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ABSTRACT- M ass mortalit ies of m arine  sponges an d  their large and  var ied  associated  fauna  occur 
regularly, b u t  the etiology of sponge  diseases is poorly understood. We investiga ted  causes of bacterial  
infections and  su b seq u e n t  mortality of the m arine  crum b-of-bread  sponge  H alichondria panicea. 
Besides a re lationship with tem pera ture ,  a strong influence of water-flow rates on bacteria l  infections 
and sponge  mortality was found. Reduced water-flow rate  prom oted  bacteria l  growth on the sponge. 
The  infecting bacter ia  w ere  identified as A lca lig en es faecalis  and  A cin e to b a c ter  calcoaceticus  subsp. 
anitratis.

INTRODUCTION

The cosmopolitan and  often ab u n d a n t  marine 
crum b-of-bread sponge H alichondria panicea  (Pallas, 
1766) forms a complete microhabitat with its associated 
fauna (Arndt 1928, Peattie & H oare 1981, Richter 1985). 
The associated organisms are com mensals which at 
h igh water-flow rates stay in or nea r  the sponge 
(mainly invertebrates  and  some vertebrates), and  sym ­
bionts (mainly bacteria) living in the sponge with a 
m utual use of metabolic products.

Mass mortalities of sponges, which occur regularly, 
will have a strong impact on the large and  varied 
associated fauna (reviewed by Lauckner 1980). 
According to Lauckner, mortalities of sponges were  
mostly ascribed to bacterial and  fungal infections; how ­
ever, the etiology of sponge diseases  is hardly investi­
ga ted  and  far from being understood. During exper i­
m ents  on the effects of tidal m a n a g e m e n t  by m eans  of 
the new  storm-surge barrier in the  Oosterschelde es tu ­
ary (Smies & Huiskes 1981) a lethal effect of s tagnant 
w ater  on sponges was observed. This p ap e r  shows the 
effects of a water-flow rate  reduction on bacterial 
growth and  mortality of sponges. The infecting bacteria 
w ere  identified.
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METHODS

Sponges H alichondria panicea  w ere  collected in the 
O osterschelde es tuary  n ea r  Y erseke (The Netherlands)  
at M ean  Low W ater Level. Encrusting specim ens (1 to 
2 cm thick) w ere  sam pled  from stones. The sponges 
w ere  transported  to the laboratory within half an  hour 
and  p laced  in small containers of volume 1 1. The 
containers w ere  connected  to a seaw ate r  reservoir of 
500 1; the seaw ater  flowed through sets of 6 containers 
at different rates ranging  from 1 to 1300 ml m í n " 1. 
Different flow rates w ere  ach ieved  by a variation of the 
d iam eter  of the w ate r  inlet into the containers. The 
inflow of w a te r  caused  a tu rbu len t  flow of approx i­
mately 0 to 5 cm s " 1. The normal m axim um  tidal flow 
rate nea r  Yerseke is 100 cm s " 1.

The sponges w ere  su bm erged  in sets of 6 containers. 
The experim ents  w ere  rep e a te d  9 times th roughou t the 
year from O ctober 1984 to October 1985. Each time 2 
different tem pera tu re s  w ere  chosen, rang ing  from - 2  
to 26 °C. The tem pera tu re  was controlled with in  a 
range  of ±  1 °C. Color changes  in the sponges w ere  
followed during  the experiments.  Color w as d e te r ­
mined by m eans  of the M unsell Soil Color Cards®. All 
colors of sponge and  bac teria  could b e  coded by cards 
of H ue 2.5 Y, 5 Y and  10 YR. The color codes with 
Value 5= 6 and  Chrom a ^  4 were  defined  as colors of 
healthy  sponges. All other color codes w ere  ascribed to 
infected or rotten sponges. The area  of the sponge
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covered by white  or grey bacterial layers was recorded 
and  expressed  as a pe rc en ta g e  of the total surface of 
the  sponge. To com pare  all experiments,  (1) the m ax i­
mal bacteria l cover, (2) the  percen tage  of the sponge 
rem ain ing  hea lthy  at the end  of the expenm en t,  and  (3) 
the bacteria l deve lopm ent rate w ere calculated. The 
bacteria l deve lopm ent rate  (% d -1) is defined as the 
increase  in bacterial cover per  day up to the point of 
half-maximal cover.

To isolate the  bacteria  some material was taken  from 
the sponges ' surface, and  spread  on agar  plates. Isola­
tion m ed ia  consisted of either: (1) 20 g I-1 proteose 
pep tone,  2 g I“ 1 glucose, 30 mg I-1 K2T e 0 3, 25 g I-1 
N aC l and  12 g I-1 aga r  (pH 7.2); or (2) 30 g I-1 sucrose, 
3 g I " 1 N a N 0 3l 0.3 g I " 1 M g S 0 4, 1 g I“ 1 KH2P 0 4, 0.1 g 
I“ 1 KCl, 25 g I-1 NaCl and  12 g I“ 1 aga r  (pH 7.2). The 
m ed ia  w ere  s team  sterilized at 120 °C for 20 mín. 
Identification m ethods  w ere  as described in Holt & 
Krieg (1984) and  L ennette  et al. (1980). To show 
w h e th e r  the isolated bac teria  w ere  the primary infec- 
tors some carefully rinsed sponges w ere  inoculated  
with these  bacteria .  This exper im en t was carried out at 
23 °C in continuously ae ra ted  sterile bottles with 300 ml 
sterile seaw ater.

RESULTS

H ealthy  sponges w ere  yellow or olive-yellow. A d a r ­
ken ing  of the  sponge, often succeeded  by the a p p e a r ­
ance  of w hite  or grey  layers on its top, ind icated  b a c ­
terial growth. After a bacteria l infection the sponge 
b ecam e black.

From the dark  primary infection of the sponge the 
bac ter ium  A lca lig en es faecalis  was isolated, and from 
the w hite  or grey layers the bac terium  A cin e to b a c ter  
calcoaceticus  subsp. anitratis. Sponges cultured under  
conditions kep t  as sterile as possible, but infected with 
the isolated bacteria , show ed a similar pat tern  of infec­
tion to those in the experim ents  with reduced  water- 
flow rates, w hereas  the control show ed  hardly  any 
infection (Table 1).

Table  1. H alichondrea panicea. D evelopm ent of bacterial 
cover (%) on sponges  cultured  as sterile as possible, but 
infected  with  A lca lig en es faecalis (A .f.j and  A cin e to b a c ter  

calcoaceticus  subsp. anitratis ¡A.c.)

The occurrence of bacteria d ep e n d e d  strongly on the 
tem pera tu re  and  the water-flow rate (Fig. 1). H igher 
tem pera tu res  and lower flow rates prom oted the 
growth of bacteria and  the bacterial coverage. The 
bacterial cover d isappeared  after reach ing  its m a x ­
imum, leaving a patch  of black rotten sponge tissue.

The results were  itemized in classes to presen t an 
overall picture (Fig. 2). Both the bacterial developm ent 
rate and  the maximal bacterial cover increased signifi­
cantly with increasing tem pera tu re  and  decreasing 
water-flow rate. Sponges for the grea ter  part  infected 
could not recover as can be  seen  from the p e rcen tage  of 
hea lthy  sponge rem aining at the end  of an ex p e n m e n t  
in relation to the maximal bacterial cover (Fig. 3). W hen 
the maximal bacterial cover exceeded  70 %, no part of 
the sponge survived.

DISCUSSION

Normally, the species composition of the associated 
bacterial community on the crum b-of-bread sponge 
Halichondria panicea  reflects that of its surroundings 
(Richter 1985). The fast developing bac teria  A lca lig e­
n es  faecalis  and A cinetobacter calcoaceticus  subsp. 
anitratis are common in m arine sedim ents and  waters 
(Brisou 1953, Holding & S hew an  1974). Because of low 
concentrations of antimicrobial substances in H. 
panicea  (Thompson et al. 1985), it is not surprising that 
these 2 common bacteria w ere  found. However, these 
bac teria  have never  b ee n  reported  to be infectious to 
sponges.

The tem pera tu re -d e p en d e n t  rate of deve lopm ent of 
the bacterial cover reflects a very frequently  found 
relation be tw een  tem pera tu re  and  bacterial activity 
(O ppenheim er  1970). The influence of water-flow rate 
on bac tena l  developm ent in sponges may be more 
indirect.  As a result of a reduced  water-flow rate the 
removal of sponge exuda tes  and  excretion products on 
the top of the  sponges is p robably  ham pered .  The 
in ternal ventilation of the sponge  is partly effected by 
the bea ting  of the flagella of the choanocyte cells; and 
partly by passive ventilation from the incurren t pores to 
the h igher  excurrent osculum, caused  by velocity g ra ­
dients in the water-flow n ear  the sponge surface (Vogel 
& Bretz 1972). The passive ventila tion will dec rease  to 
the sam e degree  w hen  the water-flow is reduced. Thus, 
the more the water-flow rate is reduced, the more 
bacterial substrate will accum ulate inside as well as on 
the top of the sponge. This explains the observed 
h igher developm ent rates of bac teria  at decreas ing 
water-flow rates.

C hanges  in the oxygen concentration probably  did 
not occur during the experim ents  and, if any, were 
though t to have been  of minor im portance prior to the

Infector
1 d

Bactena l  cover after: 
2 d  3 d 5 d

None (control) 0 0 5 10
A.f. 5 25 100 100
A.c. 0 5 25 100
A.f. and  A.c. 5 10 25 75
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Fig. 1. Halichondria panicea. Changes in bacterial cover of crumb-of-bread sponge during experiments with lowered water-flow
rates. Water-flow rates (in ml min-1) are indicated in brackets
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Fig. 2. Halichondria panicea, (a) Development rate and (b) maximal cover of bacteria on the crumb-of-bread sponge in relation to 
temperature and water-flow rate. Influence of temperature and water-flow rate are significant (Chi-square test on averages [a: 

p <  0.01; b: p <  0.001 j and 2-way variance analysis on arc-sin transformed ranges of each class (a: p <  0.05; b: p < 0.10J)

initiation of bacterial growth on the sponges, because 
A cinetobac ter calcoaceticus  subsp. anitratus  is an 
aerobic bacterium.

A maximal bacteria l cover below 100 % (Fig. 1) indi­
cates a differential effect of reduced  flow rates on parts 
of the sponge population. This m ight be  caused  by the 
irregular shape of the sponge. The d ee p er  and  more

pro tec ted  parts  of the sponge will experience lower 
water-flow rates  than  the  more exposed  parts. Due to 
the lower water-flow rates the  more p ro tec ted  parts  can  
be  overgrown by bacteria , w h erea s  the  more exposed 
parts rem ain  healthy.

From our results it can  be  concluded  tha t bacteria- 
induced  mortality am ong  the c rum b-of-bread  sponge
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Fig. 3. H alichondria panicea. Relation b e tw ee n  m axim al b a c ­
terial  cover of sponges and  re m a in d e r  of living sp o n g e  at the 
e n d  of the  experiments .  The  best-fit t ing line has  b e e n  draw n 
(2nd-degree  polynomial, r =  0.98, p <  0.001). N u m b ers  of 

identical results  are show n

H alichondrea panicea  will hardly occur un d er  normal 
field conditions with water-flow rates of up  to 100 cm 
s “ 1 (comparable with 26 000 ml m in -1 in our exper i­
ments). At any tem pera tu re  the bac teria l deve lopm ent 
ra te  and  the removal of bac teria  and  excretion products 
by passive an d  active ventilation currents in the sponge  
are in balance. However, if water-flow rates are 
strongly reduced, as for exam ple  during  closure of a 
s torm -surge barrier, bac teria  can grow excessively on 
the excretion products of the sponges. Bacteria grow 
faster at h igher  tem pera tu res  and, therefore, the  p a s ­
sive and  active currents in the sponge  have then  to be 
h igher  to keep  the sponge surface free from bacteria. 
This m eans  that at h igher  tem pera tu re s  the sponges 
will be  overgrown by bac teria  at h ighe r  water-flow 
rates.
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