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Abstract

In the 1980s, Artemia franciscana from San Francisco Bay (SFB) was introduced into
Kenyan saltworks, where it has colonized and established stable populations. However,
little is known about its biology, particularly with respect to its parental SFB population.
This study compared the salinity tolerances of Kenyan (KEN) population, their SFB pro-
genitors and those of Great Salt Lake (GSL) populations. Growth and survival of these
A. franciscana populations were evaluated under varying salinity levels in a laboratory
set up. A. franciscana nauplii were cultured at a rate of 1 nauplii/mL in 36 Erlenmeyer
flasks and fed microalgae (Chaetoceros sp.) at 1.5 x 10¢ cells/animal/day for 8 days.
Survival was evaluated daily and survivors were fixed in individual vials with Lugol solu-
tion. The total length of each fixed A. franciscana nauplii specimen was measured under
a compound microscope. All populations were susceptible to salinities greater than
100 g/L. Compared with the parental SFB population, the KEN population exhibited
significantly reduced survival and growth at 140 g/L, suggesting a narrower salinity
tolerance range. These findings underscore the need for further studies focusing on
other physiological parameters, abiotic factors and genetic characterization to confirm
whether the KEN population is experiencing ecological adaptation. This will contribute
to the optimization of Artemia practices in various salinity environments as a result of

climate change.
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1 | INTRODUCTION

Artemia franciscana, a species of branchiopod crustacean, is adapted
to high-salinity environments (Vanhaecke et al., 1987). The switch
between dormant cysts and live-bearing cysts can occur depending
on the environmental conditions. Artemia plays a pivotal role in the
larviculture of marine fish, crustaceans, freshwater and ornamental
species; thus, Artemia cyst production has attracted increased interest
(Bahretal., 2021; Veeramani et al., 2018). The establishment of Artemia
resources has been strongly linked to success in the development of
shrimp hatcheries. The ability to store Artemia cysts for several years
and rapid hatching within 24 h (Manfra et al., 2012) render them more
preferred live feeds for larval rearing.

The primary sources of Artemia cysts are natural saline lakes
and inland salt lakes. However, escalating demand coupled with the
impacts of climate change has led to a noticeable shortfall in Artemia
supply from these natural reserves. To counteract this shortage, arti-
ficial Artemia supply resources have been established in saltwork
ponds, particularly in countries lacking natural Artemia resources (Food
and Agriculture Organization [FAQ], 2022a; van Stappen, 2002). A
diverse range of Artemia biotopes exist globally with varying ecolog-
ical characteristics, primarily differentiated by physicochemical and
nutrient inputs. These environmental factors significantly influence
the eco-physiological traits of inhabited Artemia populations (Van-
haecke & Sorgeloos, 1982). Consequently, numerous studies have
been undertaken to explore the potential variability and adaptive
mechanisms of Artemia populations across diverse biotopes world-
wide.

Salinity has a significant influence on the lifespan characteristics of
parthenogenetic Artemia (Aalamifar et al., 2014). Varo6 et al. (1993),
stated that variations in either temperature or salinity affect the
oxygen consumption of bisexual and parthenogenetic Artemia nauplii
under hypoxic conditions. Despite Artemia’s extraordinary tolerance
to high salinities, salinity remains the critical limiting factor in con-
trolling Artemia population density both in situ and in the laboratory
(Agh et al., 2008). A study by Castro-Mejia et al. (2011) revealed sig-
nificant performance variations among different Artemia populations
across varying salinity treatments with performance increasing with
increasing salinity.

Despite extensive research on the impact of salinity on Artemia pop-
ulations globally, there remains a gap in knowledge about the Kenyan
introduced Artemia population (KEN). This study aimed to compare the
salinity tolerance of KEN against well-documented populations from
San Francisco Bay (SFB) and Great Salt Lake (GSL), USA. The results
of this study will inform the development of effective Artemia culture
and management strategies in Kenya, contributing to the sustainability
of aquaculture operations and potentially other similar environments

worldwide.

2 | MATERIALS AND METHODS
2.1 | Experimental design and setup

The study was conducted at the Artemia Research Laboratory of Kenya
Marine and Fisheries Research Institute, Mombasa Centre, located
between S4°03'19.29” and E39°40'54.53". A 3 x 4 factorial random-
ized experimental design was employed comprising three A. franciscana
populations (SFB, GSL and KEN) and four salinity treatments (35 g/L as
a control, 70, 105 and 140 g/L). Each combination of population and

salinity was tested in triplicate, yielding 36 experimental units.

2.2 | Artemia cyst preparation and hatching

Two hundred micrograms of cysts from each population were decapsu-
lated and incubated for 18 hin 35 g/L saline water according to Lavens
etal. (1996). Hatched instar | A. franciscana nauplii were collected using
a 100 um sieve, rinsed with running water for 5 min and concentrated

ina 100 mL beaker for each population.

2.3 | Culturing conditions

Thirty newly hatched nauplii were transferred into 50 mL Falcon tubes
with 30 mL of culture water to achieve a stocking density of 1 nau-
plii/mL. The nauplii were fed daily with microalgae (Chaetoceros sp.)
at 1.5 x10° cells/animal/day for 8 days as recommended by Naegel
(1999). Survival was monitored daily by transferring the contents of
each Falcon tube to a Petri dish, rinsing the tube and returning live
Artemia to the original saline water in the Falcon tube while counting.

2.4 | Data collection and analysis

Initial and final growth measurements of Artemia were collected for
growth assessment. Aninitial sample of 15 nauplii from each treatment
was fixed in 1% Lugol solution for subsequent length measurements
at the beginning and end of the experimental period. The growth and
survival data were arcsine transformed as per standard statistical pro-
cedures. Two-way analysis of variance (ANOVA) was performed to
compare growth and survival rates across the treatments, utilizing
Tukey’s pairwise multiple comparison test to identify significant differ-
ences. Multiple regression analysis was used to explore the relation-
ships between salinity levels and the survival and growth outcomes of
each Artemia population. Statistical significance was established at the
95% confidence level. All analyses were conducted using R-Statistical

Software (version R 4.2.3).
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FIGURE 1 Survival rates of the three Artemia populations at different salinity treatments. Error bars indicate + standard error. Upper case
letters compare performance of an individual population across different salinity levels. Lower case letters compare performance of different
populations within the same salinity level. Different letters indicate significance difference between treatments.

3 | RESULTS
3.1 | Survival

The percentage survival of the A. franciscana populations did not sig-
nificantly differ among the salinity treatments of 35, 70 and 105 g/L
(p > 0.05). At the highest salinity level tested (140 g/L), the sur-
vival of SFB and GSL did not significantly deviate from that observed
at lower salinities (p > 0.05). However, KEN exhibited a signifi-
cant reduction in survival at 140 g/L salinity compared to that at
lower salinities (p < 0.05) with its highest survival being observed at
70 g/L salinity. Two-way ANOVA indicated a significant interaction
effect between salinity levels and population types on survival rates
(b < 0.05) indicating different responses to increased salinity among
populations (Figure 1).

3.2 | Growth performance

Growth measured as the increase in the total length of Artemia
nauplii varied significantly across the different salinity treatments
(p < 0.05) with the highest growth recorded at 35 g/L and the low-
est at 140 g/L for all populations. Decreased growth was observed
at 70 g/L salinity, although the growth did not significantly differ
between GSL and SFB or between SFB and KEN (p > 0.05). How-
ever, GSL demonstrated significantly greater growth than did KEN
at 140 g/L salinity (p < 0.05). Two-way ANOVA revealed significant
effects of both population type and salinity level on growth (p < 0.05)
but no significant interaction effect was detected (p > 0.05), suggesting
that although growth responses varied among populations and salin-
ity levels, the interaction between these factors was not significant
(Figure 2).

3.3 | Relationship between salinity (g/L) and
Artemia performance

Multiple regression analysis revealed a significant negative correla-
tion between salinity levels and survival rates across all populations
(r(12) = 0.89, p < 0.05 (Table 1). This indicates that increased salinity
adversely affected survival. Similarly, a significant negative correlation
was found between salinity levels and growth (r(116) = 0.52, p < 0.05),
confirming that growth decreased with increasing salinity for all tested

populations (Table 2).

4 | DISCUSSION

This study demonstrated the significant impact of salinity on the sur-
vival and growth of A. franciscana populations, which is similar to
the findings of Mali et al. (2023). Our findings revealed that while
all populations exhibit tolerance to a wide range of salinities, KEN
shows a distinct decline in survival and growth at higher salinity lev-
els, particularly beyond 100 g/L. This outcome suggested a narrower
salinity tolerance range for KEN compared to SFB and GSL, highlighting
potential adaptive differences.

Previous studies have indicated that Artemia species exhibit a
remarkable ability to tolerate and thrive across a broad spectrum
of salinities because of their highly efficient osmoregulatory system
(Aalamifar et al., 2014; Agh et al.,2008 ; EI-Bermawi et al., 2004), which
improves at salinities between 100 and 120 g/L (Triantaphyllidis et al.,
1995; van Stappen, 2002). An increase in salinity leads to an increase
in osmotic stress, low oxygen concentration, desiccation and increased
metabolic rate to cope with the high energy demand for osmoregu-
lation (Gajardo & Beardmore, 2012), all of which affect the biological

parameters of Artemia. Lavens et al. (2007) and Rodriguez-Almaraz
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FIGURE 2 Growth performance of the three Artemia populations at different salinity treatments. Error bars indicate + standard error. Upper
case letters compare performance of an individual population across different salinity levels. Lower case letters compare performance of different
populations within the same salinity level. Different letters indicate significance difference between treatments.

TABLE 1 Summary of multiple regression analysis between
percent survival (%) and salinity (g/L).

Standard
Coefficients error tStat p-Value
Intercept 266.55 35.36 7.54 0.00
KEN -1.82 0.39 -4.71 0.00
GSL 1.60 0.65 2.44 0.03
SFB —-2.30 0.59 -3.89 0.00

Abbreviations: GSL, Great Salt Lake; KEN, Kenyan; SFB, San Francisco Bay.

etal.(2006) mentioned an ecological response imprinted in the genome
of Artemia that allows them to colonize higher salinities to avoid pre-
dation at lower salinities. The superior genetic make-up of SFB has
allowed it to survive in extreme environments (Amat et al., 2005; FAO,
2022b; Gajardo & Beardmore, 2012). As KEN came from SFB, a simi-
lar performance to that of SFB was expected. According to Lahti et al.
(2009), environmental changes could eliminate or weaken a source of
selection that is important for maintaining a specific trait in organisms.
The reduced salinity tolerance observed in KEN at 140 g/L sug-
gests possible adaptive shifts or genetic drifts post-introduction, which
may have led to a decreased salinity tolerance. Such evolutionary
responses could be driven by the specific conditions of Kenyan salt-
works, which differ from those of natural sources of SFB and GSL,
thus selecting traits optimized for a narrow range of environmental
salinities. The salinity range identified for optimal KEN performance
has practical implications for Artemia production in Kenya. Culturing
A. franciscana at salinities between 70 and 105 g/L could maximize
the productivity and sustainability in Kenyan saltworks. This optimized
salinity range aligns with findings from other regions, where specific
salinity levels have been recommended to enhance Artemia culture
performance (Castro-Mejiaet al., 2011; Varé et al., 1993).

TABLE 2 Summary of multiple regression analysis between
growth (mm) and salinity (g/L).

Standard
Coefficients Error t Stat p-Value
Intercept 222.92 20.76 10.74 0.00
GSL —15.60 6.07 -2.57 0.01
SFB —-15.82 579 -2.73 0.01
KEN —22.49 6.70 —3.36 0.00

Abbreviations: GSL, Great Salt Lake; KEN, Kenyan; SFB, San Francisco Bay.

5 | CONCLUSION

The distinct response of KEN to high salinities requires further genetic
and ecological studies to elucidate the mechanisms responsible for
the differences. Genetic characterization could reveal alterations in
KEN that account for reduced salinity tolerance, offering insights into
the adaptive processes following its introduction. Investigating other
ecological and physiological parameters would also deepen the under-
standing of how environmental factors and genetic make-up interact to
shape population-specific responses to salinity.
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