pools or
‘dralnage channels of the rocky shores at Puérto Péﬁasco'are
Phillgctis_concinnaté'and Bunodbsoma éalifornica° Several mem~
bers of each species of'opisthobfanchAwere dropped on the ofal
disc of ten Phyllactls and ten Bunodosoma held in agquaria.

The 6nly large rock crab found at Puerto Pehasco is
Eriphia sguamata which is primarily a nocturnal scavenger
and carnivore. Three groups of fen Eriphia each were held in
aquarlia containing five individuals of each opisthobranch
species@ Efighia were initially fed on clams, but later
- starved for'é period of two weeks,prior to the experimentéo

The two most common larger tidepéol fish at ?uerto
Peflasco are‘thé Sérgeant-Major, Agudefduf saxatilis and the
opaleye Girella sp. Groubs ofiten;membersAof most species of
- opisthobranchs were dropped'individually into several aduaria
‘cbntaining five‘members of each of theéeAfish speciés;

Individuals of a few species_of-opisthobranchs thataare
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abundant in summér months were dropped from the surface of
the water in the presence of several species of shore fish.

\ One of the few known predators of adult opisthobranchs
is the cephalaspidian Navanax inermis. Unfortunately only
five indlviduals of this specles were collected from the -
Puerto Peflasco area during the course of a year and none was
observed to feed in the fleld. Specimens of only a few _

rspecies of opisthobranchs were placed in small well-aerated

preparation dishes with Navanax and defensive behavior re-

corded.



RESULTS

- Areag of Sensitivitx'
7 Each organism was stimulated at several polnts on the
| dorsal surface. fA few differences 1n séns;tivity to mechani=-
cal stimull between adjacent areas may be noted in all oplstho-
branch species studied. Sensitivity is a difficult thing to
measure, but it can be Judged by the intensity of stimulus
neéessary to elicit a given portionVof the maximum response
(Bullock, 1965); Maximum responses to a single weak stimulus
(stimulus intensity of 12 in arbitrary unlts; or 12% of maxi-
mum‘voltage used in these experiments) applied to any part of
the_organism'are presented in Table 2. A very weak stimulus
(intenéity of 0.5 to 3) applied to certain areas of the dorsal
surface will elicit no response or a much smaller response.
For example, the characteristic maximum fesponse of the dorids
to a light stimulus applied anteriofly is cémplete withdrawal
fof'the‘rhinophOrés; A very light stimulus applied to the
rhiﬁophore itéelf will produce a slight inward'motion of that
rhinophore, while a very light stimulus applied to the mid-
point of the dorsal surface will produce no movement at all.
In ail specles of opisthobranchs studied the head is

more sensitive,thén most other reglons-of the dorsal surface.

14
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Other structures which display marked sensitivity are the
~rhinophores, branchial plumes, the edges of the mantle or
parapodia and the right posterior dorsal part of the mantle
that covers the gill in Berthellina engell. '

A When a series of two or three weak stimuli are
applied to less sensitive areas they would sometimes evoke a
facilitated resoonsee The results, however, were variaole and
often repetitive light stimulation did not produoe any re=

sponses

Responses 10 a Single Stimulus

A1l organisms were stiﬁulated with a glass prodder
under natural‘conditions and under laboratory conditions &as a
check sgainst(reaction shifts 1mposed by stress or artificilal
conditions. In all cases responses fo field stimulation were
Vindistinguishable from responses produeedlin'the 1aboréfory9
although excitabiiity began to diminish five‘days after collec=
tion, 'Responses to a Single stimulus tended to fall into
'taxonomio,groupings (Tables 2'and 3), indicating that reactions
must be partly dictsted'and limited by morphology. However,
a certain amount of variability does exist within the order
Nudibranchiata and some responses cross taxonomic lines and
‘ appear to be correlated with habitat preferenoes or color |

_patternso
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Weak Stimulus

A1l of the responées describedAin thlis section and
‘listed in Table 2 could be induced by a stimulus of ah éntenu
sity of 12 units when applied to some portioﬁ of'the‘dorsal
surface. Standard testé for acld secretion, nematocyst re-
lease, and increased mucus sécretion were'run, but these
showed that the only response evoked by a light mechanical
stimulus was thé felease of a few nematocysts from the ceratae
of the eolid Herﬁissenda orassicornis. In no case was acid
secretion elicited by a slingle mechanical stlmulus of any
intensity. vSome responses afe universal no matter what area
of the dorsal surface is stimulated, and others véfy depend=
ing on whether the anterior or posteridr portion of the or-
ganism is”stimulated (Table 2). |

A unlversal response to a iight stimulus_in the dofid
nudibranchs is the rapid withdrawal of either rhinophores or
branchial plumes or both simultaneousiy“With a light stimulus
anteriorly only the fhinophores retract. Whereas with a light
stimulus posteridrly the'branchial plumes retract. In some
specles a point is reached in the midline between the branch=-
ial plumes and the rﬁinophores wheré a single light stimulus
results in both responses simultanéouSly,br one following the
other almost immediately. The four brightly colored species
of dorids Cggella sedna; Doris Sp.s ngselodéris californién«

sigs, and Chromodoris porissi all exhibit this response pattern.



Table 2, Responses to & Single Weak Stimulus

Maximum Response

17,

@

Order Ascoglossa

Tridachiella diomedea

Order Anaspldea

Stylocheilus longicauda

Crder Nostaspldea |
Berthellina engeli

-Order Nudibranchiata

Suborder Doridacea

Dendrodoris krebsii

Chromodoris banksi

tan & cream speckled dorid

" The posterior portion of the

foot remains attached to the
substratum and the anterior part
of the organism moves toward the
stimulus. There is slight local
contraction at the point of stim=
nlation and the parapodia rise
and cover part of the dorsal
surface. The rhinophores pull
back slightly.

The posterior portion of the
foot remains attached to the
substratum and the anterior
part of the organism rises ver-
tically, then turns toward the
stimulus. There 1s slight loecal
contraction at the point of
stimulation, and the parapodia.
close tightly over the gill.

There is slight local contrac-
tion at the point of stimulation
and the head and rhinophores with-
draw under the mantle. .

These three species exhibit with-
drawal of either the rhinophores
or branchial plumes, but never
both together. Slight local con-
traction away from the stimulus

is present. In addition, the tan
dorid retracts the minute papillae
in the immediate area of stimu=-
lation. S .

Anteribr Stimulation

Posterior Stimulation

The rhinophbres pull back
and the anterior portions

of the parapodia rise
over part of the dorsal
surface.

Same as the maximum re=.
sponses

The head and rhinophores

- withdraw under the man-

tle and local contrac=
tion is evoked.

Only the rhinophores

- withdraw and slight

local contraction is
evoked.

{

‘The posterior portions of

the parappdia rise over part
of the dorsal surface,

Same as
sponse,

{
!
(.
i
!

i
!

f
|

)

the maximum re=
\
:

|

Only 1ocai contraction -
is evoked,

)
|
|

Only the branchial
plumes withdraw and
slight loéal contrac-
tion is ex:roked°



Table 2, Responses to a Single Weak Stimulus (Cont.)

e
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Maximum Response

Order Nudibranchiata

Suborder Doridacea'
Cagella sp..-

Hypselodoris californiensis

Chromodorls norrisi

Doris Sp.

Suborder EBolidacea
Hermissenda crasslicornis

~

‘These three species withdraw -

either the rhinophores or the

branehial plumes. : Both'retract

togéther. if a4 small area around

the midpoint of the dorsal sur-

face is stimulated. There is
a slight local contraction at
the point of stimulation.

The rhinophores or branchial
plumes retract, and both
withdraw simultaneously if a
small area around the midpoint
of the dorsal surface 1s stim=
ulated. Forward movement is
initiated if the organism is
at rest when stimulated,
Slight local contraction is
evoked at the point of stimu-
lation.

The ceratae rise over part of
the dorsal surface, and a few
nematocysts are released if
the ceratae themselves are
stimulated. There is local
contraction away from the
stimulus. '

" Anterior Stimulation

|

Postefior Stimulation

Only the rhinophores

withdraw and slight
local contraction away
from the stimulus is

; evoked.

The rhinophores withdraw
and slight local contrac-
tion i1s present. Forward

movement is initlated if
‘the organism is at rest

‘f

¢

S, N
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when stimulated.

The anterlor ceratae rise
over the anterior portion
of the dorsal surface.
Slight local contraction
is evoked.

J
)

{

Only tﬁe branchial plumes

withdraw and slight local
contraction away from the

- stimulys is evoked.

{
I

i

|
|

The branchial plumes
withdraw and slight local
contragtion is present. For-
ward movement l1s initiated
in res%ing individuals. -

|
i
|

!

The posterior ceratae rise
over the posterior portion
of thejdorsal surface, and
slight local contraction is
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These speciés exhlblt the greatest speed.of férward movement
.of the seven dorid species studied,land the most rapid
 withdrawal of rhihoéhores and branchial plumes.
| In other species of dbrids the two responses never
-ocecur together or in sequence as a result of a single weak
stimulus applied to ;ny part of the organism, although a
"strong stimulus elicits both responses simultaneously. In
this secbnd group are the more cryptic dorid speciles: Ohrqmo=
doris banksi, Dendrodoris'krebsii. and the tan and cream
speckled dorid. These specles are all dark in color, blend
wiﬁh their background, and,a;e‘the slowest moving of the
dorids studied.

Doris sp. is unique amoﬁg the dorids in that a weak
stimulus initiates forward movement of the‘ofganism if it is
not moving at the timé of stimulation., It wili'cdntinue in
the'same direction, ifliﬁ is Stimulated when moving. This
V¢ontinued‘movemeﬁt is 'true of ail other‘ﬁudibraﬁchs With‘thé
_possible exception of the very sluggish tan and creamnépeqkied
dorid whiech was never stimulated while moving° This behavior
is also true of the notaspidian B. engell.

Forward movement 1s initiated.by a light mechanicai
‘stimulus'applied to resting individuals of the two cryptiéaliy
~coiored specles, Tridachiella diomedea andAStglocheilus ;égggw

cauda., However, unlike boris §3,>these speciés respond by
turning toward the prodder. Thls response is reveréed with

increased stimulus strength which at a strong intensity
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results in a movement away from the voint of stimulation., It
is interesting to note that Frings and Frings (1964) found
- this same reveréal of response to increased water current
intensity applied tﬁ the rhinophores of Apysia juliana.
| T, diomedea, S, longicauda, and H. crassicornis
cover thatvpaft 6f the dorsal surface being stimulated. I.
diomedea raises the parapodia until they come together in
a vertical position over the dorsal surface, H. grassicornis
responds by ralsing the ceratae so they joln vertically over
the dorsal surface, and S, longicauda pulls the parapodia
together over the gill, It must be noted that the dorid
| nudiBranchs, with the exception of the tan and cream speckled
dorid, display this same,tendency toward protection of the
dorsal surface by a flaring of the mantle laterally and then
dorsally. However, in order to elicit this response the
dorids require a strong single stimulus or a series of rapidly

applied strong stimuli.

Strong Stimulus

The responses described in this section and listed in
.Table 3 were ellcited by the highest intensity stimulus used
(100 in arbitrary units). In 6nly one'species is the re-
sponse elicited by a single stroﬁg stimulus identical, except
in duration, to that elicited by a single weak stimulus.
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Table 3., Responses to a Single Hard Stimulus

Order Ascoglossa - Response
Tridachlella diomedea There 1s generally increased

local contraction, a flar-
~ing of the parapodia up and
over the dorsal surface, and
movement away from the side
stinulated at a 90 degree
angle to the axis of the
body prior to stimulation.

Order Anaspidea

Stylocheilus longicauda The response consists of
_ ‘ v extreme local contraction
and closure of the para-
podia over the gill followed
by movement away from the
side stimulated at a 90 de-
gree angle to the axis of
the body prior to stimula-

tion.
Order Notaspidea
- Berthellina engelil There are extreme contrac=

tions at the point of stim=-
ulation and a pulling back
of the rhinophores which is
followed immediately by a
loss of contact with the
~ substratum. The organism
will float freely in the
water for several seconds..

Order Nudibranchiata

‘Suborder Doridacea

Casella sSp. - ' These four specles show

Hypselodoris californiensis rapld contraction of the
-Chromodoris norrisi " rhinophores & branchial
Chromodoris banksi ' plumes, & extreme contrac=

tion at the point of stim-
‘ulation., Mantle edges flare
to some extent in all spe=-
cles, & the bedy tends to
flatten dorso~ventrally.
There 1s a movement away
from the side stimulated
at a 90 degree angle to the
axls of the body prior to
stimulation,
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Table 3. Responses to a Single Hard Stimulus'(conto)

Qrder Nudibranchiata - : o " Response
| Suborder Doridacea

Dendrodoris krebsil The body flattens dorso-vent-
' crally and the mantle raises

rapldly & flips over the en=
tire dorsal surface. Rhinophores
& branchial plumes retract for
a few seconds, & then extend
but are covered by the flared
mantle, There 1s extreme local
contraction at the polnt of
stimulation, & movement away
from- the slide stimulated at a
90 degree angle to the axis of
the body prior to stimulation.

Dorls sp. - 'Thils specles exhibits only a
: slight flaring of the mantle

-edge ‘& local contraction away
from the stimulus. The rhino-
phores & branchlal plumes re-
tract, & forward movement 1s
initiated 1f the organism is.
at rest when stimulated. Slight
local contraction away from the
stimulus 1s present..

" tan & cream speckled dorid For a prolonged period of time
there is retraction of the
branchial plumes, rhinophores,
& minute papillae which ecover
the dorsal surface.

Suborder Eoligacea’

~ Hermissenda c¢rassicornis The ceratae rise & cover the
' . erntire dorsal surface. There is
- extreme contraction from the
“stimulus, & the organism moves
away from the side stimulated at
.a 90 degree angle to the axis of
the body prior to stimulation.
Many nematocysts are released
from the ceratae if they are
stimulated. '
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This response appears in the tan and crean speékled_dorid,
which is an extensiveiy spiculated speciés and during high
and low tides remains clinging to boulders with which it
blends cryptically. The organism withdraws the rhinophores,
branchial plumes, and minute papillae which project from the
dorsal mantle surface. No general body contraction is obml
_servedo The change in the duration of the response from 5
to 30 seconds is the only chahge elicited by an increased
stimulus intensity. This species probably relies 1argely on
1ts spiculated condition as a means of defense. The spicules
give 1t a more definite shape and size than that of many
_opisthobranchs? and they also provide a teiture which en=
hances its.bryptié éppearance§ Paine (1963%) has proposed
that this spiculatedvcondition is an effective defense against'
predation byjNavanax inermis; and Risbec (1928) lists the
possession bﬁ,épicules among the various defensive deviceé
of opisthobranchs. |
'» 'V_In all other species a single strong mechanical
stimulus evokes a response in a‘larger portion of the organ-
ism than thét.produced by a weak stimulus (iable 3). Increased
local contraction aﬁay from the stimulﬁs is a universal re-
sponse in all these speciesaA |

In all specles of dorlds studled, with the exception
'of the tan and cream speckled ddrid, a fléring of the mantle

edge is a common response triggered by a strong'stimulus°
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The-degree of this response varies with the species from
thevslight flaring exhibited by Doris sp. to the complete
covering of the dorsal surface within seconds exhibited by
D. krebsii.
' The fourvspecies of dorids that are found in exposed
habitats during high tides, Q. porrisi, O. banksi, C. gedna,
and H.. californiensis show a common response to a single
hard stimulus.applied to the;posterior dorsal surface of
the foqt@ The foot contracts anteriorly and flips up so
that the ventral surface projects posteriorly. Often this
surface 1s pointed to the right_or left toward the side»of
the foot that is stimulated. The posterlor mantle éontracts
anteriorly, flares up, and‘a small stream of mucus with
.white globules isrejected from the ventral surface of the
foot or mantle in this region. This fesponse is similaf'to
that described for Chromodoris zebra by Crozier and Arey
(1919), - |
‘ ~An interésting response to a single hard stimulus
found in most of thé species studled is movement away frbm
the side stimulated at a 90 degree angle to the axis of the
body priér to stimulation9 The three species which do nét
ex?ibit this response are Dorls sp., B. gngeli, and the tan
and cream speckled dorid. OCcasionally individuals will turn
90 degrees to the sideé away from the point of stimulation .

and then swing back to the original position and.turn 90



| 5
degrees to the other side, prescribing an arc of 180 degrees.
This is more frequently seen in S. longicauda and I. diomedea,‘_
- although most individusls in these two species will only |
move 90 degrees awéy from the point of stimulation. This
is interesting in light of Clark's (1958) description of
herbivofous snalls swinging their shells through an arc of
180 degrees, sometimes violently enough to dislodge'lérger
carnivorous snailé with which contact had just been estab=-
lished.,  However, it is doubtful that this response (which
,1s,trigg§red chemically in Clark's herbivorous snails) could
‘éervé a‘simiiar function in opisthobranchs.  It probably
serves simply to reorient the slugs in a new directiéno

Standard tests for acid secretion, nematocyst re=
lease, and increased mucus secretion were run for all species.
Mucus secretion can be seen to incfeaselin‘those dorids
whiph exhibit the'tail raising response, and H. gragsicornis
releases many nematocysts when the ceratae afe giveh'a hard

stimulus. No cases of acid secretion were found.

Responses 1o Cbaﬁgg ;g Intensity of a Single Stimulus

- With increase in intensity of mechanlical stimulil
there 1s an increase in the degree of response in all organ-
isms, uhtil‘aﬁ'some intensity a maximum reéponse is reached
.Whiéh is not moéified by any further‘increase in stimulus

strength° The response itself, as pointed out in.the
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preceding section, varies with different specles; but the
intensity which triggers’the maximum response is of the same
order of magnitude among species that are grouped according
to coloration and habitat éelection (Table 4). Those organ-
isms which are found under the rocks at all time or move
only to the sides of a particular rock at high tides react
maximally at the lowest intensitlies; whereas for organisms
which are found exposed at all times'a much stronger stimulus
is fequired ﬁo elicit a maximum response. The organisms in
this last group are subject to a considerable amount of
mechanical stimulation imposed on them by currents and sway-
- ing algae, and to respond maximally to some low intensity
taétile stimulation would appear to be disadvantageous. The

~two cryptically colored specles, I. diomedea and S. longil-
cauda, subject to the greatest amount of mechanical sﬁimu=
lation as a result of their herbivorous habits and cohceal-
ment in algal beds, require the strongest mechanical stimulus
to evoke a maximal response, These data indicate that some

degree .of convergence has occured in the reaction systems. of

opisthobranchs from widely diverse taxonomic groups.

Duration of Response
It appears that not only is a very strong mechanical
stimulus needed to evoke a maximum response from opistho--

branchs living in an exposed habitat at all times, but thelr
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Table 4. Intensities of a Single Stimulus of 20 msec Duration
Necessary ‘for Just Ellelting the Maximum Response
in Opisthobranch Species.

Mean Threshold

Coloration ‘

: Intensity (Units
are percentages
of maximum vol-
tage used) ’

A. Species always exposed:
Tridachiella diomedea | eryptic 100
Stylocheilus iongicauda cryptic 100
Chromodoris norrisi - bright 90
Hypselodoris californiensis bright 90
B. Species exposed only during
high tides: ,
Berthellina engeli bright 75
Casella sp. bright 75
Chromodoris banksi cryptic 90
Hermissenda crassicornis bright 67
C. Species alwayé under rocks:
Doris sD. bright 33
tan & cream speckled dorid eryptic 27
Dendrodoris krebsiil 33

cryptic
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| rate of recovery after stimulation is much faster. This was
:determdned by recording with a stopwatch the duration of the
response at varying stimulus intensities from 21 to 100. 1In
most cases the response involves morevthan one area, and to
give some degree.of consistency to.fhe recordings the re-
sponse was timed.from the initial stimulus contact until the
) animal had returned to its normai" state. This presented
'vsome problems in those organisms in whioh a 90 degree turn
was evoked by mechanical stimulation. However,'usually by
the time~tne 90 degree swingis completed other responses'
are completed and this point was. arbitrarily considered to-
be the end of the evoked.response. Results are presented in
Flg. 2. In those organisms which are always in exposed habi-
tats, (T. giomedea, 8. Lon icauda, C. norrisi, and H. califor=
niensis), the duration of the response reaches a maximum at a
‘-stimulus.strength of 52, and does not increase with increased
stimulus strength even though the maximum response described;
in Table 3 is not evoked until the stimulus is 90 or 100.
(Table 4). " » | '

~ The duration of the response in S. longicauda and i;
diomedea that are found on algae with which they blend cryp»
tically is the lowest of any of the specles studied.

The duration of the respounse of.organisms that are

found under rocks during low tides but that emerge from the
rocks during high tides, (B. en eli, Cagella sp. and H.

crassicornis), levels off when the stimulus intensity reaches



Flgure 2. Duration of the respcnse with lncreased
intensity of a single stimulus in eleven
speclies of opisthobranchs.
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Fig. 2. Duration of the response with increased intensity of a single stimulus
in eleven species of opisthobranchs.

90 100



_ _ ' 30
68, which is aboit the same intensity at whish three of these
species show a maximum response to a strong si:imuluse A
fourth species9 the more cryptically colored C. banksi, has
a much longer response duration and requires a strong stim-
ulus to svoke a maximum response (Table 4). It is geﬁeraliy
more sluggish in moVementithan the other speciés selecting
this- general habitat, |

In those species which are found under or on the
sides of rocks during both low and high tides, (Doris sp.
Do krebsii, and the tan and cream specklsd dorid), the dura-
tion of the fesgonse l1s dependent, for the most part, on the
intensity of the stimulus, evén though a maximum response is
evoked at low intensities (Table 4). The most mobile of

these sPecies9 Doris, recovers from a mechahically evoked

response more rapidly than the others.

. Responses 1o Multiple Strong Stimulil

It is sVident from the previous experiments that.as
the strength of the stimulus 1s increased, there is a change
| in the response from one involving a lo¢alized area around.
the prodder ts one involviﬁg the whole organism, until a max-
"imum fesponse'isAfeached at some stimulus intensity. However;
if a stimuius that 1is strong‘enough to svoke'a maximum re-
sponsé is repeated several times; an even greater reaction

ocecurs, which appears to be similar to the "shock" reaction
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seen in specles when exposed to certain potential predators.
In’order to determine the responses of the various opistho=-
branch species to repétitive stimulation, multiple strong.
stimuli with a 20 millisecond duration and anrintensity of
100 were applied to‘eacb organism at frequencies that varied
between 2 and 40 pulsesApérksecondg Sinée H. grassicornis,

- L. diomedéa9 aﬁd S. longicauda were able to avold the stimu- -
lator by extreme local contraction and rapid movement away
from the prbdder within ten seéonds, stimull were applied to
all organisms for three seconds only.(Table 5).

Apart from the moreArapid movements and extreme
contraction, the three species mentioned above reacted as
they would to a siﬁgle,stboﬁg stiﬁulus.» In most dorids the-
response produced 1s an extremeAflaring of the mantle over
the dorsal Surface, retraétion of the rhinophores and branch=
131 blumes, and'gradual entrance into a cataleptic state in
Whibh the edges of the foot come together, the organism bends
'dorsally and locks in thisjpositionﬁ<floating loosely in the
water., The notaspidian 3. engeli exhibits this response to |
a single strong stimulus as well as to multiple strong stimu-
1i, Multiple stimull at a higher frequency produced by
bubbling air into the aquarium at a fast rate or by swirling
a glass stirring rod in the vicinity of dorids can evoke
this same response In these organisms. Two doridslwhich do

not exhibit thls response ére Doris gg. and the tan and cream



Table 5, Frequencies of Stimuli Triggering Shock Reactions and the Duration of
These Responses

Frequency in - Coloration Mean
Pulses Per Second Response
Duration
(secs.)
K; Organisms in exposed habitats
all times.
Tridachiella diomedea 24 cryptic 10
Styvlocheilus longicauda 26 cryptic 10
Chromodoris norrisi 22 bright 60
Hypselodoris californiensis 20 bright 30
B, Organisms in exposed habitats
during high tides only.
Berthellina engeli 16 bright 65
Casella sp. 18 bright 84
Chromodoris banksi 16 cryptic 60
Hermissenda crassicornis 14 bright 50
C. Organlsms found under rocks at
all times,
Doris sp. 10 bright 95
tan and cream speckled dorid 8 cryptic 120
Dendrodoris krebsii 6 cryptic 90

4
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" speckled dorid Which react as they do to a single hard stim=
uluso 4 A

Those species which are normally found exposed at ali
times require the highest frequency to trigger extreme reni
sponses (Table 5), and those which are found under rocks at
all times require the 1owest frequency° The durations of the
responses are longer than those evoked by a single hard stim-
ulus but fall into groupings that can be correlated with
‘hablts and habitat. (Table 5).

.Responses ﬁé Potential Predators

No .cases of predatioﬁ were observed in the field'and
only an occasional anemone and the eephalaspidien Navanax
inermis were_obSersed to prey en opisthobranchs in the labor-
'atory, -Other‘laboratory studies show, however, that no
opisthobranch species was avolded and no responses were
evoked in opisthobranchs until after contact had been estab-
lished with the potential predator. The responses of
opisthobranch specles to this direct contact with various
omnivorous and carnivorous organisms are idensical to those
~ evoked by vafious_intensities of mechanical stimuiation’with
a’glass‘proddera.(Tebie‘6)o

- The two species of anemones,JBunodosoma californica

and Phyllasctis eoneinnata, fold their}tentacles over all‘
opisthobranch species plaeed on their oral disc, but_seldom

take them into the digestive cavity, and, if theybdo so, will
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normally reject the partij digested opisthdbranch within a
~ few hours., In only a few cases would the opisthobranch die
‘as‘a resulﬁ,of this stress; most exhibited tremendous powers
6f regeneration. In oﬁe}iﬁstance an exfenSively digested
Casella sp. was rejectéd'éfter 24 hours. It was in the form -
of a ball with é’strong protective cbating around it. The
organism emefged,from this "cocoon" within 16 hours, weak,
but externally undamagéd° fhe aneﬁones elicit cataleptic
or extremev"shock” responses in all species except B. engeli
_and He craséico nis, which prey on anemones and appear 1o
. have some immunity to nématocysts.v This response 1s prob-
‘ably produced by the chemical—meghanicél stiﬁuiation of
nematocysts rather than by the light tap of téntaclesg since
it is evoked the instant a few tentacles touch the dorsal
surface of the o‘pisthobfanche The response evoked in the
dorids is identical to that produced by multiple strong étimw
uli; exéept that the cataleptic state lasts for up to five
minutes after rejecﬁion by the anemone and for a much shorter
- period of time after multiple mechanical stimulation. Rlsbec -
(1928) discusses the-defenéive attributes of a_cataleptic
‘stéte,.buf its advantages in dissuading dlgestion by anemoﬁes
remainé\uhéertaino ' |

Starved Eriphia squamata will scavenge on dead and
injﬁred‘opisthobranchs of all species, but will seldom eat

the entire organism, often touching only the éepidermal area.
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’Healthy.crabs of this species will not avoid any of the
oplsthobranch species until after cbntact has been éstabn
1ished, Nérmally the crab will approaéh an opisthobranch
and lightly touch some part of it with its chelipeds and then-
back away.(Table 6). o

| The two specieé of shore fish Abudefduf saxatilis
and Girells sp. will taéte all opisthdbraﬁch species that
are dropped in an aquariumo All opisthobranchs‘without ex;.
ception are rejected and resﬁdnses evoked by encountervwith
the fish are similar to those evoked by mechanical.stimulau
tion with a glass rod. (Table 6). Defensive responses are
_nétvdependent upon attachment of thé foot to the substratum.
This is in agréement with~Tﬁompson's (l960).study on several
opiéthobranch species found off Britaln and Crozier's (1916)
study of thomodori§ zebra. Coloratibn of the specles does
not deter fish when opisthobranchs are floating in the watere‘
Fish will taste both brightly and cryptically colored‘
species with no indication of learning to assoclate form and
color with distastefulness. During the course of this study
nc fish was observed to taste opisthobranch species whether:
Abrightly orvcrypticéllj colored if they were crawling on rocks
and algae in the field or on the sides and boftom‘of aquaria.
Orozier (1916) found this to be true of Chromodoris zebra

alSOQ )



Table 6,. Defensive Postures Elicited by Direct Contact With Three

Potential Predators.

I S e

e e, T o

Opisthobranch Specles

“Abudefduf and Girella;'

Iridachiella diomedea

Stylocheilus longicauda

Berthellina engelil

Casella sp.

Hypselodoris californiensis
Chromodoris norrisi
Chromodoris banksi
Dendrodoris krebsil

Dorie SDe

tan and cream speckled dorid

Hermissenda crassicornis

There 1s local contraction and

a slight raising of the parapodia.

There 1s extreme local contraction
away from the stimulus and pulling
the parapodia together.

There is local contraction away
from the stimulus.

These five specles exhibit re=
traction of the rhinophores and
branchial plumes and a slight
flaring of the mantle edges.
Some local contraction away from
the stimulus is manlifested.

The rhinophores and branchial
plumes withdraw and forward
movement is initiated in resting
organisms. There is a slight
flaring of the mantle edges.

The rhinophores and branchial
plumes withdraw.

The ceratae rise over the dorsal
surface and local contraction is
present.

"Exhibit the same response as

to EI‘i hiae

There is marked local contraction
and flaring of the parapodia over
the entire dorsal surface. |

!
Exhibits the same response as it
does to Erlphis. !

Exhlbits the same response that
1t deces to Eriphia.

they do to Eriphia.

The rhinophores and branchial plumes
withdraw and slight local contraction
is manifested. !

|

Exhibits the same response as it does

to Eriphia.

Exhibits the same response as it does

36



DISCUSSION

The responses elicited by mechanical stimulation in
several specles of oplsthobranchs from a variety of habitats
have been investigated°. The significance of some of these
responses in the life of the animal 1s still to be determined.
"However, a féw responses such as retraction of the rhinophores
" and branchial plumes, ralsing of various structures to pro=-
tect the dorsal surface, and local contraction away from the
stimulus are similér to the responses evoked by potential
predators and may serve to protect the extremitiés or other.
seﬁsitive areas frém accldental or purposeful .damage from ,
these predators. Adult opiéthobranché are generally rejected
as a food source by larger predatory organisms. Whether some
of the innumerable smaller animals regularly prey on opistho=-
branchs is not known. WNevertheless it has been shown in
. these studies that opisthobranchs were not avoided by larger
potential predators until after contact had been.madey so
presumaﬁly the responses which were eliclted, and which were
identical to.thoée produced in the laboratory by a glass
prodder, sef%e to protect the organism. These responées
appear to bhe defensive in haﬁﬁre, but‘whether they are the
primary faptof 1ﬁ deterring the predator is not khown, and

in most instances the reason for predator rejection remains

37
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obscure. Since céntact is necessary prior to rejection in
all eleven species, serious doubt is placed on the warning
nature of bright color patterns found in many members of
this subeclass. This also suggests that chemlcal stimuli.do
not prevent some predators from touching the animal. However,
cryptic appearance of certain species may well serve as a
'first line of defense. |

Responses proéuced by mechanical stimulation are
generally limited by morphology and tend to follow taxonomic
lines, Eo.diomedea will raise the parapodia when a hard
stimulus is applied, S. longicauda will shﬁtAthe parapodia
tightly over the gill,‘and B. engell will exhibit extreme
local contraction. The dorid nudibranchs all exhibit re-
traction of thé rhinophores and branchial plumes, and, with
the exceptlion of the tan and cream speckled dorid, flare the
mantle when a strong stimulus is applied. The foot of most
dorid specaés will lose contact with the substratum when
multiple hard stimuli are applied. This response is also
elicited-by swirling water in the vicinity of the organism,
An organism disturbed by repetitive mechanical stimulil in
the field drops fr?m the side of a rock or algae on which it
is crawling and is picked up by the cﬁrrent and carried
several feet away. The defénsive attributes of thlis response
seeﬁ apparent, although it was never evoked by contact with

potential predators. (Casella sp. and g,'banksi are often
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found during low tides under ledges out of the water, and iﬁ.
this sifuation ho amount of hafd repetitive stimulation can
evoke this response.

Although different structures ére.involved, many types
of responses cut across a variety of taxa. There is a ten-
dency to protect the dorsal surface with parapodia, mantle
edges, orrceratae,_ This 1s exhiblted by the cryptically
.colored_g, dlomedea as well as the brightly coiored'Casella
,gg, Local contraction at the point of stimulation is ex-
4hibite@ by all but one species, and a strong stimulus results
in moveﬁent away_from_the stimulus at a 90 degree angle to the
~axis bf*the body prior to stimulatibn in most species.

A feﬁ»species are unique in their responses to
mechanical stimulation. The tan and cream dorid exhiblts
the saﬁe response to both a strong(and weak stimulus, varying
only the duration of the response., This species probably |
relies largely on its spiculated condition and cryptic appear=-
ance for defense. In S. longicavnda; T. diomedea, and Doris
§g°,movement is elicited by a weak stimulus when applied to
resting organisms. In the first two species 1t results-in
movemént toward the stimulus, whereas Doris sp. moves forwarad
regardless of fhe area stimulated. |

The most sensitive areas in all organisms are the
head, and vital extérnallstructures or areas that afford

limited protection to #ital structureS¢
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Whatevervthé sigﬁificanqe of fhe behav1or, it has
been ‘shown in this study that responses of opisthobranchs -
have tended tO.converge.AResponses of species found in ex-
posed habitats at all times generally last for the shortest
period ofvtime, and abbve a certain low stimulus intensity do
not increase in duration,even though.it takes a very strong
stimulus tq evbke a maximum response in these organisms., 4
- strong stimulus,appliéd to all species found in fhis groﬁp
(2. diomedea, S. longicauda, H. californiensis, and go<norrisi)
fevokes'é response which lasts for a short period of time and
resuité in a 90 degree turn away from the stimulus and move=
ment in'this new direction. I. diomedea and S. longicauda,
which both'livé and graze on algae and are qryptic in
appearance, turn toward the stimulus if it 1s weak and will
often spiral u? fhe prodder 1f it is léft close to the organ-
ism after stimulatipn; They may be observed spiraling bn
algae in a similar manner during high tides. YShoek" reac-
tibns are triggered in these species only at high frequencies,
. but these responses élso have a short durafiona |
| At all'times maximum responses of speciles found under
rocks are obtained at low stimulus intensities and the dura=-
| tion!of the response increases with increasing stimulus in-
tensity. Extreme or shock responses afe evoked in these
species by 1ow frequencies'of'mechanical stimuli, but the

‘response lasts for a relatively long period of time{ Specles
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found_in exposed habitats duriﬁg.high tides, when they emerge

from under the rpoks or ledges, are intermediate in response
, durations; and intensity of stimulus and ffequency 6f stim=
ulivnecessary to trigger maximum reéponses;

~ Responses can be cerrelated_with coloration}in two
instances. The branchial plumes and rhihophores withdraw
.simultaneously when a single light stimulus 1is applied to
brightly colored dorids regardless of their habitat prefer-
ence;‘and intensities of a single stimulus that ellicit a max-
imum response are of the same order of magnitude for all |
brightly colored speeies that show a similar habitat pref-
ereﬁce (Table 4). However, the data are somewhat inconsis- -
tant particularly with respect to cryptically colored species.

This study indicates that although some convergence

in patterns of behavior exists among opisthobranchs living
in the same<hebitat, an even greater similarity’is seen in
'the‘strength‘and frequeney ef stimull needed to evoke maximal |
responses and in the duration of these responses. Thils is
most noticeable in species which are found in an exposed
environment at all times. Representatives of threekdiffer-
ent orders from the primitive Anaspidea to the more advanced
. Nudibranchiata show similarities-in the length of their
‘ reactions and intensities and frequehcies of stimull to
which they respond maximally. However, it is necessaiy to

. question on what plane this convergence actually exists. In
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order to do this a detailed study of the neuro-anatomical
features of all these species is néeded and electrical re-
cording of nervous activity is vital,

Thompson (1960a) classifies opisthobranchs behavior-
ally into two broad groups: those which have a preference for
concealment which is achieved by coloration, texture, or
habitat selection, and‘those whose behavior is characterized
by a disregard for concealment. In light of the data derived
from the present study this broad behavioral classification

should be re-=examined.
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SUMMARY

Responses to mechanical stimulil of various intensities
have beeﬁ recorded in eleven species of opisthobranchs
that exhibit a variety of habitat‘preferenées and
patterns of coloratione

Areas of greatest éensitivity in aii species are the
head region, extremities, and parts of the mantle or
parapodia that cover the gill.

The strength of a single stimulus necessary to elicit

a maximum résponse and'the duration of that response
may be correlated with the hablts and habitat preference

of the opisthobranch species studied.

“Speoies found in an exposed habitat during high and low

- tldes, respond maximally only to é strong stimulus, and

recover rapidly (i.e. the response has a short duration).
However, the duration of the response is relatively in-
dependent of the strength of the stimulus and tends to
remaln the same at high stimulus int’ensiﬁies°

Repetitive strong stimuli trigger an extreme or '"shock"

- response., The frequency of stimull Whiéh elicits this

response can also be cofrelated with habitat preference,
Opisthobranchs found exposed during both high and low

tides exhibit a shock response only at high frequencies.

43
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This type of response lasts for a relatively short time.
SpeciesAfound'in more protective‘situations respond max=-

imally at lower stimulus intensities, are slower to

reqover, and show an incréase'in the duration of the

”response as the stimulus strength is increased. Further~

more, the shock reaction is evdked at lower frequencies
of repetitive stimulation.

Although responses do not generally appear to be correla-

~ted with coloration, two cryptically colored specles

- found in exposed habltats much of the time, Stylocheilus

longicauda and Tridachiella diomedea, show a response
reverSal with iﬁcreased stimulus strength. These organ-
isms tufn towardla light stimulus and away from a strong
stimulus° This same response evoked in specles from two
separate orders may be commén among others that live on
algae. Cryptically colored species investigated 1n.this
study that do not live on algae fail to exhibit this re-
sponse. ’ a '

No cases of predation oniadult opisthobranchs were ob-

: ser&ed in the field, and only an occasional individual

was digested by anemones or predatory opisthobranchsAin‘,
the laboratory. Potential pfedatoré do not avoid ﬁpisthOa
bfanéhs until contact has been established; and responses
elicited in opisthobranchs are identical to thosé pro=
duced,hy'a‘glass.prodder and éppear_to be defeﬁsive in

nature,



45

9. These experiments indicate that although many responses
follow taxonomic lines, some convergence has occurred

in opisthobranchs found in similar habitats.
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