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Evolutionary and ecological aspects o f  crustacean diapause

Effects of hydrogen peroxide treatment 
in Artemia cysts of different geographical origin

G. Van Stappen, P. Lavens and P. Sorgeloos

With 6  figures an d  1 tab le

A bstract: Short-term treatment with peroxide solutions has been tested as a chemical way to break the 
diapause o f Artemia cysts o f different species and geographical strains. The methodology was further 
standardized by analyzing the impact o f the cyst hydration level and the application conditions (concen
tration, duration, temperature) on the hatching percentage. The peroxide treatment was most effective in 
deactivating diapause when applied on fully hydrated cysts, and showed a quantitative nature: a maximal 
positive effect was obtained for specific combinations of peroxide concentration and exposure time. The 
peroxide effect was preserved after processing and storage of treated cysts. The biochemical mechanisms 
possibly involved in induction and termination of diapause are discussed.

Introduction

The w orldw ide distribution o f  the brine shrim p A rtem ia  in  isolated habitats (about 500 natu
ral salt lakes and m an-m ade salterns) w ith specific ecological conditions has resulted in 
num erous geographical strains, and genetically different populations. A m ong these strains a 
high degree o f  genetic variability as w ell as a  unique diversity  in various quantitative charac
teristics have been observed (B ro w n e  e t al. 1991 ). Som e o f  these are phenotypical (e.g. the 
nutritional com position o f  the cysts; LÉGER e t al. 1986), and change from  batch to batch. 
O thers (e.g. cyst diam eter, resistance to high tem perature) are considered strain-specific and 
rem ain relatively  constant (VanHAECKE &  SORGELOOS 1980).

T h e  phenom enon o f  diapause in  A rtem ia  cysts h as  been the subject o f  several studies and 
review s (C le g g  &  C o n te  1980, D r in k w a te r  &  C ro w e  1987, L a v e n s  &  S o r g e lo o s  
1987, D r in k w a te r  &  CLEGG 1991). The study o f  the m echanism s o f  diapause induction and 
deactivation can help  to  m axim ize the hatching yield o f  the com m ercially im portan t Artem ia  
cysts. T he term ination o f  diapause is a  com plex process, influenced by m ultiple and m utually 
in terfering  genotypical and environm ental factors (L av en s  &  SORGELOOS 1987, DRINK
WATER &  C le g g  1991).
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T he triggering m echanism  fo r the induction o f  the diapause state is not yet know n. G ener
ally, A rtem ia  em bryos released as cysts in the m edium  are  o r  soon becom e diapausing 
(CLEGG et al. 1996). Upon the deactivation o f  diapause by environm ental factors, cysts enter 
the stage o f  quiescence and m etabolic activity can be resum ed when they are  exposed to  fa
vourable conditions in  term s o f  tem perature, oxygen and light, eventually resulting in hatch
ing  (D r in k w a te r  &  C ro w e  1987). Several studies indicate that diapause o r  a sim ilar state 
can be re-induced by exposure to  anoxia  (D r in k w a te r  &  C le g g  1991, C le g g  1993, C le g g  
&  J a c k s o n ,  this volum e) o r  by a  w ell-dosed heat shock (A b a tz o p o u lo s  e t al. 1994).

In  response to  dehydration by storage in a  highly saline m edium  or by air-drying, San 
Francisco  B ay-type (SFB) cysts are  gradually released from  diapause ( V e r s ic h e le  & 
S o r g e l o o s  1980, D r in k w a te r  &  C ro w e  1987, L a v e n s  &  S o r g e l o o s  1987, V u  D o  
QUYNHetaJ. 1987, D r in k w a te r  &  C le g g  1991). Various o ther processes have proven suc
cessful in term inating diapause (review  by L a v e n s  &  S o r g e lo o s  1987). A  H2C>2-treatment, 
fo r exam ple, w as applied w ith variable success by several authors, b u t w ithout m uch unifor
m ity in m ethodology (M a th ia s  1937, B o g a to v a  & S h m a k o v a  1980, B o g a to v a  & E r o 
f e e v a  1985). In  additional studies (L av en s  e t  al. 1986, Vu D o  Q u y n h  e t  al. 1987) different 
strains, and  various concentrations and treatm ent periods w ere used; the effect o f  the treat
m en t w as variable as well, bu t w as in m ost cases prom ising. D espite the variability, a  vari
able portion o f  diapausing cysts could  b e  activated in  all cases.

O ur main purpose w as the further standardization o f  the H 2 02 -technique fo r Artem ia  
cysts o f diverse geographical origin in order to reduce the variability o f  the hatching success. 
D ifferent factors w ere considered: hydration level o f  the cysts a t  the m om ent o f  H iO j-trea t- 
m en t (“prehydration tim e”), treatm ent tim e, concentration and tem perature. The hatchability 
o f  H 2C>2-treaied cysts after subsequent drying and storage w as also studied. B y  subjecting 
sam ples o f  different brine shrim p strains (and species) to  the H2 0 2 -treatm ent, w e attem pted 
to  gain  m ore insight in the strain-specificity o f  diapause deactivation. By optim izing and 
standardizing th e  technique w e also  hoped  to  contribute to  a  be tter understanding o f  the b io 
chem ical m echanism s involved.

Material and methods 

General
Batches o f Artemia cysts from various geographical sites were selected (Table I) according to the 
following criteria: availability in the laboratory, predominance of the diapause state, and sufficient 
information on the production and processing conditions. The water content o f the samples was analyzed 
according to So r g elo o s  et al. (1986). The hydration level of the experimental cysts was determined 
according to the respective storage conditions (dried, brine, pond water: Table I). Upon arrival in the 
laboratory, cysts were stored at room temperature (20-21 °C) in darkness and kept in conditions 
preventing further dehydration: dry samples were vacuum-packed in polyeiltylene bags; wet samples 
were stored in a closed container with the original medium. During storage, several samples exhibited an 
increase in hatching. Whenever a  treatment was applied or the hatching of a stored sample evaluated, the 
hatching of the stored and untreated sample was evaluated as well.

The breaking of the diapause state was evaluated by the hatching percentage (H%), which deter
mines the number of nauplii hatching out o f 100 full cysts. Unless otherwise stated, the hatching was 
evaluated after 48-h incubation in hatching conditions as outlined in So r g elo o s  et al. (1986).
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Table 1. Overview of experimental cyst samples (water content values (%) between brackets are indica
tive values).

O rigin sp e c ie s d a te  o f 
h a rv e s t

p ro d u ctio n  a n d  p ro c e s s in g  c o n d itio n s c o d e
w ater

co n ten t
at

a rrival (%)

a t  « r iv a l  
(n o  trea tm en t) 

(m ean  i  s tö e v .)  
48  h  k rcubaöon

K azakhstan A . sp. 1966 natural production: cy s ts  p rocessed  and 
su n  dried

KAZ $.2 0 .3 1 0.5

V an g  Tau, 
V ietnam

A . franciscana 
(GSL s te in )

1966 pond productor) o f  inoculated GSL s te in

1
2

March
M ay-Jdy

105 ppt; processed  an d  sun dried 
?  ppt, p rocessed  end su n  dried

VT1
VT2

11.1
(5-15)

4 6 x 2 .2  
4 9 .5  ± 6 .5

P ia ra , P eru A . franciscana 
(local s te in )

1966 pond production

1
2.

120 ppt; unprocessed; s tored  m brine 
SO ppt; unprocessed; s tored  >n brine

P1
P2

(15-20)
(15-20)

15.0 ±4 .1
20.1 ±  5.3

S a n  F ra n c isc o  
B ay, CA, USA

A  franciscana  
(SFB s te in )

Aprt- 
M ay '67

natural production, unprocessed, s tored  in 
pond water

SFB (50-70) 75.9 ± 5.5

L ake Urm lah, 
Iran

A. urm&na winter
*94/'9S

Several sam ples, s tored  in pond water 
(170-180 ppt)

URM 60.2-68.5 17.3 ± 2 .7  -
33.4 ± 3 .4

The stock fhOi-solution (Union Chimique Belge NV/SA, Brussels, Belgium, 6171; stabilized by 
the manufacturer by means of phosphate additives) had a  constant concentration of 27%  w/w. The ex
perimental concentrations (w/w basis) were prepared by dilution with deionized water, immediately be
fore application. By titration with KMnOi (Anonymous 1969) it was confirmed that the concentration of 
the H202-dilution was not affected by the experimental conditions (illumination, aeration) and remained 
constant during cyst treatment. The experimental dilutions were discarded after single use.

B efo re  trea tm ent w ith  perox ide, th e  cy s t sam ples w e re  c lean ed  acco rd in g  to  the  m ethod describ ed  in 
So r g b lo o s  e t  al. (1978). T h e  cysts w ere  rinsed  w ith tap  w ater b e fo re  treatm ent in a  100-m l g lass eone 
filled  w ith the  H zC h-test so lu tion , in  conditions identical to  standard  hatching conditions (So r g elo o s  e t 
al. 1986). A fter a  specific  treatm ent tim e, the  cysts w ere  co llec ted  on  a  sieve, rinsed  tho roughly  w ith  tap 
w ate r in  o rd e r  to  rem o v e  traces o f  H2O2, and  incubated  in seaw ate r u n d er standard  hatching conditions. 
T h is  basic  m ethodology  w a s  standard ized  in  a  se ries o f  te s ts  v ary in g  crucial experim ental conditions.

Hydration level of cysts and temperature of H202-solution
In a  First set o f tests we studied the influence of the hydration level o f cyst samples on the effectiveness of 
the H202-treatment. The SFB, P I and P2 samples were subjected to different hydration periods in tap 
water prior to the treatment with a S%- H202-solution for 5 min. These treatment conditions were based 
on preliminary results and on literature data. The untreated, raw sample was included as control. Based 
on the results o f our trials a  ’’prehydration” period of 2 h in tap water was chosen as a standard procedure 
for further experiments.

The effect o f temperature o f the H202-soJution (5%, 5 min.), in combination with different pre
hydration limes, was tested with the VT1 and VT2 samples. Treatment temperatures varied in the range 
4-25°C . The untreated, raw sample was included as control. Based on the results of these tests, in further 
experiments the H202-treatment was always performed at room temperature (20-21 “Q .
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Fig. 1. Hatching percentage of experimental cyst samples during long-term dry and vacuum storage at 
room temperature (bars sharing the same letterfs) are not statistically different; Duncan, p <0.05).

Treatment time and H202-concentration
Thirty subsamples o f the KAZ sample were subjected to different HîCh-exposure treatments: cysts were 
incubated for 1, 5, 10, 15, 20 or 30 min. to H202-solutians of I, 5, 10, 20 or 27%, With these 6 x 5  
separate treatments we tried to assess the range of maximal responsiveness of the KAZ cysts to peroxide 
as a diapause terminating agent. The untreated, raw sample was included as a control. In a separate test
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a) SFB (5% S min.)

control 15  min. 30  rrdn SOmln. 9 0m in . 2 h
prehydration time

control

prehydration time

F îg . 2. Effect o f prehydration time on diapause deactivation of experimental cyst samples, treated with 
H2O2 (for each separate sample, bars sharing the same letterts) are not significantly different; Duncan, 
p<0.05).
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control

a) VT1 (5% S min.)

0 4 eC

•Z '/W i*,

prehydration time (min.)

b) VT2 (5% 5 min.)

80

b

30 SO

prehydration time (min.)

Q 4 “C

DJ15°C
■ 2 5 'C

R g. 3. Effect of prehydration time and HaQHreatment temperature on diapause deactivation of experi
mental cyst samples, treated with H2O2 (bars sharing the same letterts) are not statistically different; 
Duncan, p<0.05).

aiming to maximize the hatching of four different URM samples, each sample was subjected to two 
different H202-treatmenls (3%-3 min. and 5%-5 min.; these conditions were based on preliminary tests 
that showed maximal sensitivity o f A, urmiana within this exposure range). The untreated, raw sample 
was included as control and the H% was evaluated both after 24 h and 48 h hatching incubation.
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(2 h prehydration)
1% B 5 %  a  10% B 20%  B 27%

o  ’O

5 10  15

treatment time (min.)
control

R g . 4 . Effect o f treatment time and concentration on diapause deactivation of experimental cyst sample, 
treated with H2O2 (bars sharing the same letters) are not significantly different; Duncan, p < 0.05).

Long-term persistence of the peroxide effect
To test for the long-term preservation of the activating peroxide effect, VTl cysts were first activated 
with H2O2 (5%-5 min.) and subsequently used in a storage experiment with varying dehydration levels 
and storage temperatures. The HíOí-treated sample was subdivided into fractions, these fractions were 
either dehydrated in saturated NaCl brine, or layer dried in an oven at 35 °C (resulting in 15-20% and 
3-5%  water content, respectively; S o rg e lo o s et al. 1986). The dried subsamples were subdivided again 
into two fractions: one stored in vacuum, the other in air. Each dehydrated sample (brine, dried + 
vacuum, dried + air) was again subdivided into 1  fractions: one stored at-25*C, the other at +20°C. The 
H% was evaluated after one, three and six months o f storage. These values were compared to the 
hatching of the raw sample (no peroxide treatment) before storage and aFter one and three months of 
storage in ’aging’ conditions (room temperature, darkness, prevention of dehydration), and to the 
hatching of the initial HîCh-activated sample, before dehydration and storage.

Statistics
Most hatching results were analyzed statistically with a one-way analysis o f variance (ANOVA) to find 
an overall effect o f the treatment. A two-way analysis was applied where combinations o f treatments had 
been tested. Duncan’s multiple range test was used to detect significant differences between the 
experimental group means at a  significance leve! o f p < 0.05. In some experiments the control sample 
could not properly be included in the ANOVA; in these cases the treated samples were pairwise 
compared to the control sample in a t-test (p<0.05). Prior to analysis, the data were checked for 
homoscedasticity and normality using Barlett’s test and the Kolmogorov-Smimov test, respectively. 
Departure from the assumptions of analysis o f variance was rectified by arcsin transformation of the 
original data (S n ed eco r  & C o chra n  1967, S o k a l  &  R o h l f  1969).
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URM 3% 3 min, and 5% S min.

100

Q co fib tf  24  h 
□contro l 4 8  h 
@ 3 % 3 m in .2 4 h  
■ 3 %  3  min. 4 3  h
■  5%  S m .  24  h
■  5%  S min. 48  h

sample

Fig, 5 . Effect o f two different HiCh -treatments on hatching rate of different experimental batches oí A r
temia mvtiana cysts (for each separate sample, bars sharing the same letterfs) are not significantly diffe
ren t Duncan, p  < 0.05).

Results
Aging

Fig. 1 show s the H %  o f the VT1 (Fig. la )  and K A Z (Fig. lb )  sam ples, stored dry  and vacu
um  packed, a t room  tem perature and fo r variable durations. T here  was an overall significant 
effect o f  storage duration on H% , both in  the VT1 (ANOVA, F  =  75 .30 , p  < 0 .05 ) and  the 
K A Z  sam ples (ANOVA, F  =  114.26, p  < 0 .0 5 ). Initial values fo r both sam ples w ere very low 
(4 .6 ± 2.2%  and 0 .3 ± 0 .5 % , respectively) bu t increased significantly (p < 0 .0 5 )  after p ro
longed storage (22.8 ±  4.7%  after 7  m onths in V T 1 ,18.4 ± 4 .6 %  after 1 year in K A Z), show
ing  a  gradual release from  diapause. D uring the follow ing months o f  storage, a  further gradual 
bu t significant release from  diapause (p  < 0 .0 5 ) was observed in VT1 cysts (29.0 ± 5 .3 %  
after 11 m onths), w hile fo r the K A Z sam ple the pattern was m ore variable.

Hydration level of cysts and temperature of H202-solution

Fig. 2  presents the hatching results o f  SFB (F ig . 2a), P I  and P 2  (Fig. 2b ) cysts, treated  w ith  
5% -5 min. H2O2 after different prehydration tim es. For SFB cysts, analysis o f  the peroxide 
treated sam ples show ed a  significant effect o f  the treatm ent (ANOVA, F  = 23.27, p  <0.05). 
Pairw ise com parison with the untreated control show ed significant differences fo r die 
sam ples, prehydrated fo r 9 0  min., 5 , 7  and 10 h (t-test, p  < 0 .05). T he SFB cysts (stored in 
pond  water, 50-70%  w ater content) show ed m axim al hatching (92.7 ±  5.8 %) after 30  min.
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□ 0  month B1 month
VT1 B3months 0 6  months

100

b lan k  b lank/H 202 brfne/-25*C D it«H 2irC  airf-2S*C a tf* 2 0 ”C  vacV-2S°C vbcJ-»20"C

storage conditions

Fig. 6 . Effect of storage in different conditions on viability of 5%-5 min. H2O2 -treated Vietnam 1 cysts 
(bars sharing the same letterts) are not significantly different; Duncan, p < 0.05).

prehydration. W ith  longer prehydration durations a  gradual decrease in hatching occurred, 
with a significant reduction o f  th e  hatching percentage (70.5 ± 6 .4 % )  betw een 7 and 10 h 
prehydration.

A  significant overall effect o f  the treatm ent w as also found  fo r the P I and P 2  cysts (stored 
in saturated brine, 1 5 -2 0 %  w ater content, Fig. 2a) (ANOVA, F  =  52.98 and 73.96 fo r P I and 
P2, respectively, p  < 0 .0 5 ). Pairw ise com parison show ed a  significant difference betw een any 
treated sam ple and the respective raw , untreated sam ple (t-test, p  < 0 .05). M axim al hatching 
occurred after 4  h o f  prehydration: 88.2 ±  6 .1 % in P I and 75.8 ±  4 .4%  in P2. The significant 
negative effec t o f  extended prehydration periods (u p  to  10 h )  w as confirm ed fo r both  P I  and 
P2.

H atching in V T I and V T2 cysts (dried, w ater content ± 10% , tested in com bination with 
d ifferent H 2O 2-treatm ent tem peratures; Fig. 3 a  and 3b, respectively) revealed a  significant 
overall effect w hen treated w ith 5 % -5 m in. H 2O2 (V T I : tw o way-ANOVA, F  =  3 0 .11 and F  
=  26 .00  fo r effect o f  tem perature and prehydration tim e, respectively; p < 0 .0 5 ; V T2: two 
w ay-ANOVA, F  =  22.18 and F  =  4.32, idem , p < 0 .05). N o significant interaction w as de
tected  betw een treatm ent tem perature and prehydration tim e. A ll treatm ents o f  V T I and VT2 
resulted in  significantly better hatching than  the respective contro ls (raw  untreated sam ple; 
V T I: 29 .0  +  4 .8% ; V T2: 49.5 ± 8 .5 % )  (t-test, p < 0.05). F o r the V T I sam ple, hatching per
centage a fter 3  h  prehydration w as significantly (p  < 0 .05 ) h igher than after 3 0  min fo r both 
treatm ent tem peratures tested; they equally show ed a  significantly h igher H %  (p  < 0 .0 5 )  fee 
H 2 0 2 -application a t 21 °C, com pared to  the 4°C  trea tm en t
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Treatment time and H202-concentration

T he effect o f  the H 2 0 2 -treatinent on hatching in K A Z cysts w as influenced by the concentra
tion applied and by the treatm ent period (Fig. 4). Two-way a n o v a  o f  the K A Z results 
show ed a  significant overall effect o f  each variable (F  =  328.65 and 107.92 fo r effect o f  con
centration and incubation time, respectively, p  < 0.05), and a significant interaction between 
both  (F  = 70.50, p  < 0 .05), N early all treatm ent com binations resulted in  significantly better 
hatching than in th e  untreated raw  sam ple (18.4 ± 4 .9 % , t-test, p <  0.05), excep t fo r the 27% - 
30 min. and the 27% -20 min. treatm ents (significantly low er and no difference, respectively). 
A  m axim al hatching (76.1 ± 4 .6 % ) w as obtained after a  5% -20 min. treatm ent. O verall, the 
low est hatching took place when both variables w ere either at the low er o r  higher side o f  the 
ranges tested.

Fig. 5 show s the effect o f  two H 2 0 2 -treatm ents (3% -3 min. and 5% -5 m in.) on the H%  
o f  four different sam ples o f  A. urm iana , after 24 and 48 h o f  hatching incubation. Hatching 
percentages o f  the non-treated sam ples ranged betw een 1 0 .0 -2 2 .0 %  after 24 h o f  hatching 
incubation. T here was a  significant effect o f  the peroxide treatm ent fo r the four sam ples (2- 
way ANOVA, F  =  15 .53 ,535 .44 ,193 .70  and 74.54, respectively, p  <0 .05), and a significant 
effect o f  the hatching incubation tim e fo r sam ples 1 and 2 (F  =  4 .90  and 10.20, respectively, 
p < 0 .0 5 ) . A  significant interaction betw een treatm ent and hatching incubation tim e was 
found fo r sam ple 2 (F  =  15.62, p  < 0 .05). F o r sam ples 2  and 4, the 5% -5  min. treatm ent re
sulted in  a further significant (p  < 0 .05 ) hatching increase, w hen incubated fo r 48 h.

Long-term persistence of the peroxide effect

Peroxide treatm ent resulted in a  significantly higher hatching (t-test; p  < 0 .05 ; 71.5 ± 5 .6 % ) 
than in the control (22.8 ± 4 .7 % ) (Fig. 6 ). There was a  significant effect both o f  storage con
ditions and o f  storage time, and a significant interaction betw een both (tw o way-ANOVA, 
F  =  13 .63 ,13 .48  and 6.00, respectively; p <  0.05). All treated and stored sam ples hatched sig
nificantly  better (t-test, p < 0 ,0 5 )  than the untreated, raw  sam ple before  storage. E xcep t for 
the  sam ple stored fo r six months in  brine a t 20°C , all treated and  stored sam ples hatched as 
w ell o r  significantly better (t-test, p  < 0 .0 5 ) than the initial H 2 0 2 -activated sam ple, before de
hydration and storage.

Discussion

A pplication o f  a  H 2 0 2 -treatm ent lead to  activation o f  a  fraction o f  the diapausing cysts in  the 
experim ental conditions; in som e tests the increase in H%  was considerable (Fig. 2b: 2  h  pre
hydration tim e; Fig. 5: sam ple 2). S trains o f  different geographical origin and o f  different Ar
tem ia  species seem ed at least to  som e extent susceptible. The effect was dependent on certain 
param eters like hydration level o f  the cysts, H 2 0 2 -concentration and treatm ent tim e. In  case 
o f  long-term  storage (m onths) o f  raw  cysts, ‘aging’ had a  positive influence on the hatching 
as well.
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Aging

C ysts o f  V ietnam  (V T I) and K azakhstan (K A Z) populations stored fo r variable duration 
under laboratory conditions show ed a  gradual release from  diapause w ithout any particular 
treatm ent (Fig. 1). T his gradual release from  diapause fo r brine shrim p cysts by rest has been 
observed by o ther authors as w ell (Lavens &  SORGELOOS 1987, V u  D o  Q u y n h  e t al. 1987). 
In analogy to ‘h ibernation’ it  is called ‘aestivation’. Strictly spoken, com pared w ith the con
ditions in  the m aternal brood pouch (17 ppt, according to  O . CRIEL, pers. com m .), any con
dition o f  storage can  b e  considered as a  ‘treatm ent’, and a  real ‘b lank’ sam ple does no t exist. 
D ue to the negative effect o f  long-term  storage on hatching o f  quiescent cysts, the net effect 
o f  rest is largely unpredictable. I t is therefore required to  constantly re-evaluate the hatching 
o f  the control.

Hydration level of cysts

O ut results suggest th a t a t in term ediate hydration levels o f the resting eggs, the positive ef
fec t o f  a certain  IhO a-trea tm en t m ay b e  lim ited, and  that its m axim al effect is  obtained a t full 
hydration o f  the cysts (after 2  h  in  lap w ater) a t an  early  stage o f  developm ent (Figs 2 , 3). 
T his is in contradiction w ith the results o f  B o g a to v a  &  S h m a k o v a  (1980), w ho recom 
m ended a  low  w ater con ten t for a  m axim al H2 0 2 -effect. I t is d ifficult to  establish an  accurate 
link betw een cyst w ater content, phase o f  pre-em ergence developm ent, and H 2 0 2 -effect, 
since it  is uncertain w hat em bryonic developm ental stage is m axim ally susceptible. H ydra
tion o f  the very hygroscopic A rtem ia  cysts is  a  rapid process, and w ithin 1 - 2  h full hydration 
o f  the em bryo is  usually achieved (L av en s  &  SORGELOOS 1987). T he negative effect after 
prolonged prehydration (> 4  h) can be attributed to reduced susceptibility in  function o f  the 
developm ental stage, and /or to the toxicity o f  the chem ical fo r the ongoing em bryogenesis.

Temperature of H202-solution

W e found an overall significant effect o f  treatm ent tem perature on the hatching percentage in 
two V ietnam ese A rtem ia  populations. Since the action o f  H2O2  is supposed to be o f  a  chem 
ical nature, an  effect o f  the treatm ent tem perature w as to be expected. A t any tem perature 
tested, H2O 2 had  a significantly positive effect, com pared to the raw sam ple. F o r practical 
reasons H2C>2-treatm ent a t room  tem perature (2 0 -2 1  °C) was chosen as a  routine procedure.

Treatment time and HzOg-concentration

A treatm ent in  the range 5% -5 m in. had a m arked positive, but possibly not m axim al effect 
on hatching fo r m ost cyst strains and batches tested (Figs 2 - 5 ) .  T his is in line w ith the p ro 
cedure o f  3% -15 m in. o f  B o g a to v a  &  S h m a k o v a  (1980). A s exposure to th is level o f  
H2Û2-concentration is  generally recognized as lethal fo r any anim al cell, one can assum e that 
only a  fraction -  i f  any -  actually enters the em bryo (CLEGG e t al. 1996). T he em bryo, pro
tected by its cyst w all, is ou t o f  the reach o f  non-volatile solutes and ions (C le g g  1986), 
m oreover, the chem ical reactions involved when exposing Artem ia  cysts to H2O 2 are m ost 
probably m anifold and com plex.
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W hen testing different com binations o f H jC h-treatm ent tim e and concentration fo r KAZ 
cysts (Fig. 4), several combinations resulted in a m axim al response. Peroxide treatm ents with 
very low (e.g. I% -1 min.) o r very high values (27% -30 m in.) o f  either o r both variables re
sulted in  suboptim al effects, although the effects o f  the various com binations w ere often not 
significantly different (p <0.05).

A n increased hatching after a  fixed hatching incubation tim e m ay no t only be due to  the 
positive effect o f  H 2O2 on diapause deactivation, but also to a faster hatching response after 
treatment. A ccording to D. COLE (pers. com m .), application o f  H 2O 2 resulted in  a  ‘tim e gain ' 
o f  12 h fo r cyst batches hatching late. In com parison to the m ethodology o f  other authors 
(C le g g  1997; up to 30 days for post-anoxic cysts), o r for certain batches, a  hatching incuba
tion o f  48 h is relatively short. T he A. urm iana  tests (Fig. 5 ) illustrate the differences that can 
occur in the ratio early/late hatchers, with or w ithout H 202-treatm ent. The control o f  sam ple 
I show's a  significantly higher hatching after 48 h hatching incubation, com pared to  24 h; 
H jC h-treatm ent o f  the control sam ple gives no significant hatching gain com pared to the 
48 h value o f  the control, suggesting that the peroxide treatm ent has shortened the hatching 
delay. The untreated samples 2, 3 and 4, on the other hand, have achieved m axim al hatching 
after 24 Vi hatching incubation. Peroxide application leads to significantly increased hatching 
output within 24 h. Sample 2 show s a further significant hatching increase for the sam ple 
treated with 5% -5 min. H 2O2., incubated fo r 48 h.

Long-term persistence of the peroxide effect

A ll VTI sam ples that were first treated with H2O2 and subsequently stored in different ways, 
hatched significantly better than the untreated raw  sam ple (Fig. 6). Furtherm ore, these perox
ide-treated and stored sam ples hatched as w ell or significantly belter than the peroxide- 
treated sam ple before dehydration and storage (except for the brine sam ple, stored fo r six 
m onths at 20°C), suggesting that the peroxide effect persists through storage. A ccording to 
B o g a t o v a  &  S h m a k o v a  (1980), the effect o f the cyst activation persisted for 1 .5 -2  months; 
longer storage negatively affected cyst hatching. However, in long-term  storage tests several 
other factors m ay interfere, making interpretation o f  the results am biguous: positive effect o f 
aging and diapause deactivation by hibernation, negative effect o f  long-term  storage in 
presence o f  oxygen.

Strain or batch variability

Peroxide treatm ent o f  different strains o r o f  different batches o f  a sam e strain did n o t result 
in the sam e degree o f  diapause deactivation (e.g. Fig. 2b, 5% -5  min. treatm ent after different 
prehydration times with P I and P2 cysts ; tests with different U RM  sam ples; Fig. 5, applica
tion o f  the 5%-5 min. treatm ent on different sam ples). D ifferences in tolerance and respon
siveness to the H 202-treatm ent m ay be genetic and thus strain-specific, o r due to  environ
mental factors, including processing and storage. In the course o f  other (unpublished) 
experim ents, for exam ple, som e sam ples exhibited a  shift in sensitivity for H202-treatm en( 
after prolonged storage time (few m onths). These observations may be related to ‘aestiva
tion ’, and illustrate the risks o f  generalization. Furtherm ore, the observation o f  J. CLEGG 
(pers. comm.), that, a t least for cysts from Vietnam (SFB inocula), H2O2 becomes less effec-
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tive as d iapause continues after prolonged storage, offers an interesting perspective fo r fur
ther research. A lthough general recom m endations can b e  form ulated w ith regard to  H 2O2- 
co icen tra tion  and exposure time, a lim ited screening o f  different com binations can lead to 
further optim ization w hen new  batches are tested. The A. u r tn ia m  sam ples (Fig. 5 ) a lso  dis
p layed unusual variation fo r other, supposedly strain-specific characteristics (e.g. biom e
trics), and possibly originated from  m ixed populations.

Mechanism of diapause induction and deactivation

Since the tests have  been perform ed w ith  populations o f  cysts (one hatching percentage ac
counts fo r 1 0 0 0 -1 5 0 0  individual em bryos), they suggest that at least at the population level 
the deactivation o f  diapause is not an ‘on /off’ phenom enon, bu t is o f  a  quantitative nature. I f  
a  large fraction o f  a batch  consists o f dead cysts, e.g. by m ortality  due to  previous treatments, 
the hatch ing  and diapause behaviour o f  the rem aining fraction  m ay no t b e  representative fo r 
the entire population.

A ccording to v a n  DER L in d ê n  (pers. com m .), H2O2 m akes the induction o f  the hatching 
process by a  light stim ulus redundant, in  the hypothesis that ligh t quanta catalyze oxidation- 
reduction reactions in the em bryos v ia  captation by haem -pigm ents (v a n  d e r  L in d e n  e t al. 
1986). A lternatively, C . T r o tm a n  et al. (this volum e) assigns a  crucial ro le  to  the haem -pig- 
m ents in diapause deactivation via oxidation. S ince brine shrim p is capable o f  d irect uptake 
o f  C '2 from  the environm ent, the synthesis o f  these com plex oxygen transporters m ust have  a 
specific m etabolic significance, beyond catabolization in to  the haem atitte w hich is  in  turn in
corporated in the cyst wall. A ccording to  BOGATOVA &  SHMAKOVA (1980), the H 2O 2 cata
lyzes the oxidation-reduction conversion process o f  trehalose into glycerol and glycogen. 
T rehalose is further thought to play a  ro le  in  the m aintenance o f  th e  integrity  o f m em branes, 
and in the stabilization o f  proteins (C le g g  e t a!. 1996). I t is suggested by J. CLEGG (pers. 
com m .) that the H2O 2 m olecule m ight contribute to the increase o f  the em bryo’s internal pH  
by the form ation o f  hydroxylenes. T his is in line with the observations o f  B u s a  &  CROWE 
(1983) that N H 4C I acts as a  very efficient too l to  b reak d iapause in  Artem ia. I t  is n o t clear 
w hether the chem ical is  consum ed during its application, as titration w ith KMnCU did  not 
show any detectable decrease in its concentration. It m ight, however, be used at a  rate below 
th e  accuracy level o f  the titration method.

CLEGG e t aí. (1996) utilize the concept o f  diapause ‘depth’, w hich, at least fo r SFB cysts, 
appears to increase as the duration o f  diapause continues, as illustrated by a  delayed resum p
tion o f  respiration ra te  after treatm ent o f  diapausing cysts w ith H2O2. I t is  likely that the 
‘shift* in  sensitivity, o r differences betw een batches, to  diapause deactivators such as H 2O2 
m ay also be related to  som e extent to  the duration o f  the diapause state in our sam ples. 
D r in k w a te r  &  C le g g  (1991) m entioned the influence o f  environm ental conditions during 
em bryo form ation on depth o f  developm ental arrest and ease o f  activation, em phasizing the 
need 1.0 know  the antecedents o f  sam ples studied fo r d iapause regulation, in  order to  under
stand intra- and inter-population differences.
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Conclusions
In  contrast to environm ental factors such as hibernation and dehydration, chem ical induction 
by H 2Û2 has no d irect ecological relevance. N evertheless, o f  all d iapause deactivating factors 
currently  applied, it is the m ost ‘universa!’: it  has a t least som e effect on m ost strains and bat
ches o f  brine shrim p cysts. I t is  therefore currently  used in  die laboratory, w here the potential 
hatchability  o f  an unknow n cyst batch can  be assessed via a fast and inexpensive m ethod. 
T he general applicability o f  th is technique suggests that it  interferes directly o r  indirectly 
w ith the basic m echanism s o f  diapause itself. N evertheless, th e  effect o f  the treatm ent de
pends on a  num ber o f  application factors, such as hydration level o f  the cysts, treatm ent tem 
perature, treatm ent tim e and concentration. Furtherm ore, the effect is no t entirely  predictable: 
strain and batch differences occur, and m ore research is needed to  relate these to genotypical 
or phenotypical factors. T he H jO z-effect is preserved after dehydration and subsequent stor
ag e  o f  the activated cyst batches, used in o u r experim ents.

O ur resu lts confirm  that diapause deactivation can not be considered an  "on/off”  phe
nom enon, bu t has a  quantitative nature a t the population level. S ince it is currently no t feas
ib le  to  study the state o f  diapause in  individuals, a ll inform ation involves populations o f  em 
bryos, w hich can be considered a ‘continuum ' o f  m etabolic states (DRINKWATER &  CLEGG 
1991), including individual differences in ‘sensitivity’ and ‘threshold levels .

T he standard ffcO i-treatm ent procedure, as w orked ou t in  our laboratory, includes a  2  h- 
prehydration phase in tap water, followed by treatm ent w ith the H ^ - s o l u t i o n  a t room  tem 
perature  in  standard hatching conditions (SORGELOOS e t al. 1986). F o r identification o f  an 
optim al response from  unknow n batches, a  screening o f  several treatm ents, com bining con
centrations in the range 1- 10% and treatm ent tim es in the range 1 - 1 0  m in. is perform ed. If 
the positive effect on the hatching percentage is below  expectauon, o ther com binations be
yond these ranges are  tested. I f  a  decrease in hatching is observed, supposedly as a conse
quence o f  toxicity, low er concentrations and/or shorter treatm ent tim es are applied.
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