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ABSTRACT: Two different, hi therto unknown,  diseases occurred in two specimens  of Sagitta crassa 
which were individual ly  isolated and  ma in t a ined  in the laboratory. One  spec imen survived for 24 
days, producing a total of 343 eggs  and  suddenly  died wi thout  showing  any  prior symptoms, and  
upon death  had  a grotesque appearance .  The  other  had  ciliary sense  organs  the hairs  of which  
became  stuck to one another.  Ciliary sense  organs  are impor tant  for feeding of chaetognaths ;  once 
they become abnormal,  the  chae togna th  may die of starvation. Spec imens  suffering from X-diseases  
have not been  obta ined  from field samples  so far. Chae togna ths  which  r ema ined  t ransparent  at the  
t ime of dea th  inc luded specimens whose ciliary sense  organs were a t tacked by bacteria,  those 
slightly infected by bacter ia  on thei r  body surface and  those wi th  abnormal ly  rough body surfaces. 
Al though the reasons for the deve lopment  of the abnormal i ty  of the ciliary sense  organs and  body 
surfaces as well  as the mechan i sm of bacter ia l  infect ion remain  obscure, bacter ia l  infect ion and  
abnormali t ies  of the  body surface are often observed not  only in the  laboratory but  also in the  sea. 

I N T R O D U C T I O N  

" N o  m a r i n e  o r g a n i s m  s e e m s  to b e  c o m p l e t e l y  f r ee  of p o t e n t i a l  d i s e a s e  a g e n t s  a n d  a l l  

s y s t e m a t i c  a n i m a l  g r o u p s  c o n t a i n  m e m b e r s  w h i c h  c a n  ac t  as  a g e n t  or  h o s t "  (K inne ,  

1980a,  p. 3). A l t h o u g h  t h e  i n f o r m a t i o n  a t  h a n d  o n  t h e  d i s e a s e s  of m a r i n e  a n i m a l s  is i n  

m a n y  c a s e s  f r a g m e n t a r y  a n d  o f t e n  i n a d e q u a t e ,  c o m m e r c i a l  i n t e r e s t s  h a v e  d i r e c t e d  

c o n s i d e r a b l e  f u n d s  a n d  ef for t s  i n t o  a n a l y z i n g  d i s e a s e  p h e n o m e n a  in  b i v a l v e s ,  d e c a p o d  

c r u s t a c e a n s  a n d  t e l e o s t  f i s h e s  ( S i n d e r m a n n ,  1970;  K i n n e ,  1980b ,  1983;  L a u c k n e r ,  1983).  

In con t ras t ,  t h e  e c o l o g i c a l  s i g n i f i c a n c e  of b i o t i c  d i s e a s e s  i n  m o s t  of t h e  a n i m a l s  i n  o c e a n s  

a n d  c o a s t a l  w a t e r s  h a s  r e c e i v e d  l i t t l e  a t t e n t i o n  f r o m  m a r i n e  s c i en t i s t s .  Of  n o  or  l i m i t e d  

e c o n o m i c a l  i m p o r t a n c e ,  m o s t  of t h e  a n i m a l s  c o n c e r n e d  a w a i t  t h o r o u g h  i n v e s t i g a t i o n  

(Kinne ,  1980a).  

C h a e t o g n a t h s  a r e  a n  a b u n d a n t  c o m p o n e n t  of t h e  p l a n k t o n  c o m m u n i t y  a n d  a r e  

u s u a l l y  t h e  m o s t  i m p o r t a n t  c a r n i v o r e s  i n  t h e  sea .  H o w e v e r ,  g e n e r a l  r e v i e w s  o n  c h a e t o -  

g n a t h s  ( H y m a n ,  1959;  Alva r i f io ,  1965;  G h i r a r d e l l i ,  1968) c o n t a i n  n o  i n f o r m a t i o n  o n  

d i s e a s e s .  N a g a s a w a  e t  al .  (1984) h a v e  s h o w n  t h a t  l i v i n g  c h a e t o g n a t h s  a r e  a t t a c k e d  b y  

b a c t e r i a  b o t h  u n d e r  l a b o r a t o r y  a n d  f i e l d  c o n d i t i o n s  a n d  t h a t  b a c t e r i a l  i n f e c t i o n s  a r e  

c o m m o n  in  c h a e t o g n a t h s  m a i n t a i n e d  in  t h e  l a b o r a t o r y ;  in  fact ,  m o s t  of t h e  c a p t i v e  

s p e c i m e n s  su f fe r  f r o m  s o m e  d e c a y  of b o d y  p a r t s .  W e  a l so  d e s c r i b e  h e r e  a b n o r m a l i t i e s  of 

c i l i a ry  s e n s e  o r g a n s  a n d  a b n o r m a l i t i e s  i n  s p e c i m e n s  s t i l l  t r a n s p a r e n t  u p o n  d e a t h  (i.e. a 

c o n d i t i o n  p o s s i b l y  tnot  c a u s e d  b y  b a c t e r i a l  i n f ec t i on ) .  
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MATERIALS AND METHODS 

Chaetognaths ,  Sagitta crassa Tokioka, were collected on 12 different days in 
Shinhamako,  a sa l ine  lake which is connec ted  with Tokyo Bay and  ma in t a ined  as 
descr ibed by Nagasawa  (1984) in  the laboratory and  provided with copepods such as 
Acartia clausi Giesbrecht,  Tigriopus japonicus Mori, or Oithona aruensis Friichtl 
(Nishida & Ferrari, 1983), or polychaete  larvae. Fecal  pellets,  u n e a t e n  copepods and  any  
eggs produced  were removed and  counted each day. A group of 100 chaetognaths  was 
thus observed dai ly  un t i l  they died. Their  condi t ion at the t ime of death  was noted  and  
categorized (Nagasawa et al., 1984). Eight specimens,  referred to as S1, $2, $3, $4, $5, 
$6, $7 and  $8, were  examined  unde r  a s cann ing  electron microscope (JSM-35) after 
critical poin t  dry ing  (Hitachi HCP-2) and  coat ing with gold (JFC-1100). Indiv idual  S1 
was inc luded  in  the category of "tail  damage"  whereas  $2 and  $3 in  the category "head 
damage" .  Another  5 individuals ,  $4, $5, $6, $7 and  $8, were inc luded  in the category 
"body, curved and  t ransparent" .  Each species of chaetognaths  has ident ica l  morphologi-  
cal characteristics of its ci l iary sense organ (Nagasawa & Marumo, 1982} and  body 
surface. Therefore, as s tandards  for comparison with the abnormal  body  surfaces and  
cil iary sense organs of spec imens  descr ibed in  this study, heal thy spec imens  of Sagitta 
ferox Doncaster  p repared  for s tudy of the fine structure of ciliary sense organs 
(Nagasawa, unpubl . )  were used. 

RESULTS 

X - d i s e a s e  No.  1 

Ind iv idua l  S1 (8 mm long} b e g a n  to lay eggs 8 days after sampl ing ;  it survived for 24 
days p roduc ing  a total of 343 eggs. Surprisingly,  one of the two ovaries usual ly  did not 
conta in  eggs. Dur ing  m a i n t e n a n c e  Acartia clausi were offered as food; the m e a n  daily 
rat ion of S1 was 10.4 copepods (Nagasawa,  1984). The tail of S1 became  a little opaque  
23 days after sampl ing,  bu t  we never  expected S1 to die from this minor  tail damage  
j u d g i n g  from previous observat ions  of other chaetognaths  with minor  bacterial  infec- 
tions (Nagasawa et al., 1984). However,  $1 died  the day after the tail damage  appeared,  
and  its ent i re  body became  opaque  and  constricted. We bel ieve  its death  was not caused 
by bacteria.  U n e a t e n  copepods were still alive in  the conta iner  of $1 a l though the 
predator  was dead. This suggests  that $1 did not die due to the qual i ty  of the seawater  
used. We found fecal pellets,  but  no eggs in the conta iner  of this dead  spec imen 
sugges t ing  that it had  fed as usual ,  but  died before s p a w n i n g  which usual ly  occurs at 
d a w n  (Nagasawa & Marumo,  1984}. 

Under  SEM the whole  body  of S1 had a grotesque appea rance  (Fig. 1), apparent ly  
due to degene ra t ion  of the epi the l ium.  We assume, therefore, that this chaetognath  died 
due to an u n k n o w n  disease. For lack of other spec imens  with similar  symptoms, no 
histological  observat ions  have b e e n  made  so far. 

Ind iv idua l  $2 (7 m m  long} survived for 8 days feed ing  on A. dausi. At first, the tail of 
$2 was  packed  full of test icular  products,  and  the ovaries were  full of small  eggs. When  
$2 was sudden ly  decapi ta ted  7 days after sampl ing,  its test icular  products decreased 
remarkably .  One  day before decapi ta t ion  $2 did not  feed and  its ovaries revealed a space 
in their  i nne r  side due to a decrease in  egg number .  Al though $2 had  no head damage,  
its head  was ev iden t ly  severed. This headless  chae tognath  was still al ive and  its body 
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w a s  n e i t h e r  c u r v e d  no r  o p a q u e .  D e c a p i t a t i o n  u s u a l l y  o c c u r s  w h e n  c h a e t o g n a t h s  e x h i b i t  

h e a d  d a m a g e  a n d  d e c a y  g r a d u a l l y  d e v e l o p s .  D e c a p i t a t i o n  u s u a l l y  t a k e s  t i m e  to o c c u r  

a f t e r  h e a d  d a m a g e  f i rs t  a p p e a r s .  H o w e v e r ,  $2  w a s  s u d d e n l y  d e c a p i t a t e d  w i t h o u t  a n y  

h e a d  d a m a g e .  
U n d e r  S E M  t h e  b o d y  of $2  h a d  a s l i g h t l y  g r o t e s q u e  a p p e a r a n c e  (Fig. 2) s i m i l a r  to 

t h a t  of $1.  G r o t e s q u e  p a r t s  of $2  a r e  c o n s i d e r e d  to b e  p r e m o n i t o r y  s y m p t o m s  of t h e  

X - d i s e a s e  of $1.  

Fig, 2. Scanning  electron micrographs  of indiv idual  $2 which  was suddenly decapitated.  (A) 
Anterior part  of body that  has  a rough appea rance  similar to tha t  of $1. × 384. (B) Higher  
magnif icat ion showing the grotesque appearance  of the tubercular  processes. × 2400. (C) Some 

tubercular  processes with holes. × 1200 

X - d i s e a s e  N o .  2 

$3  (7 m m  long)  b e g a n  to l ay  e g g s  11 d a y s  a f t e r  s a m p l i n g  a n d  s u r v i v e d  for 21 days ,  

p r o d u c i n g  a to t a l  of 10 e g g s .  E g g - l a y i n g  of $3  l a s t e d  for  o n l y  2 d a y s  a n d  t h e n  s t o p p e d .  

F i r s t  A. clausi a n d  t h e n  Tigriopus japonicus, Oithona aruensis a n d  p o l y c h a e t e  l a r v a e  

w e r e  o f f e r e d  as  food.  T e s t i c u l a r  p r o d u c t s  of $3  i n c r e a s e d  a n d  d e c r e a s e d  at  i n t e r v a l s  of 

s e v e r a l  days .  T h e  h e a d  of $3  b e c a m e  o p a q u e  a n d  d a m a g e d  21 d a y s  a f t e r  s a m p l i n g .  W e  

f o u n d  m a n y  b a c t e r i a  in  t h e  h e a d .  In a d d i t i o n  to t h e  p r e s e n c e  of b a c t e r i a ,  t h e  c i l i a ry  s e n s e  

o r g a n s  o n  t h e  b o d y  w e r e  e s p e c i a l l y  a b n o r m a l  d u e  to t h e  a d h e s i o n  of h a i r  (Fig. 3). O n c e  

t h e s e  o r g a n s  b e c o m e  a b n o r m a l ,  t h e  c h a e t o g n a t h  m a y  d i e  of s t a r v a t i o n  b e c a u s e  t h e s e  

o r g a n s  a r e  i m p o r t a n t  for  f e e d i n g  ( F e i g e n b a u m ,  1978; N a g a s a w a  & M a r u m o ,  1978, 1982). 

W h i l e  t h e  r e a s o n  for  t h e  d e v e l o p m e n t  of t h i s  a b n o r m a l i t y  i n  t h e  c i l i a ry  s e n s e  o r g a n s  

r e m a i n s  o b s c u r e ,  w e  a t t r i b u t e  it a l so  to a n  u n k n o w n  d i s e a s e  a n d  n o t  to b a c t e r i a l  

i n f e c t i o n .  

Fig. 3. Scanning electron micrographs  of individual  $3. (A) Two ciliary sense organs are connected 
by their  hair  which became stuck together,  x 600. (B) Enlarged view of the base of an abnormal  
ciliary sense  organ, upper  part  of (A), x 2880. (C) Higher  magnif icat ion of part  of the ciliary sense 
organ, lower part  of (A), x 2880. (D) Another  abnormal  ciliary sense organ, X 780. (E) Enlarged 
view of the base of (D), x 1800. (F) Higher  magnif icat ion of par t  of (D), x 1800. (G) An unknown 
rope-l ike structure be tween  two ciliary sense  organs, x 240. (H) Enlarged view of the base  of a 
ciliary sense  organ on the r ight  of the rope-l ike structure, x 1440. (f) Enlarged view of another  part  
of (H). X 3600. (J) A spiral string s temming from the ciliary sense organ near the rope in (G). 
x 2400. (K) Enlarged view of (J). x 6000. (L) Enlarged view of a ciliary sense  organ to the left of tbe 
rope-l ike structure. X 1440. (M) Enlarged view of a par t  of (L). x 3600. (N) Anterior  part  of the trunk 

of the  chaetognath,  x 6000. (O) Another  part  of the anter ior  t runk of the chaetognath.  × 2400 
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B a c t e r i a l  i n f e c t i o n  o f  c i l i a r y  s e n s e  o r g a n s  

S4 (7 m m  long )  l a i d  4 e g g s  2 d a y s  a f t e r  s a m p l i n g  a n d  s u r v i v e d  for  13 days .  T e s t i c u l a r  

p r o d u c t s  of $4  d e c r e a s e d  6 d a y s  a f t e r  s a m p l i n g  a n d  t h e n  t h e y  d i s a p p e a r e d .  T h u s ,  i ts  ta i l  

r e m a i n e d  e m p t y  u n t i l  i t  d i e d .  P r o g r e s s i v e  a t r o p h y  o c c u r r e d  i n  $4.  T h e  h a i r  of t h e  c i l i a ry  

s e n s e  o r g a n s  w a s  n o t  v i s i b l e  o n e  d a y  b e f o r e  d e a t h .  T h e  b o d y  of $4 b e c a m e  c u r v e d  b u t  

d i d  n o t  b e c o m e  o p a q u e  w h e n  i t  d i ed .  O. a r u e n s i s w e r e  of fe red ,  b u t  t h i s  c h a e t o g n a t h  on ly  

f ed  o n  a s m a l l  n u m b e r  of t h e s e  c o p e p o d s .  

S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  s h o w e d  t h a t  t h e  c i l i a ry  s e n s e  o r g a n s  of S4 w e r e  

a t t a c k e d  b y  b a c t e r i a  (Fig. 4). B e c a u s e  of b a c t e r i a l  a t t a ck ,  t h e  h a i r  of t h e s e  o r g a n s  
d i s a p p e a r e d  b e f o r e  d e a t h .  

Fig. 4. Scanning  electron micrographs  of ciliary sense organs which  are normal  (A) and  at tacked by 
bacter ia  (B-E). (A) A ciliary sense organ of a heal thy specimen of Sagitta ferox. × 1400. (B-E) 
Bacterial  infect ion of a ciliary sense  organ of individual  $4. (B) × 1200. (C) X 3600. (D) × 3600. (E) 

× 3600 

A b n o r m a l  e p i d e r m i s  a n d  b a c t e r i a l  i n f e c t i o n  

I n d i v i d u a l s  $5,  $6, $7  a n d  $8  w e r e  s t i l l  t r a n s p a r e n t  a t  t h e  t i m e  of d e a t h  u n l i k e  t h e  

c o n d i t i o n  w h e n  d e a t h  is c a u s e d  b y  h e a ~ ¢  b a c t e r i a l  i n f e c t i o n  ( N a g a s a w a  e t  al., 1984). $5  

(6 m m  l o n g )  s u r v i v e d  in  t h e  l a b o r a t o r y  for 9 days .  T e s t i c u l a r  p r o d u c t s  of $5 d i s a p p e a r e d  

Fig. 5. Scanning  electron micrographs  of individuals  $5 (A, B), S6 (C, D, E), S7 (F, G) and  $8 (H) 
which  remained  t ransparen t  w h e n  they died. (A) Protuberances  are found here  and  there  on the 
body of $5. × 3600. (B) A pro tuberance  and  a ciliary sense  organ of $5. × 3600. (C) Posterior part  of 
the head  of $6 where  many  granular  processes are found. × 360. (D) Granular  processes are also 
found on the body of $6. × 1200. (E) Higher  magnif icat ion of the head  of $6. × 1800. (F) A part  of 
the head  of $7 is covered with some branch- l ike  growth. × 1200. (G) Hooks of $7 infected with a 
small  n u m b e r  of bacteria.  × 1200. (H) Many  f i laments  an d  a small  n u m b e r  of bacter ia  on the body 

of S8. x 3600 
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Fig. 6. Scanning electron micrographs showing bacterial infection of ciliary sense organs. (A-C) 
Sagitta helenae kept in the laboratory for feeding experiments. (D-F) Sagitta crassa obtained from 
Tokyo Bay on 25 June 1982. (A) Top of a ciliary sense organ attacked by bacteria, x 960, (B) 
Enlarged view of the part most infected by bacteria. × 3600. (C) A ciliary sense organ of another 
specimen also infected by a small number of bacteria. × 1200. (D) A ciliary sense organ slightly 
infected by bacteria. Bacteria are also found on the body. × 1800. (E) Enlarged view of a part of (D). 
Hair is covered by slime. × 3600. (F) A part of another ciliary sense organ slightly infected by 

bacteria. × 3600 

7 days  af ter  s a m p l i n g  a n d  t h e n  its ta i l  r e m a i n e d  empty .  P o l y c h a e t e  l a r v a e  w e r e  offered.  

$6 (7 m m  long)  l a id  9 e g g s  2 days  a f te r  s a m p l i n g  a n d  s u r v i v e d  in  the  l a b o r a t o r y  for 9 
days .  At  first, it w a s  p a c k e d  ful l  of t e s t i cu l a r  p roduc t s  bu t  t h e y  b e g a n  to d e c r e a s e  5 days  

a f te r  s a m p l i n g  a n d  t h e n  t h e  ta i l  b e c a m e  empty .  O, aruens i s  i n d i v i d u a l s  w e r e  offered,  bu t  

$6, l i ke  S4, o n l y  fed  on  a sma l l  n u m b e r  of t h e s e  copepods .  $7 a n d  $8 (both w e r e  5 m m  
long)  s u r v i v e d  for 4 days,  T e s t i c u l a r  p r o d u c t s  of t h e s e  t w o  s p e c i m e n s  w e r e  f e w  at first 

a n d  t h e n  d i s a p p e a r e d  c o m p l e t e l y .  A. c laus i  w e r e  o f fe red  bu t  no f e e d i n g  occur red .  This  

s u g g e s t s  tha t  S7 a n d  S8 d i e d  of s t a rva t ion  de sp i t e  a m p l e  food.  

No  b a c t e r i a  w e r e  f o u n d  on  the  b o d y  su r face  of i n d i v i d u a l s  S5 a n d  $6, w h e r e a s  a 

sma l l  n u m b e r  of b a c t e r i a  o c c u r r e d  on  S7 a n d  $8. S o m e  par t s  of t he  b o d y  of $5 w e r e  
p r o t u b e r a n t  (Fig. 5) w h e r e a s  l a r g e  n u m b e r s  of g r a n u l a r  p r o c e s s e s  c o v e r e d  a lmos t  t he  

e n t i r e  b o d y  of S6 (Fig. 5). O n  the  b o d y  of S7 b a c t e r i a l  i n f e c t i o n  w a s  no t  d e t e c t e d  bu t  
s o m e  b r a n c h - l i k e  g r o w t h  c o v e r e d  s o m e  par ts  of t he  b o d y  (Fig. 5). Bac te r i a  a t t a c k e d  on ly  

the  hooks  of S7 (Fig. 5). S o m e  par t s  of t he  b o d y  of S8 w e r e  c o v e r e d  by  a l a rge  n u m b e r  of 
f i l a m e n t s  a n d  a sma l l  n u m b e r  of b a c t e r i a  w e r e  f o u n d  t o g e t h e r  w i t h  t he se  f i l amen t s  
(Fig. 5). 

O n  the  w h o l e ,  t he  a b o v e - m e n t i o n e d  t r a n s p a r e n t  c h a e t o g n a t h s  ($4, S5, $6, $7 and  $8) 
s h o w e d  a d e c r e a s e  in  t e s t i cu l a r  p r o d u c t s  d u r i n g  cu l ture .  A p p a r e n t l y ,  t h e y  fed  m u c h  less  
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than $1, $2 and $3. Due to low inges t ion  the tes t icular  products  of these animals  are 

considered to have  been  consumed  as ene rgy  resource,  and thus f inal ly d isappeared .  
Opaque  parts of the chae tognaths  are usual ly  infected by bacter ia  (Nagasawa  et al., 

1984). In contrast, t ransparent  chae togna ths  have  var ious types of condit ion.  A l though  

most of them had no bacter ia  on the body, the body surface was unusua l  and rough and it 

was somet imes  covered  wi th  some abnormal  growth.  Transparen t  chae togna ths  have  no 
or few bacter ia  compared  with  o p a q u e  ones. 

DISCUSSION 

Head  or tail d a m a g e  of chae togna ths  caused by bacter ia l  infect ion occurred in 60 % 
of chaetognaths  kept  in the laboratory, whereas  about  10 % of the chae togna th  popula-  

tion in the sea showed bacter ia l  infect ion (Nagasawa  et al., 1984). Each type of 
X-diseases reported here  was observed  in 1 %  of the ind iv idua ls  kept  in the laboratory. 
However ,  X-disease  No. 1 may account  for 2 % of the spec imens  in the laboratory,  s ince 

$2 showed a sl ightly g ro tesque  appea rance  s imilar  to $1. Chae togna ths  wi th  X-d isease  

as in Sl  and abnormal i ty  of ci l iary sense  organs  (X-disease in $3) h a v e  not b e e n  found in 
field samples.  However ,  t ak ing  into account  the lower  f r equency  of bacter ia l  infect ion in 

the sea compared  to that in the laboratory, the f r equency  of X-diseases  may  be very low 

in the sea, and unhea l thy  chae togna ths  are un l ike ly  to be caught  because  of rapid death,  

s inking and decay. 
Chaetognaths  which  r ema ined  t ransparent  at the t ime of death  accounted  for 9 % of 

the dead chae tognaths  recorded  in the laboratory (Nagasawa  et al., 1984). Bacter ial  

infection of cil iary sense organs occurred in cul t iva ted  Sagitta crassa at the rate of 1 %  ; 

such bacter ia l  infect ion with tail d a m a g e  was  obse rved  also in S. helenae Ritter-Zhhony, 
obtained from the Atlantic  Ocean  and kept  in the laboratory (Fig. 6). We found that 

cil iary sense organs of f ield samples  (S. crassa) w e r e  s l ight ly  infec ted  by bac te r ia  (Fig. 6). 
No bacter ia  or few bacter ia  w e r e  re la ted  to the dea th  of chae togna ths  that  r e m a i n e d  

transparent  but  some abnormal  structures w e r e  found on thei r  bodies  un l ike  any found 

in heal thy specimens.  These  abnormal  structures are f requent ly  observed  in field 

samples from Tokyo Bay (Nagasawa,  unpubl.).  
Observat ions  and examina t ions  of diseases  and abnormal i t i es  of chae togna ths  have  

rarely b e e n  made.  It is necessary  to inves t iga te  the nature  of chae togna th  diseases  in 

order to unders tand  their  causes and to es t imate  their  contr ibut ion to chae togna th  

mortali ty in the sea. Basic research on mar ine  an imal  d iseases  inc lud ing  X-diseases  of 
chaetognaths  requires  more a t tent ion both in regard  to the relat ions b e t w e e n  d isease  

agent  and host, and the capaci ty  of these  d iseases  to affect, direct  or e v e n  control  the f low 

of energy  and mat ter  in mar ine  ecosystems.  
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