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of sea‘stars.

ABSTRACT Ly

The cnmparstive resyirutory netabolism of Asherias

vulgarls dnd Leptasterias polaris.was determined by oxygen

consumptlon measurements in both whole orgenisms and excised

o S under dxfterent temperatures. - Oxygen consumption -

‘vus messured By using Winkler's method for whole organidms

° ﬂnd by the War‘nurg t’echnlque for excise\i tissues. Various

levels of some important environmental factors influencing

! the oxygen T e R . T

Statistical unslyse‘s vere appliea to estm'at‘e snd compare

the effect of these, factors on respir&ticn in both species

The relnti‘on between the body uezéﬁ of ‘sea‘stars
and oxygen cons\unptic{n‘ws.a expressed as.a logarithmic
linear regression. Regression lines of oxygen consumption *
of whole seatstars rise from 0°C 40/15°C. The mean glope
of the regression 1ine"vas 0.72-0. 89 for A.’vu‘\lsaris;
and 0. 75-0 92 for L. Eolsris. There is no significant
dirference in oxygen cansumphon of whole.sea stars between
the sexes within a species: L. poluris hes a lower oxygen
consuniption than A. vulgaris except in the larger L.
Folaris Wt 1550, THE piyesh vonewiption tatesor g s
is! depeddent on the sebTent SuFesh enuten Hnune mes waties

The relstionship showed a curvilfnear instead of simple

1 2 G ; = o




. few 1 ving celis in the luta

. of

i &
linear ‘!orrelatiun as general o'xyeon.fox‘n‘ler invertebrntes

do. The oxygen consumption ok decreu e as the 2.
value 1n'Gee yaber:ls changed ‘frop mordsl sea water. The
oxygen consumptién rate of sea stazs decreuaed mére:
sharply vith pi values above that of normal sea viter

(tovard basic) compared ‘to,PH value beléw that of ormal

see water: A. vulgeris is more sensitive than L. polaris

to the pH- effect. Salinity changes above or‘_bevlvv the.

“salinity of nox‘mnl sea” water also reauced oxygen consump-

tion rate. ' Short-term food deprivatmn ‘does not ntt’ect

the oxygen comsumption of/sea stars. The oxygen consump-
tion®rate of various tissués . in S iene S aroysd §

tendency similar to c}};c of whole ses stars, but .the slopes
v’a’riea/ sreatly fox aifferent, tissues. Some regression llies

are not signiﬂcam at the 5% level. Ic may be ‘due to the

different ‘relative weights of verious orgams. Coelomic

‘nuid exhxbned the lowvest oxygen uptake because there are

The pature gonad of male sea

stars indicste. positive correlation betweer body wéights

and the'axygenv consumption rate. |This is.as expected
because, the ‘mature and full grovn sea star yould more
Trkeryeponsels Beriver prrar,

VulEax‘iB is faster than’ that

A% 'I'he moving speed of A

‘poleris 'and is’ more seniitive %o temperatire ‘Shénge.

e muving spesd of sed stars isnot- related to body -




e

weight. ‘The smaller sea stars require less time to right

themselves.  When both species employed the s

method, there was no uign!f!cnnb difterence between th

Hovevér) most iarger: sizes of L. golnti qune often

lpplied the’ fulip method vhich consumes more time. than the -
ren. { Temperature does Iff!ct e ‘apears 'br Ghteo acids. '

‘vu;u- s appears to-have better sbsorption capacity at |

high tnlperl.tqrn.‘ On the other hand, L. 201-1-1- exhibits

better ability st lov temperature:, A. vulgeris Is dis-
4ribited From Southers Litraaor to Cape Hatteras.- This
“species can be fount 1n shelloy vater in Northerp Yortn
America, but south' of: Long Island Sound, it 1s not found
tlong the shore. 'Temperature limits their duunuuon .

dul

foue, 10540 sraiatEral we & woFeRY specigs.. On the other

“hand, L

golnris occurs from the high Arctic region %o -

2ot g 1 -
Nova Scotie, and can be recognized as An Arctic species.
Y Resm ¢

-

1ghting *

r and cooler vn:r 1R mione Veoudhe regions. Shecuzi”
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Aste!

“their distinct distributions eng/minor morphological’ aif-

In'rko»emnon

feral 1a.r5e CiEeaRtony ayN T Esup . detarolisaia /

found in the nQrthvestern Atlunt)c Oce@n. .Among these, |

Asteriss forbesi (Desor).is found from the,Gulf of Mexico

"to Maine (Coe,.1912; Galtsoff and Loosanoff, 1939; Gray et

al.;'1968) and Asterias vulgaris Verrlill from Cape Hatteras |
to Newfoundland.. A. vulgaris'is considered by some suthors- | iy

(Tortonese, 1963; O'Brien, 1972) to be the ‘same species as. .

s rubens Linnaeus; which occurs im the northeastern

Atlantic Ocean and off West GreemMand. However in view of {

. thesis, since ‘the appropriate experimental cross-breeding

ferences, ‘they are considered digtinct species in this J}
|

has nat been doné.’ This seems t0 be. the opinion of. the

most current-literature. ' The thlrd species in the north- |

western Atlantic Ocean is the eircunpotar species.

Legtasterjas polaris uller and Troschel) which extends '
as far south 'as Nova Scotia. [‘
Thus 'both'A: yulgaris and L. polaris éceur is l(ev [

J,

foundlend waters and are réadily obtained and svuxlahle ’

for study. The present thesis ‘compares’ some’of ‘their

‘reéspiratory physiology and other charactéristics to;deter. J

mine if these can account for their, different distributions.

i
i
|
i
1




- cmmem. wnd pi.of the Ses yater on oxygen upteke vere also 3

‘was compared by measuring righting responses “ana the ‘rate

‘of locomotion. - Feeding activities were observed in the

- 1940+ Farmanfarmaien, 19593 Giese, 1966, 19673 Percy, 1971,

*and relstively few details-in thep have been concerned

‘with .asteroids. 1In particular, the oxygen consumption of

Envlranmentn) tempera\:\lre is genenny considered B b

Cthe. nost important. fector 1hf1uehcing Mstnbutmn, Hence

its effect on the routine metnbnlism of whoye aninals and
gelected tissues were compared by meuurmg oxygen uptake - ' | i

st yarious enperatiss. The mmence of 'salinity, oxygen °

xintned-to deternine their effects.

The antivlty of the animals &t various temperatures

Asboratozy end the uptake of ‘food compired by measuring the -
rate of uptake of labelled amxna nc:\.ds at various tempe"&—
fures. i

The respuscory physmlngy of echinoderns has been . e J

.studied by ‘a number of investigators (Meyer, 1935 Smith,

Webster, 1972, etc.), but most works dealt with echinoids

A. vulguis and L. polaris has been neglected.

“Many careful okygen cansunpuo“ studles heve been

canduct:d on a rangc of animals including at least 1l

Aateroxds from, cemperate North Anerica to New. Zealand

(uebster, 1972), but few 1nvestlgntlons )}nve been done for

Voréal foims, and ihbde’ strongly ‘suggest the need for a

detailed exeningtion of this ‘aspect of tHe physiology of




- sture coefficient

low, 19613 Bewmish, xsek. ete).

_mit celculation of such nportunt characteristics

northern-species. .Unfértunately, most of the reported

measurements wede on one or s few individuals end at &

single temperature thus permitting no calculations of

derived parameters. |Metabolism reflects the energy -

éxpenditure.of an’opgani

metabolic processes, the)chnipe of determining the oxygen
sonsumption in relation ko body weight follows -the practice

of mo!t xnvuuguiona 1ln this field (Zeuthen, 1953 Bn-

" ’l‘he uwungaumu ‘presented -in ehu thelix extend,
v 8
current’ kncvledga about echinoderms .iito the: et

régions of ‘he biospbeu and .with sufficient deteil to Per-

temper-

__Meyer- (1935)" undertook an cxhausfive study of
relplrltlcn and) its reletionship to different. gnvir?n-entll
A

rubens vhich is di

factors in onme ‘species of ses ster,

tributed in nor waters. = Un; unately; she

d1a riot carry out statistics) smalysis to establish the
r.'uauonsnxp between, body v;igﬁt and oxygen conluptﬂn} of
sea stars. Farmanfarmaian (1966) pciu.cea out that most’
papers vmcn have reponcq on sm\venus relpix'a‘uon in
eehxnoﬂerm! had too umg dta and- vebe not. adequate ‘ta'give Y
the pneclue m..uananxp., So the ] _elnvnt‘l‘tlldy xge.uaa to.

Ktbosnine reuuonmxpa more precifely ns described. above

and. alsd to complr! interspecifically with -greater

0f the several methods of emelyzing '




Soonsacys By usilie yepiavston apaiyies b6 Liat bhis teras

"tionship in the two species studied here. F
'scuu'u of temperature effects on the respiration

of -these two :pzexu are conspicuously absent from the

.literature. Schelnder et (1953) sumzarized retulu

obtained from & number of specie: taken in Arctic and
varm nter:. The Arctic fornu as & rule have h!‘hcr
oxygen consumption than related southern forms vhen
measured at the same interlzdllte temperature. “Neuured at
their normal envuunnentu zupunuus many wdrn-vater
"fors shoved's higher respiration rate then do the cold
vater forns. ey concludedriist thres’mita possible
Bomeostatic adaptations’ of metabolic rate might ocqur:
k.) by ‘parallel displacement of the le’ta’hallc’-te‘.perltu_fe'
curve with meintenance of normsl temperature sensitivity,

(b) by & low Q) whereby the oversll temperature semnsi—

uv:cy is luv, and (c) by selection of & consnnz environ- .

ment. Hovevet, Vernherx (1959a) Ieuu\n'ed metabolic-
temperatire curves of fiddler crabs from different .:u..ne
regions -(temperate and tropical-zone species) at tempera- -
ture. belov 12°C.  THose from the temperate zome had a

bighier metabolic rate than did the tropical species. In

contrast; at higher perat no systematic difference
could be correlated with geography, although interspecific

) 3 &
differénces did‘exilt; The dxf!arent shape .of the

metlbolin—tmparlture ‘curve sug| that the pe; -




|
!
i
1
i
|
|

did not unifoimly affect the metabolic.rate, Bt that . 4

certain temperatures were more critical than Gthers. In’

order to understand whether the southerly d15t¥Tbuted . »
specisd, A. valgaris would in fact have a lover metabolic,

rate than the northern sye'cles

L. golaris st the same
temperature, the metabolism-temperature relationships
should be considered.. Furthermore, slope valusg of repi-
Savren wnn vody weight cculd be examined uider the influ-

ence: of d)l‘ferent. temperatures. ‘Therefore the tempeumre

efféct ‘on respirnson i1l aliso be tnvestigated in this

me‘suu'
Séa stars are obligate aerobes afd mosély oceur,
only vhere ambient oxyger tensions are nornally at high

levels. 'In fact, the oxidative metabolic rate of most .

“species conforms to the pressure of .oxygen available in 3

sea water. On the other hand Johansen and Petersen.(1971)

studied the oxygen comsumption of the cushion star Pteraster ’ ’—\

tesselatus Ives, and reported that its respiration rate was

independent of ambient oxygen tension down o sbout the,
range of 70 mn Hg due to possession of a unique pumping

mechanism which allows P:. tesselatus to satisfy its needs

for resph‘atoty gas exchange in & menner uniquely different
from that in nll other sea stars. Recently, Shick (1976)
also found that the mud staryctenod scus crispatus (Retzius)

could regulate oxygen consumption to lower oxygen levels

- (10 to 25 mm Hg) at temperaturés between 10°¢ and 12%.

S
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. W, Meloeur (1937) indic&ted that the. uxygen consumption. of

A forbesi was stx‘ict].y dependenc on the oxygen tension in
_ses water and Hyman ‘(1955) also showed that the sea star

Patiria miniata (Branﬂt) vas depentien‘c upon theé oxygen

eontent in'sea vater, but Mangum snd Van V;Iinkla (1973)
“founa that A forbes) ‘vas 'ai’ oxyges regulator. So far mo
tnfornstion has ‘been obtained or studies made for edtlier
-species used in the ‘present study.

The influencés of selinities and PH values of sea

i i
water on the oxygen consumption has been indicated by

. Fermanfarmaisn’ (1966), but this still remains unclear, and

& 1 : 0
-, controversiml. A. rubens (Binyon, 1972) and 4. wvulgaris.

(smith, 19hu) cen tolerate a salinity of 1k- °/ao and upward.

Again there" ars no_reports .or pupez‘s concerned with the

etfects of saliuitles\and pH on oxygen consumptiodp for A.

vilgaris and L. Eolal‘is. Therefore further invesngs_ti'ons

ére required and some pertinent data -are provided herein; -

‘the effect of pi and salinity on oxygen consumption of sea |

_ stars will be evaluated in this stidy also.

It is known that see stars cen stand prolohged food
deprivation and that lomg-term deprivation reduces oxygen
consumption (Feder, 1959).." Unfortunately, the température

“control in our laboratory would not permit ‘an experiment ;r
long-tern period, but & ‘comparison has been achieved of A,
wl;ar‘u; snd L. polaris after food depixvagion‘far 10. days.
During the winter ‘sea stars are more subject to food




%= T

deprivation, hance, an e}i‘periuam.&l zempenqun o 0°C vas

.chosen-which spprcximated e sinber watir temperature.

The publications contributing the most valuable

information on ech,med.erm tissue respirstibn are by

.Farmatfernaisn (1959), Giese (1966), Percy (1971), ‘Belmen

and Giese (19T4). Giese (1’966) pointed out that llttle
inférmation’ on tissue respiration was found in' the 1iters—
ture.. He ‘reported that tissue respiration in tvo species
of lsteroids only invalved a general inveitigatlan and
WLtE 50’ Gonelaetatipn b eiperature il Body welghts
effects,. He and Belman (197h) studied the -oxygen consump-

tion of the Antarctic sem star Odontaster validus Koehler;

they emphasized on’ the contribution of the ‘body wall to the

'oiy‘ge'n consumption of the whole sea star in only a small

range of femperature.’ Many well known physiologists

attempfed to relate the ‘Boay veights and oxygen ¢onsumption

‘. rate of tllsnes, but'so far no conclusive assessments have

been-obtdined. Modt, studies: aealt with homeothernic
organisms; therefore, vhetner sea stars, polkilathernic
orgeilona, would Toliew w similar pattern as homeothermic
orggmamashaula also be considered.

Sea stirs are ,slow doring invértebrates, the move-
ment of their body senEILs from the operation of tube feet
of ‘ome or several rays.. Some sea stars have terminal
suckers to n'mrease: edhesion. Has.t,nst.eroiﬂs"bend to

move’ about to avoid phystcal stress or. to seek food.

Feder end Christensen (1966) gave some information about
B s UL
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the rate of Totomotion of veripus- ses.stars. from seversl

authors' reports but unfortunately there are very 1itt1e

gata available.on the effect of tempernture on moving
speqd,. 8o, . daiabtengt yas made 54 obuay, this sspeet s
o | hel rigiting nmovement of sea stars is their ahuny

to _r%ght themselves when they are plue@ ot ‘their sboral

5ide; detailed descriptions of this subject have slresdy
been-revieved by Hyman (1955), Reese (1966); hlla‘a‘vmvi

Gonor (1975).. In_ generel,-the righting Zeautions 'of #4
stars fall into three categories: uo);:eraaulting, £01ding |
over, and x'u.i‘.sing their arms like a tulip. .Most works

Vdenling‘vith the rigmix{g response of sea stars were only
concerned with some aspects, such as the nature of i 7

stinulus that evokes righting, variation in behavior, how

) " : R 2 &
the’ direction of .light affects the righting reaction and

some other/factors such as substegtum; depth of vater and
temperature, ete.} but the comparison of ‘the righting
response¢ betveen species it Tespect” to’time, temperature
and body veight has received little attention. Variation
in the righting response in different species may be due
to diversity of morpholagy. g

Sea stars unliks most sea urchins are carnivorous;

theix‘ diet consists of high proteln content food (e..

mussel, eysher, barnacle, etc:) which ere digened mxnauy

into various‘amiio scids snd laber sshimilated into dif- "

foreat. tissues snd organs, therefoe their amino acid uptake:
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L’ldsr

demonstratedto be able, to take up lsbglleﬂ émino

“from incubative solutions (Stephens and Schinste, 1961;

< Ferguson, 1964, 1967, 1979; stel):
vulgnx‘is and L galnrla are compared at
different temperut.ures in the px‘esent study in nn/st/tenpt

amino scid in A

tor dezermine if the différences ere carrel\eed with dif-"*

ference Wr’gen/m.phie diucrihu\‘.icn

The uptakes of labelled’
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passed. thro

" @djustment. 'Séa stars in the holding tank were fed with

R4 MATERIALS .AND METHODS

Collecung Sites and Handling Sea Stars - : .

s=a stars L. 2a1ur1: 4 A, ‘Filsarts vere col—v
leeted from Logy Bay, Bt Phillips, Flatrock and Bay ‘Bulls
erees near St, John 8, newtoundxand (47°N/52%). They, were

nn!ng sea water. ﬁonxng tank ot

maintainpd in an aez“’uteﬂ

“the Marine Sciences Research Laboratory, Logy Béy. 'Fer

exparimental purpoﬂes, unpolluceﬁ sea water coming diiectly

from the bay to the ﬁuharatory vas filtered hy gauze nud

h & plastic Heat-exchange cotl lying in

constant-temperature bath which could be manipulatéd to tmera
desired témperature vith a sensitivity ur 20 3% (neam

Exl:ha.nge Model SWHX by Keslab Instrument Inc.). ‘Constant:

. tempernture sea water from the bath was passed to the experi—

mental t&nk, then.to the holding tank (see Fig. 1)t ifhe « 1 ¥

_ temperature in the ‘holding. teik was dbout 0.5°C higher, thun

thnt in the experimntu ‘tenk, & Gegligivle aifference.

5 .
When' rresh sea scars vere collected, | they were plnced in the

Holding tank vhich ‘vas Xmmedintely adjusted to the same

Hater tempersture as in the collection locality in £he, At
tield. An ncc}imatiou period-of at 1east one day under

‘1mborato¥y conditions was'permitted prior to further

T, 5 10
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‘examined unau,a,u.n-enscap;c icrntuopa 1n orﬂar_. 6

- remove all amphipoda (Capiella uhica Mayer) on the. sirgace
= e £t 2 e - .

v! (dermal skin) of A. yulgaris. Capreilids sre syabi-

svic-on A& é'uxgaru (ucc.in,'ws'a),' d were not ovservéa.

El‘ris They were- prevalent in summer. | -only

_perree: .pecuen- vere used; ana speclmanl with demaged

PorEE . or regencrated armg vare aue.raam At the. ecnplatim’l of

X experimtntutiany\thn aea ngn were cur:tully nmnaa by

. p-'pnr tovels and immgdiately velghed; cnen vere' dissz:t-d s &

‘4o deternine Sex by examining the gbnndn. However, if.any . .

onud was infected by parasitic cxn.tes (Orclm.ogh;u

um Cépide) the results obtained vith.ihat' xiitiaine - l

'.su star vere discarded.  Many sea stars vere ised Trepeat-

v
o edly at aureregt temperatures, Wile Blue sultate solution’ e
t . |
| 7. wes uised to label the'sea star by marking aifferent parts
ol of the body and the arms. P
II.-Whole Seas Star Respirstion_ e ,
i p (1) Deternination bf Oxygen consu'.guon e ok i

of Whole Specizens. P . X
v 5
Different Budy :Xzel ot ses stars. were utiliz.bd

for-the respiration studies.. Expuimenul sea stars vere

S e ol .. ot fea for at 1éast 2 ho\lri before ‘the =xp.nmen:u

< p 2
- period. ~ Oxygen consuptlon was deterlined on & ‘single sl

};yuiun by-placing i4in s closed }:espirntory chamber,

" tbe size of which depended on the size. of the specimen. -
i
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The. respirazory cmmber (!‘ig. 1) was clcs‘ed with Iy

*., Tubber 1id, mak,)ng sure no ur bubbles were trupped inside.

This was done Dby pressing the pwber 14 Jown on ‘the

‘f‘!lled respiratory chamber, so that sea vater from-the.

respiracury chenber weulrl rise slightly in the rubber tube

% munnted on v.np of the rubber lid. ‘A ¢lemp was used to

ciibse 4 pubber ‘tube; thus trappizs “abowt 1.0'or'i.s mi
of sea. yater.. In ordér:to obviate stratification of

Risianred. brnion e ARar respiratory chamber the sea water

was mixed consc-nuy by medns of a nagnetic stirrer placed

usider perfurated plate at the Bottom of the respiratory

chember. Immediately before introducing the experinental’.

‘séa.star into the-respiratory chember & 5 ml semple-of sea

water was taken by & syrimge. -The oxygen content vas
determinéd titrimetrically according to, the unmodified

Winkler mathod, then the whu)e rsspiracbry chamber was

conpletel’y immersed in the experimental tank. <At the.

erninuripnsior eacH experiment sea water semples. were

extracted from the respiratory chamber directly inr.o &

. yringe through a needle whickh. pierced throngh the rubber

1id. In so doing, it was necessary to ‘release the: clamp

on the rubber tube, to equalize the internal #nd external

pressures, -for othervige) the sea vater samples could: nut
be withdrawn. The oxygen content was then determined

again. In eich ‘experiment the net volume of sea water in

the ‘respiratory chamber; iie., whibes Faliue excluding sea

4

-




star, wes determined by'volumetric flask, and graduated
.eylinder . < i i i g ]
(2) Deternination of Oxygen Consumptiof Caie b 30

"'\ of Whole Specimens at Different AR
‘Temperatures B .

oxygen consumption was measured st four Lifterenc

temperatures: 0%, 5°C, 10°C, and 15°C.. In ora,er te L
eliminate- lengthy periods of temperature nc’cnm“tion and
the confounding ,el‘fecbs of the: previous thta}xmsl"histary of
fea stars, the animals collected from di!‘feren?’ tempera-
tures at lairferénq Stenans Fevs: NelTaTaL Ho NS HeateRty
température as listed ebove) .., animals cc/ﬁlected at

5 i o . J L
temperature 3°¢ from the colléction site'veré mainteined

one'day in the holding tenk which was adjusted to 3°C, then

the temperature of the{mrding tank was raised at approxi-

mately. 1% every 24 hours up to 5°. 'The animals were held
at 5 B wor waweral days beresy xpeilmente wers begun.
"Experiments at 0°C vere performed in the winter, because of
the 1im§ce§‘capac1ty cf/‘t;he instriments fo- reduce tempera-
ture to that é;‘:cent. Water temperatures in Newfoundland
winter are below 0°0 “ana 1% vas feasible then to allow the

temperature to rise to 0°C/in the laborstory, sid to main-

tain it there during acclimation and experimentation.

(3)".Determination of Oxygen Consumption ~ -

of Whole Specimens at Different . N
Oxygén Content in the Sea Water v % .

Oxygen uptake was measured st hourly intervals in a
¢losed cylindrical respiratory:-chember yhich yas made of -

i 2

ity i

i
i
i
i
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plexigllus, and conteined lyyrox).lnmly ‘L liter- of filteres
sea vater coming fron‘s glass container. After'a sea’stak
was placed in the respiratory cha;aher, the chamber wes

. closed' by a rubber 1{d on which a rubber. tibe vas Comnected
to e glass container with about 3 liters of sea water. _
Hitrégen gas. frow a nitrogen cylinder was bubbled cnrougix
the sea water in the glass container (conuanc level .
chamber), in order to decrease the oxygen content ‘to the

’ deslred connenznucn. In this mefer the-bH of sea‘viter

'was’ not mukedly nfrected’

Sea vnv.er in‘che respiratory

chember vas Teplaced at hourly intervéls by fresh ‘ses water
: from the constant level chamber end used sea vatex vas 2
repluned through an outlet on “the bottom of the resy)rntory
-chamher. A Galvanic cell xygen anilyzer (by Précision
Scientific Co. Cat. No. 68850) with & sensitivity ‘of ™~
£0.1 ngl»lvlvlnl, aduntea on the rubber.1id. In order tomain-

tain optimal sensitivity of-the electrode, .the sea vaier

. s
was also comstantly mixed By méans. of a maghetic stirrer |
under a perforated plste. The galvanic cell oxygen ena-
lyzer vwas read visually at hourly intefvals. In uch

'caubrn.ed 4in oxygenated

experi{unc the oxyge naiyzer Wi

sea vater’ in whieh the oxygen was a=eermned ‘titrimetrically’

by usifk the unmodiried Winkler method .’ Comyarincms between

Winkler. titration and ‘the oxygen anslyzerlwere within &

: gt ; .
range bf. £1%. If they did ‘hot agree,  the membrane of the
‘probe from'the oxygen analyzer was replaced immedi-

ately.




gl

(4) Determinetion of Uxygen Consumption of \
Tooerninetion of Sxygen Sonsunption of i

hole Specimens at_Different pi vValues

The seme apparatus as described above was employed |
in this experiment, but the pH of Sea water vas adjusted
in the constant levelicheiber 8nd ¥as reduced’dy'sdding HCL

to-sea vater.  Sea water in the J‘Asp;rnary thamber was

withdra¥n from the outlet and its pH value was dq_:eminea’

b uning'd Gorsime g makes (NoAnllT Y, Dhe ot 'k sen wier

| could only ‘be raised up to 10 before the prheipitation of
Mg(OH) ¥ould occur. This precipitate would cover the body
surthce or Hie sen Hber st 1L sotit ntistetense with

thé penectration of the oxygen wight cause incorrect results
and the experiments vere terminated. The method of acidifica-
sion 7and basification of sea water followed the techniques

- suggested by Kokubo (1962),,
(5) Determination of Oxygen Consumption of
Whole Specimens at Different Balinities

The appiratus used above was also used in'this

study: The selinity Of sca water was graduslly chenged

either by the addition of distilled water to decrease
selinity or by the introduétion of sea salts to increase-
salipity. 'Salinitics were detérnined by a Salimity

ﬁcrructonetex‘ (l\merican Optical Corporation No.10L19) end

* checked by using tb: Mohr technique as suggented by Strick—

lend and" Parsons (1965): 'x-hemlvgr nitrate-solution was

stendardized sgainst normel sea water "Eau de Mer Normale"

wiich ves supplied by, the Laboratoire Hydrographigue
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Charlottenluid, Demmark.

v - . . §
© (6)’ Determination of Oxygen Cwnnu.ngﬂen‘
of Whole Sea Stars after 10 Days

Food Deprivation

« Sea stars vere kept in.a tank with filtered 2

' i
5 rumung sea vater nuntniued at 0°C, ‘Sea stars vere not

rea for' a

s, and meniurements of oxygen consunption nf

sea stirs were perfqrmerl ©6 examine sy slgnxficlnt aie- el .

ference.

ITT. Determination of the Freezing Point of
‘.. the Coelomic Fluid in Sea Stars at

Varying Salinities of Sea Water

“' % . * The sea stars vere placed im 1000 té of ‘sea water.

o4

Coelomict £luid was drawn by hypodérmic neédle thrnngh the

dorsal surface of a sea star ara.” The sallnxty of the

coeloaic fluid obtsined from thée sea star and of the sea
vater surfounding the ses starwas messured by using a

2 (e refractometers  Tne salinifies vere then ‘converted into

freesh:s points ror comparison vith the literature by
using Sea Water -Temperature and Density Reduction Tables i
"By W.B. gZerbe (U.S. Government Printing or’nce. Weshington,
41953), alternatively resdings of refractive index could be

gonverted ‘to the freezing point directly by using conver-

! : - ‘sion tsbles supplied by the American Optical Company.
: ,, B

. Tissue Respiration

o

T

The ‘oxygen.consuaption of various tissues vas

aeasured by the direct dethod using s refrigerated Warburg
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Mlno-eter fby Precision s:xenzuic Colpuy) .‘n’evorgnn
ant tissuds studied were pnonc casecunm, -gonad, tube.feet,
stolnch,/hmiy vall and coélomse fluid.

fFol10ving an adaptation period of 2-3 deys,
ex]zeri#ncnl sea stars were removed from the water: tank,

- quickly blotted vith a paper tovel and weighed. A 5 ce
disposable sterile syringe vas-used to withdrav naéloue
fluid from the aboral'side of & sea star, this coeosic
Hluia vés then inmediatbly filtered e S gauas
_Fresh tissues were cut freehand vith & sharp razor blade or

scissors, then gantiy blnt.ted'vith a filter pePer Before

nung placed in Varburg flesks. .

he calibration of the flasks (lyproxllltely 15 m1)

snd the manometers followed the procedure described in

Hawk's Physiological Chemistry 1kth edition, 1965. Ia the

mein ‘compert each flask cont 1 a1 of coelomic
fluid sixed with 2 ml of natural ses water as the medium,
or Tresly prepired tisste vith 3 AL matural ses water.
Natursl sea wster used as the medium in the flask was
filtered through filter paper and sterilized by boilizg
and thei adjusted to the original salinity by introdicing.
.aistilled water.  The unu‘x Sen of ‘the f1ask contatnee:
0.2'm1.of 20% KOH solution md n-ud fiiter plpex‘ i
(Whntnah No. m. the top or vhlch prajected 1-2 o
abeiel the Sta of ¥ center well o as to be better able

to absorb carbon dioxide in ‘the gas Space of the flask.
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After the tissues were placed in the flasks, the flasks
a4d manometers were sealed with petroleum jelly and placed.

in a vater ba:h with a thermal control aceuracyof ozt.

The flasks. and manometers were shaken for 10 minutes &t &
shaking amplitudé of 120 oscillations p'er minute to allow
temperature end prossure cquilibriun. Measurements were iade
o, 15 5lniikh insorvaie for e ninisua time period ef two hours.
Nitrouste s metevaLERPL Y Were s ekpR ey et SO and
°

15°C. - Oxygen consunption 'was.expresied in terms of pls per

ng of wet weight per hour.

g . s = 2 '

V. The Determinatiod’ of Moving Speed’and
Righting Response Time of See 8tars :

The moving speed of sea .sters was determinéd as

follows: an arm of a sea star was héld with the bare hand

&t a merked point .on a smooth plastic substretum; then releesed,

-simulteneously stimulating the see star with a needle. .The
moved distences were determined from thé marked point to the

spot reached by the same arm of the sea, star in oné minute.

Onlﬁv;lavements in & straight line direction wére recordéd.
It the sea star moved fn & sigzag or cifcular, direction the :
2 aata vere dx.s:;arde'ﬂ. Different ‘sizes of.sea stars were used o
i - in this study ,

| \ L ) The pr;c’eduz;e for. determining righting response o 1
‘ 5 © . time vas s follovs: by using £he bare hand a sea stam

! i
|

was pleced on' a flat surface in the ‘observation aguarium

_with the sboral side on the Bottom. of the aquarium. The'

{ . righting response time of a sea star was measured as the
: H

Sed star turned over with tube feet of &l arms touching:
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vthe surface of the aaquarium. Different sizes of sea stars
o B k Soonsi

were selected for the trisl. “Threé righting methods were

employed. by both species and comparison of-the righting S
- | . . N 3

time for both species vere made; only applied bo-the same ' - -~

righting method. To determine the relstionship between

& v body weight and righting response time or moving “épeed

Fite results werd subject ‘to correlation and regres:iun i

Bnalyses, and student's .t test. ‘s = i

VI. Labelled Amino Acid Uptake of Tissues
at Different Temgerstures

7 o g The' sea stars vere treated as described. preyiously.

\1 . ,.st temperstures of 0% and 15°C and were' not fed for twg
% o

aays.prior to experiment.u,mn i~ Minced pyloric. caeca /\

(0.5 g) were 1nl:ubated in 2 ml of filtered sea wscer con-

1k -

L taining 25X1.0f ¢ 'alanine (specihc utivity 175 me/m

(mole;. Ney England N\xclear Corboration) for three hours st - -

the desired temperature. The reaction vesgels were

B R carbon aioxide (95:5) lﬁxture every ool

‘half an-hour. The tissues vere tr:u;eq sequentially as
fllowgs.: (1) CentEifugatbion ot 5K For five ainutes in.a
_Becknan 776 cehtriruge and the supernatent ves discarded;
(2) the tissue wes wvashed twice with 2 ml: of sea “vater

containing 1 mg/ml alaning to remove amy non: speciric

absorption of radiosctive ‘anino acid on the om:er surtace

of the tnasue, (3) ‘atter, the tissue was homagenima in i
2 nl.of sea - wnter, an equll vélume of 208 trichloroacetic H




- pliotometer.

VII.

’l‘ar the 1nterceptu and b - ‘b' = 0. for:the; uupes)

ag

ecid was added, and st irred to precipitate the prute:\.ns,
(b) after 10 minutes at 5°C, the homogenate was centri-
rugea and the preuiyi:ate was wished twice vith 10§

trichloroacetic acids. (5) tne FaelHiL R e e P

with™ chloroform to remcve lipids; (6) the precipitate vas

later dissolved in2mlof 0. Sk NaoH vlth heating.

Radlosctive incorporation ‘vas-deterninea by [
Fipetting en unq‘m 50 §1) -of the sbove solutids into
lnintillatnn vials vith 10" ml of Rieflour (New Bnglemﬂ
Nuclear Corporation). The vials were cooled to 4°C in the
dark’ for, two hours snd the ‘radiomctivity was Qeﬁerhimgd on 2
o Parkerd Tri-carb 1iquit Scintillation Spectrometer.

' Protein coicentretion of the solution was esti-

f\ e
Wt

sated in terms of absorbance at 280 nm'using a UV.spectro=

‘Statistical Analxa{a

, Multiple regressions weré™esployed to anslyze the- b
data and -regression lines wereestineted by ~x‘um|ing
Ordinary Lesst ‘Squares using the Shazam computer package

‘(White, igTB) This packege referenne yrovldes & specinl

[festure innlnding hypothesis testiug on linear: combination

ur caeﬂ’xcial\ts (e.85 ‘to test the hypothesis. tn-t ‘a-e' =0

In fcator yariables which had no nnmericul scules




veriable can be cleuly seen’ on the tests of the re/gresﬁnnv

) Apeciu nnd sex, and zero uthervlse Hence & ‘mnlnple 5
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and provige a flexible device to dealwith'the elass in

. dsta. s=pnrne regrus;uns can be combined ul one regres-

regresxion function rur different classes “ot’indie

coefficient in a. gener

yitien model. Fmaigitor yard-

ebles methodsivere described by sevenl B.uthcrs i
e

(Vesoloisky, 19763 Neter and wusermn, 1974 ff/
Hypothetical example as i‘oLlows D gmral regres sion model
u ey J“ i) u 4
male) contains tou/s

=female , §=2=

Fate regressions through classes

. for A.vulgaris (female) -

12 =T312 +byg ixz .. for A.yulgeris (male)
i -
Y5y bap Xy for E.’Eolaria-(ﬂmal‘e)
Y5 285, +(b22 Xgp ~ +ees for'L.polaris (m}e)

When'all samples are pooled together u multiple linear -

regression with indicator virisbles Zethod ves -derjved.

‘This ¥ill yield- fitted regressions. as descrided - above.’

A multiple  linear regression would be:

. . Iz .
Y ull MU G (a‘l -su)n” +

beta

3700

vhere 41, and 341, Dy s defined. as an mqicator varilble

i3
taking.the value' of 1°for the particular cnmbvination: of ¢

linear fegression in th fnlloving répresents a det.ailarl :

‘#A.¥ denoted for Asteriss vulgaris frim._ o om
L7 denoted for Legtast:rig Rolaris from now o ..

T TR 8




o 4+ vy X ¥ (ay35 -apy ), 12.* By -bu)nu x+
(851 -8)3)D5 * “’zx""p’"a}"“ze ""11‘) 32 L.
+ (b, “’n’bg! x P, = = S
b 7 0 % "
Y X «w.. for. Aivulgaris (female)

=81 *h XY ("12 "11’”12 MU TRUCREVL I

. vhen D),=1, 0 Othervise

‘ Yoo S <i.) for L.polaris (male) %
: B T T A L L B S LR T
vhendy; 51,0 otherwise ., . i ’

£ = . for L.polaris’ (fesale) .~ -

10022 * (Dap.-by; )05

Ty man it deye ¢
S o Ses vhen Dy, = 1,0 atherwise v
3 AR A 2
r . - <... for L.poleris (mele)

Nultiple comparison among means vere based on the

% Stulent-Nevman-Koul. test (Soksl and Ruhlt. 1969). - The t-

£ant van saployed only for the. ifference betveen  tvo neans.

- The |tandara convention wes folloved in that levels of

atutisticll significance for F values or t valués were

denoted significant with sygbol ¥ for the 5% level, and N.S.

_for no .significance’.




%,  HEy In Different Species

~ 2 It s to Ve expected that, oxyge

T e nr;nnismn vxn [ fary, vu;n Doy a-lze. 'rne io:u,axnen s

.. tare. 'X'hz oxygen consumpion of ses stars like all’

e R T L pnikxlotherlic urﬁnnxns inc’reuues linearly with bady

cept and b repreunu ‘the lope. “If b's X Fmeiine oxygen

to the \mdy veights ulunlly valies say n.ry Arom 0.55 4o 1¢

In the px‘eﬁ!nt ltudy ti\e relatianuhlp betveen Yody weight

ang oxygen chns\m;ztibn of sea. stars wu considerad for the

and15°C. The Ordinafy Least Square méthod was employed to

4

£it’ logarithaic transforastions of exponential curve. r'lha.

'_onnu.pts_xsn"ut i

_‘consumption Wt the bracs su” increases nrecuy prnpnrt)nnll a

Ve uyec:les ‘at four different temperahlrea, o®c, 5%, 1%

Dxygen comsumpiion refers to total.oxygen consusption.
ha/nnn!./hr, ) 5
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Analysis of¥Variance
> : <
88 DR M5, s

Explainea © "o 32,007 1l wisTse | ben.gige
“ Unexplained” .7 1.0267% 796 . 0.6707 £
retal. f YL '.33':0“‘ 03 0‘.3208

? hetveon intercepts, énd régression

Hypothesis Tes
Lo T caefricients, e R

Hypothe'sis e ratio - Hypothesis Vtordtio .

by, Y Aiet

,»1.122}»‘ (n.‘s.)k_’

11 = %ip’

N Cdaisoan U S e olessse (n.EL)

; . ‘ 0.007-(N.8.) bygt 2.385*_
vag'z agl 1.402 (N:8.) ’béz = by _‘. 1.‘555 (n:}s‘.) .

“significance level p.<.0.05:

AR08 Y =2.9819.+0.8189 log X,

[UALyulgaris(Temale).,

(¥hen D3,=0, D12f°=' 21 0)

2 ‘2.73L+D'.7622_1bg"x %o iD.polaris (m&le)

2t 0°C

" (vhen Dyp=15 0 otherw)se)

Log Y= '2.7324 +0.8881 1ug Xo.wAl nlgstls (male) 1nd1:ete\i

(vhe‘n Dlg"l, 0 othervise) in 'nble E:

Lng ¥=2 37084°0.8556 1og X v

L.polaris (female)

(vhen n21=1; 0 otherwise)

‘The satie principal ves appuea torcaleuiate the b
" regression “Line for both sexes in both, apecies at 5° c 1u e

and 15 C. as s\mmcrxzed in ‘l‘able 1.
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Table 1. Regression lines

for oxygen consumption of sea stars under different temperature.

o

0

)

o,

0% 5% 10°% 157
¥ = 0.9689 R = 0.933 & = 0.9905 % = 0.9596
SE = 0.1034 SE = 0.1216 SE = 0.0L3k SE = 0.0913
F = Lo7.6Ug* F = 206.316% F = 1506.09% F = 379.680%
Intercept Slope Intercept Slope Intercept Slope Intercept Slope
_Species  Sex 5 Ll 2 % = L &y by
A.vulgaris Female 2.9818 0.8189  3.6538 0.8010  3.87h4 0.7833  L.2077 0.77h2
(0.1022) (0.1375) (0.0L95) (0.0678)
L.polaris  Male 2.7350 0.7623 3.5908 0.7511  3.4572 0.8672 4.0059 0.8073
(0.106k4) (0.1054) (0.0389) (0.0583)
A.yulgaris Male 2.7324  0.8882  3.9091 0.7342  3.8660 0.7820  L.4333 0.7231
(0.0970) (0.1346) (0.0453) (0.1009)
L.polaris  Female 2.3708 0.8557  3.kk05 0.7926  3.4111 0.8768  3.7992 0.8559
(0.085%) (0.0522) (0.0292) (0.0565)
Numbers in brackets are standard error of estimates . S108 x * log ¥

ge
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Table 3. Hypothesis testing for comparison of intercepts and slopes between temperatures within the species

(p < 0.05).

A.vulgaris (female) L.polaris (male) A.vulgaris (male) L.polaris (female)

t ratio t ratio t ratio t ratio t ratio t ratio t ratio t ratio

Intercepts Slopes Intercepts Slopes Intercepts Slopes Intercepts Slopes
Tempera-
ture a-a' b-b' a-a' b-b' a-a' b-b' a-a' b-b'
0%-5%  3.5380% -0.4148(N.8.) b.5636% -0.2535(N.8.) 4.8737* -2.76L8% 5.3337% -1.3213(N.8.)
5%-10° 1.007(N.S.) 0.352(N.S.) -0.609(N.S.) -2.2u6* 0.214(N.8.) -1.047(NW.S.) 0.139(N.S.) -1.671(N.S.)
10°¢-15% -1.423(N.8.) O0.167(N.S.) 0.431(N.S.) 1.130(N.S8.) -2.856(N.S.) 1.305(N.S.) -1.897(N.S.) 0.430(N.S.)

0E



Teble 2 ‘shows that’ thé regregsion lines are not

- Tignificantly Aifferent betwéen sexes within the species at

‘Present studies’ indicate that there are significant differ

éach temperséure . Perey (197i) found that sumier acclima-
tized, dea renins with slopes from 0.68 ito-0.75; were slightly »
aifterent r\;om wlnter acclimatized ones with -slope veluds
rang;n} rram-D.SS to 0.8, but-le observed no significent

differences within a species. However, the résults in the

ences between specxes in’ slopes ud/ar/intercepts
Tempersture had a greater Effect on the slope in

severdl cases be'ihe male df both species snly, but. not the

feriale in either species; siopes, therefo‘re‘.:nr‘z fairly

‘constant. Internepts show the greacest fncrease’ fmm 0°c

o' 5° c, then level off at 10° c, and mcrease sgain’ at. 15 c.:

In the case of the male of Al vnlgaris, the slope was
gradually decreused except at 10% vhere. it inereased - .
instead, In the female of ‘A. yulgaris, the_ slopes ‘necame
less as temperature: increased. 'Table 3 indicates.that the

§lopes of the. regressmn 1me in the male of A, vulgnrls

show & significant d;rference between 0 C and 5 °¢ anly.' The
slopes of the- nlle in L. polnril seem.to be quite »nl)nstunt
a5 the tempernture rises except at 5°C. Tncrements of
m»ercept increase sherply at 0°C and 5°C, then remain con-

a\:ant While the slopé in the male of L. poleris keep almost

constsnt except at 5 °C vhere it is lover. Table 3 slso shous

“that the slope.of. ths regression line in the male of L.

‘polaris s;gh&ﬁcantly different between 5°¢-10%¢ nnly.




OveTall, the oxygen consumption of L. polaris is more

vd:penéem, on body wWeight at higher temperature tham at

1ower temperatures. Regresaion nnes of oxygen'consumption

of “whole sea stars rise from 0°C to 15 ¢ and remain apprcxi-

nately Qaralle_l_ es shown in Fig. 2-5 for logarithm:.c

transformations of exponential C\Z:;s\ and Fig: 12-19 for®
- £ 3, Ve / g
non-log, transformations of expomemfial.curves.

Fairly constant slopes were CeperteRs T geme ribh

to,represent’the. effect cf body vugm on oxygen - :onsnmpA Loant

tion by some anestlgaturs (Job, 1951:; Beam:sh, 196h)‘ Fry: -

(1957)_ pointed_out ‘that most spee‘ieé of fish shoved &

standera. rate of oxygen consumption related to the body
weighb raised to & power of approximately 0.8. certain
species, hovever, have been found to conform to the surface
area law. The ,relanan of the standard rate of oxygen con-

sumption. to body size is essentielly independent of tempera-

"‘ture. . gcholander et al. (1953) also showed the “same

pruperuunue response; 1n oxygen consumption with increase

.in temperature for “gifterent size of ‘insects, but Barlow "
; 3 1 E

"*(1961) recognized that vélues 6f the slope (b) mey vary

with tempersture for several gobiids. Fe reported b values
vere lugher in the range from 10 C to 17 C ‘than in ths
range 21°C 4o 31%7. Newell (1870) (nis getscnel sopmunish- -

tion with Barnes) reported that the ‘effect of temperature

‘on’ the log respirstion rate/log body size regréssion line

for Balenus Showed different.slopes at different, tempera-
tures. Some factors may alter b values, e.g., genétic

7




_meke-up, race, sex, grnwth nutmtion stute as yoiuted out

by Hoar (1966) Howe‘rer, by revieuing the effects ‘of food

’anrl tempemture on. the reletion between metabcllsm and body

weight in rish, Palohei;no apd Dickie (‘19665) concluded that

the experimental evidence points.strongly to a value of b

of*about 0.8 under natural conditions; they still knov very

little about the corresponding levels of metabolism. ' In

the present study, L..polaris had a lower oxygen consump-

.tion compared to A. yulgaris over the ‘entire measuréd

temperdture range except at 10°C and 15°C, where larger

body sizes of L. polaris had higher oxygen -consumption than,

A+ yulgiris.. Such differences could primarily be due to

the differénces i# activity between the species. Vernberg

“and Vernberg. (1970) studied the oxygen consumption in nine

species of ‘marine crabs; they concluded that agtive species

had higher oxygen consumption than smnar sizes of less
sctive species. [
Observations were carried out in the laboratory

(Emerson, 197k). and it.was found that. feeding rdtes of A.

yulgaris vere much higher than those for L. polaris.

The moving -speed of A. vulgeris was'also higher at 0°C @nd
15°C. in spite of body weight. Occasionally if mussels were

_ not supplied in time A. vulgaris would feed on L. polaris,

vwhich, seems vulnereble to atpack by A. yulgaris and

/Crossaster papposus (Linnaeus). My observations reveall

that the fyequency of

A. yulgeris in moving’ from one area

to another was higher then L. polaris. These activities




their nighér hetabolic processes.

¢ , -1
imply that A. vulgdris may require more energy to maintain

Qy velues. in Table .l

clearly show that oxygen consumption of both species greatly

5 .
ircreases between 0°C and 5°C. In the case of L. polaris

Q5. graduslly lecresses to 15°C, in other yords, the smaller

Q, values at higher temperature intervels in L. polaris

10

agrees with the typical pattern of .the biological processes

(Prosser, 1973): The reduced Q) values at higher tempera-

turé*could save energy, but Q/J_D_ values of A. vulgaris were
higher at temperatures of 10°C-15°C. ' this coula be explained
dnder optimal temperatuze, the atbivities would incresse snd
contrivute to higher Q... Seholander et al. (1953) sug-
gestég'that’&hene Keem 46 b thresimein mousitle: Svehues
along which homeostatic' adaptation of the metabolic rate

might oceur: (1) by perellel diéplacement lsrehe membolxc-

- témpersture’ curve vith maintenance of normal temperature

sensitivity; (2) by 'a lovw Q, ., vheraby the cvera.ll tgmpera-
ture. sensitivity' is lav, and (3) by sergctzon of a‘'constant
environment. Based<on mebﬂbolic-temperature curves of a:

humber of unrelatdd. speeies’of Arctic End teople pofkilo-

therms, they: concluded that in no cese had it been shown. that

orgamsms vere adapted to fluctuunons in temperature by hev-

ing & low, respirstory Q.. by being metabolicdily msens:tive'
. 10

to hémperatire change. It seems to be thet the metavolic-
temperature curve displacement Cnd BN EE respiretnx‘y 84

did mot fit mto the present series, thérefore’ the seléction

of & micrcclimate is: the most reliable way. Relation’
i o




A 35
between body weight of sea stars and @y, are quite complex
as shovn in Fig. 6, but there'is e tendenv_‘y ror Qlo values:
to decline with mcre.smg boay weight except. in the male of
L. poleris betveer 9 ¢ end 10°¢; betveen 10°¢ and 15 s in ¢
the female of L. polaris between 5°C and 10° c; end in s
male of A. vulgaris between 5° C»nnd 10°C.. ‘Réo and Bullock
(1954) reviewed Qo With relation to body‘taxia and-habitat
vtempernture‘in poikilotherms. . They- postulated that §m .
may increase with body size but they also cautiously stated

that this.may not be necessarily alvays . 't'iue. ‘However,

Percy (1971) fa his study of sea urchins, shoved some

regions.

irregularity) Newell’ (1970, personal communication with
Barnes) indicated a decrenseﬂ S0 anue vith an’ increase

in sizé in barnacles. ' The present. sb\.\dy agrees with Percy,
dnd flewell's observations' aid also. showed ‘somé irregu-
Varttieneimnettenn Srntive wenstbisivg, oh Qxygen»cqns\ui\i:tion
in L. polaris and A. vulgaris as ‘shown. in Fig:' 7. indidntes
the curves of I ‘polaris ‘are mot auplaced o .the left. of .
thet for A. vulgaris. A186, both. sexes of £ vulgax‘is “Have

lower Q;, thsn those for L. polaris’ & Unfortunately, ‘there

is no evidence thet A. vulgeris inhabits more stable thermal
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’ o) values. .
E : ; - = b em A
~ Bpdeles - sax|- 2N 0%-5% - . %1% v . Foles¥ey
" Kiyulgaris’ female d0g 335, L L6 so L8R -
dog 328 5 Tnde e
5 - 120g /328 de o= R
: 1608 - 320, 5 10 N
»" 200g : 19
1 5 I i e s 9
o ‘L.polaris .. male Log: 1.1"( o
g o 80z ; 1.90 .
*1208 : 1.96 A f
160g 2,06
200 EAL
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e Bog: . - T2 :
‘e o 120g 2o X
. : 1608 2.20 .
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B0g 188
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Recennly,‘huni Phys :.olog;scs emplcyed multipl:

regressian to rem,e respixation rate to save.‘ral

ndent variables,“e.g., body veight, temperntnre, or

content in va er, etc, (uohlschlag, 1967; Perey,

Ma.y, 1972,;“«: i ’!hetefore the ‘result’s for the

" abdve vere alsor treated Su Fhe fofm as follows:
Log ¥ = dy + lllog X+ |:(r 7.4 H(a“-an)nu i
e BE g a
B il u)D iog X ¢ EileyymeyIDy 4T
or & 1 5 i ) A e o’
% 5 3 ’ )
Log ¥ = ay+ by jlog X +'e T+ 5 ¥
(2p-83)0p * (bya-0yy)Dpplog X + “*12'“11)”12T %
(Eg1me 110y o (bpy-b1y )Py lo8 X ¥ (e 21 11007+
/(‘22"’11”22 * “’22""’11)”22“3& i (°22« 12727
here ¥ | % the expected log W oxrgen consumption por
aninal
X .= the log weight in grams .
T = temperature (°0) I
b,, =indlestor variables
iJ §:
g bigs oy are regression coREPYhER .
| i = species {2 7
R b 1= femalé

male T




" by Shiazan computer-pickage:

Log, Y =3.1671+ 0.7975 \10‘51 X +0.0666% vulgsris v(f(eme.le)

(0.0239) (0.0026) g el -

A s 3 ~0.h366|é2+0.000énazloge X+0.0264Dy,1: L. polaris (male) | ;
: " (0.2503)', (0.0338) (0.0035) ' - | $ ¥

ocv.15301)'&-0.0231.'iﬁl?mge x-o.oos'rqzwug.vulg'nri-s (male). . %

(0.1535) (0.034%) . (0%0035) P,

- 055260, +0.03851, log ¥+0.0241D, T.,L.poleris ‘(temaie)

B G (0.2009) (0.0467): (0.0038) "
5 ‘ Numbers in parentheses are standard error of estimations
2, Sk 2}
#2 = 0.8856 . . Standard error of estimate = 4.B85

Anelysis of Variance

s8 DF
‘ -, Explained 171.08 23
- . Unexplaiied ¢ 9.5366 432
‘ i, T’utal» < 180.62 - Wu3-

Hypothesis-Test:. between intercepts and regression

coefficients .

Hypothesis t ratio . Hypothesis t ratio: ' [Hybothesis.t ratic

0.99TT(NS) - yy=by 5 =0 .6T9B(NS) ey =c),  -1.6286(NS) -

i
!

|

| ; . j

{ sy =agy. <2.T512% By 0.85(NS) oyjzen  6.3505%
|

v i
8pp=ay, < ~3.687% By p o’:fu_!o(‘us')‘ 2201 " 10:007%
1.0.582(N8)  by,eb,5 -b.BDBINS)v.ﬂéaa o1 loab2(us) .




. o ! Bt o
<4, 1671+ 0.79T5 1og, X +0.0661 ...A:yulgeris

(femaié)(1) ¥ i

.’(w,hen D470, Djy=0, Dy=0)

| Log ¥ =2.7305+.0.1983 log, X+0.0951 : .gol&r;u (ginle) (2)!

Lo by

log Y= 3.'201 +0 171;1 log, x*a osuyT B

_'. yulg;rxa (nale) 3

¢ (when4 D),k 0 cchervzne)’? W g

6143 +0.836 logg ' X 'o 0907T .‘.yi‘g‘ Slafis (fémue)ik)@ .

(vhen D, 1,,0 ocheruile)

ZL

. bo ‘y”\v‘eighg -effect :7/nnt cnnnd.ereﬂ in the mud‘

6°c,;1'eg'w woluld be -meaningless uniess °Ka1v1 is

'uéed 1nstu;i‘ 'l'he’dnta shoved that the orygen consii picn :

Jnot pAral-lel. Hovever, this methpd

‘estisdtion,
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| Fig. 11

ion lines of oxygen consumption of the male of .« -
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(3) The 'Influence of Oxygen Contént upon'the )
Rate. of nyg!n Consumption in Sea Stars
B it bivariate relationship:is " sisply unknnwn and &y

a scattergram suggests clear d;vu:}om from linearity, one
_¥ay to hendle this type of nn‘n:lineur condition s through
. the use of & polynomial function (Kim, 1915) The data
: fitted to Tang's (1933) hyperbollc :quatiun and uemi-
logarithn eutve produced very poor results, Theréfore, the
B selec\:ion of a fitted equntinn in this Etlldy followed Mangum
and Van Winkle's (1973) mggenxom The equauun selected |
for best fit is a polynomial quelx The correlation of the”
\: oxygen Ecnaumptian rate with'oxygen content in'sea water
implies the following relationship and the quadratic model

: / y
(second degree’ polynomial) was found to be the best solution. b

| o E : 2 11 8 %
i Y/X = 819 # byy Pt ey P+ 1J(°id'°11)Di.l * “(VU-bu)D“P

BT
*gtepy-eylo
here ¥ = oxygen comsumption {yl/aninal/hr)

body weight in‘greds /

=
1

o
[

oxygen content in sea water (ml/1) : ’ ¢ 5

.1nd1cator variuble . -

T - 8, Ly

e s The e.ulculateﬁ equation,was. expressed as follows by Shazam’

T e computex‘ package.




e . =

Y/x = 11.429 +23171p + 0.004352.  ...A.vulgaris ( female)
© ' (1.5961)(0.822k) (0.087%) g

o 3.1238D,, +1.6961D,,p - n.augnza'pz ...L.polaris (male)

(2.1781) -. (1.1208) (0.1188)
0:5220D, , +0.0901D, ,p -'o.omnlgpz AM (male)
(2.2033) (1.1263)  (ef1195) -
’ 1 |
£ _3-_2957nn¢1.9221»»211,-0.26211:211;2 Lgouru‘(renhe) : N ]
. (2:078) . (1.0828) - (0.1156] -
The numbers in parentheses are standard error. -
¥ = 0.5757 Standard error of estimate =.1:5615

‘ s s ;
Analysis: of Varisnce
ss T: DR Ms P

* Explained 11690 1 1062.7 51,075%
Udexplained 8614 4 Ll 22.808 ;
Total 20305 25 87.776

Hypothesis Test: between intercepts and regression

coefficients.

Hypothesis t ratio . Hypothesis t ratio Hypothesis ¢ ratio

T mjyTay, =0.2369(NS) - by =b,- 0.0800(KS)
y 81170 ~1.386(N8)  Byy=by, -1.7755(N8)
app=a), -1.226(88) by =hys 1.483(x8)
’.;2-.& o.oqg(ns) TP u:exa'(‘ns)'

6i -

®117%12

S127%1 . ;

L 227212

£227%31

-0.2552(N8)
-2.2730%°
-1.846(Ns)

0.:1880(N8)
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.A.vulgaris kre-ale) :

(when D503

. D,y ,%0; S o

1/X = B.3052 + 4.0132p - polaris. (mele) -

: (when Dy5%1; O otherwise)” S p

¥/X =10.907+ 2.4072p - O. 0262p2  ...A.vulgaris (male)”
(when “12"- [ oﬂ!erviue) o 02 '&‘ . »

t/X = 8. 1333 + 0 esssp < 0. 2584p2 _...b.polaris (femsle)

(when D, O otherwise)

21

¢, - Hyman (1929) réported that the oxygen consuiption
rat#yof ses stars belov normal ambient oxygen tension in:
sea vater is highly dependent on the oxfgen coptent of the

sed vater. Meyer. (1935), Maloeuf (1938), Prosser (1961)

‘and Belman and Glese (1974 ) slso i{ndicsted thet somé .species

of

eriss were oxygen benformers, but Johansen and Peter

sen (1971) described the ability of the sea star Pterasten -

tesselatus to regulate oxygen uptake based on the active

irrigetion of the derasl bremchisme in the Bidasental cavity®
and thus compensate for decreased smbient availability.

The data shown in the figure by Maloeuf (1938) Vs egELed
aifferent from those of Beluan and .Giese tagm). . The i

former more likely sgreed. vith Mangum and Van Winkle's

(1973) report vhich indicated a second degree polynomial

curve, fit to a semilogarithmic curve. Unfortunately,
quentitetive data.in thelr paper.vere aot presemteds

t.'neufare, it {s very di€fieult c“ find'e’ -nin\ne relation~

¢ ship. ° The remlta for the present stuly Allo $howed &




non-liné

(ALY B R el .
r relanqnsmp sb. that a polynomial model was,

selected, as described dbove.. As meucione'a by Maloeuf (1938),"

there was ho crﬂ:leal point 'l'hern’ere Bt is probable”

that both: species L. galatis nnd 4 vulsatis are oxygen

conformers, unable to_ control et oxygen donsuiption

unlike ‘Ptersster vhere there s .a nidamental cEvity through

Vhich it can pusp'sea me;«, up to 90% of, its total oxygen
uptake belng: chcained thx‘ough setive veqtﬂntion (Jonnsen
and Pe_c_ersen, 111‘1). The, ougen consunpn.un rate of the
femalé, of A vulgaris: is significaitly atreerent from that

of L._go‘mris. Alt‘h'on’gh“the bkygep consunption of the males ,

of 4 wyulgris éonpared to’ those 6t L. lolatis,\da not reach
a suniﬂunt dlffex'ence Yevel, we can il detect tht
dlrrerenee. xr & 43 £eerent propability 1s selected. thers

is ‘no signlficnnt difference, bex.veen mues and Jemalel

wir.h!n A vulgaris. mne figures 20-23 show thet the '

. respnnse m daer:qsing ttie Tate of oxygen consusption rran‘

Abr\lpt.. A low oxygen “content in.sea witer dods ot S

inunediately educA ‘thetr aceivinu. - It vas observea .

sea sturs 111 sew ‘lu:ter of lov oxygen cuntent liiﬂ not with-
drav or protrude the tube feet except ms:e in feq wu.ez-. :

eonm.mng lesd than 1.5 ‘ml/Yioxyssn- . o

1t 'ds interesting ‘that hrooci"ing behavior 18, fmlnd




7]

= aistratic - cosfficient B, was an: Sodkn et Sremiabton nn\i

' podrer’regulstory.sbility than sny:of bie sbove ‘speciés

o PN .
" play & very important role {n the survival of fhe .embryo.

While brooding, the animal stays in one blace and becomes

very indetive, snd vill mot epn.ume 200t  Also my.obseZva-
tions  found the movement of A. vu15uz vas grcnter then ¥
that of L. Bolarts. Only on very. fev decasions au I see
A. yulgeris stpy 1o dae place over a tvo, asy peraod, but, ,

ble. was quite;comnon ?ox- L. pelaris.. ohviousu “the ‘fact

==
goluiu has broodlns bahuvior nay lesd foin lower’ S
metubelsc., rate. . . ® . . .

e oxygen consumynon rate of 4, vulgarz— shown

&wthe figures 20~ 23‘$ndiute more nensitlvity to, 1ower”,

oxygen cohzent in sea’ Hater than in L. polaris. {t is

quite’ poasibla that tha, highen activity or A 15' aris ¢

Mangun snﬂ Ven vunue (1973), and. Van ;Ffukle nndr

Mangum (1975) pri.poud & wadrstic model to,descride the

effect of oaygen 'content on oxygen enn.nmpnon x‘ape in’

difterent mnrlne lnvertebutes. They pontulnied that ‘the

4

reporteﬂ ‘that the hisher negative’ values of the ipdex “ 7,

uppeared to ni;nixy 8 gx-ener regulatory ability. "By view:

. ing the results on page 1B in contrast £o the ﬂsca from the

sokiases StEF Asterias !or'heui' the blsod sea 'nsr Henricis

anguinol.em. {0k Muller), and the infaunll mudutlx‘
i

El cteneaiscus crisp“us 1t s clesr that A p_xlgari Has .’




B

: < b ;
and that L. polaris.is equipped wnn better regulatory

s 1
l:apar:ity than 'A..yulgaris and the above. species.

Shick "(1976) pointed out that the mudster C.
crisgntus prohnbly encountered “prolonged hypoxia and high
H,S condition foutinely, soithnk they are mézs reslibaht £o

hypoxia and H,S than any of the epifaunal species of

Astnrias. . His study‘ demonst'uted that closely rel-ied

| animals Lnebiting uover o iléss predictable oxygen environ-

‘ments posgess greater resistence to hypoxia. He cautiously

concluded that the degree of reguldtory ability.for- oxygen

i P \
consunption of asteroids from different environmentel oxygen

levels can be éonsidued‘ss adaptation to low or unpredicthble
oxygen conditions, but tnis phenomenon still remafns ambig
uous. b >
It is very.difficult to explain why L. polaris has
better regulatory capacity. Mangun and Van Winkle (1973)
s\‘xggest’e‘d that ‘three factors determined She. Wagattude, Lo
3 it ‘

aquatic invertebrates of the regulatory ability of ‘oxygen .

‘consumption st different oxygen levels of ambient water:

(1) "lfhe fegree of i permeahility of the exm;kele:on insy

lating internal oxygen consuming tissues' from their

external n';(y&en source; endoskeletons also may somewhat
reduce. permieability; (2) differences in tisste. metabolism; -
(3) érfi’v;iency of the circulatory-system.. L. polaris may
possess -more eﬁdoskeiitgn &na lowver tias\fé metabolism §han

. yulgaris, and both species lack an active ventilation

. mechanism such as occurs in Ptersster tessdlatus and




. & . s

82

Ctenodiscus crispatus. This still csanot explain why. L.

polaris is & stromger regulator (page T8) than A. wilgeris.

hle that the regulatory mechenism is
"not Just dependent on ome factor.

lxuin-nlon of Shitk'
/ *(1976) report. would lhnv that C. crispatus is furnished
~ -with = vent!l‘tion lel:'htnl!m but has & lower ‘index of

oxyreg\llﬂtion thap A. vulgaril. %
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of oxygen consumption for the Eale of Leptasterias polaris..

The iifluence of oxygen content im ses water onm the rate
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(4): The'pE Effect on the Rate of Oxygen unption

The oxygen~consumption Fate of ses Stars under |

Qifferent phs *indicates that a nox{ﬁui{eu relstionship
exists betveer them. It was found that a piecevise linear

¢ .model gave & better fit than !"p‘olynﬂminll model, becnuse‘

the letter had a high degree of multicollinesriﬁy -on* the

the cstimation of relationship, 5o that the plecewise

‘general, model was exXpressed as follows:

1
X alf’\bll 25 5)1’“' . °1195 H 14 (s 1.1"11) Pig

JURERN . SO

. i
8533 bygs oy ereregressiomgoesticients

15(:: -b 1)D.J(pH—8)p}(' + §§ (ci.Jvcil)B“EE
i | here ¥ = oxygen comsumption (ui/snimel/hr) -
. | Lt ) X = bedy weignt (grams)
p ;70 pE = pH velues of un,\};.u{r
BEY =rit PH,2'8 then pH' =1 7
- £ ph’ <8 then pE' =0
I : L Dyy = inateator vavidifey @ re P
|
|

o

i < ap ;un-{é =

5, ot ¥ 3 o B {1‘=xamue

2 ='male |

"pH.= B over the entire meesured’ range '(Figs. 21-27).

.. . ‘independent varisble. This nay—l—enﬂ to imprecision fn

linear regression wad employed:(Neter, 1974)7 A scatter-

gran shows that oxygen.consunption rate is the hightst at

The '
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The DR effecton the rate-f omgen consumption for the

female of Leptasterias polaris. ..
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The follca’lng res\llts have been ‘hta?ned by uning

% mult).ple regression in Ehazm computer progr&m‘

- -21. 629 L1k 758/ (pH-8) pH' ¥ 5. 3591 1ﬂ TR g_olarfé (female) .

R 9066) (0.9025) . " (0.3s)
1.217D,, = 0. 82291)12(;:9 -8) pH' - “o. 22‘07D]2pﬂ—v .L.galuris (ma].e)
(4.0265). * (1.3015) - . -(0.5876)

5.2%1»21 - D.Jsfhnzi(px-ﬂ-) PH' + 1.0091D, 7 - . .A.vulgeris (female)
(h.3358) - (1.h337) (0.6369) B

2.7h:10n22 = 1.505kD,,(pH-8) DH' + 0.T199D,spH. -..A.vulgaris (male)
(hb757) (1.3833) o - - (0.6k1)
: i

%% .0.9133; standard error of estimate = 2.1739

Analysis of Variance C T, o

- 58" DF s = .. [lo
Explained L676:7 % 1 5 425,15 "' 89.96T* (p< 0.05)
Urexplaisea Wia ok /btess L

Chogal 5.120.9 05 48.770 ¥

Hypothesis.Test: beween interceytu and regression
coefficients.

Eypsthesis ' ratio . Hypothesis + ratio’ Hypothesis & ratio’

17585 ¢ 0-3022(N8) by =b , 0.6134(NS) oj; =e,, 0.382h¢NS)
oy =8y —1.2095(x8) b)) Ebyy <0.L16T(NS) gy} = o ‘l‘sﬂbs(u‘
a5p sl,‘; ; 0.921'(1:7‘5)» Hyp B L 673(1«3)\”22 i2-1.518(18)
néz =>321" ~0.5h(ms) . b i "0.90k(fis) - (‘)‘,haé(ias.);“




= -21.6290 +5.85910 pH = 14,758 (pﬂ—-B)‘ pH' ..‘g.gwlari; (remaie):

e

X
(¥hen Dy, = 0, Djp =0, Dy =0) . i

L=ie0mz0+ 5.‘53% P - 13.9351 (pii-8) pH! poleris (male)‘ i
(¥hen Dy, = 1310 othervise) C

L. Log.0751's 6.0 - 150 (008) o8 .. A.vudgarts (temale)
(wh;n‘nélﬁ 1;0 ethérﬁiae) k -

%: -21.‘»37;0 +6.5790 pi ~ is.zsah (p8-8) '’ ...A.vulgaris (mu;)
(vhen Dy =15 0 atherwis:) s S e NGy 2

S PR R T L (1966) quoted Meyer's. (1935) paper,
and remarked that A. _rubens maintained a constant rgp€ of

oxygen cons\mptinn in the pH range from 5.5 0 T.8: Abo:e
‘this range, the rate of oxyeed consumption tncresied up o
pH §-at which point it Tell rapidly and stopped st pH 10.5.
Below :pH.5.5 the respirstion rate was reduced and ceased at

pH 4.5.  Hiestand (1940) demonstrated that variastions .of ~

.the PH of ses water caused mirked variations in the rate

of oxygen -consumption in the holothurian Thyo! isreus

(Lesueur) and ‘pointed out’ that the relationship of oxygen

_consumption to P is directly proportional over vélues from

., BE 5.h to 8.8. No attempt was made to raise'the pH above

tnzs levey | aue, he said, to formation ofa precipitlte.
!{ovev:t, precipitation does not ocecur untll near pH 10
(Kukubo, 1968; Kno, 1970), so his mesaurgmenca»—nuy\_\/
have beer_in em—m;t Ozaki (1970 summerized the Vv

results from various suthors' reports and comstructed

{
|




v ) : E ’ : s
a generalized figure (Fig. 28) describing the relationship o7z g

between pH end oxygen consumption,of-various epdetes 6 . )
fish.: Tt was explained as f'cllr:;‘;"S'?‘h ;
(1) ‘1 pH is changed slightly rrem nhe normal condition,‘
. ’ the oxygen congumption would increase Xnitiully and then
/reh\_lrn %o the noimal comdition ‘again. The bigher initiel

oxygen consumption wes induded by changing pH to éxcite the

R T . T A5 ;
s ) (2), "With = gréster chaige 'in pH, o}‘{ygen consumption
rose, nuh.ally, then rediced to a cértgif Tate vhich was ®
" nigher than the original oxygen consunption rate.

(3) With an even, greater pll chaxge, oxygén con!\mption

intenaitied !‘irst, then grndunlly decreaaed tc & level 1
which ves.lover thas the normal condition. . . J

(4) -With a change in/pH mére thén in (3) sxygen con=

7nmption vas eénhanced at first; then declified to even lower

- then that ‘in (3). - . . 5 2 \

(5) " When pE was changed more-than in (k), bxyged con- By R
sunptxnn increased for omly a very short period, them

i decreased for a'brief period, subaequently resulting in

death.

ok 0 "
(6) - If the pH cha"gg'g 15 greater than in.(5), okygen.
consumption decreased 1niat;a.d of increasing right from the
start ead finally desth ocourzed. ; '
* A study. of this typicgl figure- revealed thut the

. oxygen consumption/rate vas related to the degree of o
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change from the porEEl and the time elapsed, when oxygenv
consumgtion wes megsured.’. According:to Buckinghsm and :
Freed (19’(6) the metabolic rate of the prosohx‘nnch snail
(vxviguus contectosdea Binney) is aepenaenr. on pH wich two
pH optimu, at pH'T.l/and 8.9,.vith sn intervening trough.

They deduced that ‘there afe tva sets ‘of pre—exisnlng enzyme

#25 systems vzth the aifferent pH optimu. They fnrther stated

that the relatibnship between pH and gxvgen consumpnan in

this syecles nppeered to be the immediste uc'

_compensation

which was described by Hochochka and Bomero (1973)

on the vhole, by Feviewing the sbove reports it 'ls

i comcluded that there is no gemeralization regarding the 2
influerce of difre:fnt DH on oxygen' consumption in’
poikilothernic’ organisms. ubvio\lsly, variations of oxygen

' uﬁtake at different pH values are ‘dependent on experimenta--
tion, species, initisl pH; time lapse, stc. Tae RS
of sea stars to pH effects seems to be mervous o#ixiiiation
(this indicates very Fabla resstion), ey "

_As is shown.in Figs. 24-27, the oxy.gen cnnsnm’ption» N

rate of ses, sters decreased 'with the change of pH, and

this did not agree vith Meyer's (1935) obnervutinn on

& -
rubens.. This. could be-due to the different experimentltion

"and her small !ample size. The oxygen consumption: rate of

sed.stars st pi velues higher thaa B has .« grester (sbsolute
" 'value} slope than below pH B..'Although statistical snalysis

indicated no pignificant difference between spécies snd sex




4106 -
within the species, we can still detect - slight’ dffferedce

between species but mot sex within a species from the

test. The lﬂg\u‘el l.lln-illnntxmt: thet’ specimens of A._

vulgeris are more Sepgionsiye than L. polaris to pH Jndgln;

fron' the aifferent slopes. - With moderate change of pH, .-

A. yulgaris still maintsins a higher oxygen consumption Y
rate then L. polarfs but fn?t‘her»pﬂ reductions had a more

serious effect’ on the oxygen cohsumption ‘of A vulgar‘is o
than’ L. EOll!’i! unﬂ this phenonanuh vas ‘not 80 ubvieua. It i .

‘t8 pounxg that L. “golnri mxy eontun more CaCOy in the ;1 ) 3
endogkeleton * Caloitm:

arborata néutralishh the. dcdaié,medtin
and therefore, as Farmenfarmsian yaineéa out, an scidic T

leﬂi\ll vill have mbre el’f!ct on the oxygen cnnnlunptinn of

"A: vulgaris. thln on thnt of L. .polaris.

With regard to the existence of immediate rate’
compensation betvezn ox"en consumption and pE reponea' .

in the snu Vivignrnl contectoidel (B\lckinghn and Freed,

1976), no le _i- ppa: in sea stars.

By upyly ng this expla ation to Meyer's dsta, there:should he

some bets of pre- -existing enzyme systems with difterent pH.- ’

optinums. nnﬂ the existence of an immediate rate compensation, !
Hu\rever. 8 réview of Hochachka and Sanero ] (1973) delcrip-
@

tion of a thx‘ae—tlna-courna o

:sponae for metatiolic com- ]
s 4

. pen!ltinn ravelll thlt it re!erl to thermal rlgul:tinn only

and nnf. tn othlr an\‘irunnental f&ctera, 8o that immediate rate




compensation should be reconsidered. = o
; Enzyme activities have optimal ranges of pH, but

% 5 35 : : 2
their existence with relation to higher oxygen. congumption

rate of organisms is still not fully understood. Ia other,
words, 1t does not necessarily follow that ail of-the :

¢ metabolic processes should coincide in an optimum for éne

or two sets of enzyme sctivity. 'uanv"; these two species g

of mea stars placed 1n.e mediun hzydnd oyt!mﬁn pH do reduce

their oxyg-n nonlumption rate. . 2) T
In fact, thy stimulntion hy nxtnne PH neu- may
cnuu\muuuf of and -€ven am-ge to“the uuuea ur the:

_sea ltlr. Th.t‘,far-, *,-h! sea star vould not ‘take np oxygen ,

rnrthet 5 RS

) Futitikos of Salinity on ‘the Rate of
Oxygen con:uguon of See Stars M Tiy

Tne ‘experinental data vere roughly examined hy

scattergrams which reflecte: non-linear pnt.ern Mer the

_ entire measured range. Oxygen tonsumption rates Tesched

maxime at salinities of about 33%o,80 that a piecewise

np;o}ed‘(ﬂ; “29-32). -The equation

lineer regre

‘of the regression line for the rate of oxygen eonu\uﬂpﬁiuﬁ

.f‘vith varying saltnities is:

(Eras)s'-+ c 13 3 “ (u”-.u)n"1

o "n

Rl




Bere i

X ='boay ve'u'n"inus)

2w s-unuy of sex fuater’: . L

ir's.2 33 chens'-l
If.,8 < 33the

o= indicl‘hcr vuublaa i

e regreuion coefticien'.s >

Bayv o143

N 5 5 3P The cuculnza equ-mr"ll. exprellzﬂ as" rnuu"
L A

by Shazsm comyutex- ‘program:

X

+2

i L (o 1238) (0. 1132) T s RUSBENONE o sk LR 0N
= 'l.v_.lhsanm 0. o5'rnn (3-33) s'+n.duesn s'-_. 2

%7 -8 (193, - (0:2318) : (o= o‘rs‘r)

R A.yu 15.:1» Lmale)
0.0946eD,; ~ 0. 318'{»21(5 33) §'- 0.03920;)
(o 0Tk6) -

(1.7126) - . (0.230%)

v
-pol: (re-ua)_

s fmm?z." o. :sssneg(s—za) ! +.0.00550,,8 <
f(.l..1b13) - (0.2297) ey (u o'rloa)
. T i L __.Eolux'il (me

Numbers in parenthesis are staadard error
R? = 0.8856; /standard error of estimste = 4.885,

== o 5531 - 1 6356 (s 33) 8Y +.0. 7312 s+...n vulgnrfa (tewule)




‘Explained
St e s s
~.-Unexplained
Total

Hypothesis' Test

" Hypotheis

-335h.7 ay

459119 ok,

101319, ‘105

S coerrlclents :

+ ratio ' Hypotheis

=a

10 o.oBan}ls)* By =,

21 0 7u7(us)

‘v

= 099b3- a; 6929 (5-33) 80 % 0. 7537 s

(vhgn nl =13 0 othervue)

(when- n 1; 0 oche;wlsej)

2L

. (vwhen "2 & o ccherwue)

‘betveen intercepts end regreas;\.nn o
t ratios

. -0.2395(N8) ¢

=10,7585. % i -9543, (s-33) 5140, sz s

_v= -0. 5133 = l 9891 (E 33) S‘ +. 0w 7861 S.;

...L.polaris (féma.

. “E- %
‘38316, S66 s (v<o 0s).
i 8650, % :

= 38.228 ; %

Hypothesis .t ritio. "

S

-0‘.6553(!78)' by =bpy . ~1.3833(HE) eji=ch, 0. 5251(u5)
12 by essms) 2Tl ot 1.335(08) ¢ ¢ uu(nsj
B ',b,a 0:163(NS) =c,f -o_.szlp(ns) %
A 3

S22
: y

i

.polaris (néle)

.c'lz u.oséss(iis) :

-yulgaris .(female):

Alvulgaris(nale)
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Tables. 5a. and 5b indieste that the Iree:ingupcint
of. coelomic fluid of the sea stars (.s & measure of sslinity)

is slightly lover fhed’ that bf the @mbient medium, but is noc

’_sign‘lficantly aifterent (By t tést), Bimyon (1970) Tecos-

nized that A. rubens showed the-same.condition as above.
Maloeuf (1938} ’suggestea that echinoderms ‘are entirely
mcapable of any osmoregulntiun. A'slightly different

freesing point hetween gea weter a1d pefiviscerdl fluid

* might be due to the Donnan effect, there being_a/sligh_t :

‘amount of ‘protein in the perivisceral fluid. He also found

that the coelomic fluid, of A. forbesi (tHis species was mis-’
quoted by Binybn 1961 1966, 1970 as,A: rubens) had's
s1ightly ‘lover Ireezing point compered to that of tne smbient,

concentrations of sea-water. Giese (1966) also published

'some data _on sea stars and reported thnt pratein aid exist

in the body fluid of sea stars.

Sea stars are strictly marine orgsnisms and.conform
osmotically to, the surrounding medium!in which 'they live
: N
(Prosser. and Brown, 1961).° 'The results from the abave

tabies support this statement.’ Prosser and Brovn (1961)

[podnted outi. -

Success in fresh water required osmotic, regulation

of such order that high concentratiom of body - °,

finids could be maintained mgainst an extreme .
© ‘osmotic gradient: such regulation required active

mechenisms. for (1) lower permeability to water, -

(2) water 'elimination, (3) salt retention,

(L) salt replacement. 'Freshwater animals differ -

from the merine in the. degree of development of

these regulating mechanisms. . -
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If ses stars had these mechanisms then they would
have ‘inveded freshwater in the course of their histoFy.

The results presented in the ‘figures showed that both

species had maximum respiratory rates when they were =

exposed to normal sea water (isoosmotic). 'In mon- '

" ! & .
conforming’ aquatic invertebrates, when the surrounding

“medium is changed, the animal becomes hypertonic or

hypotonic to the medium, and the respiratory rate is

‘increased due to the emergy réquired to perform .osmo-

regulation in order to maintain osmotic'.equilibrium. . Noa-

regulatory animals, e.g., Astériss Mytilus, Metridium,

ete., respond to. & change in salinity with a.decresse in

the reupiratnry rate (Potts and Parry, 196M). Kinne

(1971) s clunﬁea four main types of respsrstory

mechanisis of marine and:hrack,insh water nvextebrntes in

\

rate 'in sub normal salinities umxin physliological range,

response. to airferen‘ipsannnies: (1) increased metsbaﬂc

(2) 1ncreased metabolic rate in both sub-hornal #ha supre-
A

\
normal salinities, (3) decreasedjmetaboli¢ rate inm sub- and
!

supra-normal selinities, and- (4) a more of less comstant

. metabolic rate with salinity veriation: On the basis of

these crl:erin. the present study as well| as Potts snd
farry's re'pu!'t (196k) clearly mrm;mes dhan ‘sea stars are
ssenohaune. ‘belonz_ing to _Kinne'n“categuqy (3). Numerous
attempts have been mede to explain these |phemomena by

. ,
several duthors: Schlieper's (1958) "bydration theory"

b




suggested that salinity effects on the mebabolle rate ot
invértebrates are the results of chenges in the hyaration
of tissue vhich may affect the activity of €nzymes..
Flemister and Plemister. (1951) suggested the increases in
oxygen consumption rate of the brachyuun crab (Ocypod

elpicans Bosc) in hypatanic and ‘hypertonic ‘environments

‘are the consequence of the extra’emergy required for osmo-

régulation. Loft (1956) concluded that the okygen consump-

tion rate of the prawn' Palaemonetss vérisns (Leach) in

different -salinities were increased due to osmoregulatory

‘ mechanisms end some other processes.

. Melusky (1969) found that no significent differ-

ences were present in the. oxygen consunpzZ(n of ‘the
euryhaline amphipo/d Gorophiur volutator (Pallas) in du‘-

ferent EEllnltlE/and suggésted that the lack of sany overt

change in resp/.(-uion rate might, however, coficeal ‘a shift
of energy regfirements $0htn bife i, Prad\ll:r.inn or

uriné nypo-osmotic to the blood under conditions of ' <
»asm‘nastzess"wuld greatly reduce ‘the osmotic work-of. en
anizel so that ho change in oxygen consusptiion in ‘aifrerent

salinities’ occurred. Potts and 'Pnrry (196k) suspected thnt

tfie osmotic ‘demand will increase’ the.rste of. oxygen consump-

tion of orgenisms. - They believed that the changes in

metabolic rate are usually much. top large o be attributed
= < & ) . ¢ %

to osmotic regulation alone. They have caleulated that

the energy required for the crab Eriocheir sinensis (H.

‘Milne Edvards) to. perform osmoregulation in freésh weter

i

et




L

vas only 0.5% of the total.metabolic energy, and postulated
& number ‘of reasons why the_respiruqm'y\ réte might vary

vith galinity.in certain conditions. An adverse osmotic

_environment, stimulatés an animal to random movements or to

es¢ape movements. This causes the incréase ip the métabolic

rate: which occurs in some breckish weter animals :in both

high apd lovisalinities, It is the active crustaceans which .

qespue most rapidlf in these conditions rather than the o
.Aore quiescent ] lmelﬂ.i‘brnnchs or echinoderss, They assuse
by uslng Lowengtein's (1935) finding in the respiration of
the amphipod Gammarus chevieuxil Sexton that thé higher
netabolic . rebe was due to less quiescence in more dilute
med.lum. :

However, ses stars are ihcapsble of any osmoregula-
tion (Biny‘on, 1961). It 'was noticed during reduction of
salinity thet the c{mé feet of the sea stars became immobile
or inactive. Binywn (1971) suggested that the -cause of, .
temporary loss ot activity of the tube feet could be due
either to the neuromuscular Junctions or to the comtract-
ibility of the muscles themselves. These tvo factors, f.he‘
lack of osmoregulatory sbilities and the éemporuy loss of
activities could.be responsible’for the decieasing oxygen
consumption rate durinmg the reduction of ualinities.in the
environnen/t When sea stars were pllced ‘in séa vater where
salinities vere greater than the normal sea water, tney

behave airfarently than {n reduced sslinities, the tube.-

L




-above . k i

!not clear why this is so. There are many possible explana—' - |
tions. L. polaris appeer to contain more endoskeleton which 1

T
feet of these sea stars retract instesd of protride and the
vhole: aninsi Becomes immibile. “mhe’ fesults eugEested that
both in hypotonic and hypertomic medimi\,“ the depression-of

oxygen uptake of sea stars could be explained as described

A comparison of both sexes of L, polaris with A.
Vulgarxs shoyed thet oxygen consuzption in the two species
are ndt sxgn)f:\.cantly aifferent et p<0.05, On the other
hand if we select s different probability 1eve;, e may be
inle to ‘Getect “thetr diftérence. The oxygen: consumption rate

of A. vulgeris is higher than that” of L. polaris; but it is

s mostly thet-of:CaCO, and.therefore more non-;uyiratory'

tissfie and would consume less okygen.  The two species may

be of aifférent genetic make-up or different in.enzyme. sys—
teas snd biochem{cal' pathweys of metabolien, »Th’ere might be
considerable aisterences Ufimetiborde rate betiea species |
of the same size in the seme habitat, very active forms such
a5 the swimming creb Cillinectes have higher besal meta-
bolic rate than more -sluggish forms such as the spider crab
Libisie (Vernberg and Vernverg, 1970). As descrivea

previously, A.

vulgaris is.muck more sctive than L. polaris.
This probably leads tuvubpartiul explanation of the lower,

oxygen consumption of L. polaris than A

vulgaris. . .. ! i
Accoraing bo Kinne's clessitication sea’ stars Should :

be placed as atenohal_ine orgenisms, but ;m‘:yan (1966)




(6)

1T,

suggested that sea stars were more correctly classified as

poikilosmotic and euryhaline becsuse of their wide distiibu—

tion in the Baltic and North Sess..'Hence they could be con-*

sidbred as ‘scolopiesl suiyhadifily: osmoconfrnazs! ) =
_WitH both species higher salinity has a more’ serious

effect ‘on the axygen conjusption rate than lover salinity.

49 145%c0 the oxygen consumpnon of A. vulgari is much higher

thon %Hsb-o# B polarts k. 4n-i6%. ealinfty Chere Lsuns stus.

nifica:nt difference between the two species (Figs. .29-32).

This ‘suggests that at low salinities L. polaris’and ‘As-

vulgarls have the sens _ability to adept, butst rf?gher‘sul!:ni-

ties A. v\llg!ris has & gteater Coler&nce. |Theré yas, hoveyer,

.mo slgnihcanc difference between sexes within's species.

Short-Term 'Food Depnvanon Effect on Oxygu g

Consumption of Sea Star .

The jequation type used to estimate and compare both
species is &s follows:

ITE i d
1 108X+ yyi(ay 48112004

EID Y e ¥ : .
v EIL (o cbo )DL Tog X ;
43k k111! 9k 1% g o ’
) 3 i ij i3 . . &
here i [ = ape"ciu{]z' o e
g 1 = female
J = Bex {2 = male
. - © (1 = non-food deprivation
i f°°‘f‘ {2 ='food deprivation

= oxygen consumption (nl/animal/hr)

X = body veight
v
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for ‘the male of Asterias vulgaris. -
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Dy 1niucar.m- variable for cheh dombination of i, J,
_k,wher:x#l,.}#l k # 1, and D is equal

15k
" to one for e -particular i, j and k'in question

and zero Gtherwise.

I biJk‘ ik
i

The calculated equation wae expiesséd as follows by

- Shazdm Faompuber program:
Tog, Y = 2.9827 *»0.6185 log X - ...A.vulgaris (female) N D¥

(0.1142) (0.025T) | . ; 1w B

0.3532 D5, + 0.0908 Dlzz log X'+ wilgaris (male) DY
(0i21k2) -+ "-(0.0k83) ' :
u.oma“nzzz - 0:1199 D, LoEX < : L.polaris (male) D
X (0.1706), (0.0385).. - §

iy '» ¥ D3 2503 Dypy * 0. 0696 Dl21 log X - A‘.vulg‘n-is (male) N D
(0. 21!.2) (0.0493) g . s
.0.2487 D221 -'0.0563 D, log, X -
(0.1706) . (0.0385) e

F oo 0.0808 D,k 001220, 208, X -

(0.2615) " . (0.0364) E

o

; - 0.6761 Dy, +0.0523 D), 1og X -

(0.2363) (0.005k) )

L.polaris-(female) D

0.6011 Doy * 0.0369 Dayy. 1ogex' B ..:E.Eolm'ia (female) N D
‘(0.2363) (0-0553)°

non-food deprtvaticn
food deprivy

“are regression ;oerfi‘cie'nes.
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\
sinTandes; in parentheses are standefd error.
32 = 0.9718;  standard error of cstimate = 0:0979
Asalysis of Variance £ .

.7 i 88 ‘DR MS 3 F =
Explained 63.515 15 h.zz'r{" 440, 724
U;lexpluined 1.8418 . 192 0.0096
Totel 65.257 .207 0.31525°
Hypothesis Test:’ ‘between intercepts and regression, -

- ' [ coericient, : ol
‘_Kypoth?sis ' {,nﬂ.o_ Hypothesis t ratio
811" 81py 1169 (Ni8.) iy = byipy-  1ALS (Hes.)
.uu} LY -o;sooh(x.s.);ﬁll:l = b1]:2 -0.3329 ll.S.).
o1 azn' 2,544 -, i’111 = ;211 0.6661 (¥.5.)

L “-1.63 (A E i el 'h.lsio.o-

“122 7 1 -DA.bo:l' (35 bigp = by, 03390 (1)
ajpp % 8y, 1272 (N6.) byp = By, 1.5990 (5.5.)
%222 = 8pp » 17428 (8.5.) Byag & b;21 125700 (8.5.)
zzz,=.=2;z 2.817 , _’ ) ._Vi’zzé = “21;_ ‘3'Z°35.'
"1.21”= 221 - ~0107 '(N:8.)7 by, = by, - 2.b76%

Biay =i8aiy, T LoNBE (l{.s.)“'bzzl = by -L.GMT ('x;‘s;)
812 = %pyp v 2.519° B1ga " Ve -0.722_(5.8.)
a0 = 8pyy 0:257 (H.8.) oga by . 0.223 (m.8)
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Log Y ='2.982T + 0.8186 1v§=i

Log Y= 2.73k + 6.7623 1o0g X ...:L.poisris (male) WD

a8 . ‘128

A.vilgaris (female) N D

i

(unen Dypys Danps D153 Dp10 Diias Daiz, Poma
1 equal to zero) - 2
Log % = 2.6295 + 0.9095 log,X .-..A.vulgaris (--le) D
\
\‘y (when Dypp = 1,0 othervise)
Log Y = 2.9899 + 0.6987 log X ...:L.polaris (mele) D

(¥hen Dppp =130 ot.he'ryiﬂe]

7 -
Lo_geY =.2.732k +:0.8882 log X A.vulgaris (male) N D’

(when Doy = 1s 0 otherwise)

(vhen D, =1;.0 nhervise)

221

2.9019 + "0.8065 log > SRR

j.oga! .A vu;-ri (fema.le) n

_(vhen Dil = 13 o other'xse)

Log,¥ = 2.3066 + 0.8709 log X' «...L.polaris (female) =

(when Dyyp = 15 0 un‘mrviae) ,

polaris (female) W D

Log Y = 2.3817 + 0,8555 log X .o

(¥hen Déu =1;°0 otherwise)

‘Most carnivorous enimals are unable to withstand
proiongzd f‘uod deyrivatlnn, but Feder (1959) pointed out
that Pisanzr ochraceus (Brandt) could resist long periods
of stnrvntion, even longer-than & ynz-. From my observa-
tion, three A._vulgaris and three L. polaris vere found to"
survive more than tv¥o months without feeding. Glese (1966)
calculated that the storage of nutrients in séa urchins:




‘design an experiment in which sea stars were allowed to:

eat but were preventéd from epidermal absorption.

b 129
could last 90 days. The results presented im Figs. 33 and
3hesnowed thst 10 days of food deprivation did mot affect
4ha/ okygin. consunption in either sbecies. This iliustrates :
that the sea SCBI‘S did not hﬂve to ‘decrease axygen L‘nnsump—
tion in order to meet short-term food deprivation.

| Stephens and Schimske (1961) afso found that boti

Henricia end Asteries can remove mtﬂq yeine from & 2 uM

_s6lution in which r.ney are kept for several hours. By using '

dn autoradiographic method, Ferguson (1967) comcluded thet
the’ absorption of environmental aming acids (and probably

other compounds) by.the epidermis of sea sters. is ‘an impor-

“tant and often the prinéipal source of nutrition for the

cells meking up this tissue. Intermittent.oral.feeding

satisfies thé more general needs of the entire organism and

especially of the internel organs. Obviously this provides’ <

the evidence that sea stars can absorb some nutrients

‘ direqtly from ses water in.this manner if & sea star is

kept in consts.nt nutrient-rich vsea vn’te‘p. It should be
@ble-to survive s long period-of time without active z
feedins. Perhnys seA stars are snfflciently ve].l equip}:ed
ao that they need not. flnd ojﬂxer menhunisms to cnmpenaate
long périods of food deprivation. .This would tend %6~
support Feder's (1966) observations as described previonsly.

Ferguson (1967) pointed out that it would ‘be difficult to
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".Epidermal sbsorption of mutritiomal material did oceur,

2nd it wes reasonsble fo conclude that such sbsorption
: : § : 5

night de an importent factor in the ecomomy of these
: Ok S

_organians. : i

Experimentel data described herein illustrates that

A. yulgeris-and L. polaris have-no significant differences

‘both with end Without short-term food deprivation. But the

“oxygen consumption of A. vulgaris when deprived of food is

still higher then that of L. polaris, and this implies & "

possible dfsadvantage for survival in lov ‘temperative tor

A. yulgaris (Figs. 33-34). In winter fev A. yulgarie are
found neer low water where most mussels live, and mussels

are bhe:nnin_fuml source for A. vulgaris and L. polaris in
n{_i. eree. A. yulgeris migrates to deeper areas during the
vlnte; time possibly to avoid Bevere cold temperatures ué
rough seag.  There, they would have difficulty in obtaining
-u;uls,)mi 1% could be assumed thet epidermal absorption - - £
of nutritional material may play-an active role during
thic-time. However, prolonged food deprivetion may still

affect their mctdvities as Perguson (1967) pointed out that

* epidermsl ‘sbsorption of exogerous nutrients ves & continuous
process while normal feeding was a discontinuous ome. The .
i /f

 1ptter provided nutrition for internsl regions of body asd

the former nourised more externsl tissues. The two

processes may. balance each other: If the Sea stdr were
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Fig. 3 )
Regression. lines of oxygen consumption on body weight at
10 gays food deprivation for, Leptasterias polaris.’
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LEAST 'SQUARE FIT - POWER CURVE (¥ = ax. )

¥ -AXIS ¥ . A¥IS
19.885260760 = a i
698655748 = b
-984705365 = r 3,
“27=n L :
0°C ‘= temp. %
4 male = gex F} 4
3 ‘ 3
+ '
2
o T
7 ‘X AXTS URIT =100.grams(body weight) - ONE X AXIS UFIT =40.grams(body weight).
# gg ]1( :xxs UNIT' w400, ul. /animal /hr. 0, ' ORE Y AXIS UNIT «200.ul./animal/hr.(0,
= ; consumption.) - .. 1. SN consumption. )
1 o2 3 4 X Axis A o g 3 4

nET
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Sreviuths” Sroan utilizing either one of theie sources it
night ot survive. Appur;snbly; short-tern food deprivation''
at J.ov,é temneracure seems to heve no ‘serious erfe:t on

their mejor physiclogical activities, but long-term annu-

tion may.pode a threat for survival. :Furthermore, A.
. o

2
vulgaris cc\lld not take. up amino scids as well as polaris

“atd0ver tenserature: o5, shown ‘ster; also they st11% muin-
, tained’ higher oxygen chs\unptxun than L. polaris for Ahart—
term 1oad‘5iepr1imnon. This gives some evidence to explnin
" the distribution.of A. vulgaris as 11m1’ced $6 Deaing . FegLois

and that it tould not* ccmpete Wh:h L. golnris—'"imhi:gb Arctic

regions.

(7 'Tiss\le Resgix‘stiun ; A L -
e Krevs (1950) inveatisuted the. réspiration of aie-

ferént mamm;nan ‘tissues add reported that Q 0, values ‘of ",

"tisshes in larger animals were usually somevhat lower tz’mn’v
the homoiogo‘}; Values of the smaller specied, with some.
exceptions., n;-nuc't parallelism exists bet'veen‘the a0,

' values of homologoua tissues and the \masu heat production -

" per unit Body, veight of the intacb enimal. Bertslunffy
and Pirozyn!ki (1953) s‘nuv:d that the body sizes of

v orgnnxsm have. a: detxnite correletion with 4 % m-cgt,u

tis!ues, but’ not ip 811, szmu\xth et 31. (19bb) in.their

1nvestlgn%cn on the rela.zion between . size and tisu\le

us;irwiqnun the X615 nrab and other cx'\lstm:esns founa




\ v

RS = 2 -

a decresse in oxygen uptake of tissyes with incressing

body siges. Vernberg (1954) stadied g=r§n; tglensts:»hnd
;;reed'viy;h Bertalanffy and-Pirozynski's conelusion.. -
‘n;he‘sr and Scott (1960) noted that -the respiration rates

of gill and kidney tissues in the cutthroat trout decréased

. with- inereesing body. weights (very low correlation-coef: .

. ficient end wide vdrfation of vuuu)‘ but the exponent'of

body weights dj.ﬂ not appear in keeping with the surface

srea rule (0. 75) =
@

Giese (1966 and 1967) remerked ‘that the respiratory -

! rite of both body-wall and lantern of the sea urchin

‘wére preponioixu to their’ protein content.

declified with an increase in body size, and in gemeral,

fon ratesiof vericus tissues of the sea urchin

The data he .
presented on some ses stars and sea urchins showed body
fluids with the lowest re;‘;u.rlticn rate and testes (nmren
with the highest rate.

Ferguson (msh)_pnim;d_ouc thet coelomic fluid
vas the most important medium of Tramsport mna coelomoeytes

of A. forbesi did not store large emounts of nutrients.

The lowest rate of respirstion was found in' the perivisceral

fluid vhich vas lov in protein content and was kuown to -,
have relatively few'cells. This suggested that metaboli-
cally it was & relatively inert body component (Boolootian

and Giese, 1958). “
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The r:sulhs of the present study in Tables 6a aqé
6b show that. 20 out of 48 ré};resston lines of the log- weight
specific metabolism (log M's & + b iog W) “have no, correla-
tion. ' Moreover; the éxponents with high Varintios 6 hot
slwa&s correspond to -0.25 or surface area rulé (-0.34). »
It was surprising that the oxygen consumption rate of gunld
tissue in the male .of both species ‘at s temperature of 15°C’
shoved, a positive regression co‘effxcxent, with (b -1) values
) _ of 0.73 for L. pdlaris and 0.68 for A.
. The correlation coefficient also was significent at level

[ P<0.05. This could be explained if the sea stars used in
‘thé experiments were mature and there vere more prudounted
bursts of sperm activity in both Fosdse VHETFEN [abadenETa

: & : s o
torn by scissorg durinz experi{entation. A'greater body

. velght of the sea star would be likely to produce more. sperm,

“which in'turn vould dontritute to & higher oxygen cunsump—
tion. ' The. present’ study was somewhat similer to the
= _previuus reports (Krehs, 19503 sertuuugfy nnd Pirozynski,
v 19533 Holmes and Scott, 1960), end ASasnatzaked A tendency -
%ox, & gensraiiduveree relationunip to sxied vetwee
oxygen consumpbiin rite by isolsted tissueb (in vitro)
aid body sizes It still remains unknown 1if the wide
‘variatigh of tissue respiration originated from eogenous
or. endogenous rucnﬁr's. Hovever; the: aiversitied resulca
shown’ in 'l‘a-'hles 6e and Sb created ditricultiea in comparing

innraspe‘cific end interspecific size dependencé. of tissue

vulgaris respectively..
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" Table 6a. Oxygen tomsumption rate of various tissues in v/
. relation to body weight at 15°C. . % [ /
Species | L.polaris - A.vul L.polaris A. is
Tissue and (female] (female (ale) (mle; A
BSex >
: A=2 =32 m=27 N=20
233l ® i ook . 0.362 . 0.0037  0.0088
: | Gomad p##  _0,0028 -0:1399 41,2079 +1.4051
5 r"l‘ﬂ‘ ~-0.003 =0.09 & 00.73'( +0.68* i
% a 1.6210 0.2763
Hanels » -0.3927 4
. cacoun - ik
i a 2.0592
Coelomic
fluid b ) X
s 0774
s b -0.3770 ’
e = -0.62%
a 0.72k6
Stomach b -0.3368
- r <0.59%
a 0.2002
Lo ® -0.0998
vSor -0.29
1 numbers of sea” azus -~ : gy
#hg intercept cors
v ##fy = slope s
|- ##fx = correlation coefficient - 8%
" . a e
/ 4 Gl
i . :
i L v
1 . < )
, IL




z
Table 6b. Oxygen consumption rate of various nuue- in
relation to body, ve).ght 8t.59C.
L.polari. ;\ ari L. 3 A aris
. s A s L. 5 A: s
speten  LERlEh AOESE MRS SRS
Tissue and
i =15 §=20 NE17 . ¥=18
o 0.2917 0.374k 0.0607  0.0816
Gonad vt 2 L[ -0.1970  -0.303L
P -0.32 -0.56%"
0.216 . ".0.9658" *
Pyloric
b -0.4603 -0.7733
caecum ' © Toow i
=y
Coelmic & 2.7699 6.9737 1.4808 , s5.M172
fluid b —o.zgs -0.3618 -0.0677 - -0.3547
-0. 4 -0.k2 ~0.37 -0.58%
a 0.2355 0.1179 “0.0362. --0.1496
i b -0.5105 -0.2269 -0.09E1 -07k388
< r -0.66% -0.26 - - -0.L*
£ . 0.5320 - 0.kOS0 *  0.095 0.799
Stomech b -0.6815 -0.5891 -0.2691_ -0.7810
r -0.75% ° -0.57* -0.57% * -0,
o a o.191 00338 . - 0.0M63
";:1“’1' . » -0.5915 -0.2153  -0.2%60
r -0.73% -0.5% -0.39

nubers of sea stars |
intercept

slope. . S
correlation coefficient
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i ¥ 7 . - N
metabolisn. * Therefors a certain range in Table Ta and/Tb
(bb-é‘b;) Gf sea stars was selected td increase the relias
bitity, snd ‘the Stuiewt-Nevian-¥ou1, ‘test was phsrorya 1a

.order to collate with differences between interspecies or

intraspecies: ‘Table 8 shows that oxygen consumption of

: coelomic fluid has‘the lowest oxygen consumption rate. among

the tissues within a- species and is significantly different

from the rest of the tissues. It i$ expected that the

dhrentirendii s say 3 B dlvene dhuveee baueetads
consume less oxygen. The gnnsda of the male in both speciés
‘at 15°C had the highest ke’ v which vas significantly aif-
forént trom the rest of the tissues. This has been explained
previously. Although there was no ;xgnincun@' difference in
the oxygen eunaumpu,sn rate of body wall, tube feet, stomach,’
pyloric cacce and, gunad»(imm§\ﬁre or'at low temperuunrex),

Ve can sS4l detect thEt-tH body wall always has the lowest:
rate of oxygen consuiption. The body wall possibly has &

low oxygen consumption because the composftion of, the body
vell fs mostly non-living skeletal plate. When eonparing’

the. other tissues, gonads showed very low matabolism if they
tre immafure op under lower temperature conditions.. Hovever,
contTery to Glese's finding; the tube feet did §ot always
atiaw, higher oxygen consumption rs.te, but thb,,.gylcric cdecum
showed the highest oxygen consumption rate. Th faét these
tissues--the tube réeg:. goned (immature), stomach end

pyloric caecun--indicated no significant. differemce among
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Table ‘Tb.. Oxygen consumption Tate (yl/mg/hr) of varioys tissues in sea star at
temperature 5°C (body weight of sea star range from 40 g to 60 g)-

Species & Sex ~Body weight Gonad pyloric caecum coelamic fluid# = tube feet stomach body wall
. £ 5 46.29 © 0.189 .  0.168 2.263 0.166 0.175 - 0.159
L.polaris 47.80 0.365 ©0.297 2.420 0.1L6 0.166 0.112 &
3 49,00 - 0.095-° 0.135 2.313, 0,140 . 0.146 0.129
(female) 53.00 0.213 . 0.305 - 1.625. +0.139 0.165 0.175
& " 54.88 0.228 0.169 2.054 0.159 0.143 0.158 .
P L5.25 6.284 0.227 9.292 0.19% 0.429 0.105
. °  A.vuigarie L6.45 0.127 0.221 7.928 0.158 0.280 0.135
Sh.1k 0.209 0.310 T.135 0.1k "~ 0.189 0.106
- (female) ©55.23 0.214 0.280 6.232 0.486. 0.278 0.133
S S A 58.49 0.269 0.198 6.285 S 0.324 0.39% 0.137~
h = hs.27 0.235 0.302 1.246 0.235 .0.225 . 0.115
L.polaris 48.86 - . 0.251 0.315 0.828 0.130 0.238 0.136
51.54 1:205 0.ko3 1.137 0.176 0.209 0.150
(male) t52.71 0.266 0:311 ¥ 62k 0.183 0.19% 0.128
t 56.23 1.049 0:346 1.548 0.193 0.128 0.152
42.85 * 0.682 0.271 9.58k 0.139 . 0.509 0.123
A.vulgaris 47.52 ,0.353 0.261 8.541 0.159 0.426 0.168
. 4 51.93 1.926 0.243 T.962¢ 0.167. 0.483 0.163
(male) . 55.29 2.132 0.269 8.486 «0.166 0.327 0.158 =
- - . 56.7h 2.k10 0.27k T-399 0.1k2 0:k15 0.161 -
) #njec/hr 0, consumption rate
. ~ =
. : U - 5
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Table 8. Comparisons of oxygen consumption rate (41/mg/hr) of various tissues in sea star within a ;
speciés under temperatures 15°C and 5°C (based on body weight of sea star. Range from 40 g
> to 60 g, end the Student-Nevman-Keuls test vere used to.measure difference among means. (p,€0:05)-

Species. Temp. Sex  Tissues:

L.poleris- 15°C . female Body wall' :Tibe feet  Stomach  Pyloric caécm Gonad  Coelomic- fluid
##9.146 0.1500 0.1590 0.2150 0.2180 2.1354 , i
A.vulgeris 15°C female Body wall = Comad  Byloric Caecum Tube feet Stomach - Coelamic fluid
3 0.1232 " ‘. . 0.2246 0.247 . 0.2550 0.31h © 7.37hLE
i L.poleris. 15°C male  Body wall - Tibe feet tomach . Pyloric caecun  Gonad## Coelomic fluid
B R 0.13k2 0.1834 0.1968 0.335h . 0.6012 14766
Avwlgeris 15°C male  Body vall -Tube feet Pyloric csecum Stcmach  ©  Goned Coelomic: fluid
. 0.1546 0.1546 0.2636 0.4320 1.5060f## " 8.39034 -
L.polaris  5°C female Body wall - Tube feet Gonad Stomach. Pyloric .caccum  Coelomic ‘mqm
. e 0.017h 0.0288 0.0302 \ 0.0336 0.0l 1.15644
A.vulgaris 5°C female Body wall Gonad Stomach Pyloric caecum | Tube feet Coelemic fluid 3
Q.ozoh 0.0432 0.0438 0.0482 0.0570 1.8692#
> L.pblaris  5°C ‘male - Body wal Tube feet - Gonad Stamech Pyloric caecum  Coelamic fluid
- " ) . 0. 01514 0.02k 0.0312 0.0340 0.0350 © 1.21664 <
A.vulgeris 5°C' male  Body well  Gomed - -  Tube feet Stomach Pyloric caecum  Coelomic fluid .
] 0.0194 0.0254 - 0.0272 0.0358 —0.0bh2 - 1.233% A

T
= ‘#ir/ce/hr 0, consumption rate
-##poyvle umm-lmes indicate not significently different among:them. s
Hhature . ) "




them-in terms. 6£ orygen consumptios rate.

Thus, it can be concluded that body wall ena
coelomic #1uid consume less oxygen among the tissues
within & species regardless of tempersture. Table 9 shows
that the difference of oxygen consumppion in different
tissues between' species and sex are incomsistent, but over—:
@1l A. vulgaris had o' higher average oxygen comsuaption rate
than L. polaris.at two différent temperatures. It is dif-
ficult to explain why the oxygen comsumpbion r.st; of
coelonic fluid of A. vulgario at 15°C increased so much,
but not in L. polaris. Is it possible for A. yulgaris to
incréase ity mctivities of coelomocytes at this temperature.
which ii almost t.he. upper limit of L. polaris and in ﬁ’\-\rl‘;
contribute to a higher oxygen consumption rate of coelomic

fluid?

1t #s expected that high Q) velues in gonads or
male A. yulgsris snd L. Polaris (Table 10) especially in
A. vulgaris is & part.'ieular case, bechuse gonads in low
tegperatires are immature and inactive. The gonkds of
the mele A. :vulgaris are mature and spern are actively
functicning at higher temperaturas, therefore high~'Qm
values are obtaimed. On the'other hand, Q, valies in.the
mele gonads of L. polaris & nof™es high as A. aigart
This could be’because L. polaris 'in'the !“ange of hud:;
_weight (40-60g) were-not 8o mature, or it could’be thét !

the sperm were more active than in A. vulgaris.




hr) in various tissues among sea stars undnx'

Table 9.' Comparisons of oxygen consumption rate (il/mg/hr
temperatures 150C and 5°C (based on Table 1 and the Student-Newman-Keuls tests were
to measure difference among means p < 0. 05) g .
Temp. Tissue . Species and Sex T
5°C * Gonad Avulgaris (M)#  Lpolafls (F)## - L.poleris (M) .  A.vulgaris (F)
#2448 0.025) 20.0302 . 0.0312 0.0432
», :
5°c Pyloric L.poleris (M) L.polaris ) A.yulgaris (M) A.%un (%)
caeum 0.0350 0.042 0.0442 0.0
5% Coelomi L.polaris (F) S is (M) A.vulgaris (M) A.yulgaris (F)
3 Pserrg ¥ 132'& e . _. . PEES = 1.55“2 ~
°C  Tube feet - L.polaris (M A 18 (M) __Lepoleris (F) A.vulgaris (F)
0 B rust | - Lopclasis ) plgerte () Luclens (1) Ajilge
5°C  Stomach L.polaris (F) olaris (M) A.ulgaris (M) A.vulgaris (F)
. 0.0336 .03 0.0358_° 0.0L3!
5°C  Body well L.polaris (M) L.polaris (F) A. s (M) A. aris (¥)
§ 0.015! 0,017 0.019% 0.020!
15°C  Gonaa is (F) is (F) Lpolaris (M) A.yulgaris (M)
o iy et ( Linglarts Al
15°C Pyloric" L.polaris (F) A.vulgaris (F) A.vulgaris (M)  L.polaris (M)
caecum - _ - 0.2150 02470 - 0.2636 0.335!
» 15% :ﬁ;‘#ﬁ Lepolaria (M) L.polaris (F) - A-vulgaris () A.vulgeris (M)
. : 214766 2.135 7374k 42
n 15°C* Tube feet L.polaris. (F) A 18 (M) L:.polaris (M) A.vulgeris (M)
by e . 0.1500 0,156 0.1835 0.2550 .
15°C * Stomach L;polaris (7) L.polaris (M) Andgeris (F) A 3;:1- (M)
O. 0.1 0.318 b
. 15°C Bodywall - . A.vulgaris (F) L.polaris (M) leris (F) Acyulgarts (M)
0.1232 * 0.1460 .15

1/cc/br 02 consumption rate
= male

i

e nuum A48 thdtodh 62 1 nimificmt dttterence anong then.

ot
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Table 10, Q) values’ 59 - 15°C. (ody weight 40 - 60 g)

, .
) “Spectes  Sex  Cmad  Pyloric caccus Coelmic fluid Tube feet  Stomsch  Body vall s
L.polaris - (F) 7.2185.  5.0708 1.8462 5.2083 L1321 . -8.3908 ) : |
: Lopolaris (W) - 19.2692 9.582% 1.2137 7.6817 5.7882 sy ".’
. _ Awulgaris (F) = 5.1990 . 5.1265 - 3.9452 nblgg 7689 soe\ " ¢ i
’ Aﬁ 1M 59,0787 " 5.9638 6.8080 5.6838 12.0670. T.9691 . . ;
-
2 g :
|
40\
3
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at 5°0, values of the tissues in the male,of both.

20
species (if gonad is omitted due to active functional spernm).

are higher than those for.the fémale, Apparently, it seems
to.be that the males of both species were slightly more

sensitive to the change of temperature; however, there is

,no evidence to confirm this. phenomenon. oy 8t ‘the tissue

level in- both species showed no significant differences.

Temperature coerﬂ[iew{charuterhﬂcs showed that L.
polaris is not mor «{dnnnged then A. vulgaris (2 10w @y

would indiate more Buccess in adepting ‘to lov tempernture)

"It may be true that Qm values at temperatures at o ¢ and

below 0°C dlsplay .different characteristics.

Thé Moving Speed snd Righting Response
Time of Ses Stars

(&) The Moving Speed .of Sea ftars

‘\ N shown above, the woving speed of A. yulgaris

s faster than L. poleris at cach tempersture. . At the

Tover tempsrature (0°), although the. moving speed of

A. vulgaric is higher than that of L. polaris, A. ‘vulgaris
has siowed down considerablymore tien L. poleris. This
phenomenon perhaps indicates that A. yulgaris is still

able to survive st the lower temperature; but is mot so

well adapted as L. polsris.

!
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Tsble 11. Statistical emalysis of moving speed and body
" weight vith comparison betveen species under
aifferent temperatures.

Avbz'e(e moving upeed /| correlation coefficient

i .)
* species m;( c) S ?tn’du-d amivbion (body wt. and noving rpeed)

Ayulgaris .- 15 t ompsa, 19 11030.05 = -0.2957 (n.8.)
Lipolaris 15 6.2+ 2.29 .1050.05.= ~0.06  (f.5:)
Avidgaris ) 50 % 130 18;0.05 = ~0.1797(K.8.)-
L.polaris 0 fnmsans, . Tei0u05s o.zn'r::& (xs.)

Y
2o for each species the moving speed at different témperatures
or for each temperature. The speed of aifférent species vere
compared Iy usiagt test. (~
hAﬂ 1u(beweeun°c[lx£s°c) tye mgp = 6.080% oy
L.polaris (mmbcnxs"c) Y =30 = 3.843%

o,

o’ (between A.. s & = Iy e
7 E.MM Yie = g7 2066T%
15% (Between A. is 4 b, =,, = 2.67%
: e e % /
ested.nd fomd to be significent d@ifference at p = 0.05. e
L3




! Table 12. scmisﬂm anul,yuis of rigxting response tine and uw
veight .(regression’ lines) with cmpuism ‘between species
uder aiferent tempariture. .- "% !

. Temp. L (corredation
. No. Speedes. €Oc) u.i(binterce'pl) bX (slop&): ' r . coefficient)

1 Ayugeris -0 L06.895H hasii 0.55% (§=18)
"2 Gipolarts +O | STT.07H 6.0131 0:68% (n-22)
3. Lpolars “15 | ~W7.3134 A58 Y 088 (ne0)
4 oA rig' 15 . . ‘539618 13397 : a'79- (ie2k)

i nypomesss fest z (me ‘methods Vere used as descri\:ed previam],y). o8

Hypotteils .  t:¥stio Hypothesis t'ratio
12 agm,. T -0.248 (NIS) by, . 1.325 (n.s_.') g
ey ) ,. -3.208% By, -1.9né (n.s.) 3,
Y23 e 2.3\ by -’_, - ‘0.95'1 xs.)
3-h- agmy, -0.56} (N.8.) ey, ~1.137" (n.s )

: B

it 2 ¥
e regresiion ines shown in Table 12 u.nd Figs.
35 and 36 between, species ot each temperature do ot shov
a acstuuuany siguificant d1fference, but exminnian
shovs the t° uno of the. slope’ beween the two spenles ap
each tenpergture is much ‘higher then " the t ru;o of the
Thterusnts  Jvia v wlnne hutuie spentes, sy aeh enpes

tute was not significantly different statistically. We cen

8till detect ‘that the larger specimens of Al yulgeris
; s : i




L iy 4
¢ i
% 39
E ; 5
5 :
b rig. 35
5 % ;

sion lines of righting resps
. at 0°¢ for sea st

‘




S g e
555k

LINEAR RECRESSION ANALYSIS (y = at0) + a(l)x )
Z ‘ e 8 -

) AxIS
Taaeannng = age) -0 )
6.,843086553 a(l] . e o2
1670290579 = £ - - T
56.92769436
32 =
0°C = icmp. e N 4

406.89538406
4.25710941°
L54g18418
161097933262
i

o

Asteriae vulaaris

7 . - .
ONT X AXTS T'IT » 40 grams(body \a'eim;t)'

AXTS UNIT = 20 grams(hody weight) ¢
Y AXIS UXIT = 400 seconds( Tim )“ ' ONF Y AXIS I a 400 seconds(’ time
: e A % A L s . 2 Sded
1 2 3 Kl X AXIS 1 2 Bre B

B (e
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" Regression lines of, righting response time on body weight

Fig. 36

at 15°C for sea stars. . '




LINEAR REGRESSION ANALYSIS (y = a(0) +.a(l)x )

¥ axis Y Av1s
“ansi sy < 53961614652 = '.{o
| 883188967 = ¢ i 13erarsl) = ad
43:029274909. = Bixam). ° a1l 503853492 = Stx.y)
. *» =n 4
4 1570 = -tenp: 4 15 'c‘ = "temp.
Leptasterias polarie ® :
3 3.
9 & - 2
“
1 2 1
: . ONE x Aus UNIT = 40 graas(bo welkh‘»‘-) ONE X AXIS znu’ = 40 grame(body veight)
i OFE Y AYJS UXIT = 100 seconds( Time ) ONE Y AYIS UNIT = 100 seconds( Time )
=1 ¥3 3 4. X AXIS RN AT T
Vi, ! %
. 5 .
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required less i‘ighcing time than L. polaris “ the same
temperatyres .This s ‘aue to the larger L. Eolﬂris being
nore caleitied. They are stiffer and less flexibie than

| A vulgeris, so they have a lomger rightiig time. ‘However,
\‘ temperature has the most predominant effect on righting
\reaction time over a wide range of body weight. This g
\

‘inplies that at higher temperature the physiological
B\,ptlvltiex are accelerated and the righting reaction time ©
w1\11 be shorter within s sergein zange. Bach regresamn
* line'indicates that with an increase in body size there is
an increase in righting resction time within e species of'
asteroid. Iy this study, I should ada obsérvetion that
the larger L. poleris usually perforn the tifip Rebhod for
righting themselves. In cpia method, the righting time
was longer. S6me L. poleris even took more than: two hours.
This righting néthod’ would have‘ less survival advantage.

However, tHe tube feet of L. polaris are quite stromg and
their pulling’ capacity 15 higher than A. vulgaf{s (personal
observation), therefore they would be less likely to be
tursed onto their absial ‘Burtace by yhysieal factors (g.€hs
et bente: tusienbiy dkii)y anfinisenidit compengate for

the weak point described above.

) Lebelled AninolAcid Uptake of Tissues

at Different Temperatures i

. B N 3 - 3
* Data. from preliminary experiments revealed that

alenine’Yiptake by pyloric caeca of ses stars is approxi-

. mately linear for' up to three hours. Therefore an incuba-

tion- period of three hours was chosen for all subsequent




Fid

um.ne experiments.

Uptake ofming actd wes massired oa igroups of wea
stars of approximately the same body size st -0°¢ ana 15%
for both L. polaris pnd A. vularis (Table 13). Mean speei-
fic activity levels IP\‘I !t!.nﬂlrd d!‘v‘iltien! were as followd:

280t

At 0°C were 354 cpm/OD + 21.2132 for A.vulgaris (N=h)

and 480 cpu/0p28® + 93.6098 for L.polaris (§=5)

280

At 25°C vere 989 <pa/0D°°"+ 139.9220 for A.vulgaris (N=5)

and 814 apa/0p®%®

+ 59.2984 for L.polaris (KN=35).
Stydent's t test was used to test for significant differences
(p < 0.05) between the means, as shown in the table. The
aminé acid uptake o:r L. polaris wag 1.36 times higher than

that of A. yulgaris at 0°C. * On the other hand, uptake in A.

vulgaris was about 1.21 times highe¥ than i#"L. polaris at
15%. '
The oxygen consumption rate of\L. polaris »i! much

lower then. that of A. vulgaris =t 0°F, but its uytnke‘ of
aiipo acit is higher than in A. yulgaris. . This implies that
L. polaris mey be sble to cninnex'sane share of its food
sneo prntei\’: essimilation and also that L. polar aris may con-
tinue 6 funétion nt!lfutorily and even to grov in this
lover thermal range. 0% the other nang, rt the higher
temperature (15°C), the metabolic rete nr‘lki poleris is
uimun the same as that of A. vulgaris, as shown in the

previous results, but. the uptske Of aminc jacid is reversed.’

A review of the dlltrihution ? these two -peexe- 5

indicates that L. polaris is.a vores] ana Aretie lpeexel




Table 13: ' Amino acid (alanine) uptake by the pyloric caecum
of sea ster.

Specific Activity epa 000 .

Body
Tep:  Species’ Bex  Welght 1hr 2hr |3hr

4
.vulgaris Female 5k.71 256 280 329 T=
nigeris Femsle 58.2k 160 hlo gk Averese X =3
.vulgaris - Male h2.78 i 3? Stindard Deviation
o0 A-yulgaris  Male 51.37 369 2512132 (w=h)

.polaris Male = 60.53 b1l - 4T3 . 593 Average ¥ = 80.L
‘polaris . Male 6433 369 531 565 (3 2r)

49.11 387
’ Standerd Deviation

55.65 - Jihsg B i

61.70 405 93.6098 (n-s)

ShiT6 k32 927 959~ Averege X = 989.2
58.92 ko1 615 807 (3 nr
65.10 © 522 906 ‘1197

)

45.09 5 969'/ Standard Deviation
h2.39 E 101k - = 139.922 (W=5)
67.41, .582. - 839 853 Average R= Blh.k°
59.28 625. 881 896 (3 br)
56.70 ' 368.9 7639 793 .
51.0k Th" - Standard Deviation

62.0L 782 = 59.2984 (N=5)

t ‘test for the differ- t test for the differ-- t test/for the differ-

ence of the mean ence.of the mean , ence of the mean

Detween the species & be- between the ppecies & be- between the species & be-

tween “teap.within speclesiween te_mg.u{thm species tween temp.within: species

CoBin 2 To NG G

o C(A.v.& L.p)=1.54 U.C(A-!»& L.p)=2.6129% ”A.l(ls"c  0°¢)=8. 876+
B3 v T | = cata T

o Lp)=1.199 %15%0(8.v. 80 p)=2.572%  L.p(15° & 0%)=6.T30%
af % Usb ar=8

(0% & 15°C)=0.263 ' \
=7

(s, ar
269 i -

~u,p(0% & 15°
(n.5.)- af

)
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‘Lebrador feuna.

v
and is rarely found -in regions avove 15°C. Perhaps this
temperature is the upper liast !or its range, whereas A.-
vulgaris is a temperate species and .at low temperasture (0° c)
probably approach their lover range limit. They may be able
to tolerate a short-term :7‘1 of exposure to upper or

lower limits without any berm to their physiological func-

tien,’ﬁ%ﬁg-tnn existence under such conditions may
lead to sevele damage to physiological processes and pose g
threat ' to its. survival. . S )

i

The Geographic Distribution of Msteri
vulgerias ‘and Leptasterias polaris

| Verrill (1895) reportea that cha distribution of A.

J.\giru ranged from 0 to 350 fathoms (0-6kom): -He imdi-’
¢ated that it-could be foun in sh-.\lov water from the
eastern part of Long Inl.na Sound to Lebrador; . in adep

vater it ranged southward as far as off Cape Hatteras. '

Gray et el. (1968) elso showed that.this species was dis-

tributed from Labrador to Cepe Hatteras. However, Grainger
(1964) in bis report of the Blue Dolphin Expedition to

Labrador, stated that existence of :hq- species had not ]

_been Wun the Strait ‘of Belle Isle or morth of

there, and therefore it was not properly & member of the

A. yulgeris mey be, shown to reach Caribou .

Islend ih the Sprait of Belle Tsle, but it vas doubbtrul

that it reached farther northward from the gbove are

41d mot_include A. vulgaris in the 1ist in his book . '




Strait of Belle:

158
: : >,
"Sea Stars ol’_ér‘ctic North America" (Grainger, .1966).
Parkard (1863) collected this species near Caribou Island
which is situated in the extreme mortheast corner of the:

Gulf of St. Lawrence in Québec, near the eNcé to the

sle.. .On the other hand, A. vulgeris has
been found at Cov Head, Northern Feninaula, Newfoundland
(Lilly, 1968) i Rokert Hooper (personal communication);,
in his 19vesckgnion at the entrance to the Strait of Belle
Isle, ;n‘entioned_ thatkﬂ. vulgaris did occur on the west
coast of uewfo)indlaf;d and at 'sb.' Anthony. . He further
stated that A. yulgaris was very widely distributed over

the entire coast ot Nevfoundland; but he failed to find

“4his species on the cosst around the Québec ard Lebrador

border, or !'\n‘ther nul‘th. His account ngreed with
Grainger s (196“) statement. ” N

Bowstield (1951) shoved the ‘distribution of certain

" pelagic Amphipoda in the Strait of Felle Isle was cor-

related with ocedn currents. In general, the cold Labrador

current flova, Lita the Gulr along the north side of Belle

: Iala Strait, and warm water, from the culr of §t: Lawrence

moves out to the Atlantic Ocean ‘along the south side of
the S‘craic. Ii & study ot genstrophil: currents in this area,
Halley (1958) end m-snbn {1911‘), also reported an inward
novement of Labrador coaat, er on the Lab!‘a\iar uae and
an outflow of the Galf ¥ater on the Newfoundland side. A

possible’ explanation why few A

, A.°vulgar¥s were found on the
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Labrador side of the ;éruc of Belle Isle could be-that
the' Labrador purrent. would sweep any pelagic larvae of Al
vulgaris (planktonic type) farther south. on the other
hand, the outflow of Gulf water moving to the tip of the
Northern Penimsula of Newfoundland is deflected by the -
main Labrador.cold current and flows to the east coast of.
the Northern Peninsuls, 5o that ‘A. vulgaris is found in that
erea. -Hemce, A. yulgaris, just as the amphipods mentioned
by Bousticla (1951), cen be onanskun us wn aReitareraE b W
water from the Gulf of St. Lavrence. ' A. yulgaris can be
found from Québec to Msssachusetts around the shore,” but
farthér south most .A: yulgsris aré found in deeper cold
Weter. Ernst (1967) showed that A. vulgarisvere distri-
buted ‘around: the east coast (Atlantic side) of Long Island,
New York, but not inside Long Island Sound, wheie.he could
collect only A. forbesi. He aldo collected some A.
vulgaris along the New Jersey comst, but they weré not as
cQemon as A, forbesi. Bell (quoted by Whiteayes; 1901)
‘réported the presence of A. yulgaris at the en’trunge of
Hudson Streit. This, however, is questfoAsble hecause the Low
temperature would not be suitable for their survival, amd
his record is undoubtedly an error.

. Tortomese (1963) proposed that A. yulgeris was’ con-
specific to‘A. rubens. 0'Brien (1973) in his Ph.D. thesis
used theé néme A. rubens instead of thése two lpe_l:i/es-‘

Untortunately] the few specimens of A. rubens dnd A. forbesi
3 1
.




thet I have examined were not in good condition. Follow-
. ) =

ing Coe's classification, I found that.A. rubens would be.
rather closer to A. vulgaris than to A. forbesi, especially
in the présence of.spines forming & rather distinct median
longitudinal row on the aboral side of each ray. The row
n is fndistinct in A. forbesi, Aldo the rays-are pointed at
the ends whereas the tips of A. forbesi.are more rounded.
Loosanoff (1954) reported that the average length
57,406 Sednele Dertod ob Tasve 0f K. Lorbeckwawabout 52
days. If A. vulgaris nas 4 §iniler average ‘tine ihen +his
18k parioR aiahE e Hartélens Fay Eraneportation b tne

lervae across the Atlantic Ocean, so it is possible that @

. rubens in Europe mey have originated from North America.

i £ Mortensen (1932).pointed out that A. rubems found = 6

l 4 on the west codst of Greenlsnd might have 'come from Europe

or from the Atlantic coast of North America, and suggested

that A. rubens could have been transported there on the

to West Greenland by the cuFRanta soeks’ very “Lmy sble.

| . Mortensen further naved as ronwsy

mentioned above'that.a large specimen of A. rubens
was taken already in 1895 by the Ingolf Rxpeditinn .
off the Ameralik FPjord proves that its appearance - i
in the Greenland Sea cennot be due to the increase
in temperature in the very latest years. Also,
the possible identity of the North American A.
l o vulgeris with the North European A. rubens makes N
i
|
|

[ : . Hovever, the matter foltauren simple. The fact

it quite possible that the ‘species in question may
have immigrated into the Greenland Sea from the
North American coasts, not from the Europe seas.




But whichever way it has come, the recent

appearance of this sea star in the Greenland Sea

is an event of very comsiderable zoogeographical

interest.

= 2

The question to be answered is why A. yulgeris ere not
found on the Labrador coast, but are found on the west
coast of Greenland (if A. yulgaris = A. rubens). Trans-

pcrtntion.a‘n a-ship bgttom seems highly unlikely since the

. adhesive pouex‘ of A: ynlgaris is rather weak and they would

S

.easily have been dislodged by the ship. moving through the

-
water. It sdems $éssivie that these two species avoid the

~high Anuc cold currents ~like the Labrador and Eastern

Greenland current, and that the warmer Irminger current

from Europe 'contribute to their presence off west Green-
v f

.

lend. .
L. polaris is a highly .variable species. It has
been r;eported es ‘distributed from George's Bank gnd New

Englend to Greenland (Vérri11, 1895;- Grninger, 19(&), but

a rkviev of the 1itcracure shovs thnt tnis upeniu bas

heen found in' the Gulf of st-vnuu"nu, off the Fova
Scogia coast’ (Atlantic side) and George's Bank, but not
right on the coast'of New England and Hew Br:msvicl;
Apparently this species is adapted to cota temperatures and
is ‘only distribduted in deep vetér further. south. 'The
larvae of L. polaris are brooded by ‘the nother. Eiis

phenomenon is very common in Arctic aad Aatarctic species

.of sea stars. There are many advantages to brooding, :as

e o ~ : ; .
Chia (1964) suggested. 'Becanse the lafvae of L. polaris

i T . 8 o .
i

i
i
i
3
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are not pelagic as are/those of A. yulgaris, the surface
' 4. yulgeris,
movement .of* ocean curyents. would not affect itsdistribution
o \ G i 7
ag,much as A. vul arid. - Instesd, the warmer water tempera-
tures do limit the @lstribution of this species farther

south. ‘This 'was show:

temperature in'the laboratory went up to 22°C due to water .
pump failure. Mogt L. poluris vere- found dead, but not a
o= .

single A.” yulgaris died.

s \
n seversl ogcasions, wWhen the vater
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- and Heggerty, 1975). One may suspect that in tempersate

GENERAL DISCUSSION .

Xt is known that numerous envirouentll fletorl
can nn;ilv or 1ilit the distridbution of organisps. The
oxygen content in sea \u[.er 1im1ts thé distribubion of sea
stars to uone extent. Both A. vulgaris lnﬂ L. golnri are
epifaunal organisms and they do ;\ u-ualy experience a

dérictiney of oxygen (hypoxia) in their n.éuul eiivi ronment,

except that those livingnear an estpery mey race some

fluctistion of oxygen comtent ip ses wAter. However, there.
yun-ne eint Bt Tsrencw Tatiden Ahy bho” spsnien; hemce to
deteraine. their distribution by mesus of the oxygen content
in ses vater seems to be unreasonable. k

P and smlinity effects on respiration 4z both lpeclel
also showed quite similar results. A.vulgaris (Smith, 1950)
has been found ip 1o¥ salinity regions, but the respiratory

mechanism of A. yulgaris is not much more.efficient than that

‘of L. polaris. 1In fact, six armed sea sters which must be

‘polagis vere ‘also found in low selinity areas (Fletcher

regions environmental conditions very more markedly than
in. the high Arctic; thus it is expected that the organisms
from temperate regions would experience versatile environ-

mental conditions and, in turn, have developed meny . -

167+ -
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different adeptive mechenisms. However, as long as an
osmo‘regulacyrieechnnia_m system: is not developed there
would be no roule to have succeéssfully invaded, freshwater
-or land. s
The present study indicates thht teqperature plays
en important role in the d'iatrnmtion of ‘sea stars. A.
.yulgaris and A. rubens ‘are restricted to boreal nnd‘north
temperate ‘areas since they can tnlernte lau temlmre.turea
(below 0 c) during ‘the wintertime, neverthelesl, proloiged
exposure to severe ﬁuld temperature environment may influ=
BHE some activities compared to species with more northern

distridbution. = " .

The d:\.fference of oxygen eonsumption beween A.

vulgar!a and L. pnlaris at '0°C is much greater than at 15°%.

yulgeris at lov temperatures exhibited higher oxygen

x
cnnsunption and this uuggeats that they are not vell

: adjusted to the expen@lture of eneray Q} this -level in

order to meet that condition as compared ‘to L. golaria if

food is limlted. As’ a result, L. pnlariu are bettex‘

equipped to survive in high Arctic regloms, although inter-

specific differerces do extst. Oxygen comsumption of
neither apecies decregges dufing short-tern food depriva-
tion and-this could be consideredas an ‘umnecessary expendl-

ture of energy. If fhey still maintain the same rate of

oxygen conaum%ion dfter prolonged food gsnrtvatton, L.

pplaris would/be n.ﬁuch more fayored ‘n ﬁerm! of expendlture

T of enersy, due ‘to their lower metnbolic 'rate.
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Thermal insensitiv;ty is not aluays the same for

Sifferont, orsininns’ sven if bhoy ocouny: siniiar zones,

réflecting different survival strategies. The moving

speed of A. vulgaris is faster tBen that of L. polaris at
“each température, but A. vulgarie ot low tewpérature. were
sTowed down considersbly; thererore, éveR’ their more
aggréssive activity in obtaining food would a0t be 50 enec-
tive in competing with L. polaris at low temperatures. he
morpholcgical Peature of stromg tube fest to hold onto the
substratum utilized by L. polaris to compensate for their .
inefficient righting response can be considsred to increase
their survival and existence in the region with high
turbulence or stromg ocean curremts: - It is very interest-
ing to find that L. golarie would aggrégate to the area
vhere sea water entefed the circular.taik vith' rather

strong rloving speed.. On the other hand,:A. vulgaris

tended to stay awiyfrom the above ares. Apparently, A

Vulgatis avoid.a encountering scrong turbulence or sea
currents Bince their tube %‘ue hayve veak adhedive abiuty. x
Seq nt-rs take in energy inf.n ‘the body ln '-he form of food,
, ‘through rether compl»icated physical and chemicnl processeds
t?e temperature factor play;lng @ Very important role dm, -

these processes. 'Both upeeies cantinue ‘to feed at. tempera-

tures down'to 0°C, hu'. at low temperatures A. -yulgeris B
¥ 1 g s e 1% & e TRSACERR : .

shows & decrease in taking up emino acids as compared.to

golarls‘ thi} Bheva tha‘ftumpa!‘ntnres do influence 'the

amlno ucld nptake sctivities. Indirectly this may affect .’
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exists in both areas, vith very Tinited periods yof con-

70
LI 28 . 2

o
the distrlbution range of" ses stag]s owing. to the tempéra-

ture factor. ondiouuly, A vElgsris could not viehscand
prolonged dold temperature es car L.  folaris; nnd.’ th:
1att=r shows cnmparatively ‘lower activity in Yaking up-
amnc acid at hlgher temperntures. 5 o 0
Asterolds AlsériButed 1i kreticiand :1rmm€orenl
regions oftes heve non-peugic “Larval: development and- some
even possess “brooding protection, mezhapismu‘ to care tor tl
thelr young, as has Deen potn\d out by ’ﬁ‘horson (1950) rar
other vogton, 1nvert.ebraten in Aretic as well as Antaretic

seas. Be explained thﬂt the same eceleeicsl condi“on .

tinuous phytoplanktor prcductx\en tn connection Vith very
Lov bemperatures. .Hé concludffa ‘oiat evolution in ‘these |
areas would ddvance not ‘only frém a pelsgic to a non-

pelagic larvel life, but elso towards brood progection’,”

from which ‘the young start their free iife at the bottom
§ FESy

=g 1std as possills, Thus. in my viev; 'the anisals Fepro-
aunxng 10} ja non- pelagic way and brocding thelr eggs or
1arvae vnuld ulno havea’ Vetter fhince of survival end of

p!ev&ntlng their yo\lng from being"ca!‘r&edy avay ttcm the

ares by [_minunb ses. clu'rents. L % il

¥hen, therefore,: the pelnglc ).lrvae of K vulsnris

in'areas ot the Strait of ‘Belle Iale ful-‘e the str!dnr E:

culd sen “current tbiy migm be csrried. south ‘hy tn”a Ceurzent. !

Conaequently, there vill ‘be some diffll:ulties for




vulgaris to disperse northwald toward the babrador coast.
Therefore, the lack of A. vulgaris in the Labrador cosst
region would be expected due to their poor adaptation”

tovard cold temperntnrea and limitation nf developing 5

pelagic ‘larvae. On the. other hand, L: Eolnris only. being

found in deeper water from Nova Scotia’ (by farther south?)

could be explaited by th‘eir tedperature requirefents being '

the’ primery 1initing tactor,,or that L. ;gourix!“ is .

inferipr to A. Tulgarts shd other astezolds in competing'
for food.




*‘tion that incres lng tenpex'uture would induce ‘s nigher

mm study 15 dependent on- the

SUMMARY
g 2 i !
1. The effect of on the of vnule

Lluchenn with relpect to body size and sex in air-

terem .pecxd

" The oxygen cnnl‘lptlon of lel stars like many

vpollllethunic ou-nuu. “fs clolely dependent’ uyun the

vater :empn—nture. The results agzee with this generaliza~ .

metaboli. The rsgrnlliun 'line ot oxygtn cenlnption

against \]ody vel!ht of lhele ltlrl! rises from 0°'to

15°C. L. polaris has s 1ow oxvgen consuaption compared to

that of A. yulgsris over the un!ite‘aalurlﬂ ‘temperature

‘‘range. Such' & rllfference could be due primarily to the

difference in activities, high feeding rste, and’ mov&ng
speed of A, yulgaris.. These sctivities imply that A.

vularis requires more emergy to maintein metabolic «

. processes then L. polaris. 7 "

£ 3
2. The. enc:t of gxygen ~content upon thé oxygen eoteke

rlte uf sea nnu

The ax"en conlumptinn rne of thg sea -uu 1h

xygen. b stent in'ses’ . -

u,c_ar, and is not & sizple linear relhtiondbip, ﬂence;_
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the selection of best fitted equation followéd Mangum

and ‘VenWinkle's (1973) suggestion. Most sea stars are

oxygen conformers-except Ptemaster. Ko critical point.as

. was mentioned by Maloeuf (1938) could be detected, the

_‘and Glese (197h).

curve was quite different from that piesented by Belman

¢
3. The pH effect on oxygen consumption rate of ses

stars.

e 1

The loxygen consumption of sea stars resched maxi-

" mum at pH 8; above or below this falue, 1 decreased. In

- 4 :
sea vater above pi 8, the respiration of sea stars

decresses drastically, but: in acidic sea.water only

. % ~
moderately. A. vulgaris was more sensitive to pH effects

than.L.. polaris,

k. Influence of salinity on the oxygen'consumptionm rate

=2 of sea stars. ]

: Sea stars‘strictly conforn osmotically to the
surrounding ‘medfin.. 4a vhioh they 1ives “the fesults sup-
ported thi; statement. Both species at x sosinen oxygen '
consunption rate vhen they vere exposed to narmn]. sea o

vlter Reduced or 1ncr=ueq nf.uniw induces temporary .

: loss ot activities, th! nninaln _become immobile; and the

oiygen uptake decreases,




B Food deprivntion vithrelation to oxygen eoneumpuon

Dx‘ sea stnz‘s.

Most carnivorous snimals are unsble to withstand *
prolonged «food deprigation, but see stars are an exception.

4
Giese - (1966) reported that the storage of nutrients in

- sea urchins could last 90 days. Anderson (1966) and s %

Ferguson (196k, 1979) reported that sea stars could

remove amino acid -from the solution in which they are kept.

Sea ‘stars are so well equipped that 'théy need mot find

- other mechanisns to compensate for a long period of food

deprivation. In turn, the sea stars do not haye to
decrease oxygen uptake in order to meet short-term food
deprivation as in hibernating animals.

6. The oxygen consuiption of dﬂrerent tidsues of sea

aters at different temperatures . ¥ e

rn' general, oxygen consumption rates of tissues

. decrease as- body welght increases except in the gonad of

the males of sea stars because the larger. animal would be
nore msture; and active sperm consume.more oXygen.

{Coelonic £1uid which is 1ov in protein comtent and ia .

know to have relatively few cells has Lo oxygen con-

Bumptlon as exyected. ‘1 : 3 E: .




T. The moving speed of L. polaris is slower apd is not

Y sensitive to temperature compared to . vulgaris.

The moving speed of'sea stars. is not correlated

to. body weight 'but the righting response time is .a function

of body weight.. The larger sea stars req\.{ire a longer time
o right themselves. “There vas no ;Ag’ninc'm aitterence
Detweer species, 1f the sase righting method is considered.
8. Te‘mperntux‘e does affect amino acid uptake in ‘sea stars.
A% High beaperatures antno_actd uptake in 4. yuljaris’
is better than in L- polaris, but ‘st lowtemperaturss '
L. pelsris perfommed better. :

polaris is adapted to cold temperatures while A.

.
vulgaris 1s & boreal and north tenger}acz region sea
star. 'The high Arctic region is not suitable for the *
existence of A. vulgaris'due to msny r:eco‘rs, BBy

current, physiological activity, temperatires, etc.
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