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1. Introduction 

Persistent organic pollutants (POPs) are ubiquitous contaminants that reach remote areas far from 
their emission sources via long range environmental transport. p,p’-DDE is the most stable metabolite 
of DDT and has been identified as a dominant POP accumulating in wild populations of Antarctic krill 
[1]. Due to the ongoing use of DDT in parts of the southern hemisphere, the Antarctic environment is 
expected to receive a continued input of p,p’-DDE in the future. Antarctic krill play a pivotal role in the 
Southern Ocean, where most predators feed either exclusively or opportunistically on the species. 
Despite the ecological significance of Antarctic krill, there is very limited data available to assess the 
potential risks posed to the species by POP exposure.  

Early life stages are considered to be particularly vulnerable to toxicant mediated disturbances. 
Antarctic krill hatch out as nauplius 1 (N1) at a depth of about 1 km. As the larvae develop through 
N1, N2 and metanauplius (MN), they undertake a developmental ascent to the surface. When the 
larvae reach their first feeding stage calyptopis 1 (C1), their energy reserves are heavily depleted and 
immediate feeding is imperative for survival. The aims of the current study was to evaluate the 
potential effects of p,p’-DDE exposure on the development of the first larval stages of Antarctic krill. 

2. Materials and methods 

Antarctic krill, sampled from the Eastern Antarctic sector in 2006, were reared under a seasonal 
light/feeding regime at the AAD until tests were conducted in Austral summer 2008/9. The 
experiments took place in a temperature (0ºC ±0.5) and light controlled room. Filtered (0.2 µm) natural 
seawater was equilibrated to 0ºC overnight prior to use. A nominal p,p’-DDE exposure concentration 
range of 1 to 20 µg/L was applied in order to achieve effective body burdens in the time frame tested. 
Eggs were obtained from individually reared mated females, using a different female for each test, 
Freshly hatched larvae were placed in 240 mL glass jars (20 larvae per jar) for exposure experiments. 

The first experiment incorporated three tests (A - C) of different exposure duration targeting three 
different stages of development; A) morphological progression from N1 to N2 (1 day post hatch 
(dph)), B) metamorphosis to N2 (3 dph) and C) metamorphosis to MN (9 dph). The exposure water 
was spiked with 

14
C-labelled p,p’-DDE to facilitate liquid scintillation counting (LSC) of p,p’-DDE 

content in seawater and krill larvae. Each test included an exposure series with three replicates of five 
p,p’-DDE treatments and of the solvent control (acetone ≤ 0.05 mL/L). Larvae were monitored for 
immobility (‘narcosis’) and transferred to fresh exposure media every 24 hours (static renewal). 
Larvae underwent morphological examination under microscope prior to LSC analysis. Seawater was 
sampled for analysis on three intermittent days. 

The second experiment (Test D) followed a simplified protocol using a triplicate series of three 
exposure concentrations and solvent control with 10 larvae per jar. The exposure duration was 5 dph 
after which the larvae were reared in clean seawater until 21 dph. During the clean seawater phase, 
larval mortality and development (metamorphosis to MN and C1) were monitored daily without 
microscope. p,p’-DDE seawater concentrations and larval burdens were not determined. 
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3. Results and discussion 

3.1. Developmental timing N1 to MN (Tests A – C) 

p,p’-DDE exposure accelerated the developmental timing of Antarctic krill larvae at all morphological 
stages tested. The proportion of A) N1 larvae with premature tail spines, B) N2 larvae and C) MN 
larvae was significantly (P < 0.05) higher in p,p’-DDE treatments compared to solvent controls. In test 
B, a considerable amount of p,p’-DDE treated N2 larvae were found to have unusually protruding tail 
ends. The internal lowest observed effect concentration (ILOEC) for all developmental effects was 
10.1 µmol/kg wet weight (w.w.) (1 µg/L, 1 dph), which is in good agreement with findings for midge 
larvae [2]. No mortality was observed; however, the number of immobile larvae was increased from 
an ILOEC of 77 µmol/kg w.w. (15 µg/L, 1 dph), which is comparable to body residues known to cause 
sublethal narcosis in temperate fish species [3].The observation of developmental effects at body 
burdens almost an order of magnitude lower than those leading to the more commonly tested 
endpoint of sublethal narcosis, strongly highlights the importance of developmental endpoints for 
environmental risk assessment. 

3.2. Developmental timing MN to C1 (Test D) 

Survival rates were lowered in p,p’-DDE treated larvae from 8 dph, when metamorphosis to MN was 
initiated, and continued to drop until 18 dph. All surviving p,p’-DDE treated larvae had moulted to MN 
by 11 dph, whereas the last larvae in the solvent controls did not reach MN until 12 dph. Untreated 
larvae had initiated moulting to C1 by 18 dph and all surviving larvae had reached the C1 stage by 20 
dph. p,p’-DDE treated larvae did not initiate metamorphosis to C1 until 20 dph and no further C1 
larvae had emerged on day 21 post hatch. The number of C1 larvae corresponded to only 25, 38 and 
50 % of the surviving larvae in the 1, 10 and 20 µg/L treatments, respectively.  

These findings are in support of the apparent accelerated development taking place in p,p’-DDE 
exposed larvae until MN. Moulting appears to be impeded however, by the C1 stage, the timing of 
which is crucial for the larvae’s first feeding. The observation of mortality between 3 and 13 days after 
end of exposure indicates a delayed effect of p,p’-DDE exposure in Antarctic krill as also found for 
another aquatic invertebrate [4]. Mortality appears to manifest concurrently with the onset of 
metamorphosis to MN suggesting that this larval stage is particularly vulnerable to chemical stress. 
The larvae are naturally compromised at this stage due to higher larval activity and simultaneous 
depletion of their lipid reservoirs. Alternatively, the potential added costs associated with the 
accelerated development from N1 to MN may carry implications for subsequent larval development. 

4. Conclusions 

This study demonstrates that Antarctic krill larvae respond to p,p’-DDE exposure with comparable 
sensitivity to temperate species. While larval development is accelerated until the MN stage, 
subsequent development is inhibited. The observed delayed effects could be the first of a cascade of 
indirect effects with the potential of causing severe ecological implications. 
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Table 1 could look like this 


