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Abstract
As a key species of the Southern Ocean ecosystem, the thermal and saline tolerances of
Antarctic krill (Euphausia superba Dana) are relatively unknown because of the challenging environment
and complicated situations needed for observation have inhibited in-situ experiments in the ﬁeld. Hence,
the thermal and saline tolerance of krill were examined under in-situ aquarium conditions with diﬀerent
controlled scenarios. According to the experiments, the critical lethal times of krill were 24 h, 2 h and 0.5 h
under 9°C, 12°C, and 15°C, respectively, and the estimated 50% lethal times were about 17.1 h and 1.7 h
under 12°C and 15°C, respectively. Additionally, the critical lethal times (the estimated 50% lethal times) of
krill were approximately 14 h and 0.5 h (about 22.9 h and 1.7 h) of salinity under 19.7 and 15.9, respectively.
The observed critical and 50% lethal times of krill were 0.5 h and approximately 1.4 h, respectively,
salinity under 55.2. The critical and 50% lethal temperatures of krill were 13°C and approximately 14.2°C,
respectively. Additionally, the critical and 50% lethal salinity was 19.6 and approximately 17.5 for the lower
saline (below normal oceanic salinity [34.4]) environment and 50.3 and approximately 53.2 for the higher
saline (above 34.4) environment, respectively. The upper thermal and saline preferences of krill can be
considered 6°C and 26.8 to 41.2, respectively. These results can provide potential scenarios for predicting
the possible fate of this key species in the Southern Ocean.
Keyword: Euphausia superba; thermal tolerance; saline tolerance; thermal preference; in-situ aquarium
experiment

1 INTRODUCTION
A series of experiments were conducted to establish
a mechanistic understanding on how climate change
might transform the global biota, including marine
organisms (Wernberg et al., 2012). As a keystone
species of the Southern Ocean ecosystem, Antarctic
krill (Euphausia superba Dana 1850, hereafter krill)
is always one of the cores of Antarctic research.
Among these, some studies have examined
environmental pressures experienced by krill, such as
ocean acidiﬁcation, etc., (McWhinnie and Marciniak,
1964; Hirche, 1984; Jarman et al., 1999; Newman et
al., 1999, 2003; Dahms et al., 2011; Kawaguchi et al.,
2011, 2013; Tremblay and Abele, 2016), using ﬁeld

observations and/or incubation in the laboratory;
more details can be found in the review by Flores et
al. (2012). Aarset and Torres (1989) examined the
cold resistance and metabolic response of krill to
variations in salinity. However, few studies can be
found that examined the response of krill to changing
thermal or saline environments over the past 30 years,
though they have been performed on other crustacean
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Fig.1 The maintained aquarium for krill observation

species, such as Homarus americanus (McLeese and
Wilder, 1958; Reynolds and Casterlin, 1979a),
Ocypode ceratophthalma (Burrows and Hoyle, 1973;
Florey and Hoyle, 1976), Astacus astacus (Kivivuori,
1983; Lehti-Koivunen and Kivivuori, 1994), Daphnia
magna (McKenzie et al., 1992), and Asellus aquaticus
(Lagerspetz, 2003). Potential changes in temperature
due to a warming climate may have an eﬀect on
salinity (Durack et al., 2012; Rye et al., 2014),
particularly in the western Antarctic Peninsula; these
areas may overlap with the regions of krill distribution.
Changes in the thermal and saline environments may
aﬀect several life history stages of krill, particularly
larval krill (Aarset and Torres, 1989; Quetin et al.,
1996; Loeb et al., 2009). It is potentially very diﬃcult
to examine this with ﬁeld observations, but controlled
aquarium experiments can be an eﬀective and feasible
alternative. Compared to land-based experiments, insitu experiments based on aquariums at sea can
provide more accurate information on the response of
krill to changes in the environmental conditions.
Therefore, the purpose of the present study was to
examine the thermal and saline tolerance of krill and
to estimate the thresholds of those tolerances under
controlled in-situ aquarium conditions. The results of
the present study can provide potential scenarios for
predicting the fate of this keystone species in the
Southern Ocean.

2 METHOD AND MATERIAL
2.1 Experimental setting
Krill have a complex life history (Nicol, 2006; Jia
et al., 2014), which means that they experience
diﬀerent thermal and saline environments in the
lifetime. To examine the adaptability of krill to
diﬀerent rates of changing temperature and salinity, it

Krill
Detector

Detector

Fig.2 Schematic ﬁgure of the incubation aquarium used
for krill under temperature- and salinity-controlled
scenarios

is necessary to observe their response under diﬀerent
conditions. Hence, a set of four diﬀerent experiments
were designed in this study: speciﬁc thermal and
saline scenarios and changing thermal and salinity
scenarios. To exclude interference from other factors,
krill were not fed during the experiment.
The live krill were incubated in a 300 L aquarium
for 24 h under starvation conditions (Fig.1). Seawater
in the maintained aquarium was changed by two
thirds every 8 h. Dead individuals, molted carapaces,
and feces were discharged from the hole in the
bottom of the aquarium. Alive and strong individuals
were selected to conduct the controlled experiments.
The controlled experiments were conducted in
50 cm×40 cm×30 cm and 50-L incubation aquariums,
which included a recycled water system, with water
recycling, ﬁltering, and oxygenation (Fig.2). The
ambient light intensity in the aquarium was monitored
with an electronic illuminometer (TES-1322A, TES
Electrical Electronic Corp., Taipei, China). The
temperature and salinity values of the seawater in the
incubation aquariums were monitored by
thermometer and salinometer, respectively (YM2007, Yimeng Electronic Co. Ltd., Handan, Heibei
Province, China). The processes of the experiment
were monitored by video (GoPro Hero 2 v.312,
GoPro, Inc., USA).
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Table 1 Size of Antarctic krill used in incubation aquarium under diﬀerent speciﬁc thermal or saline scenarios
Thermal scenario
Group

Temperature (°C)

Lower saline scenario

Standard length (mm)
Average

SD

Salinity

Higher saline scenario

Standard length (mm)
Average

SD

Salinity

Standard length (mm)
Average

SD

1

0

42.21

5.03

34.4

40.72

5.85

34.4

40.25

4.26

2

3

41.56

4.28

30.2

42.90

4.79

39.2

42.89

4.62

3

6

43.59

4.85

25.8

40.78

4.80

43.2

42.09

4.13

4

9

40.78

4.03

19.7

40.17

3.64

50.5

40.94

4.79

5

12

42.31

4.37

15.9

40.79

3.99

55.2

41.10

5.11

6

15

41.74

4.92

-

-

-

-

-

-

Note: SD: standardized deviation; -: none

2.1.1 Thermal tolerance experiment
The samples were collected from the large-scale
midwater trawler Kaili operating in the proximity of
the South Shetland Islands on March 10, 2014. The
ambient temperature of the seawater was -0.2°C. The
temperature of seawater in the maintained aquariums
ranged from -0.2°C to 0.5°C; the average ambient air
temperature was 2°C, and the light intensity was 90 to
150 lx.
2.1.2 Saline tolerance experiment
The samples were collected from the large-scale
midwater trawler Longda operating in the proximity
of the South Shetland Islands on May 9, 2015. The
ambient temperature of the seawater was -0.2°C. The
conditions used were identical to those used for the
above thermal tolerance experiment.
2.2 Sampling and experimental setup
Lagerspetz and Vainio (2006) indicated that the
‘ﬁnal thermal preferendum’ can be determined based
on (1) the ‘gravitational method’ which means the
subjects are left in a gradient for a long period, and (2)
the ‘acute’ method, in which the results of short-term
experiments on animals acclimated to diﬀerent
temperatures can be used for graphical or mathematical
estimation. Based on these deﬁnitions, the present
study used two experimental designs, i.e., speciﬁc
and changing conditions for thermal and saline
scenarios.
For the thermal scenario, 120 alive and strong
individuals were selected from the maintained
aquarium and divided equally into six groups
(Table 1). There was no remarkable diﬀerence in the
standard lengths (SLs) of krill between groups
(Kolmogorov-Smirnov test; χ2=4.823, P=0.567>0.05).

The ﬂuctuation in seawater temperature in the
incubation aquarium was controlled to ±0.1°C, and
the average light intensity was 25.6 lx. Suﬃcient
oxygen levels were maintained in the water. Alive
krill were incubated in the six incubation aquariums
with the preset and constant temperatures, and a
3°C-temperature gradient of seawater from 0–15°C
was set up between the incubation aquariums.
For the salinity scenario, 200 alive and strong
individuals were selected from the maintained
aquarium and divided equally into 10 groups (Table
1). In the Southern Ocean, the saline environment
could be impacted by seasonal sea ice dynamics. The
water could be refreshed by the melting of sea ice in
the summer, and vice versa in the winter. Hence, two
diﬀerent saline conditions (under or above average
salinity of seawater) were considered in the present
study. The standard lengths of the krill under lower
saline (Kolmogorov-Smirnov test; P=0.401>0.05) or
higher
saline
(Kolmogorov-Smirnov
test;
P=0.573>0.05) scenarios did not diﬀer signiﬁcantly
between groups. The temperature of seawater in the
incubation aquarium was controlled at 0.3±0.1°C and
the light intensity was 65±5 lx. Suﬃcient oxygen
levels were maintained in the water.
For changing thermal scenarios, 20 individuals
(41.80±5.02 mm SL) were selected and transferred to
the 50 L incubation aquarium (0°C natural seawater).
The condition of the krill was recorded every h, before
gradually increasing the temperature by 2°C; this
process was repeated until an abnormal individual
occurred. At this point, the temperature was increased
by 1°C each time. The temperature was considered at
the critical point of krill’s temperature tolerance if
dead individuals occurred. The 1°C temperature
increase was continued until half of the individuals
were dead. During the experimental period, the
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temperatures in the aquariums were real-time
monitored using electronic thermometers. To
determine the preferred temperature range of krill, the
gradient used was wide enough (0–14°C) and was not
too close to the avoidance temperatures of that species
(Lagerspetz and Vainio, 2006).
Given the unknown eﬀect of changing climate on
the salinity of seawater in the Southern Ocean, two
salinity scenarios were designed in the present study,
i.e., higher and lower salinity scenarios with an
average salinity of sea water 34. For the higher salinity
scenario, 24 individuals (42.18±4.74 mm SL) were
selected and transferred to a 100-L incubation
aquarium with natural seawater. The condition of krill
was recorded after a 2-h constant period. The salinity
of seawater was increased by 2 after krill condition
was recorded and again maintained for a 2-h constant
period. The 2 salinity increase, constant salinity, and
recording processes were repeated until an abnormal
individual occurred. The salinity was considered the
upper critical point of the krill’s saline tolerance if
dead individuals occurred. The 2 salinity increase was
continued until half of the individuals were dead. For
the lower salinity scenario, 24 individuals
(41.83±4.45 mm SL) were selected and transferred to
the 100 L incubation aquarium with natural seawater.
The process was similar to the higher saline scenario,
but with a 2-decreasing salinity interval. The salinity
was considered as the lower critical point of the krill’s
saline tolerance if dead individuals occurred.
With the dynamic conditions at sea, it is diﬃcult to
conduct in-situ physiological measurements. Thus,
the conditions of krill in the aquariums were observed
and described arbitrarily in four types of conditions:
normal (N), occasionally reclining (I), reclining (L),
and dead (D). The observation time lasted for 5 min.
The occasionally reclining individual recovered to
swimming or moving conditions after a short period
reclining at the bottom of the incubation aquarium.
When the reclining individual lay on the bottom of
the incubation aquarium for a period it was considered
abnormal as it showed to be uncomfortable in the
thermal or saline conditions.
2.3 Statistical analysis
A logistic model (Lysack, 1980) was used to
describe the relationship between the proportion of
dead krill individuals (PX) for each time period in the
speciﬁc thermal or saline scenarios, or for each
temperature or salinity in the changing thermal or
saline scenarios. The 50% lethal temperature (salinity)
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in the changing thermal and saline scenarios, or 50%
lethal time in the speciﬁc temperature and salinity
scenarios were then estimated by substituting PX=0.5
into the below equation:

PX 

1
1+e

-( k ( X  X 50 ))

,

where X represents temperature, salinity, or time, X50
represents 50% lethal temperature/salinity in the
changing thermal/saline scenarios, or 50% lethal time
in the speciﬁc temperature/salinity scenarios, and k
represents the rate at which death occurred. The
logistic parameters were estimated by the non-linear
minimization of a negative binomial log-likelihood of
the form (Zhu et al., 2010).

3 RESULT
3.1 Speciﬁc thermal or saline scenarios
Except for group 6 (15°C), the temperaturecontrolled experiments were continued for 24 h.
Under the group 1 (0°C) and group 2 (3°C) scenarios,
most individuals showed a normal condition after
24 h, and none of the krill had died. Under the group
3 (6°C) scenario, the ﬁrst krill showing an abnormality
occurred after 4 h, and the number of individuals
showing an abnormal condition increased gradually
over time. Six individuals showed no abnormal
condition at all after 24 h, and no individuals died.
Under the group 4 (9°C) scenario, three individuals
were normal and one individual lay on the bottom but
not dead after 2 h, and one died when the experiment
was continued to 24 h. Under the group 5 (12°C)
scenario, the individuals responded rapidly to the
temperature; eight abnormal individuals and one dead
individual were found after 2 h. After 24 h, 14
individuals were dead. Under the group 6 (15°C)
scenario, the experiment was only continued to 7 h,
and all individuals were dead after this time. The
observed critical lethal time was 24 h, 2 h, and 0.5 h
under the 9°C, 12°C, and 15°C scenarios, respectively,
and the estimated 50% lethal time were approximately
17.1 h and 1.7 h under the 12°C and 15°C scenarios,
respectively (Fig.3).
For the lower saline condition, ﬁve group (15.9,
19.7, 25.8, 30.2, and 34.4, respectively) scenarios
were conducted. Except for group 5 (15.9), four
groups were continued to 24 h. Under the group 1
(34.4) and group 2 (30.2) scenarios, only one
individual was abnormal after 24 h. Under the group
3 (25.8) scenario, four individuals were laying on the
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Fig.3 Mortality of krill under diﬀerent temperatures
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Fig.5 Individual conditions of krill under the changing
thermal scenario
N: normal; I: occasionally reclining; L: reclining; D: dead.

The 50% lethal time under diﬀerent thermal scenarios (12°C and 15°C) can
be estimated using a logistic model.
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30

Fig.4 Mortality of krill under diﬀerent salinities
The 50% lethal time under diﬀerent saline scenarios (19.7, 15.9, and 55.2)
can be estimated using a logistic model.

bottom after 12 h, although they were still alive after
24 h. Under the group 4 (19.7) scenario, 11 individuals
were abnormal after 2 h, and two individuals were
dead after 14 h. After 24 h, all individual krill showed
abnormal conditions and 10 individuals had died.
Under the group 5 (15.9) scenario, no individuals
were normal and ﬁve of them were dead after 0.5 h.
All krill were dead after 5 h. The observed critical
lethal time was approximately 14 h and 0.5 h under
the 19.7 and 15.9 scenarios, respectively. The
estimated 50% lethal time was approximately 22.9 h
and 1.7 h under the 19.7 and 15.9 scenarios,
respectively (Fig.4).
For the higher saline condition, 5 group (34.4,
39.2, 43.2, 50.5 and 55.2, respectively) scenarios
were conducted. Except for group 5 (55.2), all groups

were continued to 24 h. Under groups 1 (34.4) and 2
(39.2) scenarios, only one individual was abnormal
after 24 h. Under the group 3 (43.2) scenario, three
individuals were abnormal after 2 h, and three
individuals were lying on the bottom but not dead
after 24 h. Under the group 4 (50.5) scenario, nine
individuals were abnormal and three of them were
lying on the bottom but not dead after 2 h; one dead
individual occurred after 10 h, and seven were dead
after 24 h. Under the group 5 (55.2) scenario, no
individuals were normal and four of them were dead
after 0.5 h. All krill were dead after 3 h. The observed
critical and 50% lethal times were 0.5 h and
approximately 1.4 h, respectively, under the 55.2
scenario (Fig.4).
3.2 Changing thermal or saline scenarios
For changing thermal scenarios, the experiment
was continued for 16 h (Fig.5). All individuals were
swimming normally after 3 h. One individual was
abnormal and one was lying on the bottom when the
temperature was increased to 7°C and 9°C,
respectively. One individual died when the
temperature was increased to 13°C after 11 h. After
that, the number of dead individuals increased rapidly,
and all individuals were dead after 16 h (13°C). The
observed critical and 50% lethal temperatures were
13°C and about 14.2°C, respectively (Fig.6). The
upper thermal preference of krill can be considered to
be 6°C (Fig.5).
For the lower salinity scenario, in which the salinity
was decreased starting from 34.4, the experiment was
continued for 30 h (Fig.7). All individuals were
moving normally when the salinity was decreased to
26.8 after 8 h. An individual lay on the bottom after
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critical and 50% lethal salinity values were 19.6 and
17.5, respectively (Fig.8).
For the higher salinity scenario, in which the
salinity was increased from 34.4, the experiment was
continued for 34 h (Fig.7). The individuals were
moving normally before the salinity was increased to
41.2. Two individuals lay on the bottom after 16 h and
two individuals died when the salinity was increased
to 50.2 after 26 h. Fourteen were dead after the
experiment ﬁnished and the corresponding salinity
was 54.5. The observed critical and 50% lethal salinity
was 50.3 and 53.2, respectively (Fig.8). The saline
preference of krill can be considered to be 26.8–41.2
(Fig.7).

Salinity

Fig.7 Individual conditions of krill under changing lower
(upper panel) and higher (lower panel) salinity
scenarios
N: normal; I: occasionally reclining; L: reclining; D: dead.

14 h (24.5). One dead individual occurred when the
salinity was decreased to 19.6 after 24 h. Thirteen
individuals were dead after 30 h (16.2). The observed

4.1 Preferred thermal range
The experimental design was similar to the
deﬁnitions of Lagerspetz and Vainio (2006); i.e., (1)
the gravitational method corresponds to the speciﬁc
thermal scenario and method, and (2) the acute
method corresponds to the changing thermal scenario
in the present study. During the present study, the
speciﬁc thermal scenario was not conducted using a
stepwise increase of 1°C, but of 2°C, limiting the
comparability of both thermal experiments. However,
in both experiments, no individuals died when the
temperature was below 6°C. Using the bluegill sunﬁsh
(Lepomis macrochirus), Reynolds and Casterlin
(1979b) indicated that equal results can be concluded
based on the above two approaches. Similar ﬁndings
were also available for the prawn Macrobrachium
rosenbergii (Díaz Herrera and Bückle Ramirez,
1993). Moreover, for the speciﬁc thermal scenarios

1086

J. OCEANOL. LIMNOL., 37(3), 2019

below 6°C, although no dead individuals occurred,
diﬀerent conditions of krill, such as normal,
occasionally reclining and reclining, could be found,
and they varied when changing the thermal scenario,
in which all individuals were normal when the
temperature was below 6°C. The eﬀects of thermal
acclimation on krill and the suitability of krill to the
changing thermal environment should be considered,
particularly under the changing thermal scenario,
although the preferred upper thermal range was
identiﬁed as 6°C in the present study. This value is
higher than the expected one stated by Atkinson et al.
(2006). They indicated that krill did not tolerate
temperatures above 3.5°C for a long period of time
(Atkinson et al., 2006; Tarling et al., 2006). Thus,
future studies shall focus on the interval at which the
temperature is changed and temporal ranges for
observation when conducting the changing thermal
scenario; these studies could be used to identify the
precise preferred thermal range of krill, because a
gradual increase in the mean temperature may reﬂect
the real thermal stress on krill populations (Whitehouse
et al., 2008). Additionally, with the limitation of insitu experiments, the present study did not examine
the lower thermal range of krill, as shown by Aarest
and Torres (1989), who indicated that the critical
lower temperature that krill can tolerate was -9°C.
Additional to the behavioral observations, the future
detailed investigation should be conducted using
physiological, biochemical, and molecular approaches
(Kawaguchi et al., 2011), because temperature
changes can aﬀect molting, growth, and maturation of
krill at diﬀerent life stages (Poleck and Denys, 1982;
Brown et al., 2010). Moreover, in the present study,
the experiments were accomplished under starvation
conditions. In fact, krill could survive for more than
200 days without food in the laboratory (Ikeda and
Dixon, 1982) and the short-term starvation had no
signiﬁcant eﬀect on the metabolism of the krill (Van
Ngan et al., 1997). Thus, compared to the thermal
eﬀect, the potential eﬀect of short-term starvation
(less than 36 h) on the adaptability of krill to thermal
change should not be substantial.
4.2 Tolerance to temperature and salinity
Changes in the environmental temperature were
shown to have immediate and transient eﬀects on
crustacean motor activity, and the eﬀect of temperature
on motor activity depended on the rate of the
temperature change (Lagerspetz and Vainio, 2006).
Except for larger semi-terrestrial crabs exposed to air,
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all crustaceans, including krill, are poikilotherms
(Lagerspetz and Vainio, 2006). In many studies,
animals were maintained for 0.5–1.0 h at a stable
temperature before their motor activity was measured.
In the present study, in the groups 1 and 2 (speciﬁc
thermal scenario), the individuals were almost all
under normal conditions after 2 h, but for group 3
onward, the activity of krill was aﬀected in diﬀerent
conditions; thus, 6°C was critical to krill survival.
When krill were transferred from their natural water
temperature (-0.2°C to 0.5°C) to controlledtemperature incubation aquariums at 9°C, 12°C, and
15°C, the number of dead (or heat shocked) individuals
increased from 1 to 20 after 24 h. Similar results were
observed in Asellus aquaticus, when they were
transferred from 13°C to 18°C water for a few
minutes, the frequency and angle of the movement
increased. However, when transferred from 13°C to
25°C and 28°C, the number of stops was increased
and the posture of the animals was also aﬀected.
Lagerspetz (2003) considered that this represented
the ﬁrst behavioral and neural eﬀects of heat shock
because of its rapid and transient eﬀects. Although
Asellus aquaticus can tolerate 28°C for 1 h (Korhonen
and Lagerspetz, 1996), krill do not have this heat
tolerance. Hence, the results derived from the present
study, to some extent, reﬂect the vulnerability of krill
in the Southern Ocean and their sensitivity to
temperature changes.
As one of the important attributes of sea water,
salinity has a signiﬁcant eﬀect on the physiological
behavior of aquatic organisms; aquatic organisms can
present diﬀerent tolerances under diﬀerent saline
environments (Li, 2008). Krill are associated with sea
ice and depend on ice algae as their food source,
especially during the winter season, and they will be
exposed to the seasonal changes in physical
parameters as the ice melts or freezes (Aarset and
Torres, 1989; Meyer et al., 2009; Schaafsma et al.,
2017). The tolerance of aquatic organisms to salinity
has been examined in copepods (Lance, 1963;
Gradinger and Schnack-Schiel, 1998), gastropods
(Sander and Moore, 1979), and crustaceans
(Rokneddine and Chentouﬁ, 2004; Dissanayake and
Ishimatsu, 2011, Torres et al., 2011). However, the
salinity tolerance of krill has hitherto has not been
well examined. Aarset and Torres (1989) indicated
that variation in salinity can impact the metabolism of
krill, and found that krill are osmoconformers in the
salinity range of 25–45. This range was narrower than
that observed in the present study (19.6–50.3 for the
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critical salinity range). However, basically, both
studies demonstrated that krill have a signiﬁcant
tolerance to changes in salinity. Therefore, this result
may provide a possible explanation for the under-ice
feeding of krill along the dynamically changing
marginal ice zone and under-ice habitat. Moreover,
during the molt period, krill must conduct a series of
matter circulations and energy transfers from the
ambient environment; this process needs suitable
salinity to maintain the permeation pressure (Brown
et al., 2010). Thus, when krill are exposed to high or
low salinity media at a constant temperature, they will
conform osmotically to within the tolerated salinity
range (Aarset and Torres, 1989). Similar results can
be found for the amphipod Orchomene plebs in other
Antarctic communities (Rakusa-Suszczewski and
McWhinnie, 1976), the sea ice amphipod Gammarus
wilkitzkii (Aarset and Aunaas, 1987) and Northern
krill Meganyctiphanes norvegica (Forward and Fyhn,
1983) in the Arctic.

5 CONCLUSION
The Southern Ocean, particularly the western
Antarctic Peninsula, has undergone signiﬁcant
environmental changes in the past few decades (Cook
et al., 2005; Meredith and King, 2005). These changes
could potentially aﬀect the living resources in this
region. Understanding the response of krill, a keystone
species in the Southern Ocean, to those changes can
provide insights for the entire marine ecosystem in
the Southern Ocean. Maintaining krill in the onboard
aquarium was a diﬃcult work, and opportunities to
collect krill in the wild are generally limited. In
addition, the control of environmental conditions on
the vessel also requires some compromises. This is a
reason why such studies have been progressing very
slowly in the past decades. The present study
examined the thermal and saline tolerances of krill
under in-situ aquarium conditions with diﬀerent
controlled scenarios. The results provide a potential
scenario for predicting the possible fate of this key
species in the Southern Ocean. However, samples
from diﬀerent seasons, developmental stages, and
geographical regions, and controlled experiments
under more environmental conditions could provide a
more comprehensive understanding of the
environmental tolerance of this species. It would be
very helpful to further explore the response mechanism
of krill to changing environmental variables when the
speciﬁc object-oriented aquarium was developed and
being used in the ﬁeld.
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