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o ABSTRACT

• In previous reports, we have demonstrated various effects of sublethal

concentrations of pollutants on microbial activities. In the present report

this work is continued. Here we describe a microbial ecosystem consisting

of a coral and its associated bacteria which can be used as a model system

to examine interactions among pollutants, corals and bacteria.

Many corals use mucus secretions as a buffer between their tissue

surfaces and the environment. In the first part of this report, several

coral mucins are characterized as mixtures of proteins, polysaccharides,

and lipids. The proteins and polysaccharides are partly characterized as

to their amino acid or sugar composition. Mucus floc material has been

implicated as potentially important food source in the coral reef eco-

system. Using scanning electron microscopy (SEMI the process by which

fresh liquid mucus becomes flocculent mucus web material is described.

In the second section, we demonstrate the presence of functioning

populations of culturable bacteria in the superficial mucus layers of three

coral species. The population levels of bacteria on different corals may

be related to differences in coral feeding behavior. Vibr io al ginolyticus

is identified as an efficient mucus utilizer. This organism is shown to

grow rapidly on coral mucus and to be chemotactically attracted to mucus.

In the final section, an experimental flowing water system is

described in which the Red Sea soft coral Heteroxenia fuscesens is exposed

to sublethal concentrations of crude oil. Such exposures result in signi-

ficant increases in the population levels of bacteria in the coral mucus.

This process may result in the onset of coral diseases. Finally, the

V 
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INTRODUCTION

In i n i t ia l  s t u d i e s  on the effects of p o l l u t a n t s  on tropical

corals ( 1~~, 1 ~)) , M i t c h e l l  discovered that. the addition of various

pollutants t o  aqu5i r ia contain inq the Red Sea bra in coral I :~c: i  p~:

f ’z~: rendered the coral  viii ner abi  e to i nV S%S ion by an our ichied

populat ion of marine bact or ia . Addition of a n t  ib iot  ics w i t h  the

pollutatits prevented co r al  doathi , itid icat inq t h a t  the  b a c t e r i a  and not

toxic effect o t t lie p o l l  utati t killed the cora Es . Tile mucus released

by tlit’ coral  .is a response to po 1 h i t  ant  s t ress  so rved as a substrate

or b5ic t o t  Lii ~i rowt ii in t he i n i t i a I st aqes oh t lie di~ e~ se . I t  was

hypctthes i ~ed t hat a complex feedback system in whi cli poll Ut ion St ross ,

mucus te l e l s e , bacterial qrowt ii , oxy~ en depec t I on , and t o x i n  product ion

interacted was the cause of coral doat li . Thus , coral d e a t h  was seen

to be the vosult of ecoloqicai processes rather t ban either poisouinq

Or sp ec t ~ i c pathoqen i c i t  y

I i i  t i i i  s report  We descr ibe  f u r t h e r  t e s e a r c h i  i n t o  the n at ur e  o h

the in te rac t  ions between p o l l u tan t s , co ta  Is , mucus , and mar i n ’  b a c t e ri a .

In par t  icu lar  , we report det a i le d  st tidies on the  ~‘h~em i st ry and n i t  i - a—

st rue ture  of var ions cora l muc i n s  , demonst rat ions  of iia t i ye  m i c i-oh i i i

poptilat b u s  en the mucus covered su r f aces  of heal  t liv cord Is , iu i d f u rt  h ot

observat ions  on some n a t u r a l l y  occurr inq and i tt  i f ic  j i l l  y — st i mu l i t  ed

coral di se~ises

Lit erature on cora l h i  ol oqy , rev 1 owed and t ’ i t  ed in  ( 7 )  suqqe st 5

that cora l orqaui  i sms and cora l reef commun i t  os may be c sl’t ’c i ally

setis it we to t’nv i rouimt’nta I per t  urb5i t t o t is  caused by ~~ l i n t  ion .  Cor i I n

- -- - - - -
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are more intimately in contact with the external environment with a

larger surface area of unprotected living tissue than most marine

organisms. They possess extremely finely attuned tactile and chemical

sensory systems . The only buffer between the coral and its environment

is the often copious secretions of mucus which bathe the coral surface.

We believe that corals make sensitive and useful model systems with

which to study pollution stress because of the nature of their relation-

ship with the external environment.

THE BIOLOGY OF CORAL MUCUS

In this part of our study we attempted to characterize the mucus

compounds secreted by a variety of coumnonly-occurring coelenterates from

the Gulf of Eilat , Red Sea, Israel. We also examined the appearance of

secreted mucus and t he  p rocess of mucus web formation in the stony coral

~‘,5 i,’c at Barbados, W.I.

Mi’tI wtf  
~~ . Individual colonies of different coelenterates were

colloct”d from t h e  shallow fringing coral reefs near the Eilat Marine

Biologica l Laboratory. Mucus was sampled from each organism by removing

thi’ colony from the water and ~mil k ing” it over a collecting vessel.

All the mucins were purified by extensive dialysis against distilled

water and concentrated by lyophilization into fine brown powders.

Var ious chemical ana lyses including amino acid analysis, paper chromato-

graphy, sugar , lipid , and ash determinations were performed on suitably

prepared subsamplt’s of the mucus powder us ing  method s described in (7)

and (8).

- 
___-i- - — - - .~~-S~——-, -5-
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Tht ’ pi -ess oh mucus web forma t ion was t e l  lowed by observat ion of

p ieces  of ‘~~‘f ;~~~ 
p, ’ ‘~~~i~~:’ colonies f i x e d  for scanning  electron

in i c osce~ ‘y ii .‘ % bu f fe red  q 1 u tar a  I dehiyde in  seawat er  . These samples

were dr i e d  in I i qu id ~
‘i~ • at  the  ci it ica 1 m t  and coa ted  w i t  hi qo I d —

p a l l a d i u m  .111 0~~ in  ~i sput t ci coat or and examined on an AMR I ~)i~O ins t  ru—

mont at t he h a  rva rd Museum of Compa rat  iv e ~eo 1 ooy

~~ ~u C . T~ h l o  I l t St t lit ’ orq.in i sms from wIt i ch i  we c o i l  oct ed

ms i t t  i s i - t e l  , i l  055 w i  Ii i i i  feru~it ion on the  5a ImrMin t s of mucus re I eased

;amp 1 i uiq . A l l  ( lie nine ij i n  .11 0 com~~~sed o t }‘rote i n  , c5i rlx~hiv d r a te  , and

1 t t ’  d flK~ l ot  105 , as Tab l e  it id  icat  Os , but  the r e l a t i v e  cent t ibut  ion of

each ~-cmpeni ’n t t o  t he t o t  i i  mucus var ion from or qan i sm to organ ism .

( l i t ’ nat  ur o  oh  t he coini~ ’nouit  t hiom se I yes j~ re h at  i ye ly s i m i l a r

u em SI ’Ce l  es t o ;~ ‘cc t cs . F t  qui t ’ I shows t h a t  a l l  t 1w orq.in i sins except

- . - l t i v e  qu it c s im i  I . i t  1’iol ~ ’t t  ions  of .imuio a c i d s  iii the  i t

: c~ c i  i t s . Ta t’ I c  -diew : t h a t  a l l  t lie mite i n s  coiit a in  the same n~~no —

i d e  -~ in t h o t  r ~- . i i  l~~1iv1j i 5i t  en , .11 t ih ou qhi  ‘
~ 

‘
~ ~ P ’  -

l i t _ i  

1 i i  i :ivc st  s i  ot 5 l i .iyc not od t h at  cor5i 1 mucus wet ’s a to pro —

i a  i t - i t  i i i  ct ’ra I roof  w a t t ’ u s  • and may be .i si gu i  f i cant food source i i i

l i i ’ i cc t ccosv oh cm ( .‘ , , 1 .‘ , _ ‘ .1 1 . ~ iir  SEM ot ’servat  ions  en t lie web t e i m  it s :

c~’r.i 1 :
‘
. ‘ i ’:  5 - ~~ ‘ show that m u c u s web format  ion  i t ’ sit it f rom t he

i’i05iO55 i ye den.it t i t . i t  ion oh 1 i q u i d  inticliS a:; i t  f i i  t e m s  s i l t  and dot i i  tn t ;

f rom t he siir i o u n~1 i nq wa t t ’ t ( :~
)

-~~~~~~ ~~~~~~~~~~~~~ - ~~~~~ _- - ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE 1

ORGANISMS AND MUCUS SECRETION

Diameter of Yield of Dry Pure
Organism Individuals Mucus from One Sampling

Sampled of Ot to  Ind iv idual

Hard Corals (Scleratinia)

I .  zt i ~~~: 5~u :~’ . f n :  10 — 15 cm 10 mg

A~’ro~’ r ~.z ~~~~~~~~~~ 15 cm 3 mg

~~~s; i z  fw: f t ss 7 — 10 cm 0. 4 mg

Soft Corals (Alcyonacea)

S — 10 cm 50 ing

,j t .(~~~ 5~~~~~~~~~~ ): . :5 ~~:~~:c’: 10 — 15 cm 350 mg

Je l l y f i s h  (Scyphozoa)

1 LPeL f~~: ::o ’f ~~: 15 — 20 cm 17 mg

‘~:ss fs: ’ 1’ f ~ sr ’ . 15 cm i~t8 mg

TABLE 2

GROSS COMPOSITION OF COELENTERATE MUCUS

ORGANISM ISPROTEIN %POLYSACCIIARIDE %LIPID %ASH TOTAL %

5) 1(’ 0 b 82

22 —ND— —ND— —ND—

‘ f t  S 2 . 5  42 6(1 110

~ e r ‘.rc ‘~: 1 ;  17 1.1 ~ 3 24 88

40 10 30 7 87

73 ‘, .‘7 .‘~~
‘ l.’7

10 .‘ ~ l ‘‘2 102

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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FIGURE 1

A U R ELI~ AURITES

~~I2O

C A S SI O P E I A  sp .

!~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
FUNG IA F U N G I T E S

IS AR C ASP PRO IG LY ALA ICYS VAL MET ~~~~~U TYR PHE 1
ACROPORA sp.

~ Ioo

80 LYS IH IS IAR G I ASP I THR I SER I GLU I PRO IG LYIALA !~CYSI vAL I ME1I ISO~ LEUI IYR I PHE ]

PLATYGYRA LAM ELLINA

US HIS ARC IAS P THR SER GLU PRO GLY ALA~ CY VAL MET SO LEU TY R PHE
65 .2 — E J  SARCOPHYTON

!~ O
~~~~~I~~~RG ASp THR SER~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

HETEROXENIA FUSCESENS

AMINO ACID COMPOSITIO N: pg/mg lyophilized mucus .
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TABLE 3

% SUGAR COMPOSITION OF LYOPHILIZED MUCUS

HETERO- SARCO- PLATY-
XENIA PHYTON AURELIA GYRA CASSIOPE IA FUNGIA ACROPORA

TOTAL HEXOSE 12 10 5 15 1.7 2.5 N.D.

TOTAL PENTOSE 2.4 N.D. N.D. N.D. N.D. N.D. N.D.

GLUCOSE 1.2 0.7 0.4 1.1 0.2 + +

GALACTOSE 1.7 2.1 0.5 2.4 0.4 + +

GALACTOSAMINE 2.5 + + + + + +

GLUCOSAMINE 2.3 + + + + + +
V

FUCOSE ++ - - ++ - + +

ARABINOSE ++ + + + + + ++

~‘J otQ ~: Qualitative indications of sugar presence derived from relative dark-
ness of spots on paper chromatogram. Equal amounts of hydrolysate
were developed in all chromatography experiments.
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Figure 2 shows a mucus web in situ on a colony of P. astreoidea.

These webs grow and collect particulate matter until they are shed into

the water by wave action (14). In Figure 3 a microscopic mucus web is

shown forming in the oral cavity of an individual polyp. High magni-

fication of this web (Figure 4) shows the netlike structure of the

mucus and also shows clay particles trapped in its mesh. As the web

grows , the mucus net becomes composed of larger , coarser fibers or

cables (Figure 5). This process was originally described in 1906 by

Duerden using light microscopy (9).

The chemical filtration and adhesive properties of coral mucus we

observed lead one to suppose that microorganisms might naturally be
V

concentrated at coral surfaces. This is discussed in the next section.

a

- - ~~~~~~~~~~~~~~~~~~ 
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of a mucus web m u  l i i  I o t I i ,mt hi ’wii m um 1 - i  immu 1 . t - .i i c  i a
I - ;  equa l to 10 cm.
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TIlE CORAL SURFACE AS A MICROBIAL HABITAT

Mucus release by corals is the most conspicuous feature of their

surfaces, but close inspection reveals other features of s ign i f i c a n c e

to conmuensal microorganisms. Corals are remarkably well-adapted for

grazing on plankton , and for clearing their tissues of sedimented

material. For these activities, mucus release works in tandem wi th

directed patterns of cil iary  currents , tentacle expansion, and chemically

orchestrated feeding behavior (15,16,22). In this section , we describe

the architecture of the coral surface and demonstrate the presence of

microorganisms on coral surfaces. Some of the adaptations by which

certain members of the coral microflora might persists on the corals

are also considered .

Me-thod4. For scanning electron microscopy , small branches of

!dc4racia mirabilis were fixed , critical-point dried, and sputter-coated

as described above.

Three corals were chosen for bacteriological analysis. These were

the xeniid soft coral !k’teroxenia f ’ e’~ic~w at Eilat, the zoan thid sof t

coral Pal ythoa sp. at Bermuda , and the stony coral [‘‘i’f~ ,’c wt m ’t ’ ’f :’ ’s

at Barbados. Mucus was collected from !‘ z. ’ :,thua and t~t .t t i ,~.rt ,: f m  by

inverting the colony and collecting the’ dripping liquid mucus in a

sterile petri dish. Mucus webs from !‘spft,’s were collected f ’ :  of tu by

gently sucking them off the coral heads with sterile syrinqos. Bacteria

were enumerated in the mucus samples by standard spread—plating procedures

using sterile seawater dilution tubes and severa l ki nd s of nutr ien t med ia

solidified with 1.5% Difco agar. We used a variety of aqar media to

- -~~~~-~~~~~~~~~ —~~~~
-“
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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directly enumerate d i f f e rent physiological types of bacteria present in

the mucus , which we hoped would yield more data for comparison among

the different mucus samples. Seawater collected in the same areas as

the corals was also analyzed using the different media, which are

described in Table 4. For the chitin , casein , and Tween ~0 plates, only

colonies showing zones of enzymatic hydrolysis of the plymeric substrates

around biochemically active colonies were enumerated . For all the other

media , all colonies growing on the plates af ter S day incubations at

25°C were counted.

In order to obtain strains of mucus—degrading bacteria , enrichment

cul tures utilizing either pur i f ied Hetci’oxcnia mucus or raw liquid

mucus as the sole carbon and energy source were inoculated

wi th raw F1ctcroxcni.~ mucus , and incubated for 413 hours. Serial trans-

fers to new flasks of the seawater-mucus medium were carried out until

pure cultures were obtained . The bacteria from these enrichment cultures

were identified as t’fLi~-! a l - L ) ~ :, t-: la~ according to the characteristics

listed in Bergey ’s Manual ( 3 ) .

The behavior of the mucus—associated bacteria obtained in enrich-

ment cultures was examined in the context of the coral surface habitat .

The growth ra te of V. z7~ i~ !~j ti ’~w in mucus medium contain ing

25 mg/SO m~ (the natural concentration of this mucin) of parc :‘ tt?Y.r,~~.~

mucus in seawater was determined by inoculating flasks of the medium from

an overnite V. !~;f?z ’Z yt - i ’uo culture and plating out subsamples at t imed

intervals. Chemotaxis of V. z Z ;f t ~ ’ ’:,t [~uo toward Ut ’tei’ .rt ’:~~ mucus was

measured using the capillary assay of Adler , already described i n  d e ta i l

in previous Technical Reports (20). 

-
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TABLE 4

~€DIA USED FOR BACTERIAL RECOVERIES FROM CORAL MUCUS

AND REEF SEAWATER

Media
L j m t a t  wn Comj’o- - i t  ion Target Populations

Yr 0.5% proteose peptone “tota l ”  count: all colony
0.3% yeast extract forming bacteria

CAA 0.3% vitamin-free casamino amino acid auxotrophs
acids

C 0.3% vitamin—free casein proteolytic bacteria

CM 0.3% reprecipitated chitin polysaccharolytic bacteria

M 75% raw th/t te~roxcn i-a mucus utilizers of coral excre—
+ 25% distilled H

2
0 tory products and mucus

MX 0.05% pure He teroxenia mucolytic bacteria
mucus

S 0.1% each glucose, galac- sugar auxotrophs
tose , ribose , fucose,
marmnose

TCBS coimnercial selective medium vibrios
(BBL , Bal timore, Md.)

‘1W 1% Tween 80 lipolytic bacteria

_ _ _ _  -- -~~~~~~~~~~~~ -
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Re4uLts. Scanning electron microscopy reveals the complexity of the

coral surface. Figure 6 shows one polyp on a branch of M. mirabitis

with the tentacles contracted around the oral opening. In Figure 7, a

close—up view of the tip of a single tentacle, discharged netnatocyst

fthers extend across the tissue surface. Finally in Figure 8, undis-

charged nematocysts, sensory flagella, and cilia are shown. On a

healthy coral , all these cellular organs and organelles are in operation,

conferring upon this microbial habitat a high degree of structural ,

chemical and mechanical complexity . Bacterial adaptations and per—

sistance on the coral surface must be considered in the context of the

nature of these features.

V
Some pertinent data on the organisms we sampled for bacterial

enumeration , and their localities are tabulated in Table 5. The

bacterial content of mucus from each organism and of the surrounding

seawater are shown in Table 6. In spite of the notable self-cleaning

abilities of corals, the surfaces of all three species possess larger

bacterial populations than the surrounding waters. It is obvious that

these different corals harbor different-sized populations. Heteroxenia

maintains consistently low populations in its superficial mucus, while

PaZ-ythoa and Porites have larger and more variable populations. These

differences may be related to different cleaning and/or feeding

mechanisms and behavior in the three species.

Although larger numbers of bacteria are found in the mucus of each

coral than in the surrounding water , these data do not show that the

populations are active on the coral surface. These bacteria could be

concentrated at the coral surface by suspension-filtering activity , but 

-- 

- - _ T ~~~~~
-
~
--i

~ 
-
~~~~~~~~~~

-
~
--

~~~~~~ 

-
: 

-



i

—. S %

Figure ~~~~ Sca m i n u m i i e l e ’t i  c i i  ~i t ’ t  c~i I  i t ’ !i ~~i i ’is i i - i  . t t : t i I ’  ~‘o1v ‘1 t h e
co i s  1 • - -  

~ -
‘ f~’ . Sca I c  I’.t  i I eqits I t c I ~~ mu crons .

F igu r e ’ 7 . ~~~~~~~~ u r i m  e l  oct  cn n i l  - i  ‘- i t  i t i t  -
~~ I~~c is t - t I ho I i ‘~ a t ’m i l  a t - I c  of

- 0. Ili t ’ I ’ii m t ho t  - - s  ‘I  St ’\ t I  al i t  o ’I i , i i  t o t  l ion t cy st
can l’s ’ ~;, ‘,‘m I . ~~-a I~ ’ hat i ;  ‘qu i t  I ’  I s ’;’ Til l - i  ‘ i t - ; .

— ---—i.- 
- 

- - - 
~~

-
~

-
~~~~--.-~~~~~~—



•
~~~ 

•~~~!~
c
~q

:‘

F i o u r~ ~~~. 0 - u u n u t - u i  c 1 e c t~~ i ’u l o t ’ t i u ;  Ii -~~~‘i~ u n i  I ho inc o t i  t u c t  i i i ’
‘c r, i I t i i t s ’ cI ‘. - ; t ’ :  

- 
- ‘ . ‘ h ’  i tems t 0; ~ t S .

,iri ;I  vs i j o i  t -  - t v~ ‘o - - u I i s  - i i  us t I - ~i i ’l 1 -s l ’~ - eec n

~~
- .i I c  l ’ u t  is  tut u t c  I -~ t n t  - t  ‘ t u -

— — ~ 
- - — ~ - -~ r~~~



-18—

TABLE 5

ORGAN I SMS AND COLLECTING LOCATIONS

Ei l a t , }loletown , I lun qry Bay ,
ISRAE L BARBADOS BERMUDA

Latitude 29°32’ N l3°12’ N 3l017t N

Water temperature 22 °C 25°C 2h °C

Salinity 43%~ 35—36%~ 3(~~~O

Collec t ing  depth 1—30 m 5—10 m u ) — l  m

Relative reef development ++++ ++

* coral cpecles at ree f “ 100 \- 40 1.’

Organism c o l l e c t e d  xenid soft stony coral zoamithid
coral !zs t ( t y —  ,~‘ ‘y ’f t t ’o :o~~ ’. - ’ —
.r5’~:f~ u~ot-o; ’~o-

Liquid  mucus product ion 10—i  5 colony , insoluble mucus 1— 5
webs

Collecting dates ~~75—c. ~~7&~

M ar ine  Labo i- at o t- y E i lat  MBL , Be l l air s  Research Bermuda h i c —
Hebrew U n i —  Institute , McGill loqical
versi ty University Stat ion
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not grow or metabolize there. If this were the case, similar ratios of

different types of bacteria would be found in the mucus and water, as the

bacteria were passively removed to the coral surface. However , as

Table 7 shows, this is not the case. For instance, in Heteroxenia mucus ,

a higher proportion of proteolytic bacteria (Casein medium) are present

in the mucus, indicating that these are favored at the coral surface .

Conversely , in Palythoa mucus , relatively fewer chitinolytic organisms

are found , suggesting that the differential growth of nonchitinolytic

orqanisms swamps the chitini—degrading bacteria in this habitat. These

relationships indicate that different groups of bacteria are active at

the coral surface.

We consistently isolated Vibrio alginolyticus from Jieteroxenia mucus C

enrichment cultures. This suggests that this organism is efficient at

mucus degradation , and may be well adapted to live on the coral surface .

We designed several experiments to reveal potential adaptations of V

alginolyticus to life on corals. V. alginolyticus was found to grow in

mucus medium at 25°C with a generation time of 0.75 hr., the same rate at

which it grows in conventional rich l-’1boratory media (26). This confirms

the ability of V. alginolyticus to grow rapidly using coral mucus as a

sole energy and carbon source.

Table 8 presents data on the d-iemotactic attraction of V . ‘sust ‘-

lyticus to Jieteroxenia mucus. The data clearly indicate tha ’ the’ b a c t e r i u m

is attracted to the mucus , even at one—tenth of its concentration at the

coral surface. This suggests that this highly motile organism cart use i t s

chemotactic ability to locate coral surfaces or to maintain itself upon

them.

- ~~~~~~~~~~~
-
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TABLE 7

- The rat. ios of n umbers of t ;c ~ I ected b ,t5 -ter i  a 1 t y~ ‘r ’u; I so La ted OSI

d i f f e ren t  media to to ta l  bai ’t . e r ía  I riumuboro; enume r.i ted Ofl yeas
- ex t ract —p t ’ pt o n e  medium .

El LAT BKRMUI )A BARBOIX)S

I~,i tie) Wat or is s l~; ‘.1. ~ z W a t e r  ‘, i  I W at e r  ! ‘~~‘ I ( ‘ t t
- mucus mucus mucus

I 

CAA:YP l. .19 0.74 0 .1)1 0. ’)4

- 
C~YP 0.24~ 0.4~ 0.51 0.53 0.06 0.07

CH:YP 0.09 0.09 0.24 0.01 0.02 0.05

I. S:YP 0.4’) 0.65 0.66 0.42

I 
M:YP 0.77 0.72

U X:YP 0. 77 0.28

- TCBS:YP 0.27 0.21

TW:YF 0.25 0.31

I
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V ccttS , S wIt . In th i ; ;  ~ e’c~t ion we have demonstrated that  severa l

corals  do esseso; popu hit ion;; of viabl e , ac t ive  b5r ct t ’z ’i a on I h e i r  mucus—

- ;‘vt ’ ie’i i  t i ssue stir f,s i’e’O . Fur ther  , we show tha t  errs ’ b ac ter i a l  spe c - s e t; ,

s 1 4 1 c - a r t  grow on coral mucus and is at t r i c -t e ’d  to it

Undoubtedly other  t~.si - t or i a  1)e ’;; 1it ’;~ si m i l a r  .ibi l i t  i t ’ S.  We ; ; t t s ~qe s t  that

this eei~ L l —mucu s— ba ct or ’  i a sys tern nms i qht ;tt’rve a;; an interesting modet 1 wit ti

wh ic-h t o examine the  e’f t i ’5 - t ~t f ~v I l u t  a n t  11 on coral —mu i c-rob Ia 1 jut er—

det ions) - In the f i n a l  ;;~ ‘c’t ion ot this report we demonstrate’ some e’xper I—

merits of this type .

INTERACTIONS BETWEEN CRUDE OIL , CORALS , MUCUS , AND BACTERIA USING A MODEL.

SYSTF.M

Since sublethal  concen t r a t i ons  of crude o i l  have already been shown

to cause a variety of effects at several levels of boa logical e)rqantt z ,t t  ion

(I , 13 , 17, 2 3) , we tested the ~ ‘ f feet  s of known sithiotha I concesutra t i out ; csf

crude oil on the Ht ‘t . ‘1’c~.rs ’n Ia J U ; i s  ~ ‘0~ ‘~u~ coral—bacter ia  model ecosystem

described in the previous sect ions) of this  re ’p ()rt . These experiment s not

only  i l l u s t rat e  the e f f e c t s  of p ol l u t a n t s  on c o i - a l— b act er i a  i , t t  ‘r ,m5 -t ions ,

hut also point  out some in te res t ing  features of the co r a l— b a ct er i a l  sy st em

i t  se’l f .  In add i tion , we describe some observations on some nat ut-ally

occurr ing arid 5-art i f i c ia l ly— s t i m ul at ed  coral diseases , which may re ’snl t

from pollution stress .

- — - .-.—- 
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Basically the experiments  cents i sted of i ne’uls,st in~m I i  s ’- - l m l  v

coll ected ~~~~~~~~~~~~~~~~~~~~~~~~ colonies in 10 1 ite r ejl.i~~
;; I . ink ;:  win icit wct.c - ; t i t i’ l nt -d

with rapidly flowing seawater. Tue , ive rac l t ’  n t ’;; i demm ~-c t i me’ t e n  wa I c m  i i i

the tanks was approxim ately f ive  m i n u t e s . A ;; a r t ’~ t i1 t .‘1 i s - s - i n  ‘ I ; I’y

Cohen and Eisler (4 ,10) on t h e toxicity of s~t’uei(’ o i l te 1 - ‘
~~~

‘ ‘ , - , ;. , we

were able to use sublethal celis - cm t t. m at ion;; ot c-nehIe s -s i I w m t t rou t  ‘ I ’ ’  i i m m m i m i d  ~
-

experiments. We used 5000 ppm 01 Aqhm,i J am i I i- . in i  j a m s  ~
- m tidi ’ s - s m  I • wit  j e l r  w i

added as a slick to each tank. Tue siphons;; dr ,iimiinse ~ I l i t ’  I i n t L .  w s t l  h i ’ s i

from t~ ;c; botlom , so the sc i l wa;; nn,s i ni t .1 i mie’d orm t h e ’  w i t s ’ !  Oi l  I - i t ’ (Iii ‘‘ ii.ilms ’ sit

the experimental  exposure per io I of ‘ -s s Iay ~ (1- ’ i s ; u r t ’ ‘ s )  - i i ;  ; , i t i i ~ ‘ I .  - w i  -
taken from cacti coral ~i t  the hcs~ t m i n t i n q  s s f  t i f l -  t ’x p c ’m .  i i m i i ’ , m t  , , i m t i l  t i - l i  wi, ;

sampled again at the conclusion , ,t I t . e r  I l ie o i l  Wa; ;  m t ’ m m k c v , ’ st from ti n ’ I r i n k ; : .

Control tanks were iniclti (le ’el I H t ’ , i s l t  t ’ x l  t m  i r m 5i ’ imt  . ‘i’Imi ’ m i l l s  - m l : : : . I n m s J  S i l ;  W ‘ m l -

analyzed for h.icta’u ia 05 c1s~~~- t i t s t ; e l  p r e ’ v i o i m ; ; l y ,  ir :; t r i g  ;s -v .-m t i s i l l  i ’ y t ’ i i t

media .

Re-3uet~s . In the last secti ott we’ ;;ti owt ’d I h a t  f/i ‘ f t - s ’  .c t~ Ix smu i c - i i ; ;

contained a higher concentration of ba cterin t h an  : : t ’ , rw , i t i - i  . l- ’ i s ~ i i r . ’  I I I

shows the results of the oil —exposure expi ’rinms;nsto; . l-: .rc-t t j r i ~ h i i i i  i t  s - ’

the results of bacterial enumerat b it ;; for t ’ .e’ht t;.nmm~ i i i ’  t n t  ‘ i r i s  - of I l i t  - ill. ‘ t l i  -

described in Table 4. Four types o f  ssimplc ;;~~i r s ’  j u l  m i s t s - t i  i i  s - i - t i  I . i h s l t -

water , fresh mucus (these were d e s c ri k , i ’d  in l i s t ’  I . i : , t  - i t - - s - I  l i i i ) ,  .- mni s l I i i , ’

mucus from corals exposed for f ive  days in I l ~~’ l i n k : ; :  s - ’ s s t t r t , i  m m l i i - . ,

and 5000 ppm crude oil—exposed mucus . The rj r r p t i s  :;hsow - I i ’ , r r  ly  l i i )

(a) incubation of control sat Ion i r -;; w i t h  fli-j  i - s l o t i t  I O T t  ‘5 1  ‘ - h r  It  - ~~ i I r ‘ - ‘ i i  I

in enrichment of the mucus bacteria , and (b) S i t , i I  t Xp ’ s ’ l r . -  I ~ ~~ s r u  I.-

- ~~~~~~~~ - 
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oil causes a further i nlet-case over that of the controls. In all the

expe r iments no ~~~~
‘ ‘t ’P. ‘.n ‘s: Ia colonies  d i ed , a l l  recov ered thei r norma l

ht ’haviot , and .ii 11 survived when replaced in the ocean . Si nice the rapid

flow of water through the tanks precluded the bui ldup  of water populations,

the b ac t e r ial  increases  we monitored were due’ to growth of bacteria in the ’

m ucus 011 the cot-al heads .

This  resu l t  is in teres t  lug for three reasons . F i rs t , they denm~ nst rate

that  subletha l concentrat ions of crude oil which cause behavioral changes

in exposed corals (7 )  also cause increases in the commensal mic ro f lo ra  of

the coral sur face .  While the mechanism of this increase remains undis-

covered , it is possible that the bacteria respond to nutrients released

by the host during pollution stress. This has been observed in other

systems (2l ,.~7). These experiments also show that the microflora l i v in q

on the coral surface are quite sensitively attuned to the physiological

state of the coral. Even incubation of the corals in clean , running

seawater at normal temperatures without pollutant addition was sufficient

to  cause increases in the bacterial population . F i n a l l y ,  the experiments

show that  even in rap id ly  flowin g seawa ter , the results of bacterial

s-i rowt h on the coral s u r f a c e  can be monitored . The bacteria do not wash

off the coral . This suggests that commensal bacteria possess mechanisms

for sticking to the coral surface. One of these mechanisms may be the

syn thesi s of mul tiple peri trichous fla gellao and growth into long swarmer

cells in response to growth on surfaces, as in Vihrio ezi~,i~ia!y ti5~ua (6,25).

These structural modifications would provide increased surface area and

multiple points of contact for the bacteria to use in adhering to the

surface

- - --
. - - -
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OBSERVATIONS ON CORAL DISEASES

Garrett and Ducklow (11) reported on a naturally occurring coral

disease in Bermuda which they postulated was caused by the filamentous

gliding bacterium I~cqq i5 zt ca .  Here we describe some observations on the

relationshi:-  between t h i s  5lisease and an ar t  - s~ : ‘i ,i l l y — s t  ii::-,, l, tcd - I u;e,is

Subsequent SEM observations of diseased corals collected in Bermuda

revealed that the black “disease lisle ” which spreads radially a~’ross th5

coral colony destroying the coral t issue was composed of several  t:1 ,i -

mentous organisms including one resembling cyanobacteria and anothe r

resembling ~~~~~~~~~~ These are shown in Figure 11 , which also h a;;

several different spiral organisms in view.

We stimulated an artifical disease in zoanthid colonies collected in

Bermuda by subjecting them to reduced oxygen concentrations. This re::ulte~l

in white nets of Fc.~,;I a~ 5’: spreading across the colony (F i gure 1 2) ,  This ’

characteristic ~ ‘7q-~ ztca morphology is shown in Figure 13. These a r t  1-

ficially diseases zoanthids also had severa l d i f f e r e n t  spiral organisms

present in the disease net .

The presence of B€’~iqIat s a and unident i f ied  spiral o rga n i s m s  in bet ;

the natural and art if icial  coral diseases , and on d i f f e r e n t  coral speci es ,

indicate that these may be characteristic coral pathogens . As yet they

have not been directly implicated in the coral disease using Koch ’s

postulates, however. Finally,  since i~ cs 7~j iatea colonizes aerobic/anaerobic

interfaces, which result from increased heterotrophic activity , we suggest

that these coral diseases may result from increased growth of coral

conrensal bacteria stimulated by exposure to pollutants.
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Figure  11. Scanning e lectron mic roqro~ h i s h o w i ng  i n i c ’r oorqan i sms
in the “d isease l i ne ” on .i colony of - ‘

~‘Z( ‘ ,‘.

f r o m  Be rnwia . Scale bar is ; ; I ; , t  1 10 - - s o ns .
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