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ABSTRACT

The respiration of Crangon crangon and Palaemon adspersus was measured under normoxic
and hypoxic conditions. All experiments were run for at least 24 hours (S, 20%o; T, 20°C).

In normoxia Crangon shows a clear diel respiratory pattem: highest respiration during early
night and early morning, lowest in daytime. This respiratory rhythm can be correlated to the diel
activity pattem. The respiratory rhythmicity disappears when oxygen tension decreases below ca
100 torr due to an increase in the average activity of Crangon (a response to avoid the hypoxic
conditions). Crangon can maintain its routine respiration independent of oxygen tension in the
medium (Pw0 3) down to a PwO, of 30 torr, the so-called Pc. The typical diel mean routine respira-
tory level for intermoult Crangon (w.w. 0.25 and 1.1 g) are 0.9 and 0.2 m1 0 2g _’h 1 respectively
when sand is supplied as substrate and 1.6 and 0.65 m1 0 ;g_1h_1 when no substrate is supplied.
Moulting has not been noted during the hypoxia respiration experiments.

Palaemon adspersus shows no diel respiratory rhythmicity under the given experimental condi-
tions, possibly a result of a “wrong" substrate in the experimental chamber. Palaemon can main-
tain its respiratory independency down to a PwO, of 45 torr. Typically Palaemon with a wet weight
of for instance 0.7; 1.0 and 2.1 g has a respiration of 0.65; 0.41 and 0.13 ml1 0,g-1h-1 respectively.

The results are discussed in relation to the ecology of the species and specially in relation to

hypoxic conditions increasingly occurring in shallow eutrophicated waters.
INTRODUCTION

The increasingly eutrophicated brackish water areas are the habitat of
a shrimp stock, which is important from both an ecological as well as an
economic viewpoint. In Danish waters both Crangon crangon and Palaemon
adspersus are locally subject to an intense fishery. One consequence of eutro-
phication is impaired oxygen conditions in the shallow water, resulting in shor-
ter or longer periods of low oxygen concentrations. Most of these periods
occur in the summertime (Miljostyrelsen, 1984) when due to high water tempe-
rature the solubility of oxygen is already lowered and the metabolic rate of



68

most organisms is higher. Since the metabolic rate of the animals is influenced
and because species show different degrees of tolerance to changed oxygen
conditions, such periods oflower oxygen conditions may change the balance of
the whole ecosystem.

Our knowledge of the respiratory rate (M 02) of brackish water animals is
now reasonably good due to improved techniques and better understanding of
the physiological processes in the organisms. However, most results published
deal with short time experiments, i.e. von Oertzen (1984), Hagerman and We-
ber (1981), van Donk and de Wilde (1981) and only few e.g. Butler et al. (1978)
record the M 02 for extended periods. As the respiration is likely to vary with
time it is important (i) to record M 02 after the animal has recovered from
handling and acclimated to the new environment and (ii) to record MO, long
enough to reveal any rhythmicity. These precautions make it necessary to use
a flow-through system for recording the MO,. Such a system is, however,
always better than a closed one (von Oertzen, 1984).

The purpose of the present paper is thus to record the MO, of Crangon
crangon and Palaemon adspersus under normoxic and hypoxic conditions for
at least diel periods.

MATERIAL AND METHODS

Crangon crangon and Palaemon adspersus were collected in August—Septem-
ber in the Rockilde-and Isefjord area, Northern Sealand, (S, 20%o0; T, 15—20°C)
on sandy Zostera covered bottoms at depths of 0.5— 1.5 m by means of
a small handoperated trawl. In the laboratory the shrimps were stored (S,
20%o0; T, 20°C) for at least 3—4 days before experimentation. Mysids were
provided as food.

Oxygen consumption measurements (M O,) were performed in a flow through
system. The shrimp was placed in a respiration chamber (8 cm long, 2.5 cm
inner diam.) and sand or a piece of net was added as substrate. The oxygen
tension of the water entering and leaving the chamber was monitored continu-
ously by two Radiometer E 5047 electrodes connected to two Radiometer
PHM 71b acid-base analysers and a Goerz Servogor 220 recorder. The ther-
mostatted water was pumped via a Cole-Palmer peristaltic pump and tygon
tubing was used. The flow through the chamber was adjusted to givea M 02 of
around 15% of the available oxygen, what normally meant a flow of 1.2—3.2
ml-min-1, depending on the size of the shrimp. Controls were run before and
after each experiment with substrate in the chamber but without the animal.
The shrimp was allowed to recover from handling and to get used to the
respiration chamber for a couple ofhours before the actual experiment started.
A plastic sheet prevented the shrimp from receiving any visual stimuli from the
surrounding. Each experiment was run, unless otherwise stated, for at least 24
hours. Lower, stable, PwO, were obtained by blowing N, through the reservoir
water.
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RESULTS

Respiration (M02) and wet weight

The relations between routine M 02and wet weight for Palaemon adspersus
(n = 16) and for Crangon crangon (n = 12) during day-time are shown in Fig. 1.

2.0.
1.5.

0.5.

NN

100 200 400 1000 3000

mg wet weight

Fig. 1. Crangon crangon (0) and Palaemon adspersus (¢). Routine oxygen consumption
rate as a function of wet weight (MO, = aWb) (log—Ilog scale). S, 20%o; T, 20°C.

The general expression M 02 = aWb relating respiration and weight was for
Crangon M 02 = 0.19 WO0-78 (r = 0.80) and for Palaemon M 02 = 0.28 WO0-8
(r = 0.84). The coefficient b is well within the range of the general coefficient
for all crustaceans (b = 0.81; Winberg, 1950). The constant a gives a species
difference of 0.09 and this difference and the difference in b are responsible for
the higher weight specific M 02 for Palaemon. As is seen from Fig. 1 Palaemon
had a MO, 0.15—0.3 ml 0,g-1h-1 higher than for Crangon of similar weight.

Diel normoxic MO,

Palaemon showed very small diel deviations from the 24-hour mean MO,
(Fig. 2) and thus no clear diel respiratory pattern was evident for this species.
Crangon, on the other hand, (Fig. 2; 4 individual 24-h cycles chosen for each
species, the rest showed the same pattern, n = 12 for Palaemon, n = 12 for
Crangon) showed a clear diel respiratory rhytmicity where lowest M 02 occurred
during the day (September—October: 8 to 17 o’clock). This M 02 was generally
ca. 15% lower, in extreme cases 40% lower, than the 24 hour mean. The
highest M 02 was consequently found during night-time with values up to 30%
higher than the corresponding 24 hour mean. The shrimps did moult occasio-
nally during the normoxic experiments, increasing the M O, during the ecdysis

with around 16%.
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Fig. 2. Crangon crangon and Palaemon adspersus. Diel variations in MO, for four
specimens of each species under normoxic conditions. MO, expressed as integrated
percentage hourly deviations from the 24 hour mean. S, 20%o; T, 20°C.

Diel hypoxic MO,

At a water oxygen saturation (Pw0 2) ofless than 70%, the diel respiratory
pattern of Crangon was disturbed and only minor deviations from the 24 hour
mean occurred (Fig. 3). A covariance analysis also showed that the 24 hour
mean in P20, 70, 50, and 35% saturation was higher than the corresponding
normoxic 24 hour mean M 02 (p < 0.01). In Pw0 270% M 02 increase was 10 to
50% (from for instance 0.25 to 0.37 ml 0 2g-1h- *for a Crangon of 0.56 g w.w.).
In PwO 2 50% the increase was between 20 to 90% (from for instance 0.26 to
0.49 ml 0 2g-1h-1 for a Crangon of 0.47 gw.w.) and in Pw0 2 30 to 35% it was
16 to 50% of the 24 hour mean normoxic M O,. This MO, change corresponds
to the change found earlier when Crangon changes its activity level from routi-
ne to swimming (Hagerman and Szaniawska, 1986). Under hypoxic conditions
longer than 24 hours (up to 72 hours) M 02 remained at the same level as
during the first diel period. Moulting did not occur during the hypoxia experi-
ments.

M 02 under hypoxia (definition of the PJ

The possibility to maintain M O, independent of Pw0 2 was tested in a series
of short-term experiments where the Pw0 2 was lowered 5—10% per hour. The
percentage change from the normoxic M 02 for the two shrimp species are
shown in Fig. 4. Both Crangon and Palaemon showed a considerable ability to
control their respiration irrespective of the PwO,, Crangon down to a Pw 2 of

7

Crangon
30 9b
50 9b
7 ~\—+
60 9b
P O, 70 o/o
6 12

Time of the day

Fig. 3. Crangon crangon. Examples of diel variations in MO, under hypoxic conditions
(% saturation). xXMO, expressed as integrated percentage houriy deviations from the 24
hour mean. S, 20%o; T, 20°C.
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Fig. 4. Crangon crangon (o) and Palaemon adspersus (*). Relative changes in routine
MO, with decreasing oxygen tension of the water. The big half-filled dot at PwO,
100% indicates the relative M 02 for settled animals. S, 20%o; T, 20°C.

20%, Palaemon down to a Pw) 2 of 30%. This ability seemed independent of
size, even if, of course, the M O, varied according to the size of the individual.
Both Crangon and Palaemon showed an increase in M 02 when Pw0 2 decreased
from normoxia.

In Fig. 4 this increase is not so evident, because in these short-term experi-
ments the specimens were not allowed to settle down long enough in the respi
ration chamber. Settled animals have a respiration ca. 25—30% lower than
non-settled animals (Hagerman and Szaniawska, 1986). Thus the starting point
in Fig. 4 at PwO, 100% should be placed lower for settled animals which would

make the hypoxia M 02 increase evident.



This increase occurred for Palaemon in the Pw0 2 80— 30%, for Crangon in
the PwO 2 50—30%. For Crangon this PW0 2 corresponds to the emersion res-
ponse (Hagerman and. Szaniawska, 1986) and for Palaemon to the range where an

increased locomotory activity has been noted (Hagerman and Weber, 1981;
von Oertzen, 1979).

DISCUSSION

In the present work it was found that Palaemon adspersus always had
a higher M 02 than similar sized Crangon crangon. In nature both species are
subjected to roughly similar variations in the environmental conditions (S, T, O),
but inhabit different biotopes. The burying Crangon always is associated with
sandy bottoms while Palaemon inhabits algae and plants and thus does not
have the ability to bury in a substrate. Bridges and Brand (1980) noted general-
ly lower MO, in burrowing crustaceans compared to non-burrowing species.
This is probably also valid for other groups, for instance de Wilde (1973)
found reduced MO, in the buried bivalve Macoma compared to epifaunal
bivalves. Reduction in M 02 has also been noted intraspecific in buried compa-
red to non-buried horseshoe crabs (Johansen and Petersen, 1975) and in bu-
ried/non-buried Nephrops norvegicus (Hagerman and Uglow, 1985) and recent-
ly in Mesidoihea entomon (Hagerman and Szaniawska, in prep.).
A typical routine respiratory level for intermoult Crangon (w.w. 0.25 and
1.1 g) under normoxic conditions are 0.9 and 0.2 ml 0 2g-Th-1 in the present
investigation. Earlier work on the respiratory rates of Crangon has shown
values slightly higher than those found here (Hagerman, 1970) or in the same
range (van Donk and de Wilde, 1981). The differences are often caused by the
different techniques used, for instance Hagerman (1970) used a closed respira-
tory system and the experiments were short-term (a couple of hours) where
handling and other types of stress caused a respiration higher than that showed
by an animal adapted to a long term experiment, preferably not less than 24
hours. It has been shown also by von Oertzen (1975) and by Kristensen (1983)
that the M 02 for Gammarus and and for Nereis were much higher in short-
-term than in long-term experiments. In this connection the necessity of a cor-
rect substratum must be stressed if a reliable value of M 02 is to be obtained. If
Crangon has no suitable substrate, in nature corresponding to displacement to
a rocky or hard substrate, the diel locomotory rhythmicity breaks down (Ha-
german, 1970) and the respiratory rate increases to 1.6 and 0.65 ml O, g-1h-1
for the specimens mentioned above. Regnault and Lagardére (1983) observed
that an increased noise level (compared to the background noise always prevai-
ling at sea) increased the metabolic rate in Crangon when measured both as
ammonia excretion and as oxygen consumption. A common response to all

kinds of disturbancies is certainly a modification of the activity level and rhyth-
micity resulting in an increased M 02.
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Typical routine MO, for Palaemon adspersus in the present investigation
were (wet weight 0.7, 1.0 and 2.1 g) 0.65, 0.41 and 0.13 ml 0 2g-1h -1 under
normoxic conditions. These values can be compared to earlier findings of M 02
0of0.15 for an individual of 2.5 g wet weight (Hagerman and Weber, 1981) and
1.35 pi 0 2gDW _1h 1 as found by von Oertzen (1984) under similar environ-
mental conditions.

In Crangon the diel normoxic M O, can be correlated to the diel locomoto-
ry pattern (Hagerman, 1970), i.e. M 02 shows peaks during the same diel pe-
riods as Crangon is active. Crangon is a voracious predator, feeding mainly just
after dawn and before dusk (Pihl and Rosenberg, 1984). The locomotory acti-
vity of Crangon is mainly influenced by exogenous factors (Hagerman, 1970)
and as the metabolic cost of swimming is low (Hagerman and Szaniawska,
1986) the noted respiratory rhythmicity is probably endogenous in origin, ref-
lecting digestive and endocrine processes in the animal.

For Palaemon adspersus the absence of a pronounced diel rhythmicity will,
despite a nocturnal locomotory activity (Hagerman and Ostrup, 1980) reflect
endogenous processes at, however, a higher rate that in Crangon. The latter
can in the respiration chamber bury in the sand, while Palaemon always will be
more exposed to external stimuli and thus keeps its metabolic state at a more
vigilant level. Smit (1965) noted in goldfish an increased MOz that was not
reflected in activity changes and Halcrow and Boyd (1967) showed that exci-
ted, but not moving, Gammarus had a higher M 02. In addition measurements
of heart rate has shown a large excitement dependent variability (Dyer and
Uglow, 1978) in shrimps and crabs and these authors also showed that heart
and ventilatory rates, and thus M 02, decreased when specimens buried.

It is now generally accepted that most crustaceans that in nature might be
exposed to variation in external PwO, have developed an ability to maintain
respiratory independence during hypoxia. Such an ability is also found in some
molluscs where Taylor and Brand (1975) found an increase in the ability of
bivalves to maintain oxygen independence with increasing size during hypoxia.
Famme and Kofoed (1980) noted that the MO, of Mytilus to a certain extent
was independent of the PwO 2.

The PwO, where oxygen consumption independence no longer can be main-
tained is usually defined as the so-called Pc (Newell, 1979; Herreid, 1980). In
the present investigation the M 02 of Palaemon and Crangon rose during prog-
ressive hypoxia, specially when a Pwb 2 of ca 45—60 torr was reached. This is
interpreted as an increase in the activity when the animal perceives and/or
reacts to the decreasing PwO 2 around 75—60 torr. Below this the MO, is still
high due to the stress caused by the still decreasing Pw0 2. The Pc as defined
above, is for Crangon obviously at a very low PwO 2 (ca 30 torr). However, this
point reflects only the PwO, where oxygen independence can no longer be
maintained, i.e. where the active M 02 is decreasing. Oxygen supply to the
tissues for routine/basal metabolism is still adequate and the Pcis in this sense
thus not critical as the animal can sustain these conditions for extended pe-



nods. However, when the oxygen supply for the basic metabolic needs is distur-
bed, i.e. when anaerobic metabolism is initiated, a real critical point (,,P,actatc”)
is reached. This level is ca 15 torr in Crangon (Hagerman and Szaniawska,
1986) where, as a result of anaerobiosis, lactate is beginning to accumulate. In
Crangon, a species shown to be tolerant to hypoxia, the traditional Pcand the
point where anaerobic metabolism accelerates,are very close to each other but
there is an evident difference in the level of MOr However, under inappropria-
te experimental conditions or with disturbed animals the traditional Pc will
certainly move upwards (Herreid, 1979; Butler et al., 1978; Dali, 1986). Analo-
gically to this the PwO 2 for the traditional Pcin Palaemon was ca.45 torr while
the level where an anaerobic metabolism was found to increase was 30 torr.
Both values are higher than for Crangon but well in agreement with the ecology
of the species.
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