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Abstract. The aims of this study were to determine if larvae of Artemia persimilis (Crustacea:
Branchiopoda)  can  bioaccumulate  ultraviolet  radiation  (UVR)  absorbing  compounds  like
mycosporine-like aminoacids (MAAs) through the diet and the probable protective role of this
compounds on larvae of shrimp. Metanauplii II-VII were feeding with microalgae to produce
UV absorbing  compounds  like  Thalassiosira  fluviatilis  and  Chaetoceros  gracilis previously
irradiated with UVR. Additionally, were studied if this irradiation affects their ingestion rate,
survival  and  growth.  Microalgae  grown  in  F/2  media  during  20  days  in  semi-continuous
cultures,  under  two  radiation  treatments:  1)  PAR  (photosynthetically  active  radiation)
(400-700nm)  and  2)  UVR+PAR  (280-700  nm).  Only  for  those  specimens  fed  with
UVR-irradiated algae,  a  peak of  absorption (334 nm ~ 0.13 OD/n)  in  the  UVR range was
observed. There were no significant differences in Ingestion rate (192 ±10 and 176±7 µL ind -1

h-1) and growth (400 y 370 %) between no irradiated and UV-irradiated treatment, respectively.
After  48  hours  UVR  stress  exposition  mortality  rates  were  ~50  %  for  individuals  fed
PAR-treated algae; whereas those fed UVR-irradiated algae present survival rates ~90%. The
results implies that larval stages of A. persimilis can bioaccumulate UV-absorbing compounds
through  their  diets,  supporting  the  idea  that  this  compounds  plays  an  important  role  by
protecting against UVR stress.
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Resumen. Efectos de radiación UV y bioacumulación de compuestos que absorben UV en
Artemia  persimilis.  El  objetivo  del  presente  estudio  fue  determinar  si  larvas  de  Artemia
persimilis (Crustacea,  Branchiopoda) son capaces de bioacumular compuestos  que absorben
radiación  ultravioleta  (RUV),  como micosporinas  “like”aminoácidos  (MAAs)  a  partir  de  la
dieta  y  el  posible  efecto  protector  de  dichos  compuestos.  Los  metanauplios  II-VII  se
alimentaron con microalgas que producen compuestos que absorben UV como Thalassiosira
fluviatilis  y  Chaetoceros gracilis previamente irradiadas con RUV. Se estudió además si esta
radiación afecta la tasa de ingestión, supervivencia y crecimiento. Las microalgas crecieron en
medio f/2 durante 20 días en cultivos semi-continuos bajo dos tratamientos de radiación: 1) PAR
(radiación fotosintéticamente activa) (400-700nm) y 2) RUV+PAR (280-700nm). Sólo en los
especimenes alimentados con algas UV-irradiadas se observó un pico de absorbancia en el rango
de RUV (334 nm ~ 0.13 OD/n).  No se  encontraron diferencias  significativas  en la  tasa  de
ingestión (192±10 y 176±7 µL ind-1 h-1) y crecimiento (400 y 370%) de larvas alimentadas con
fitoplancton no irradiado e irradiado con RUV, respectivamente. Luego de 48 h de estrés por
RUV los metanauplios alimentados con algas PAR-irradiadas, mostraron una mortalidad del
50%, mientras que aquellos alimentados con algas UV- irradiadas presentaron supervivencias
del 90%.  En base  a  los  resultados  podemos  concluir que los estados larvales de A. persimilis
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pueden bioacumular compuestos que absorben UV a través de su dieta, sugiriendo que estos
compuestos juegan un importante rol en la protección ante un estrés por RUV.

Palabras clave: larva de crustáceo, estrés UV-inducido, bioacumulación, fotoprotección

Introduction
The  Brine  shrimp  Artemia is  a  worldwide

crustacean adapted to live in stressful environmental
conditions  of  hypersaline  habitats  such  as  saline
lakes and ponds in all continents with the exception
of Antarctica (Ogello et al. 2014). In the New World,
the  genus  is  represented  by  the  species  Artemia
franciscana Kellogg,  1906,  and  A.  persimilis
Piccinelli & Prosdocimi, 1968 (Gajardo et al. 2002,
Cohen  2012).  A.  persimilis,  is  geographically
restricted  to  southern  South  America,  from
approximately  36-37°S  to  higher  latitudes,  in
Argentina and Chile (Cohen 2012); it is well known
for  its  ability  of  adaptation  to  diverse  biotopes
(inland  salt  lakes,  coastal  lagoons  and  solar  salt
pools)  at  variable  salinity,  light  and  temperature.
This  genus  is  commercially  exploited in  its  larval
form  and  as  an  adult,  chiefly  for  aquaculture
purposes.  As  natural  and  live  food  for  larvae,
juveniles,  adults  and  breeding  shrimp  and  fish,  is
irreplaceable, for its massive energy reserves, and in
some cases due to the profile of the polyunsaturated
fatty  acids  (Guermazi  et  al.  2008).  Ultraviolet
radiation (UVR-280-400 nm) is a natural component
of solar radiation; therefore the aquatic environment
has  always  been  exposed  to  UVR  (Häder  et  al.
2011).  However,  in  recent  years,  anthropogenic
influence  via  stratospheric  ozone  depletion  has
caused  an  increase  in  the  UVR  flux  to  the  earth
surface  (McKenzie  et  al.  2010).  In  this  way,  the
effects of enhanced UVR on the environment (both
primary  producers  and  their  consumers)  can  be
considered a new problem (Whitehead et al. 2001,
Häder  et  al.  2011).  Changes  in  phytoplankton
composition  could  have  an  adverse  effect  on  the
quality of food available to the zooplankton. UVR
can reduce phytoplankton photosynthesis, producing
changes in its specific composition and can alter the
nutritious quality of phytoplankton (Newman et al.
2000, Beardall et al. 2009, Finkel et al. 2010, Nahon
et  al.  2010).  This  fact  promotes  indirect  adverse
impacts  on  secondary  producers  through  the  food
web (Przeslawski 2005, Tartarotti & Torres 2009).

Terrestrial,  marine and freshwater  organisms
have developed strategies to diminish the direct and
indirect damaging effects of environmental UVR by
synthesizing,  accumulating  and  metabolizing  a
variety  of  UV-absorbing  compounds  called

mycosporine-like  amino  acids  [MAAs]  (Shick  &
Dunlap  2002,  Carreto  &  Carignan  2011).
Considerable  interest  has  been centered on MAAs
since experimental evidence indicates that in marine
organisms the major functions of MAAs are to act as
active  UV filters  (Moeller  et  al.  2005,  Carreto  &
Carignan  2011,  Rastogi  et  al  2010)  and/or  as
antioxidants (Shick & Dunlap 2002, Arbeloa et al.
2010,  Figueroa et al.  2011). These photoprotective
compounds  are  common  in  some  species  of
microalgae such as Bacillariophyceae, Dinophyceae
and Primnesiophyceae  (Carreto  & Carignan 2011)
and  macroalgae  like  Rodophyceae  (Rastogi  et  al.
2010, Ha et al. 2012); moreover, they have also been
found  in  vertebrates  and  invertebrates.  Animals
incorporate MAAs either through the diet (Newman
et  al.  2000, Riemer et al.  2007) or as a symbiotic
association with microalgae (Banaszack et al. 2006)
as  a  means  of  acquiring  some  protection  against
UVR (Whitehead et al.2001, Zengling et al.  2012,
Riemer et al. 2007). Other hypotheses about the role
of  MAAs  in  biological  systems  have  been
formulated: they have influence on reproduction of
marine invertebrates (Adams et al.  2001) and may
play  a  role  under  desiccation  or  thermal  stress  in
certain organisms (Oren & Gunde-Cimerman 2007,
Yoshik et  al.  2009).  Finally, MAAs can act  as  an
intracellular  nitrogen  reservoir  (Korbee-Peinado  et
al. 2004). Recently, Kicklighter et al. (2011) showed
that pyrimidines and MAAs work as alarm cues in
the  defensive  secretions  of  the  sea  hare  Aplysia
californica.

Since there are not  studies  on  A. persimilis,
the aims of this research were to determine if larvae
of  this  species  can  bioaccumulate  UV-absorbing
compounds  through  a  diet  of  UV-irradiated
microalgae and asses if this irradiation affects their
survival and growth. Additionally, the protective role
of UV-absorbing compounds on larvae UV-stressed
was studied. We chose  T. fluviatilis  and  C. gracilis
as  the  dietary  algae  because  they  have  a  high
nutritional  value,  provide  vitamins  and
polyunsaturated  fatty  acids,  and  therefore  are  of
common use in aquaculture practices (Støttrup et al.
1999,  Mallo  &  Fenucci  2004).  Moreover,  it  is
known  that  these  species  produce  UV-absorbing
compounds  (OD: 334)  when are  exposed to  UVR
(Marcoval et al. 2007, Häder et al. 2011)
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Materials and Methods
Experimental  design  consisted  in  three  stages:  1)
Culture  preparation  algae  with  presence  of  UV
absorbing compounds, diatoms Chaetoceros gracilis
and  Thalassiosira fluviatilis) were previously grew
under  two  radiation  regimes:  (a)  Photosintetically
Active  Radiation,  PAR  (400-700  nm)  and  (b)
UVR+PAR (280-700 nm)  under  irradiance  of  300
μmol  quanta  m-2 s-1 for  photo  synthetically  active
radiation  (PAR  -Lutron  Lx.  107)  and  20  W  m-2

-Lutron UVA 340- simulating natural conditions 
2) Feeding early planktonic stages of  A. persimilis
with  the  two microalgae  UVR  –MAAs  induced
cultures  (diatoms  C.  gracilis  and  T.  fluviatilis)
previously grew under two radiation regimes:  (see
point  1)  After  feeding  with  these  diets,  ingestion
rates,  survival  and  growth  of  zooplankter  were
determined. 
3) By the end of the feeding experiment, larvae of A.
persimilis were subject to UVR stress (20 W m-2) for
48  h,  after  that,  survival  and  content  of
UV–absorbing compounds were estimated for larvae
fed PAR and UVR+PAR-irradiated phytoplankton.
1.  Phytoplankton  culture:  C.  gracilis  and  T.
fluviatilis were  grown  in  a  semi-continuous  batch
cultures  (Hoff  and  Snell,  2001)  in  f/2  medium
(Guillard  and  Ryther,  1962)  with  autoclaved,
0.22-μm filtered seawater (S =33) at 20-22 ºC, using
1-L  UV-transparent  polycarbonate  containers
(Plexiglas  UVT,  GS  2458,  Röhm  and  Haas,
Darmstadt,  Germany).  Light  sources  were  40W
cool-white fluorescent bulbs (Philips) for PAR, and
Q-Panel  UVA-340  bulbs  (for  UV)  placed  20  cm
from water surface; photoperiod was set at a 12:12
h, with an average irradiance of 300 μmol quanta m-2

s-1 for PAR (Lutron Lx. 107) and 20 W m-2 for UVR
(Lutron  UVA 340)  simulating   natural  conditions
Two irradiation treatments were performed: a) PAR,

in  which  containers  were  externally  covered  with
Ultraphan  film  (UV  Opak,  Digefra;  50%
transmission  at  395  nm),  and  b)  UVR+PAR,  in
which  containers  received  UVR  (280-400  nm)  +
PAR (400-700 nm).

For  the  experiments,  microalgae  were
harvested  at  the  stationary  phase  during  20  days
(Table  I)  culturing  in  order  to  have  significantly
higher content of UV- absorbing compounds (Neale
et  al.  1998,  Zudaire  &  Roy  2001)  which  were
determined by spectrophotometry along the time.
2.  Feeding  experiments  on  Artemia  persimilis
cultures: Nauplii of A. persimilis were hatched from
dried eggs obtained from Salinas Chicas, (38°44’ S,
62°57’  W,  Buenos  Aires,  Argentina).Cysts  were
de-capsulated  in  a  bleach  solution  (Lavens  &
Sorgeloos  2000).  First  stage  nauplii  (NI)  hatched
after  24 h;  and were transferred to 6 L containers
filled with 0.45 μm filtered seawater (S =33), for 48
h,  until  they  reached  the  next  naupliar  stage,
metanauplii  II  (MNII),  which  was  used  in
experiments.
2a.  Mortality  –feeding  48  h  experiments: MNII
(n=300) were placed  under light continues with  an
average  irradiance  of  300  μmol  quanta  m-2 s-1 for
PAR (Lutron Lx.  107),  and fed daily with mix of
phytoplankton species (C. gracilis  and  T. fluviatilis
at  a ratio of 1:1)  density 5 to 10 × 104 cells  mL-1

(Isiordia-Perez  et  al.  2006)  previously  irradiated
with two treatments (i.e. 2×2 design) as show Table
I. All treatments were run by triplicate.
2b.  Growth  and  development: Every  24  h,  5
individuals  were  taken  from  each  treatment  and
preserved  in  alcohol  70%  for  subsequent
measurement.  Length  was  considered  from  the
rostrum  to  the  telson.  Development  of  organisms
was  determined  based  on  the  work  of  Johnson
&Olson (1948). 

Table I. Experimental design for feeding experiment.

Food
Treatment

Food Item Food Irradiance
treatment

Deeply cell density
cells mL-1

Metanaupli
n

PAR Thalassiosira fluviatilis
Chaetoceros gracilis

300 μmol quanta m-2 s-1

for PAR (Lutron Lx.
107) 

5-10 x 10 4 300

PAR + UVR Thalassiosira fluviatilis
Chaetoceros gracilis

300 μmol quanta m-2 s-1

for PAR (Lutron Lx.
107) and 20 W m-2 for

UVR (Lutron UVA
340) 

5-10 x 10 4 300

Food treatment imposed on the food item in the experimental design: Food Irradiance treatment, deeply cell density and
number of metanaupli used. PAR: photosynthetic active radiation, UVR: ultraviolet radiation.
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2c. Ingestion rate (Ir): Each nauplii´s ingestion rate
(n=10,  at  three  different  times)  was  calculated
during and the end of the feeding experiment, based
on the formula: 

Ir= (Ci-Cf) / n * t (Båmstedt 2000).
Where, Ci = Initial concentration of phytoplankton
in  cell  number;  Cf  =  final  concentration  of  cell
number of phytoplankton,  n = number of  Artemia
nauplii and t = time.
3.  Survival: living  organisms  were  counted  at  the
beginning and at the end of the feeding experiment,
considering  dead  individuals,  those  with  total
absence of mobility in their locomotors appendages.
After  UVB  stress  exposure,  two  replicates  were
made  from each feeding  treatment,  thus  obtaining
the final percentage of survival.
4. UV absorbing compounds Absorbance Spectra
a)  Phytoplankton  cultures:  Samples  (20-100  mL
depending  on  the  density  of  phytoplankton)  were
concentrated on Whatman GF / F glass fiber (25mm)
daily. Photosynthetic compounds and UV-absorbing
compounds  were  extracted  in  7  mL  of  absolute
methanol  and  subsequently  centrifuged  for  15
minutes  at  2000  rpm.  Concentrations  of
UV-absorbing  compounds  were  estimated  with  a
spectrophotometer  Hewlett  Packard  HP  model
8453E, scanning between 250-750 nm. It is known
that there is a good relationship between the specific
absorption  at  320-340  nm  and  the  amount  of
UV-absorbing  compounds  e.g.  MAAs  biomass
(Dunlap  et  al.  1995,  Hernández-Moresino  et  al.
2014). By using Origin Pro program, concentration
of chlorophyll  and UV-absorbing compounds were
calculated  from  peak  heights  absorbance
(420-440nm  and  665nm)  and  (310-360nm)
respectively, divided as a function of the number of
cells in the culture at the time of sampling.
b)  Nauplii:  For  extraction  of  UV-absorbing
compounds,  after  the  experiments  larvae  were
placed in 5 ml of absolute methanol  at  4°C for at
least  4  h  during  this  period,  individuals  were

macerated with a glass rod. After extraction, samples
were  centrifuged  15  min.  at  2000  rpm.
Concentration  of  UV-  absorbing  compounds
(Gonçalves  et  al.  2010)  were  estimated  using  a
scanning  spectrophotometer  between  250-750  nm
(Hewlett  Packard.  Model-HP-8452A)  and  the
program Origin Pro, as for the phytoplankton, from
peak heights absorbance (310-360 nm), although in
this case divided by the number of individuals.
5.  Statistical  analysis:  Data  of  longitude  of
zooplankter  were  subjected  to  normality  tests  by
Lilliefors  and  homoscedasticity  of  variances  by
Bartlett,  the  significance  of  the  treatments  were
compared by ANOVA two-ways and with Tukey’s
multiple range test (Zar 1999). The Chi2 test was run
to determine significance of survival.  All  analyzes
were performed with the Statistical Package Statistix
8 (version 2000), at a significant level of α = 0.05. 

Results
Phytoplankton cultures: Mean sizes of both diatoms
C. gracilis  and T. fluviatilis were 6 ± 0.5 µm x 4 ±
0.5  µm.  Maximum  concentration  values  in  cells
mL-1reached  by  the  species  T.  fluviatilis  and C.
gracilis,  with  maximum  absorbance  peaks  for
UV-absorbing compounds, are presented in Table II.
The  diatoms  used  like  food:  T.  fluviatilis and  C.
gracilis,  show  significant  differences  in  growth
curves  rates  for  PAR  and  PAR+UVR  radiation
treatments  (ANOVA,  p<0.05)  Of  the  two  species
irradiated,  T. fluviatilis first reached the exponential
phase.  C.  gracilis showed  higher  values  of
absorbance  peak  for  UV-absorbing  compounds
(p<0.05)  during  the  induction  period,  with
significant differences between radiation treatments. 
Mortality  –feeding  experiments  on  Artemia
persimilis cultures: The results of two-way ANOVA
revealed that there was no significant differences in
growth  of  individuals  fed  with  both  mix
phytoplankton  cultures  no  irradiated  (PAR)  and
(previously irradiated (PAR and PAR+UVR). 

Table II. Phytoplankton species used like food. Maximum cells concentration reached in cell mL-1 ± standard deviation
(SD); days of exposition to ultraviolet radiation (UVR); maximum UVR absorbance peak (nm) reached during growth;
maximum concentration of UV absorbing compounds expressed in optical dioptry cells mL -1 ± SD. The superscripts
indicate significant differences (ANOVA p< 0.05).

Phytoplankton spp.
like food Cell mL-1 ± SD

Days of
exposition to

UVR

Absorbanc
e UVR
Peak
(nm)

[UV absorbing compounds]
(OD cells mL-1) ± SD

PAR PAR+UVR PAR PAR+UVR

Thalassiosira
fluviatilis

863,000
±12,940 i

570,000
±21,920 f 12 334

1.6.10-8  ±1.1
10-9 a

4.2. 10-8 

±5.9 10-10 b

Chaetoceros gracilis 186,000
±1,438 g

105,000
±1,827 e 15 334

1.53. 10-8 

±2.9. 10-9 a
8.12. 10-7  

±1.5. 10-7 c
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Naupliar NI stages with initial average lengths of 0.5
mm, reached at the end of the feeding experiment
maximum values of 4.11 and 3.72 mm for treatments
PAR and PAR + UVR, respectively (Fig. 1).

Ingestion  rates  were  no  significant
differences, with values of 192 ±10 and 176±7 µL
ind-1 h-1 for  treatments  PAR  and  PAR  +  UVR,
respectively.  Related  to  concentration  of
UV-absorbing  compounds,  peaks  of  maximum
absorbance  were  found  at  334nm.  Larvae  after  6
days  of  culture  showed  a  value  of  0.132  OD/n
[n=20]  for  the  treatment  PAR  +  UVR,  while
individuals fed with non- UV-irradiated algae, kept
very low concentrations ≤0.05 OD/n [n=20] (Fig. 2).
Survivals reached average values ~90 % (ANOVA
p<0.05),  with  no  significant  differences  between
treatments (Fig. 3).

Figure 1.  Growth average n= 30 ± SD of  A. persimilis
during  6  days  feeding  experiments  with  phytoplankton
species: T fluviatilis and C. gracilis. The symbols indicate
the  different  radiation  treatments  imposed  on  the  food:
diamond  photosynthetic  active  radiation  (PAR),  square
PAR + Ultraviolet radiation (UVR).

Figure  2.  Concentration  average  of  UV-  absorbing
compounds  during  6  days  feeding  experiments  in  A.
persimilis.  The  symbols  indicate  the  different  radiation
treatments imposed on the food: diamond photosynthetic
active radiation (PAR), square PAR + Ultraviolet radiation
(UVR).  Day  8  shows  concentration  of  UV-absorbing
compounds after 48 h starving and UV-stress period of A.
persimilis. The superscripts a, b, c, d indicates significant
differences (ANOVA p< 0.05).

After the fasting period of 48 h (day 8) under
UV-irradiation stress,  Artemia metanauplii fed with
UV-irradiated algae presented an absorbance peak at
334  nm  ~  0.1  OD/n  [n=200],  which  was
significantly higher (p<0.05) than absorbance found
in the animals fed only with PAR- irradiated algae,
with a peak 334 nm closely to 0 OD/n [n=90] (Fig.
2).  During  the  period  of  stress,  significant
differences in survival were observed (ANOVA p ≤
0.05) between feeding treatments: values ~90 % for
A.  persimilis larvae  previously  fed  with
UV-irradiated algae, and values ~53% on larvae fed
with algae PAR irradiated (Fig. 4).

Discussion and Conclusions
Previous aquaculture studies on Artemia have

shown  very  good  survival  in  early  stages  of
development  by  feeding  with  groups  of  algae
Bacillarophyceae  and  Chlorophyceae  (Liang  et  al.
2006)..  In  this  work,  the  concentrations  of  UV
absorbing  compounds  in  the  microalgae  reached
values  between  4.2  and  8.10-8  OD  cells  mL-1  on
UV-treatments,  similar  results  were  found  by
Marcoval  et  al.  (2007)  were  C.  gracilis and  T.
fluviatilis increased  significantly  the  concentration
of  UV-absorbing  compounds  throughout  the
experiment.

The response of  A. persimilis to the presence
of  UVR  and  PAR  were  studied  at  levels
corresponding to  local  noontime solar  radiation of
sunny  days  during  mid-summer.  No  significant
differences  in  Ingestion  rate  and  growth  of
individuals  of  A.  persimilis between  radiation
treatments could indicate that UV does not modify
nutritious capacity from food source (Diatoms) and
IR could directly proportional to phytoplankton cells
number  but  no  relationship  was  found  with
presence/absence  of  UV-absorbing  compounds  in
algae  cultures  (ANOVA p<0.05).  Similar  results
were found in Antarctic  krill  (Euphausia superba)
when individuals survived during 38 days, fed with
the  diatom  Phaeocystis  antarctica  that  was  grown
under  PAR+UVR  regime  (Newman  et  al.  2000).
Other  works  were  performed  in  crabs
(Hernández-Moresino  &  Helbling  2010,
Hernández-Moresino  et  al.  2014)  and  copepods
(Moeller et al. 2005) with analogous conclusions.

Regarding  to  bioaccumulation  of  UVR
absorbing  compounds,  there  are  evidences  of
transfer of UV- absorbing compounds (e.g. MAAs)
from primary producers to higher levels through the
food chain (e.g. sea hares Kicklighter et al., 2011).
Some  studies on  Antarctic invertebrates  revealed

Pan-American Journal of Aquatic Sciences (2016), 11(2): 103-112



108 M. A. MARCOVAL ET AL.

Figure 3. Survival average of A. persimilis during 6 days
of  feeding  experiments  from  metanauplii  II  (MNII)  to
metanauplii  VII  (MNVII).  The  symbols  indicate  the
different  radiation  treatments  imposed  on  the  food:
diamond  photosynthetic  active  radiation  (PAR),  square
PAR + Ultraviolet radiation (UVR).

Figure  4.  Final  survival  average  (n=90  ±  SD)  of  A.
persimilis (at day 8 of experiment, after 48 h starving and
exposed  to  UV-stress  period  of  Q-panel  UV-340 lamp.
Initials indicate the different radiation treatments imposed
on  the  previous  food:  photosynthetic  active  radiation
(PAR),  ultraviolet  radiation  (UVR).  The  superscripts
indicate significant differences (ANOVA p< 0.05).

bioaccumulation  of  MAAs  from  a  diet  of
macroalgae and diatoms (Mc Clinctock & Karentz
1997).  Other  study  on  amphipods  fed  with  red
seaweed  (Helbling  et  al.  2002),  reported  similar
results  in  the  accumulation  of  UV  compounds
through  the  diet,  since  amphipods  that  received
algae  with  UV- absorbing  compounds,  were  more
resistant  to  UVR,  than  those  fed  algae  without
compounds. Our results showed that metanauplii of
A.  persimilis  improve  its  survival  and  have  an
enhancement  of  UV-absorbing  compounds  when
they  were  feeding  by  a  mix  of  UV- irradiated  T.
fluviatilis and C. gracilis until 6 days after hatching,
and these compounds may offer  protection against
moderate  UV-radiation  stress.  Furthermore
metanauplii  of  this  species  fed  with  UV-irradiated
diatoms,  showed  mortality  of  10%  when  were
exposed to moderate UVR during 48 h. In contrast,
in  metanauplii  fed  on  no  UV-irradiated  algae,
mortality  was  50%.  Whitehead  &  Vernet  (2000)
demonstrated  that  UV-absorbing  compounds  offer

protection  to  UV  radiation,  even  when  these
UV-absorbing  compounds  are  present  in  low
concentrations.  Other  study  with  freshwater
copepods showed that the presence of UV-absorbing
compounds decreases mortality rate in the copepod
Metacyclops  mendocinus when  subjected  to  UVR
stress (Gonçalves et al. 2002).

Finally,  UVR  is  an  important  mutagen,
changing  the  molecular  structure  of  DNA
consequently,  the biota of shallow aquatic habitats
lacking photoprotective strategies to avoid or repair
the  damage  caused  by  exposure  to  UVR,  may be
particularly  susceptible  to  UVR-induced  damage
(Friedberg  2003).  Since  brine  shrimp  have  many
advantages  for  use  in  aquaculture  and  genetics
works  (Gajardo  &  Beardmore  2012;  Khairi  &
El-Sayed  2012),  different  lines  of  study  on  the
effects of UVR on brine shrimp are likely to produce
useful  results,  for  example  to  compare  effects  of
UVR  on  survival  rate  of  different  zooplankton
species in Argentina using A. persimilis as control.

Understanding  the  mechanism  of  adaptation
to  stressful  environments  in  Artemia has  some
indirect  benefits  to  humans,  because of  the  role  it
plays  in  cultures  of  marine  fish  and  crustaceans
(Dhont & Sorgeloos 2002; Khairi & El-Sayed 2012).
Larval  stages  of  some  of  these  species  need  live
diets  as  first  feed.  Artemia larvae  (which  can  be
nutritionally  enhanced)  provide  not  only  basic
nutritional requirements but also enzymes and other
valuable dietary elements that make it an attractive
prey for predatory fish larvae. The nutritional value
of the adult Artemia, is higher than that of the newly
hatched nauplii; nauplius protein content is 47% and
60% in adults The adult brine shrimp contains high
amount  of  digestive  enzymes,  which  can  improve
digestion of predators (Cisneros &Vinatea 2009).

Furthermore,  production of  Artemia is  being
gradually  spreading  globally,  in  small  and  large
scale,  given its  high demand and severe  shortages
due to the depletion of natural sources. Its high cost
and  low  supply  available  increase  the  cost  of
massive  larval  production  in  laboratories  and
aquaculture  as  an  effective  alternative  in  these
production centers. Since  Artemia is the main food
for early stages in culture of crustacean penaeoids, a
diet based on adult enriched Artemia, could induce
the development and maturation of the shrimp. Also,
could be useful  study if  UV-absorbing compounds
can  be  transfer  to  the  trophic  chain  and  offer
protection  to  postlarvae  of  these  organisms  when
they  are  growing  in  shallow  ponds  that  have  a
maximum depth between 1-15 m (Mallo et al. 1999,
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Thakur  &  Lin  2003)  and  UVR  penetrates  to  the
bottom of the water column (Villafañe et al.2003).

The  results  implies  that  larval  stages  (MNI
and  MNII)  of  A.  persimilis can  bioaccumulate
UV-absorbing  compounds  through  their  diets,
supporting  the idea that  this  compounds plays an
important  role  by  protecting  against  UVR  stress..
These  results  highlight  the  importance  of  these
compounds in food chains since organisms in higher
levels of the food chain could absorb them, and thus
provide resistance to increased levels of UVR.
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