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Among marine organJsms, crustaceans bave been round to 
be those that surfer most severely the effects of 
organochloride pesticides (Epifanio 1971).Several 
studies bave documented high susceptibi].ity of 
crustaceans to organochlorJnes in natural areas 
treated wJth these pesticides (Cottam and HJggins 
1946, HarrJngton and BidlJngmayer 1958, Spr]nger ].961, 
Odum et al. 1969). Likewise, laboratory studies have 
also shown high sensitiv]ty of crustaceans to 
organochlorines durlng la•val stages (Bookhout and 
Costlow 1970, Buchanan et al. 1970, EpJfanio 1971, 
Bookhout et al. 1976). 

Lithodes antarctlcus (southern king crab) is a 
commercJal]y important specJes. The p[esent study 
attempts to describe the effects of an organochlorine 
pesticide and the most common]y used solvent (acetone) 
on the early development os this specJes. The a~~!s of 
this study were: to determlne the effects of lJndane 
on surv�8 development and moulting durJng the ear]y 
larva] stages of L.antarctlcus, and to determine an 
Jncipient letha] ]evel, correspondlng to a threshold 
concentration, at which acute toxicity ceases. 

MATERIALS AND METHODS 

Two series of experJments were conducted, one almed at 
testing the effects of lJndane and an other at 
evaluatlng the effects of acetone. Lindane used for 
�9 this study was the crystallzed gamma-Jsomer of 
1,2,3,4,5,6 - hexachlorocyclohe• (pur.|ty 99.9%) 
produced by Celamerck. The following concentrations 
were tested: 0. I0, 0.18, 0.32, 0.56, 1.00, 3.20 and 
5.60 mg/L of lindane, prepared from a stock solution 
of 1 g/L. For preparatlon o[ the stock solution 
analytical grade acetone (Baker) was used as pestlcide 
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solvent. For exper]ments on the effects of acetone, the 
followlng concer~trations we[e tested: 0.75, ]..36, 
2.41, 4.22 and 7.54 g/L. Each ser]es of experiments 
was ca™ out �8 duplicate, using 40 larvae in each 
different concentratJon (20 larvae per 250 mL). The 
acetone concentration used in the hlghest l]ndane 
concentration tested (0.75 g/L) was run as solvent 
control. Seawater controls were also run with iOO 
].arvae dist™ in five glass containe[s. 

The experIments were conducted following the 
recommendat �8 of the American Public Hea]th 
Associatlon for static bioassay procedures (APHA, 
AWWA, WPCF 1976). Ovigeious �99 ant.arcticus females 
were collected from the Beagle Channel. Nine females 
with embryos a]most at birth were selected. The 
abdominal appendages, wh]ch bore embryos, we[:e removed 
and kept suspended in glass aquaria cor~t, aining 10 
litres 35%. seawat.er, at 8 ~.0.5~ until hatching. 
The water was wel] aerated and was partlally renewed 
every 12 h. La[vae hatched dur ing the night were 
examined, damaged or deformed ones were discarded and 
the test were [andomly d]strlbuted in glass containers 
tobe used for rearing. 

Seawater used for rearing was filtered through a 
stratified filter (final porc size of 0.22 um). Bow].s 
conta]nlng larvae in fJltered seawater of 35%. 
salinity, we[e kept in a constant temperature cabinet 
at 8,tO. 5~ under natural phot oper iodic condit ions, 
The salinity-temperature combination was selected ms 
the best fo[ succesfu] [car ing according to the 
lite™ (Vinuesa et al. 1985). Freshly hatched 
Artemia sp. n a u p l i i  (Tetra Werke), cu]tivated in 
f i l t e r e d  seawater ,  were s u p p l i e d  d a i l y  as food. 

The experiment was car[[ed out: over a period of seven 
c~ays, whJch according to Vinuesa et ai., ( ] 985 ) J s the 
maximum time of clerc]opinent for l:he first zoea stage 
at 8Oc and 35%. salin]ty. Dtlving the fir~st two days 
the state of larvae was controlled every 12 h. Presence 
of exuviae, deaths and prelethal signs were recorded 
following the criteria established by Lombardo et 
i~i.(1982). After the third day, cont[ols were carvJed 
out every 24 h. Lindane and acetone solutions as we]] 
as seawater, were renewed every 48 h. 

The L C 5 0 " s  were e s t i m a t e d  by the p r o b ] t  method, 
includlng Abbot's adjustment for natural 
responsiveness. The LC50 confidence limlts were 
calculated by Fieller's theorem and a Chi-square test 
for departures from llneallty was applied (Finney 
1971). 
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RESULTS AND DISCUSSION 

As shown in Figure I, mortality in the seawater 
controls was lower than 10% during the first seven 
days of culture, and the acetone controls did not show 
mortality values above those in seiwater during this 
lapse. The surviva] rate observed in both cases was 
similar to that obtained in ]arva] culture by other 
authors under equal conditions of temperature and 
salinJty (Vinuesa et al. 1985). 

The survival rate of larvae exposed to lindane �8 
shown in Figure 2. Higher concentrations produced an 
abrupt fise in mortality between 48 and 96 h of 
culture, while ]ower concentrations produced a more 
gently sloping morta]ity curve between 96 and [68 h. 

The LC50 estimates and their confidence interva]s 
are given .in Tab.l.e I. These LC50 values are much 
higher than those recorded for adu]ts of C..[_a ngon 
s e p t e_m_m sp_j_n o___ssa, Palaemonetes vulgaris and P_as r_tj.%, 
�87231 exposed to lindane, which were round to 
[ange between 5 and 10 Hg/L for 96 h-LC50 (Eisler 
1969). Zoeae I of [~. 9n_t@Ac!~[c_us appeared tobe less 
sensitive to lindane than adults of: thJs species. 

Organochlor|ne pesticides are generally more to• to 
marine crustaceans than organophosphates (Eisler 
1969). Previous studles on organophosphate pesticides 
toxJcity in larvae of thls species have shown somewhat 
dlfferent results (Lombardo et al. 1982). Lithodes 
antarcticus zoeae were more sensitive to lindane than 
to DDVP (dimethyldichlorovinyl phosphate), but ].ess 
sensitive to this substance than to ethyl parathion. 
Neverthe]ess, a comparison of probit line s]opes 
between 72 and 108 hours of exposure indicates that 
differences are two to three rimes greater for ]indane 
than fo[ elther ethyl parathion or DDVP; this suggests 
a more acute-tested ef[ect of the organoch]orine 
pesticide when compa[ed to the Organophosphates. 

An exponential decrease of the LC50 va].ues was 
obse™ during the development rime os the first 
zoea], stage (Figure 3). This asymptotic trend with 
exposure time indicates an Inc]pient lethal level 
t.mder 94 ug/L; at thls concentration acute toxicity 
ceases. 

Mo[ta].ity during the first larval stage could 
considerably affect the percentage of indlviduals 
comp]_eting larval development. In cultures carried out. 
under similar conditlons, 93% o f  larvae reached 
the second zoea stage and only 29% reached glaucothoe 
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Figure  I. Survival curve of zoeae reared in seawater 
(CTRL) and exposed to tested concentrations 
of acetone (in g/L). 
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Figure 2. S u r v i v a l  curve of zoeae exposed to  t e s t e d  
c o n c e n t r a t i o n s  of ]Indane ( i n  mg/[.), CTRL: 
seawater  c o n t r o l ,  SVNT: s o l v e n t  c o n t r o l .  
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Figure 3. Lindane toxicity curve. 
95% confidence limits 
the observation rimes. 

LC50 values a n d  
(mg/L)for each of 

LC50 values, 95% confidence limits, slope 
values and correlatJon coefflcJent of 
probit lines for larvae exposed to lindane. 

Hours LCS0(mg/L) confidence llmits slope correl 

60 3.51 (2.84 - 4.63) 2. 21 0.99 
72 1.27 (I. 08 - I. 49) 2.90 0.96 
84 O. 53 (0. 46 0.61) 3.52 0.90 

1.08 0.26 (0.22 - 0.30) 3.55 0.96 
132 0.16 (0. 14 - O. 19) 3.49 O. 97 
]56 0. O9 (0.06 - 0.01) 3.23 0.87 

stage (V�8 el al. 1985). It wou]d therefore seem 
that low concentrations of lindane severely affect 
juven]le recrultment. 

Survival rates of larvae exposed to acetone are shown 
in Figure I. The mortality curve of larvae exposed 
to 0.75 g/L acetone (acetone controls) did hot differ 
from that of seawater controls. In both cases, all 
the stage I zoeae reached the second larval stage 
during the expected lapse according to results of 
previous experlences (Vinuesa et al. 1985). In 
seawater controls the moulting process began after 
the third day and in acetone controls larvae started 
to moult 24 hours later. With a 1.36 g/L acetone 
solution, only 5% of the larvae had reached zoea 
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stage II by the seventh day and ].0% were found to die 
durlng moultlng by the elghth day. In hlgher acetone 
concent[atlons the first dead larvae appeared after 
the third day and toxiclty curves presented steep 
slopes (LCS0 and s]ope values, are given in Table 2). 
At these concentrations no larvae had reached the 
second zoeal stage by trle end of the experiment. It 
would therefore seem that acetone has an inhlbiting 
effect on moulting which is more marked with 
increaslng acetone concentrations. With respect to 
lindane, a strong inhibition on the mou]tlng process 
was observed; no larvae succeeded in moulting to 
second zoeae under any of the tested llndane 
concetrations. 

Table 2. LC50, 95% confidence limit.s, slope values a n d  
c o r r e l a t i o n  c o e f f i c i e n t s  o f  p r o b l t  l i n e s  f o r  
l a r v a e  e x p o s e d  t o  a c e t o n e .  

Hours LCS0 (mg/L) confidence limits slope correl 

1.20  4 .  6 6  ( 4 .  ] 3  - 5 .  2 4 )  6 .  14  0 . 9 6  
1 4 4  3 . 8 8  ( _ ' 3 . 4 0  - 4 . 3 7 )  5 . 9 5  0 . 8 ' 7  
].68 2. 33 ( i. 91 - 2. 77) 3. 40 0. 94 
192 1.0] (0.71 - ].. 26) 3. 12 0.62 

The effect of prolonged zoeal intermoult perlods of 
decapod larvae has been described as subletha] for 
other organoch].orine pesticides (Epifanio 1.979, 
Bookhout and Costlow 1974). The occurrence of an 
extra ]arval stage was also described for decapod 
larvae as a sublethal es of organochlorlnes 
(Bookhout et al. ].972, Bookhout et al. 1976). The 
inc™ in length zoea] intermoult periods bas been 
clted as an effect of a carbamate (Buchanan el al 
].970) and of a organophosphate (Bookhout and Monroe 
1977). 

The re]ation between this delay in moulting and 
sublethal concentrations of pesticides could be due to 
the fart that organochlorines, organophosphates and 
carbamates are all neurotoxic substances, and 
moulting Is a neuroendocrine process. Neve[theless, it 
has also been found that heavy metals and petroleum 
hydrocarbons affect moulting, as does saline or 
thermal stress. Eplfanio (1979) has suggested that the 
Oe]ay in moulting cou]d be a response of crustaceans 
to generalized stress. 

I n  this experiment the response to acute lethal 
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concentrations of lindane was anecdysis. No larvae 
exposed to the dlfferent lindane concentrations 
[eached the second zoeal stage, in spire of the fact 
that some of them lived through a perJod of eight days 
and that all the zoea I reared as controls reached 
the second larval stage in an equal period of time. 

A large quantity of larvae died belote or during the 
ecdysis. A common prelethal sign was round tobe 
carapace swellJng. Premoult mortalit.y seems to be 
strongly related to an increase in pestlcide 
[~netratJon during water Jntake through the gastrJc 
epithelium in the premoult phase. Toxlcity of thls 
lipophJlic o™ compound could also be 
magnified during the premoult period Dy the hlgh 
metabolic activlty associated with recovery of organlc 
and inorganlc material of the exoskeleton, including 
active mobillzation of llpids. SimJlar sublethal 
effects were descrlbed for larvae of the same specles 
exposed to ethyl parathion and DDVP (Lombardo et al 
1982). 
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