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E. vallentini is a circumpolar vertical migrator in the open ocean that enters the Chilean fjords through the
sills to become the most common and abundant euphausiid. The diel migratory and feeding patterns of
this species are studied in this distinct, enclosed and bathymetrically variable environment. The main goal
was to determine the ability of E. vallentini to alter its vertical diel range in order to avoid shallow depths,
or to maintain its depth migratory range and take advantage of benthic environment during daytime.
Multiple opening closing nets sampled the water column in several basins along the Strait of Magellan.
Fluorometrically determined stomach pigments along with on board experiments of evacuation rates
allowed estimation of ingestion and consumption rates. Samples of stomach content were microscopically
examined to compare day and night diet.
E. vallentini migrated between the surface at night and 100-200 m in daytime. Surface night dwellers
had higher chlorophyll stomach content than deep daytime dwellers. Diet composition changed from
dinoﬂagellates and tintinnids at night, to a polychaeths-dominated diet in daytime. Stomach content,
ingestion rates and consumption rates of phytoplankton were higher at night than in daytime, and
accounted for an impact of 0.17% upon phytoplankton biomass.
Changes of diet of E. vallentini imply unique adaptations to take advantage of both pelagic and
demersal environments, which could explain its high abundance and high frequency of encounter within
the southern Chilean fjords.
& 2009 Elsevier Ltd. All rights reserved.
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1. Introduction
Euphausia vallentini is a subantarctic circumpolar species
ranging from the Polar Front to the subtropical convergence
between 421 and 601 S in the Paciﬁc, Atlantic and Indian Ocean
(John, 1936). Throughout this very wide geographic distribution,
the species forms swarms of very high densities (Ragulin, 1969),
becoming an attractive prey for large size predators. In fact it is an
important item of the diet of blue whales (Nemoto, 1959) and
gentoos penguins (Pygoscelis papua) off the subantarctic Marion
Island (Adams and Klages, 1989), the Falkland Islands (Bingham,
1998), and Crozet Islands (Ridoux, 1988).
In the open ocean, E. vallentini shows a strong diel vertical
migration (Perissinotto and McQuaid, 1992), linked to a feeding
rhythm characterized by high phytoplankton ingestion rates in
dark hours and low feeding activity in day time (Gurney et al.,
2002). Life cycle of E. vallentini was described from a seasonal
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series of stomach content samples of planktivore Macaroni
(Eudypes chrysolophus), rockhopper (E. chriysocome) and gentoos
penguins of Crozet Island (Ridoux, 1988). They concluded that
E. vallentini has a life span of two years, larval recruitment occurs
in summer and growth is fast until late fall.
Off South America, as the West Wind Drift approaches the
coast, subantarctic waters diverge in two major branches: the
Cape Horn Current and the Humboldt Current. Geographic
distribution of E. vallentini closely follows these water masses
extending to and around the tip of South America to the South
and to about 361S to the North (Antezana, 1978; 1981). The
southern Chilean coast is broken into an extensive fjord region
(ca. 1400 km in latitude) that is exposed to these subantarctic
waters, where it mixes with fresh water inputs from glaciers and
runoff. Water circulation driven by tidal currents, wind stress,
internal waves and bottom friction, together with topography and
bathymetry determines very complex and heterogeneous characteristics (Antezana, 1999a,1999b; Silva and Calvete, 2003;
Valdenegro and Silva, 2003). Hence, the open-ocean zooplankton
that is advected into the fjords (Antezana et al., 2002; Mazzocchi
and Ianora, 1991; Guglielmo et al., 1997; Fernandez-Severini and
Hoffmeyer, 2005) encounters a very different environment
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2. Material and Methods

compared to the open ocean. The extent of the mixing and the
genetic isolation occurring between the open ocean and the
inland population is unknown. The severe restriction of water
exchange due to bathymetry and topographic constrictions
(Antezana, 1999a), decreases the species richness within the
fjords (Mazzocchi and Ianora, 1991). Trapped zooplankters may
become vagrant or expatriates from the open-ocean population,
and eventually adapt to live and take advantage of this uniquely
different environment.
E. vallentini is the most dominant and frequent euphausiid of
these fjords (Antezana, 1976; Guglielmo et al., 1997; Palma and
Silva, 2004). It is uncertain, how adapted is E. vallentini to live in
the fjords and how self sustained the population is. Deviation of
basic behavior patterns may imply adaptation to such unique
environment. Therefore the aim of this study focused on the diel
vertical migration and feeding of E. vallentini in a representative
isolated basin of the Chilean fjords.

2.1. Sample collection
Zooplankton samples were collected as part of the ‘‘Italian
Antarctic National Research Program (PNRA) in periantarctic areas’’.
Eight stations were studied along the Strait of Magellan (Fig. 1) in
early fall (25th March - 1st April 1995). Stratiﬁed samples were
obtained in day and/or night hours at each station, through the
entire water column to 5-10 m near the bottom, as acoustic sensors
at the mouth of the system made it feasible. A series of stratiﬁed
day and night samples were also taken for four consecutive days at
station 8 in the middle of the Strait of Magellan (Table 1). The
EZNET-BIONESS multi-net system used had 11 nets of 230-mm
mesh size with a square mouth of 1 m2 that could be opened and
closed from deck at desired depth. In a typical multinet haul, strata
were sampled every 10-20 m depth in the upper 100 m and every

Fig. 1. Locations of sampling stations along the Strait of Magellan in early fall (March 25-April 1) 1995.

Table 1
Vertical stratiﬁed sampling (EZNET-BIONESS multi-net system) along the Strait of Magellan in early fall (March 25–April 1) 1995.
Basin

Station

Latitude

Longitude
0

0

Date

Hour

Sampled depth (m)

Bottom depth (m)

Paciﬁc

1
2

53101.77
53113.800

73139.31
73116.670

26 March
26 March

09:00
16:30

600
750

638
1000

Transition

3
4
5
6

53145.640
53146.720
53155.600
53139.870

71154.560
71157.250
71105.610
70149.100

25
27
27
27

March
March
March
March

19:15
11:00
19:00
23:00

200
380
440
400

230
420
480
430

Paso Ancho

7
8
8A
8B
8C
8D
8E
8F
8G
8H
8I
8J
8K
8L
8M

53129.000
53120.510
53121.000
53120.710
53120.730
53120.840
53121.830
53121.070
53121.140
53121.490
53120.780
53121.040
53121.000
53120.260
53120.190

70122.450
70143.610
70143.770
70144.120
70144.040
70143.790
70143.600
70143.280
70143.650
70143.780
70143.780
70143.700
70143.410
70143.560
70143.480

28 March
28 March
28 March
29 March
29 March
29 March
30 March
30 March
30 March
31 March
31 March
31 March
1 April
1 April
1 April

11:10
17:30
23:45
06:45
12:15
18:45
10:15
15:00
19:45
11:30
17:45
23:45
04:00
08:15
18:30

110
160
165
155
160
165
180
190
175
175
160
168
165
155
158

113
173
176
165
170
170
203
200
187
180
166
176
170
162
167
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50-100 m from 100 to 400-750 m. It took ca. 1 h and covered ca.
2-3 km. The system was equipped with temperature, salinity and
ﬂuorescence sensors, and others which determined water ﬂux and
ﬁltered volume, speed and depth of the net and bottom depth.
Hydrographic and chlorophyll data (Budillon et al., 1996; Carrada
et al., 1996) were obtained along with plankton collections.
Estimations of euphausiid abundance were based on stereomicroscopy counts of individuals and ﬂowmeter-based ﬁltered
volumes. Filtered volumes ranged between 50 and 800 m3 as a
function of depth strata sampled and towing time.
Adults of E. vallentini were sorted out for gut content analysis
from fresh plankton samples immediately after collection. Gut
pigment was estimated in specimens collected in 10 vertical
strata at night (04:00 h) and day (18:30 h) at Paso Ancho (St. 8 K
and 8 M, respectively). Additionally, adults of E. vallentini were
separated from live plankton samples for two evacuation rates
experiments at Paso Ancho. Samples were collected in 10 minutes
tows between 0 m and 50 m at midnight with a Bongo net (70 cm
mouth diameter and 300 mm mesh),

Table 2
Number of E. vallentini stomachs (n) examined at the weighted mean depth
(WMD) in early fall (March 25–April 1) 1995.
Basin

Station

Stratum

n

Paciﬁc

1
2

150–200
100–150

10
10

Transition

3*
4
5*
6*

20–40; 140–160
100–150
0–20
0–20

9; 20
10
20
20

Paso Ancho

7
8
8A*
8B
8C
8D*
8E
8F
8G*
8H
8I
8J*
8K*
8L
8M

90–110
140–160
20–30
140–155
140–160
20–30;140–165
140–180
160–190
20–30
120–140
140–160
20–30
20–30
140–155
140–158

6
20
20
18
20
9; 20
20
20
20
20
20
29
20
20
15

Total

21 stations

2.2. Identiﬁcation of diel patterns
In order to describe the vertical migration of E. vallentini
population Weighted Mean Depths (WMD) were estimated at
each station according to Barange (1990):

396 stomachs

*Night sampling.

WMD ¼ Sðni  diÞ=N
where, ni corresponds to the number of individuals in the i
strata; di, corresponds to sample depth (mean depth of the
sample stratum, e.g. 30 m for a 20-40 m depth stratum); and N, is
the sum of individuals of all sampled strata. The WMD was used
when the distribution of abundances with depth was close to
normal, otherwise (i.e. bimodal distribution with depth) the
chosen depth was at the population peak. In order to compare diel
abundances, a randomization method (Manly, 1991) was applied.

2.3. Estimation of feeding rates and Carbon ﬂux
2.3.1. Gut Content
Specimens from preserved samples at the WMD in daytime
and nighttime (i.e. deep and surface layers, respectively) were
sorted out for microscopic analysis of stomach content. During
dawn hours, when population was actively migrating, samples
were analyzed from both upper and deeper layers (Table 2).
Stomach content was examined as follows: (1) the stomach of
each specimen was dissected using a stereoscopic microscope
(Zeiss STEMI SV8), and transferred to a slide with a drop of ﬁltered
sea water, (2) the degree of gut fullness was estimated by
transparency and expressed as percentage of the entire stomach
volume in a scale of four equal ranks, (3) identiﬁcation and
counting of items was made using an inverted microscope
(Olympus CH-2) after removing the stomach walls, and spreading
items by the vibration of two interacting needles.
Items were identiﬁed to species level whenever possible, and
otherwise to families for phytoplankton, and suborders or orders
for zooplankton. Relative abundances of items were estimated
according to various criteria. The number of copepods was
estimated from the number of mandibles (i.e. two mandibles for
one copepod) or large fragments of their body parts (i.e. legs,
urosoma and furca for one copepod). The number of polychaeths
was estimated from the number of setae (i.e. more than 40 setae
for one polychaeth). The number of diatoms was estimated by
counting undamaged valves only. Grinded material was recorded
to account for its occurrence but ignored from quantitative

analysis. Twenty specimens per station with total of 209 for
daytime and 187 for nighttime were examined.
Dominance of a given item at a particular sample combined
the percentage of occurrence (i.e. the number of stomachs
containing an item relative to the total number of stomachs
containing all food items, expressed as percentage); and the
average abundance of each item (excluding empty stomachs).
Statistical comparison between daytime and nighttime diet
was established using a new approach for detecting difference in
ﬁsh diets (Somerton, 1991). The method combines the Hotelling’s
T2 statistics (Morrison, 1976) and a randomization test (Edgington, 1987) to produce a probability level per prey category; both
were incorporated in a computer program modiﬁed from the
original created by Somerton (DIETTEST). These statistics are
valuable when prey abundances, expressed as numeric proportions of the total food consumed, do not fulﬁll requirements for a
parametric method.
2.3.2. Ingestion rates
Ingestion rates of E. vallentini were estimated (in ng pig ind  1
d  1) by the ﬂuorescence method (Mackas and Bohrer, 1976),
which involved measurements of gut content (G) and its
evacuation rate (k).
(a) Gut Pigment Content (G)
Immediately upon retrieval of EZNET-BIONESS system, carbon
dioxide saturated water was poured into the plankton sample to
anesthetize the animals (Kleppel et al., 1988). Gut pigments
were ﬂuorometrically determined in aliquots of three individuals
(with three replicates) sorted out at random. Individuals were
stored in darkness at 20 1C for 6-12 h for gut pigment extraction
in acetone (90%), following standard procedure (Mackas and
Bohrer, 1976; Dagg and Wyman, 1983). Pigments were measured
in a Turner Design Fluorometer and computed as the sum of
chloro- and phaeopigments (in mg pig ind  1). Diel differences
were established by non-parametric Mann-Whitney U test.
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(b) Evacuation rates (k)
Gut evacuation rates were estimated experimentally on board
at Paso Ancho. Freshly caught individuals (ca. 90) were sorted out
at random, transferred to ﬁltered sea water at 8.5 1C and kept on
deck on a covered plastic container in darkness for successive
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sampling. The experiment lasted three hours. Sub-samples of
three individuals were taken at the beginning of the experiment
(i.e. time 0), every ﬁve minutes during the ﬁrst 20 minutes, every
10 minutes during the following hour and every 30 minutes
during the remaining two hours. Samples were transferred to 90%
acetone for pigment extraction and kept refrigerated ( 10 1C) in

Fig. 2. Vertical Proﬁles of Temperature (1C), Salinity (psu) and Chlorophyll (mg m  3) in (A) Paciﬁc basin (stations 1 and 2), (B) Transition basin (stations 3, 4, 5 and 6) and
(C) Paso Ancho basin (stations 7 and 8) in early fall (March 25-April 1) 1995.
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darkness, and analyzed ﬂuorometrically (Mackas and Bohrer,
1976). Evacuation rates were estimated using both the exponential (Wang and Conover, 1986) and potential model (Huntley
et al., 1987).
2.3.3. Feeding Impact
The daily feeding impact of E. vallentini on phytoplankton
biomass was calculated as the ratio between total consumption
rate (obtained from ingestion rate, mg pig ind-1 d-1, and abundance,
ind m-3), and chlorophyll concentration in sea water (mg chl m-3).
The feeding impact on phytoplankton biomass and on primary
production was estimated at the stations where gut content was
estimated (i.e. St. 8 K and 8 M). It was calculated for the upper layer
for the day (12 h) and night (12 h) periods separately. The sum of
both periods gave the daily impact on phytoplankton biomass.
Feeding impact of E. vallentini on copepod abundance (St. 8, 8 A
to 8 M) was estimated as well. The feeding impact on the copepod
population was estimated for the upper layer at night and for the
deep layer in daytime.
The daily impact on primary production was calculated as the
ratio between consumption rate (mg chl m  3 d  1) and primary
production (mg C m  3 d  1). In order to convert Chlorophyll units
to Carbon units, a 86.6 Carbon:Chlorophyll ratio calculated for the
region was used (Carrada et al., 1996; Povero et al., 1996).
The impact on copepod population was calculated as the ratio
between consumption rate (number of copepods m  3 d  1) and

copepod abundance (ind m  3). Evacuation rate (k= 0.46 h  1) of
copepod prey was taken from Euphausia lucens a closely related
species (after Stuart and Pillar, 1990) with a temperature
correction of a Q10 = 2 (Ohman, 1984).

3. Results
3.1. Vertical Distribution and Diel migration
In order to compare vertical distribution and diel patterns
along the Strait, the stations were grouped according to hydrographic and bathymetric characteristics into three basins:
(a) Paciﬁc basin (St. 1 and 2); (b) Transition basin (St. 3, 4, 5 and
6) and (c) Paso Ancho basin (St. 7, 8, 8 A to 8 M). Depth became
progressively shallower and water column progressively mixed
from the Paciﬁc Entrance towards the Atlantic Entrance (Fig. 1).
The Paciﬁc basin has a bottom depth of 600-1000 m; was well
stratiﬁed, with a halocline at ca. 100-125 m and a thermocline at
150-200 m (Fig. 2). The Transition Basin and Paso Ancho basin
have bottom depths of 200-500 m and 100-200 m, respectively,
and were fully mixed. The Atlantic basin has a bottom depth of
30-50 m and was also fully mixed. Strong tidal current and very
shallow depth of this basin made biological sampling unfeasible.
E. vallentini vertical range was independent of the bottom
depth. It extended from the surface at night to the deep layers
during daytime (Fig. 3). In the Paciﬁc basin, daytime WMD was

Fig. 3. Horizontal and vertical distribution of E. vallentini along the Strait of Magellan in early fall (March 25-April 1) 1995. Black and grey circles represent the weighted mean
depth (WMD) during night and day, respectively. (For Interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Table 3
Items of E. vallentini diet from pooled stomach samples (n =396) along the Strait of
Magellan in early fall (March 25–April 1) 1995.
Major taxa and size ranges of identiﬁed items
Dinophyceae (38–120 mm)

Dinophysis sp.
Protoperidinium sp.
Alexandrium sp.

Bacillariophyceae (20–63 mm)

Pennada spp.
Thalassiosira sp.
Pseudonitzschia sp.
Coscinodiscus sp.
Leptocilindrus sp.
Thalassionema sp.

Tintinnina (33–200 mm)

Salpingella sp.
Acanthostomella sp.
Dictyocystis sp.
Parundella sp.
Helicostomella sp.
Protorhabdonella sp.
Xystonellidae
Codonellopsidae
Cyttarocylidae
Tintinnus sp.

Fig. 4. Weighted mean depth (WMD) during a 24 hr diel cycle at Paso Ancho
basin. Data were integrated from a 4 d sampling period. Black and white circles
represent night and day WMDS, respectively.

112 and 168 m (St. 1 and 2, respectively), but some individuals at
station 1 (bottom depth 638 m) occurred at the deepest sampled
stratum (i.e. 500-600 m). In the Transition basin, daytime WMD
was 170 and 140 m (St. 3 and 4, respectively), but organisms
where found at station 3 (bottom depth 230 m) in high abundance
at the deepest sampled stratum (160-200 m). In Paso Ancho basin,
the daytime WMDs were at the deepest sampled stratum, which
was in some cases 5-10 m from the bottom. On St. 8 L, which had
a bottom depth of 162 m, the WMD was found between 140 and
155 m. On St. 8 I, which has a bottom depth of 166 m, the WMD
was found between 140 and 160 m.
WMD of the population showed a clear diel vertical migration
(Fig. 4). Signiﬁcant differences in abundance from surface and deep
layers during the day (Randomization test, p=0.002) and night
(Randomization test, p=0.0002) were found. The population was in
the upper layer at night (WMD=22 m), and remained there until
4:00 h at least, since no pre-dawn or dawn sampling were performed.
Approximately one hour after dawn (6:45 h), the population reached
106 m, and at 8:15 h reached 148 m. The downward velocity of the
migrating population, estimated from the differences in WMDs
between 4:00 and 8:15 h was 26-28 m h-1.
During daytime, the core of the population descended to a
WMD of 150 m, stayed there until 17:45 h (with the exception of
a single ﬁnding at 175 m), when it began an abrupt ascent to the
upper most layers, around sunset (18:30 h), reaching the
shallowest night level of 19 m at 19:45 h. The upward velocities
for the 18:30 to 19:45-h period ﬂuctuated from 45 to 78 m h  1,
two to three times higher than the downward velocity.

Foraminiferida (100 mm)

unidentiﬁed

Polychaeta (150–200 mm)

unidentiﬁed

Copepoda (50–200 mm)

Most unidentiﬁed
Oncaea sp.
Lubbockia sp.
Oithona sp.

Diel changes in the diet were signiﬁcantly different (Somerton
test, po0.005) for dinoﬂagellates, tintinnids and polychaeths at the
Transition and Paso Ancho basins. Nighttime diet was characterized
by dinoﬂagellates and tintinnids (Fig. 5) and the daytime diet, by
polychaeths. Copepods were more frequent in daytime than at
night, although their abundances were equally low in both periods
(Table 5). Diatoms occurred in greater percentages at night than in
daytime. The Paciﬁc basin was only sampled during daytime so no
diel comparison was possible.
Individuals collected during dusk hours (St. 3 and 8 D) had also
a distinctive diet. There was a high occurrence and abundance of
polychaeths at depth (140-160 m) and of dinoﬂagellates and
diatoms at the upper layer (20-40 m). Nevertheless, in this latter
layer stomachs presented a high content of unidentiﬁable grinded
material.
3.4. Feeding rates and impacts on the environment

3.2. Items of the diet
Stomach content analysis of 396 specimens chosen at the
WMD in day and night times along the Strait of Magellan showed
a wide range of items in terms of taxa and size (Table 3). Among
the microplankters, the most frequent and abundant taxa were
dinoﬂagellates and tintinnids (Fig. 5) and among mesozooplankters, polychaeths and copepods were frequent items, but
of low abundance.

3.3. Diel changes in the diet
Visual observations of stomach fullness showed signiﬁcant diel
differences (Mann-Whitney U test, p o0.05) with greater percentages at night than in day time (79 and 19% grand average,
respectively; Table 4).

Chlorophyll content in the stomachs of pooled layers was
signiﬁcantly higher at night time than in daytime (Mann-Whitney U
test, po0.05). Gut pigment content at nighttime showed maxima
in two layers: an upper one at 0-20 m (58.7736.4 ng pig ind-1) and
a subsurface or intermediate one, with highest concentrations
spread between 50 and 120 m (36.9710.7 ng pig ind-1) (Fig. 6).
During daytime gut pigment content presented steadily low values
throughout the water column (5.274.9 ng pig ind  1). Gut
evacuation data ﬁtted the exponential model better than the
potential model. The estimated evacuation rate amounted to
0.16 h  1 (Fig. 7). Ingestion rates showed a trend which was
consistent to stomach contents: daytime rates (1.0270.84 ng pig
ind  1 d  1) were signiﬁcantly lower (Mann-Whitney U test,
po0.05) than nighttime rates (4.8272.6 ng pig ind  1 d1).
Consumption rates showed two maxima at nighttime: a peak
of 40.1714.9 ng pig m  3 d  1 between 0 and 40 m, and a much
lower one of 2.871.3 ng pig m  3 d  1 between 80 and 158 m.
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Fig. 5. Items of the diet of E. vallentini along the strait of Magellan in early fall (March 25–April 1)1995. (A) Average abundance as given by log10 (abundance+ 1) and (B)
Frequency of occurrence at night and day in the Paciﬁc, Transition and Paso Ancho basins.

Table 4
Day and night stomach fullness (%) of E. vallentini. along the Strait of Magellan in
early fall (March 25–April 1) 1995.
Station

Mean

SD

DAY
1
2
4
7
8B
8L
8H
8C
8F
8I
8
8M

41.8
23.2
29.8
33.5
30.1
11.3
2.4
27.5
10.3
7.0
11.3
3.7

44.3
34.1
33.9
38.6
38.9
19.1
6.1
31.7
21.5
8.9
19.2
6.0

Grand average

19.2

NIGHT
5
6
8D
8G
8A
8J
8K

92.8
79.6
73.3
65.0
86.5
74.3
84.5

Grand average

79.4

SD: standard deviation.

16.2
31.6
26.9
31.6
21.3
26.5
23.6

Table 5
Mean abundances (and standard deviations) of items in stomachs of E. vallentini
collected at night and day in the Paciﬁc, Transition and Paso Ancho basins of the
Strait of Magellan in early fall (March 25–April 1) 1995.
Items

Basin

Average
Night

Day

Dinoﬂagellates

Paciﬁc
Transition
Paso Ancho

–
4.19 (2.44)
7.53 (6.13)

0.38 (0.62)
0.33 (0.58)
0.80 (2.24)

Diatoms

Paciﬁc
Transition
Paso Ancho

–
0.33 (0.53)
0.62 (0.88)

0.06 (0.25)
0.05 (0.22)
0.12 (0.41)

Tintinnids

Paciﬁc
Transition
Paso Ancho

–
1.33 (1.15)
5.11 (9.48)

1.38 (2.68)
0.05 (0.22)
0.33 (1.33)

Polychaeths

Paciﬁc
Transition
Paso Ancho

–
0.22 (0.72)
0.07 (0.38)

0.00 (0.00)
0.71 (0.72)
0.76 (0.55)

Copepods

Paciﬁc
Transition
Paso Ancho

–
0.11 (0.32)
0.46 (0.67)

0.75 (0.77)
0.14 (0.36)
0.16 (0.37)

During daytime, consumption rates where low (1.671.5 ng pig
m  3 d  1) along the entire water column.
Feeding impact (%) of the population upon phytoplankton
biomass reached 0.002% in daytime and 0.17% in nighttime, with
an overall daily value of 0.17% of environmental chlorophyll
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Fig. 6. Gut pigment content (ng ind-1) of E. vallentini (n= 3) in Paso Ancho basin at
(a) Night (station 8 K at 03:57 h) and (b) Day (station 8 L at 18:30 h).

Fig. 7. Evacuation rate (h-1) of E. vallentini (n = 3) in early fall (March 25-April 1)
1995.

concentration. The impact of E. vallentini population upon daily
primary production reached 17-45%.
The daily impact of predation of E. vallentini population upon
copepods abundance reached 8.574.1%.

4. Discussion
E. vallentini, an open ocean circumpolar species, has colonized
the Chilean fjords to become one of the most abundant species in
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the zooplankton community (Antezana, 1976; 1999a; Guglielmo
et al., 1997; Antezana and Hamame, 1999; Palma and Silva, 2004).
It is also found near other subantarctic islands and archipelagos,
where it occurs in such densities to become a food item for large
vertebrates (Gurney et al., 2002; Perissinotto and McQuaid, 1992;
Ridoux, 1988)
Our results tested for peculiarities in the behavior of the
species within the fjords. Diel vertical migration was examined,
since it is considered to be speciﬁc and to follow an endogenous
rhythm.
The diel vertical migratory pattern of E. vallentini within the
Strait of Magellan was similar to the open ocean, with population
displacement between the surface at night and the deep in
daytime. Nevertheless, the extent of the migration differed. While
daytime depth in the open ocean reached 300-400 m (Perissinotto
and McQuaid, 1992; Pakhomov et al., 1994; Pakhomov and
Froneman, 1999), the core of the population in the Strait of
Magellan remained at 100-200 m layer during the day, independently of the bottom depth. In fact, in shallow locations, the
deepest tow was purposely done as close as 5-10 m to the bottom.
Other evidence of adaptation to this fjord environment comes
from peculiarities in food and feeding behavior associated with
migratory patterns. Our results indicate that E. vallentini is
actively feeding on phytoplankton in dark hours, as it does in
the vicinity of Prince Island (Gurney et al., 2002). Yet throughout
the diel migration in the Strait of Magellan, E. vallentini was a
facultative omnivore, with a broad spectrum diet dominated by
dinoﬂagellates, tintinnids, copepods and polychaeths.
Stomach content of E. vallentini partly reﬂected prey abundance in the ﬁeld. Tintinnids were most abundant in the upper
layer both in daytime and at night (Guglielmo et al., 1997), and
were also abundant in stomachs of individuals collected at night
in the upper layer. However, ﬁeld abundances of a given item of
the diet may differ from abundances in the stomachs, implying
prey preference. In fact, copepods abundance in the ﬁeld
(Guglielmo et al., 1997), which had a similar vertical distribution
to E. vallentini (i.e. more abundant during the day in deep layers
and during the night in upper layers), were nearly absent in
stomachs collected at night in the upper layer. This difference
suggests that E. vallentini preferred phytoplankton and tintinnids
during nighttime.
The most remarkable adaptation occurred when the mostly
oceanic E. vallentini encountered demersal habitats in daytime.
In locations where the bottom was shallower than the common
daytime depth range of the species, individuals did not avoid the
bottom layer but rather stayed right near the bottom, and fed
upon polychaeths. This item was absent in individuals reaching
the daytime depths (ca. 100 m) at locations where the bottom
was much deeper (ca. 1000 m). It is suggested that E. vallentini
takes advantage of alternative food items of the benthic
environment, particularly when phytoplankton is limiting, an
opportunistic strategy to changing and unpredictable environments. Although identiﬁed as an herbivore (Mauchline, 1980),
E. vallentini may change its diet according to available food
(Gurney et al., 2002) as do other euphausiids (Antezana, 1978;
Antezana et al., 1982; Price et al., 1988; Stuart and Pillar 1990;
Gibbons et al., 1991).
In our study, quantitative estimates of consumption rate and
impact upon phytoplankton were low due to low evacuation
rates. Our estimate of evacuation rate (0.16 h  1) was considerable
lower than in other experimental studies performed for the same
species (1.02 h  1), when chlorophyll concentrations were much
higher (Antezana and Hamame, 1999). Gut evacuation of
E. vallentini near Prince Edward Island was also higher than in
the present study (0.45-0.99 h- for adults and 0.47-1.36 h  1 for
juveniles), resulting in higher ingestion rates (0.24-1.82 mg pigm
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ind  1d  1 for adults and even higher for juveniles; Gurney et al.,
2002). Therefore our estimation of population consumption and
impact on phytoplankton and primary production may be
underestimated and should be taken with caution. Impact on
primary production of E. vallentini in Chilean fjords would
increase three fold if higher evacuation rates (i.e. Gurney et al.,
2002) are used to compute consumption rate and impact on
phytoplankton. Furthermore, the abundance of E. vallentini was
much lower (3-9 ind m  3) than previously encountered
(Antezana, 1976), hence the impact on daily primary production
may increase from the estimated 17-45% to 99.3%, when the
population is more abundant (e.g. 40 ind m  3).
E. vallentini may play a key role in channeling primary
production and also be an important prey of large predators
when swarming. The occurrence of E. vallentini swarms was
reported in the Chilean fjords (Antezana, 1976), and it may be
associated with humpback whales recurrently feeding and
nursing in the Strait of Magellan (Gibbons et al., 2003) and Gulf
of Corcovado (Hucke-Gaete et al., 2004).
A last evidence of adaptation of E. vallentini to the fjord is
the occasional encounter of large numbers of furcilia larvae in
the Magellan and Fuegian fjords (Antezana et al., 2002), and the
complete larval series found in enclosed fjords of Chiloe
Archipielago. These larval occurrences are indications of a self
sustained population and isolated from the parental open ocean
population. The speciation history of Euphausia species and in
particular of geographically overlapping E. vallentini and E. lucens
is characterized by only minor and recent genetic differentiation,
resulting in sympatric speciation (Jarman et al., 2000).
In conclusion, our results on feeding and migratory peculiarities of E. vallentini suggest an adaptive behavior to rather
isolated and entrapped waters implying a degree of isolation and
self sustenance of this population within the extensive Chilean
fjords.
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