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Larval development of the subantarctic king crabs Lithodes santolla and Paralomis granulosa reared in the laboratory
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Abstract
The larval development and survival in the two subantarctic lithodid crabs Lithodes santolla (Jaquinot) and Paralomis granulosa (Molina) from the Argentine Beagle Channel were studied in laboratory cultures. In L. santolla, larval development lasted about 70 days, passing through three zoeal stages and the megalopa stage, with a duration of approximately 4, 7, 11 and 48 days, respectively. The larval development in P. granulosa is more abbreviated, comprising only two zoeal stages and the megalopa stage, with 6, 11 and 43 days' duration, respectively. In both species, we tested for effects of presence versus absence of food (Artemia nauplii) on larval development duration and survival rate. In P. granulosa, we also studied effects of different rearing conditions, such as individual versus mass cultures, as well as aerated versus unaerated cultures. No differences in larval development duration and survival were observed between animals subjected to those different rearing conditions. The lack of response to the presence or absence of potential food confirms, in both species, a complete lecithotrophic mode of larval development. Since lithodid crabs are of high economic importance in the artisanal fishery in the southernmost parts of South America, the knowledge of optimal rearing conditions for lithodid larvae is essential for future attempts at repopulating the collapsing natural stocks off Tierra del Fuego.
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Introduction
Lithodid crabs are of great importance to the fisheries in high latitudes, both in the northern and southern hemisphere (Dawson 1989, and references therein). In the southernmost parts of Chile and Argentina, they constitute an important part of the local artisanal trap fishery (Campodonico 1971; Lovrich 1997a, 1997b). Lithodes santolla was the first lithodid target species in the Beagle Channel, but recently it has been almost entirely replaced by the smaller lithodid Paralomis granulosa, after the natural stocks of L. santolla had collapsed during the period from 1985 to 1996. The fishery for L. santolla was closed in 1994, and P. granulosa became the new target species. Since 1990, landings of the latter have been variable, averaging around 300 tonnes per year. This level of captures does not seem to affect population parameters of P. granulosa (Lovrich 1997a, 1997b; Lovrich et al. 1998, 1999). However, the slow growth rate of this species suggests that overexploitation of the adult stock may lead to a similar fishery history as previously recorded in L. santolla (Lovrich 1997a, 1997b; Lovrich et al. 1998). Natural recuperation of lithodid stocks is slow, since both species have low growth rates and long generation times of about 6 and 12 years in L. santolla and P. granulosa, respectively. As a consequence of low temperatures, their embryonic development lasts an extremely long time, up to 9–10 and 18–22 months, respectively (Vinuesa 1984; Lovrich and Vinuesa 1993). Furthermore, recent studies of the chemical composition of the larvae (Calcagno et al. 2003; Kattner et al. 2003; Lovrich et al. 2003) suggest that larval development in both species is completely lecithotrophic. This reproductive trait has been interpreted as an adaptation to extreme seasonality in high latitudes characterized by short pulses of planktonic food production. The present work aims to evaluate the effects of various rearing conditions, including availability or lack of food, on larval development duration and survival rates of these two species in the laboratory. This information may help to optimize the rearing of larvae and juveniles for future attempts at repopulating natural lithodid stocks.

Methods
Sampling and maintenance of lithodids
Ovigerous females of the lithodid crabs P. granulosa and L. santolla were caught in April 2000 in the Beagle Channel (54°53.8 S, 68°17.0 W) using commercial fishery traps, and were subsequently kept at 6±0.5°C in aquaria at the local research institute (Centro Austral de Investigaciones Científicas, Ushuaia, Argentina). In May, the crabs were transported by the German research vessel PFS Polarstern to the Marine Biological Station Helgoland (BAH), Germany. During this trip, water was changed three times per week and food (squid meat) was given twice a week. At the BAH, the ovigerous females were maintained individually in flow-through aquaria with a minimum of 20 l water at constant 6±0.5°C, 32‰ salinity, and at an artificial 12:12 h light:dark cycle.

Rearing of larvae
We used sieves with 300 µm mesh size to obtain freshly hatched larvae from the overflow of the aquaria every morning. The sieves were cleaned every evening, thus restricting the variation in larval age to no more than 12 h.
The larvae were randomly selected and transferred individually to 100 ml bowls of seawater. One set of experiments consisted of rearing larvae of P. granulosa and L. santolla in a complete absence of food, while another treatment involved a supply of freshly hatched Artemia nauplii (Argent Chemical Laboratories, USA). Throughout the text, fed larvae are considered as larvae reared under presence of food. Additional experiments with larvae of P. granulosa were performed to compare developmental time and survival in aerated and unaerated cultures, as well as in individual (one larva per 100 ml) and mass cultures (five larvae per 500 ml). Larval cultures were checked daily for deaths and moults. Water was changed every 2 days and, where applicable, potential food (Artemia nauplii) was supplied. The initial number of zoea I in each treatment was 24 for L. santolla and 25 for P. granulosa, both in individual and mass cultures.
Larval development in P. granulosa invariably passed through two zoeal stages and one megalopa, evidenced by the appearance of exuviae and morphological changes (Campodonico and Guzman 1981; McLaughlin et al. 2003). In L. santolla, larval development comprises three zoeal stages and one megalopa stage (Campodonico 1971; McLaughlin et al. 2001). When the megalopa stage was reached, each bowl received a piece of nylon mesh with 200 μm mesh size as an artificial substrate facilitating settlement and metamorphosis. Larvae used in the experiments originated from two females of P. granulosa and from one female of L. santolla.
The statistical comparison of the duration of respective larval stages between different rearing conditions was done with Student's t-test (Sokal and Rohlf 1995). When more than two treatments were involved (e.g. individual vs mass culture, both with and without food), comparisons were made with a one-way analysis of variance (ANOVA). Assumptions of normality and homoscedasticity were tested with Kolmogorov-Smirnov's and Bartlett's tests, respectively.


Results
In L. santolla, larval development from hatching to metamorphosis lasted about 70 days, passing through three zoeal stages and a megalopa stage with durations of approximately 4, 7, 11 and 48 days, respectively (Table 1). Larvae of P. granulosa passed through two zoeal stages and a megalopa stage; its complete larval cycle lasted for about 60 days, taking approximately 6 days in zoea I, 11 days in zoea II, and about 43 days in megalopa stage (Table 1). Larvae of both L. santolla and P. granulosa did not feed on the potential food source (Artemia nauplii). In no case were significant differences in the duration of larval development observed between fed and unfed cultures (Student's t-tests, P>0.05; ANOVA P>0.05).Table 1. Duration of the larval stages of Lithodes santolla (A) and
Paralomis granulosa (B), reared in individual cultures under different conditions of food supply. Statistical comparisons (t-tests) showed no significant influence of treatments (P>0.05;
n=24 for A and n=25 for B at start)


	Species
	Stage
	Duration (days); mean and SD

	With Artemia
                                       
	Without Artemia
                                       

	A
	Zoea I
	4.26±0.20
	4.18±0.16

	Zoea II
	7.00±0.00
	7.00±0.00

	Zoea III
	11.63±0.65
	11.60±0.93

	Megalopa
	48.17±6.97
	48.38±3.41

	B
	Zoea I
	5.63±0.47
	5.58±1.30

	Zoea II
	11.20±0.60
	11.50±0.87

	Megalopa
	43.87±3.55
	42.25±4.25




                     
The survival of the larvae of L. santolla was in general slightly higher for unfed larvae than for fed ones, but no statistically significant differences were observed (Table 2). In P. granulosa, likewise, survival was higher in unfed than fed larvae, and it was higher in aerated cultures than in those without air supply. Yet these differences in survival under different conditions of food supply and aeration were not statistically significant either (Table 3).Table 2. Cumulative survival through the larval stages of L. santolla (A) and
P. granulosa (B), reared in individual cultures under different conditions of food supply. Statistical comparisons (t-test) showed no significant influence of treatments (P>0.05;
n=24 for A and n=25 for B at start)


	Species
	Stage
	With Artemia
                                       
	Without Artemia
                                       

	Survival (%)
	
                                          n at the end of the stage
	Survival (%)
	
                                          n at the end of the stage

	A
	Zoea I
	79
	19
	96
	23

	Zoea II
	54
	13
	75
	18

	Zoea III
	46
	11
	42
	10

	Megalopa
	25
	6
	33
	8

	B
	Zoea I
	76
	19
	96
	24

	Zoea II
	60
	15
	88
	22

	Megalopa
	36
	9
	20
	5




                        Table 3. Cumulative survival through the larval stages of P. granulosa reared in mass cultures under different conditions of food and air supply. Statistical comparisons (ANOVA) showed no significant influence of treatments (P>0.05;
n=25 at start)


		Without Artemia
                                       
	With Artemia
                                       

	Without air supply
	With air supply
	Without air supply
	With air supply

	Survival (%)
	
                                          n at the end of the stage
	Survival (%)
	
                                          n at the end of the stage
	Survival (%)
	
                                          n at the end of the stage
	Survival (%)
	
                                          n at the end of the stage

	Zoea I
	64
	16
	64
	16
	48
	12
	68
	17

	Zoea II
	44
	11
	52
	13
	20
	5
	32
	8

	Megalopa
	20
	5
	32
	8
	4
	1
	8
	2




                     

Discussion
Our results on larval survival and development duration confirm that the two lithodid species P. granulosa and L. santolla follow a completely lecithotrophic and abbreviated larval development. Larvae of both species did not feed on Artemia nauplii, implying complete endotrophic larval development without facultative feeding. In addition, mandibles are poorly developed in the zoeal stages, which should make active feeding impossible, and reach first facultative functionality in the megalopa stage (McLaughlin et al. 2003). This corresponds with recent data on ontogenetic changes in larval biomass and chemical composition, where no influence of the presence or absence of food on the elemental composition (C, N) of king crab larvae was observed (Calcagno et al. 2003; Lovrich et al. 2003). Likewise, the lipid content was not influenced by the presence or absence of food (Kattner et al. 2003). In P. granulosa, however, studies of changes in the elemental composition during larval development (Calcagno et al. 2003) were not fully conclusive, not excluding the possibility of facultative feeding in the final period of the megalopa stage prior to metamorphosis. In the present study on larval development duration and survival rates, no significant differences were observed between fed and unfed larvae of both lithodid species, further supporting the view of an entirely lecithotrophic larval development. This food-independent, i.e. endotrophic, mode of larval development may represent an adaptation to a combination of low average water temperatures (enforcing long larval development duration) and short seasonal periods with sufficient planktonic food availability in subantarctic regions.
In a previous study, Comoglio and Vinuesa (1991) observed effects of different feeding conditions on the larval development of both P. granulosa and L. santolla, with higher initial survival rates in fed cultures. However, larval development was not completed in their experiments, so that no data on the megalopa stage were provided. Another major problem in this study is an apparent mislabelling of their Fig. 1, in which P. granulosa passes through three and L. santolla through two zoeal stages. Besides a confusion between the two species, the data presented in this paper do not correspond with the text. Since larval development in their cultures did not proceed to metamorphosis, the health of the larval material used and/or the quality of the rearing conditions chosen by Comoglio and Vinuesa (1991) remains questionable.
The presence and absence of an additional air supply, and rearing in individual versus mass cultures, had no significant effects on either developmental time or survival of the larvae of both species. Hence, our observations suggest that both L. santolla and P. granulosa are relatively insensitive to culture techniques, which should facilitate future experimental research as well as commercial cultivation or rearing attempts for restocking programmes.
The information provided here may be useful as a basis for future cultivation of subantarctic king crab larvae. In particular, the non-feeding mode of development implies great technical advantages, reducing the time, risks and costs of cultivation on a larger scale. This may help to bypass the high natural mortality occurring during the period of larval development in the plankton. Applied on a pilot scale, production of the first juvenile stage could thus serve for future attempts at re-populating lithodid crabs in the southernmost regions of South America.
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