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Oxygen uptake of Littorina littorea (Gastropoda: Littorinidae)
at different levels of oxygen tension and temperature.
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The present study examined the ability of the periwinkl e Littorina littorea to
regulate oxygen consumption in relation to decreasing oxygen tension in water
as a function of temperature. There was a significant change of oxygen
consumption of the snails parallel to the decrease of oxygen concentration in
the experimental chamber. The rate of oxygen consumption seems to be
dependent on the ambient partial pressure of oxygen, and thus declines as the
PO2 in the water surrounding the animal is reduced . L.littorea showed no ability
to regulate its oxygen consumption rate when the environmental oxygen content
decreased. Accordingly,L,littorea is regarded as an oxy-conformer. Calculation
of the respiration rate between 5 and 10'C gave a Q16 value of 2.6, and between
10 to 15'C it was 1..4.8y increasing the temperature to 15 "C the metabolic rate of
the snails increased due to higher activity.
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INTRODUCTION
Intertidal organisms are normally subjected to
marked changes in oxygen availability.
Epifaunal organisms experience reduced
oxygen availability during low tides.
Although such animals are able to air-breathe
under moist condition, prolonged exposure to
air such as occurs at high migration levels
necessitates a restriction of water loss by
closure of the shell valves (Newell 7979).
Newell found that regulation of the osmotic
concentration of the body fluids then overrides
metabolic requirements for oxygen. It is not
surprising to find that many organisms
characteristic of the upper shore have an
ability to survive long periods of anaerobiosis.

The littoral environment presents certain
specific conditions. During the night, when the
tide is low, the oxygen content of intertidal
pools may become greatly depleted,
depending upon population density and plant
growth (Nicol 1967).

Littoral animals may have a strategy to
compensate the various conditions in the
intertidal area. TWo extremes of response are
described to response the effect of hypoxic
exposure: oxy-conformer and oxy-regulator
(McMahon 19BB). Periwinkles in the family
Littorinidae, together with snails in the family
Neritidae belong the marine operculate snails
that have developed an ability to survive on
land. These gastropod families have reduced
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gills and the mantle cavity actually functions
as a kind of lung.

Previous studies of L. Iittorea behaviour at
the pier of Helgoland showed that snails were
exposed to air and desiccation when the tide
is low. In this condition snails withdraw
completely into the shell, close the operculum,
and if evaporation continued, the individuals
secrete mucus, which dry and completely seal
the operculum to the inner surface of the shell.
Accordingly, they were exposed to the condi-
tion of oxygen deficiency. I have therefore
addressed the questions concerning the
capacity of these animals to tolerate the
depletion of oxygen; the effect of temperature
on the oxygen consumption, and if the snails
are metabolic conformers or metabolic
regulators.

MATERIALS AND METHODS
L5 individuals of L.littoreq at a size from 78-21

mm (corresponding to 1.5-2.5 years of age
(Moore 1937;Fenske 1997)were collected from
the pier of Helgoland. They were then brought
to the laboratory and put in an aquarium for
acclimatization. During acclimatization the
animals were not fed. Before use in the
experiment the shells were brushed and
cleaned with alcohol. Oxygen consumption of
the water (fittered sea water) in the respiration
chamber was measured as a blank. The
animals were then put into the respiration
chamber to adjust for 20 minutes. Then the lid
of the chamber was closed and the electrode
was put in place on the lid. The oxystat system
used in this study was described in detail by
Vetter et al. (7999). Oxygen consumption
measurements were done using an Oxystat
system with PHM 290 tttration system from
STRUERS, which is modified for O2-Stat-
titration.

Experiments were run at different levels of
oxygen partial pressure. The system allows to
set the level of oxygen tension from high to
lower value. The experiments were run each
12 hours for every level of oxygen tension. The
level of oxygen tension ranged from 27o/" to 3
% with an increment of 3 %. This percentage

was then converted to PwO2 [kPa] for
calculation of the result. The experiment was
done at three temperatures (15, 10, and 5 "C)
which represented the average temperatures
in summel, spring/ autumn, antdwinter at the
collection site (Kaligis 2000). The experiment
was carried out three times for each tempe-
rature. While running the experiment the
behaviour of animals was observed,
temperature constancy and oxygen supply
were controlled. After finishing the experi-
ment the wet and dry weights of snails were
determined.

Dtta analysis
The relationship between oxygen consump-
tion as dependent variable (Y) and the oxygen
tension as independent variable (X) was
calculated using statistical program SigmaPlot
for Windows version 5.00. The temperature
coefficient (Qro) was calculated by using the
formula Qro: G2/R1)101(Tz-Tt), where R2

and R1 are the rates of respiration at
temperature T2 and T1 respectively (Newell
7e7e).

RESULTS
Oxygen consumption of the animals at
different levels of oxygen tension and
temperatures, after deducting the blank value,
is presented in Figs. 1-3. Measurement of the
blank before and after an experiment is
important as control of the experiment due to
bacterial respiration. The relationship between
oxygen consumption (MO ) of L. littoreq and
oxygen concentration (kPa) at 5 oC is shown
in Fig. 1.

There was a significantly linear relationship
between oxygen consumption of the snails and
oxygen concentration of the water (p < 0.05,

student t-test). Oxygen consumption
decreased from 274 nrr.ol g-1 DW min-1 at 64
kPa to 31 nmol g-1 OW min-1 at7 kPa.

At 10 'C (Fig. 2),the tendency of decreasing
oxygen consumption by decreasing oxygen
concentration was also apparent. The oxygen
consumption showed a statistically significant
decrease with oxygen concentration (p < 0.05).

Oxygen consumption was 3L6 nmol g-1 OW
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Figure 1. The relationbetween MOz lnmol/ gDW I
minl and PwO2 [kPa] of L. littorea at 5'C (n:3).
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Figure 2. The relation between MOz [nmol/ gDW/
minl and PwO2 [kPa] of L.Iittorea atL0 "C (n:3).
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Figure 3. The relationbetween MOz [nmol/ gDW I
minl and PwO2 [kPa] of L. Iittorea at 75 "C (n:3).

min-1 at 49 kPa; after that it was relatively
stable at 41 kPa (185 nmol g-1 OW min-1) to 18

kPa (198 nmol g-1 pW min-1) and was then
reduced to L50 nmol g-1 pW min-1 at 1L kPa),
and finally decreased to 89 nmol g-1 DW

min-1 at 3 kPa.
At 15 "C (Fig. 3) the oxygen consumption of

the snails showed a statistically significant
decrease with decreasing oxygen concentra-
tion (p < 0.05) and ranged between 476 nmol
g-1 DW min-1 at 50 kPa down to 91 nmol g-1

DW min-1 at 3 kPa.
Oxygen consumption of L. littorea in the

respiration chamber depended on the oxygen
concentration of water in the chamber. The
dependence was more pronounced at5'C and
15 "C than at 10'C; the snails consumed more
oxygen at increasing temperature.

I found a significant reduction of oxygen
consumption of the snails parallel to decrease
of oxygen concentrations in the chamber. At 5
"C the coefficient12 was 0.85 (p : 0.03); at 10

"C0.66 (p:0.027), and at 5 'C it was 0.85 (p :
0.0032). The first value of oxygen consumption
at each temperature was always high,
probably because the snails needed to adapt
to the experimental condition. Calculation of
the respiration rate between 5 and 10 oC gave
a Qro value of 2.6, and between L0 to 15'C it
was 1.4.

DISCUSSION
Snails are exposed to air and desiccation when
the tide is low. In this condition snails
withdraw completely into the shell, close the
operculum, and if evaporation continues,
secrete mucus, which dry and completely seal
the operculum to the inner surface of the shell.
Accordingly, they are exposed to low oxygen
conditions.

I observed the snail's behaviour and
measure the snail's oxygen consumption at
different levels of oxygen concentration and
temperatures in the respiration chamber. I
found that animals started to move, some of
them crawled up on the wall of the chamber,
some attached to one another. It seemed that
they were more active when the oxygen
concentration was high, and then became
gradually inactive as the concentration was
lower. Howevel, low oxygen concentration
did not make them die but only reduced their
activity. It was obvious when they were taken
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out of the chamber after experiment and were
still alive.

Sandison (1,966; 7967) claimed that species
inhabiting successively higher intertidal levels
have higher rate of respiration; aerial
respiration was significantly greater than
aquatic respiration in species of L. Iittorea.
Contrary, McMahon & Russel-Flunter (1977)
and Innes & Houlihan (1985) found relatively
low aerial respiration rates. McMahon (1988)
noted that littoral animals must either be
extremely tolerant to reduced oxygen levels
and / or must have available efficient
compensatory mechanisms, which allow rapid
acclimation to oxygen deficiency. The effects
of hypoxic exposure show two extremes of
response: Oxy-conformers, which simply
allow 02 consumption (MOz) to vary with
oxygen availability and oxy-regulators, which
attempt to regulate MO2 over a range of
external oxygen levels (McMahon 1988).
Prosobranchs are able to close the operculum
and survive for several weeks in the absence
of oxygen (for examples Melaraphe neritoides
and Li t t o r in a p un ct at a, (P atane 19 46 a,b qu ote d
by New ell 7979). Moreover, Magnum &
Winkle (7973, quoted by Pamatmat 7978)
noted that some benthic species, when
subjected to decreasing oxygen tensiory cease
to consume oxygen even though there may
still be considerable oxygen left in the wate4,
a phenomenon called "aerobic shut-down",
and the animals are believed to switch over to
anaerobic metabolism. Additionally, Newell
(1979) revealed that although such animals are
able to air-breathe under moist condition,
prolonged exposure to air such as occurs at
high migration levels necessitates a restriction
of water loss by closure of the shell. It is not
surprising to find that many organisms
characteristic of the upper shore have an
ability to survive long periods of anaerobiosis
(Newell 1979).

The result of my oxygen consumption
measurements showed that at the 41-18 kPa
level of oxygen concentration, the oxygen
consumption of the snails was relatively stable
(see Fig. 2). This indicated that at a certain

range of oxygen deficiency, L.littorea were able
to regulate oxygen consumption. Howeve4, in
general, the oxygen consumption of L. littorea
decreased when the oxygen concentration in
water decreased. The rate of oxygen
consumption was directly dependent on the
ambient partial pressure of oxygen, and thus
declined as the PO2 in the water surrounding
the animal was reduced. L.littoreashowed no
ability to regulate its oxygen consumption rate
when the environmental oxygen content
decreased. Accordingly, L. littorea is an oxy-
conformer.

The calculation of the respiration rate
between 5 and 10 'C give a Q16 value of 2.6.
This value was in the range of the e1s value
for biochemical/physiological processes, in
which a Qto value between 2 and3 is generally
found in these processes (Buchh oIz, pers.
comm.; Hylleberg & Riis-Vestergaard I9B4;
Levinton 7995). Thus there was a doubling to
tripling of the oxygen consumption of the
snails with a 10 oC rise in temperature. From
the values of the measured respiration rate
between 10 to 15'C a Qro of 7.4was calculated.
Q19 value indicates the sensitivity of the
respiration rate of an organism to temperature
change (Davies 7966). Levinton (IggS)
suggested that in poikilotherms, an increase
in temperature usually increases the metabolic
and behavioural activity. Such a relationship
would pose problems for poikilotherms living
in a seasonal environment (Levinton 1995). To
avoid this restrictiory many poikilotherms are
able to acclimate to seasonal changes in
temperature (Levinton 7995).

InPatelln, Davies (1966) found Q1s values of
more than 2 at atemperature variation of 5 .C
to 15 oC (over 5 oC intervals), and the Q1g value
below 2 at temperature variations between 15
oC to 35'C (over 5'C intervals). He suggested
that in Patella, low values of Q16 were
correlated with high environmental
temperatures. In the present study, a Qro value
below 2was found at temperature variations
between 10 "C to 15 "C (higher temperature
range) indicating that there mightbe a certain
degree of regulation of the reaction rate to



phuket Marine Biological Center Special Publication 25(1): 719-L24 (2001) r23

aerial oxygen consumPtion of cold
temperate gastroPods: A comparison with
some Mediterranean species. - Comp.
Biochem. Physiol. B2A(1): 105-109.

Kaligis,G.J.F. 2000. Distribution in relation to
environment of the marine snail, Littorinq
littoren (Gastropoda:Prosobranchia) at
Helgoland (North-Sea). - Phuket Marine
Biological Center Special Publication 21(1):

91-1.02.
Levinton,J.S. 1995. Marine biology. Function,

biodiversity, ecology. 4.The chemical and

physical environment. Oxford University
Press. Pp.67-86.

Magnum,C.P. & van Winkle,1973. Responses

of aquatic invertebrates to declining oxygen

condition. - Am. Zool.73 529-54L
McMahon,R.F. & W.D.Russel-Hunter, 1977.

Temperature relations of aerial and aquatic

respiration in six littoral snails in relation to
their vertical zonation. - Biol. Bull. I52:782-
T9B,

McMahon, B.R. 1988. Physiological responses

to oxygen depletion in intertidal animals' -

Amer. Zool.,28:39-53.
Moore,H.B. 1'937. The Biology of Littorina

littorea. Part I. Growth of the shell and
tissues, spawning, length of life and
mortality. - Journal of Marine Biology
Association vol. 27: 721-7 42.

Newell,R.C. 1979. Btology of Intertidal
Animals. Marine Ecological Surveys Ltd'
Faversham, Kent. 78I PP.

Nicol,J.A .C. 1967 . The biology of marine
animals. Second edition. Sir Isaac Pitman &
Sons Ltd. P.135.

Pamatmat M.M. 1'978. Oxygen uptake and
heat production in a metabolic conformer
(Littorina irror ntn) and a metabolic re gulator
(tJcapugnax). - Marine Biology 48:317-325'

Patan6,L . 1.946a. Anaerobiosis in Littorina
neritoides (L).8o11. Soc.Ital. Bioll. Sper. 27(7):

928-g\g.In Newell R.C', 1979. Biology of
Intertidal Animals. Marine Ecological
Surveys Ltd. Faversham, Kent. TBI pp'

Patan6,L . 7946b. Anaerobiosis rn Littorina
neritoides (L). Boll. Soc.Ital. Bioll. Sper. 2I(7):
g2g-930.1r Newell R.C', 1979. Biology of

maintain a constant level. According to
Levinton (1995) acclimation to seasonal
temperature change serves to maintain activity
and a favorable energybalance. With seasonal

and relatively slow changes in tempetature,
many invertebrates acclimate and adjust the

metabolism-temperature relationship to new
conditions. This adjustment can result in the

metabolic rates being constant for acclimated

individuals over a wide range of temperatures
(Levinton,7995).

During the experiment, which was run for
approximately one week for one replication,
the animals were not fed. Accordingly, a

starvation effect could not be excluded.
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