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THE BRINE SHRIMP 
(A rtem ia  s a lin a  Leach)

C e fe r in o  de lo s  Santos, J r .

The e x p lo i ta t io n  o f  n a tu r a l ly  occurring a rte m ia  c y s ts  was 
s ta r te d  in  San F ra n c isco  Bay, C a l i fo r n ia  in  the  1930's when Seale 
and R o lle fs e n  id e n t i f ie d  i t  as an e x c e lle n t  food f o r  f i s h  f r y .
L a te r , a rtem ia  c y s ts  were d iscove red  in  th e  G rea t S a lt  Lake in  Utah 
and in  Lake Champlin, Saskatchewan, Canada. The c y s ts  were c o l le c te d  
from  the  shores o f  s a l t  la k e s , d r ie d  and vacuum packed. The c y s ts  
remained v ia b le  f o r  as long  as 15 years (Bowen 1937). Bardach, e t  a l .  
(1972), and Goodwin (1976) s ta te  th a t  newly hatched a rte m ia  n a u p l i i  
c o n s t i tu te  n o t o n ly  th e  b e s t b u t  in  most cases th e  o n ly  a v a ila b le  
source o f  l i v e  food  f o r  th e  e a r l ie s t  stages o f  most c u ltu re d  species 
o f  f i s h  and c rus ta cean . B o ts fo rd  (1974) a ls o  s ta te d  th a t  o ld e r  la rv a e  
and a d u lt  b r in e  shrim ps s t i l l  assure th e  b e s t r e s u lts  f o r  c u l tu r in g  f is h  
and c rus ta ceans . Today, a c tu a l demand f o r  a rte m ia  c y s ts  has exceeded 
a v a ila b le  su p p ly . Over 50 tons  o f  d ry  c y s ts  a re  consumed y e a r ly  in  
a q u a cu ltu re  bus iness (h a tc h e r ie s ) , th e  aquarium  in d u s try ,  and in  resea rch  
program Which use a rte m ia  as t e s t  organism s (S orge loos, e t  a l . ,  1976). 
T h is  p ro d u c t i s  n o t r e a d i ly  a v a ila b le  in  th e  P h ilip p in e s  and is  a g re a t 
c o n s tra in t  to  h a tch e ry  o p e ra tio n s  which i s  ju s t  b e g in n in g  in  th e  lo c a l 
aquacul t u r e  in d u s try .

The g re a t need f o r  t h is  n a tu ra l food has com pelled th e  w r i t e r  
to  t r y  p ro d u c tio n  on p i l o t  sca le  in  manmade s a lte rn s  p re p a ra to ry  to  
com mercial sca le  p ro d u c tio n .

L i te r a tu r e  Review

A rtem ia  s a lin a  Leach is  a low er crus tacean  o f  1-2 cm long which 
is  found in  n a tu re  in  s a l t  la ke s  and b r in e  ponds. I t  be longs to  the  
Sub-Class B ranch iopoda, O rder A nostraca , Fam ily  A rte m iid a e . In  1758, 
Linneaus made th e  f i r s t  s c ie n t i f i c  d e s c r ip t io n  o f  the  an im a l w h ich he 
c a l le d  "Cancer S a lin u s " .  In  1910, Daday r e c la s s i f ie d  th e  d i f f e r e n t  
s a l t  w a te r a rte m ia  in to  one s in g le  p o ly ty p ic  spec ies , th e  A rtem ia  
s a lin a  (Linneaus 1758) Leach (1812). Today, th e re  a re  more than  50 
known s t ra in s  found in  v a r io u s  p laces  in  the  w o r ld . S o rge loos, e t  a l . ,  
have s ta r te d  to  make com para tive  a n a ly s is  o f  th e  d i f f e r e n t  s t ra in s  by 
c e r ta in  param eters, such as (a) volume o f  c y s ts  ha rves ted  from  the  
n a tu ra l h a b ita t ,  (b) f a t t y  a c id  com pos ition  o f  th e  c y s ts ,  (c) s u rv iv a l 
o f  young n a u p l i i  a t  d i f f e r e n t  te m p e ra tu re -s a l in ity  com b ina tions , (d) ge­
n e ra l e c o lo g ic a l c h a r a c te r is t ic s  o f  th e  p o p u la tio n , and (e) n u t r i t io n a l  
v a lu e  o f  th e  f i r s t  in s ta r  o r  n a u p l i i  as food  f o r  f is h  and crus tacean  
la rv a e . Of th e  14 s t ra in s  so f a r  s tu d ie d  as to  c h o rio n  th ic k n e s s  o f  
th e  c y s ts ,  th e  A u s tra lia n  S tra in  has the  th in n e s t  (4 .1  u ) , fo llo w e d  
by th e  San F ranc isco  Bay S t ra in  (4 .4  u ) .
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The fo llo w in g  ta b le ,  made a f t e r  S orgee los, e t  a l .  show th a t  
v a ry in g  th ickne sses  o f  th e  c h o r io n  o f  the  14 s t ra in s .

Source Thickness

A u s tra lia  (unknown lo c a l i t y ) 4 .1  u
San F ranc isco  Bay, C a li fo r n ia  (w ild ) 4 .4  u
G rea t S a lt  Lake, Utah 5 .1  u
S ite ,  France 5.2 u
Cadiz, Spain 5.3  u
C adiz, Spain 6 .7  u
San F ranc isco  Bay ( la b o ra to ry  produced) 6 .8  u
Palko S t ra in ,  In d ia 7 .5  u
Lake Champlin, Canada 9 .4  u
G reat Inagua, Bahamas 11.2 u
T s in g ta o , P e op le 's  R epub lic  o f  China 11.6 u
Araya, Venezuela 12.0 u
Lake Champlin, Canada 13.9 u
B u rgo s-P o rm orije , B u lg a r ia 15.3 u

Th is  ta b le  is  made to  show th e  d i f f e r e n t  th ickne sses  o f  the  
14 s t ra in s  to  serve as gu ide  in  th e  d e c a p su la tio n  procedure w hich may 
c a l l  f o r  d i f f e r e n t  le v e ls  o f  c o n c e n tra tio n  o f  th e  o x id iz in g  agen t and 
fo r  d i f f e r e n t  tim e  frames to  d is s o lv e  th e  c h o r io n .

S orge loos, e t  a l .  s ta te  th a t  so f a r  no c o r re la t io n  in  th e  th ic k ­
ness o f  the  c h o rio n  to  d iam e te r s iz e  cou ld  be e s ta b lis h e d . D iffe re n ce s  
in  f a t t y  a c id  c o n te n ts , excep t f o r  s t ra in s  from  g re a t Inagua and 
A u s tra lia  w h ich were found n e g a tiv e , a re  more q u a n t i ta t iv e  than 
q u a l i ta t iv e  (1975).

Morphology

The in a c t iv e  d ry  c y s ts  o r  "D a u e rie rn " o f  A rtem ia  s a lin a  remain 
in  diapause as long  as they  a re  k e p t d ry  o r  under anaerob ic  c o n d it io n s . 
Upon immersion in  seawater, the  c y s ts  h yd ra te  o r  absorb w a te r and expand 
to  s p h e r ic a l fo rm . In  th e  dehydra ted  s ta te ,  the  c y s ts  appear l i k e  
dented pingpong b a l ls .  W ith in  th e  s h e l l ,  m etabolism  s ta r t s .  A number 
o f  hours la t e r ,  th e  o u te r membrane b u rs ts  and th e  embryo appears 
(b reak ing  stage) surrounded by th e  h a tc h in g  membrane. The o n ly  fea tu res 
th a t  may be seen a re  the  n a u p liu s  eye (o c e llu s ) ,  a p a ir  o f  antennae, a 
p a i r  o f  an tennu lae , and an o v a l shaped body. The embryo g e ts  o u t o f the 
h a tc h in g  membrane a f t e r  a few hou rs .

In s id e  th e  h a tc h in g  m em brane, th e  new ly d i f f e r e n t ia te d  antennae 
and m and ib le  s ta r t s  moving and, w i th in  a s h o r t  p e r io d , th e  h a tch in g  
membrane i s  ru p tu re d  and th e  f re e  swimming n a u p liu s  is  b o rn . T h is  
i s  th e  f i r s t  in s ta r  la rv a ,  c o lo re d  b row n ish  orange due to  th e  presence 
o f  y o lk ,  i t  has th re e  p a irs  o f  appendages: th e  antennae w h ich have
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locom oto ry  fu n c t io n s , the  s e n s o r ia l a n te n n u lla e , and the  rud im en ta ry  
m and ib les. A s in g le  red  o c e llu s  is  lo c a te d  in  the  head re g io n  between 
the  a n te n n u lla e . The v e n t ra l s id e  o f  th e  anim al i s  covered by a la rg e  
labrum .

The la rv a  grows and d i f f e r e n t ia te s  th rough  about 15 m o lts . The 
tru n k  and abdomen e lo n g a te ; the  d ig e s t iv e  t r a c t  becomes fu n c t io n a l;  
food p a r t ic le s  a re  c o l le c te d  by the  setae o f  the  antennae; p a ire d  
lo b u la r  appendages w hich w i l l  bec o me thoracopods a re  budding in  the  
tru n k  re g io n ; and th e  la t e r a l  complex eyes are  deve lop ing  on bo th  s ides 
o f  the  o c e llu s .

From the  10 th  in s ta r ,  th e  antennae lo se  t h e ir  locom otory fu n c t io n  
and t h e i r  long  se tae , bend fo rw a rd  to  th e  head and undergo sexua l d i f f e ­
r e n ta t io n .  A l l  the  e leven p a irs  o f  thoracopods had deve loped. In  the 
males, th e  antennae deve lop  in to  hooked g raspers  w h ile  in  fem ales, they 
become s e n s o r ia l appendages. The thoracopods a re  now d i f fe r e n t ia te d  
in to  th re e  fu n c t io n a l p a r ts :  the  te lo p o d ite s  a c t  as f i l t e r s ;  the  o a r­
l i k e  endopod ites w ith  long  setae hav ing  locom oto ry  a c t i v i t y ;  and the 
membraneous exopod ites  fu n c t io n  as g i l l s .

A f te r  14-15 days from  in c u b a tio n , the  8-10 mm long a d u lt  is  
c h a ra c te r iz e d  by s ta lk e d  la t e r a l  complex eyes, th e  s e n s o r ia l a n te n n u lla e , 
th e  l in e a r  d ig e s t iv e  t r a c t ,  and e leven  (11) p a irs  o f  thoracopods. In  
th e  m ale, the  antennae deve lop  in to  m uscula ted g raspers  w ith  s e n s o r ia l 
p a p i l la  a t  th e  in n e r  s id e s ; in  th e  p o s te r io r  p a r t  o f  th e  tru n k , a p a ire d  
pen is  deve lop . The fem ale has p r im it iv e  antennae w ith  s o n s p r ia l fu n c t io n s  
and p a ire d  o v a r ie s  s itu a te d  on b o th  s ides o f  the d ig e s t iv e  t r a c t  beh ind 
the  thoracopods. The r ip e  oocytes a re  tra n s p o rte d  from  the  o v a r ie s  in to  
the  unp a ired  brood pouch o r  u te ru s  v ia  th e  two o v id u c ts  (Sorgeloos e t  a l . ,  
1975).

The R eproductive  Cycle

P re c o p u la tio n  is  s ta r te d  by the  male g rasp ing  the  fem ale w ith  
i t s  antennae between th e  u te ru s  and la s t  p a ir  o f  thoracopods. In  th is  
" r id in g "  p o s i t io n ,  th e  coup les swim around f o r  3-4 days. C o pu la tion  
i s  a v e ry  f a s t  r e f le x  a c t io n ,  th e  male abdomen bends fo rw a rd  and one 
p e n is , which has become e longa ted  to  10 tim es i t s  o r ig in a l  s iz e , i s  
in tro d u ce d  in to  th e  u te ru s  opening. Bowen (1937) s ta te s  th a t  a l l  
o f fs p r in g s  in  one brood have o n ly  one genotype and c ro ss -b re e d in g  o f  
d i f f e r e n t  s t ra in s  is  n o t p o s s ib le .  The re p ro d u c tiv e  system o f  the 
fem ale c o n s is ts  o f  2 o v a r ie s , 2 p o u c h lik e  o v id u c ts , and a v e n t ra l 
median u te ru s .

W ith in  th e  24-48 hour p e r io d , th e  fo llo w in g  happens: the  fem ale 
expe ls from  the  u te ru s  the  f i r s t  g e n e ra tio n  as e i th e r  v i r g in  eggs o r 
n a u p l i i .  The b i r t h  process takes from  2-10 hou rs . They remain th e re  
f o r  1-40 hours, whether c o p u la t io n  occurs o r  n o t.  They then pass in to
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th e  u te ru s , th e  p rocess ta k in g  le s s  than  30 m in u te s . The eggs rem ain 
in  th e  u te ru s  fo r  3 -5  days w hether f e r t i l iz e d  o r  n o t. The c y c le  is  
com pleted in  4 -6  days. I t  m ust be no ted th a t  th e  fem ale does n o t s to re  
sperm . A lth ough  th e  a d u lts  c la s p  c o n tin u o u s ly , f e r t i l iz a t io n  is  o n ly  
e f fe c t iv e  when th e  eggs a re  in  th e  o v id u c ts .

The f e r t i l iz e d  eggs deve lop  in to  e ith e r  fre e  swimming n a u p lii 
w h ich a re  s e t fre e  by th e  m othe r. O r, when th e y  reach  th e  g a s tru la  
stage  and d is s o lv e d  oxygen le v e l in  w a te r is  low  ( s a lin it y  90 p lu s  
p p t) ,  th e  eggs a re  surrounded by a th ic k  s h e ll and d e p o s ite d  as c y s ts . 
P ro d u c tio n  o f n a u p lii o r  c y s ts  is  dependent on oxygen le v e l o r  when 
ch e la te d  iro n  ( fe r r ic  EDTA) is  p re s e n t (S orge loos e t  a l . ,  1975).

Research a t  C hristm as Is la n d  shows th a t  more o ffs p r in g s  o r  c y s ts  
a re  produced when th e  an im a ls  a re  ha tched and grown in  tanks a t  32 p p t 
s a l in i t y  a t  26 .0  degrees C e ls iu s  fo r  7-10 days, a f te r  w h ich  s a l in i t y  
is  in crea sed  to  90 p p t. Newly hatched n a u p liu s  weigh 0 .026 mg, s e x u a lly  
m atured a d u lts  1 .3  mg. A d u lts  d e liv e r  l iv e  n a u p lii a t  an average o f 
40 per day fo r  6 m onths. (UNIHI-TR 1973).

Param eters fo r  M axim al H a tch ing  E ff ic ie n c y  o f  C ysts

1 . H a tch ing  ra te  is  e x tre m e ly  dependent on tem pera tu re  and 
s a l in i t y  w hich m ust be k e p t c o n s ta n t (28 degrees C and 28-32 p p t) .

2 . The c y s ts  m ust be k e p t in  suspension in  oxyg e n -sa tu ra te d  
seaw ater.

3 . S h o rtly  a f te r  h y d ra tio n , th e  c y s ts  m ust be illu m in a te d  fo r  
a s p e c if ic  tim e  and lu x  g e n e ra lly  one hour by a 40 w a tt fluo resce n t 
tu b e ; th e  im m ersion o f c y s ts  in  con tin uous  darkness re s u lts  in  low er 
h a tc h in g  e f f ic ie n c y .

4 . W ith o u t d e c a p s u la tio n , th e  c y s ts  re q u ire  exposure to  l ig h t  
fo r  5 m inu tes fo r  th e  San F ra n c isco  s t ra in  and 10 m inu tes fo r  th e  
U tah s tra in  a t  th e  s ta r t  o f h y d ra tio n  and w ith  m oderate a e ra tio n . 
A f te r  exposure to  l ig h t ,  th e  c y s ts  shou ld  be covered w ith  d a rk  c lo th  
o r  immersed in  darkness and v ig o ro u s ly  a e ra te d . No c y s ts  shou ld  s in k  
to  th e  bo ttom  o f th e  h a tc h in g  c y lin d e r ; i f  some do , i t  is  in d ic a tiv e  
o f weak a e ra tio n .

5 . A fte r  h a tc h in g  and rem oval o f n a u p lii,  check eggs to  see 
i f  some a re  s t i l l  a t  b re a k in g  s tage  o r  i f  th e  s h e ll is  s t i l l  w hole . 
C ontinue a e ra tin g  fo r  a n o th e r 24 h o u rs , s to p p in g  a e ra tio n  p e r io d ic a lly  
to  remove th e  hatched n a u p lii w ith  th e  a id  o f a l ig h t  beam. The n a u p lii : 
a re  a ttra c te d  to  l ig h t  and w i l l  g a th e r a g a in s t th e  l ig h t  source (S o rge loos 
e t a l . ,  1975).
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D ecapsu la tion  o f  C ysts w ith  Chemicals

D ecapsu la tion  o f  A rtem ia  s a lin a  Cysts w ith  Chemicals

a . G eneral P r in c ip le s

The e f f i c ie n t  h a tc h in g  o f  a rte m ia  c y s ts  to  n a u p l i i  f o r  use as 
l i v e  food f o r  f i s h  and c rus tacean  la rv a e  has been a problem  due to  
the  h ig h  c o s t o f  c y s ts  and th e  d if fe re n c e s  in  c h o r io n  th ic k n e s s . 
H atch ing e f f ic ie n c y  and v a ry in g  h a tch in g  tim e  g iv e  r is e  to  problems 
in  th e  use o f  th e  m a te r ia l and in  th e  removal and s e p a ra tio n  o f  empty 
s h e lls  and h a tch in g  membranes.

D r. P. Sorge loos and D r. E. Bruggeman o f  the  U n iv e rs ity  o f  Ghent, 
Belgium have recommended a chem ica l process to  remove the  c h o r io n  o f  
the  c y s ts  w ith  th e  use o f  sodium h y p o c h lo r ite  as th e  o x id iz in g  a g e n t.

T es t runs were made fo llo w in g  th e  recommended techn ique  and 
re s u lts  were v e ry  su cc e s s fu l and a t ta in e d  h a tc h in g  percentages o f  
90-98 p e rce n t u s in g  th e  lo c a l ly  produced c y s ts  o f  th e  San F ranc isco  
s t r a in .

The va lues  to  co n s id e r a re :

R a tio  o f  c y s ts  to  a c t iv e  p ro d u c t (NaOCl) -  2 gms c y s ts  to  
1 gm a c t iv e  p ro d u c t

Volume o f  s o lu t io n  (seawater p lu s  h y p o c h lo r ite )  -  200 m l 
to  15 gms c y s ts

Sodium h yd ro x id e  (NaOH) to  be added to  th e  s o lu t io n  -  
2 .5  m l o f  40 p e rc e n t s o lu t io n  to  100 m l o f  seawater p lu s  
h y p o c h lo r ite  s o lu t io n  (2 gms NaOH/15 gms c y s ts ) . (The 
NaOH s o lu t io n  shou ld  be prepared in  advance to  a llo w  f o r  
c o o lin g )

T ech n ica l sodium th io s u lp h a te  (o r Sodium s u lp h ite )  to  t r e a t  
decapsu la ted  c y s ts  -  0 .5  m l o f  1 p e rc e n t s o lu t io n  pe r 10 gms 
c y s ts .  Keep in  r e f r ig e r a to r  in  a da rk  b o t t le

b . Procedure

1 . H ydrate  th e  c y s ts  in  w a te r (sea o r  tap ) under s tro n g  
a e ra t io n  f o r  1 h o u r.

2. Stop a e ra t io n  and f i l t e r  th e  c y s ts  on a 150-200 m icron  
screen and wash w ith  c le a n  w a te r.
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3. Resuspend th e  c y s ts  in  a b u cke t o r  g la ss  c y lin d e r  w ith  
measured volume o f  seawater + h y p o c h lo r ite  s o lu t io n  and add sodium 
hyd rox ide  a t  measured volume.

4 . S t i r  th e  suspension continuously w ith  a s t ic k  to  keep the  
c y s ts  in  suspension. Check tem pera ture  as i t  w i l l  g ra d u a lly  r is e .
Add ic e  i f  tem pera ture  r is e s  h ig h e r  than  40 degrees C e ls iu s .

5. S t i r  th e  suspension from  7-15 m inutes depending on c o lo r  
change (from  brown to  l i g h t  o rang e ). Time lapse  d if fe re n c e  i s  due 
to  th e  p u r i t y  o f  th e  a c t iv e  o x id iz in g  agen t.

6 . When d e c a p su la tio n  i s  f in is h e d ,  f i l t e r  th e  c y s ts  and wash 
th o ro u g h ly  to  remove the  sm e ll o f  c h lo r in e .

7 . Resuspend in  seawater and add sodium th io s u lp h a te  s o lu t io n  
a t  measured volume and a g ita te  th e  suspension f o r  2-3 m inu tes . Decap­
s u la te d  c y s ts  w i l l  s in k  w h ile  l i g h t e r  m a te r ia ls  l i k e  membranes, plumes, 
e t c . ,  w i l l  f l o a t .  Remove the  fo re ig n  m a te r ia ls  from  the  c y s ts  le t t in g  
w a te r o u t from  th e  to p  d ra in ,  o r  s iphon  c y s ts  from  th e  bottom  o f  the  
bu cke t.

8 . Wash th e  c y s ts  w ith  c le an  w a te r and they  w i l l  be ready fo r  
in c u b a tio n .

9 . To keep th e  c y s ts  f o r  la t e r  in c u b a tio n , they  should be re ­
suspended in  s a tu ra te d  b r in e  (250-300 gms te c h n ic a l s a l t  in  1 l i t e r  o f  
d i s t i l l e d  w a te r) under a s tro n g  a e ra t io n  f o r  3-4 hou rs . Then siphon 
o f f  th e  c y s ts  as they  w i l l  f l o a t  and keep in  sa tu ra te d  b r in e  in  da rk  
c o n ta in e rs . Do n o t expose to  l i g h t .

c . T e s t Run

D ecapsu la tion

The t e s t  run  was conducted from  22-24 December 1978. The 
procedures:

The chem ica ls a re  prepared and 15 gms c y s ts  a re  measured. The 
c y s ts  a re  washed in  fre sh w a te r to  remove s a l t ;  p la ce  in  a t a l l  g lass  
ja r  w ith  1 l i t e r  o f  fre s h w a te r under s tro n g  a e ra t io n  f o r  1 hou r. The 
c y s ts  a re  then  c o l le c te d  in  a f in e  mesh c lo th  s t r a in e r .  A p la s t ic  1 - 
g a l lo n  c o n ta in e r i s  f i l l e d  w ith  200 m l o f  seawater + h y p o c h lo r ite  
s o lu t io n  to  which i s  added 7.5  m l o f  40% NaOH s o lu t io n .  The s o lu t io n  
i s  s t i r r e d  to  m ix w e ll  and the  c y s ts  a re  p u t in .  The suspension is  
c o n tin u o u s ly  s t i r r e d  fo r  10 m inutes u n t i l  th e  c y s ts  change in  c o lo r  
from  dark brown to  l i g h t  orange. Temperature is  c o n s ta n t ly  checked 
and shou ld  never r is e  h ig h e r than 35 degrees C e ls iu s .
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The c y s ts  a re  f i l t e r e d  o f f  and washed th o ro u g h ly  under the  tap  
w ith  ru n n in g  w a te r a t  a slow ra te ,  w ith  th e  s t ra in e r  c o n tin u o u s ly  
shaken, u n t i l  no sm e ll o f  c h lo r in e  is  n o t ic e d . The c y s ts  a re  then 
resuspended in  200 m l seawater to  w hich i s  added 0.75 m l o f  1% Na2SO3 . 
The suspension i s  s t i r r e d  f o r  m inu tes . The c y s ts  a re  f i l t e r e d  o f f  
and washed w ith  tapw a te r.

In c u b a tio n

One teaspoon o f  decapsu la ted  c y s ts  o u t the  whole ba tch  are sus­
pended in  seawater (30 p p t) and ae ra ted  v ig o ro u s ly .  A f te r  13 hours and 
14 m inu tes, the  suspension is  checked by ta k in g  a drop and m ounting i t  
on a s l id e  to  be examined under low  m a g n if ic a t io n . Some n a u p l i i  would 
be seen swimming and most o f  th e  c y s ts  would have broken o u t o f  the  
th in  membrane, lo o k in g  l i k e  te a rd ro p s . A e ra tio n  i s  resumed, and 5 hours 
la t e r ,  th e  second m ic ro sco p ic  check would show about 50 p e rc e n t ha tchou ts  
and f re e  swimming n a u p l i i ,  w h ile  th e  r e s t  o f  th e  embryos would be in s id e  
t h e i r  h a tc h in g  membranes. In  my t r i a l ,  abou t 2 p e rce n t o f  th e  c y s ts  d id  
n o t h a tc h , most o f  which had p o r t io n s  o f  th e  c h o r io n  u n d is s o lv e d .

E igh teen  hours and 12 m inu tes from  s t a r t  o f  th e  in c u b a tio n , the  
n a u p l i i  a re  siphoned o f f  th e  sepa ra te  them from  the  unhatched c y s ts , 
t h in  membranes and o th e r  m a te r ia ls .  The n a u p l i i  a re  t ra n s fe r re d  to  2 
aqua ria  o f  2 g a llo n s  and on RFG tank o f  6 g a llo n s . Seawater w ith  30 p p t 
s a l in i t y  is  used as c u ltu re  medium. Temperature is  25 degrees C e ls iu s  
and pH va lue  is  7 .5 . The te s t  ru n  was done from  December 22 up to  24, 
1978.

Seawater is  t re a te d  w ith  a few drops o f  Ambracin (O x y te tra c h lin e  
H yd roch lo rid e ) and when th e  c o lo r  o f  n a u p l i i  tu rn s  from  l i g h t  orange to  
w h ite , food  in  the  form  o f bread f lo u r ,  breadyeas t ,  and V-22 (v ita m in -  
m in e ra l a d d it iv e )  i s  g ive n  in  sm a ll q u a n t it ie s  every fo u r  hours, 4 tim es 
a day. A e ra tio n  i s  su p p lie d  by means o f  a irho ses  (w ith o u t a ir s to n e s ) . 
A f te r  one week, s a l in i t y  i s  ra is e d  by 20 p p t every 2 days u n t i l  i t  
reaches th e  le v e l o f  90 p p t .  The la rv a e , w ith  a l l  thoracopods f u l l y  
developed b u t b e fo re  sexua l m a tu r i ty , a re  t ra n s fe r re d  to  a c i r c u la r  
raceway where they  a re  grown to  m a tu r ity .

Food Value

Newly hatched n a u p l i i  must be fe d  to  the  p re d a to r im m ed ia te ly  
f o r  a f t e r  two m o lt in g  w i th in  24 hou rs , in d iv id u a l d ry  w e ig h t and c a lo r ic  
va lu e  decrease by  20 and 27 p e rc e n t, re s p e c t iv e ly .

A d u lt ,  o r  o ld e r  and b ig g e r  la rv a e  o f  a rte m ia  th a t  have been fed  
w ith  a lg a l d ie t  a re  a h ig h ly  n u t r i t io u s  food  fo r  f is h  and c rus tacean  
la rv a e .



210

The use o f  o ld e r  la rv a e  c u ltu re d  to  a p p ro p ria te  s iz e  has seve ra l 
advantages:

1 . The q u a n t ity  o f  a rte m ia  c y s ts  is  reduced as the  p re d a to r 
would need few er o f  the  la rg e r  la rv a e .

2. Food q u a l i t y  o f  o ld e r  la rv a e  is  h ig h e r than  the  1 s t  in s ta r .

3 . The p re d a to r spends le s s  energy in g e s t in g  a s p e c if ie d  biomass 
o f  o ld e r  la rv a e  o r  a d u lts .

4 . S tra in s  o f  a rte m ia  whose f i r s t  n a u p l i i  s tages a re  u n s u ita b le  
because o f  p o l lu ta n ts ,  to o  la rg e  to  be swallowed, o r  do n o t s a t is f y  
n u t r i t io n a l l y ,  can become an a p p ro p ria te  food  f o r  la rg e  c u ltu re d  species 
by spread ing  th e  fe e d in g  o f  the  n a u p l i i  ove r a number o f  days (Wickens, 
1972).

5 . A n a ly s is  o f  24 hour o ld  n a u p l i i  (Utah s t ra in )
R ef: Nippon Sea Farmers Co. L td .

81.9% m o is tu re
55.6% crude p ro te in  (d ry  w e igh t)
18.9% crude f a t  (d ry  w e igh t)
18.3% ca rbohydra tes  (d ry  w e ig h t)

7.20% ash (d ry  w e igh t)

6. C om position o f  b r in e  shrim p (San F ra n c isco  S tra in )

Stage/age P ro te in  
%

F a t 
%

C a lo r ie s  
%

Reference

egg 52.31 26.06 — B r ic k

N aup lius  
2 h rs 50.21 15.92 — "

Few Hours 42.60 23.20 66.00 D u tr ie u  1960

Few Hours — 15.09 58 Khmeleva 1968

1 day 50 27.24 58.76 Coehn

J u v e n ile  
6 days 59.72 7.00 — B r ic k

A d u lt  10 days 62.78 6.51 — "

(UNIHI-TR, 1973)
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Feeding H a b its  and Food P re fe rences

In  n a tu re , a rte m ia  grazes on s in g le -c e l le d  a lgae a t  a l l  stages 
o f  l i f e .  They th r iv e  in  c u ltu re s  o f  3,000 a d u lts  o r 12,000 n a u p l i i  
pe r l i t e r  o f  seaw ater. Maximum grow th is  a t ta in e d  a t  s a l in i t y  le v e l 
o f  35 p p t w ith  25-30 a lg a l c e l ls  pe r m3 . More fem ales a re  bo rn  in  
broods o f  a d u lts  fe e d in g  on D u n a lie l la  s a l in a . Diatoms a re  n o t recom­
mended as feed f o r  a rte m ia  because t h e i r  s i l ic e o u s  exoske le ton  can n o t 
be d ig e s te d . Recommended food is  p h y to p la n k to n  w h ich can be grown w ith  
n itro g e n  and phosphorus f e r t i l i z e r s  a t  th e  r a t i o  o f  16 :1 . (UNIHI-TR 1973).

A rtem ia  is  a n o n -s e le c t iv e  o b lig a te  f i l t e r  fe e d e r (B a rke r- 
Jorgensen 1966). A l l  p a r t ic le s  n e ith e r  to o  sm a ll no r too  la rg e  (sm a ll 
sand g ra in s  to  c i l i a t e s  ove r 5 m icrons) a re  in g e s te d  by a r te m ia . D iges­
t io n  i s  most e f f i c ie n t  when c o n c e n tra tio n  o f  food  is  lo w . A rtem ia  may 
s ta rv e  when c o n c e n tra t io n  o f  food  is  h ig h  as food  i s  trans fo rm ed  in to  
fa e c e s - l ik e  p e l le ts  and exc re ted  b e fo re  they  can be d ig e s te d . F requent 
fe e d in g  a t  low  c o n c e n tra tio n  g iv e s  th e  b e s t g row th  r e s u l t s .

The an im a l i s  capable  o f  re g u la t in g  i t s  ra te  o f  fe e d in g  in  such 
a way th a t ,  as c e l l  c o n c e n tra t io n  in c re a se s , f i l t r a t i o n  ra te  m a in ta in s  
a c o n s ta n t maximum va lu e  w h ile  in g e s t io n  ra te  in c re a s e s . When concen­
t r a t io n  reaches a v a lu e  a t  which a c o n s ta n t maximum in g e s t io n  ra te  is  
a t ta in e d ,  th e  f i l t r a t i o n  ra te  f a l l s  o f f .  In  o ld e r  an im a ls , th e  maximum 
in g e s t io n  ra te  is  reached a t  a low er c e l l  co n c e n tra t io n . The maximum 
f i l t r a t i o n  is  dependent on c e l l  s iz e , th e  t o t a l  volume o f c e l ls  in g e s te d  
be ing  the  same f o r  th re e  species o f p la n t  c e l ls  — c h lo r e l la ,  D u n a lie l la  
and Phaeodactylum. Maximum f i l t r a t i o n  ra te  is  m a in ta ined  up to  50/mm3 
f o r  p la n t  c e l ls ,  o r  a l te r n a t iv e ly ,  th e  maximum number o f  p la n t  c e l ls  
in ges ted  p e r an im a l per hour is  in  th e  re g io n  o f  5 .5  x 105 and the  maximum 
number o f  sand p a r t ic le s  is  40 x 105 .

A rtem ia  shows no a p p re c ia b le  a b i l i t y  to  d is c r im in a te  between p la n t  
c e l ls  and between n u t r i t io u s  and n o n -n u tr it io u s  food . A rtem ia  k e p t w ith ­
o u t food  do n o t q u ic k ly  empty t h e i r  g u ts , which may appear c o lo re d  w ith  
food  a f te r  two weeks o f  s ta rv a t io n ,  b u t m ic ro s c o p ic a lly  examined, revea led  
th e  co n te n ts  to  be a lm ost e n t i r e ly  l i q u id .  (Reeve, 1962).

F u jin a g a  (1969) s ta te s  th a t  i t  i s  p o s s ib le  to  grow 50 grams o f 
a rte m ia  per to n  o f  w a te r every  day. Sorge loos (pe rsona l communication) 
is  o f  the  o p in io n  th a t  i t  i s  p o s s ib le  to  produce 1 k i l o  o f  c y s ts  per 
h e c ta re  pe r day w ith  a p o p u la tio n  o f  100 m i l l io n  a d u lts .

A rtem ia  is  s e n s it iv e  to  some compounds. H igh c o n c e n tra t io n  o f  
CO3 and HCO3 a re  le th a l  to  a rte m ia  (Cole and Brown 1967). Potassium  
g re a te r  than 100 m l/L  is  le th a l  u n le ss  th e  Na/K r a t io  is  a t  le a s t  10 :1 . 
O2 should be g re a te r  than  3 m l/L  (UNIHI-TR 1973).
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P ro d u c tio n  o f  A rtem ia  in  Manmade S a lte rn s  in  I l o i l o

a . I n i t i a l  In o c u la t io n

A f te r  th e  s u c c e s s fu l r e s u lts  made from  expe rim e n ta l runs o f  
c u l tu r in g  a rte m ia  in  w a te r taken from  th e  ponds o f  th e  w r i t e r ,  
D r. S o rge loos, w ith  th e  a ss is ta n c e  o f  M r. E in s te in  L a v iña o f  SEAFDEC, 
suggested to  in o c u la te  a rte m ia  a d u lts  and n a u p l i i  in  the  concre te  
b r in e  ta n k  o f  th e  w r i t e r 's  s a l t  p la n t  as w e l l  as in  h is  ponds. 
Sa l i n i t y  le v e ls  in  th e  ta n k  and in  th e  pond were checked p r io r  to  
in o c u la t io n .  S a l in i t y  a t  th e  ta n k  was 84 p p t,  th e  e a r th  pond 64 p p t .  
The i n i t i a l  s to c k in g  c o n s is te d  o f  500,000 a d u lts  and 20 m i l l io n  n a u p l i i .  
Some 200,000 a d u lts  were stocked in  th e  e a r th  pond o f  4 .5  h e c ta re s . 
The r e s t  were p laced  in  th e  ta n k . N ot be ing  sure o f  e x is te n ce  o f  
p re d a to rs  ( T i la p ia ,  g o b ie s , and p o e c i l ia ) ,  th e  an im a ls  were p laced  in  
an enc losu re  o f  f in e  mesh n y lo n  ne ts  o f  abou t 50 square m eters area  and 
p rov id ed  w ith  a bamboo t r e l l i s  on to p  where coconut branches were spread 
to  a c t  as sun shade. The w a te r dep th  was 45 cms. The w a te r dep th  in  
th e  co n c re te  ta n k  was 75 cms. No food  was g iv e n  to  th e  an im a ls  as th e re  
was p le n ty  o f  la b la b  in  b o th  p la c e s . A f te r  4 days, i t  was observed 
th a t  th e  an im a ls  a t  th e  enc losu re  became weak and many d ie d  due to  
o ve r-c ro w d in g , wave a c t io n ,  and o th e r  fa c to rs  l i k e  tem pera tu re  and 
s a l in i t y  f lu c tu a t io n .  The w a te r was l e t  in  th e  m ain ga tes  to  supp ly  
w a ter to  th e  o th e r  ponds, s a l in i t y  a t  the  e a rth  pond dropped to  42 p p t.  
A c lo s e r  check showed th a t  th e re  were many sm a ll h o les  a t  the  d ik e  and 
w a te r seeped in to  th e  pond when w a te r le v e l rose  in  th e  c a n a ls . A 
puddle tre n c h  had to  be dug a long  th e  s id e  o f  th e  d ik e s  and r e f i l l e d  
w ith  new c la y e y  s o i l .  When th e  n e x t h ig h  t id e  o ccu rre d , th e  d ik e s  were 
checked and many le a ks  were d is c o v e re d . The experim ent in  th a t  e a rth  
pond was g iv e n  up .

A t  th e  co n c re te  ta n k , th e  an im a ls  th r iv e d  v e ry  w e l l .  The young 
n a u p l i i  grew to  a d u lts  and began c o p u la t in g  9 days a f t e r  s to c k in g . The 
a d u lts  had begun p roduc ing  n a u p l i i  and c y s ts .  No food  was g iv e n  fo r  
two weeks due to  a v a ila b le  food  in  th e  ta n k . When th e  tank  w a te r became 
more tra n s p a re n t (Secch i d is c  re a d in g  a t  40 cm ), v e ry  f in e  r ic e  bran  
m ilk ,  produced th rough  soaking and squeezing o f  r ic e  b ran  th rough  a 
v e ry  f in e  c lo th  bag, was a p p lie d  in  th e  ta n k . Transparency was reduced 
to  10 cm. Tem perature f lu c tu a t io n s  ranged from  25°C in  th e  e a r ly  morning 
hours to  32°C a t  2 :00  P.M. I t  was noted th a t  th e  an im a ls ga the red  along 
th e  w a lls  o f  th e  ta n k  w h ich was shaded from  the  sun and th a t  a t  noon 
tim e , m ost o f  th e  an im a ls  move to  th e  bo ttom . To m in im ize  th e  adverse 
e f fe c ts  o f  f lu c tu a t io n s  in  tem pera tu re , coconu t branches were f lo a te d  
in  th e  ta n k . I t  was observe th a t  th e  an im a ls  h id e  them selves under 
the  le aves  when tem pera tu re  ro s e .
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When d e n s ity  o f  th e  an im als in c reased , a e ra t io n  was p ro v id e d  
by c o n v e rt in g  a spray gun compressor and ano the r a i r  com pressor ( fo r  
r e f i l l i n g  t ru c k  and t r a c to r  t i r e s )  in to  a e ra to rs .  Expansion tubes 
were made o u t o f  3- in c h  PVC p ipes  c u t to  24 inches le n g th  and d r i l l e d  
w ith  3/16 in ch  ho les  to  re c e iv e  a i r  v a lv e s . The ends were c losed  
w ith  5  x  5 in c h  (1 /4  in c h  th ic k )  g la ss  g lued  w ith  epoxy. The expansion 
tubes were made to  f l o a t  in  the  tank  and a i r  hoses w ith  la rg e  a irs to n e s  
were a tta ched  to  them Enough a i r  was pumped in to  the  expansion tubes 
to  a e ra te  the  whole w a te r volume.

b . S tock ing  in  E a rth  Ponds

J u s t a d ja c e n t to  th e  co n c re te  ta n k  a re  e a r th  s a l t  c o n c e n tra tio n  
ponds where b r in e  i s  produced p re p a ra to ry  to  pumping in to  th e  b r in e  
ta n ks . S a l in i t y  in  these ponds ranged from  85-130 p p t .  When p o p u la tio n  
d e n s ity  in  th e  co n c re te  ta n k  increased  to  about 1 2 0 0 / l i t e r ,  i t  was 
decided to  s to ck  in  th e  c o n c e n tra t io n  ponds. The w a te r le v e l in  the  
ponds was 35 cms and w a te r tem pera tu re  rose  to  35°C d u r in g  noon t im e . 
To a vo id  i t s  i l l  e f fe c ts ,  coconu t branches were la id  in  th e  ponds in  
r ows p a r a l le l  to  th e  co n c re te  d ik e s .  Some 25 m i l l io n  an im a ls  o f  d i f f e r e n t  
ages were stocked in  two ponds i n i t i a l l y .  A f te r  two weeks when popu la­
t io n  increased in  those  ponds, a la rg e  p o r t io n  was tra n s fe r re d  to  a 
t h i r d  pond ju s t  a d ja c e n t. I t  was no ted  th a t  th e  ponds w ith  s a l in i t y  
le v e l o f 130 p p t  produced more c y s ts  w h ich  f lo a te d  a t  th e  southw est 
co rne rs  o f  the  ponds. (P re v a il in g  w inds from  th e  N o rth e a s t to  South­
west). The c y s ts  were c o l le c te d  w i th  v e ry  fine -m esh  scoop n e ts  from  
p la s t ic  shee t l in e d  c o l le c t io n  c o rn e rs , and washed o f  d e b r is  and a lgae  
b e fo re  be ing  s to re d  in  g la s s  ja r s  in  h y p e rs a lin e  s o lu t io n  (250 p p t ) . 
S epara tion  o f  f e r t i l i z e  c y s ts  from  n o n - f e r t i le  ones, and from  fo re ig n  
m a te r ia ls  was done th ru  a s e r ie s  o f  washing a t  d i f f e r e n t  s a l in i t y  le v e ls .

c . Feeding

Food f o r  th e  an im a ls  in  th e  co n c re te  tank  c o n s is te d  o f  r ic e  
b ran  m ilk  e x tra c te d  from  8 k i lo s  o f  f in e  r ic e  b ra n , w h ich was soaked 
in  tank  w ater and squeezed o u t o f  a f in e  c lo th  bag. Water tran spa rency  
was k e p t between 10-15 cms. V igo rous  a e ra t io n  was m a in ta ined  c o n tin u o u s ly . 
V ita m ins  and m in e ra l tra c e s  were s u p p lie d  from  com m ercial an im a l feed  
a d d it iv e s .

In  the  ponds, due to  th e  presence o f  b e n th ic  a lg a e , no food  was 
g iv e n  to  the  an im a ls . The pond bottom s were raked  tw ic e  a day to  cause 
the  w a te r to  become tu r b id  and to  suspend th e  a lg a e . No a e ra t io n  was g iv e n .

The an im a ls  th r iv e d  v e ry  w e ll in  a l l  a re a s , and c y s ts  and n a u p l i i  
w ire  produced a t  a f a s t  r a te .  More n a u p l i i  were produced a t  s a l in i t y  
le ve l  o f  70-80 p p t in  th e  co n c re te  ta n k , and more c y s ts  were produced 
i n  th e  ponds w ith  s a l in i t y  le v e l o f  110-130 p p t .  The co n c re te  ta n k  was
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used to  produce n a u p l i i  and to  m ature them f o r  t r a n s fe r  to  th e  ponds, 
w h ile  th e  ponds were used as c y s ts  p ro d u c tio n  a re a s . F ran 4,845 m3 
o f  w a te r in  13,842 sq m o f  ponds, 18 .5  kgs o f  c y s ts  were c o l le c te d  in  
65 days. Due to  s a l in i t y  f lu c tu a t io n s  when o cca s io n a l r a in  f a l l ,  c y s ts  
drop to  th e  bottom  o f  the  ponds and m ixed w ith  b e n th ic  a lgae  and s i l t .  
The problem  o f  s e p a ra tin g  th e  c y s ts  from  o th e r m a te r ia ls  i s  s t i l l  
unso lved .

d . W ater Change

I t  was observed th a t  th e  a n im a ls ' a c t i v i t y  slows down a f te r  a 
week from  th e  la s t  w a te r change (maybe due to  oxygen d e p le t io n  as no 
a e ra t io n  was p ro v id e d  in  th e  ponds o r  lo w e rin g  o f  food  c o n c e n tra t io n ) . 
When fre s h  seawater from  th e  r iv e r  i s  in tro d u c e d  in to  the  ponds, the  
an im a ls  become v e ry  a c t iv e  aga in  and more c y s ts  were produced. S a l in i t y  
le v e l was m a in ta ined  by add ing  s a tu ra te d  b r in e  o r  s a l t  c r y s ta ls  to  the  
pond w a te r. The use o f  b r in e  o r  s a l t  to  low  s a l in i t y  w a te r is  much 
cheaper than  p ro v id in g  a e ra to rs .  B esides, th e  new w a te r b r in g s  in to  the  
ponds the  n a tu r a l ly  occurring foods in  th e  r iv e r  w h ich comes from  mangrove 
swamps.

e. Temperature and S a l in i t y  Ranges

(A) B r in e  tank -  a rea 15 x 20 x 2 m
Average w a te r dep th  -  75 cms pH va lu e  7 .5  -  8
S a l in i t y  range -  10w 84 p p t ,  h ig h  180 p p t

average f o r  37 days -  93.4 p p t 
Temperature range -  low  25°C, h ig h  37°C

average fo r  37 days -  31.1°C

(B) C o n ce n tra tio n  pond No. 5 -  area 1760 m2
Average w a te r dep th  -  35 cms pH v a lu e  7 .0 -8 .2
S a l in i t y  range -  low  90 p p t,  h ig h  170 p p t

average -  135.8 p p t 
Temperature range -  low  25°C, h ig h  37°C

average -  34.3°C

(C) C o n c e n tra tio n  pond No. 6 -  area 1598 m2
Average w a te r dep th  -  35 cms pH v a lu e  -  7 .0 -8 .5  
S a l in i t y  range -  low  70 p p t ,  h ig h  170 p p t

average -  122.9 p p t 
Tem perature range -  low  25°C, h ig h  37°C

average -  3 4 .5 °C
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f .  Food f o r  M i l k f i s h  F r y  a nd  O th e r  S p e c ie s

T e s t s to c k in g  w i t h  15 m i l k f i s h  f i n g e r l i n g s  (1 0  g ra m s )  show  
t h a t  th e  f is h e s  t h r iv e d  v e r y  w e l l  and  t h a t  t h e y  g re w  t o  2 0 0 -2 5 0  gm s 
each, a f t e r  72 days  i n  th e  c o n c e n t r a t io n  p o n d s .  O f c o u r s e ,  r a t e  o f  
g ro w th  c o u ld  n o t  be  v e r y  w e l l  a p p ro x im a te d  d u e  t o  t h e  v e r y  lo w  
s to c k in g  r a t e  (1 5 /1 7 5 9  m2 ) . A v a i la b le  fo o d  i n  t h e  p o n d  a r e  a r t e m ia  
n a u p l i i  and a d u l t s ,  and b e n th ic  a lg a e .

T e s t fe e d in g  was done w i t h  d e c a p s u la te d  c y s t s ,  y o u n g  n a u p l i i  
and a d u lt s  to  f r y  and f i n g e r l i n g s  o f  m i l k f i s h ,  P . m o nod on , M e ta p e n a e u s  
e n s is , ta rp o n  E . H a w a iie n s e s , and  o t h e r s .  M i l k f i s h  f r y  ( 2 0 - 2 5  d a y s  
o ld )  can ta k e  1 4 -1 6  eggs p e r  d a y .  A l l  t h e  f r y  t h r i v e d  v e r y  w e l l ,  a n d  
th e  c a rn iv o ro u s  s p e c ie s  g re w  f a s t e r  th a n  m i l k f i s h .  M o r t a l i t y  w a s  
a lm o s t n e g l ig ib le .  T h is  c o n f ir m s  th e  f i n d i n g s  o f  D r .  L ia o  ( o f  t h e  
Tungkang M a rin e  L a b o ra to ry )  t h a t  a r te m ia  n a u p l i i  i s  v e r y  g o o d  f o r  
m i l k f i s h  f r y  d u r in g  fe e d in g  e x p e r im e n ts  i n  SEAFDEC, T ig b a u a n  i n  J u l y ,  
1978. The young n a u p l i i  and  a d u l t s  o f  a r te m ia  f e d  w i t h  r i c e  b r a n ,  
f l o u r ,  b re a d y e a s t and V i ta m in  B -  c o m p le x  e x t r a c t  o r  b lu e - g r e e n  a lg a e  
( s p i r u l in a  s p . ,  s p i r o g y r a ,  o s c i l l a t o r i a  l im n e t i c a  a n d  m ix e d  d ia to m s )  
and l a t e r  on fe d  t o  th e  young o f  f i s h  and  s h r im p s  m ake e x c e l l e n t  f o o d .  
The t e s ts  show t h a t  th e  c u l t u r e  a n d  m anagem ent o f  f r y  o f  c o m m e rc ia l  
s p e c ie s  c o u ld  be much im p ro v e d  i f  k e p t  i n  ta n k s  o r  s m a l l  r a c e w a y s ,  a n d  
fe d  w i th  d e c a p s u la te d  c y s t s ,  n a u p l i i ,  o l d e r  l a r v a e ,  a n d  l a t e r  o n  a d u l t s  
o f  a r te m ia  in  t h a t  sequence  w i t h  b lu e  g re e n  a lg a e  a n d  m ix e d  d ia to m s .  
W ater q u a l i t y  c o u ld  b e  b e t t e r  c o n t r o l l e d  a n d  p r e d a t o r s  e l im in a t e d .  
M o r t a l i t y  c o u ld  be k e p t  t o  th e  m in im u m , a n d  th e  y o u n g  f i s h  o r  s h r im p s  
may be s to c k e d  i n  r e a r in g  pon ds i n  b ig g e r  s iz e s  and  h e a l t h i e r  c o n d i t i o n s ,  
w h ich  w i l l  have th e  b e s t  c h a n c e s  o f  s u r v i v a l .  C h e m ic a l t r e a t m e n t  f o r  
d is e a s e s  and p a r a s i te s  c o u ld  b e  e a s i l y  p e r fo rm e d  i n  s m a l l  t a n k s  o r  p o n d s ,  
as w e l l  as c o m p le te  re m o v a l o f  o t h e r  p r e d a to r y  s p e c ie s  s u c h  a s  E . H a w a i ie n s e s  
(te n p o u n d e r) and M ega lops  s p . ( ta r p o n s )  w h ic h  lo o k  v e r y  s i m i l a r  t o  C h a n o s  
f r y  a t  v e r y  young s ta g e .
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