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Abstract: Ross Sea supports a large concentration of Antarctic krill (Euphausia superba Dana, 1850) and Ice krill

(Euphausia crystallorophias Holt & Tattersal, 1906) that have a great ecological significance (Azzali & Kalinowski, 1999;

Sala et al., 2002). The aim of this study was to further our understanding of the distribution and phylogeny of krill species

that were collected in the Ross Sea during the XIX PNRA expedition. Krill from 33 net samples were examined by

sequencing parts of two mitochondrial genes; 530 bp of the gene 16S from a total of 20 specimens and 983 bp of NADH

from 200 specimens. BIO-ENV analysis showed that the distribution of these species correlated best with water temperature

than bottom depth and the ice presence. AMOVA analysis, conducted using the NADH data among geographic populations,

revealed no significant differences of nucleotide diversity within the two Euphausia species: E. superba (n = 100, h =

0.97533 ± 0.0472, pi = 0.53433 ± 0.17212), E. crystallorophias (n = 100, h = 0.81762 ± 0.07431, pi = 0.48578 ± 0.46825).

Most of the variability is associated with individuals and may depend on the high polymorphism of the species. AMOVA

analysis between net samples showed no significant differences in all species.

Résumé : Relations phylogénétiques chez les Euphausidés de la Mer de Ross et des régions adjacentes de l’Océan Austral.

La Mer de Ross abrite une grande concentration de krill antarctique (Euphausia superba Dana, 1850) et de krill de glace

(Euphausia crystallorophias Holt & Tattersal, 1906) qui ont une grande importance écologique (Azzali & Kalinowski,

1999; Sala et al., 2002). L’objectif de cette étude était d’approfondir notre compréhension de la distribution et la phylogénie

des espèces de krill qui ont été recueillis dans le la mer de Ross au cours de la XIXème expédition PNRA . Des individus de

33 échantillons au filet ont été examinés par séquençage de portions de deux gènes mitochondriaux; 530 pb du gène 16S

sur un total de 20 individus et 938 pb de NADH sur 200 individus. Des analyses (BIO-ENV) ont montré que la distribution

de ces espèces est mieux corrélée avec la température de l’eau qu’avec la profondeur ou la présence de glace. Des analyses

moléculaires de variance (AMOVA) réalisées à partir des données de NADH ne mettent pas en évidence de différences de

diversité nucléotidique au sein de chaque espèce: E. superba (n = 100, h = 0,97533 ± 0,0472, pi = 0,53433 ± 0,17212), E.
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Introduction

In the last years, a large research effort was devoted to

understand the ecology of krill and its distribution. Krill

species are known to occur within the Southern Ocean,

each of which appears to have a different distribution.

Euphausia contains the species: Euphausia superba (Dana,

1850), Euphausia similis Sars, 1883, Euphausia triacantha

Holt & Tattersall, 1906, Euphausia longirostris Hansen,

1908, Euphausia crystallorophias Holt & Tattersal, 1906,

Euphausia lucens Hansen 1905, Euphausia vallentini

Stebbing, 1900, Euphausia pacifica Hansen, 1911 with

continuous circumglobal distributions similar to that of E.

superba Dana, 1850 (Mauchiline & Fisher, 1969). E.

pacifica is present over a large area of the northern Pacific,

E. superba and E. crystallorophias are distributed in the

Southern Ocean (Mauchiline & Fisher, 1969; Nicol &

Endo, 1999), E. triacantha, E. vallentini, E. lucens and E.

longirostris are present along the Antarctic Convergence

line. The distribution of Euphausiids is thought to be

delimited by water temperatures (Mauchiline & Fisher,

1969; Van der Spoel & Heyman, 1983) and ocean currents

(Van der Spoel & Heyman, 1983; Patarnello et al., 1996).

Variance in the distribution and abundance of krill

within the Southern Oceans has been attribuited to gyral

circulation patterns (Mackintosh, 1973; Amos, 1984; Nicol,

2006) and sea ice. Jarman et al. (2000) explored evolution-

ary relationships between circumglobal species of

Euphausia by phylogenetic analysis of mitochondrial

small-subunit ribosomal DNA (16SrDNA) and cytochrome

oxidase subunit I (COI) DNA sequences. Jarman et al. 2000

observed a possible sympatric speciation for E. vallentini

and E. lucens, a possible allopatric speciation by migration

across Antarctic Convergence for E. longirostris, E.

tricantia and E. similis and a possible vicariant speciation

of Antarctic and sub-Antarctic species E. superba, E.

Crystallorophias, E. lucens and E. vallentini. The results of

this phylogenetic analysis were relevant to the distribution

of krill species in the Southern Ocean. In fact the formation

of Antarctic Convergence caused a reduction in latitudinal

dispersion ability for the southernmost Euphausia species

of the time and this led to the divergence of species north

and south of the convergence. 

Zane & Patarnello (2000) showed phylogenetic analysis

of several Antarctic and sub-Antarctic Euphausia species

linked with the importance of dispersal in determining the

geographic distribution of the Euphausia species, phylo -

genetic relationships between several euphausiids were

reconstructed by sequencing part of the 16S rRNA

mithondrial gene and in addition sequence informations for

part of the subunit 1 of the NADH dehydrogenase

mitochondrial gene. These authors found that the genetic

investigations carried out on krill provide good evidence

that ocean currents may play an important role in shaping

of the population structure of the krill.

Population genetic analysis of Antarctic krill based on

allozyme data, showed genetic homogeneity for the species

(Fevolden & Ayala, 1981; Fevolden & Schneppenheim,

1989), but sometimes the resolution of protein

polymorphism analysis might be too low to detect small

differences at intraspecific level and the investigation at the

DNA level is perhaps more appropriate (Avise, 1994). 

In a study using sequence informations from 154 bp of

NADH (Zane et al., 1998), significant genetic structure

among Antarctic krill samples from different geographical

sites around the Antarctic continent were detected. Genetic

structure was also detected around E. crystallorophias

samples by Jarman et al. (2002), who found significant

genetic differences between samples caught in three

different region of the Antarctic coastline. However, the

extent of these differences was not correlated with the

degree of geographic separation among the sampling sites.

This suggests that the genetic structuring may be the result

of small-scale differentiation rather than differentiation

between resident populations in separate parts of the

Southern Ocean.

Results from the above studies are consistent with both

the overall mixing effect of the Southern Ocean and the

impact of localized oceanographic parameters that could

contribute to the isolation and genetic divergence of krill

populations (Mauchline & Fisher, 1969; Van der Spoel &

Heyman, 1983; Jarman et al., 2000; Machida et al., 2004)

Mitochondrial DNA (mtDNA) was isolated from more

than 200 euphausiid specimens and 938 bp fragment

encoding cytB and nad1 genes were amplified and

sequenced (Fig. 1). 

crystallorophias (n = 100, h =  0,81762 ± 0,07431, pi = 0,88567 ± 0,46825). La plus grande part de la variabilité est associée

au niveau individuel et peut dépendre du polymorphisme élevé de l’espèce. Les analyses AMOVA entre les échantillons

n’ont montré aucune différence significative chez aucune espèce.

Keywords : Euphausiids l Ross Sea l Phylogenetic l Population l Genetic variability
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The present study aims to identify genetically the

Euphasiid species, to provide informations on the mtDNA

sequence variability; to shed light on the phylogenetic

relationships and the time of divergence of the species

using the molecular clock approach and to estimate the

population structure of the species.

Materials and Methods

Samples collection 

The samplings were done with a plankton net, named HPRI

1000 (Azzali et al., 2004) designed by the Fishing

Technology Unit of CNR-ISAMR (Italy, Ancona).

The nominal mouth opening was 12 m2, the mesh size

1000 µm and a mechanical flowmeter (General Oceanics,

Inc. - Miami Florida) was attached to the net mouth to

determine the water volume filtered in each haul. A total of

33 stations was sampled between 30 December 2003 and

27 January 2004, hauls were methodically performed in

ice-free waters every 6 hours (Table 1).

According to Lewis & Perkin (1985) the investigated

area was divided into four regions (Fig. 2): Open ocean,

covering the very deep waters of the Pacific Ocean and

extending up to about 71°S; Continental Slope, where

oceanic waters mix with shelf waters coming from the Ross

Sea, extending between Latitudes 71°S and 73°13’S;

Continental shelf, extending between latitudes 73°S and

75°48’S; Continental shelf adjacent to the Ross Ice shelf

barrier (CSARIS), extending from latitude 75°48’S up to

the Ice Shelf Barrier.

The average towing speed during each haul was 3.0

knots, varying between 2.5 and 3.2 knots. The total filtered

water volume was 1809125 m3, with a mean of 54821 m3

for haul. The net was deployed in a double oblique fashion

and an underwater trawl monitoring system (Simrad

Integrated Trawl Instrumentation) was used to control in

real-time the depth of trawling. For each station the sub-

samples of 10-20 specimens were collected from the Ross

Sea and the adjacent region of Southern Ocean for further

molecular analysis.

Figure 1. Portion of 1.2-kb fragment of mitochondrial gene, encoding cytB and nad1 genes, that was amplified and sequenced.

Figure 1. Fragment de 1,2-kb du gène mitochondrial, codant pour les gènes cytB et nad1, qui a été amplifié et séquencé.

Figure 2. Sampling sites in the Ross Sea and the adjacent

regions of Southern Ocean.

Figure 2. Sites d’échantillonnage dans la Mer de Ross et dans

les régions adjacentes de l’Océan Austral.



DNA extraction and sequencing

DNA was extracted from tissue preserved in 70-80%

ethanol using a DNeasy (Qiagen) kit following the

manufacturer’s protocol. 0.5 mg of abdominal muscle was

placed in a DNeasy Tissue Lyser (Qiagen) for a mechanic

disruption of the tissue and the total DNA was further

extracted using a DNeasy (Qiagen) kit following the

manufacturer’s protocol.

Portions of two mitochondrial genes were amplified by

PCR from single specimen of each species using universal

primers. 

For a subsample of 20 specimens, 530 base pairs of the

16S rDNA were amplified using the primers 16Sar (5’-

CGCCTGTTTATCAAAAACAT-3’) and 16Sbr (5’-CCG-

GTCTGAACTCAGATCACGT-3’) (Palumbi et al., 1991). 

This region is generally considered to be appropriate for

studies of Cenozoic speciation events (Hillis & Dixon,

1991) and has been commonly used for phylogenetic

studies of Crustacea. 

For a total of 200 specimens, the NADH dehydrogenase

subunit 1 mitochondrial gene was amplified using the

primers tRNAMn (5’-CAGAGGGATGCTCAGGATTTA-

3’) and CbMnL3 (5’-CGGAGCTCGAACCTGTAGAA-

GA-3’) (Zane & Patarnello, 2000).

DNA amplification was performed in 50-μl reaction

volume containing 1 unit of Taq polymerase (Promega), 5

μl of 10x Reaction buffer, 2 mM (NADH) or 4 mM (16S
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Table 1. Logbook of the haul performer during the XIXth Italian expedition in the Ross Sea (Antarctica). HD: Haul Duration; BD:

Bottom Depth; IC: Ice Coverage.

Tableau 1. Journal de bord du responsable des chalutages lors de la XIXème expédition italienne en Mer de Ross (Antarctique). HD :

durée des traits ; BD : profondeur du fond ; IC : couverture des glaces.

Hauls Date Shooting time HD Latitudine Longitudine BD IC

Start End Start End Start End [m] (%)

1 30/12/03 15:01 15:33 00:32 68°40.54’ 68°42.06’ 179°54.68’ W 179°53.13’ W 3438.5 30%

2 06/01/04 17:13 17:40 00:27 75°06.31’ 75°06.88’ 168°04.93’ E 168°00.88’ E 355.2 20%

3 07/01/04 04:40 05:15 00:35 76°04.53’ 76°02.97’ 170°55.20’ E 170°51.85’ E 575.0 0%

4 07/01/04 16:08 16:48 00:40 77°02.52’ 77°01.81’ 175°02.80’ E 175°10.00’ E 373.2 40%

5 08/01/04 00:55 01:35 00:40 76°41.27’ 76°40.44’ 179°09.02’ E 179°16.28’ E 204.5 10%

6 08/01/04 13:12 14:06 00:54 76°15.29’ 76°13.65’ 176°44.01’ W 176°51.46’ W 568.0 30%

7 09/01/04 10:17 11:22 01:05 75°59.31’ 75°56.63’ 178°38.30’ E 178°31.43’ E 540.0 20%

8 09/01/04 23:22 00:14 00:52 75°38.76’ 75°36.65’ 172°41.84’ E 172°41.19’ E 555.5 0%

9 10/01/04 11:05 11:56 00:51 75°18.45’ 75°16.40’ 177°54.85’ E 177°59.66’ E 435.2 10%

10 10/01/04 23:04 23:41 00:37 75°04.74’ 75°06.09’ 177°32.17’ W 177°26.72’ W 450.9 10%

11 11/01/04 19:50 20:42 00:52 74°46.04’ 74°46.84’ 178°32.92’ E 178°40.96’ E 343.0 0%

12 12/01/04 08:59 09:57 00:58 74°38.80’ 74°41.34’ 173°41.17’ E 173°40.17’ E 482.4 0%

13 12/01/04 18:03 19:03 01:00 74°26.12’ 74°26.86’ 169°47.71’ E 169°58.70’ E 578.3 0%

14 13/01/04 07:12 08:11 00:59 74°05.36’ 74°07.19’ 173°27.29’ E 173°20.27’ E 472.0 0%

15 14/01/04 06:03 06:54 00:51 73°46.03’ 73°44.66’ 178°03.75’ E 177°54.18’ E 328.0 30%

16 14/01/04 15:30 16:26 00:56 73°31.49’ 73°30.20’ 174°30.57’ E 174°20.01’ E 347.6 0%

17 15/01/04 01:35 02:31 00:56 73°09.11’ 73°08.51’ 170°33.83’ E 170°42.99’ E 512.6 0%

18 15/01/04 11:31 12:34 01:03 72°50.36’ 72°50.10’ 174°53.37’ E 175°04.84’ E 346.7 0%

19 16/01/04 05:50 06:44 00:54 72°37.50’ 72°36.00’ 175°16.38’ E 175°09.96’ E 442.7 0%

20 16/01/04 13:43 14:24 00:41 72°29.11’ 72°30.05’ 173°36.63’ E 173°42.14’ E 475.6 0%

21 18/01/04 07:16 08:10 00:54 71°45.33’ 71°47.33’ 175°06.47’ E 175°08.91’ E 2058.3 0%

22 18/01/04 17:08 17:48 00:40 71°30.50’ 71°31.59’ 178°15.83’ E 178°12.92’ E 2165.0 30%

23 19/01/04 08:27 09:25 01:00 71°14.46’ 71°12.00’ 173°13.83’ E 173°14.57’ E 2045.2 20%

24 19/01/04 18:16 19:21 01:05 71°03.17’ 71°00.63’ 170°27.29’ E 170°26.00’ E 860.0 0%

25 20/01/04 08:27 09:25 00:58 70°33.75’ 70°30.88’ 174°31.67’ E 174°31.83’ E 2471.2 30%

26 20/01/04 17:25 18:31 01:06 70°09.44’ 70°10.20’ 172°07.83’ E 171°58.06’ E 1479.0 0%

27 21/01/04 01:09 02:02 00:53 70°01.95’ 70°02.59’ 169°46.38’ E 169°52.91’ E 2662.5 0%

28 21/01/04 09:27 10:37 01:10 69°54.94’ 69°54.17’ 171°50.28’ E 171°00.06’ E 1863.0 0%

29 21/01/04 20:29 21:34 01:05 69°19.73’ 68°17.04’ 174°29.23’ E 174°25.70’ E 3338.8 0%

30 22/01/04 06:22 07:13 00:51 69°11.60’ 69°11.38’ 171°55.81’ E 171°40.30’ E 3043.5 0%

31 22/01/04 14:42 15:34 00:52 69°04.41’ 69°03.78’ 169°53.24’ E 169°46.44’ E 2226.5 0%

32 23/01/04 17:38 18:30 00:52 71°51.38’ 71°53.73’ 171°47.03’ E 171°50.00’ E 524.0 0%

33 27/01/04 10:40 11:37 00:57 75°13.43’ 75°12.89’ 167°28.81’ E 167°39.61’ E 385.6 10%



rDNA) of MgCl2, 0.25 mM dNTP, 25 pmol (NADH) or 30

pmol (16S rDNA) of each primer, and approximately from

50 to 100 ng of template DNA.

The thermocycling profile for 16S was 35 cycles of

94°C for 1 min., 55°C for 1 min., 72°C for 5 min. The

profile for NADH was 94°C for 1 min., 50°C for 1 min.,

and 72°C for 10 min.

PCR products were electrophoresed on 1.5% L03

agarose gel (SEAKEM) and stained with ethidium bromide

for band characterization using ultraviolet trans -

illumination.

DNA was excised from the gel and extracted from the

agarose using a Qiaquik gel extraction kit (Qiagen). Both

amplified strands of the 16S rDNA and NADH

dehydrogenase subunit 1 were sequenced using a BigDye

terminator v 3.1 sequencing reactions (Applied Biosystems).

The resulting sequencing reactions were analysed by 3100-

Avant Genetic Analyzer.

Genetic analysis

Neighbor Joining analysis using Kimura-2 parameter

corrected distances were used to construct phylogenetic

trees from the 16S and NADH using the program package

PHYLIP (Felsenstein, 1993). 999 bootstrap resamples were

used to test for phylogenetic branch support.

The amplified fragments were sequenced and compared

to the GenBank nucleotide database library by GAPPED

BLAST on-line searches (Altschul et al., 1997). Multiple

sequence aligniment was constructed using MacVector

7.2.2 software (Accelrys, San Diego, CA) with open and

extend gap penalties of 10.0 and 0.05, respectively.

Population level analysis on NADH data were performed

using Arlequin version 2.000 (Schneider et al., 2000) and

the NADH data. Haplotype diversity (h) and nucleotide

diversity (pi) were calculated for each population. Genetic

structure was tested using an analysis of molecular variance

(AMOVA) approach (Excoffier et al., 1992). This approach

performs a standard analysis of variance, in which the total

variance is partitioned in covariance components due to

inter-individual differences, interpopulation differences,

and differences between groups of populations. Statistical

was assessed by comparing the observed distribution with a

‘random distribution’ generated by a permutation approach

(1023 permutations) in which individuals were randomly

reallocated in each population.

Results

Phylogenetic analysis 

Phylogenetic tree of the 17 haplotypes of Euphausiid

recovered by 16S rDNA sequences, estimated by

neighbour-joining method, showed 3 principal clades. A

close relationship of all analysed specimens was detected

from the alignment of the mitochondrial 16SrDNA:

Euphausia superba (Z73805, AB084378), Euphausia

crystallorophias (Z73806), Euphausia tricantha

(AF177179), Euphausia longirostris (AF 281273,

AF177180), Thysanoessa macrura Sars, 1883 (Z73802),

Nematoscelis megalops Sars, 1883 (AF281272),

Nyctphanes australis Sars, 1883 (AF177181), Euphausia

pacifica (AF177176), Euphausia krohni (Brandt,

1851)(AF281275) (Fig. 3).

There was high variation in the DNA sequences of the

gene encoding mitochondrial NADH dehydrogenase (ND1)

both as silent and amino acid coding substitutions.

Sequences that were > 97% similar were considered to have

same haplotype. The phylogenetic tree constructed by Juke-

Cantor and neighbor-joining is shown in Figure 4. Both in

terms of absolute numbers and diversity, the Euphausia

superba-related sequences were the most prominent groups

of euphausiids sampled. Five distinct groups were detected

suggesting the co-existence at the same sites of various

genetic populations. Together these five groups accounted

for more than 67% of the clones and 50% of the ND1 haplo-

type detected. E. crystallorophias also varied but only three

separated groups were observed among all sites studied. The

specimens of T. macrura were found only at stations

HPRI11, HPRI16 and HPRI 25 (Fig. 4). 

Nucleotide diversity (pi), and haplotype diversity were

reported for E. superba and E. crystallorophias, while for

T. macrura the number of samples were too low (Table 2).

In two populations (Fig. 5) of Euphausia superba (Open

Ocean and Continental Shelf) and in two populations (Fig.

6) of Euphausia crystallorophias (Continental shelf

population and Continental shelf adjacent to the Ross Ice

shelf barrier-CSARIS) AMOVAs was used in order to

identify different gene pools. The results of AMOVA

analysis were reported in the tables 3 & 4. The results show

very interesting aspects that allow to carry out some

important considerations on populations of krill studied in

this investigation. They concern in particular the high

proportion of variability at the level of specimens (96.5 and

96.21% for E crystallorophias and E. superba,

respectively) while it seems rather small percentage of

variability among samples (3.5 and 3.79% respectively). So

most of the variability is associated with individuals and

may depend on the high polymorphism of the species. 

The environmental factors have profound effects on

organisms. Most of the Euphausiid samples were collected

in the upper part of the water column (first 100 m), and

some relations with the surface layer oceanographic

features can be found. The last ones are strongly affected by

the sea-ice dynamics: warmest surface water masses were

located in the south-western area, where the Ross Sea
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summer polynya was opened, so surface waters were

exposed to solar radiation; coldest waters were instead

found in the north-eastern area, mostly covered by pack ice.

Interestingly, more evident relations could be found

examining the deeper layers: temperature at 200 m depth

reveals a penetration of Circumpolar Deep Water (CDW)

onto the Ross Sea continental shelf; such CDW penetration

interested about the overlapping region. Conversely, the E.
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Figure 3. Phylogenetic tree by the alignment of mitochondrial subunit ribosomal DNA (16SrDNA).

Figure 3. Arbre phylogénétique obtenu par alignement de la sous-unité mitochondriale (ADNr 16S).



crystallorophias exclusive domain was

correspondent to the colder shelf waters,

but also in this case our results shown

that it appears to enter on the shelf area

of the Ross Sea following the CDW

path, and mixes with E. crystallorophias

living on the shelf; on the other hand,

recent studies evidenced that location

and strength of MCDW intrusion onto

the Ross Sea continental shelf influence

location and strength of the summer

bloom, so E. superba could found

favourable food conditions in such

areas. The combination of the krill

species and of the environmental

parameters (depth, temperature, salinity

and ice presence) was correlated by the

BIO-ENV procedure (Rank correlation

method of Spearman) and the results

shown that the water temperature

presents the best correlation (45.4%),

the second best results was the bottom

depth (40.9%), the salinity was

correlated with (35.8%) and the ice

presence with (28.7%).

In particular, the distribution of E.

crystallorophias was best correlated

with cold waters and location (continen-

tal shelf), while the distribution of E.

superba was best correlated with warm

water and open ocean or continental

slope. These results are in accordance

with the principal oceanographic

distribution of euphausiids. In fact, E.

superba was most concentrated in the

oceanic stations, while E.

crystallorophias was more frequent in

coastal areas (Azzali & Kalinowski,

1999; Sala et al., 2002; Azzali et al.,

2004). 

Discussion

Krill are planktonic organisms,

supposedly subject to passive transport,

which should prevent the formation of

genetically isolated populations (Zane

& Patarnello, 2000) .Phylogenetics was

shown for three Euphausia species. As

observed in the precedent expedition E.

superba population moves notably in

the years (from 75°50S in 1994 to

70°30S in 2004), while the central core
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Figure 4. Phylogenetic tree by the alignment of mitochondrial gene encoding cytB

and nad1.

Figure 4. Arbre phylogénétique obtenu par alignement du gène mitochondrial

codant pour les gènes cytB et nad1.
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Table 2. Intrapopulation overall nucleotide (pi) and haplotype (h) diversities for E. superba and E. crystallorophias.

Tableau 2. Diversité intra-population globale des nucléotides (pi) et des haplotypes (h) pour E. superba et E. crystallorophias.

n Nucleotide diversity (pi) Haplotype diversity (h)

E. superba 100 0.53433 ± 0.17212 0.97533 ± 0.0472

E. crystallorophias 100 0.48578 ± 0.46825 0.81762 ± 0.07431

Figure 5. Euphausia superba. Sampling sites considered for

AMOVA analysis.

Figure 5. Euphausia superba. Sites d’échantillonnage

considérés pour l’analyse par AMOVA.

Figure 6. Euphausia crystallorophias. Sampling sites

considered for AMOVA analysis.

Figure 6. Euphausia crystallorophias. Sites d’échantillonnage

considérés pour l’analyse par AMOVA.

Table 3. Euphasia superba. Analysis of molecular variance for mtDNA ND1 haplotype variation in two populations.

Tableau 3. Euphasia superba. Analyse de variance moléculaire des haplotypes ND1 de l’ADNmt dans deux populations.

Source of variation d.f. Sum of Variance Percentage 

squares component of variation

Among samples 2 28 004 0.13762 3.79 %

Within samples 100 730 427 2.91043 96.21 %

Total 102 758 431 3.04805



of E. crystallorophias population seems more stable

(between 77°S and 74°S in 2000) (Azzali et al., 2004). The

distribution of the species was associated with the ocean

circulation, but this is not the only physical factor that can

affect distribution of Antarctic krill. In fact sea ice is a key

habitat for krill providing both access to a vital food source

and refuge from predators (Thorpe et al., 2007).

Observations of larval and juvenile krill in close association

with sea ice, both feeding on algae on its undersurface and

taking refuge in channels within the ice were present

(Frazer et al., 1997). Other factors that influenced the krill

distribution are the spawning areas. In fact the shelf areas

around the Antarctic peninsula are known as key spawning

areas for krill (Marr, 1962) and are believed to act as source

regions for krill populations downstream (Thorpe et al.,

2007). The distribution of euphausiids in the Antarctic /

sub-Antarctic area is strongly influenced by the oceanic cir-

culation. In fact, the integration among specimens, species

and assemblage-levels of organization will help us in the

comprehension of the processes that determine the spatial

and temporal patterns on distribution and abundance of the

Euphausia species.

Phylogenetic analysis offers the opportunity to test the

temporal link between speciation and geological or climatic

changes and is of great importance to test the degree of

genetic structure at the intraspecific level and possibly to

relate the genetic heterogeneity to the oceanographic

pattern. E. superba and E. crystallorophias appear to be

closely related with a separate geographical range with an

overlapping zone in which there is also T. macrura. A

geographic separation between the two species of

euphausiids was detected, which appears consistent with

the shelf-break waters. E. superba was dominant in the

hauls conducted at North of 72° S (Continental slope). The

geographic separation is consistent with oceanographic

characteristic, in fact Euphausia superba being mainly

located in open ocean Antarctic Surface Water (AASW)

and E. crystallorophias in the saltier southern surface

waters of the Ross Sea. 

The identification of genetic differentiation between the

two populations of E. superba and two populations of E.

cristallorophias from very close sites suggests that genetic

differentiation among swarms may be an important cause

of intraspecific genetic differentiation in krill, as have been

observed by Jarman et al. (2002). Swarming behavior and

differences in biological characteristics between swarms

have been recorded in E. superba (Quentin & Ross, 1984;

Watkins et al., 2004) and Meganyctiphanes norvegica

(Nicol, 1984). Differences between swarms are likely to

also occur in E. crystallorophias and may be the cause of

the genetic differentiation in Jarman et al. (2002). The

Southern Ocean is characterized by strong circum-

Antarctic currents that can provide extensive mixing of

Antarctic waters, thus preventing strong population

divergence of E. superba (Zane & Patarnello, 2000). In the

past this current might have represented a barrier to the

gene flow, which could have favored the separation of the

Antarctic stock of krill from the sub-Antarctic one.

Among Antarctic marine invertebrates, E superba have

been subjected to the most studies based on a variety of

genetic markers including allozymes and mtDNA

sequencing. Genetic differentiation among krill populations

was expected because population density is concentrated into

a number of different geographical areas within large gyres

(Lubimova et al., 1985; Mackintosh, 1973). These studies

have produced contradictory results with the majority

indicating a lack of genetic differentiation (Schneppenheim

& MacDonald, 1984; Fevolden, 1986 & 1988; MacDonald et

al., 1986; Fevolden & Schneppenheim, 1989). However,

analyses of sequence variation of mitochondrial genes of

Antarctic krill and the ice krill, Euphausia crystallorophias,

have indicated genetic differentiation in geographically

separated samples (Fevolden & Ayala, 1981; Zane et al.,

1998; Zane & Patarnello, 2000; Jarman & Nicol, 2002;

Jarman et al., 2002). These observations indicate that genetic

structure is not related to geographical separation of

populations and may represent local genetic variance among

krill populations arising from differences between krill

swarms (Jarman et al., 2002). Resolution of genetic differen-

tiation between krill populations at circum-Antarctic scales

will require careful design  of sampling programmes to

account for local variance possibly arising from differences

among swarms (Jarman et al., 2002), complex migratory

behaviour over different spatial and temporal scales (Murphy

et al., 2007) and the enormous overall population size in this

species. 
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Table 4. Euphausia crystallorophias. Analysis of molecular variance for mtDNA ND1 haplotype variation in two populations.

Tableau 4. Euphausia crystallorophias. Analyse de variance moléculaire des haplotypes ND1 de l’ADNmt dans deux populations.

Source of variation d.f. Sum of Variance Percentage 

squares component of variation

Among samples 2 26 844 0.22567 3.50 %

Within samples 82 680 903 3.11742 96.50 %

Total 84 707 747 3.34309



The level of differentiation observed between

populations in these spcies appears to be correlated with the

latitude, the size of the geographical area encompassed by

the species distribution and the hydrological conditions that

characterize this area.

It would be important to known whether population

samples are representative of a single swarm but further

analyses should be conducted with more samples.
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