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ABSTRACT: The majority of wild-caught Sarsia tubulosa M. Sars medusae are less dense than the 
surrounding water. The bell of S. tubulosa is the buoyant structure; the tentacles and manubrium 
sink if cut off from the belt. S. tubulosa individuals placed in dilute seawater sink initially but 
recover positive or neutral buoyancy and normal activity within a couple of hours. In all cases 
observed animals were able to achieve positive buoyancy in seawater of 20.25 °/~o S and some 
individuals were able to adjust to lower salinities. In most cases where positive buoyancy was not 
attained within two hours the animal did not achieve positive buoyancy within twelve hours and 
died within that period. While the mechanism of regulation is not known, ionic pumping, possibly 
involving the extrusion of sulphate ion, has been suggested to be responsible for the buoyancy of 
mesoglea in other jellyfishes. 

INTRODUCTION 

Only a few hydrozoans are k n o w n  to be able  to alter their  densi ty  (Mackie, 1974). 
Some s iphonophores  which possess gas-fi l led floats are k n o w n  to regula te  their  dens i ty  
by al ter ing the amount  of gas in  the float (Jacobs, 1937, 1954}. Jacobs (1937) also 
demonstra ted that at least t-Iippopodius and  Diphyes, among  those s iphonophores  which 
do not possess floats, are able  to change  their  densi ty  to become l ighter  or heavier  than  
the sur rounding  seawater  over a per iod of 30 m i n  to one hour. Jacobs a t t r ibuted  this 
abil i ty to properties of the mesoglea  of the swimming  bel ls  because  d i s m e m b e r m e n t  of a 
floating an imal  a lways resul ted in  the bel l  f loat ing and  the rest of the an ima l  s inking.  
The only other hydrozoans which have b e e n  previously  reported to change  their  densi ty  
are Solmaris (Aegineta} flavescens (Bethe, 1910) and  Pelagohydra, which has a fluid- 
filled float (Pilgrim, 1967). 

The mechan i sm of densi ty  regula t ion  in  coelenterates  wi thout  gas-f i l led floats is as 
yet unknown.  However,  Denton & Shaw (1961) showed that the lower densi ty  of 
mesoglea  relat ive to seawater,  with which it is isosmotic, can be exp la ined  as be i ng  due  
to the lower concentra t ion of sulphate  ion in  mesoglea.  Mackay  (1969} demons t ra ted  that 
hydromedusae  are able  to pump  sulphate  ion and  this provides support  for the idea that 
hydromedusae  may be able  to change  their  densi ty  by c h a n g i n g  the concent ra t ion  of 
sulphate ion in the mesoglea.  

In the course of a series of observat ions of sw imming  behavior  in  Sarsia it was 
observed that Sarsia which s topped swimming  in  the center  of the tank  almost  a lways 
floated to the top (Leonard, unpublished}.  Animals  put  into dishes of di lute  seawater  as 
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part  of a study of behavior  unde r  stress (Leonard, in  preparat ion) sank ini t ia l ly but  
recovered buoyancy  wi th in  a couple of hours. This study was conducted to quant ify and 
confirm these observat ions s ince Bethe 's  (1910) is the only  previous study of densi ty  
change  in  a medusa .  

MATERIALS AND METHODS 

These exper iments  were conducted  at the Friday Harbor  Laboratories, Friday 
Harbor, Washington.  All  an imals  used were wi ld -caught  adul t  Sarsia tubulosa M. Sars 
captured  by b e i n g  d ipped  up  in  a glass or plast ic cup. Animals  were caught  by n ight  
l ight ing  off the FHL dock or captured in  the dayt ime in Parks Bay, Shaw Island. The 
an imals  were  held  in  water  from the FHL seawater  system in  glass jars submerged  to the 
water  l ine  in  a c i rcula t ing sea table  for several  days. The seawater  in  which the animals  
were  kept  was  not  fi l tered but  the an ima l s  were  not  fed otherwise. 

Buoyancy tests were conducted  on J u n e  18, 20, 23 and  25, 1977. All an imals  used for 
the tests had  b e e n  kept  in  FHL seawater  for at least  24 h prior to testing. Each an ima l  was 
d ipped  out of the home conta iner  ind iv idua l ly  and  p laced  on a damp paper  towel a long 
with a small  quan t i ty  of seawater.  One  cut was made  in  each quadran t  in the bel l  marg in  
b e t w e e n  the tentacle  bulbs.  This operat ion prevents  Sarsia from carrying out swimming  
contractions. Each an ima l  was then  dropped into a rec tangula r  glass container,  in  such a 
m a n n e r  that  it fell be low the water  surface, and  scored for buoyancy.  The container  was 
fil led to a depth  of 8 inches with fresh FHL seawater.  Each an imal  was scored as 
positively, negat ively ,  and  neut ra l ly  buoyan t  according to whether  it floated back to the 
water  surface, con t inued  s ink ing  unt i l  it reached  the bottom, or came to rest somewhere  
b e t w e e n  the surface and  the bottom, respectively.  After half of the an imals  in each run  
were scored, the an imals  were removed and  fresh water  was put  into the test container.  

For the dens i ty  change  exper iments  in  Augus t  1978, five tall  glass petri  dishes were 
used to hold animals .  Each dish was fi l led with 400 ml of seawater  or appropriate  
volumes  of seawater  and  tap water  (Table 1). The dishes, i nc lud ing  those for the controls 
were  stirred vigorously with a glass rod to ensure  good mixing.  In the first series, four 
an ima l s  were  put  in  each dish, five each in  the second series except  for the dish of 20.25 
°/oo S seawater,  which  con ta ined  six animals .  

In both series the an imals  were put  into the dishes at 03:00 PDT and  the n u m b e r  of 

Table 1. Number of positively buoyant animals in each treatment (14 °C, 10 animals at 20.25 ~ S; 
9 animals in other cases) 

Experimental time Salinity (%o) 
(min) 27 23.6 20.25 16.9 13.5 

15 8 0 0 0 0 
30 9 0 1 0 0 
45 9 4 4 0 0 
60 9 7 6 1 0 
75 9 8 8 3 0 
90 9 9 9 4 0 

120 9 9 10 4 1 
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posi t ive ly  and  n e g a t i v e l y  b u o y a n t  an ima l s  was  r e c o r d e d  from each  d i sh  eve ry  15 rain 
{Tables 1 and  2). The  cr i ter ia  for n e g a t i v e  b u o y a n c y  were :  (1) the  a n i m a l  was  l y i n g  on the  
bottom of the  d ish  wi th  the  b e 11 res t ing  on the  glass ,  or (2) the  a n i m a l  s ank  w h e n  it  
s topped  s w i m m i n g  {tentacles outspread) .  The  cr i te r ia  for pos i t ive  b u o y a n c y  were :  (1) the  
an imal  was  f loat ing s ta t ionar i ly  at  the  surface,  {2) the  an ima l  f loa ted  u p w a r d  {bell first 
and  ten tac les  t ra i l ing)  w h e n  it s t opped  swimming ,  or (3) the  an imal ,  if t e t h e r e d  b y  its 
t en tac les  to the  glass  on the  bo t tom or s ides  of the  dish,  f loa ted  wi th  i ts be l l  u p w a r d  a n d  
away  from the  bot tom or pa ra l l e l  to the  s ides.  Neu t r a l l y  b u o y a n t  a n ima l s  w o u l d  have  
been  scored as  pos i t ive  if they  we re  at  the  surface and  p r o b a b l y  w o u l d  a lso  have  b e e n  
recorded  as b e i n g  posi t ive,  d e p e n d i n g  on the i r  posi t ion,  if t hey  were  l y ing  on the  bot tom. 

RESULTS AND DISCUSSION 

Sarsia tubulosa he ld  in d e e p  conta iners  f loa ted  mot ion less  at the  w a t e r  surface for 
long per iods  of t ime.  W h e n  an ima l s  s topped  s w i m m i n g  they  usua l ly  f loa ted  be l l  first to 
the surface. Sarsia which  h a d  b e e n  s w i m m i n g  d o w n w a r d  tu rned  over  after  s w i m m i n g  
had  s topped  so that  t hey  a r r ived  at the  surface be l l  first. This  r i gh t ing  a p p e a r s  to be  
ent i re ly  pass ive .  The  apex  of the  be l l  has  the  th ickes t  mesog lea ,  and  the  h e a v y  t en tac les  
and  m a n u b r i u m  trai l  b e h i n d  the be l l  w h e n  the an ima l  is swimming .  The  t en tac les  and  
m a n u b r i u m  s ink  tu rn ing  the be l l  r ight  s ide  up. Buoyancy  tes t ing  after  su rg ica l  pa ra lys i s  
showed that  the  major i ty  (82.8 %) of adu l t  Sarsia are l igh te r  than  the s e a w a t e r  in wh ich  
they  have  b e e n  kep t  (Table 2), The  only cases  in which  a p p a r e n t l y  he a l t hy  Sarsia are  
consis tent ly  heav ie r  than  the  su r round ing  wa te r  occur  w h e n  the  an ima l  has  l a rge  or 
numerous  p rey  i tems a t t ached  to the  t en tac les  or w h e n  there  is a l a rge  b u l g e  of food in 
the manubr ium.  

Al though  Sarsia has  b e e n  the  sub jec t  of e x p e r i m e n t a l  work  s ince  at  leas t  Romanes '  
p a p e r  in  1876, I have  b e e n  u n a b l e  to f ind any  men t ion  in the  l i t e ra ture  of Sarsia or any  
other  m e d u s a  b e i n g  pos i t ive ly  buoyant .  This  overs igh t  is ac tua l ly  qu i t e  e a sy  to unde r -  
s tand.  Sarsia are  very  small ,  t r anspa ren t  an ima l s  and  a re  ha rd  to see  in  l a rge  conta iners .  
In smal l  conta iners  Sarsia b e c o m e  t e t h e r e d  to the  bo t tom b y  the i r  long  ex t ens ib l e  
tentacles .  Then  the  t en tac les  u sua l ly  contract  so tha t  the  a n i m a l  b e c o m e s  so f i rmly  f ixed  
to the  bot tom tha t  t hey  have  diff icul ty  r i s ing  from the  bo t tom even  b y  m e a n s  of v igorous  
swimming  contract ions.  Some o ther  a n t h o m e d u s a e  such as  Bouffainvillia spp.  a n d  
Huphysia f lammea also s e e m  to b e  pos i t ive ly  buoyant .  

Sarsia put  into d i lu te  s e a w a t e r  w e r e  obse rved  to r e g a i n  pos i t ive  b u o y a n c y  af ter  a 
pe r iod  of hours.  The  resul ts  of the  two ser ies  of e x p e r i m e n t s  d e s i g n e d  to conf i rm a n d  

Table 2. Results of buoyancy tests 

Buoyancy Run 7 Run 2 Run 3 Run 4 Total % 

Positively buoyant 34 34 19 19 106 82.8 
Negatively buoyant 8 1 5 7 21 16.4 
Neutrally buoyant 8 1 0 0 1 .8 

Total 42 36 24 26 128 I00 
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quant i fy  this observat ion are summar ized  in  Table  1. In all  cases the jellyfish in salinit ies 
h igher  than  20.25 were  able  to r ega in  posit ive buoyancy  wi th in  the 2-h exper imenta l  
period. In the second series, four out of five an imals  were able  to achieve positive 
buoyancy  in  16.9 o/~ S and  one recovered in  13.5 %0 S seawater.  This  last observat ion was 
very u n u s u a l  s ince all  other Sarsia placed  in  13.5 %o S seawater  r ema ined  negat ive ly  
buoyan t  even  after 12 h and  most of them were dead  by that time. Those animals  which 
r ega ined  posit ive buoyancy  r e m a i n e d  buoyan t  and  seemed  in  most cases heal thy 12 h 
later. 

In all  the exper imenta l ,  bu t  not the control, dishes, the an imals  ini t ia l ly sank to the 
bottom, their  bel ls  became  swol len  and  distorted and  they tended  to lie on their  sides, 
s w i m m i n g  in  place or a long the bottom if at all. The an imals  in  di lute  seawater  seemed 
to be, at least init ial ly,  less active, an  observat ion which agrees  with that of Arai {1973}. 
This m a d e  it qui te  easy to d i s t inguish  b e t w e e n  nega t ive ly  and  posit ively buoyant  
an imals  since few, except  the controls, swam for very long. The recovery of normal  bel l  
shape, normal  activity, and  posit ive buoyancy  were  all gradual  and  appeared  to follow a 
s imi lar  t ime course. 

Some of the var iabi l i ty  in  the the t ime requi red  to at ta in  positive buoyancy  wi th in  a 
t r ea tmen t  may  be  a t t r ibutable  to size differences, with smal ler  an imals  becoming  
buoyan t  faster. In the 20.25 %0 S dish of the second series the first an imal  to become 
posit ively buoyan t  was an  extremely small  (ca. 2 -mm bel l  height} ind iv idua l  which had 
apparen t ly  b e e n  in t roduced into the dish unobse rved  in  a d ipper  with a larger individ-  
ual. It would  be logical  for densi ty  changes  to occur more rapidly in  smaller  animals  
because  of their  larger  surface-area to vo lume ratio, if the me c ha n i sm  is something like 
the active movemen t  of ion(s) across a m e m b r a n e  to change  the concentra t ion  in  the 
mesoglea.  

In conclusion,  Sarsia tubulosa medusae  are able  to adjust  their  densi ty  to achieve 
posit ive buoyancy  in  a di lute  medium.  The physiological  me c ha n i sm  for this is not 
known,  bu t  the work of Denton  & Shaw (1961} and  Mackay  (1969} makes  it seem likely 
that changes  in  su lpha te  ion concent ra t ion  in the mesoglea  are involved.  Sarsia have not 
yet  b e e n  shown to change  their  dens i ty  actively whi le  r e m a i n i n g  in one medium.  Sarsia 
in  behaviora l  exper iments  are occasionally observed to become nega t ive ly  buoyant  
wi thout  feeding,  over the course of a few hours, but  it is not  k n o w n  whether  this process 
is reversible.  Dead and  dying  Sarsia t end  to sink. The demonst ra t ion  of densi ty changes  
in  Sarsia provides a new approach for further work on densi ty  regula t ion  and  vertical 
migra t ion  in  hydrozoans.  
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