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L of the chrton, the author attempted throughout the study to gach} as much

e
At

]

Y " - N
- = . . . P : a
became availapfle after field work for the present~investigation had been

completed. N

. Knowledge of the basiec bioiogy of Tonicella was limited'to minor 7%

Y S ) : ’
,referenoes¢1n the lrterature In order to better oompre\end the behav;or (1]

.'baseline Lnformatlon on chlton biology.- aSg\\—_'permitted Throughout the °

‘program,-laboratofy observations were vhrified, where poésible, by

o . _ - -
investigattons of an undisturbed field .population of T. marmorea._ .
” Evans (1951) .found that responses to karious environmental factors
greatly affected the behavior and movement of Lepidochitona tinereus (Linnaeus)

. - -t . i . - . ) B .
Similar exXperimentation to that designed by Evans was used in an attempt to -
1' 4 ’

+ . 4

evaluate the effpct of individual environmental factors on the activity ‘of

.T. narmgrea. " t . e ' . o K
. . '. . ': Ii
"o WLLh Lhe exceptlons of the works by Langer (1972} and Evans (1951), .o 1
! i
all prevrous studles on Polyplacophoran ethology were conflned to . - ..

1ittpra1 5pe61es._0ne of éhe obseryatrons common to phese works was the !
. i - - &

* - R
* - -

e . . o -0 . : .
ability of many chitons to "home" to particular sites on the eﬁbstrate

-

H! Toprcella marmorea is entirely sublittoral in Newfoundland watfrs, the

questlon arose as.to whether or not these c¢hitans would "home", and, if so,‘

ehatnaqrfmeters affe?ted their hoo:ng:ablllpy. TR -: hpli o i' f
_ "f- ‘Studies to determine the daily activit} periods of *T. marmorea -
I-ae}well as the.relétionship between actieity and various environnental , | : h :
. . o . ‘ i
parametere, wereﬁklso conducted durlng the present program, 51nce Glynn 1‘ o
Ly ’ ¥ ‘..

. »(19?0}, Lyman %1905) and Smlth (1975) had founq act1V1ty in several speC1es

E2N
*

pf_lntortldal chitons to he related to both'photoperlod and-tldal
- Y, e - - R l
height. c - o ’ .o
il P v ’ i :
: .t I}
' o : |
Y . I . ! \ :
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Lo : T.marmorea in the areas studied, several one metre square areas of

. : . Lot o RN - . ' [
! ' . - .
\ s . 3 f ¥ .

v . Appliéd Science, hlemri:a!._Universi'ty.qﬁ Newfoundland. .
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] Collection and Holding of Specimens . .
+ - g i .
L All underwater cbservations and collections 'were made with the,
. 1] " - . ) . " ’ " . . - A .
aid of-SCUBA. . : ; ’ B -

. .

In order. to obe‘d-iaﬂ'*roqgh esﬁima,tes of ,tﬁel popuiation density of

4
-

-bottom were selectéd at random and the number of specimens of T.marmorea -
recorded.The type of habitat and the position of spécimens of T. marmorea .

. ! ' -
Cea were noted. 0

[ i . '

- 1 R . u PR L '

' " . ot x ' . ' B ’
Large specimens of T. marmorea (morewthan 0.5 cm.long) were
. i - .- .

removed from the substrate by hand, oY n_wit}_l'a-sgaliula.' Because of the v

.
3

.

su's'ceptibility_of' ‘smaller specimens 'té injury' dufing collection and
. . handling, 9n1y" large specimens were used during this study. Sizes
‘therefore represent the mean maxima’ for each collecting 'site'._

All 'specimens were transported to the laboratory in sea water
s immediately after collec.tioln'. when possible, specimens transported .

long distances were refrigerated. T, marmorea was found to be. hardy and’
survived periods of up to two days in unaerated sea “watér, which reaghed '

t:.emperatureé. of up to 18° Celsiﬁs:At the laboratory specimens were placed
T ’ " ' . ‘. -
-immediately in holding tanks of ¢irculating sea water.

Two basic typas of holding and experimental tagks were used -

throuc:;hout the s;tudy.' Initia:}ly the chitons were held in a ‘fibrl:e'

. . " ’ 2

reinforced plastic tank. 'I“hisa'tankl was approximately 0.8 m. wide by 1.2 m.
13 b s - . .

long, with a maximum water depth of about 10 cm.

The chitons were transferred to _é second fibref reinforced plastic

”,

Oceanography,” then an charter to the Faculty of Eﬁgineering axd v .

tank used mainly for experimentafl purposes. This tank was approx;lm.;atel-y 0.8 m.



N F

‘Y o . _
by 4.9 m. with a maximum water depth of about 10 centimetres.

All tanks were cont:muously suppl:.ed with unflltered sea water frorn '

Logy Bay. Temperatures in the tanks were usually 2-4 Cels:l.us degrees
above the-ambien't,.', suhsu'rface temperature in the hay and ther'efore ranged
from 0 to 12°C. . ' .
. . ' . . : -4
_Unless otherwise_. 'noted‘, all helding ‘;né experimental tanksi were
Stipplj.ed with a é:ﬁbst-rate consisting Iof l‘ock 'pa;ticle's 1 to 5 Ian I‘J'.n.

dié.meter,. taken from Hlddle Cové, This particulate matter was r:.nsed and

scattered aver the- tank bottom to a depth of 1 to2 cm. - Spec;unens of

' AR
T. mammorea mov:..ng across the bottom of the tank dlsplaced the part:l.cles,

and left a n::lear:lj,lr def:.ned path.

Natural populatlons of algae, bryozoans and other m:.croaqop:l.c marine

’ -

organisms were allowed to develop -on the sides and bottoms ‘of the tanks and -.

5.

%
their contents, to prov_:l.de food for specimens of T. ma£,'l_o. rea.

g All newly collected specimens were allowed a period of. 24 ta 48 hours

- F

from the time of capture, to acclimate to theirx surroundings. At the end

of this period they were measured and taggeR.

Measurement and Tagging \

Each c_hiton ‘was removed fron thel t.ank“ ueincj a -spatula and i:r_unediatelp
transferred 0 a 5 x 8 cm. glass plate. 'i'he p1'aite w;'s immersed in a ‘bowl
o'f.sea water placed 'in'an ice bath, H’h:.le on the glass plate, the length

and w:.dth of aach chlton was measu:ced using verm.er cal:.pers.

. Length was n\easuredlas the‘di'lstaﬁc_e between th‘e}nterio;' .and

+

‘Iposterior-m.argins, of the girdle and width as the distance.between the

-

rriargins of the girdle at the ,fourth-_valve {Figure 3).

B -
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a

* a Crevice, and greﬁ back in 3 to & weeks, Scratchesfon,the valves

. approximately ons mm. in diameter and are'obtainable in a variety of colours

were rinsed in a solution &f 70% ethyl alcohol to minimize infection. The - 1
. 1 . " |__ . " r

looped around the girdle-.and segured to the beads with two half hitches .

- 10

pDue to the nature of the’experimental program a taggind method

which would minimally iﬁterﬁere_#iph'the normal behavior of the animals.was
required, - Several methods were tested including-scrxatching the valves‘énq,

removal of small portions of the girdle. Painting valves with nail _
v ‘ ) ! . . — ;A‘-xﬁ.
lacquer or fast-drying resins was also attempted. C k

L]

None of these methods of tagging proved to be satisfactory. The
] s \ - . . - "

clipped sectidns of the girdie were difficult to see wher an animal was in

were quickly obscured by growths of bryozoans‘and algae. The

1

yarious paints and resins used would not'adhé;e to the damp,- smooth

exterior of the valves, and quickly flaked off. (As the photosensitive

‘organs, ox aesthetes, -are located in small pits on the dorbal surface of L

. the valves [ Eoer,lSTQj mmelich,1967] excessive drying or blockdge in this

area was avoided, )

The mést Satisfggtory method of.taqging invéived'the attachment of
sméll, pléstic, ﬂahéiér#ft,imads‘to'the‘éi;dle,' These be;ds ar; : T :
from most'handicraft‘séores.' OPiy'thosé beads with imbéd&éa‘colour #ere “
sat;sfactorf;.aslthose which weré painted ldst,ﬁﬁéir colour in water, ?hg
beadg were attached s;nglg:‘or-in groups of two'or three, to‘thelriéht

traniad portion of the g;rale. The Beads were threaded onto a needle . B

"using nylon sutﬁre‘threa&. .Before tagging the needl;ﬂ_f thread ﬁnd,beéds"

]

needle was passed throagh the doisa} surface of'tbé girdle at thé base of

-

the second valve, and emerged in the pallial groove. The thread was then

. 3
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long and the artificial night fell during
' i:eversa_nl of normal light and dar}c periods was, continued for several days.

.During this éériod specimens of ‘T, marmorea in the experimental chambey.

_were monitored periodically to asc‘:}rtain their activity patterns.

" -

-50 gpecimens we'x:e observed for a twer;ty-four hour, period. © Beginping at
1400 ho o&ﬁpril 9 and ending at 1400 hours the following day, the

. * o . . ' .o
‘a?:tiv.it,}r of. the laboratory chitons was monitored every hour. The number

) . ) o . , . .
of chitond moving and the distance_moveq each hour were recorded. . During

“the night observations ‘were -mac]e using short dur'atgién lai.ght.::'.ng i.rit\}x fe‘d .
llght S0 asi to disturb the animqléhai..litt,lé as possible,
) Y ' '
5 " ’ - K
Movement: b Co o .
, ‘At_tempt;_were r.nade in the field to taé specintens o'f‘ ‘Ton:i.cé_-l'la

they were originally samﬁled. Regu'lar observatio'ns' of- ;:he mox;ements of
- . ) " El L [ )

these tagged animals was used to ascertain the role of "homing" irg the

fr_,\--behavior of the _dhi{:on. " . ' \

Wt .
-

.+ of various types of rocks, shells and other possible resting sites placed
in a 2.6 m. long section of a tank measuring 4.8:x d.gm. This section |

v was gPidded in 7.6 cm. Squares. Approximately sixty tagged chitons were

placed at various positions in the tank and allowed to acclimate t& it for-

'a period of seven days. - . . . R

At the end of this period, the exact location-of each chiton in the
tari}E was noted c;r; a sc_aie d_i‘auing of the tank and observations were begun.

) 6 )

-]

the normal daylight hours. The.

To_fyrther assess the most active period of the day ‘for T. marmorea),

( . marmorea underwater, or to reglaceltaggéd.'spécimans to the areas from which

an artificial habltat was created in the'la'boratory. It .consisged )



The chitons Were aIlowed‘to'hove'freely ebdut the tank anﬁlwefe not
. ' ) R : P N e .
‘; | - : disturbed in any way. At lzog_houps each day, the position of each
) : S . o ) i ' : o o
. ' - . chiton was recorded, and scale drawings made of the trails left in -

the sediment by the previous ﬁﬁght's activity. The sketched -trails

~were then measured and an estimate of total daily activity of each
chiton obtalned Throughout the study, chltons often moved aleng the
S ”l"_ = 51des of the tank, ar a§ound the rock they rested on, leav1ng no
| . observable trail. hhee “this occurred, actlvlty was estlmated as the
shortest distance between the two re;tlhg sltes, If an anlmal returned
to ité original site, no activity was recorded for the;period.

As thiﬁ'type-ef'ectivity was limited to a small number of animils,
e it was.nqt eXpected to greatly affect measurement of the total actwvity,

of the pepulation.' ' o ' L = : <

1

When changes in restlng sites oceurred, .the stralght line dlstance

between the two Sltes was recorded; in orger to establish whether or
' . not T. marmorea pqesessed;a‘hpme range.
) - L . Two studies of this’'type were carried out: The first ran from

< -t Nouember.I to December 7. 1973, a penﬁod of 37 days. The second was

29 days long, fgom March 14 to April. 11. 19?4 Daily water temperature !

. L

was heasured with a mercury bulb thermometer. Duration of 'the photoperloé.‘

Iln hgurs per day, and radlatlon 1n'Langleys per day,.were obtained

- from the Atmospheric Environment Service, Environment Canada.
> N . 3 .

After the results had been tabulated, correlational co—effieieﬁts
-Q N . a ) T . I
" for activity per day versus water temperature,photoperiod, and radiation

’

were cdmputed using a Heﬁlett.Packard-balculator-Computer, model 928140.

The formulae.used for the computetions are givenin Appeﬁdix I.
. . . i ‘\ - .
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CHAPTER. II: GENERAL BIOLOGY = .

. RESULTS . -

1

Habitat Description

Tonicella Imarmorea, the mottled red chiton, is commonly found

“in the coastal waters’ of Newfoundland and Labrador at dept;_hs of, 1l to

150‘metres.l { Abbott,1954. ): It is _é small chifoﬁ,.'réaching .

}:pproximately 3 cm. -in 'léngt‘h.' Because of its distribution and outward

appearance, it is often confused with Tonicella rubra the red . .
northern chiton. T. rubra génerally does not reach ‘le s‘éf greajl:ef-

than 1.5 to 2.0 cm. and posses;ses minute, elongate scales which cover

.
- [l

the girdle. The girdle of T. marmorea is naked.

"

The only othef chiton common to these waters is IschnocHiton

albus, the white northern chiton;-which reaches lengths} c_:f 1 to 2.- cm.

Unlike T. rubra and T. marmorea, which are-usually buff and red in

x Y

colour, I. albus is always a_pale crez‘am ‘to white. Throughout ‘this
" study I..albus was sighted only twice; at Tapper's Cove, Torbay

and at Portugal Cove, Coﬁc_eptiqn Bay.

.
* El r ’

Because of theif’s’nfaMez_' size, I. albus and T. rubra tended to

inhabit the smaller cracks and crevices of the hard substrate. T.
" B - ' ’ : " ° R
- marmoraa, which is often more exposed, was.the most fommonly observed

chiton. -

T. marmorea can be found in abundance { )5 chitbns per square ’
. - . ' oF

metre) i.n mMost rocky,. sublittoral zoneslo'f ccésta_l Newfoundland. (Table 1}.

. 3 - . ' . . ) , )
T. marmorea was never present in depths of less than 1 m, and usually -

3\_. .

K . ) ' .
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- Méasurements of length, wldth and we:.ght for 1nd1v:|.dua1 animals

taken - at three month 1ntervals for one year d:.d not demonstrate any

i

.. trend in increase or decrease of size of _T_. marmorea. Variations in the

size of these measurements were not large endugh to be attribitable to
anything other than experimental error.

A number of ChltDnS used in this study were kept inthe la.boratory '

for periods up to three years. Several of these ‘animals dled as a result

of infections in the taqgging area. . Other causes of death included thermal
. . [

stress resulting from accidental elevation of tank temperatures to 24°C,

dessication and organ damage incurred during sampling.Data from animals

.I which died during or shortly after experimentation was.deleted.

Predation ‘ A"

, During laboratory trials, '_'Il: marmorea was eaten by the.seast;ar -

{Asterias vulgaris), ‘crabs (Cancer spp.) .and young Icbsters (Homarus

americanus). The, chitons did not display.-any avoi'da’rg,behairiour to ahy.

of these predators but responded to the 1nitiél/t Gch of the'seasrar tube

. feet by, ¢lamping I:1ght1y to the _substrite, '

‘Asterias vulgarls when provided with' other food guch as capel:.n,
- . x . ¥ . !

Mallet:'i:s villotus (Miller) or mussels, Mytilus edu'lis Linna‘eus . did not

. N b
eat Tonicella marmorea. The same was true _fcr small crabs and lobsters.

4 . ' ’

Cunners (Tautoqoi’abrus_adspersus} did not eat specimens of T.

. marmorea exposed on the tank walls, but have been obgeryed to actively ;_:;rley

on chitons.in the field. The cunner did not scrape chitons from the rock

. Persondl corunmu_nicat.ipn with J.M. Greeén, 1973.
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but bit completely through the protective' valves and ate the sbft viseéra.

Tonicellalmarmrea and Ischrochiton ruber are also preye_d-upon by .

the yellowtail flounder, Limanda ferruginea (Sj;orer) 'an{:l the uinter

floﬁnder, Pseudepleuronectes americanus '(Ha;baurn] . (Ba'rto-WEEls, 1973).

a Feeding Behavior B L IR _-,r'
T. marmorea feedby rasplng away encrusting flora and fauna from the -

*

su.bstrate on wh:l.ch they moved. Wh:.le feeding the ani:irl moved in-a

strazght 11ne s]!owly over the substrate hold:.ng the anter:.or margin of the

'g:erle sl:.ghtly a.bove the -substrate surface,_ The radula, whlch J.S ‘lbng and
‘equlpped with large teeth moved in and out at a rate- of approxunately 25

. times per. minute. - Protrusion af the chemreceptiwe subradu‘-.'lar organs, as

descrlbed by E‘retter (193?}, was not o‘bserved ‘but a.s food was abundant in

the exper:l.mental tanks, .their use maY'-notvheve been requlred.'
Laborat-ory observat.:.ons of speczl.mens of T marmorea held in glass
on L. ‘ .

aquaria 1ndicated that "a close assoclation between movement and feedmg ‘W
existed. Chitons which were statiqnery for per,’Lods of time exceeding two -

or 'three minutes did not exhibit any radular moéement. ' Chitons which

* 1 1 . .

hegan, mov:.ng over the glass walls of the aqUaria were observed to :_nmiate

radular movement within seconds of the occurrence of the first pedal wave.

In the f::.eld, anmals dlstruhed during the dnrk hpurs while mcving over the -

. substrate had the radula extruded and in motion. An:unals dlsturbed while "

+

" at rest during ‘the photopenqd did not exhib:_.t radular activity. S.i.mtlarly'- .o

no radular activity was observed H__ur.ing the day in those animals ciuetered

- on glass -walls ofs the - aquaria, - Chitons which wére fhoving and feeding ’ \
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TABLE 3:

’ »

SIZES OF SPAWNING TONICELLA MARMOREA, WITH NUMBERS OF OVA
COLLECTED, FROM EACH FEMALE, AFTER ONE HOUR OF SPAWNING.

Length {cm) o Sax Nt:_mbez" of Ova

L ol9 " Pemale - L ey
2.0 K PO | Female = . S 15
2.0« ¢ . Female - . 23
2.4 male . x -
2.2 ., o Male - . . | .

N 2.2 ' © . Malé — -

r ‘ £
cat - .
LA '
2
a
a
o
. - oo ' .
. B
.
J [l
+
k r
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catcl-'i“‘eagli.ly_ in‘any roﬁgh surface thus secnring the ovum or zygote to the

substrate. : o : : »

Fourhdays after spawn_incj, 6n June 28,.-the first of the zygotes

- . ) . . \:' " . '- , .
metamorphosed into t:'rochophmo':e larvae. . Within twenty-four hours all
. » R D Ay ’ - : ’
viable zygbtes had metamorphosed. ; Thestrochophore larvae were pale |

M

N . . o’ .
orange in oolour and radially symmetrical (Figure 10C), Each possessed

two flagellae at the anterior pole and Iiw’ere capable of 'slwimnl‘ing.

On July 10, twelve days after hatching, the larvae‘became flattened

R P e

dorsmi‘rentra.llg. - Two reddish cells such as those described for Lepidopleurus‘

i . . . . N . %
s aSellus (Spengler] {Christiansen, 1954} appeared on ‘the ventral s'urface. :

Bands of clear cells appeared on the deorsal surface rnarking the beginning of

the format;lon of shell plates {Figure 10g. ‘ Theae lgrvae ware act:.ve and

A
1

"swam in'a spiralling motion similar to that descr:.bed for Leﬂidopleurua

asellus (Chr:.stlansen, 1954) {E‘:.gure 11} At this stage the larvae appeared

somewhat negatively phototz‘-q:vpic and were found within 3-5 cm. of the
substrate during ‘the daylight hours; At night the larvae were most often

A : , _
near the surface of the water. At this time various types of substrate

were '.plac'ee in beakérs. \

on July l'?, nineteen day.s after ’hatching, three larvae set_tled on a
s‘moqth ple'lbble appreximately 5 cm.’ in.'c_liameter. \'I'he newly settled chitons
eachupossesee.d eight ve.lves 'of a delicate pinh colouration. ~ They nel'e N
approx:l.mately 1.0 mm.. long and 0.5 mm. w1de (Figure .1CE) T Within three
days of settling all three chitons had become 1nfested with a fungo:l.'d growth

and died. No other settl:mg occurred, although there were active lervae up .

“td twenty five days after spawn:..ng
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General 'Observations on Behavior

Chitons giing to the substrate on which they live by means of
- ' R ] ) El . ' ? L ) \ - "
sﬁctiqn created by the girdle and foot. ' Wwhen relaxed the girdle rests .

_ . o . . , o
loosely on the substrate, with attachment due to the suction of the foot

ﬁlone. When disturbed, hoqever,_the girdle is clamped hard to the’

substrate aqd the foot arched to provide gredter suction. . If the animal .

o ‘ o . . .
* flat, smooth substrate. . The righting procedure involves straightening of. .

_is”rembéed-from the substrate this clamping actlon continues and the
Ay . \ . . :

animal rolls up in a manner not unlike that of the armadillo, with the

1

anterior and posterior ends lying in tlose contact, often cne éboﬁe fhe

other {Arey and Crozier, 1919).  The author has cbserved instances when -

the'curling action has been so severe that elther the anterior or posterior

portion of the viscera has been gouged by the opposite .girdle and valves,
resulting. in death.
When in the curled position the chiton is involuntarily rolled over,

-

onto its side as a ‘result of the curvature at its middorsal line. . It is

impossible for T. marmorea to righ£ itself from this position, when on a

the curl and extension of the girdle and feoot towards the. substrate,

Unlike limpets (Gastropoda) chitons do not have\tﬁe_ability to extend the -

foot to the degree necessary to'accomplish the righting manoeuvre on a

flat sufface) ‘ Observations ﬁa@e in the field of curled specimens of

1 . ' 1

T. marmorea demonstrated that on an irrggular surface, such as a pﬁbblé,

bottom, these chitons are able to extend the foot enough to obtain contact -

with some portion of the substrate and eventually right themselves.

Movement in chitons is the result of muscular waves which move

antéroposterinrly along the foot (Parker, 1313; 0rozief, 1919&; Hyman, 1967).

o ey

-
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T. ma‘}mtsrea movebs hoth, fo_rward and »blackwa_rd in this ‘inanner.‘ B;cklward'
motj:on--is .acccmplished—by ‘ch,anging .t.he. direetié.h of the pegal‘wave‘. . T.

: memorea wae. never." observed to nove i:ack'wall':cis for distancee ‘greatex t‘:han
2 cm. . Sharp turns‘are’effected by releasing the anterzor and posterior
portlons of girdle'and foot and plvot:.ng the body mass on the attached, ‘

-cehtrel portion of ‘the foot.' The ch:i.tqn usually moves in a relatively

straight line, as opposed to the .zigzag fashion often characteristic of

gestr:?ods . .

When T, marmorea was moving across a loosely packed substrate, such

.

. as gravel, the exterior'mergins of the girdle were lifted a fraction of a

millimetre - m‘en'-_':_[‘_:,'marmorea’was moving across a sclid substrate which

' 1

had a light layer of sediment o grav‘el on it, the anterior portiori" of - the

girdle was kept close to the substrate surface and acted as a plow. This.
. : ! _ ,

behavior ensured that small particles were moved out of the path of the

chiton, and.was possibly a protective mechanism to prevent fouling of the,

- gills. ) - . .
As was etated on p:a;ge 21,_‘1‘_. marmorea,. is not 'nom.tally found in sandy
! . ' . . :

arees; " The cﬁj.tbn 'will :evoi_d moving on san;fli 91" mud, and ha‘.'.s only bee.n‘
observed to do 0 when faced ijth a lack of fc-)_o;i_. Hoﬁgver, specimens of

T. marmofea' were found on- the valves of the deep sea scallop, PlacoEecteh -

magellanlcus (Gmel:.n) in Salmonier Arm, S5t. Mary -3 Bay The bottom in.

thls area ‘was composed entirely of a flne, loosely~packed sand No .

~ " ’ .

observatiohs were made of T. marmorea moving over the sand,‘ even though
distances of up to 10 m. separated individual scallops.
S v Y Al

JHyman (1967) stated that chitons evoid_ spiky rock eu’rfa\ee, as well

as mud and sand., "Throughout the, present study Tonicella marmorea was not

Ll W

v . ' v . . B
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observed .to avoid sharp surfaces such as the edges of glass -sheets

T

i

« and scallop shells. When attei'npti.ng to move around such an .edge the =

chiton was seen to approach it and release the anterior portion of -

the girdle and foot from the substrate. As the posterior portion '

"continued to move forward, the anterior half ™ cast about " before

n

bending forward until it touched tha underside of the plate or shell.

Once the anterior portion hadvattached, the ‘posterior-half was released

R -

[ . B " . b * ] .
and pulled arcund ( Figure 12 ]. This same behavior was observed when

T. marmorea moved from the. substrate onto a rock or shell, or

= 22 g : . i

vertical tank wall. The anterior portion was, first released and
reattached , then the-posterior portion ( Figure 13 }. T. marmorea

was. capable pf these actions only because of its unique eight-plated

40 .

shell and body musculature.  This behavior also demanstrated- the abilityl

of the foot to localize suction , .large' enough to support the full body

. o \
weight, in small areas of the foot surface. v
i . , .
. 4 JI
N ,
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FIGURE 12:  ILLUSTRATION OF A SPECIMEN OF TONICELLA MARMOREA ' .
MOVING AROUND A SHARP EDGE. A, RELEASING THE- ™™ °
ANTERIOR PORTION OF THE FOOT AND GIRDLE.. B, _
REATTACHING ON THE LOWER SURFACE. C. RELEASING
: THE POSTERIOR PORTION OF THE FOOT AND GIRDLE.
D. HEATTACHING. BRI e
] + ’ ’ '
- L
s
Lt / - -
L,
A , B.
I .
FIGURE 13: ILLUSTRATION OF A SPECIMEN OF TONICELLA MARMOREA
' . MOVING FROM A HORIZONTAL TO A VERTICAL SURFACE.
A, RELEASING ANTERIOR PORTION OF FOOT AND GIRDLE, -

ARCHING BODY, B. REATTACHMENT ON THE VERTICAL
SURFACE, RELEASE OF THE POSTERIOR PORTION.
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- CHAPTER II: DISCUSSION

! \ ' 4

Although the members of the Polyplacdphora bear perhaps the

* closest resemblence to the typified ancestral'molldsc " of any of
_the extant molluscan classes the chltone are not pr1m1t1ve or
'slmple nolluscs.l‘ Through use of hlghly speclallzed norphological

_atructures and complex behav1oral mechanisms » the chitons of today:

1

are colmon throughout the world's oceans and have adapted to wrdely

' Ll

ranglng env;ronmental parameters. In comparison with many tropical,-
.llttoral specxes of the Polyplacophora, the blology and ecology of
T. marmorea is not complex. The subllttoral nlche it DCCUPlES does

not experience such extremes as large daily temperature fluctuatlons )

and dess;catron bub the chzton has adaptedaln a nunber of ways so as

: I ¢ .
ko, best survive in thls area. . ) . ) . . °

~ . . ) B
d . '
L} L3

Langer (1972} found that‘rhe,dcmlnant epecies in a chiton bopulation

composed.of T. marmorea, T. rubra and I.albus varied with increasing

water .depth.  In his work 'in Eastport, Maine, Langer noted that g}-rubra
; _ _ ) T S

. was the dominant species in the shallow sﬁblicrqral zone, and fhat the

population sizeloﬁ this species'decreased with incréases in water depth.
. . o )

. . 1o B . . s
T. marmorea, however, was scarce in’shallow water but increased in

L]

‘- ) W .-
mumbers with increasing depth. T. marmoxea became the daminant species

at. fhe 7.5 metre station. The numbess of I. albus did not exceed the-
populations of either-z. marmorea or T. rubra at any depth, but I. albus

was most plentiful at a depth of 7.5 metres fﬁapger}lQ?S)l

~ 7 o o MR ST e "\I’:h“‘lr‘n.' ‘,..‘?!Ik'i«ri:-ﬁi -

- . " 42.
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Although 1‘10 détailed meesu.rements of the distfibution of these
three species were made- dun.ng this study, genexal observatlons on. the

distribution of T. ma‘:rrnorea and T. rubra would agree with the

conclusions of angex."I. .albus . howeve;, is not'plentiful on the

et

coast on Newfoundland. Ce :

., ®

? L -

Like many Polyplacophorans , T. marmorea possesses a mpttleci'

‘ colouretion which.blends well with thé coralline dlgae—coverasd

rockd on which the, chiton lives. The .green ‘banding present in the
girdle*of some of the specimers o? T, marmorea‘sampled may be the

result of algae grwi'.ng on the girdle s".urfaee, as was observed

for Chiton tuberculatus (Arey and Crozier, 1919).

i S e

3 - RIS L o
3 nlthough measurements of 1ength width and' welght were, taken
for laboratory speclmens 'of T marmorea, ‘no reliable informatlcm

on the ralte. of growth of this species v_ias obtained. Var.-‘i.ations in
the size of individual chitons were of ‘such small magnitude that

experimental error probably accaounted for the entire fluctu-a.t.ion.

Measurements of léngth ::-md width are Wdifficult: to étandardize- in

Polyplacophorans as ﬂ'l.e am.m.ale pgssess great flex;.billty of ‘body
. o " 1
shape and’ size. - Expan‘s:.on an@cont.ract:.on of the Spaces between
the vadves, ‘and the girdle, as well as the ability 'to bend the body
¢ - N ) . N .

. about 'the central-axis, cause great va;iations in the size of the .

orgarism, There was amargin of exrror in the:!wet weight figures o

=3
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. size of the anlmal. , At_Cape Cod Hassachusetts,hChaetopleura aplculgté

;Its colouration, nqpturnallhabits and inaqoeseibility by‘day.mayﬁhelp

. . . . . . .
- . - . "
[ 1 . r . . . -+
* - . - . . . P r
L] B o . . - Tty

resulting from vq;zat;ons 1n the amount of water remainlng after
.@ rl i \ '.' [l

the an1ma1 had bean blotted dry L o o K °, .

’ !
L]

Growth- rates for Polyplacophorans ‘vary Wlth the maxinum attalnable L L

{Sqy), & subtldql spe01es, reached its’ maximum size nf 25 to 29 mm.

in three yaars, was sexually mature in ‘one yea: and probably llved to

!

an age of four or flve years (Grave, 1932) Glynn (1970) Eound that .

L
L] . -

-*spec1nens of Acanthopleura granulata (Gmelln) grew at a mean rates -

of 3 8 mm. per month for the first year, and at a sllghtly slower IR

rate thereafter. _ns the mean variat;cnlln 1engths of the specimens

.of T, marmorea was only 1.0 2 mm, after a period of nine months, - - R
Ty R . o . .
grouth was assumed to have ceasad in these an;.mals. .
L] )

l'\.._. T ' . 1

fntertidel sﬁecies of thé Polyplacophora arg prefed upon by[fish,
‘seastars, crhstaqeans, carnivorous mollusés, rodents and sea birds
’(Glynn,.ié?d?' DéBevoise,«lB?S;'_hodre, 1975}‘ Seiff,; 1975). T. marmorea

+

is protected from terrestria;'predatoré by. its sublittoral eih%étance.

tglérotect.it from sublittoral pfedatorSJAZ The abundance of this

- chiton in certain é}eas of coastal Newfoandland and Labrador ' L L

5. ¥ ‘ -

indipated either its abillty to avoid_or escape preﬂators or its

undesirebility-as a major fgod source fof'many species. During
"labpratory trials: , it appeared that T. marmorea had no sophisticated -

]
-,
*
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of the absence 6f-this, or- other prefer;ed]substrate.

fhe information provided by this study on the biology of

.

" and pbsgible explanations of the parameters affpating behavior

" Tonicella marmorea is useful primarily as a spurce of baseline '; ,

. information. ' From this information more.detailed work. onspecific .

aspects of the biolégy and habits of the organism can be p&¥Idrmed,

]
and activity can’be made.’
|
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Résponse to Stimuli

€

CHAPTER III: BEHAVIOR AND MOVEMENT

RESULTS

_-{a) . Tﬁigmgfaﬁs

Tonicella marmorea responded immediately to tactile

A\

. ' . . . 1' ' L . K -
stimuli.. The intensity of the response varied with the region of

the bedy stimulated. . The margins of the-girdle réacted to touch:

by contracting medially a distance of Several millimétres. Repeated
.

s‘t.in'-.ulation usually resulted in the characl;eristié " clamping "

——

‘action of the chiton. ('The girdle is f].rmly attached to the. substrate

and thtvfoot arched prov1d1ng a great deal of -suction. ) when in

r

this ,pos:.tmn T marmo:cea no longer responded to tactile stimuli and -

remaifcd firmly fixed for periods varying from two ‘to three minutes to

three hours after the stimulus had been removed.
» * . LS , P

et e
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.\ . "_

The dorsal and_ventral-surfacéﬁ of the girdle were not as

* . sensitive as the margins, aﬁd responded with localized_coﬁtractions

to light touches of the probe. Stimulation of the anterior margin of

.o ' the girdle cauSed:the'entire animal to react. The girdle section was

rapidly withdrawn and the chiton bagked away, turning so that the anterior
4 . .

end faced in a ntw direction. Moving chitons responded to tactile
. - stimuli on the anterior girdle by immediateo changes in direction, or

R " clampiné ", No such response was exhibited when the posterior pbrticn

. of the girdle was: touched. -

No response was éxhibited when the dorsal suﬁfaces of the valves
were lightly touched with the probe, However, when the probe was allowed -

't remain in contact with the valves for several secbnds, -the animal
- : , e

clamped to thevspbstrate. Spaceé between the valves were sensitive ,

wa

as was found by Aréy and Crozier (1919) for Chiton tuberculatus. Tactile

stimulation of this region resulted in & drawing together “of the valves,

to cover the‘stimu;ated area.

"

The ‘central surfaces of the foot of T. marmorea was'also’vgry -

sensitive to touch. Animals lying on their dorsal surface, Or moving
so that a small portion of the foot was expdsed responded to a quick
_ | . ] , . .

. : » 3ab by cuxling immediately.

T. marmorea did net shov any tendency to aggregatebeneath the

’ £ .

. ‘glaés plates. The four animals blaced in the petri dishes tended to

agcunulate at the crevice formed where the -sides met the bottom of the .

dish. Neo animals were found beneath the glass sheets:EH;;-;;Egﬁiﬁﬁ?“ﬁaﬁ_ﬁhﬁl

© animals ‘placed on the giass, three remained on the upper surface, one

moved to the lower, released and lay on its back as there was not

.. enough space to curl, . ) . e

t : " ' . ‘ . ’ *
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b) -~ Gl;'ota-xis_

of tI:ge six chitons placed on the submerged; vertical'shegt.
of fj:brgglass, two did not move during the for_ty-eight‘ hour period. -The
remai_ning lfour chitons moved randomly ot;rer the fibreglaés duri'ng tli'xe‘ dark
houzrs qhd spent the daylight hcurs- at variou.;s pc;zlsition‘s or; the- fibréglasé
sheet. . N.o.. dqwnwa_rd' t'rend was _ob;en:re'd in movements, an.d no pr_eféren_ce .
was given to the lower edge of the éheet as a rlesl:inq’-site. -

| The ‘movement of T. Irnarmorea on a"vertica.ll surface éxpd;ed to air

were generally dowm:rard {Table 5, 'F:I.ggr.e 14). | In two trials a toltal_of‘
21. out of 36 chitons tested exhipited'l a ciowhbgafd orientation.

When the experimént wa_,s'vrepeal:ed l;s.;l.r’lql a light fl:bw of wa'telr’to'
p'reveét‘ des-sic.;tion, the results‘ _were .vc:.ry' diffei:ent {Table _5,, Ejigure; _ iS) .
'For theé most part thé chitoné, ._on com:.a‘ct' with the water cutrent, ei.th-el_:'
glamped tightly to‘thé_glass‘dr durle& and dropﬁed off. In ail threg ) 3
trials only a little.movement was detected and éonéisted mostly of slight |
shifts in position. “ A number of 'az;ima'ls allowed p;::rt_ions of the girdle
éolreleasg"—: and‘s‘et up srqall regp:i.r:'atory currents‘while the rest of the_

girdle remained firmly attacheg.
i . . .

. ') -
{c). Rheotaxis 3 _ -
. Ry ' b o Ty
. T Lo T . . . .
As soon as tHe.water current made contact with chitons -on the
' .r“ o . )

giass sheét alk oF. the an'j'_imals Elampé*q:_to the substrate, i.\'j_.th-in thirty
i} seconds of the ir;troductit:;n of _thé water flow all ten t;:hj.tons- had released,
curled and been moved-into guiet water hy thé-curz_‘entl. The same éff;ect
was observed with the chitons in the tubing, _ Repetition of the experiment

with dacreasing, current stréngth served only to prolong the time before the- .
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MOVEMENT OF 18 SPECIMENS OF TONICELLA MARMOREA
AFTER ONE HOUR ON A VERTICAL GLASS SHEET, EXPOSED
TO AIR AND WITHOUT A CONTINUOUS SUPPLY OF WATER. .
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"one.chiton moved toward the light. : ' o T

ﬁo_fhe new light/dark cycle. No movement was observed during what would

animals released- and curled, Even with. slight water Flow, -cla._:_nping

was- evident. None of the animals :_"esett_led until they were moved

to quieter water. . . 4
’ ' » . . ’ ’ ' . _—
/ (d) Phototaxis and Response to Photoperiod

Tahle GI;ists the responses of thirty-cight specimens of

T. marmgrea to a directional light source. Twenty-five of the
= TS _ ‘

thirt;y.—eight test animals re_s'-p-onded negati.vely to light. Of the
ﬂf-m’a:ini_ng‘ thirteen, five exhitited no response during the study
/ ’ h h . L

périoql, seven moved. to the left or right of the light source and

Thirty of the thlrty-elght ch:l.tons turned.to move away from-

the light source., Of these, tuenty-two turned to the ldht, whereas

only e:l.ght turned to the left.

:Chitons placed in the controlled light chamber immediately adjusted

"

] : : o :
have been the normal dark cycle..  Even though the cycles were inter-

. changed a number of times, the chitons readily adapi;e& to each new regime,

rrbving only when the lf:i:\ght_s. were off, no mattex what the normal photo-

period was. T, s : - oL

M ’ , .
.

The results Il‘i’f the twenty-four hour activity study aré given in

Table 7, Figure 16. r;ovement ﬁas abserved in’ twenty-eight of the fifty

- . . \s‘ L
chitons studied. All aci:i_.vity took place between 1630 on April 9 and

0730 on Apxril 10. The remaining 22 chitons were not observed to

move during -this period, remaining concealed beneath the small stones
. . ] LI .
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: * o ) _‘ - TABLE 7: HOURLY ACTIVITY OF A POPULATION OF TONICELLA MARMOREA FROM 1630 IIOURS, APRIL 9,
" . - - © TO 0930 HOURS, APRIL 10, 1974, { HELD UMPEE HATURAL LIGHTING COKDITOMS IN THE LABORATORY)
. . ! - : ) . .
* EL o BCTIVITY (cm.) PER HOUR PER CHITOH
1630 1730 1830 1930 "201C 2130 2230 2330 0010 _013{3 b230- 0310 .0430 0530 0630 0730 Nurlnber Tatal . Mean © Standard
) 1730 °1839 1930 2030 2130 2230 2330 0010 OLIC 0230 G330 D430 0530 0630 0730 0830 Hours. Distance Distance  Error
' . . . . ) A Actiwve Travelled Travelled ’
-t _(r.-n)' . {um)
0 - 12 12 12 3 & 9. 8 ‘3@ .3 - - - - - - s . .123. 13.67. 3.24
B 2 - “1a 16 9 5 .. 3 3 6 12 2q - - - .- - - 9. 96 10,67 2.25
. ] 27 28 & 3 - & . 15 15 24 12 1 12 1z 12 12 - i5 195 i3.00 L.B5
4 B . 207 28 21 9 & 12 6 9 1z iz 1z - -~ m - 12 153 12.75 .1.99
5 12 24 16 6 18 4 18 ] 21 ia 18 21 . - - - - 12 219 18.235 | 2,49
6 - 8 13 G 3 3 3 3 18 6 [ | 12 9 - - T 13 93 17,15 1.1
) " 1s as 30 3 3 12- 24 - 18 & [ 6. 6 [ [ - - 23 186 13.29 3.23
B - 20 16 12 9 9. & 9, 18 24 a’ " 10 12 12 - - 171 168 12,69 1.47
9 - N | 12 R & B 6 12 .12 12 12 15 21 6 - 14 153 10.93 © - 1.11
10 - 6 9 6 9 g k| 9 6 B 6 - & — - - - 1l 75 6.82 _ 0.58
131 - "3 & [ 12, - - L - - - - - - - - 11 27 . 6.75 ©1.89
12 - 6. o £ & -. - - - - - - - - - - a 27 . 6,75, 0.75 -
- 13 - 24 24 "2 - - 3 - - ] - - - —— =" Lz - 4 74 . - 12.83 3. 94
14 - 15 15 ] 6 ] 6 12 21 3 2 1 1 .1 k| - 8 98 1.00 1,69
15 .- 6 6 . 3 9. - - - - - - - - = - - 19 ° 23 6.02 L.22
" . 1 -3 3 12 b - a - 3 - & -] 2"-3 24 — - te - . 1D - 99 s P.00 . iy
E & - - - 30 . - - - 3 -] k7] 3 3 -] 9 3 - 5 69 R TF.07 2.88
18 3 5 12 12 - 3 C - 3 - ~ .3 2, 4 - - - g a8 5.3y l.a6
19 - - ] - 10 6 6 - - i2- [ [ 9 9 - - 9 61 . 7,78 0.76
. . 20 - .. [ 1 12 3 - - - ~ - - - - - - 5 25 5,00 . l.92
L . ) . 21 - © & 3 3 3 6" 9 & _ 9 - - .- [ - - . 1c 51 S.70 0.70
. . - 22 - 4 16 k) 12 a 1 - - - - - - - - - - & 73 10.17° . 5.50
. St . 23 - 20 30 15 3.3 3 -, - - - - - = - - & 74 12.33 . 4.6z
1 24 - 3 3 - 12 - -, - - - - ~ - - - - 3 18 - 6.00 3.00
b 25 L6 24 33, 12 1B k| 1. 6 6 - 2 1 - - - 12 118 . 9.8 . 2.93
I i . 26 - 15 & 30 e _ - 1z 8- 6 3 - - - - - - 7 108 13.50 -1
* 27 - - - - - - - - 3 3 1 2 57 ho: | 3 - 7 87 - ‘12,43 7.75
- 26 - 1 X ] 3 I 6. 21 - - - - - - 8 51 . @&.38 2.28
. R .
. Total B - . . . )
Activicy per . . s b ) . . R -
< hour {cm} . 53 . 341 412 247 _21ir° . 118 139 13z .239 -192 121 _12!. 137 103 a9 . -a .
:.' . . . . . -
- Hean - :
Activity per o - : . N : : . ’
, hour (cm) €.61 11.64 15.83 9-88 9,17 5.90. 7.72 7.33 12.50 11,23 B8.07 B.D7 12,45 10.30 6.50 d . - _
" . v . " . - . . bl -
: - Standard. . : , . ’ <L
. . Error 1.5_5 1.97 2.18 1.51-, l'_M 1.13 1.46 1.401 1.3; 1.98 1.68 1.84 466 18.5 1.80 0 N h
B . . . . Number of . . 3 . - B .
Lt Chitons ) - . ’ . ' ' : -
. Rctive " A 25 26 2? 21 -2(_] 18 i8 , ‘19 17 15‘ 15 11 .10 6 0 g
- .- B - - - - - . -
H b - ]
it . ) - . ) Y )
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Movement

The field studies on population movement were

abandon

§

L]

ed early in’

59

thé program due to the failufe fo‘find'a_successful method of "in" siti™

tagging, or replacement- of chitons in the field after tagging.

.Laboratory studies on movement demonstrated that T. marmorea.

possessed the ability to return to a particular site or ‘home'. The*.

chiton accomplised this either by retracing its own trail, by following

- an old trail left ﬁy another chiﬁon, or by taking an entirely néy_rauié.

However, homing in_speéiﬁens of T. marmorea studied
. '.'

during
'Y .

L

.this pfdgram

was not consiéteht: Changes in the resting gite occurred’ frequently and

‘at irregular intervals.

only once or twice,. before moving té h'new'lqcation.

‘the program,
- R T

recorded existed between individual chitons, and no regular patterns
I o R - Y '
of homing were established for each individual.

A .

. From March ié:to April 11, 1974, the movements of, 44 chitons .

¥

Often a chiton would return to a redting site

-

'

. Insta

nces of

fifteen or twenty repeated homings té a sinjle site were recorded during

but were rare. Great vd¥iation in the niimbexr of hominys -

a

. were monitored fof 29 days, making a’ total -of 1276 observations.: bufing

‘. ,this period, 197 observqtions of hemings { 25% of observed movements)

- were made tTablg‘é}. This figure represent§'iqdividua1 instances when

one chiton réturpéd to'a site for one day. Quite often 'the resting

,Sites varied wi

1
[

A

th.éaghfinﬁtance‘qf honing ;-

v

1

I

"
o -

-

. . i _ i . . .
* . -Because of the irregularity of the homing response and the tendency

- .

. returning to a particular territory or home range:

“Of the

b

tions.made @uriﬁg this period, 454 chitons did not move, O

AN

"N

L

F]

4

to change resting sites, it was hypothesized that T. marmorea might be

1276 observq--

£ the

S
u”

1

v od e
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TABRLE B: FREQUENCY OF OCCURRENCE OF SPECIMENS OF TONICELLA MARMOREA AT VARYING DISTANCES
’ “FROM THE LAST OCCUPIED RESTING SITE. THE MOVEMENT OF 44 SPECIMENS OF TONICELLA
MARMOREA WAS MONITOGRED FOR THE PERICD MARCH 14 TO APRIL 11, 1974 -
L ' - :
J = . ,
A * - . L4
’ _ - . bDistance (cm) from last resting site ., ‘
Number of Total Number C o T 1-10  11-20  21-30  31-40.  al¥
Chitons of - ' No Observed Observed - : .
. Studied Observations " Movement Movement
- .. T {Homizng) ) -
44 » - 1276 454 197 117 log 95 a7 . 267
L] LY . -
- a4
. . - . - R
’ - e "i
L

PERCTY

09

i



I

61

remainder, ‘314 (38.2%) were found within 10 em. of the last resting site

and 508 -(61.8) were found at distanees greater than 10 cm. 'As well, these

P

distances applied only to the immediate last site. Specimens of T. marmorea,

were, after 10 days, often displaced as.much.as 100 em. from the o§§?inal

resting site fFigure 17y, »

* Chitons disturbed by lights while movinﬁ at night, often returned

. . o _ . . . .
to the immediate last site. However, chitons displaced to a new area .
did not show any tendency to return to the capture site..

Great yariation in the distance moved each night was observed between

individual chitons, as well as between consecutive activity pegiods of

"

. 3 , . ) . ’ Lo .
the same, chiton. 0ften animals which had been observed to move little

and home regularly, for periods of up to“;wo weeks, died shortly thereafter,

T
[

-

_ThrDughout‘the étudy period'g)'marhorea démonstratéd-a definité

Ty

. " tendency to remain in'bertain‘typeé'of habitat {Table 9, Figure 18}.

‘Thesg iﬁcludeq the four cornefé of the tank, the cfevices formed whgre .

the sides and bottom'of the tank met, and the two.areas composed mostlﬁ.

- . ) )
of 2 to 5 cm. diameten stones, coralline algae, rubble and mollusc shells.

The least frequented sites wefe composed of artificial habitats such as

glbss,fiasks aﬁd jars, and pieces of PVC tuking. "However, rocks which &id-

not provide cracks .and crevices into'which the chitons could.wedge, were
. - ; . .
also avoided. Sites composed of, or containing , live organisms such as

'anéﬁones (Tealia sbp.) and scél}ops {Placopecten magellanicus) we:e'seldoma

+ . .

v 4 -
. . used as resting sites. Co b B
. 4 ' \

LY

. 4 .
[ [ |

T. marmorea was observed , both in the field and the laboratory,

y
‘to occur An clusters oL groups at rgsting Sites. The composition of °

*

]
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' . i the clusters observed in the laboratory changed as new recruits entered

e apd'otherslleft. 1f tﬁe habitat consisted of a large rock with qnly

r

one commonly Irequented resting site, chitons new to the area were

i

generally found at this site, whether or not other chitons were present.

” +
. o om

i

If the crevice was large and contained two or more chitons, the chitons

would generally be clustered,together-at 6ne end, rather than sparsely

. 1

-

o -scattered over the crevice, a

-

D'uring' the November-December study of long term aétivity of a

_laboratory population of T. mafmbrea,‘the mean distance travelled
P , o
per chiton per night ranged . from 10.3 &m. on December 3 to 71.7 cm.

l

'05 November 17 (Table 10). The meén d;s;gnce travel}éd per chiton"
' '. " .E.:e.-r ﬁigr}t for lj.lhe gtudy period was I37.6 QM -
In the March-April gtudy_aptifity'ranged from ; mean of 32.8
ch. on Hargﬁ 14 to 82.2 om. oniﬁgrch,ZB (Table 11). The mean disténge

T travelled pér.chiton pe} night Eof the study period was 48.1 c¢m.

.
'

Considerable variation in the mean activity per night per chiton

e .+ . was evident in each study (Figure 19 and 20}, as was the variation

in movement each night in individual animals, "'No seasonal patterns of

. o ' © activity could be discerned either for mean activity per night pér

1 - L
.

chiton, or for the activity of individual anjmals.

'No significant correlation was found between mean activity

. i:er thiton 'iaer night and watér‘ texﬁperature, photoperiod length; and

- daily radiation- for the .Harch ~ April study ( Table 12). Similarly

ne signiﬁ.‘:arit correlation was found between mean activity per chiton

n P .
. .

. pér night and dail-y radiation  -for the November - Dec.ember study.

'significant porrelafiohs were found between the mean activity and the

65’






FA9N

67

2%

28

TABLE 11:. TOTAL DAILY ACTIVITY AND MEAN-ACTIVITY:PER CHITON PER DAY'
- FOR A SAMPLE OF TONICELLA MARMOREA FOR THE PERIOD MARCH 14
TQ APRIL 11, 1974
Date Total Number Mean Photo- Tobal Water
' Activity of Daily Period Daily Temperature .
{cm) Chitons Activity (hrs) Radiation oC
per’ . (Langleys)
ChitOl;l r
. (cm) .
-‘March 14 1710 52 32, aa[ﬂl 78 254 1.0
1974 15 1896 - 52 ° 36.46 ' 400 2.0
- 16 2184 52 42,00  11.88 . ' 373 2.5 .
17 2016 .51 39.53 1.6
18 2388 - 51 46.82  12.02 170 1.0
19 1830 51 35,88 284 2.0
, 20 '2220 50 44.40 .. 12,13 4 1.0
21 3006 50 60.22. 455 2.5
22 3348 50 . 66,96 12,25 148 " 0.6
23 2532 50 50.64 »'431 0
24 2694 50 53,88 - ,12.37 427 0.5
25 2514 . 50° 50.28 - 330 , 1.0
26 3222 50 64.44 12,50 431 2.0
27 ° 3212 50 64.24 - ‘ 1477 0.3
28, . 2724 50 54,48  .12.62 271 0.2
- 29 410 50 . 82.20 . 201 0.0
36 2672 " 50 - 53.44 12.73 416 1.0
I 2634 50 . 52.68 427 -
april - -1 " 1638 50 032,76 12.83 321 2.0
o 2 2674 50 49.56 a - 0.5
3 1956 , 53 36,91 12,95 ‘196 1.5
.4 2448 .53 46.19 306 1.2
5 2220 53 41.89 - 13,07 . 99 0.2
6 2274 ' +53 42.91 | 216 0.0
\ 7 2220 53 41.89  13.18 -~ 335 ‘0.2
8 2754 53, 51.96 ‘ 486 1.0
"9, 1824 53 34.42 13.30 561 1.0
10 2346 © 53 '44.26 , 112 1.0
i1 2196 , 53 - 41.23 1342 ' 312 0.5
Total 71266.00 1486,00 1395.31 189.03 8373.00 = 29.40°
Mean 2057.44  51.20° 48.11 . 12.6Q " 310.11 1.05.
standard’ : . . .
Error 101.89 0.25 2.14 0.14 ' 23.67  :0.14
Number, 29 29 15 27 '
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TABLE 12:

. COEFFICIENTS OF CORRELATIONS ‘OF THE MEAN ACTIVITY PER
SPECIMEN OF TONICELLA MARMOREA PER NIGHT AND SUCH 3 Lo,

B

70 o

Torlean

= ,;..-\'._::I:;_ ;:.-'

i
.1

P

FACTORS AS WATER TEMPERATURE, PHOTOPERICD LENGTH,

AND DAILY RADIATION, AS 'RECORDED FOR TWO ACTIVITY
STUDY PERIQODS, NOVEMBER-DECEMBER,1973 AND MARCH-

APRIL, 1974. , ~
L]
-. o ry \
Mean Activity ' Water Light Daily / :
Per Chiton Temperature Photoperiod Radiation _
Per Wight {°C} {hrs/day) (langleys)- :
' NOVEMBER/DECEMBER ’ —
s Coef. of correlation 0.556 0.557 " 0.264
_Degrees of freedom .- 35 a5 35
t 2.73 2.74 - 1.51
P os - 12.02 . 2.02 2.02
L] - ) * ’
MARCH/APRIL
Coef. of correlation -0.00 .. -0.039 _b -0.079 . :
.Degrees of freedom 26 27 - 25 . . N o
. t - 0.394 ¢.200 '0.00 - .
e p : _ : P2 LR ¢
.. Flos S 2.06 7,04 ' 2.06 » - .
. . B .' . N i . '
‘) 4
. -
AN ) .
¢
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water temperature and light phofoperiod length for the November -~

-

s December study (Table 12}. This would iﬁp}y tha
moves less as thé dark hour's pf the pighé increa

‘temperature decreases. However,, as n&'such corr

found for the Haréh_f'hpril study, and the mean

’ ! . . .
and. the dafk photoperiad shorter,.the validity o
is questionable.
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. Returning to previous resting site's by specimens of T, marmorea,

[ -,

f, 2 -,

occurred frequent;ly, but at irregular intervals, As well, there werk few

instances of sustained hom’ing to a singlé site for periecds greater than

Ll

.two or three days. For the most part, 1nd1v1duals of this SPBCJ.ES

tended not to home to one part.l.cula.r gite each n:l.ght, but freque.nl:cd
1

a number of s:.tes in a general area, Similar 1rregu1ar pa.tterns dF -

"ho:nmg have been observed for subtidal Tom.cella lincata (DemoPulos,

19757} and intertidal Cyandplax hartwegil (Carpenter) {Lyma.n,1975]'

Homing in sub):idal specles of Pol}’placophorana _probably does not
play an important roleEﬂ.n the survival of the organism. Subtidal species

are not cxpoéed to such paramecters as,dessicat.ion, high daily fluctuation
of temperature, or predation by terrcstrial species. Consequently, the

-

griteria which defire a guitable resting site are few and the number of
iaossible sites, many,’ lessening the necd Eor a subtidal species to home.

Intertidal chitens - have many more criteria for selection of possible

_resting sites, and because Of this the number of sites is low. floming

: ' . '
in an intertidal specics often rcgresent's the development of a behavior - -

1

nccossary to the -su:l:vi.val of the, specics. ) . L

The preferred resting sites of T. marmorea in the laboratory were .

L4 - : . *

" not. necessarily those which provided the- greatest‘helner from the light.

. 1
. Rather they offcred either the combination of 'a vbrncal ahd a horizontal

b
surface, or a, crev.L,ce into which tho am.ma]..could agueeze, Rough tea—:tured

surfacc.s were preferred to smooth ones 5uch as glass or plastacl J\reas'

' b
whlch contained sand or gravel as woll as a crev:.ce, so that the chitcn
N '
cpuld parl;rally bury itself, were also prefcrred A 51milar habital:.‘

preferencc was reported for Hopal-ia miscosa .(Gould} {(Smith,1975).






" o O L - v ’
orliginal purpose of thae study, - However, recognition of the
* - limitations of such A procedure, especially consldering the sens‘.‘itivity
' » . ‘of the 'organ.i.sm, has to be 'mndae b_efore' extrapolating the resporises of a
».laboratory population of T. marmoreca, to the responses ona would .
. * . i . . - \, ,
expect from a natural population. - - ' -
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CHAPTER IV: SUMMARY . . _ L

Tonicella marmorea ‘has ab.apt.'ed well in both lts biclogy and

behavior to:survival in its sublittcral niche. Its mel:hod of

-movemant and the abJ.llty to contort the body shapo mado poss:l.ble

'behaw.or, subtldal hah:.r.at and relative inaccesibil:.ty to many species -

by the eight plates J.n t.he shell, enable it to ul::l.l:l.ze almost all
areas -of its habitnt.- E marmrea possasses a pattern.of

coloural:ion whiéh blends well yi‘th the substrate on 'which' it lives. .

t

Th:.s prol:ectlue colourat:.on couplcd with thc chiton's nocturnal

t

.

aid in protocting it from most predators. The chiton feeds

on the numerous enc.i'usting'algaes-which grow on the substrate.

‘Repro;:ldcj;ion is external and the pelagic larvan 'exhibit_ a preféren;::é

for aégcific sattling" substrate.

-

I marmorea exhibits no territoriality and shares its resting

sites with members of the same or di £feront spoclés. _The subtidal
3 ' . y ) ' '

habitat',' wku'.éh offprs few restrictions to movemont, provides a large

area for possibile cplog\izat.i..dn by T. marmorea. As regular homing
behavior in such a niche is not cxitical to the survival of the,

species, homing occurs irrcgulariy, or not at all. ,-
L

. & ] ) . . ‘
N Activity of . marmorea does corrnspond‘ to a regular patte’rn" :

based on the llght/dark cyclq_\s of the ‘l:lay, but no seasonal patterns

of activ:.ty were noted. Eor I:ho spcn:.‘:.es,1 possibly due to the great

Fl

. v.annt:.on ‘in roesponse betucen individual anl.mala..
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