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Abstract Effects of ammonia on zoea I of the Southern King Crab, Lithodes santolla (Decapoda, Lithodidae)

were analyzed through acute (96 h) and chronic (29 days in total) assays (seven total ammonia nitrogen

(TAN) concentrations: 9, 15, 25, 41, 67, 110, and 182 mg L-1, plus control). The estimated LC50-96 h was

107.97 mg TAN L-1 (1.93 mg NH3-N L-1), while the safe level of ammonia was 10.79 mg TAN L-1

(0.19 mg NH3-N L-1). Survival was highest in the three lowest ammonia concentrations throughout 96 h

(93.3%, 90% and 93.3% in 9, 15 and 25 mg TAN L-1, respectively). In chronic assays, the percentage of

survival decreased along with the exposure time and the ammonia concentration. Zoeae�s mean life time

tended to increase almost gradually with the increment of ammonia concentration. Mean molting time from

zoea I to II was 4.06 days, while it increased from zoea II to III, and zoea III to the post-larval stage (6.00 and

8.39 more days, respectively) with ammonia concentration. The percentage of individuals that have molted in

every molt stage tended to decrease while ammonia concentration increased. Therefore, the results obtained in

the present study bring new information about ammonia toxicity in early stages of development of crab

Lithodes santolla, an important commercial species of the Beagle Channel.
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Introduction

Among the environmental stressors found in natural waters, ammonia is one of the most common toxic

substances. It enters aquatic ecosystems through several sources including industrial wastes, municipal sewage

effluents, agricultural run-off and decomposition of biological wastes (Camargo and Alonso 2006; Randall and

Tsui 2002; USEPA 2009). It is also a waste product of protein metabolism of fish and crustaceans and is not a

persistent pollutant, such as metals or some organic compounds (Borgmann and Borgmann 1997). The

accumulation of ammonia in the aquatic environment in intensive aquacultural systems as well as in the wild
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has been identified as one of the common causes of death in aquatic organisms (Cobo et al. 2014; Dutra et al.

2016; Ip et al. 2001; Lin et al. 1993; Xu et al. 2004). Thus, it is important to know the tolerance to ammonia of

aquatic species in order to assess its sensitivity and to improve the efficiency of aquacultural systems.

Ammonia occurs in natural waters in two forms: un-ionized (NH3) and ionized ammonia (NH4
?); the sum

of the two is the total ammonia (TAN). The toxicity of ammonia to aquatic organisms has been attributed to

the NH3 species because it is lipid-soluble and it diffuses across branchial membranes easily. The NH4
?

species is considered nontoxic or significantly less toxic (Armstrong et al. 1978; Camargo and Alonso 2006;

Evans and Cameron 1986; Thurston et al. 1981) although there is evidence that the ammonium ion also

contributes to toxicity (USEPA 2009). The proportion of NH3 to NH4
? depends on pH and temperature and, to

a lesser extent, salinity of the medium. The percentage of NH3 in aqueous ammonia solutions generally

increases at higher pH and temperature and at lower salinities (Emerson et al. 1975; Spotte and Adams 1983).

Several studies have demonstrated that the tolerance to ammonia increases with the ontogenetic devel-

opmental progress of the animals and decreases with exposure time (Dutra et al. 2016; Liao et al. 2011; Neil

et al. 2005; Ostrensky and Wasielesky 1995; Zhao et al. 1997). The toxicity of waterborne ammonia to

crustaceans has been studied by several authors in larval stages as well as juveniles and adults (Harris et al.

2001; Hutchinson et al. 1998; Liao et al. 2011; Lin et al. 1993; Marazza et al. 1996; Moore et al. 1997; Racotta

and Hernández-Herrera 2000; Romano and Zeng 2010). As larval stages support the population recruitment, it

is ecotoxicologically relevant to know what effects ammonia has on crustacean larvae. The exposure of

crustaceans to high levels of environmental ammonia is strongly linked to the physiological processes that are

involved in osmoregulation. In this sense, gills play a significant role in ammonia excretion, osmoregulation,

gas exchange and pH balance; for instance, damages at branchial level is a possible cause of death (Camargo

and Alonso 2006; Henry et al. 2012; Romano and Zeng 2012). The susceptibility to ammonia is a consequence

of gill damage since they are in direct contact with the external environment. Additionally, elevated envi-

ronmental ammonia has been reported to reduce growth, to affect the immune system, and could enhance or

delay molting in crustaceans (Chen and Kou 1992; Forward et al. 2001; Henry et al. 2012). Molting is a very

important physiological process for crustaceans because it not only allows growth and development bearing a

rigid and confining exoskeleton, but it is also tied with metamorphosis during the early stages of the life cycle

and with reproduction during the adult stage. The post-molt stage is characterized by a rapid increase in body

size during the short soft-skinned period caused by water uptake from the environment (Hartnoll 2001). This is

why before and immediately after molt, some crustaceans are more sensitive to ammonia and consequently it

is relevant to evaluate ammonia toxicity at different molt stages (Wajsbrot et al. 1990).

The Southern King Crab Lithodes santolla is a decapod crustacean of the family Lithodidae. It is a cold and

cold–temperate water species and is the most important shellfish commercially exploited in the Beagle

Channel, Argentina. Although its population has not shown a trend of recovery of its abundance after ca.

19 years of fishing restrictions, since 2013 its fishery is not restricted (Provincial Law No. 931). Stock

enhancement program has been proposed as an alternative strategy to revert local depletion of the Southern

King Crab population (Sotelano et al. 2016, 2018; Tapella et al. 2012). Shallow waters like bays have been

mentioned as a possible recruitment area (Lovrich 1997; Vinuesa and Lovrich 1992). External fertilization

takes place during late November and early December. Females carry the eggs in the abdomen during

9–10 months until they hatch between mid-September and October (Vinuesa 1991). Larval development

involves three zoeae stages (zoea I, II and III) during a period of about 21 days in experimental conditions and

a post-larval stage (megalopa) (Anger et al. 2004; Calcagno et al. 2004; Campodónico 1971). Larval stages of

the Southern King Crab have been studied in several biological aspects, including their exposure to pollutants

like heavy metals and hydrocarbons (Amin and Comoglio 2002, 2010; Amin et al. 2003); however, ammonia

toxicity has not been evaluated yet.

Within this context, the aim of this work was to assess the effect of ammonia on larval development of L.

santolla, in terms of survival and molting. Results of the present study will be a useful contribution to the

biology of the species, and will help to optimize the rearing of larvae and juveniles for future attempts to

repopulate natural lithodid stocks.
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Materials and methods

Larvae collection and maintenance

Larvae were obtained from ovigerous females collected in the Beagle Channel during September 2010 using

commercial fishery traps. Females, kept in the laboratory until zoeae hatched, were maintained in glass aquaria

each containing 100 L of filtered seawater with continuous aeration (dissolved oxygen = 10.5 mg L-1), water

temperature of 7.5 ± 0.5 �C, salinity of 23–24, pH 8.15 and photoperiod of 12L:12D (fluorescent light).

Filtration and partial renewal of seawater were done every day, along with the discard of new hatched larvae in

order to assure that the new ones had less than 24 h from hatch. Natural seawater used in the experiments was

collected from a pristine zone in the Beagle Channel; it was filtered through a 10-mm polypropylene cartridge

filter and then through UV light to minimize the activity of microorganisms. It was kept with constant aeration

in 250-L dark tanks until use.

Acute and chronic toxicity experiments were carried out starting from newly hatched larvae (day 0) up to

complete metamorphosis to post-larval stage. For the assays, zoeae of less than 24 h were selected from the

general stock. Only actively swimming larvae were selected and no food was given to them during the

experiments, since no effects of starvation on their survival were previously noted owing to their lecitho-

trophic development (Calcagno et al. 2004; Comoglio and Vinuesa 1991; Kattner et al. 2003).

Acute toxicity

To evaluate acute toxicity, a 96 h survival assay was carried out in laboratory at 7.5 ± 0.5 �C using seven

different total ammonia concentrations (9, 15, 25, 41, 67, 110, and 182 mg TAN L-1) and a control (no

ammonia added). Each treatment was run in triplicate. A stock solution (1000 mg L-1) of ammonia chloride

was prepared by mixing reagent-grade NH4Cl (Mallinckrodt Inc; 99.5%) in filtered seawater, from which

small aliquots were added to dilution water. Concentrations of NH3-N were calculated from TAN according to

Bower and Bidwell (1978) based on salinity of 23–24, pH of 8.15 and temperature of 7.5 �C. The percentage
of NH3-N was determined to be 1.79%. Groups of 10 newborn zoeae were placed in 150 mL of test solution

with no aeration. Dead larvae were recorded daily and surviving animals were transferred to the corresponding

fresh test solutions, according to the static renewal method described by USEPA (2002). Cessation of zoea

heartbeat, watching through a stereomicroscope, was considered as death criterion (Rodrı́guez and Amin

1991).

Daily survival was compared among experimental groups by means of one-way ANOVA, followed by

Fisher’s post hoc comparisons (Sokal and Rohlf 1981). The 96 h lethal concentration 50 (LC50) with its 95%

confidence limits and Pearson’s correlation coefficient were estimated using probit analysis including Abbott’s

correction for the mortality of the control (Finney 1971). Additionally, it was defined the safe level of the LC50

of ammonia as the concentration of ammonia which does not have an adverse sublethal or chronic effect on L.

santolla larvae, and it is equal to LC50-96 h 9 0.1 (Sprague 1971).

Chronic toxicity

To evaluate chronic toxicity, the experimental assay was carried out at 7.5 ± 0.5 �C using seven different

total ammonia concentrations (9, 15, 25, 41, 67, 110, and 182 mg TAN L-1), run in triplicate and including a

control. Test solutions were made as in the acute assay and groups of 10 newborn zoeae were placed in

150 mL of test solution with no aeration. Dates of molting and death were daily recorded in every treatment,

and surviving organisms were transferred to corresponding fresh test solutions, grouping those that molted

simultaneously and that belonged to identical treatment. The experiment finished when the post-larval stage

was reached or when all the assayed larvae died.

Several indexes were calculated from chronic survival and molting according to ammonia exposure. The

time at which 50% of the assayed larvae had died was defined as ‘‘mean life time’’ (LT50) and was estimated

for each ammonia treatment. The time at which 50% of the assayed larvae molt from one stage to the next was

defined as ‘‘mean molting time’’ (MT50) and was estimated for each molt (zoea I to II, II to III and III to post-

larva) and ammonia treatment by probit analysis (Finney 1971). In addition, molting percentage (MP) was
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estimated as the proportion of molted larvae to the total number of larvae in each ammonia treatment.

Significant differences between ammonia treatments were evaluated by means of one-way ANOVA followed

by Fisher�s post hoc comparisons (Sokal and Rohlf 1981) in daily survival, LT50, MT50 and MP.

Results

Acute toxicity

The percentage of survival of zoea I larvae of L. santolla exposed 96 h to different concentrations of ammonia

is shown in Fig. 1. Control treatment and the three lowest ammonia concentrations tested (9, 15, and 25 mg

TAN L-1) presented the highest percentage of survival (higher than 86.7%) throughout 96 h, whereas in the

highest ammonia concentrations the mortality increased. At 48 and 72 h of exposure, statistical differences

were only found in the highest concentration (182 mg TAN L-1). At 96 h of exposure, treatments of 67, 110,

and 182 mg TAN L-1 differ significantly from the lowest ones (9, 15, and 25 mg TAN L-1).

The estimated LC50-96 h value reported in terms of both total and un-ionized ammonia nitrogen, was

107.97 mg TAN L-1 and 1.93 mg NH3-N L-1, respectively (Table 1). Therefore, the observed safe level of

ammonia was estimated at 10.79 mg TAN L-1 and 0.19 mg NH3-N L-1. No molting was observed neither in

controls nor ammonia treatments during the 96 h of exposure.

Chronic toxicity

The chronic bioassay concluded when the last larva reached the post-larval stage, that is, 29 days after

hatching. The percentage of survival decreased in all treatments along with the exposure time and the

ammonia concentration (Fig. 2). At the end of the assay, the highest survival value registered was 50% (in

15 mg TAN L-1). Nevertheless, after 29 days of exposure, the survival in the control was slightly lower than

in 9 and 15 mg TAN L-1 (40, 43 and 50% of survival, respectively). Significant differences between ammonia

treatments were only found in the first 15 days of exposure (Fig. 2).

The mean life time (LT50) tended to increase almost gradually with the increment of ammonia concen-

tration, although this increment was only significant in 41 mg TAN L-1 (F = 8.867; p = 0.0048). In other

Fig. 1 Percentage of survival (%) of zoea I larvae of Lithodes santolla exposed to a total of seven ammonia concentrations (9, 15,

25, 41, 67, 110, and 182 mg TAN L-1, plus control) throughout 96 h. The table indicates statistical differences (p\ 0.05)

between ammonia treatments for each time of exposure (24, 48, 72 and 96 h). Ammonia treatments sharing the same letter for

each time of exposure do not differ significantly (p[ 0.05)
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words, a zoea I of the control treatment took, on average, 19.51 days to reach the post-larval stage, whereas a

zoea I exposed to 41 mg TAN L-1 took, on average, 23.25 days in doing it (Table 2). The mean molting time

(MT50) for every stage and every ammonia treatment is shown in Table 2. For the 50% of the larvae tested in

control treatment, molting from zoea I to II took 4.06 days whereas molting from zoea II to III took almost 6

more days and finally, from zoea III to the post-larval stage took 8.39 more days (Table 2). Comparing MT50

values of the different ammonia treatments it was observed that this parameter did not follow a defined trend

in ammonia treatments from zoea I to II as well as from zoea II to III. However, the MT50 from zoea III to

post-larval stage increased with ammonia concentration; it was 8.39 days in the control and 12.04 days in the

highest ammonia concentration where post-larvae were found (41 mg TAN L-1).

Except for the highest ammonia treatments in which no survival zoeae I were registered (110 and 182 mg

TAN L-1), all survival larvae had molted from zoea I to II and from zoea II to III. However, molting from

zoea III to post-larval stage was successful in the lowest concentrations (control, 9, 15, 25 and 41 mg TAN

L-1). The percentage of molting in every molt tended to decrease while ammonia concentration increased

(Fig. 3), although significant differences were only found from zoea I to II (F = 9.38; p = 0.0008). From all

zoeae I tested in control treatment, only 40% reached the post-larval stage. This percentage tended to decrease

in ammonia concentrations until no zoeae III were registered that could molt to post-larval stage (in 67, 110

and 182 mg TAN L-1 treatments).

Time course for molting is shown in Fig. 4. The molting percentage of each curve was calculated from the

proportion obtained between the number of molted larvae in the stage and the number of larvae that had

molted from the previous stage. In all ammonia treatments, molting from zoea I to zoea II began the 4th day

after hatching (Fig. 4). Nevertheless, in treatments 9, 15 and 41 mg TAN L-1 molting from zoea II to III

Table 1 Parameters of acute lethal toxicity for zoea I larvae of Lithodes santolla exposed to increasing concentrations of

ammonia during 96 h: lethal concentration50 for 96 h values (LC50-96 h expressed in mg TAN L-1 and in mg NH3-N L-1), their

95% confidence limits and the correlation coefficient (R2) from probit analysis

mg TAN L-1 mg NH3-N L-1

LC50-96 h 107.97 1.93

Confidence limits (95%) 87.37–130.87 1.56–2.34

R2 0.67

Fig. 2 Percentage of survival (%) of Lithodes santolla larvae exposed to a total of seven ammonia concentrations (9, 15, 25, 41,

67, 110, and 182 mg TAN L-1, plus control) until post-larval stage was reached (day 29). Ammonia treatments sharing the same

letter for each time of exposure (5, 10, 15, 20, 25 and 30 days) do not differ significantly (p[ 0.05)
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began between the 6th and the 8th day after hatching, whereas in 67 mg TAN L-1 it was delayed until the 11th

day; taking into account that in control treatment it began in the 10th day, as well as in 15 mg TAN L-1.

Between the 6th and the 11th day, there was an overlapping between molting of zoea I–II and II–III in

different treatments. Finally, molting to post-larval stage came early in 9 and 15 mg TAN L-1 (started on the

Table 2 Mean life time (LT50) and mean molting time (MT50) values for zoea I, II and III of Lithodes santolla to the next stages

(zoea II, III, and post-larva (PL), respectively), exposed to a total of seven ammonia concentrations (9, 15, 25, 41, 67, 110, and

182 mg TAN L-1, plus control)

Ammonia concentration (mg TAN

L-1)

LT50 ± SD (days) MT50 [95% confidence limits] (days)

Zoea I–II Zoea II–III Zoea III–PL

Control 19.51 ± 1.38 (12) 4.06 [3.42–4.44]

(21)

5.93 [5.42–6.48] (16) 8.39 [7.95–8.75]

(12)

9 19.25 ± 0.25 (13) 4.58 [3.99–5.02]

(25)

5.41 [4.92 –6.01]

(19)

8.69 [8.30–9.05]

(13)

15 19.75 ± 0.29 (15) 4.21(3.79–4.48]

(26)

5.69 [5.41–5.97] (25) 9.27 [8.81–9.59]

(15)

25 19.75 ± 1.06 (6) 4.32 [4.08–4.56]

(21)

6.04 [5.20–6.44] (16) nd (6)

41 23.25 ± 0.35

(3)**

4.09 [2.65–4.89]

(15)

5.44 [4.75–6.20] (11) 12.04 [nd–nd] (3)

67 – 4.14 [3.47–4.94] (5) 6.99 [nd–nd] (2) –

110 – – – –

182 – – – –

Number of live larvae for LT50 and MT50 is indicated between brackets

nd not determined, SD standard deviation, – no results

**Significant differences (p\ 0.05) between treatments

Fig. 3 Molting percentages (%) for zoea I, II and III of Lithodes santolla to the respective next stages (zoea II, III, and post-larva

(PL), respectively), and for zoea I to post-larval stage, exposed to a total of seven ammonia concentrations (9, 15, 25, 41, 67, 110,

and 182 mg TAN L-1, plus control). Only ammonia treatments with molting events are shown. Ammonia treatments sharing the

same letter for each molting event (zoea I–II; zoea II–III; zoea III–PL; and zoea I–PL) do not differ significantly (p[ 0.05)
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14th and 17th day, respectively), considering that in control, 25 and 41 mg TAN L-1 it occurred since the 18th

day after hatching (Fig. 4).

Discussion

This study provides the first evidence about ammonia toxicity on early life stages of Lithodes santolla. In

comparison to other crustaceans, early stages of this species have a substantially higher tolerance to ammonia

(Table 3). In this sense, the LC50-96 h obtained in the present study (107.97 mg TAN L-1 and 1.93 mg NH3-

N L-1) was almost 10 times higher than the value reported for zoeae I of the crab Portunus pelagicus

(11.16 mg TAN L-1; no data reported in mg NH3-N L-1) (Liao et al. 2011). Even more, the seventh stage of

juvenile of P. pelagicus, that was considered highly tolerant with regard to other species (Romano and Zeng

Fig. 4 Cumulative percentage of molting (%) from zoea I, II and III of Lithodes santolla to the respective next stages (zoea II, III,

and post-larva (PL), respectively), exposed to a total of seven ammonia concentrations (9, 15, 25, 41, 67, 110, and 182 mg TAN

L-1, plus control). Only ammonia treatments with molting events are shown

Table 3 The lethal concentration50 for 96 h (LC50-96 h) values of total ammonia (TAN) and un-ionized ammonia (NH3-N)

concentrations for several aquatic crustacean species

Species Life stage LC50-96 h References

(mg TAN L-1) (mg NH3-N L-1)

Portunus pelagicus Zoea I 11.16 – Liao et al. (2011)

Portunus pelagicus 7th crab 50.65 3.62 Romano and Zeng (2007)

Eriocheir sinensis Zoea I 5.7 (72 h) 0.20 (72 h) Zhao et al. (1997)

Eriocheir sinensis Juvenile 31.6 0.90 Zhao et al. (1997)

Eriocheir sinensis Juvenile 119.97 1.31 Hong et al. (2007)

Scylla serrata Zoea I 61.70 (24 h) 4.05 (24 h) Neil et al. (2005)

Penaeus paulensis Zoea 9.39 0.73 Ostrensky and Wasielesky (1995)

Macrobrachium amazonicum Post-larva 21.14 0.67 Dutra et al. (2016)

Lithodes santolla Zoea I 107.97 1.93 This study
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2007), presented a LC50-96 h of 50.65 mg TAN L-1 (3.62 mg NH3-N L-1), which is the half of the value

found in the present study in terms of TAN L-1. These and other comparisons shown in Table 3 indicate that

the first larval stage of L. santolla presents high resistance to waterborne ammonia. There are two main factors

that could explain that L. santolla larvae are more resistant to ammonia exposure: one factor is associated with

its significant size compared with other decapods’ larvae, and the other factor is that they do not depend on

exogenous food sources (Amin et al. 2003). Concerning the first factor, Campodónico (1971) reported that

zoeae I of L. santolla have a carapace length of 3.75 ± 0.14 mm (total length of 6 mm; Boschi et al. 1984),

while this parameter in the same stage of related commercial species like Paralomis granulosa and Par-

alithodes camtschaticus is between 2.75 and 3.25 mm for the former, and 1.39 ± 0.03 mm for the latter

(Epelbaum et al. 2006; McLaughlin et al. 2003). Furthermore, zoeae I of P. pelagicus, a more sensitive species

to ammonia, presented values between 0.44 and 0.54 mm in carapace length (Josileen and Menon 2004).

Regarding the second factor, L. santolla larvae are lecithotrophic, which means that they have evolved a non-

feeding mode of larval development (Calcagno et al. 2004; Kattner et al. 2003; Oyarzún 1992). In this sense,

as they do not have to incorporate food in these first developmental stages, the entry of pollutants as well as

nitrogenous compounds to the organism through the digestive tract is avoided (Amin et al. 2003). However,

the entry of ammonia through the body surface could be possible owing to many causes: during molting event,

water uptake from the environment is necessary as a result of which other compounds could be also absorb;

also because gill surface ratio to body weight is bigger, and because the physiological detoxifying mechanisms

are still immature (Figueroa Lucero et al. 2012; Rand and Petrocelli 1985). New physiological studies must be

done to understand the causes of toxicity in the larvae of this decapod species.

On the other hand, the safe level found in this study (10.79 mg TAN L-1; 0.19 mg NH3-N L-1) is higher

than other values reported previously for other commercial species. For example, the safe level for zoea I of

Eriocheir sinensis was 0.57 mg TAN L-1 (0.02 mg NH3 L
-1) for 72 h (Zhao et al. 1997); while this value for

zoea I of Portunus pelagicus was 1.12 for 96 h (Liao et al. 2011). To know the value of this parameter is

relevant because it could be applied to general water quality management in intensive larval rearing.

Ammonia toxicity can also presents long-term effects on the exposed organisms, principally in the molting

process (Chen and Kou 1992; Koo et al. 2005; Miranda-Filho et al. 2009). In the present study, chronic

survival of L. santolla larvae diminished with increasing time and ammonia concentration. It is noticeable that

from all zoeae I tested in control treatment, only 40% reached the post-larval stage. However, other studies

concerning L. santolla larval culture carried out with ovigerous females also from the Beagle Channel have

reported up to 50% of survival to reach the megalopa stage (Tapella et al. 2009). In this case, massive culture

was performed in recirculation water systems with seawater parameters (including pH, salinity, nitrogen

wastes, ammonium and temperature) strictly controlled. Moreover, an extreme vulnerability of the first larval

stage was observed when newborn zoeae were released in natural waters of the Beagle Channel, as no live

larvae were recovered after 55 days (Sotelano et al. 2018).

From the analysis of molting percentages and mean life time (LT50) between ammonia treatments, several

conclusions can be stated. On the one hand, it was observed that molting percentage diminished when

ammonia concentration was increased. Thus, high levels of ammonia exert a toxic effect on the life cycle of L.

santolla larvae. Only zoeae exposed to the lowest ammonia concentrations (9, 15, 25 and 41 mg TAN L-1)

could reach the post-larval stage. Moreover, they took more days to reach it in the highest ammonia con-

centrations which they survived (25 and 41 mg TAN L-1). The most critical passage from one molting stage

to the next one was from zoea III to post-larval stage since it was notable the reduction in the number of

individuals, mainly in 25 mg TAN L-1. On the other hand, differences in the initial time of molting between

treatments were also found. Comparing to the control treatment, molting events came early in larvae exposed

to the lower ammonia concentrations (9 and 15 mg TAN L-1), whereas it were delayed in those exposed to the

higher ammonia concentrations. The overtaking in molting events could be explained as a defense strategy for

detoxification (Amin et al. 2003; du Preez et al. 1993), a fact that has been also registered in other crustacean

species as Litopeneaus stylirostris (Mugnier et al. 2008) and Penaeus monodon (Chen and Kou 1993). Similar

results have been found when other crabs were exposed to other pollutants. For example, cadmium has

inhibited the molt in Chasmagnathus granulata (Rodrı́guez Moreno et al. 2003), as well as lindane and

acetone provoked delay and strong inhibition in molt, respectively, in larvae of Lithodes antarcticus (Lom-

bardo et al. 1991). Furthermore, Amin et al. (2003) found in L. santolla larvae that heavy metals like Cd, Pb

and Zn cause significant effects delaying molting events.
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Conclusions

The present study provides new and valuable information about the tolerance to ammonia toxicity in a highly

commercial crustacean species. The implementation of a restocking program of L. santolla larvae (that is

provisioning the natural habitats with a massive number of early juvenile stages) would be a feasible initiative

in order to improve the population numbers of overfished populations of this crustacean of commercial

interest. Unfortunately, until now it has not been possible to establish in a productive way the breeding of king

crab larvae. These results are an important supply because knowing the tolerance of newborn zoeae to culture

parameters like ammonia concentration will help to achieve a successful aquaculture production in the near

future.
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