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INTRODUCTION

One of the most important scavenging amphipods in 
the deep sea is the cosmopolitan lysianassoid Eurythenes 
gryllus (Lichtenstein 1822), which seems to play an 
important role in biological processes in the deep-sea eco-
system (Desbruyères et al. 1985). As for other benthic or 
bentho-pelagic scavengers the impact of any large food 
fall is unpredictable both in space and in time. Food falls 
in the deep sea represent extremely large local energy 
enrichment, given mostly low input rates of other organic 
matter to the deep sea (Smith 1985). When a food fall is 
available, scavengers must be able to sense its presence 
almost immediately and locate the food fall directionally 
and efficiently. Previous studies showed that the scaveng-
ing amphipod E. gryllus approached a food fall mostly 
within 30 min and occurred in high numbers (Witte 1999, 
Janssen et al. 2000, Premke et al. 2003). Additionally, the 
marked seasonality of high latitude marine ecosystems 
implies that the relationship between nutrition and meta-
bolism is of specific significance for many polar organ-
isms, since they must survive long periods without major 
food supply (e.g. Clarke 1983, Sainte-Marie 1984).

Lipids are important, since they have the capability to 
store energy in a very efficient way. As a storage fuel lip-
ids are advantageous, because they can be stored in anhy-
drous form and represent more energy for less bulk (Gurr 
& Harwood 1991). In the Arctic marine food web lipids 
play an important role to buffer the seasonality of food 
availability (Graeve et al. 1997, 2001). 

The arctic deep-sea scavenging amphipod community 
is an important energy mediator from carcasses to other 
organisms of all trophic levels (Jones et al. 1998). There-
fore, this study focused on the conjunction of deep-sea and 
high-latitude conditions and its effect on the metabolic 
rates and energy storage capacities of scavengers. It aims 
to answer questions related especially to Eurythenes gryl-
lus as a main scavenging consumer in the Arctic deep-sea 
ecosystem; providing additional data to the limited amount 
of information of the energetics of deep-sea communities. 

MATERIAL AND METHODS

Sampling and experimental set-up: The amphipods were col-
lected in summer 2001 in the Fram Strait, off Spitsbergen, 
(79°21’N, 02°59’E) (Fahrbach 2002) with baited traps fixed on 
a free falling tripod lander at 1468 m water depth where temper-
ature varied between –0.5 and 1.5°C and salinity was close to 
34 ‰. Surface water temperature was cold enough (1.5-2.5°C) 
to recover animals in good condition.

Generally it is difficult to keep deep-sea organisms in aquaria 
at surface pressure and temperature. Eurythenes gryllus is a very 
eurybathic but also an extremely stenothermic animal which is 
difficult to handle (George 1979). Therefore, only six animals 
could be used for measuring oxygen consumption rates of Eury-
thenes gryllus. Other individuals collected alive died in the 
aquarium or were not in good condition for measurements. The 
six animals studied survived up to five months in a cooled circu-
lar tank.
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AbSTrACT. – Laboratory experiments were carried out to measure standard (starved animals) 
and active (animals exposed to food odour) metabolic rates of the deep-sea amphipod Eury-
thenes gryllus. Six individuals could be kept alive and in good condition in the lab for several 
months and were used for measuring respiration rates. A considerable increase in oxygen con-
sumption was observed following the addition of food odour. Mean specific oxygen consump-
tion rate ranged from 0.11 to 2.05 ml O2 g-1 AFDW h-1 for standard animals and 0.45 to 1.51 ml 
O2 g-1 AFDW h-1 for active animals. Amphipods are adapted to a sporadic food source in a food 
limited environment by having two levels of metabolism: a standard (minimal) rate much like a 
state of dormancy and an active rate for optimal utilisation of food fall. The active rate was three 
times higher than the standard rate. Total lipid content (ranging from 22.1 to 37.6 % DW) of 
individuals collected from the Arctic Fram Strait was measured to calculate food energy stores. 
Oxygen consumption rates can be combined with lipid content analyses to estimate the energy 
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standard rate of metabolism.
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Other individuals collected from the traps were used for 
length-weight measurements (n = 948) and lipid analyses 
(n = 21).

Body mass, length and lipid content: All animals used for 
length-weight measurements (n = 948) were fixed on board in 
4 % buffered formaldehyde and 96 % filtered sea water. In the 
laboratory, the animals were identified to species level. Sex was 
determined by external characters. Specimens with oostegites 
visible under a stero microscope were considered to be females. 
Presence of genital papillae between pereonite 7 and pleonite 1 
identified males. Individuals without external sexual characters 
were considered to be juveniles. The length of each individual 
was measured to the nearest millimetre from the apex of the 
head to the tip of the telson under a stereo-microscope while 
gently straightening the dorsal curvature of the animal (Chris-
tiansen et al. 1990). Presented values are averages of three read-
ings. All individuals were blotted dry and their wet weight mea-
sured individually on a micro balance. 

The animals used for lipid analyses originated from the same 
geographical area (same stations) and belonged to similar size-
classes as those in the respiration studies. Twenty-one individu-
als of Eurythenes gryllus were lyophilized for 48 h in order to 
determine their dry body mass, followed by extraction in a solu-
tion of dichloromethane: methanol (2:1) after Folch et al. (1957) 
and bligh & Dyer (1959). The total lipid content was measured 
gravimetrically after Hagen (2000). For the presentation of the 
results, total lipid content was calculated as percentage of indi-
vidual dry weight (% DW). Lipid values were converted to 
energy content using the caloric equivalent of 39.58 kJ g-1 
(Gnaiger & bitterlich 1984). 

metabolic rate: The transport of live specimens to the lab 
was carried out in refrigerated boxes by plane and animals were 
subsequently held in black circular tanks with circulating sea 
water at 0°C in a cool laboratory and with an oxygen saturation 
of 100 %. Animals were kept under reduced red light conditions 
in tanks and were provided with pieces of 10 x 5 x 5 cm artificial 
viscose sponges as substratum. 

The amphipods spent most of the time motionless, burrowed 
into sponges. In order to measure oxygen consumption of stan-
dard metabolism rather than stress metabolism it was necessary 

to keep individuals for a period of several weeks in aquaria. 
During starvation (70 to 148 d) and acclimatisation metabolism 
of amphipods were going into standard rate.

The standard metabolism is defined as a time when amphi-
pods were unexposed to bait scent (in a state of dormancy, Smith 
& baldwin 1982) whereas the active metabolism reflects exer-
cising activity (exposed to food odour) up to the maximum pos-
sible level of maximum metabolic rate (Willmer et al. 2000).

For each individual Eurythenes gryllus the calculated mean 
of oxygen consumption rate (ml O2 h-1) and specific oxygen 
consumption rate (O2 g-1 AFDW h-1) (three to five measure-
ments) was determined from the decrease of oxygen concentra-
tion. Oxygen consumption was measured by oxygen microop-
todes (PreSens). The sensor consisted of a fiber optic cable sup-
plied with a standard glass fiber plug to a one-channel optode 
array (Microx TX3). The sensor end, trapped in a syringe, was 
kept in a sensor block. Air and water tightness of syringe in the 
block were ensured by double o-rings. The sensor block as well 
as the specifically designed respiration chambers for amphipods 
was connected to a closed recirculating flow system. The respi-
ration chamber was immersed in a water bath to maintain stable 
temperature. All data (oxygen saturation, time, phase angle, sen-
sor number, and control for background lighting) were transmit-
ted directly to a computer for quasi continuous (every 30 sec) 
data registration. Further, technical details and backgrounds can 
be found in Holst et al. (1997), Klimant et al. (1995, 1997) and 
Gatti et al. (2002). Two-point calibration of the optode was per-
formed with all microoptodes connected to the same water res-
ervoir. Nitrogen bubbling and air bubbling were used to cali-
brate the 0% and 100% air saturation points, respectively. 

Twenty hours before experimental measurements started 
amphipods were individually kept for acclimatisation in 175 ml 
respiration chambers. For every amphipod, three to five repeat-
ed cycles of oxygen measurements were done. respiration 
chambers were opened when the oxygen concentration was 
below 60 %. Thus, none of the amphipods was exposed to sig-
nificant lower oxygen concentrations than reported for in situ 
concentrations of the bottom water at the sampled stations. 
Therefore, a physiological stress due to unusual low oxygen 
concentration can be excluded.

Due to technical problems three amphipods in the experi-
ments could only be taken for measuring standard metabolism 

Table I. – Wet and dry weights of analyzed specimens, lipid content in the dry weight [%] and energy content of lipids calculated based 
on the caloric equivalent 39.58 kJ. Values are expressed as the mean ± SD. a lengths were measured from formaldehyde samples, divid-
ed into four subclasses and compared with the lipid content per WW of organisms measured.

Lengtha [mm] Wet weight [g] Dry weight [g] Lipid [g] Lipid [% DW] Lipid energy 
content [kJ] N

up 16 mm 0.13 ± 0.05 0.03 ± 0.02 0.01 ± 0.002 22.1 ± 7.85 0.25 5

30 to 41 mm 0.64 ± 0.27 0.14 ± 0.07 0.04 ± 0.028 29.5 ± 5.52 1.71 7

42 to 53 mm 2.01 ± 0.59 0.50 ± 0.04 0.19 ± 0.032 37.6 ± 7.91 7.45 4

54 to 80 mm 3.40 ± 0.75 0.68 ± 0.13 0.20 ± 0.078 29.6 ± 9.21 8.10 5
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(no food odour added) whereas experiments with the other three 
individuals were run on standard metabolism and active metab-
olism (food odour added). At least 20 h after the transfer of 
amphipods into the chamber when they were in standard metab-
olism, a short pulse (3 minutes) of food odour (1 ml food odour 
to individual II, 5 ml to individual III and 2 ml to individual V) 
was delivered into the water circuit. The food odour comprised 
a 70 % water solution of fresh mackerel extraction, made from 
Scomber scombrus. 

The measurements of metabolic rate in the absence of food 
odour were performed days before measurements with food 
odour were run. During the experiments, the chambers were 
submerged in a water bath, which maintained the temperature at 
0°C ± 0.1°C. The circulation was closed during measurements 
and was open at the end of the experiment. After opening of cir-
culation flushing of chamber was quick, optode response was 
immediate and usually oxygen levels were back to 100 % air 
saturation after 10 min. At the end of each experiment ammoni-
um concentrations were measured in all respiration chambers to 
control for waste products using a test kit provided by Merck 
(Merckoquant for ammonium). In all experiments ammonium 

concentrations were below detection limits. 
Wet weight and body length of each individual were mea-

sured immediately after the end of the experiments. Excess sur-
face water was removed carefully with soft tissues. Amphipods 
were deep-frozen at –80°C for subsequent measuring of ash free 
dry weight (AFDW) of each individual.

RESULTS

Length weight measurements and lipid content

It is difficult to estimate the length of lipid analyzed 
organisms, given that the animals should be processed 
directly after being taken out of the freezer. Therefore, we 
used the length–weight relationship of the formaldehyde 
fixed samples to get an idea of the size classes (Fig. 1 a, b, 
Table I). 

The body lengths of amphipods, only used for length-
weight measurements correlated well with the body 
weight (wet weight) and ranged from 16 mm and 0.11 g 

Fig. 1. – relationship between 
wet weight [g] and length [mm] 
of a) female (y = 5E – 05x2.7808) 
and b) male (y = 7E – 05x2.6984) 
individuals of Eurythenes gryl-
lus. Correlation coefficient (r2) 
and individual number (n) were 
given.
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Table II. – body length, wet weight (WW) and ash free dry weight (AFDW) of six individuals of Eurythenes gryllus used for oxygen 
consumption measurements. Oxygen consumption rates of both, starved (standard rate, Sr) and exposed to bait (active rate, A) refer 
to: (i) individual rate, (ii) mass specific rate per gram wet weight, (iii) mass specific rate per gram ash free dry weight and (iv) energy 
losses in metabolism in Joules per day converted based on the oxycaloric equivalent of 20.08 J ml-1 O2 (Gnaiger 1983).

Lenght Oxygen consumption

 [mm] WW AFDW  (J d-1)

I SR 34 0.83 0.03 0.06 ± 0.003 0.07 ± 0.01 2.05 ± 0.14 29.83

II SR 42 1.93 0.07 0.01 ± 0.00 0.004 ± 0.00 0.11 ± 0.00 3.60
A 0.03 ± 0.008 0.02 ± 0.01 0.46 ± 0.15 15.56

III SR 43 1.93 0.06 0.02 ± 0.00 0.01 ± 0.01 0.46 ± 0.35 11.84
A 0.09 ± 0.01 0.05 ± 0.01 1.51 ± 0.31 43.26

IV SR 43 2.19 0.07 0.03 ± 0.007 0.01 ± 0.00 0.37 ± 0.01 12.76

V SR 45 2.21 0.08 0.03 ± 0.01 0.01 ± 0.001 0.39 ± 0.03 15.19
A 0.09 ± 0.008 0.04 ± 0.00 1.08 ± 0.00 42.17

VI SR 66 7.43 0.22 0.07 ± 0.007 0.01 ± 0.001 0.37 ± 0.04 35.23

Number

Weight [g]Individual 

(ml O2 Ind-1 h-1) (ml O2 g -1AFDW h-1)(ml O2 g
-1WW h-1)

Fig. 2. – Oxygen consumption rate versus body 
mass of Eurythenes gryllus: a) mass specific 
oxygen consumption rates [ml O2 h-1 g-1 
AFDW] versus body weight and b) oxygen con-
sumption rates of individuals [ml O2 h-1 Ind-1 ] 
versus body weight. Latin numbers indicate 
order of individual numbers.   Organisms 
exposed to food odour,   Organisms unex-
posed to food odour.
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to 75 mm and 8.89 g for females (r2 = 0.92; y = 5E – 
05x2.7808) and 16 mm and 0.13 g to 56 mm and 3.95 g for 
males (r2 = 0.9; y = 7E – 05x2.6984) (Fig. 1 a, b). Values of 
weight (w) and length (L) are provided in the form of a 
conventional allometric equation: w = a x Lb, where a 
(estimate of intercept) and b (estimate of slope) are con-
stants. 

Lengths of amphipods, used in oxygen experiments 
ranged from 34 mm to 66 mm, with a wet weight of 0.83 
to 7.43 g (Table II). 

Depending on their different wet weight and estimated 
size of individuals, individuals were classified into four 
subclasses: individuals (1) up to 16 mm, (2) 30 to 41 mm, 
(3) 42 to 53 mm and (4) 54 to 80 mm length (Table I). 
Lipid content of the 21 individuals was highly variable, 
ranging from 22.1 to 37.6 % DW with the mean value of 
29.3 ± 8.6 % DW. 

Oxygen consumption

For all six individuals the mean of oxygen consump-
tion rates versus the body mass is shown (Fig. 2 a, b). The 
mean specific oxygen consumption rate ranged from 0.11 
to 2.05 ml O2 g-1 AFDW h-1 for standard specimens (no 
food odour) and 0.45 to 1.51 ml O2 g-1 AFDW h-1 for 
active specimens (exposed to food odour, Table II). Indi-
vidual oxygen consumption of amphipods unexposed to 
bait scents increased with the size of specimen, except for 
the smallest individual which had a very high consump-
tion rate and the largest that had a very small consumption 
rate (Fig. 2 b). Whereas this is not true for organisms 
exposed to bait scents.

Exemplary three data sets are shown on oxygen con-
sumption with and without food odour (Fig. 3). During 
the standard metabolism, amphipods showed no swim-
ming activity. While the measurement cycle was closed, 
decrease of oxygen content within the respiration cham-
bers was continuous and uniform (Fig. 3). The decrease 
of oxygen saturation was uniform within single experi-
ments and is caused by respiration. After restarting the 
circulation, flushing of the chamber was quick. After add-
ing the food odour the amphipods responded with a high 
swimming activity and an increase in oxygen consump-
tion, exceeding the standard consumption rates (0.01 to 
0.04 ml O2 ind-1 h-1) about threefold (0.03 to 0.08 ml O2 
ind-1 h-1; Fig. 2 a-c). These experiments suggest that the 
total amount of substance (1, 2 or 5 ml of food odour) 
appeared not to be of influence on the activity of amphi-
pods (Fig. 3 a-c). Generally the animals exposed to food 
odour kept their higher activity until the end of the experi-
ment. However, we have to interpret the results carefully 
because we did not use artificial substrate in the respira-
tion chamber to reduce amphipods stress, thus the data 
could also reflect physical or/and physiological stress.

DISCUSSION

Collection, maintenance and experimentation with arc-
tic deep-sea animals are challenging. This study showed 
an influence of food odour on oxygen consumption of 
arctic deep-sea amphipods, given that respiration rates of 
E. gryllus not exposed to bait odour were about three 
times less than in exposed specimens. However, these 
results have to be viewed with care because only six indi-
viduals could be taken for measurements, thus, we can 
only speculate with the available data as to the mecha-
nism underlying the results.

Deep-sea metabolic rate data have a particularly impor-
tant role to play in this contentious area, perhaps deter-
mining the metabolic rates of animals will allow us to 
understand the relative importance of ecological and 
physical factors. 

Deep-sea scavengers, such as Eurythenes gryllus, are 
attracted within 10 to 30 minutes to bait after it has 
reached the seafloor (Hessler et al. 1978, Lampitt et al. 
1983, Premke et al. 2006). This corroborates the theory 
that amphipods are able to sense nutrients almost imme-
diately and can switch rather promptly into an active met-
abolic mode to approach the food source rapidly (Sainte-
Marie 1992, Hargrave et al. 1994). It was confirmed by in 
situ investigations that chemoreception is the main sense 
involved in food fall localisation in scavenging crusta-
ceans (Premke et al. 2003). Also previous laboratory 
investigations of other scavenging amphipods or crusta-
ceans emphasized that bait attraction was a major factor 
in influencing oxygen consumption (Carr 1988, Weiss-
burg 1997, Atema 1998, Takeuchi & Watanabe 1998). 
The metabolic rate is largely controlled amongst others 
by the temperature dependence of biochemical processes 
(Gillooly et al. 2001). Furthermore, Peck (2002) showed 
that polar cold-blood animals have a low standard metab-
olism, influenced by two interacting processes: a low aer-
obic scope (which could be related to mitochondrial func-
tion at low temperature) and the body size. Also, the larg-
est individuals of E. gryllus in the Arctic Ocean are much 
smaller than those found in the North Atlantic and central 
North Pacific, but the smallest individuals are about the 
same size (Fig. 4).

The mean oxygen consumption rate for Eurythenes 
gryllus in situ ranged from 0.004 to 0.07 ml O2 g-1 WW h-1 
for standard rate and 0.01 to 0.05 ml O2 g-1 WW h-1 for 
active rate (Table II). Similar results were found for 
E. gryllus of the Arctic Ocean at a depth of 1850 m (0.006 
– 0.06 ml O2 g-1 h-1) (George 1979). For Antarctic E. gryl-
lus, trapped at 580 m, a slightly higher oxygen consump-
tion of 0.09 ml O2 g -1 WW h-1 was measured (Opalinski 
& Jazdzewski 1978). Differences of oxygen consumption 
between males and females could not be estimated due to 
the low number of females and males; however, in other 
studies no sex-related differences were found (Opalinski 
& Jazdzewski 1978). 
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Fig. 3. – Effects of food odour 
on the metabolism of a) indi-
vidual II, b) individual III and 
c) individual V of Eurythenes 
gryllus. bold line: individuals 
exposed to bait odour (Active 
rate), thin line: individuals 
unexposed to bait odour (Stan-
dard rate). For every cycle, 
oxygen concentration per indi-
viduum, slope (b) of linear 
regression, correlation coeffi-
cient (r2), and number of single 
measurements (N) included the 
linear regression, are given.
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An active rate of metabolism was shown by a rapid 
increase in respiration rates of Eurythenes gryllus when 
exposed to bait (Fig. 3 a-c). Smith & baldwin (1982) 
ascertained an active and a standard metabolism phase of 
Paralicella capresca and orchomene sp. from in situ res-
piration measurements. Increased oxygen consumption 
rates related to food odour have also been noted for the 
gastropod nassarius reticulates (Crisp et al. 1978). In the 
standard metabolism period amphipods have lower oxy-
gen consumption and subsisted on a high lipid energy 
reserve. During this phase the amphipod would maintain 
an intensive sensitivity to the presence of potential food 
falls. in situ long-term investigation showed that standard 
oxygen consumption rates of amphipods, without expo-
sure to bait odour, are in a state of torpor or dormancy 
(Smith & baldwin 1982). When food supply is low, tor-
por will also be used by terrestrial animals such as bum-
blebees, their metabolic rate is three orders of magnitude 
less during torpor than during active foraging (Heinrich 
1975).

Odour plumes emanating from food falls may contain 
information about the quality and quantity of food at the 
source (ritschoff 1980, Zimmer-Faust & Case 1982) as 
well as its distance from the food source (Moore & Atema 
1988, Moore et al. 1991), potentially permitting the scav-
engers to make a decision whether or not to search for the 
odour source. Also, the nutritional quality of food may be 
indicated by the ratio of amino acids to ammonia; as this 
ratio decreases, the food odour characteristics in a circuit 
changes and can lead to a termination of searching (Zim-
mer-Faust 1987).

Smith & baldwin (1982) proposed three assumptions 
which are generally valid for deep-sea scavengers: (i) the 
deep sea is an oligotrophic food-energy limited environ-
ment, (ii) there is a selective advantage for those animals 
which optimally utilize the available food energy and (iii) 
large food falls are the main food source for scavengers. 
These assumptions could also apply to the scavenging 
amphipod Eurythenes gryllus in the Arctic Ocean. As 
these and other results showed, amphipods can withstand 
long starvation periods, respond quickly and have high 
assimilation efficiency (bohé-Lafrique 1985, Sainte-Ma-
rie 1992, Hargrave et al. 1994). Similar behaviour was 
described for several Arctic and Antarctic scavenging 
pelagic amphipods (e.g. Opalinski & Weslawski 1989). 
These animals have a similar way of life and locomotor 
activity, but there are differences in body size and envi-
ronment.

The present measurements and literature data show 
that benthic amphipods exhibit a slightly higher oxygen 
consumption rate as compared with pelagic amphipods 
(Opalinski & Jazdzewski 1978, Opalinski & Weslawski 
1989, Schmid 1996). Moreover, respiration rates of inter-
tidal and pelagic amphipods were about 50-times lower 
than those from deep-sea amphipods (e.g. busdosh & 
Atlas 1975, Childress 1975, Opalinski 1974). In some 
Antarctic species such as e.g. orchomenella chilensis 
(Armitage 1962), abyssorchomene plebs (rakusa-Suszc-
zewski 1990) or Eusirus perdentatus (Opalinski & 
Jazdzewski 1978) a similar ratio was found. Such active 
scavengers as Eurythenes gryllus may have higher growth 
and metabolic rates than either deep-living species that 

Fig. 4. – Length range of Eurythenes gryllus of different areas. Minima and maxima are given. Source, in the order of areas: Chris-
tiansen et al. 1990, Charmasson & Camlet 1987, Wickins 1983, Ingram & Hessler 1983, Thurston et al. 2002, bowman & Manning 
1972, Premke et al. 2006.
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are lethargic (George 1979, Ingram & Hessler 1987). 
Compared to the active scavenger E. gryllus, the lysi-

anassoid amphipod Waldeckia obesa is relatively inactive. 
W. obesa has a standard metabolism of 0.01 ml O2 g-1 WW 
h-1 (Chapelle & Peck 1995) whereas the mean metabolism 
of E. gryllus is three times (0.02 ml O2 g-1 WW h-1, stan-
dard rate), to nearly five times higher (0.04 ml O2 g-1 WW 
h-1, active rate), respectively. Also the active Antarctic and 
Arctic amphipod scavengers abyssorchomene plebs 
(0.056 ml O2 g-1 WW h-1, rakusa-Suszczewski 1990) and 
anonyx nugax (0.1 ml O2 g-1 WW h-1, Schmid 1996) show 
higher metabolic rates than the inactive Arctic amphipod 
Stegocephalus inflatus (0.01 ml O2 g-1 WW h-1, Schmid 
1996). 

based on total lipids and metabolic rates, sustenance 
times have been calculated for Eurythenes gryllus. Our 
measurements of total lipids with the mean lipid content 
of 6.8% of wet weight (Table I) are slightly higher than 
those reported for other investigations on E. gryllus (2.1 
to 4.8 %, Opalinski & Jazdzewski 1978, George 1979, 
Smith & baldwin 1982, Clarke 1983, Hargrave et al. 
1994, 1995, bühring & Christiansen 2001). This high 
lipid content resulted in the unusually high mean caloric 
content of 3.96 kJ ind-1 (Table I) and is sufficient to main-
tain E. gryllus at the standard rate of respiration for an 
average of 409 d (range between 56 to 626 d) and at the 
active rate for an average of 152 d (range between 109 to 
176 d). In fact, the net energy of lipids available to the 
body (metabolizable energy) is rather less than the gross 
energy because of excretory losses, so that we could con-
servatively assume that only 50 % of lipids were energy 
reserves. Thus, the amphipods could sustain a standard 
period for 203 d and an active period for 76 d without 
food. It is clear that E. gryllus can survive several months 
without food because of its low standard metabolic rate. 
Also starvation periods as long as 18 months have been 
reported for Antarctic amphipods (Coleman 1991). A 
lower sustenance time (4.5 d for active and 96 d for stan-
dard rate) was estimated for the smaller amphipod Parali-
cella capresca (Smith & baldwin 1982). These data obvi-
ously show that sustenance times are higher for large, 
compared to small individuals, because of their higher 
lipid reserves (Table I, Dahl 1979, bohé-Lafrique 1985). 
On the other hand, interspecific comparisons of chemical 
composition must be viewed with care due to variations 
in physiological states such as growth, sex and reproduc-
tion (Ansell 1972, Morris 1973).

Given a mean swimming speed of 7 cm s-1 (resp. 
4.56 m d-1, Laver et al. 1985) we calculated that amphi-
pods require for an active day an energy expenditure of 
33.7 J d-1 by having an active respiration rate of 1.65 ml 
O2 ind-1 d-1 (individual of 35 mm length) and a total lipid 
content of 6.1 % (Table I and II). Meanwhile they con-
sume 0.12 % of their lipid energy (assuming only 50% of 
total lipids represent energy storage).

However, further experiments are needed to clarify if 

the findings of this study hold true keeping in mind that 
the study based on a small number of samples. Neverthe-
less, they amplify and confirm previous studies that meta-
bolic rates of E. gryllus increased while exposed to fish 
odour. 

Furthermore, the study reveals that deep-sea scaveng-
ing amphipods in high-latitudes could survive for a longer 
time without food than other deep-sea amphipods, even 
though they have smaller overall body size. These might 
then be adaptations to the highly seasonal high-latitude 
environment. 
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