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A b stract: T he  brine shrim p inhab its geographically iso lated  biotopes w ith specific biotic an d  abiotic  
cond itions. T h is  has resu lted  in various geographical s tra ins betw een which m arked  genetical, biological 
and  chem ical differentiation  exists. T he  response  o f  13 different Artemia  s tra ins to  th e  com bined effect o f 
tem p era tu re  an d  salinity has been studied . E xperim ental tem pera tu res te sted  ranged from  18 to  34 ° C and 
salinities from  5 to  120%,,.

E xcep t for C hap lin  L ake (C anada) Artem ia, all stra ins show ed high survival over a  wide range o f  salinities 
(35—110%o). F o r all stra ins th e  com m on tem pera tu re  optim um  was betw een 20 an d  25 °C . In te rac tion  
betw een tem p era tu re  and  salinity w as negligible o r very lim ited. S ubstan tia l differences in to le rance  were 
reco rded  in p a rticu la r a t th e  low er end  o f the  range o f experim ental salinities and  a t th e  u p p er end  o f the  
range o f tem pera tu res. R esistance to  high tem pera tu re  seem s to  be re la ted  to  th e  genetic classification o f 
the  Artem ia  s tra ins in different sibling species. D ifferences, how ever, a lso exist am ong stra ins from  the sam e 
sibling species. G enetic  ad ap tation  to  high tem pera tu re  seem s to  tak e  place in Artemia.

T he d a ta  ob ta ined  provide a  first guideline for s tra in  selection for specific aquacu ltu ral purposes.

I n t r o d u c t i o n

T he brine shrim p A rtem ia  inhabits geographically isolated hab ita ts  d istribu ted  over 
th e  five con tinen ts in trop ical and  subtropical regions, as well as in  boreal areas 
(P ersoone  & Sorgeloos, 1980). Substan tial differences in w ater tem pera tu re  and  salinity 
have been reco rded  fo r different Artem ia  b io topes (Bow en e ta l .,  1978; P ersoone & 
Sorgeloos, 1980). A s a  consequence, it can be expected th a t geographic iso lation  o f  brine 
shrim p populations in specific bio topes w ith different tem perature  and  salinity cond i
tions h a s  led to  populations w ith different to lerance ranges fo r these abiotic conditions. 
T he differences in genetic constitu tion  th a t have been recorded  am ong Artem ia  strains

1 In te rn a tio n a l interdisciplinary study  on Artemia  s tra in s  coo rd ina ted  by th e  Artemia  R eference C enter.
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(B ow en e ta l .,  1978; A breu-G robois &  B eardm ore, 1980, 1982) further enhance the 
probability  for physiological variations am ong strains.

A lthough A rtem ia  is generally considered to  be a  euryhaline sum m er species 
(C arpelan , 1957; Ivleva, 1969; Bayly, 1972; S tephens &  G illespie, 1972), culture tests 
w ith  five Artem ia  stra ins show ed im portan t differences in tem pera tu re  an d  salinity 
requ irem en ts (Sorgeloos e ta l., 1976; C laus et al., 1977). A  few  ecological studies also 
ind ica te  differences in  tem perature  and  salinity to lerance am ong A rtem ia  s tra ins (A nder
son , 1958; A l-U thm an , 1971; K ristensen & H ulscher-E m eis, 1972). T hese  ecological 
observa tions are  no t, how ever, sufficient to  determ ine the  requ irem en ts and  tolerance 
o f  A rtem ia; th a t is th e  ecological d a ta  provided do n o t reflect th e  yearly , seasonal, and 
diurnal varia tion  in  tem pera tu re  and salinity. M oreover, the occurrence  o f  Artem ia  in 
n a tu re  is restric ted  to  salinity levels high enough to  restric t the  p resence  o f  its p redato rs.

T h e  pu rpose  o f  th is study w as to  develop a  s tandard ized  lab o ra to ry  te s t p rocedure 
th a t allow s sim ultaneous determ ination  o f preferences and  to le rance  ranges tow ards 
tem pera tu re  and  salinity fo r different Artem ia  strains. Such a  study  should  lead  to  a 
be tte r charac te riza tion  o f  the different Artem ia  stra ins and  prov ide guidelines for strain  
selection fo r specific aquacu ltural applications, i.e. inoculation  in  trop ical regions, 
cu ltu re  in m ed ia  w ith specific tem perature and salinity conditions.

M a t e r i a l s  a n d  M e t h o d s

T hirteen  geographical stra ins o f  Artem ia  have been studied. D eta ils  on  the ir exact 
origin and  som e o f  their characteristics are provided in  T able I. T he cysts w ere always

T a b l e  I

L ist o f  Artemia  s tra ins studied: B, bisexual; P , parthenogenetic .

S ource  o f cysts
Year o f harvest 
(batch  num ber)

M ode  o f 
re p ro d u c tio n 1 Ploidy2

S an F ranc isco  Bay (CA, U S A ) 1976 (288-2596) B 2 n
M acau  (B razil) 1978 (871172) B 2 n
B aro tac  N uevo (Philippines) 1978 B 2 n
G re a t Salt L ake (U T , U SA ) 1977 B 2 n
C haplin  L ake (C anada) 1979 B 2 n
B uenos A ires (A rgentina) 1977 B 2 n + 1
L a rn a ca  (C yprus) 1980 B 2 n
B arb an e ra  (S pain ) 1978 B 2 n
S h ark  B ay (A ustra lia) 1977 (114) P 2 n
T u ticorin  (Ind ia) 1978 P 3 n
L avalduc  (F rance) 1979 P 2 n + 4 n
T ien tsin  (P eople’s R ep. o f  China) 1978 P 2 n + 4 n
M arg h erita  di Savoia  (Italy) 1977 P 2 n + 4 n

' F rom  B arigozzi & Tosi (1959), C lark  & Bowen (1976), Bowen et al. (1978), A breu -G robo is  & B eardm ore
(1980, 1982).
2 F rom  A breu-G robo is  & B eardm ore (1982), Barigozzi (pers. comm.).



E F F E C T  O F  T E M P E R A T U R E  A N D  SA L IN IT Y  O N  A R T E M IA 261

incubated  under optim al hatching conditions (25 °C ; 35%0 S ; 1000 lux; Sorgeloos, 
1980).

S ince to lerance  to  tem perature  and  salinity is in terre lated  fo r several aquatic 
invertebrates (K inne, 1970) a  factorial design w as used  involving 25 com binations o f  
five tem pera tu res (1 8 ,2 2 ,2 6 ,3 0 , and  34 °C ) and  five salinities (5 ,15 , 35 ,70 , and  120%o). 
T he m ed ia  w ere p repared  by use o f the salt m ixture o f  D ietrich  &  K alle (1963 -  in K inne, 
1970). T o increase the buffer capacity , how ever, th e  quantity  o f  N a H C 0 3  w as doubled. 
p H  levels never d ropped  below  7.9 preventing any negative effects on  survival and  larval 
developm ent as reported  to  occur a t low  pH  (Provasoli & D ’A gostino, 1969). '

T he  tests  w ere carried  ou t in cylindro-conica! tu b e : each contain ing 50 nauplii in 
250 ml w ater. T he tubes w ere aerated  continuously from  the bo ttom ; they w ere covered 
w ith a perforated  Petri d ish  to  m inim ize evaporation . T em peratures w ere k ep t constan t 
w ithin + 0.2 °C  and salinities w ithin + 1%0. A n acclim ation  period o f  1 to  2 h  seem ed 
sufficient to  p reven t m ortality  from  tem peratu re  shock. Since freshly ha tched  Artem ia  
nauplii are very resistan t to  sudden  salinity changes (D ’A gostino & Provasoli, 1968; 
Sorgeloos, 1979) in s ta r I nauplii were transferred  directly to  the  different salinities. Each 
com bination  w as tested  in  three replicates. F o r som e strains, how ever, tw o extra 
replicates w ere added.

L arvae w ere fed Dunaliella tertiolecta B utch, cells each day throughout the 9-day 
experim ental period. Since the m etabolic needs o f  invertebrates m ay change as a 
function  o f  tem perature (K inne, 1970) and salinity (H ernando rena , 1974), th e  optim al 
feeding regim e at the experim ental tem peratures and salinities w as determ ined in a  series 
o f  prelim inary experim ents (V anhaecke, 1983). N o  differences in food requirem ents 
could  be detec ted  as a function  o f  salinity; the optim al feeding schedules for th e  different 
tem pera tu res tested  are given in T able lí .

A n experim ental period o f  9 days w as deem ed appropria te  for the determ ination  o f  
th e  ranges o f  tem pera tu re  and  salinity to lerance, as th e  larvae m ay reach  th e  preadult 
stage under the prevailing experim ental conditions after 9 days. In  addition , it appeared 
from  th e  prelim inary tests  th a t further m ortality  w as negligible beyond th a t period.

T a b l e  I I

Feeding schedule (in IO6 Dunaliella cells per day) for different test-tem peratu res  (after V anhaecke, 1983): 
no  differences in food requ irem ents could be d e tected  in re la tion  to  salinity  and th is  schedule w as applied

to  all salinities tested.

T em pera tu re  (°C )

18 22 26 30 34

D ay  1 3.6 6.0 8.4 10.8 10.8
D ays 2, 3, 4 7.2 12.0 16.8 21.6 21.6
D ays 5, 6 10.8 18.0 25.2 32.4 32.4
D ays 7, 8 14.4 24.0 33.6 43.2 43.2
D ay  9 18.0 30.0 42.0 54.0 54.0
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T he survival results ob tained  after 9 days culturing w ere norm alized  th rough  ârcsin 
tran sfo rm ation  y /%  (Z ar, 1974). S tatistical procedures included response  surface : 
analysis (A lderdice, 1972). D a ta  w ere subjected to  an  analysis o f  variance from  w hich : 
th e  significance o f  the effect o f  tem perature, salinity and  th e  in teraction  betw een these  ; 
tw o  independen t variables could  be  determ ined. T he analysis o f variance  p rovided  th e  j 
basis fo r a  regression equation describing the  effects. T he com puter p rogram  “ B O X  2 ”, 1 

converted  from  an earlier version o f  th e  program  o f  L indsey & S andnes (1972) for 
execution on  a  U N IV A C  1180/80 com puter, w as used for th e  analysis. U sing  likelihood j 
inference, th is p rocedure  calculates the b est fitting linear and  non-linear m athem atica l ! 
equations to  accoun t for the variance. In  th e  p resen t study we u sed  the non-linear m odel 
w hich provided a superior fit w ith higher coefficients o f  determ inations (R 2) (Siddall, 
1979). In  view o f  high residual variances, calcu lated  for som e stra ins tes ted , five instead  
o f  th ree  replicates w ere run  fo r these A rtem ia  strains. T he program  o f  L indsey  & 
S andnes calculates th e  values o f  the  independen t variables a t w hich m axim um  response  
(%  survival) occurs. Substitu tion  o f the independent variab les in the equation  results 
in p red ic ted  response  values th a t generate th ree-dim ensional g raphs o f  the resulting 
response  surfaces. C o n to u r p lo ts are draw n for selected values o f  the 
response , i.e. 1, 10, 50, 70, and  90%  survival.

A ccord ing  to  P ersoone e t al. (1980) the binom en A rtem ia salina is no  longer valid. 
Indeed , crossing  experim ents w ith different Artem ia  populations revealed  reproductive 
iso lation  o f  several groups o f  popu la tions and  led to  th e  recognition o f sibling species 
to  w hich different nam es have  been given according to  th e  In ternational C onventions 
o f  T axonom ical N om encla ture (B ow en e ta l., 1978; B ow en & Sterling, 1978). In  this 
pap er the  Artem ia  populations have been grouped accord ing  to  th e  species nam e 
designation  o f Bowen & Sterling (1978). Evidence o f  th e  exact sibling species o f  the 
stra ins stud ied  w as provided by B ow en e t al. (1978) an d  A breu-G robois &  B eardm ore 
(1980, 1982).

R e s u l t s

A R T E M IA  F R A N C ISC A N A

San  Francisco B ay (Fig. 1A), M acau (Fig. IB ), and Barotac Nuevo (Fig. 1C)

T he Artem ia  stra ins from  M acau  and B arotac N uevo originate from  S an  F rancisco  
Bay A rtem ia  inoculated  in the tw o form er areas in 1977 and 1978, respectively 
(Sorgeloos et al., 1979). F rom  the analyses o f  variance for the three strains tested , both  
salinity ( R e  0.001) and tem pera tu re  (P  <  0.001) significantly affect survival. The 
configuration  o f th e  co n tou r p lo ts, how ever, indicates th a t the salinity has little effect 
on  survival except a t the low er end o f  th e  test range o f  salinities.

T he calcu lated  tem pera tu re  and salinity centres for m axim al survival are, respectively, 
20.6 °C  at 62%0 for San F rancisco  Bay, 21.5 °C  a t 75% 0  for M acau  and 21.6 °C  a t 41%0 
for B aro tac  N uevo. It should  be no ted , how ever, th a t there is little change in response  
over a  relatively b ro ad  range o f salinities a t the  centre.
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T he differences in salinity to lerance are very limited. A t least 90 % survival is attained 
for b o th  S an  F rancisco  Bay and  B aro tac N uevo larvae w ithin the range 15—120%o; for 
th e  M acau  larvae good survival is recorded  betw een 25 and  120%o. F o r  the la tte r strain  
a sm all b u t significant (P  = 0.025) lo w -lo w  h igh -h igh  in teraction  betw een tem perature 
and  salinity is observed, i.e. higher tem peratures are to lera ted  be tte r a t th e  upper end 
o f  th e  salinity range.

A lthough the overall effect o f  tem perature is sim ilar for th e  th ree  stra ins, subtle 
differences can  be no ted  in particu lar a t th e  upper end o f  the  tem pera tu re  scale. F o r  the 
S an  F ran c isco  Bay Artem ia  50%  m ortality  occurs a t 2 9 -3 0  °C  w hereas th is is situated  
a t 3 0 -3 1  °C  for M acau  and at 3 2 °C  for B aro tac N uevo Artem ia. M ore th an  90%  
survival occurs over a  w ide range o f  tem pera tu res; 18 to  2 6 -2 8  °C  for M acau  and 
B aro tac  N uevo  and 18 to  25 °C  fo r S an  F ranc isco  Bay. T he d a ta  ob tained  fo r the latter 
strain  m a tch  the results o f  D obbeleir (1977). O n the o ther hand , Sorgeloos et al. (1976), 
and C laus et al. (1977) no ted  only an  increased m ortality  for S an  F rancisco  Bay larvae 
at tem pera tu res exceeding 3 0 °  C. T his difference is p robably  related  to  the shorter 
du ra tion  o f  their culture experim ents (3 and 4 days com pared  w ith 9 days).

Great Sa lt L ake  (Fig. ID ) and Chaplin L a ke  (Fig. IE )

T he resp o n se  surfaces for these stra ins o f  A rtem ia franciscana  are very different from 
th o se  o f  the previous stra ins o f S an  F rancisco  B ay origin.

T he survival o f  G rea t Salt L ake larvae is clearly influenced by  salinity (P  <  0.001). 
B etw een 15 and  120%o, th e  con tour p lo ts, how ever, are  parallel w ith the salinity axis, 
pointing to  an independence o f  survival w ith respect to  salinity w ithin th is range. In  
acco rdance  w ith th e  experim ental d a ta  o f  V on H entig  (1971) G rea t Salt L ake larvae die 
below  15%0.

T his strain  is very to leran t to  high tem peratures. T he co n tou r p lo t correspond ing  to 
70%  survival extends close to  35 ° C  over a  w ide range o f  salinities. Survival exceeding 
90%  is p red ic ted  for a  range o f salinities from  30 to  120%o a t tem pera tu res varying from 
18 to  a lm ost 30 ° C.

C on tra ry  to  Sorgeloos e t al. (1976), w ho recorded  a  c lear antagonistic  in teraction  
betw een tem perature  and salinity fo r G rea t Salt L ake nauplii, only a  m inim al in teraction  
could  be no ted  (P  = 0.04); i.e. low er tem peratures seem  to  favour slightly to lerance o f 
low  salinities.

T he response  surface for C haplin  L ake A rtem ia  substan tia lly  differs from  th a t o f  all 
o ther A rtem ia franciscana  strains studied. It is clear th a t tem peratures <  18 °C  have to 
be taken  in to  accoun t for th e  determ ination  o f th e  optim um  tem perature . F urtherm ore, 
th e  g raphs illustrate th a t th e  salinity resistance o f  this strain  is very lim ited. A t tem pera
tures varying betw een 18 and  22 °C , the optim al salinity range is betw een 45 and  75%0. 
N o n e  the less C haplin  L ake Artem ia  should  n o t be considered  as stenotherm al. W ithin 
th e  op tim al salinity interval 50% survival can  be reco rded  a t tem peratures up  to  30 °C. 
T his is sim ilar to  th e  value ob tained  for the S an  F rancisco  Bay strain .

T he analysis o f variance indicates a significant tem pera tu re  salinity in teraction  for

P A U L  V A N H A E C K E  E T A L .
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Fig. 1. Tw o-dim ensional (upper) and  three-d im ensional (low er) graphical rep resen ta tion  o f  response sur
faces for survival o f  five Artem ia franciscana  s tra ins as a  function o f  tem pera tu re  ( °C ) and  salinity (%<,): 
isopleths o f  response  ( I ,  10, 50, 70, 90%  survival); A , San  F ran c isco  Bay; B, M acau ; C , B aro tac  N uevo; 

D , G re a t Salt Lake; E , C haplin  Lake.

C haplin  L ake nauplii (P  <  0.001). A n increased  survival potential is associated  with 
higher tem pera tu res a t the upper salinity range.

A R T E M IA  P E R S IM IL IS \ B U E N O S A IR E S (Fig. 2 )

T he A rtem ia  strain  from  B uenos A ires is characterized  by a high resistance to  low 
salinities. Even a t 5% 0  >  50%  o f the larvae survive a t b o th  18 and 22 ° C. N evertheless 
w ithin th e  range tested  th e  effect o f  salinity is significant (P  <  0.001). T he calculated 
op tim um  salinity o f 77%0, how ever, has lim ited p ractical meaning.

T he effect o f  tem perature is significant ( P <  0.001). T his lim ited tem perature 
resistance  is illustrated by the sm all d is tance  betw een th e  con tour p lo ts, corresponding 
to  90, 70, 50, and  10% survival. T he 50%  survival co n tou r is a t 29 °C . A t 34 °C  
m ortality  is nearly 100% . T he calculated tem pera tu re  optim um  is 22.5 °C , bu t over 90% 
survival can  be ob tained  betw een 19 and 26 ° C  a t salinities ranging from  60 to  90%o. 
A t low er salinities the optim al tem pera tu re  range narrow s. N one the less, there is no  
significant in teraction  betw een th e  tw o independen t variables (P  = 0.35).

266

Fig. 2. T w o-d im ensional (upper) an d  three-d im ensional (low er) graphical rep resen ta tion  o f  re sponse  su r
faces for surv ival o f  th e  Artemia persimilis s tra in  from  B uenos A ires a s  a  function o f  tem p era tu re  ( C) and 

salinity (%o): isopleths o f re sponse  (1, 10, 50, 70, 90%  survival).

A R T E M IA  T U N IS IA N A :  L A R N A C A  (Fig. 3A ) A N D  B A R B A N E R A  (Fig. 3B)

T h e  configuration  o f  the co n tou r p lots fo r th e  L am aca  larvae  reveals a high salinity 
to lerance. F ro m  a salinity o f 15%0 and above, very good survival is recorded . A  similar 
observation  can  be  m ade for th e  larvae from  B arbanera , w ith  th is restric tion , how ever, 
th a t they  have a  slightly sm aller salinity range. B oth stra ins h av e  a low  to lerance fo r high 
tem pera tu res. A lthough the 50 % survival co n tou r goes as high as 27 and  28 ° C all larvae 
die a t 34 °C . T olerance a t low er tem peratures seem s to  be  relatively high.

F o r L a m a c a  Artem ia  the m axim al survival response  is a t 21.7 °C  and  42%0. 
M ortalities below  10% , how ever, were reco rded  in th e  tem pera tu re  range betw een 18 
an d  2 5 ° C  a t salinities betw een 15 and 120%„. B arb an era  A rtem ia  show  m axim al 
survival a t 22.3 °C  and 38%0. A t 35% 0  th e  tem perature  limits are 18 and  25 °C . N o 
significant in teractions betw een tem perature  and salinity could  be  detected.

P A U L  V A N H A E C K E  E T A L .
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Fig. 3. Tw o-dim ensional (u p p er) an d  th ree-dim ensional (low er) graphical rep re sen ta tio n  o f  response  su r
faces for survival o f tw o Artem ia tunisiana s tra in s  as a  function o f tem p e ra tu re  ( °C ) and  salinity  (%,): 

isop leths o f  re sp o n se  (1, 10, 50, 70, 90%  survival); A , L a m a c a ; B, B arbanera .

A R T E M IA  P A R T H E N O G E N E T IC A  

Shark  B ay (Fig. 4A)

F rom  the co n tou r p lo ts  it clearly appears th a t Shark  B ay A rtem ia  a re  sensitive to  high 
tem pera tu res an d  low  salinities. N o  larvae survived a t 5% 0  o r  a t 3 4 °  C. A  drastic  
increase  in m ortality  occu rs betw een 26 and 30 °C . T he 50%  survival co n to u r does no t 
exceed 28 °C .

T he calcu la ted  op tim um  tem pera tu re -sa lin ity  com bination  w as 22.1 °C  and  82%0. 
T he re sp o n se  surface is characterized , how ever, by a d is tinc t p la teau . M axim al survival 
is a tta ined  betw een 40 and  120%o and 18 and 2 6 °  C.

A  significant in te rac tion  betw een tem perature  and salinity (P  =  0.025) ind icates th a t 
th e  S hark  Bay larvae are slightly m ore res is tan t to  low  tem pera tu res a t higher salinities. 
T he in teraction  effect is m in im al in com parison  w ith the individual effects o f  tem pera tu re  
and  salinity.

P A U L  V A N H A E C K E  E T A L .  
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Fig. 4. T w o-d im ensiona l (upper) and  three-dim ensional (low er) graphical rep resen ta tion  o f  response  su r
faces for su rv iva l o f  five A rtem ia parthenogenelica  s tra ins as a  function  o f  tem p era tu re  ( 0 C ) a n d  salinity  (%„): 
isop leths o f  re sp o n se  (1, 10, 50, 70, 90%  survival); A, S h ark  B ay; B, T u tico rin ; C, L avalduc; D , T ientsin ;

E , M argherita  di Savoia.

Tuticorin (Fig. 4B)

In  co m p ariso n  w ith  the diploid Shark  Bay strain  th e  trip lo id  parthenogenetic  strain  
from  T u tico rin  seem s to  be  m ore res is tan t to  high tem pera tu res and  to  a  certa in  extent 
a lso  to  low  salin ities. N evertheless a  salinity o f  a t leas t 35% 0  is needed  to  assu re  good 
survival.

T he op tim um  tem peratu re  fo r m axim a! survival (24.7 °C ) is clearly higher than  the 
value ca lcu la ted  fo r all o th e r stra ins tested . Survival as high as 90 % w as reco rded  over 
a  w ide range o f  tem pera tu res (2 0 -2 9  °C ). N evertheless, th e  tem pera tu re  to lerance is 
restric ted , 50%  m ortality  occurs a t 3 2 -3 3  °C . C on tra ry  to  all o ther stra in s studied, the 
low est te s t tem p era tu re  p rovokes significant m ortalities. R oyan  (1980) studied  the 
survival o f  T u tico rin  larvae subjected for 4 days to  th ree  tem pera tu res (24, 27, and 
30 °C ) an d  seven salinities ranging from  10 to  70%o and  n o ted  the b est survival a t 27 ° C 
a n d  30-40% o. T he survival he  obtained, how ever, w as low.

T he tem p era tu re -sa lin ity  in teraction  is significant b u t very lim ited (P  = 0.020). The 
low est tem p era tu re  tested  is be tte r to lerated  a t th e  u p p er end o f  th e  salinity range.

270 P A U L  V A N H A E C K E  E T A L .

Lavalduc (Fig. 4C), Tientsin (Fig. 4D) and  Margherita di Savoia (Fig. 4E)

T he resp o n se  o f  these  th ree  m ixed d ip lo id - te trap lo id  parthenogenetic  stra ins to 
tem pera tu re  an d  salinity is very similar. B oth  tem pera tu re  an d  salinity affect survival 
significantly, tem pera tu re  being th e  m ore im portan t. N o  significant in terac tion  effect, 
how ever, w as ind icated  fo r any o f  these stra ins (P  = 0 .82 -0 .94 ).

T h e  ca lcu la ted  op tim um  com binations are : 21.8 °C , 80%o fo r L avalduc; 22.9 °C , 
83%0 fo r T ien tsin ; and  22.2 °C , 79% 0  for M argherita  d i Savoia. F o r  all th ree  stra ins there 
appears  to  be a w ell-defined range o f tem pera tu res and  salinities a t w hich > 9 0 %  
survival w as observed  ranging  from  3 5 -4 0  to  115-120%,, a t 22 °C  and  from  1 8 -2 9  °C  
a t 80%o. T he M argherita  d i Savoia  larvae, how ever, show  an  increased  m ortality  at 
120% o-

T h e  L avalduc  and  T ien tsin  A rtem ia  appear to  be  relatively to le ran t to  high tem p era
tu res. Survival o f  50%  w as observed a t tem pera tu res u p  to  33 °C . F o r  th e  M argherita  
d i S avo ia  larvae  th is survival figure is already  reach ed  a t 32 °C . B etw een 30 and  34 ° C 
M argherita  di Savoia larvae  die rapidly. T h is confirm s th e  observation  o f  T ro tta  (pers. 
com m .) th a t M argherita  di Savoia  A rtem ia  are  com pletely elim inated in their b io tope 
when, w ate r tem pera tu res exceed 30 ° C.

D i s c u s s i o n

In  all A rtem ia  stra ins stud ied  b o th  tem pera tu re  an d  salinity significantly affect 
survival, th e  effect o f  tem pera tu re  being m ore p ronounced . N evertheless, no  single 
A rtem ia  stra in  seem s to  be  steno therm al o r stenohaline. In  fact, a  b ro ad  range o f  
tem pera tu res and  salinities m eet th e  requirem ents fo r > 9 0 %  survival. W ith the 
exception o f  th e  C hap lin  L ake strain , all Artem ia  stra ins stud ied  have  a  com m on area 
o f  p reference w here m ortalities are  < 1 0 %  (Fig. 5).

T he exceptional characteristics o f  th e  C anad ian  Artem ia  are very likely to  be 
a ttribu ted  to  th e  ionic com position  o f  C haplin  L ake. C on tra ry  to  th e  o ther stra ins 
stud ied , all o f  w hich orig inate from  chloride b io topes, C haplin  L ake A rtem ia  live in a 
su lphate  lake  (H am m er, 1978). A pparen tly  a  culture m edium  w ith ionic com position  
sim ilar to  th a t o f  sea  w ate r is n o t optim al for th is particu lar stra in ; in fac t the overall 
survival o f  C haplin  L ake larvae  is significantly low er than  th a t o f  all o ther strains.

A n increased  m ortality  o f  nauplii originating from  su lphate  and  carb o n a te  lakes in 
a ch loride m edium  has also been reco rded  by C ollins (1980) and  D a n a  (1981). In  
add ition , V anhaecke e ta l. (1983) reported  th a t the survival capacity  in sea w ater o f 
unfed  C hap lin  L ake larvae  is low er than  th a t o f  all o ther stra ins studied. T he ionic 
com position  o f  C haplin  L ake, prim arily  a  N a 2 S 0 4  m edium , m ay also explain th e  low  
to le ran ce  to  extrem e salinities. A s com pared  w ith a  N aC l m edium  th e  osm otic  p ressure 
o f  a  N a 2 S 0 4  m edium  a t th e  sam e concen tra tion  (g/1) is indeed  m uch  low er. S ince the 
salinity level in C hap lin  L ake is sim ilar to  the values rep o rted  fo r m o s t o ther Artem ia  
b io topes (H am m er, 1978; V anhaecke, 1983), it is very likely th a t th e  osm oregulatory
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Fig. 5. C om m on tem pera tu re  salinity a rea  for Artem ia  s tra in s  stud ied  in w hich survival exceeds 90% .

system  o f  C haplin  L ake A rtem ia  m ay n o t be able to  cope w ith high concen tra tions o f 
N aC l. A t low  salinities on th e  o ther h a n d  the very low  SO 4  ~ concen tration  in a  sea-w ater 
m edium  m ay  result in an  unbalanced  ionic com position . Further research  on  the 
osm oregulation  and  ionic prerequisites o f  th is particu la r stra in  should be carried ou t to 
verify th e  la tte r hypotheses.

A lthough for th e  o ther stra ins salinity resistance  is high, a  to lerance range from  3 to 
300%o as generalized fo r th e  genus Artem ia  is n o t valid  for all Artem ia  strains. In 
p articu la r a t th e  low er end o f  the salinity scale d is tinc t differences can  be seen am ong 
stra ins . A t 5% 0  very high m ortalities occur, confirm ing th e  findings from  Von H entig  
(1971) and  K ris tensen  & H ulscher-E m eis (1972). F ro m  an  analysis o f  variance o f  all 
survival d a ta  a t 5%0, grouped  per strain , it appears th a t B uenos A ires larvae perform  
significantly better a t this low  salinity level th an  all o ther stra in s tested . Since B uenos 
A ires, B arb an era , L am aca , and  L avalduc A rtem ia  show  no  increased  m ortality  a t 15%0, 
these  stra ins should  be selected by preference fo r culturing purposes in low  salinity 
w ater, e.g. geotherm al sources (B risset e ta l ., 1982).

W ith  regard  to  tem perature, m ost stra ins ap p ea r to  to lerate the low est tem peratures 
very well w ith the exception o f  the T uticorin  stra in . A t th e  upper end o f the tem perature  
scale m ost larvae die betw een 30 and 34 °C , w hich confirm s th e  field observations o f 
A n d erso n  (1958), A l-U thm an  (1971), K ris tensen  & H ulscher-E m eis (1972) and Scelzo 
& V oglar (1980). Substan tia l stra in  differences, how ever, exist w ith regard  to  high 
tem pera tu re  res istance ; fo r the larvae from  L arnaca , B arbanera  and Shark  Bay, 
m ortality  s ta rts  a t 30 °C  and  is practically  100% a t 34 °C . T he la tter phenom enon also 
applies to  B uenos Aires larvae. T he strains from  S an  F rancisco  Bay, M acau , B arotac
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N uevo  an d  C haplin  L ake also show  increased m ortality  a t 30 0  C b u t a  num ber o f  nauplii 
survive a t 34 °C . N o  significant increase in m ortality  w as observed  a t 30 0C  for the 
stra in s  o f  T u tico rin , T ientsin , L avalduc, M argherita  d i Savoia, an d  G re a t S a lt L ake in 
th e  op tim al salinity range. A n  analysis o f  variance on  all survival d a ta  a t 34 0  C  grouped 
per s tra in  reveals th a t th e  survival o f  the  G rea t Salt L ake stra in  is superior to  th a t of 
all o ther A rtem ia  s tra ins. In  prac tice  th is m eans th a t G re a t S a lt L ake A rtem ia  are best 
fo r app lica tions in trop ical an d  sub trop ical regions, w here w ate r tem pera tu res o f  30 to  
35 °C  are  com m on (D e Ios S an to s e ta l .,  1980; Vos e ta l ., 1984).

T here  are  good  indications th a t  differences in tem pera tu re  resistance  are  correlated 
w ith  genetic differentiation betw een and w ithin sibling species. B oth E u ropean  bisexual 
stra ins {Artemia tunisiana, B ow en e ta l ., 1978; A breu-G robo is &  B eardm ore, 1982) 

I show  th e  low est to lerance to  high tem peratures. I t  is in teresting  to  n o te  th a t these  strains 
also show  th e  low est tem pera tu re  resistance w ith  respec t to  the hatchability  o f  their cysts 

I (V anhaecke, 1983). T he parthenogenetic  stra ins are  m ore to le ran t to  high tem peratures,
j T h e  d ip lo id  S h a rk  B ay Artem ia, how ever, have  a  significantly low er resistance th an  the

trip lo id  and  m ixed d ip lo id -te trap lo id  strains studied. T his confirm s repo rts  in the 
lite ra tu re  th a t polyploid popu la tions are  genetically be tte r buffered  against extrem e 
env ironm ental cond itions th an  diploid anim als (A rtom , 1931; C hapm an , 1968; M etalli 
&  B allard in , 1972).

T he d ifference in tem pera tu re  to lerance betw een bisexual an d  parthenogenetic  strains 
o f  E u ropean  origin is very well re lated  to  their seasonal occurrence. Indeed  A m at 
D om enech  (1982) observed th a t in Spanish  Artem ia  b io topes w here bisexual and 
parthenogenetic  Artem ia  co-occur, the form er strain  dom inates in w inter and  spring, 
w hereas in the  w arm est m on ths o f the sum m er parthenogenetic  Artem ia  are found.

T he d a ta  fo r th e  Artem ia franciscana  strains clearly illustrate  differences in to lerance 
w ithin th e  sam e sibling species. T his is no t unlikely since a  m arked  degree o f  genetic 
d ifferentiation  m ay  occur am ong stra in s belonging to  the  sam e sibling species (A breu- 
G ro b o is  &  B eardm ore, 1980, 1982). O n  the o ther h an d , th e  o rganism s m ay have 
genetically  ad ap ted  to  their specific niche (K inne, 1970). S ince the M acau  and  B arotac 
N uevo  A rtem ia  s tra ins in fac t are  o f  San F ranc isco  B ay  origin, bu t are  p roduced  in 
sa ltw orks w ith  higher w ater tem peratures (Vos et a l ,  1984) the increased  tem perature 
res is tance  o f  M acau  and  B aro tac  N uevo Artem ia  reveal a heritable ad ap ta tion  to  high 
w ater tem pera tu res.

T he d a ta  ob ta ined  are  too lim ited to  perform  a detailed  correlation  betw een the 
tem p era tu re  res is tance  and th e  tem perature  conditions in the b iotope. In  any case, w ater 
tem pera tu res  in  C haplin  L ake and  San F ranc isco  B ay never exceed 30 and 33 °C , 
respectively  (H am m er & H aynes, 1978; C arpelan , 1957), w hereas in G re a t Salt Lake 
sum m er tem pera tu res up  to  40 0  C  have been reco rded  (S tephens & G illespie, 1972).
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