STLESS - TANDUCED EXPULSION 0F ZooXANTRELAE

N TWOo  ScreractmiaN (opals

By: Davy M. KAanLer, 81

Discover Y BAY | TAMAVCA
Fepruaey — Marcn, 19381

| OW( 3
ﬁ”«i’ /\07@ Y’//’”f"/ é'/MMCNM

,/}“\u»s"t@ ; ;, (l\ PP AN fé;’?fﬁ | Cﬁ/c\,\@ff . f
}éf@u;« / }’ f?

S G R A e j( / Commt\ c(x Py gt {j e mg@’b e";ﬁ“‘—?A} “'E%'g""“’i’;{*?"""“@T"”

73 [)
TN A LRy AN 3 e
D | LRI (2




OTRESS ~ TIDOED BXPULSION  OF Zoo xAMTHELLAE
TN TWO SUERACTINIAMN CORALS

ABSTRACT

w(NZM S'u\aj ecked Yo shress , Sde@chinion Covalg have
o &\Oil'ijﬂ] o es(‘pel (MH’ o ctu of Hrorr Comp&ww&
of eudosywbintic zooxauthallee. T ocder to nvestigate
Hus a(oz‘(i*\r y Semplas of Porikes powites G C&@ﬁg@_&/fﬂ%u
hotzins Frovn defferent A/C(WLS weve shresed Judee o
L vare of condikus. E kpu\s‘hw\, a‘( zooxautelloe  wes

&’]uauér\ ed )97 ,(’Sa(a’ﬁwﬁ‘ zoorantalloe Eron. e ﬁXf‘\ZV’IM\Vdn(,, N

Cova\s P(A@&vswm{—;z ()cﬂwxuﬂrs were latec extiackd froun
«H/\O/S& cells . T[/\Q ‘é“om\ﬁj Treuds were obseryed:

l Acl—H/\oocJU <HM Obsolus'e ;61/6&" 0{ ‘z’ooJ(an’L&([M LZCV*EC\SL’S
widla &W{'&, Hre nomber of algal clls per coval ()olufya

L FlaonnS N\w‘ﬂ‘ucw constaud,

2. UW {ubj»ad'éé o styesses ‘é\)w; pnvmn(\_/ ™
surface wokery | deep ~we coral Qo(yula&)bmg dre  |ess
well aﬁaeké o e»c,oe( zoogakbellae Hrou deir shellow
waker couv\&&/(;ar%s. . ,

% Zoowanduloe it [ow c{/uloro()(/wfl( & content are
@wé»m&m&7<&pdu> frown  shresced corals, , ”
These  vesolts CDV‘«(?M;,‘@WOV&M7 A ()obhzlx&,r“dfwcfw
;A{{a\(\,\fb with, SMferendt Spectes of coral.



TRTRoDUCTION

| ”ZOOXQV\@ULKMQ“ 75 o vermacdar devun used o degenbe e
E@MEOSVW\\?M&“FL a\aoe foond ‘Prbh:-'m, Ra\(‘ﬁp@r&) Mellus e, Pla}yl/\x\wdh%s,
and Cniderien. A divevse c;\r’r'zw’ of ﬁ\ﬁa\ s‘{)e,cleg Ww] be found as
’€7mbfbv€v§ v teese closses of OGRS 5 The Zoowa el o of
Cidarions have beem well chammcrerized as belo ; ‘iuj t J((/‘»Q

Oren 'Bimpkvame, o L/e{(cmgw browon c&iv\ojfzf};z((a%gp Muscatang
(\77‘-{) has Uavvowed M/\Is C(asgl‘ﬁccd?éw Jro e “S’doec?és Gc:/wwc:éimiuw\,
Emzcmaéﬁaﬁcumf\, m\-ssemuﬁb Hore @ sone %x:m\a\’ dbeut e
onvevsald of Has species (/,ew]s’ , 1%77). TL& Wﬂ"":‘{’v‘\‘g'

of sz s’~7mlwb'§=i?— interactivul (S mpressive Zooxaudhe|loe
may QAccoor | ‘ér $0% of e fwwk’ht/\ Nikhfaac?,m ?%uvé, TA S e
codentekes (Muscatne, (97%).

Eclomally and aeolegically, dais sqmbmsis is wost jupecdadt:
in die U?f&(j byl %ewm?é GZ\’eao (l ‘767) and ethars [rave ‘
éuvleéiui'\/oca(( S')/www ‘\ C’a\d‘tﬁcaﬁmx 197 L\Q»V“W\ﬁ\{“-jpic covals
1s Q/Iv*eck\j ovvelated fo e (resence off zeoxautre (e and
{w&\l?\/ﬁ(» Tu A’?/UL albsence cﬁﬁ zooxanthallae o Y)(Ax:“mswp&(msis‘,
fa\caweouﬁ reef - buila: could et take placz-
| MUSC&HV\’Z. Clq7q> L\ﬁs showin ‘H/\A\\ “Zookaw&’(/w\ﬂa\é- ove
*@wcﬁhm\\kﬂ é@,\omxé@w\’ an e medabilie I/)/uc\,uc,&s” oI coral
whou dhey exith & evdosymbiats. The dlgpe actively takes
Uf UriC acs ) SUCCivae, and % (UV@\{ (am\,ﬁ QHW chY«JS)
()Wéx)(zb 59\7 e losk. Tu aa\"/s{)ﬁ::w’\, e evo s ymbrpats oy
af} coval ek vup nodrients brvvn  seavacker e hes
Jpeen Sugf}gswé Wk o zoosaudhelloe - cnideio Y imborssic
Ea“OWS’ (han MAJ‘%’V)‘\@\AAS Cvcb'txj ’Qz) Lﬁ{ W{_hf\\ﬁ\\/\aé (W é«."/\&
Y{.Q,é ﬁ(L@S\is\-@W\, ‘ —W@S (/L«m7 & CC oo ‘Zor’ \‘s’(/\f&. [/‘—1314\ pm&ud'f\/&‘?
O( &'{/\»L ‘(\?&‘g N @ vﬁ[a‘lﬂﬁan nodreud - ;ﬂcm\(‘ euvivtnraent -
; TDLQ/V“& lras [ﬂ’@&v\ & ﬁ”r{a&“ é,z@( 0( Cc;w“h’ﬁve"iy
CDne o M/\L wlue 67(“7 Zooronthelae o e coval
ne CLN T NA j Valu
| —1-




hosk.  Govean (1960, (761) postulaked Hrod dhe ossociadion
\f“a’x,\/\%e} ‘éﬁl/l/t ‘*‘DH\ é&()@/&&;&u& o 2o 0%6&»&?4/\{2/ (m& ‘rf‘“ v
ndndion (v seme Zooanklnds) | o notrvidrnel imc\faraeu&w.é,
iu\ A’QAJL Sdﬂ,mdﬁvdm (b\’l/\:kl/l/\ Wepe g @C;thg lae,é s chr“m,“\q/o;’@S")w
Thas view wes coudvadicke? 97 o Cév\c\,\\/b Hod covals
con URlize  labele? p(/to\“us’\, wihatre fron erdosymbntiz
zZo vxa\/\xfm\(w [ MUSCa“c’W\Q ahé (‘evm‘\c,(,'mﬁ , /['76"‘7)- Luw (9 70,
i TO{/W\VW\QS 0’%‘/\22 O”H/\.erg Colculabed ‘\’(/\»é\"ki’ S cleve.chivien  Covalg
Could  devive Q.kam’ Ckc{\\éggdt%k\’?bw o‘fe t\”{;\a‘ir norAationa| reeds
‘F;D\M COv WO of A Zooplankton. T adddion, o wes
Slovn b7 Musce Rwe. (l‘?’7‘f) ‘\"{/\@:\V eu.ﬁx/@g\/ml@bhz 2oo et o
velease up Yo 519, of Heir ()(/w%@sxfm&kde fo M lwst.
m hodovn  Views (3 Moo v&( )ﬂui\}/\\/b csvals ;,Aeh/ own
bon Cckvm‘tvew\,/ ond Zooxavdhellc me\-&vx] ‘Omé/uc&"\sm
o wet Ye  nodvidone needs. Tuded, &' las been
celcoloded  Yha Q/(/U?—\/ﬁ‘«( veciu}'rﬁmwlx Oqf St endive y«@z,qf
could e met ’97 zoo saunhella- ()Mos*ynwcs[g .

T4 can be geen u/\m* ’Zc‘)wxaw&‘tx\auo&f esa w{&(«\
Q/\iw ‘/‘@‘3‘3(5‘ )07 reﬁu\cx&ﬁ\/\ﬁ calcium Wus}\ﬁvv\’ é??« %k«mﬁ u/)
nolieu and  wasdes Crom, e hask, and 1:?7 ' ms(m‘hm:;)
‘Gv’“ﬁz:w(IL Cerbopn \‘v ’H/\Q lask. ’ﬂ/\»@wz, are Mwe\/@\/; C‘OWQ%UM&
under Wik Hre evéosg/w\b(mﬁs Mj\,& i Mpese stess
o Se hosk Tz coold Comw}m‘o&j« occor  whan vgﬁuz,
nowmbre,~ oF zowsaMrelloe o) widlana Sl oo b
veached & certoan Hmm,sbno\é) e winch poind Hre Josk
WAS /c)m&@f alole o Hiedafona Hre K?uypu\aq\{wm QZ&(C}&Q;
Sowe aotioes deel Yaad Space replaly beowes « lt\/w"én\/z)
resooree. ov sl S ceval po\u’() ( Drews, (97°2). Tw«{lmf (19 cf)
GS5erds é((/\@\’ %’(AXS l/\-f?xﬂﬂ,e,\/xs ‘éféf\/&d'('y éil/tg) (’owﬁwuql(7 (A
l/\a\-ﬁwwel OW\Q "\’{M‘\’ ”HNL Covel l/ws"ﬁ ()avﬁ;é{cﬁ\( <-2>((,>e\
ZOQXQW&{M“M SO as im (Zé&p HAQ g)opu\a&vu\ ES
Whacyza\akﬂ- &QA/ﬁftS'




| Anolier sinmilar  sHuadon  in Witk zooxauntlulae
jwu‘s\/v% becone o sthyess s € Hae me daloolisnn u‘F
MN& C,c\m\ [/\/og\( c\,@w\easﬁl ‘ﬁ}\(f Sl peaSup, %Wyz am)
;tf\ch(/pc\(g ((72 D showed Mot Hhore were sevesl (?Qfgfb(fi
;C’,XF@(MW‘W»\ wanipoledrens of corm) wWhich weuld reduce
medzbolitmn , ame vesolted wm e ‘<«><g0u($‘\\>v\ of Some or all
of Mue covals compleumerty of zooxartuloe. These stresses
ncduded shzrvativin ge(e\/&&eb 460‘«‘924@{‘”“2» cind ﬁo"b\""“}gé
;@y[’DOS‘Ux"?— o davkiess. Goveay ({96“{3 and jﬁ&f ((6{7c7>
howe vecorded batue\ Sttudxiuws (altered <‘°¥\Miﬂﬂ7 and
elevated fenperaduce) which cesolied jun e B&adfwj of
i‘f@@‘? covels ‘\’(/\frm«j(,\ &H/\‘LQX olsmen (fﬁ Zecxcwé}/utuo‘xzx Tu
?e\/fmj cose, thave were ‘ffm lons deruc effects on dla
RVIVAPS U’(\7 of Ha cowls nvolyes, wirh M €/><&5¢47\w\ of Hu
Mss) severe shresses, Expulét\:m 0‘{ "zoom\&’tx«uo-e cﬁfﬁ&uﬂ
4—@ be o fhrewmsient and veversible Occumends ) host covels
\/esc:\v\&), &‘{/\.ﬁ\\r ‘KJ\( CQ\M()&QWVC\’ 0?{7 @Méog mbowds ‘;K\v-r’
o7 den weles following dhe Sisdurkance. Thove appears
Jﬂ) l9€ Sowae aéa»(){*fve value ™ H/\a a‘:p?(;&y ‘PD Q){(JQ(
Zoomv\y/\au&aﬁ, i S <‘W’5’7 SNACe «M/\\;g a\m‘(i%ﬁj 12 "é\u/xé
M o whoe ~Vo\,v1‘~e‘&\7 °¢ Covels il WVL\7 c‘lﬂ‘#@v@m%‘
V‘/\z@(«gi/\&\asi‘égt
The @urposa & Kls s*héﬁ wos Ao ﬁ’umwﬁ‘fz? o
Ee@z&s of seveval styesses ow fwe S pecies QTE sclopacdmizin
;cgfa\g‘: Pod%fs pw{‘t@’? 7N Jarzumd/\l coral wivlh spmall (Pa(ﬂjff)
an (olpophylla nedmns, « CoruR chovocterized by lerge
W\L](S CUAD ‘\V\W\\*@Ax\r?&uicﬂf bu},;\ws mSé covale eve
fC(/u:sw \Oecausa’. o{ i&’{;uaiv* Q%‘@WZMUZS M M“"}P(/Wlojj;&&l“r
wise Sepbh vouge (Gorees and Wells, 1967), aud the dact
Ml Hhou ave relatively unstudied.

Tlhe shresses studied wae alleved ‘6’0‘&“%\*17) ‘S"l/\“\é@—,
awd Clevaled Rm{)ejmdwre, Tu eaclh case, e manpulativus




e —

wewve é&SuDWZ) so as 4o QK’{VD\({\M@C‘Y{ v\&‘*umu,\]
OC(.uf(}\/j cheesses. Sbka}wﬁ oﬁf o Coval c“uu'\> Le
Cavse d \9-7 owe  cove\ 6\/@\}5\/@\.«\)&/\3 Oxwt,HﬁQA’", ZA I
stvess and -W(L@m@wa stress oy be daused 57 |
oo ol Q(,:)ICC,‘_\ e Roal condidvns ( soveay, 1969, ‘5&&6?,/‘77‘7).

T aun m((‘ewp% fo ascertan whedlnr or wot
Hiore cve vavialouws tw a Species’ cxlsxl{‘:&v +» expe|
zooxanXdraloe ) covals ‘\Z(u\m fuwo A«‘@&ﬂ& A&FHAs weve
CO\M(){LY‘&Z} " ‘HNL SJY’U&7 f‘(’ wie-S L\A—“ﬂ&"(’(ﬂ-@s;z‘zg %—\—
éﬂeg}ew Cova\ «()opu\a&bms wold) be less oell a&@te} +o
ekfﬁ?—é' Zooxawkhellae Underr Shresses which W@fw((\.j O Uy
2o &’{ML §urﬁ<;9_.,

457\/\»\\\], Hae wesulls were am(«Tmé su as o
shed \230% on  olrer cova\ aéo\&:%a&%\ow M s pouse +o

| TL\.Q&Q ‘é\'\‘)‘t\/\ag v d CD\M&M\,@) “‘V’tb &’X/ML wv:,rlc, Oéf

de ol
; O&E&v vesecxclig s ééﬁ\:\/\.j ik Lifleent $’AO€¢\\(2$ 070 Coral.




MATERIALS  AND METHODS

The stu st was Moorimﬁ 1 & TDFScwem./ @au.] Mowire
‘L"‘\_b, Dizc.cve/vtj ~) Janaoica - Sm\[ S'NM()LM’ OZ @Jﬂﬁ@r&ﬂ;_(t,g.
nedans  ans Yontes porites  were obtrined at depths of
1‘\«1%@1 feet amd siscty Lok with Mo ad of Scosa. Wil
Hro exception of the shade stress study, all expemental
Cora\s Were Mantewmed and man (,)u\aére} w e wet lab
UNSRA  VUVINIRY SEanetey”

Covdvols -

Two §0»WLQK_(L5 Cocla g‘f E’_@gﬁﬁﬂ a2 C. padans Were
colecked @uw\ 20" and éOlér aua(vsrz as cowhels. Zoo—
>sandd\lae  and c Wovoplal densihres were dedernined ‘W\AML«*@%(&}
ofter colleckion, usma o sdondard medied Mesciiloed below.
?OH'() cﬁws‘,hf ‘Fof Se wm‘s wes  alse Aeternined L.7 oauwhb
Hao nombes O‘F {70(7'% wi&fmk o Shnderd avea mas K)

Qnd %7 mlmﬁﬁz\j Haee ﬂip((ca‘res for cach SaM«pLQ,~

EXPEQIMENTAL  APOSYMBIOATS

ISETIVE < /S 5u6§,p_§+e2 )9\-/ Groveny ((76‘%) WES QW\()LDLfeé; M e
a{»&éw«()-‘( o obkaw QXPM\MQJW\'CL\ c?x\()ogym’o)\:fht ARV duels .
- CDV&\ SAW\PLU wWea-e. QXPO;& Yo Fres woaker $or ‘@\’f hoors
I or2er fo nduce expolsivu of zooxantlallae . Necvosis
:\wus sbserved n \905((/\ Species ofter ‘@\/6 houre o‘rp LXPesIve.
to fresh watery T was hoped Yhok this severe sob-lofhal
S—‘n/ﬁsg woould ()méjuc,e_ V\?_arh, a()OSjW\?\ﬁ'hz— 1A vidvals.
Termpeeatuge 5TRESS:
, A 6»‘“’%()’{“ wis made. v stwmulate FHae er o sulo-lodl
W()MA'WQ shress  whwela wnlf)l/\‘% oL c;unwb o Pm‘b} o‘g
Combive? low Hdes, calm, and [/\1{5\«\ wié}a7 W(@w«&u&




(as Nesorbed by Jao ,l"1‘7°\>. Daap reports Hant

Ve e
Mo optmum —‘&mp@m&wﬁ Cr wosk covels s ZS=29 °C,
while e mosimon hlevable W(lm*\)re Yanae S fronn
3“7‘"3/006. A(W[a\&é( %(;@@‘ﬂ)rz {A {’(1\2_ wet labo Was
§2G°C ) Stress was  (dueed 197 a Jugh\/kb Mo prte Wm&vre
o 22° for  six beors per Qay on Huee Comsecotive Sy -
W vok b&v\ﬁ Stressed, Corals Werve Maintainey Under
;\(D\AVL\V% seawater.

SALINTY STRESS -

g Sa\(vx\*\j stess Many ocCor I/\a&\)m\b7 WA 1/&(25.\/17
m‘m@»\\ s GLL0m(>4w1e§ [%7 [ow surface WY Gaveau (196)
Mo reports of persistant freshueder o a depth
0‘@ 2.5 meters ‘Q(Aw?uj Hurricome Flove (962, TIas 4‘17(1&
O‘t{ §WSS wikS  Simolated b.] CXPOS;VS corals to SO7-
Seawsater o 48 v, Tresh weder and seavude~ were
Continuodsly yun ko Mo ex(;enm‘&‘a\ vesse\ at eﬁua]
i‘é(o\,\s valés (360 le/ W\:LV\,U'\'QB'

SHADE STRESS:

| The eflechs o€ slhade 0n coral were studed in
i’:ﬂl & 60" (because of Mv»/ Suwge M M So‘vé7 Crea
Cshede shodtures ool et be  maMteMed o U 20
c\/ap-\/l« Corals o«f eacl Species weve slhoded 27 Surrounding
M with & wwesh s QN Covevinag Heevm it «
prece of pmssnide. §am(b; were collecded and GM(7w€é
obder )ﬁ&»‘i shaded & six days.

TsoLATION OF ZOoXANTHELLAE AND EXTRACTION
OF CHLOROPHYLL :

Zooxanthalloe weve exhaded don o coral us‘u@
A(Em Meandy o Vustan (/777)) madibied L7 Tout domdesmain




and ‘MjSe\‘]f' A wmask wos Y’)repare) IQL{ cohbva 2 16w
cirde (avca=2 CM,,_> Lo o sheet of Elpav Wol7~
eihlome. This mask was affixed to tha o\ 4o be
§%§%‘L\‘§% lc():\:&wqﬂwa wbae Haw Mask  Yeuwved
with @ Weter-Pik. [The wmedomd ued for e exbachn
was  O4S poun Millipore Filkered Seaweder (MFSW)]. The
\feiu%ﬁ/\ﬂ Suspeuwwbu\ WS mwug (D\f‘ [0 secouds N
a S()‘yu\m Llale \/(F('FS Ot{)(%v’aéms M orden 4 breck up
mocus Neaseé >om\/\ reumsyal OZ coval *ifS\)Q- m
L\Dmg;zma%e NPES C%v\—ﬁ@?d ok 2200 RN\ &~ e
mimules | and e p@(L@ér ml/vom‘:}gmul o MESW

a \oose»‘ﬁ%‘v) ‘H(Sue Sw'méw. Wasl/ule S vfpecée«? four
-mes  wida m%ﬁgxga%ﬂw\ A |,s00 KPM- m ‘@m\
(JQ(LQ/J& consished elmost w&ird\] of Wecd zooxautrellaa -
% P€/(£Jr WS NSusfﬁemécé MmO M/Q MFS\/\S) and O.gv«/Q
y~emave (bv’ cell Cew\{ﬁ\«\a- The vemodmdioe was re‘?e((,a‘f‘ec\:
{}D{“ Qsdvredion o‘f ().Buuwﬁ

Ce,((é Were  (ounted on « Standaya MMbcthW.
ﬂwca \rc\()liu\%@s A ‘é\/‘e Ol ww? fﬁ\*el)/f wene avwgg);
'f’b ar Ve aX o qu‘w\g\ calcolathvw D‘F 2 ooxamdtulloe pe
§olumf€, combinmater of coral Surlgauz_) M nomber— was
wmolkipled oy §000 -

P(@mwué« e exhacked w10 ml 9076 acedoine
buffered wivhh ’MQU)3) $or one oo S(é(/\’}’t%w()b] Was
((6v"€°\fv*~@> o a  Bavusch and Lomb Ming Spe_c 20
Mosorbance veadinas weve takem al 630 ans 665 nm
and e CMO(DPW” 2 covdent  dedermined G Mo

{b\(bwl\/\fb eq vation -

oy Chl @ =133 Ayer — 0.27 Arso (D”e{%"rcj aud Hexo, 1969).

- I ~
,Th%ﬂée)m \/J//Ls Mo covrelated wih e sucface




G of e Com\/ and Maa  pomber of Zooxandhelloe
; .\SB\GATQ—

,: ‘ﬁm \fl/w‘&u)n\vo Pr‘@/@b«\‘el érm\\rj NW\(CC\:\*@S o‘«g
M e pevivaamds +als C‘V\\j

| CDW\W‘S wier€ VUW N\
é«)()h‘m‘we Tor s VeGSO, At Gone Mo ex‘a@nwém\
iwvdpu\m’mwxs wWeye gf‘equebdr{\.) Peoled jn ovder A vedoce
H/x.z lects o‘(g natuval Vayriadisa aind §7§W6&h’1 eV Yors
W\B O pexesiToln allowed move confidene 4o be plaed i
M/\SL o\/ps@ﬂ/c\z *\m/\ev&,s, G ‘OQMWL\“HQZ M/\Q 0\?(}“(6{&50"\ %/
of shaXithica) tests.




RESULTS AND DISCUSSION
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