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ABSTRACT

Three a s p e c ts  o f osm otic b eh av io r were s tu d ie d  in  sam ples 

o f th e  mysid. Neomvsis am ericana Sm ith , drawn from p o p u la tio n s  found 

in  environm ents w ith  h ig h  and low s a l i n i t y .  These were* (1 ) m o rta l

i t y  r a t e s  in  extrem e s a l i n i t i e s ,  (2) b lood t o t a l  osm otic co n cen tra 

t io n  a f t e r  a c c lim a tio n  to  v a r io u s  c o n c e n tra tio n s  o f  th e  medium, and 

(3 ) oxygen consum ption in  w aters  o f  th re e  d i f f e r e n t  s a l i n i t i e s .  The 

sam ples from th e  two p o p u la tio n s  d i f f e r e d  in  t h e i r  m o r ta l i ty  r a t e s  

in  low extrem e s a l i n i t i e s  b u t n o t in  t h e i r  body f lu i d  c o n c e n tra tio n  

o r r e s p i r a to r y  r a t e  in  a s e r ie s  o f  s a l i n i t i e s .  N. am ericana was 

found to  r e g u la te  i t s  body f lu id  c o n c e n tra tio n  bo th  hypo- and hyper- 

o sm o tie a lly  to  th e  medium and was e s tim a te d  to  be iso sm o tic  a t  

c a « 27 o /o o . R e s p ira tio n  in  a medium o f  10 o r 30 o /oo  s a l i n i t y  was 

s ig n i f i c a n t ly  h ig h e r th a n  in  th e  a c c lim a tio n  medium o f 20 o /o o .
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INTRODUCTION

Neoigysis am ericana Sm ith, commonly c a l le d  an opossum shrim p, 

i s  a sm all (up to  14- mm lo n g ) , sh rim p -lik e  c ru s ta c e a n  o f th e  su b c la ss  

M alacostraca  and o rd e r  M ysidaeea. I t  has a re p o rte d  range ex tend ing  

from th e  G ulf o f  S a in t  Lawrence ( T a t t e r s a i l ,  1939) a t  l e a s t  as  f a r

so u th  a s  Cape H a tte ra s  (Bigelow and S e a rs , 1939) in  shallow  in sh o re

w a te rs . I t  i s  abundant and w idespread  in  th e  Chesapeake (Cow les, 1930), 

Delaware (H u lb e rt, 1957), and N a rra g a n se tt  (Herman, 1963) e s tu a r i e s .

I t  e x h ib i ts  d iu rn a l  v e r t i c a l  m ig ra tio n  (Herman, 1963) and i s  p r im a r ily  

a d e t r i t u s  fe e d e r .  A d d itio n a l in fo rm a tio n  on th e  l i f e  h is to r y  o f th e  

genus may be found in  T a t t e r s a l l  and T a t t e r s a l l  (1951).

N. am ericanahas been e x te n s iv e ly  c o lle c te d  in  ocean ic  s a l i n i 

t i e s  by F ish  (1925), Cowles (1930), T a t t e r s a l l  (1939), Bigelow and S e s rs  

(1 9 3 9 ), C ronin e t  a l . (1962), and o th e r s .  The sp e c ie s  was c o n s is te n t ly  

found as f a r  up Delaware Bay as th e  4 o /oo  is o h a lln e  (H u lb e rt, 1957).

The same wide s a l i n i t y  d i s t r i b u t io n  was no ted  from p lan k to n  c o l le c t io n s

o f  th e  Ich th y o lo g y  Departm ent o f  th e  V irg in ia  I n s t i t u t e  o f Marine 

S cien ce  made in  th e  York R iver and over th e  c o n tin e n ta l  s h e l f  o f f  th e  

V irg in ia  c o a s t .  C om paratively  few in d iv id u a ls  were found in  low er 

Chesapeake Bay c o l le c t io n s  o f th e  same s e r i e s .  The wide rang© o f  d i s 

t r i b u t i o n  im p lie s  s tro n g  e u ry h a lin e  q u a l i t i e s  fo r  th e  s p e c ie s .  These 

o b se rv a tio n s  provoke th e  q u e s tio n s : (1 ) What ad ju stm en ts  a re  made in

th e  sp e c ie s  to  enab le  i t  to  su rv iv e  t i l l s  wide range o f s a l i n i t i e s ?

(2) Does th e  n a tu re  o f th e se  ad ju stm en ts  change fo r  p o p u la tio n s  in
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d i f f e r e n t  re g io n s  o f  th e  s a l i n i t y  range?

K arpevich (1958) appears to  have don© th e  on ly  experim enta

t io n  w ith  s a l i n i t y  v a r ia b le s  on any o f th e  M ysidacea. He determ ined 

s u rv iv a l  and r e s p i r a t io n  r a t e s  o f  Mesoraygis kaw alevakvi in  w ate rs  o f 

d i f f e r e n t  s a l i n i t i e s  and io n ic  r a t i o s .  E x c e lle n t rev iew s o f osmoregu

l a t i o n  in  C rustacea  have been made by R obertson  ( I9 6 0 ) , P ro sse r  and 

Brown (1961), Lockwood (1 9 6 2 ), and Kinne (1963).

Samples o f  two p o p u la tio n s  from d i f f e r e n t  s a l i n i t y  regim es 

were s tu d ie d  in  o rd e r  to  f in d  any d if f e re n c e s  in  th e  a d a p ta tio n  

( e i t h e r  g e n e tic  o r th ro u g h  lo n g -te rm  acc lim a tio n )  o f  in d iv id u a ls  to  

d i f f e r e n t  p a r ts  o f  th e  s a l i n i t y  ra n g e • One p o p u la tio n  was from  th e  

low er end o f  th e  York R iver which has mean monthly maximum, minimum 

s u rfa c e  s a l i n i t i e s  o f 22 .6  and 14#9 o /oo  and an annual mean su rfa c e  

s a l i n i t y  o f 1 9 .4  o /oo  (U. S . C. G. S . ,  I9 6 0 ). The o th e r  was from th e  

ocean s id e  o f e a s te rn  shore o f  V irg in ia  w ith  a s a l i n i t y  range o f  29 

to  33 o /oo  (V irg in ia  I n s t i t u t e  o f M arine S c ien ce , unpub lished  r e c o rd s ) .

Three v a r ia b le s  were m easured, a l l  o f  which have been w idely  

used to  s tudy  osm otic b eh av io r in  a q u a tic  an im als . These were m o rta l-  

i t y  r a t e s  to  e s ta b l i s h  a g e n e ra l working range fo r  subsequen t e x p e r i

m en ta tio n , b lood osm otic c o n c e n tra tio n  to  determ ine w hether th ey  were 

o sm oregu la to rs  o r eonfo rm ers, and r e s p i r a to r y  r a te  as  a clu© to  th e  

energy  req u irem en ts  f o r  ad ju stm en t to  t h e i r  p a r t i c u la r  s a l i n i t y  reg im e.



MATERIALS AND METHODS

C o lle c tio n s

York R iv e r c o l le c t io n s  were made a t  G lo u ces te r  P o in t ,  V irg in ia ,  

in  th e  e e l  g ra s s  zone ( c a .  2 f e e t  deep a t  MU?) in  th e  s p r in g , and in  

th e  r iv e r  channel a t  G lo u ces te r  P o in t ( c a .  30 f e e t  deep a t  MLW) in  th e  

summer and f a l l .  E a s te rn  shore  c o l le c t io n s  were made n ea r U aohapreague, 

V ir g in ia ,  in  th e  s a l t  marsh channels (2  to  10 f e e t  dep ths) in  th e  sp rin g  

and a t  ffachapreagu© I n l e t  (15 to  30 f e e t  dep ths) in  th e  summer and f a l l .

C o lle c tio n s  were made w ith  © 50 cm s e m i-c ir c u la r  ep ifau n a  n e t 

towed slow ly  (1  t o  2 k n o ts) along th e  bottom  behind a s k i f f .  Data on 

lo c a t io n ,  w ater tem p e ra tu re , s a l i n i t y ,  tim e , t i d e ,  d ep th , bottom  ty p e , 

and e s tim a ted  numbers and s iz e  o f mysids were reco rd ed  fo r  p o s s ib le  

c o r r e la t io n  w ith  ex p erim en ta l r e s u l t s .

In  th e  la b o ra to ry ,  In d iv id u a ls  were s o r te d  by c a r e f u l ly  pouring  

them In to  a co a rse  mesh (Iroia) n e t which was immersed to  th e  open end 

i n  sea water* S m alle r in d iv id u a ls ,  n o t r e s t r i c t e d  by th e  mesh s iz e ,  

swam to  th e  bottom  o f th e  sea w ater c o n ta in e r  and were d isc a rd e d . The 

rem ain ing , l a r g e r ,  in d iv id u a ls  were saved fo r  ex p erim en ts . There i s  no 

g ro ss  m orphological d if f e re n c e  o th e r  th an  s iz e  between ju v e n i le s  and 

a d u l t s ,  s in c e  th e  a d u l t  form i s  a t ta in e d  b e fo re  th e  in d iv id u a ls  a re  r e 

le a se d  from th e  brood pouch o f  th e  fem ale . An a r b i t r a r y  minimum le n g th  

o f c a . $ mm was s e t  f o r  ex p erim en ta l animal®. The mean le n g th  was 10 

to  12 mm th roughou t th e  sam pling p e r io d .
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A liq u o ts  o f most c o l le c t io n s  were checked f o r  taxonom ic 

i d e n t i f i e s t i o n .  The shape and p ig m en ta tio n  o f  th e  te l s o n  was found 

to  be a co n v en ien t method fo r  d is t in g u is h in g  I .  am ericana from o th e r  

lo c a l  s p e c ie s  (H opkins, 1958). Two specim ens o f M ysidonsis b ig e lo w i 

from  a York R iv er c o l le c t io n  in  December were th e  only  in d iv id u a ls

n o t i d e n t i f i e d  as  H. am ericana.

A cclim ation

E xperim en ta l an im als were acc lim a ted  to  th e  d e s ire d  tem pera

tu r e  and s a l i n i t y  fo r  a minimum o f s ix  d ay s . The a c c lim a tio n  tem pera

tu r e  was 20 "+ 2°G f o r  a l l  ex p erim en ts . The a c c lim a tio n  s a l i n i t i e s

were 20 o /oo  f o r  th e  m o rta lity  and r e s p i r a t i o n  ex p erim en ts , and 10,

20, 3 0 , and 36 o /oo  f o r  th e  blood c o n c e n tra tio n  ex p erim en ts .

O yster fe c e s  were chosen as food ; t h i s  had th e  advantage o f 

pro longed su sp en s io n , because 80 p e rc e n t o f  th e  p a r t i c l e s  were l e s s  

th a n  2 jn in  d iam ete r ( D exter Haven, p e rso n a l com m unication)• The d i s 

advantage la y  in  th e  s u i t a b i l i t y  o f  o y s te r  fe c e s  as  a b a c t e r i a l  c u l tu re  

medium; t h i s  was c o u n te ra c te d  w ith  m oderate su ccess  by adding d l -  

h y d ro s tre p to n y c in  s u l f a te  to  th e  h o ld in g  c o n ta in e rs  a t  a dosage o f 

50 m g/l (M arsh a ll and O rr, 1958).

A r t i f i c i a l  sea w ater ( see Appendix, T able I ) ,  mixed to  th e  d e s ire d

s a l i n i t y  w ith  d i s t i l l e d  w a te r , was th e  a c c lim a tio n  medium. S a l i n i t i e s

were determ ined  w ith  a hydrom eter to  '+0 * 3  o /oo  o r by t i t r a t i o n  (Knudsen 

m ethod)•

The an im als were held  in  e i t h e r  10 g a llo n  P le x ig la s s  a q u a r ia  o r 

in  co v ered , sh a llo w , enamel pans.
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K xperim ental P rocedure

A ll experim en ts  were conducted a t  th e  a c c lim a tio n  tem p era tu re

o f  20 °0 .

M o rta li ty  in  Extreme S a l i n i t i e s } The ex p e rim en ta l c o n ta in e rs  

were r e c ta n g u la r ,  p l a s t i c ,  d isp o sa b le  r a t  cages o f  5 l i t e r s  c a p a c ity .

Pour l i t e r s  o f  a r t i f i c i a l  sea w a te r were made fo r  each  c o n ta in e r  a t  th e  

ex p e rim en ta l s a l i n i t i e s  o f  2 , -4, 6 , 32 , 34» 36 , and 3$ o /o o , w ith  20 o/oo  

a s  th e  c o n tro l  (a c c lim a tio n )  s a l i n i t y .

Mysids were t r a n s f e r r e d  from th e  ho ld ing  to  th e  ex p erim en ta l 

c o n ta in e rs  w ith  a d ip  n e t .  Subsam ples (N=2$) from each p o p u la tio n  sample 

were t e s t e d  f o r  r e l a t i v e  m o r ta l i ty  r a t e  a t  th e  above s a l i n i t i e s  in  two to  

fo u r  r e p l ic a t e  c o n ta in e r s .  Experim ents were ru n  f o r  24. hours w ith  th e  

number su rv iv in g  reco rd ed  fo r  each  c o n ta in e r  a t  one to  fo u r  hour i n t e r v a l s .

Animals were co n s id e red  dead when they  d id  n o t respond to  t a c t i l e  

s t im u la t io n .

Blood Osmotic C o n c e n tra tio n : The blood c o n c e n tra tio n  was de

te rm in ed  by th e  f re e z in g  p o in t  d e p re ss io n  tech n iq u e  m odified  from  Jones 

(194.1).

E ig h t to  12 lambda o f  b lood were c o l le c te d  by c a p i l l a r y  a c t io n  

u s in g  © drawn c a p i l l a r y  tub® ( in s id e  d iam ete r c a . 1 0 0 )  in s e r te d  in to  

th e  pun ctu red  p e r ic a rd iu m . The end o f  th e  c a p i l l a r y  tu b e  c o n ta in in g  

th e  sample was s e a le d  by suck ing  m elted  p a r a f f in  in to  th e  tube  behind 

th e  sam ple. The o th e r  end o f  th e  tu b e  was se a le d  by d ip p in g  i t  in to
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th e  m elted p a r a f f in .  The samples were p laced  in  a calcium  c h lo r id e  

s o lu t io n  in  a f r e e z e r  a t  -25°C a t  l e a s t  o v e rn ig h t.

The sam ples were th en  removed to  a co ld  room a t  4-*5°G and 

allow ed to  m elt slow ly  in  a c h i l le d  (-3 °G ), h u t s low ly  warming, b r in e  

s o lu t io n .  The tem p era tu re  o f th e  b r in e  was tak en  w ith  a stem thermom

e t e r  t o  th e  n e a re s t  0.0§°C (therm om eter g rad u a ted  in  0.1°C I n te rv a ls )  

a t  th e  tim e th e  l a s t  c r y s t a l  o f a sample m elted . T h is  was tak en  as 

th e  f re e z in g  p o in t  d e p re ss io n  o f a sam ple.

A r t i f i c i a l  sea w ater was used f o r  th e  10, 20, and 30 o/oo 

s ta n d a rd s . Blood c o n c e n tra tio n  i s  exp ressed  In  p a r ts -p e r- th o u sa n d  

s a l i n i t y  by co n v e rtin g  °C to  p a r ts -o e r- th o u sa n d  on th e  s tan d a rd  curve 

(F ig .  1 ) .

R e sp ira to ry  R ate ; R e sp ira to ry  r a t e s  were determ ined in  a con

s ta n t  volume Warburg re sp iro m e te r  (U m breit e t  a l . , 1957)*

Animals were t r a n s f e r r e d  from th e  20 o /oo  a c c lim a tio n  s a l in 

i t y  to  th e  ex p erim en ta l s a l i n i t i e s  co n ta in ed  In  th e  100 ml Warburg flask® . 

An exp erim en ta l ru n  c o n s is te d  o f two s e ts  o f  10, 20, and 30 o /oo  f la s k s ,  

one s e t  f o r  each p o p u la tio n  sam ple, and one f la s k  a3 a therm obarom eter 

( c o n t r o l ) .

P re lim in a ry  experim ents showed 35 in d iv id u a ls  p e r  f la s k  to  be 

an optimum number. A g r e a te r  number in c re a se d  oann ibalism  and a ls o  

in h ib i te d  O2  consum ption. Fewer mysids gave sm a lle r  reading® , hence 

sm a lle r  d i f f e re n c e s  between ex p erim en ta l v a r ia b le s .
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Four anesthetics, magnesium chloride, suecinyl choline chlor
ide, eserine sulphate, and tricaine methanesulphonate (MB**222), sere 
applied to determine whether differences in the metabolism of animals 
exposed to different salinities were due to osmoregulation or to an 
escape reaction as hypothesised by Lofts (1956)•



"RESULTS

M o rta li ty  in  Extreme S a l i n i t i e s

The York in d iv id u a ls  were more to l e r a n t  o f  th e  low s a l i n i t i e s  

th a n  th e  an im als from  W achapreague. The two groups were e q u a lly  t o l 

e r a n t  o f  h ig h  s a l i n i t i e s  (F igs*  2 and 3) • The m o r ta l i t i e s  o f  th e  

sam ples from th e  two p o p u la tio n s  a t  12 hours e lap sed  tim e a re  ty p ic a l  

o f  th e  p a t te r n  o f m o r ta l i ty  a t  th e  o th e r  e lap sed  tim es (P ig . 2 ) .  The 

cu rves showing cum ulative  p e rc e n t m o r ta l i ty  o f th e  sam ples f o r  each  

s a l i n i t y  a t  a s e r ie s  o f e lap sed  tim es have d i s t i n c t iv e  f e a tu re s  (F ig .  3 ) .  

They approxim ate th e  g e n e ra l shape o f  th e  to p  h a l f  o f  a sigm oid curve 

w ith  a ra p id  i n i t i a l  r i s e  g iv in g  way to  a g rad u a l le v e l in g  o f f .  The 

h ig h  i n i t i a l  m o r ta l i ty  i s  where th e  d if f e r e n c e  ( s t a t i s t i c a l  s i g n i f i 

cance) between th e  p o p u la tio n  sam ples i s  e s ta b l is h e d .  P o p u la tio n  

sample d if f e re n c e s  in  p e rc e n t m o r ta l i ty  a re  a s  g r e a t  a t  e ig h t  hours 

m  a t  24 hours o r  a re  g r e a te r  a t  8 th a n  a t  24- in  a l l  s a l i n i t i e s  ex cep t 

6 o /o o . The m o r ta l i ty  in  th e  c o n tro l  i s  co n s id e red  in s ig n i f i c a n t .

C h i-sq u are  was employed to  t e s t  f o r  s ig n if ic a n c e  o f  d if f e r e n c e s  

in  th e  deaths, p e r  4-*-hour in te rv a l ,  o f raysid shrim p in  sam ples o b ta in ed  

fro® th e  York and Tachapre&gu© a r e a s .  T able I I  o f  th e  Appendix sum

m arizes th e  p e rc e n t m o r ta l i ty  by 4 -hour i n t e r v a l s .  S ig n i f ic a n t  d i f f e r 

ences were found a t  2 , 4* 6, and 38 o /o o .
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Blood Osmotic C o n ce n tra tio n  

The b lood  f re e z in g  p o in t  d e p re ss io n s  (Appendix, T able I I I )  

were an aly sed  f o r  p o p u la tio n  d if f e r e n c e s  by th e  nt M t e s t .  The means 

were 0 ,8 8 , 1 ,0 5 ; 1 ,3 0 , and 1 • <47°C a t  10, 20, 30 , and 36 o /o o , r e 

s p e c t iv e ly ,  f o r  th e  York p o p u la tio n  and? 0 .8 1 , 1 .0 8 , 1 .3 7 , and i.38°C  

a t  1 0 , 2 0 , 30 , and 3 6  o /o o , r e s p e c t iv e ly ,  fo r  th e  W achapreague popula

t i o n .  Ho s ig n i f i c a n t  d i f f e re n c e s  ( a t  th e  5% l e v e l  o f  confidence) were 

found between th e  p o p u la tio n  sam ples a t  any one o f th e  fo u r  t e s t  

s a l i n i t i e s .

I t  was found th a t  Keomysis r e g u la te s  b o th  h y p e ro sm o tica lly  and 

hypos m otic& lly and i s  iso sm o tic  a t  about 27 o /o o . The iso sm o tic  l i n e ,  

showing t h e o r e t ic a l ly  p e r f e c t  osm otic co n fo rm ity , and th e  ex p erim en ta l 

curve a re  compared in  F ig ,  <4* The l a t t e r  i s  a computed re g re s s io n  l i n e  

drawn from th e  combined d a ta  from th e  sam ples from b o th  p o p u la tio n s .

There i s  ap p ro x im ate ly  a A o /oo  in c re a se  in  body f lu id  c o n c e n tra tio n  f o r  

every  10 o /oo  in c re a s e  in  am bient medium s a l i n i t y .  The d a ta  e l s e  sug

g e s t  th e  p o s s i b i l i t y  th a t  th e  r e la t io n s h ip  betw een th e  media and blood 

c o n c e n tra tio n  may n o t be l i n e a r  b u t may fo llo w  th e  isosm otic l i n e  f o r  a 

d is ta n c e  betw een 2 0  and 30 o/oo  s a l i n i t y .  The means, in t e r v a l  e s tim a te s ,  

and ran g es  o f f re e z in g  p o in t  d e p re ss io n s  a re  a ls o  g iven  in  t h i s  f ig u re  

and in  Table I I I  o f th e  Appendix.

R e s p ira tio n  Data 

The r e s p i r a t i o n  d a ta  means were 162, 133, and 161 i l l  O ^ ag  N /hr 

f o r  10, 20, and 30 o /oo  sam ples, r e s p e c t iv e ly ,  o f  th e  York p o p u la tio n  

and 1 5 6 , 13A, and 1 5 0  u l  Og/mg N /hr f o r  1 0 , 2 0  and 3 0  o /oo  sam ples, 

r e s p e c t iv e ly ,  o f  th e  ¥*achapreague p o p u la tio n  (F ig .  5; Appendix, T able IV) 

Ho s ig n i f i c a n t  mean d i f f e re n c e s  in  r e s p i r a t i o n  r a t e s  between sam ples a t  

any o f th e  th re e  s a l i n i t i e s  could  b© found w ith  " t M t e s t s .  Comparisons
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o f  r e s p i r a to r y  r a t e s  betw een th e  ex p erim en ta l s a l i n i t i e s ,  however, 

showed s ig n i f ic a n t  d i f f e r e n c e s .  That i s ,  r e s p i r a t io n  r a t e s  a t  th e  

extrem e t e s t  s a l i n i t i e s  o f  10 and 30 o/oo were s ig n i f i c a n t ly  h ig h e r 

th an  a t  th e  a c c lim a tio n  s a l i n i t y  o f 20 o/oo in  th e  sam ples from bo th  

p o p u la tio n s . The s ig n if ic a n c e  was a t  th e  1% le v e l  o f  co n fid en ce  f o r  

th e  York sam ples and a t  th e  5% l e v e l  o f  confidence for th© Wachapreague 

sam ples,

A ttem pts to  n a r c o t is e  Heoiavsig were u n su c c e ss fu l. The an im als 

d id  n o t resume normal a c t i v i t y  in  f r e s h  sea w ater a f t e r  be ing  exposed 

to  dose® o f a n e s th e t ic  la rg e  enough to  I n h ib i t  m o t i l i ty .  D eath was 

n o t in s ta n ta n e o u s , bu t fo llow ed  a g rad u a l weakening a s  ev idenced  by an 

obvious d e c lin e  in  th e  r a t e  o f h e a r tb e a t .



DISCUSSION

Three a s p e c ts  o f  th e  osm otic b eh av io r o f  Keomysis am ericana 

have been s tu d ied ?  m o r ta l i ty  r a t e s  in  extrem e s a l i n i t i e s ,  b lood con

c e n t r a t io n  a t  v a ry in g  c o n c e n tra tio n s  o f th e  medium, and oxygen con

sum ption in  w ater o f th re e  d i f f e r e n t  s a l i n i t i e s .

Due to  th e  l im i ta t io n s  o f  tim e and f a c i l i t i e s  osm oregu la tion  

was s tu d ie d  a t  a s in g le  tem p era tu re  in  t h i s  in v e s t ig a t io n .  Tempera

tu re  i s  known to  have a marked in f lu e n c e  on o sm o reg u la tio n , however*

In  g e n e ra l ,  C ru s tacea  a re  more to l e r a n t  o f  h igh  s a l i n i t i e s  a t  low 

tem p era tu res  and low s a l i n i t i e s  a t  h ig h  tem p era tu res  (Verwey, 1957). 

P an ik k ar (19AO) p o s tu la te s  t h a t  in v a s io n  o f  f r e s h  and e s tu a r in e  w aters  

i s  e a s ie r  in  -warmer c lim ates*  Brookema (1941) a t t r i b u t e s  th e  f a l l  o f f 

shore m ig ra tio n s  to  h igh  s a l i n i t y  w ater and th e  sp rin g  in sh o re  m ig ra tio n  

to  low er s a l i n i t i e s  o f  th e  decapod Crangon crangon to  te m p e ra tu re - re la te d  

changes in  s a l i n i t y  to le ra n c e .

The m o r ta l i ty  d a ta  show th e  r e l a t i v e  m o r ta l i ty  r a t e s  o f th e  

sam ples from th e  two p o p u la tio n s  r e s u l t in g  from a d i r e c t  t r a n s f e r  from 

a c c lim a tio n  to  extrem e s a l i n i t i e s .  A g en e ra l s a l i n i t y  working range 

f o r  subsequent ex p e rim en ta tio n  was a ls o  based upon th e  m o r ta l i ty  ex

p e rim e n ts .

Samples from th e  two p o p u la tio n s  d i f f e r e d  in  t h e i r  m o r ta l i ty

r a t e s  in  th e  low (2 , 4 , and 6  o /oo) ex p erim en ta l s a l i n i t i e s .  There was

- 16-



a ls o  a s ig n i f ic a n t  d if f e re n c e  a t  38 o /oo  f o r  which th e re  i s  no ready 

e x p la n a tio n . The f a c t  th a t  i t  i s  beyond n a tu r a l  env ironm enta l s a l i n i 

t i e s  i s  an im p o rtan t c o n s id e ra tio n  in  i t s  i n t e r p r e ta t io n  and p rec lu d es  

d i r e c t  a t t r i b u t i o n  to  env ironm enta l in f lu e n c e s .  The d if f e re n c e s  in  th e  

low s a l i n i t i e s  a re  in  th e  d i r e c t io n  expected? th a t  i s ,  th e  York sam ples, 

from a low s a l i n i t y  environm ent, showed l e s s  m o r ta li ty  th an  th e  Wacha
preague sam ples. The la c k  o f d if f e re n c e s  a t  th e  h igh  s a l i n i t i e s  i s  

assumed to  be r e l a t e d  to  th e  g e n e tic  makeup o f th e  sp e c ie s  an d /o r  ex

posure  to  s im ila r  h ig h  env ironm enta l s a l i n i t i e s  a t  some tim e du ring  

t h e i r  l i f e  c y c le .

The h igh i n i t i a l  m o r ta l i ty ,  re v e a le d  in  th e  p e rc e n t m o r ta l i ty  

cu rves (F ig . 3 ) ,  i s  where th e  d if fe re n c e  ( s t a t i s t i c a l  s ig n if ic a n c e )  

betw een p o p u la tio n  sam ples i s  e s ta b l is h e d .  Two p o s s ib le  ex p lan a tio n s  

f o r  th e se  d if f e re n c e s  a re  in d ic a te d . (1) The York in d iv id u a ls  a re  more 

to l e r a n t  o f  th e  body f lu i d  d i lu t io n  t h a t  must accompany th e  t r a n s f e r  to  

low s a l i n i t i e s .  D eath in  low s a l i n i t i e s  i s  g e n e ra l ly  assumed to  r e s u l t  

from th e  d i lu t io n  o f body f lu id s  a f t e r  th e  s a tu r a t io n  o f  enzyme system s 

which r e g u la te  th e  c o n c e n tra tio n  o f io n s  in  th e  cytoplasm  (G lese , 1962). 

(2) The York in d iv id u a ls  r e g u la te  t h e i r  blood io n  c o n c e n tra tio n  more e f 

f e c t iv e ly  under l e t h a l  s t r e s s  th an  do th e  Wachapreague Keomysis.

The above h y p o th es is  could b© te s te d  by d e te rm in in g  blood 

c o n c e n tra tio n s  in  th e  l e t h a l  s a l i n i t i e s  a t  b r i e f  in t e r v a l s  a f t e r  t r a n s 

f e r  from th e  a c c lim a tio n  s a l i n i t y  i s  made.
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I t  was found th a t  Keomysls r e g u la te s  bo th  b y p ero sm o tica lly  

and hy p o sm o tica lly  (F ig* A)* O sm oregulation i s  an e s s e n t ia l  a d a p ta tio n  

to  s u rv iv a l  in  e s tu a r in e  environm ents f o r  n e a r ly  a l l  C ru s tac ea . An 

a s s o c ia te d  a d a p ta tio n  i s  re d u c tio n  o f  th e  " p re fe r re d ” ( re g u la te d )  body 

f lu i d  c o n c e n tra tio n . I t  i s  p o s tu la te d  by Pott©  (1954.) t h a t  t h i s  i s  th e  

most Im portan t a d a p ta tio n  in  red u c in g  th e  . ork lo ad  o f  hyperosm otic 

r e g u la t io n .  O ther means o f  f a c i l i t a t i n g  hyperosm otic r e g u la t io n  a re  

reduced io n  and w ater p e rm e a b il ity , e x c re t io n  o f u r in e  hypoton ic  to  

th e  b lo o d , u r in e  volume r e g u la t io n ,  and e f f i c i e n t  a b so rp tio n  o f  ions 

from th e  medium. The body f lu id  c o n c e n tra tio n  o f H. am ericana a t  10 o/oo 

am bient s a l i n i t y  i s  jgg. 20 o /o© (F ig . A)* The sp ec ie s '' a c q u is i t io n  o f 

th e  a b i l i t y  to  r e g u la te  b y p ero sm o tica lly  and th e  re d u c tio n  o f i t s  11 p re 

f e r r e d ” body f lu id  c o n c e n tra tio n  from m arine s a l i n i t i e s  (35  to  2 0  o /oo  

a t  th e  1 0  o /oo  a c c lim a tio n  s a l i n i t y )  shows th a t  th e  sp e c ie s  has made 

im p o rtan t s te p s  tow ard c o lo n iz in g  f r e s h  w a te r .

The p r in c ip a l  a rea  fo r  a c t iv e  a b so rp tio n  and e x c re tio n  o f s a l t s  

in  C rustacea  i s  th e  g i l l s  (P ro s se r  and Frown, 1961)• Because Heomvsis 

r e s p i r e s  th rough  i t s  in tegum ent and has no g i l l s  i t  would be o f i n t e r e s t  

to  determ ine th e  organ re sp o n s ib le  fo r  t h i s  fu n c tio n . There i s  no in 

fo rm a tio n  a v a i la b le  on u r in e  c o n c e n tra tio n  o r volume, o r in tegum entary  

p e rm e a b il ity .

A lthough th e  sp e c ie s  does no t len d  i t s e l f  w ell to  r e s p i r a to r y  

measurements because o f i t s  s e n s i t i v i t y  to  hand ling  and i t s  h a b it  o f 

can n ib a lism , an approx im ation  o f  oxygen req u irem en ts  has been made.

Oxygen consum ption was s ig n i f i c a n t ly  h ig h e r in  10 and 30 o /oo  th an  in  

th e  a c c lim a tio n  s a l i n i t y  o f  20 o /oo  (F ig . 5 ) .  T h is d i f f e r s  from th e



f in d in g s  o f K arpovich (1958) who s t a t e s  t h a t  th e  r e s p i r a t io n  o f  Mesomysis 

kov?alevsk.Yi i s  h ig h e r in  w ater o f  optimum s a l i n i t i e s  th an  in  h ig h , sub- 

l e t h a l  s a l i n i t y  w aters*  These seem ingly  c o n tra d ic to ry  f in d in g s  a re  un

e x p la in e d , b u t th e  f a c t  t h a t  la rp e v ic h  worked w ith  a sp e c ie s  which had a 

d i f f e r e n t  s a l i n i t y  range (c a .  0 - 1 0  o /oo) p ro v id es  a p o s s ib le  s o lu t io n .

D iffe re n c es  in  r e s p i r a t io n  in  a s e r ie s  o f  s a l i n i t i e s  have c l a s s i 

c a l ly  been a t t r ib u te d  to  work perform ed in  o sm oregu la tion . The f u r th e r  

th e  c o n c e n tra tio n  o f  th e  medium from th e  an im al1s iso sm o tic  p o in t ,  th e  

h ig h e r  i s  th e  r e s p i r a to r y  r a t e  w ith in  th e  animal's l im i t s  o f  s u rv iv a l ,  

R ecent work by a number o f  a u th o rs  on v a r io u s  c ru s ta c e a n s  in d ic a te s ,  

however, th a t  th e  c o r r e la t io n  o f whole anim al r e s p i r a to r y  r a te s  w ith  

osm otic work i s  u n c e r ta in .  T h is  s u b je c t  i s  d isc u sse d  by Wolvckamp end 

Waterman ( I9 6 0 ) ,

I t  may be t h a t  osm oregu la tion  i© no t th e  prim ary  cause o f 

s a l i n i t y - c o r r e l a t e d  v a r ia t io n s  in  r e s p i r a t i o n .  G ross (1957) proposed 

th a t  r e s p i r a t io n  d if f e re n c e s  in  c e r t a in  decapods were p r im a r ily  due to  

an in c re a se  in  m o tile  a c t i v i t y  r e s u l t in g  from an escape r e a c t io n  when 

p laced  in  a l e s s  fa v o ra b le  s a l i n i t y ,  in  a ttem p t to  t e s t  t h i s  h y p o th esis  

by comparing th e  r e s p i r a to r y  r a t e s  o f  a n e s th e tiz e d  and n o n an es th e tiz ed  

an im als under c o n d itio n s  o f  osm otic sires©  f a i le d  because an a n e s th e t ic  

s u i ta b le  fo r Neomyeis was no t found.

The mean r e s p i r a t io n  rat©  f o r  Keomvsls a t  th e  20 o /oo  acc lim a

t io n  s a l i n i t y ,  135 Ml Og/mg N /hr fo r  a mean anim al w eight o f  0 , 0 2  mg M, 

compares reaso n ab ly  w e ll w ith  eg . 186 jui 0 2 /mg M/hr fo r  an anim al w eight 

o f 0 .0 2  ag K on a com posite curve fo r  C ru stacea  g iven  by 2 eu th en  (1947),



I t  i s  a ls o  c lo se  to  a measurement mad© by G rainger (1956) f 188 jil 

O^mg ¥ /h r ,  on a f re sh w a te r  mysid, Hemimysis lam ornae. Karpovich* s 

r e s u l t s ,  c s . 17 jml 0 2 /mg H /h r, i s  n o t even rough ly  comparable to  th o se  

o f  Z euthen , G ra inger o r th e  author* There i s  no ready  e x p la n a tio n  f o r  

t h i s  d iffe re n c e *  Zeuthen*s u n i ts  ec C ^ /k g /h r (assumed to  be wet w eight) 

G ra in g er* s  u n i t s  n l  O^gm wet w e ig h t/h r 5 and Karpevich* s u n i t s  ml O2 /  

z o lo tn ik  l iv e  w e ig h t/h r  ( 1  z o lo tn ik *  4*266 gra) 5 have been converted  t o  

n l  0 2 /mg N /hr, th e  u n i ts  used in  t h i s  s tu d y . In  th e  above co n v ersio n s  

on© mg n itro g e n  e q u a ls  4 0  mg dry  w eight and 170 rag w et, o r l i v e ,  weight*

The f a i l u r e  o f th e  blood c o n c e n tra tio n  and oxygen consumption 

t e s t s  to  d e l in e a te  d if f e re n c e s  betw een th e  two p o p u la tio n  samples may 

r e s u l t  from th e  f a c t  t h a t  n e i th e r  o f  th e se  two s tu d ie s  was conducted 

under extrem e ( i . e . ,  n e a r - le th a l )  c o n d itio n s  o f  s a l i n i t y .  A ttem pts to  

a c c lim a te  mysids to  th e se  extrem e c o n d itio n s  fo r  th e  purpose o f  running  

th e  n ecessa ry  experim ents were no t s u c c e s s fu l .  The q u es tio n  o f  w hether 

th e  two p o p u la tio n s  show d i f f e r e n t  a d a p ta t io n s ,  g e n e tic  o r through 

lo n g -te rm  a c c lim a tio n , to  t h e i r  r e s p e c t iv e  s a l i n i t y  regim es m ust, 

th e re fo r® , be l e f t  open.



s m m m i

1 . Three a s p e c ts  o f th e  osm otic behav io r o f h igh  and low 

s a l i n i t y  environm ent p o p u la tio n  sam ples o f ifeomvsis am ericana have 

been s tu d ie d  in  l i g h t  o f  t h e i r  m ethod(s) o f  ad justm en t to  th® am bient 

s a l i n i t y .

2 . The two p o p u la tio n  sam ples d i f f e r e d  in  t h e i r  m o r ta l i ty  

r a t e s  in  low extrem es o f s a l i n i t y  w ith  th e  sample from low en v iro n 

m ental s a l i n i t i e s  being  more t o l e r a n t  o f  low t e s t  s a l i n i t i e s .  Th® 

two sam ples d id  n o t d i f f e r ,  however, in  t h e i r  blood c o n c e n tra tio n s  o r 

r a t e s  o f  oxygen consum ption a t  v a r io u s  c o n c e n tra tio n s  o f  th e  medium. 

T h is  i s  p o s s ib ly  due to  th e  f a c t  th a t  th e  m o r ta l i ty  d a ta  r e p re s e n t  

more extrem e c o n d itio n s  o f  s a l i n i t y  th a n  th a t  d e riv ed  from th© o th e r  

two methods.

3 .  N. am ericana r e g u la te s  i t s  body f lu id  c o n c e n tra tio n  bo th  

hypo- and h y p e ro sm o tica lly  over th e  t e s te d  range o f 1 0  to  36 o/oo and 

i s  iso srao tic  a t  c a . 27 o /oo  s a l i n i t y .  O sm oregulation and re d u c tio n  o f 

th e  ”preferred** body f lu id  c o n c e n tra tio n  a re  known to  b© im portan t 

c ru s ta c e a n  a d a p ta tio n s  to  th e  e s tu a r in e  environm ent. The a c q u is i t io n  

o f  b o th  o f  th e se  mechanisms by Neomysis shows th a t  i t  has made ©n im

p o r ta n t  s te p  tow ard th e  c o lo n is a t io n  o f f r e s h  w a te r.

A. R e s p ira tio n  in  media o f 10 and 30 o/o© s a l i n i t y  was s ig n i 

f i c a n t ly  h ig h e r th a n  in  th e  a c c lim a tio n  medium o f 20 o /o o . A lthough

- 2 1 -



osmotic work is a possible explanation for these differences, they are 
probably more correctly attributed to other causes, for example, in
creased motile activity in an unfavorable salinity.
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26-

T able 1 , C om position o f th e  a r t i f i c i a l  sea  w a te r , Seven Seas Mix,
produce?! by th e  U t i l i t y  Chemical C o ., f a  t e r  son, N. J .  Th© 
fo llo w in g  l i s t  o f  c o n s t i tu e n ts  i s  from th e  m a n u fa c tu re r 's  
T ech n ica l B u l le t in  Ho. 202.

HaCl 1 .5  g/100
SCgCl^. 6HJ> 0.25 * H
KOI 0.04. * «
Ca (a s  01") 0.001 « H
Ga (a s  SO,*) 0.011 » It

BR (a s  K * J 2.2 mg/100
Sr  (a s  01“ ) 0,38 « 11

41 (a s  Cl“ ) 0.0028” n
Rb (a s  Cl~) 0.0061” M
L i (a s  Cl*) 0.0006” H
1  (a s  K+ ) 0.002 H «
la^lBTA 2.0 ” ft
Fe (as KOTA) 0 .0 1  * ft
Zn ( a s  SO#*) 0.23 M a
In  (a s  SO/*) 0.065 11 tt
Mo (a s  HaMoO) 0.02 ” a
Go (a s  SO/*) 0.00063 ft
Gu (a s  SOT*)
THIS MOTOHIDR0XI

0.00013 
MSTBAHB 50 *

n
ii

XHOo 
K2 flPOz

10 • 
1.0 «

n
H

Ha 2  S i0 ^ %9H90 10 11 t!



Table I I .  P e rc en t m o r ta l i ty  in  2,  4* 6 , 32 , 34-, 36, 38 , and 20 (con
t r o l )  o /oo  s a l i n i t y  a t  4, 8, 12, 16, 20, and 24 hours 
e lap sed  tim e .

S a l in i t y  
4  o /oo )

Popu
l a t io n

R e p li
c a t io n ..................................... 4 ....r-

E lapsed  tim e (h o u rs)
8 12 16 20 24

2 I I 44 54 70 90 96 100
I I 40 56 68 90 92 92

W I ICO 100 100 100 100 100
I I 96 100 100 100 100 100

4 I I 16 28 48 60 64 6 4
I I 16 36 4 8 6 4 76 SO

I I I 28 28 36 40 44 52
IV 24 24 28 40 40 44

w I 40 40 64 76 84 84
I I 20 40 48 54 56 68

I I I 16 58 64 64 6 4 6 4
IV 8 50 64 64 66 68

6 I I 12 16 16 18 20 20
I I 4 6 12 16 22 28

I I I 10 16 16 16 16 20
IV 14 18 18 24 28 28

w I 4 12 32 36 44 52
I I 12 20 40 40 46 64

I I I 4 20 20 38 48 52
I? 0 14 16 20 32 40

32 I I 12 18 34 40 48 48
I I 20 30 32 42 52 56

I I I 14 20 22 24 40 40
If I 12 24 28 38 48 56

I I 4 10 12 16 24 32
I I I 0 0 8 16 30 44

34 T I 12 26 38 48 54 76
11 36 48 52 60 76 92

I I I 18 36 36 36 44 44
f I 12 28 40 56 60 80

I I 4 12 24 32 40 40
I I I 4 10 12 14 26 40

36 J I 36 56 66 80 80 92
IX 48 58 66 72 80 84

w I 60 6 4 72 82 92 100
I I 36 56 56 70 80 84

I -  lo rk  p o p u la tio n  
W- Waehapreague p o p u la tio n



T able IX con tinued

Salinity Popu~ '' Repli- * Elapsed time"’” (hours)
J.2Z 291

38

20

JL atlon ............4. 8 12 16 20 24
X I 36 56 66 80 80 92

11 48 38 66 72 80 84W X 60 64 72 82 92 100IX 56 56 56 70 80 84
X X 0 0 4 4 4 12

II 0 0 2 4 4 12
111 0 0 0 4 0 81? 0 0 0 2 0 8w I 0 8 8 8 8 8
II 0 0 0 4 0 4III 0 0 0 4 0 4



Table III, Freezing point depressions in °C at 10, 20, 30, and 36 o/oo
salinity.

P o p u la tio n 10 o /oo
S a l in i t y  

20 o/oo 30 o/oo 3 6  o/oo

fo rk 0 .75 1 .0 5 1 .20 1.25
1.15 1 .00 1.15 1.35
1 .0 0 1.05 1.30 1.65
0 .95 0 .95 1.25 1.60
1 .0 0 1.10 1 .30 1.50
0 .8 0 1 .0 0 1 .6 0
0 .0 0 0 .9 0
0 .9 0 0 .9 0
0 .8 0 1 .10
0 .8 5 1 .20
0 .9 0 1 .05
0 .65 1 .10

1.10
1.15

Waohapreague 0 .9 0 0 .95 1 .35 1.50
0 .7 0 1 .0 0 1.35 1.20
0 .75 1.10 1 .4 0 1.20
0 .8 0 1.10 1 .3 0 1 .40
0 .8 0 1.10 1.30 1 .30
0 .9 0 1.15 1 .4 0 1 .40
0 .8 0 1.15 1 .50 1 .65

1.10 1 .40
0 .95 1 .40
1.10 1 .35
1 .20 1 .20
1.15 1 .45
1 .0 0 1 .40
1.10 1 .35
1 .00

1 19 29 20 12
X

I n te r v a l
0 .850 1.062 1.340 1.417

E s tim a te s 0 .057 0.031 0 .050 0 . 1 0 3



Table 17. Oxygen consumption in jil Opjmg ll/hr at 10, 20 and 30 o/oo
salinity

10

I

o/oo

W

20

I

o/oo

1

30

I

o /oo

W

147 130 130 214* 184 159
157 132 130 206* 166 152
162 123 103 208* 167 156
194 164 121 143 160 132
207 176 127 175 183 141
201 164 119 137 172 123
149 189 124 144 174 189
145 218 121 154 180 178
132 210 150 175 167 166
186 145 145 123 130 140
182 145 116 131 138 155
157 140 123 106 122 162
150 141 123 124 147 172
156 141 147 124 168 142
130
147
147
160

126 158
147
157 
162 
147
158 
112 
124 
138 
146 
129 
129 
152 
136

108
129
125
111

152 150
126
138
126

£  18 15 28 15 15 18
X 162 156 135 134 161 150
I n t e r 
v a l  E s t i 
mates 1 1 .4 16.6 6.1 11 .9 1 0 .6 9

I -  York p o p u la tio n  
1 -  W schspresgue p o p u la tio n

♦ read in g  n o t in c lu d ed  in  c a lc u la t io n s ,  n itro g e n  
d e te rm in a tio n s  b e lie v e d  to  be in c o r re c t
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