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Abstract 11 

The goal of this study was to examine the fatty acid (FA) profile of two Artemia 12 

species, A. persimilis (Argentina) and A. franciscana (Great Salt Lake,Utah; USA) in 13 

coexistence at mesocosm scale. The experiment was carried out to 1) evaluate putative 14 

differences in the fatty acid composition of both species while they share resources and 15 

2) to investigate the causes of such differences. Although the coexistence of these 16 

species in nature has not yet been observed, it remains possible that this situation may 17 

arise in the future mainly due to the invasive ability of A. franciscana. FA analyses were 18 

performed on individuals as well as on pooled biomasses of each species, and integrated 19 

in multivariate principal components analysis (PCA). Comparison of the relative 20 

abundance of FA between the two species revealed that interspecific differences in FA 21 

composition are greater than intraspecific variability. Higher percentages of 22 

unsaturation were found in the fatty acids of A. persimilis compared to A. franciscana, 23 

demonstrating that aside from a high phenotypic effect of diet on the FA composition of 24 

the animals, a species-specific genotypic effect should not be discarded. 25 
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Introduction 29 

The brine shrimp Artemia sp. (Branchiopoda, Anostraca) is the most 30 

conspicuous inhabitant of hypersaline lakes, lagoons and solar salt ponds both coastal 31 

and inland all over the world.  32 

Artemia of all life stages are used in aquaculture as a live prey, where newly 33 

hatched nauplii are the most utilized food for crustacean and fish larvae (Léger et al., 34 

1986). The nutritional value of nauplii seems to be determined by their content of n-3 35 

highly unsaturated fatty acids (HUFA) (Watanabe et al., 1980; Léger et al., 1986; 36 

Navarro, 1990). It is known that the fatty acid composition of Artemia nauplii can vary 37 

among strains and also from one batch to another within the same strain (Léger et al., 38 

1986). This led Watanabe et al. (1978) to classify Artemia into two groups: freshwater-39 

type Artemia, with n-3 unsaturated fatty acids such as linolenic acid (18:3n-3) but 40 

lacking eicosapentaenoic acid (20:5n-3), producing good survival and growth among 41 

freshwater animals, and marine-type Artemia whose lipids contain 20:5n-3 thereby 42 

making them suitable for feeding marine animals.  43 

Little is known about the causes of the variability in the fatty acid profile of 44 

adult Artemia. Previous studies have focused on the factors affecting the fatty acid 45 

profile of cysts and nauplii (Léger et al., 1986; Navarro, 1990; Navarro and Amat 1992; 46 

Ruiz et al., 2007). Specifically, variations in the fatty acid composition of Artemia cysts 47 

and nauplii are determined by differences in the fatty acid composition of the food 48 

ingested by the parental population (Vos et al., 1984; Léger et al., 1986; Lavens et al., 49 
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1989), the genotype (Navarro and Amat, 1992) or the selective choice of substrate for 50 

feeding (Ruiz et al., 2007).  51 

In contrast, factors affecting the fatty acid composition of adult specimens have 52 

been scarcely studied. Gozalbo (1990) found that adult Artemia biomasses from 53 

different species fed in the laboratory with the same algae showed differences in their 54 

fatty acid profile. This classical approach is useful to gain an insight into a variety of 55 

responses; however, the extrapolation of these insights to field situations is difficult. For 56 

this reason, we carried out experimental work under semi-natural conditions to approach 57 

the conditions found in a natural environment.  To the best of our knowledge, no studies 58 

have been carried out on the variations of the fatty acid composition in species in 59 

competence, i.e., coexisting in the same enclosure at mesocosm scale. Here, we use the 60 

term “mesocosm” to distinguish from the controlled traditional development of 61 

laboratory bioassays, that is, an experimental system that simulates open air (outdoor) 62 

conditions as closely as possible.  63 

Furthermore, our comparative approach allowed us to study factors that 64 

condition the fatty acid profile of different populations in their environment. We 65 

identify a need to examine the extent in which Artemia fatty acid composition varies 66 

between species and how much of this variance is due to intraspecific variation. 67 

Interestingly, intraspecific variation of fatty acid content in zooplankton is considered a 68 

key variable in stoichiometric models (Anderson and Pond, 2000).  69 

In addition to the trophic simulation of the mesocosm system, coexistence of 70 

different Artemia species would mimic natural conditions found in the wild. In the New 71 

World, the genus Artemia is represented by two endemic bisexual species: A. persimilis 72 

(Picinelli and Prosdocimi, 1968) (Argentina and Chile) and A. franciscana (Kellogg 73 

1906) (North, Central and South America). North American brine shrimp cysts of A. 74 
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franciscana (San Francisco Bay and Great Salt Lake, USA) have been commercially 75 

exported worldwide since the 1950s for use in aquarium trade and fish farming. 76 

Aquaculture is expanding around the world leading to the release of A. franciscana into 77 

native Artemia populations. In Argentina, A. franciscana populations are 78 

biogeographically constrained to north of 36ºS while A. persimilis populations have 79 

been found south of 37º10´S. Co-occurrence of autochthonous and American brine 80 

shrimp A. franciscana populations was observed in some Mediterranean solar salterns 81 

and salt lakes (Amat et al., 2005), however there is no current evidence of coexistence 82 

of A. persimilis and A. franciscana in their original Argentinean biotopes. The invasive 83 

ability of A. franciscana and the intentional or non-intentional inoculations through 84 

aquacultural or pet market activities might cause a rapid replacement of the Argentinean 85 

A. persimilis populations by the American brine shrimp. In the present study we will 86 

attempt to reflect on a potential scenario likely to occur in the wild in the near future.  87 

Here, we report on the differences in the fatty acid composition of biomasses 88 

and individuals of A. persimilis and A. franciscana grown and co-occurring in identical 89 

environmental conditions at mesocosm scale.  90 

 91 

Materials and Methods 92 

Culture conditions 93 

A mesocosm scale experiment was carried out from January-June 2005. The 94 

populations used were obtained from original cysts collected in the Algarrobo salterns 95 

(2003), located in the south of the Argentinean province of Buenos Aires (40º 36’ S; 62º 96 

56’ W) and from Great Salt Lake (Utah, USA) (40º 45’ N; 111º 53’ W). 97 

Prior to inoculation, A. persimilis and A. franciscana specimens were grown in 98 

the laboratory. Original cysts were hatched in seawater at 28ºC under continuous 99 
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aeration and illumination. After 24 h the newly hatched nauplii were harvested and then 100 

cultured into 150 L cylindro-conical tanks filled with filtered (1 µm), UV-sterilized sea 101 

water (35 g L-1), and aerated from the bottom. Animals were progressively fed ad 102 

libitum with a mixture of algal species: Dunaliella tertiolecta / Tetraselmis suecica (1:1, 103 

v/v), mass cultured in the Instituto de Acuicultura de Torre de la Sal (IATS). Salinity 104 

was progressively raised to 70 g L-1 for a week, and temperature kept at 24º C until the 105 

population reached adulthood. Specimens were then transferred to a 4,000 L cylindrical 106 

tank and fed periodically with D. tertiolecta. 107 

Culture media for the algal mass culture were prepared with filtered and 108 

sterilized seawater (35 g L-1) and brine (100 g L-1) for T. suecica and D. tertiolecta, 109 

respectively, and fertilized according to Guillard and Ryther (1962). Algae were 110 

initially grown in 500 ml Erlenmeyer flasks at 20ºC and 12:12 h light: dark photoperiod 111 

without aeration. Cultures were then scaled up in a 4,000 L outdoor raceway system in 112 

order to maintain a continuous food supplementation for the Artemia mesocosm culture. 113 

The culture was maintained with both populations coexisting in competence until the 114 

end of June. During the experiment, temperature varied between 4 - 25°C and salinity 115 

between 65 - 95 ‰. 116 

 117 

Biomass sampling and analysis 118 

At the end of the experiment (June 26th 2005), three replicates of Artemia 119 

biomass were collected by filtering 1 L of the mesocosm brine through a 1 mm mesh. 120 

Adult Artemia samples were selected from the triplicate samples as biomasses (BP, A. 121 

persimilis and BF, A. franciscana) as well as up to ten separate individuals from each 122 

species (Pn = P1 to P10 for A. persimilis and Fn = F1 to F10 for A. franciscana). 123 

Species identification was based on de visu morphometry according to Cohen et al. 124 



 

 

6

(2000) and further confirmed by biometrical analysis following the multivariate 125 

discriminant analysis methodology described by Hontoria and Amat (1992), and the 126 

results integrated in the morphological data base developed at the IATS (Amat et al., 127 

1995). 128 

Samples were freeze-dryed and stored at -80ºC until further analysis. Fatty acid 129 

analyses from total lipid extracts (Folch et al., 1957) were carried out as described in 130 

Ruiz et al. (2007). The P1 sample was lost during the lipid analysis process, so Pn 131 

samples were 9 for A. persimilis while Fn samples were 10 for A. franciscana. 132 

 133 

Statistical analyses 134 

 The percentages of the main fatty acids from the total lipid of Artemia sp. 135 

biomasses and individuals (palmitic [16:0], cis-7-hexadecenoic [16:1n-9], palmitoleic 136 

[16:1n-7], estearic [18:0], oleic [18:1n-9], cis-vaccenic [18:1n-7], linoleic [18:2n-6], 137 

linolenic [18:3n-3], arachidonic [20:4n-6] and eicosapentanoic [20:5n-3]) were included 138 

as variables in a principal components analysis (PCA) model using the SPSS program 139 

Version 12.0 (SPSS Inc., Chicago, USA). Prior to performing PCA, the suitability of 140 

data for factor analysis was assessed by the Kaiser-Meyer-Oklin method (KMO) 141 

(Kaiser, 1970, 1974) and the Bartlett´s test of sphericity (Bartlett, 1954). 142 

 In a chemometric PCA model a data set from a group of interrelated variables is 143 

reduced into a smaller set of factors (components). Parsimony is achieved by explaining 144 

the maximum amount of common variance in a correlation matrix using the smallest 145 

number of explanatory concepts. Factors are statistical entities that can be visualised as 146 

classification axes along which measurement variables can be plotted. The co-ordinate 147 

of a variable along a classification axis is known as a factor loading. The communalities 148 

indicate how much of the variance of a variable is explained by the common factors. 149 
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Factor scores were subsequently analyzed by one way ANOVA and Tukey´s 150 

HSD multiple comparison tests.  151 

 152 

Results 153 

Table 1 lists the main fatty acids found in A. persimilis and A. franciscana 154 

individuals (P and F) and biomasses (BP and BF), together with the coefficients of 155 

variation (CV). Our results show that the CV of the mean fatty acids found in isolated 156 

individuals were higher than those analyzed in biomasses for all the fatty acids 157 

examined. Individual samples showed CV between 9 and 46 %, whereas analysis of 158 

biomasses were less variable showing CV in the range of 0.4 to 24 %.  159 

We obtained a Kaiser-Meyer-Oklin (KMO) value of 0.69, which exceeded the 160 

recommended value of 0.6, and the Bartlett´s test of sphericity reached statistical 161 

significance (P=0.000), supporting the factorability of the correlation matrix. PCA 162 

revealed three components with eigenvalues exceeding 1, which explained 52.8, 19.3 163 

and 13.1 % of the variance. An inspection of the screeplot revealed a clear break after 164 

the second component. Using Cattell´s (1966) scree test, it was decided to retain two 165 

components explaining 72 % of the total variance, for further analyses. 166 

Table 2 shows the loadings of the fatty acids on the first and second components 167 

as well as the communalities. Arachidonic acid (20:4n-6), 18:3n-3, 18:0, 18:1n-7 and 168 

20:5n-3 explain most of the variance, being the most informative variables in the 2-169 

dimensional representation.  170 

Figure 1 illustrates the factor loading plot for the fatty acid data. Variables 171 

correlate highly with factor 1 (horizontal axis) and have low correlation with factor 2 172 

(vertical axis). Positive loadings of fatty acids on the principal component 1 are 173 
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represented by 20:4n-6, 18:0, 20:5n-3 and 18:1n-7, whereas 18:3n-3, 18:2n-6 and 174 

16:1n-7 show negative loadings. 175 

Figure 2 shows the factor scores plot, based on the population scores from the 176 

constituent variables. The two species were well separated, with A. franciscana to the 177 

left and A. persimilis to the right, whether they were obtained from individual (F, P) or 178 

biomass (BF, BP) sampling. These results indicate that A. persimilis has higher 179 

proportions of 20:4n-6, 18:0, 20:5n-3, 18:1n-7 and 18:1n-9 than A. franciscana, whose 180 

lipids show higher percentages of 18:3n-3, 18:2n-6, 16:1n-7, 16:0 and 16:1n-9. The 181 

factor scores tested by ANOVA yielded significant differences between the A. 182 

franciscana and A. persimilis groups in the first component (F=9.52, P<0.001), while 183 

no differences in the second component were found (F=0.65, P>0.001). 184 

The analysis of the fatty acid profiles from both biomasses and/or individuals 185 

showed similar patterns. It is noteworthy to mention that F10 and P5 clustered together 186 

with the contrary species thereby indicating their outlier property. 187 

 188 

Discussion 189 

The mesocosm-scale approach allowed us to examine the fatty acid composition 190 

of coexisting adult A. persimilis and A. franciscana populations in an environmental 191 

framework simulating natural conditions. In addition, we were able to monitor the 192 

experimental conditions, which usually is not possible to follow up in the field due to 193 

the existence of uncontrolled factors. Through coexistence, both species shared 194 

resources (i.e. food) and were subjected to similar environmental parameters thereby 195 

reducing much of the variability between treatments/species. Even then, A. persimilis 196 

and A. franciscana showed differences in their fatty acid percentages, a result that we 197 

were not expecting. By examining the fatty acid profile of individuals, intraspecific 198 
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variability was unveiled. In general, this variability is not taken into account in the 199 

available literature, where sampling is carried out in biomasses of pooled individuals 200 

(Mura et al., 1997, 1998; Cripps and Hill, 1998). Our experimental approach 201 

demonstrated that the fatty acid differences found between A. persimilis and A. 202 

franciscana was associated with a clear interspecific variability, whereas the intra-203 

specific variability was lower (Fig. 2). 204 

Variations in the fatty acid profile have been found in other anostracan species 205 

(Mura et al., 1997), and previous studies showed differences in the amounts of 20:5n-3 206 

and 22:6n-3 between zooplankton taxa like Daphnia spp. and various copepod species 207 

in freshwater habitats (Farkas, 1970). Additonally, species-specific differences have 208 

been reported in copepods (Hagen et al., 1993; Kattner et al., 1994). In Artemia, 209 

Gozalbo (1990) reported differences in the fatty acid composition between 210 

monocultures of parthenogenetic and bisexual populations cultured at mesocosm-scale, 211 

but over-looked the causes of such variability. 212 

Several authors reported that the fatty acid composition of Artemia and other 213 

zooplankton is conditioned by the different components found in their diet (Schauer et 214 

al., 1980; Léger et al., 1986; Navarro and Amat 1992; Mura et al., 1997, 1998; 215 

Dalsgaard et al., 2003) and, therefore, fatty acids have been proposed to be useful 216 

trophic biomarkers that reveal the type of food ingested (Sargent et al., 1988; 217 

Napolitano, 1999; Dalsgaard et al., 2003). 218 

Although food was continuously supplied, the experimental conditions (i.e. the 219 

length of the experimental period, the tank exposure to open air as well as the volume 220 

and surface of the tank) did not preclude the possibility of other species of 221 

phytoplankton appearing in the tank, particularly benthonic diatom-like species (Ruiz et 222 

al., unpublished). Savage and Knott (1998) reported that a very large part of the gut 223 
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content of Artemia from an Australian lake, derived from sources not available to filter 224 

feeding animals, but from substrate grazing. These authors recommended further work 225 

to examine the cues that induce the switch from filter feeding to a deliberate and 226 

distinctive substrate grazing in Artemia. In the present experiment, the existence of a 227 

different species-dependent grazing behaviour on different food sources in the water 228 

column and on the benthos could be associated with the variability and differences 229 

detected in the fatty acid profile of both species. When taking into account that the 230 

system could display some sort of thermal stratification (at least diurnal) during the 231 

experiment, Artemia populations would steer to the most suitable temperature according 232 

to their thermopreferendum. Recent results from Medina et al. (2007) state that A. 233 

persimilis populations are likely better adapted to lower temperatures than A. 234 

franciscana. The different tolerances to temperature ranges could partly explain the 235 

distribution of both American brine shrimp species in Argentina where A. persimilis 236 

appears constrained to lower temperatures at the south of the country. Then, A. 237 

persimilis preferentially would occupy the cooler bottom regions of the containers, 238 

grazing on HUFA-rich diatom-like patches of microalgae while A. franciscana would 239 

remain in the water column filter feeding on the different cell types present. However, 240 

our results (derived from the study of the fatty acid as biomarkers) seem to contradict 241 

the latter hypothesis. Firstly, grazing on diatoms patches would be reflected in the fatty 242 

composition of A. persimilis by enhanced proportions of 20:5n-3, which is a definite 243 

diatom fatty acid marker (Volkman et al., 1998). Palmitoleic acid (16:1n-7), another 244 

typical diatom marker, was not found in higher quantities in A. persimilis population as 245 

expected. Secondly, if A. franciscana was feeding on the water column there would be a 246 

much higher proportion of C18 polyunsaturated fatty acids (PUFAs), as observed in 247 

controlled laboratory conditions (unpublished results), since the main algae present in 248 
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the water column of the mesocosm enclosure was Dunaliella sp. (Chlorophyta), which 249 

is characterized by C18 PUFA markers such as 18:2n-6 and 18:3n-3 (Volkman et al., 250 

1998). 251 

Thus, these variations in the fatty acid profiles of adult Artemia (and other 252 

zooplankton), although mainly influenced by feeding, should be interpreted carefully 253 

against a background of ontogenetic and metabolic changes that can occur in the 254 

animals (Ito and Simpson 1996; Zhukova et al., 1998; Navarro et al., 1999a; Vismara et 255 

al., 2003). A key aspect of fatty acid dynamics in Artemia and other zooplankton is 256 

whether they modify dietary fatty acids, and if so, to what extent these modifications 257 

take place. In fact, once we set aside the main phenotypic influence of food, our data 258 

still supports differences in the genetic species-specific capacities of PUFA 259 

biosynthesis. This is evident not only by the fact that A. persimilis still retains part of its 260 

“marine-type” character (Watanabe et al., 1978) with its lower 18:3n-3 and higher 261 

20:5n-3 percentages (Table 1; Fig. 1, 2), but also in that the fatty acid profile of both 262 

species is different even at the individual level (Fig. 2). 263 

It is evident that endogenous modifications of dietary fatty acids can take place 264 

in branchiopods (Kayama et al., 1963; Navarro et al., 1999b). The higher content of 265 

20:4n-6 fatty acid in A. persimilis together with the lower 18:2n-6 proportion, compared 266 

to A. franciscana, suggests a higher bioconversion capacity from 18:2n-6 to 20:4n-6 in 267 

A. persimilis. Although lipid metabolism in Artemia is poorly known, this metabolic 268 

pathway has been reported in A. salina nauplii (Zhukova et al., 1998), and the 269 

bioconversion capacity of Artemia to elongate and desaturate 18:3n-3 to 20:5n-3 was 270 

confirmed by Schauer and Simpson (1985). Hence, the present data suggests that a 271 

higher bioconversion rate from 18:3n-3 to 20:5n-3 in A. persimilis than in A. 272 

franciscana exists under this “mesocosm” conditions. 273 
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The American brine shrimp A. franciscana has been considered as an expanding 274 

invasive species (Amat et al., 2005) that has already reached the Old World. Today, it is 275 

present in several Western Mediterranean localities where it becomes competitively 276 

dominant and displaces the autochthonous populations. However, there is no 277 

information available on the hypothetic southwards displacement of A. persimilis by the 278 

invasive A. franciscana in Argentina.  279 

Most invasive aquatic species are characterized by adaptations to the new 280 

environment, leading to rapid population growth supported by high fecundities 281 

(Browne, 1980; Browne and Halanych, 1989; Browne and Wanigasekera, 2000; Amat 282 

et al., 2005). The usefulness of lipid as an index of potential reproductive capacity was 283 

confirmed by Holm and Sapiro (1984) in freshwater cladoceran populations. However, 284 

the studies of the variation in the fatty acid profiles have only focused on the nutritional 285 

condition of the animals, while their relationship with the population’s reproductive 286 

performance is still unknown and requires further investigation. 287 

The present data provides important insights in fatty acid variation of adult 288 

Artemia species coexisting in the same environment. Although there is an important 289 

phenotypic influence of the diet in the fatty acid composition of Artemia, different 290 

species behave biochemically differently when cultured at mesocosm-scale. It is known 291 

that temperature plays an important role in the fatty acid metabolism of poikilotherm 292 

animals and can influence some physiological mechanisms related to lipid composition 293 

and fatty acid profiles, which in turn could explain the higher percentages of 294 

unsaturation in the fatty acids seen in A. persimilis in comparison with A. franciscana. 295 

The different genetic background of both Artemia species coexisting in habitats of 296 

similar nature could determine the different responses in the metabolic processes that 297 

determine the final fatty acid profiles. Further work is necessary to evaluate to what 298 
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extent biochemical responses of brine shrimp species are the result of phenotypic 299 

plasticity and/or are determined by a genetic background. 300 
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Figures 432 

Fig. 1 Factor loadings plot for the fatty acid data. 433 

Fig. 2 Plot of sample scores on principal components 1 (horizontal) and 2 (vertical).434 
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Table 1  

Main fatty acids (% from total FA) from the total lipids of A. persimilis and A. 

franciscana individuals (P and F) and biomasses (BP and BF). P and F are the mean of 

9 and 10 replicates, respectively. BP and BF are the mean of 3 replicates. CVs are the 

coefficients of variation.  

          Individuals                Biomasses   

Fatty acid Mean P   CV Mean F  CV  Mean BP   CV Mean BF CV 

16:0 11.37   9.25 13.46 20.22  11.62 3.32 14.02 3.18 
16:1n-9 1.35 26.71 1.34 26.83  1.11 24.02 0.86 2.41 
16:1n-7 6.61 46.31 7.38 41.04  6.30 13.34 8.75 2.29 
18:0 8.72 22.61 5.48 24.26  9.20 0.39 5.16 6.70 
18:1n-9 24.64 11.16 23.42 13.14  25.46 3.44 23.44 2.23 
18:1n-7 12.90 15.71 10.58 22.56  12.98 5.15 10.08 2.92 
18:2n-6 3.43 26.96 5.23 14.27  3.37 2.88 5.04 0.72 
18:3n-3 10.01 20.53 14.41 24.45  9.17 5.92 13.16 6.25 
20:4n-6 2.42 32.34 1.54 29.17  2.66 6.26 1.26 7.35 
20:5n-3 7.70 30.57 5.91 13.73  9.09 4.02 5.24 4.58 
PUFA 25.71 16.76 31.58 11.67  26.42 0.76 28.95 4.58 
n-3 18.96 16.74 23.16 17.31  19.72 1.16 21.54 4.07 
n-6 5.92 18.81 6.98 13.05  6.11 2.57 6.52 1.25 
HUFAn-3 7.82 28.12 6.27 12.45  9.22 4.90 5.72 3.88 
HUFAn-6 2.49 31.30 1.63 26.89  2.72 7.91 1.32 9.06 
                    

PUFA: polyunsaturated fatty acids; HUFA n-3: PUFAs n-3 equal or longer than C20; HUFA n-6: PUFAs 
n-6 equal or longer than C20. 

 



Table 2 

Loadings of fatty acids on the first and second components. 

Fatty acid PC1 PC2 Communality 

16:0 -0.49 -0.19 0.28 
16:1n-9 -0.19 0.80 0.68 
16:1n-7 -0.57 -0.71 0.82 
18:0 0.95 -0.03 0.90 
18:1n-9 0.56 0.34 0.42 
18:1n-7 0.85 -0.40 0.87 
18:2n-6 -0.72 0.13 0.54 
18:3n-3 -0.73 0.61 0.90 
20:4n-6 0.96 0.15 0.95 
20:5n-3 0.89 0.26 0.85 
Variance explained (%) 52.83 19.25          - 

 






