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Abstract 

The responses of different development stages of Marenzel/eria cf. viridis (Verrill 
1873), an immigrant into Baltic coastal waters, to salinity changes and low oxygen 
partial pressure / anoxia were examined. The present study summarizes resistance 
experiments and data from direct, indirect and combustive calorimetry. The results 
were compared to those of the euryoecous common indigeneous polychaete Nereis 
(Hediste) diversicolor (O.F. Müller). The energetic turnover of adult individuals of 
both polychaetes was equal amounting to approximately 0,73 % daily, at a tempera-
ture of 10°C, indicating equal energetic prerequisites for matching stress. Adult M. cf. 
viridis showed equally high resistance to low salinities as H. diversicolor. LC50 < 0.1 
PSU for both. The resistance to high salinities was lower for M. cf. viridis (LC50=29.8 
PSU at 10°C) than for H. diversicolor (LC50 = 43.4 PSU at 10°C) indicating a geneti-
cal adaptation of M. cf. viridis to brackish water conditions. Even larvae of M. cf. 
viridis were able to resist oxygen deficiency for a short time (LT 50 = 4.2 h at 10°C). 
Resistance to oxygen deficiency increases for adult M. cf. viridis up to about 300 h 
depending on salinity and temperature. With that, M. cf. viridis reaches the tolerance 
of H. diversico/or. Measures of the metabolic activity revealed a more energy saving 
strategy at low oxygen partial pressures for M. cf. viridis than H. diversico/or. At an-
oxia both polychaetes gave equal metabolic activities. In summary, M. cf. viridis can 
be considered as weil adapted to the Baltic coastal water levels of salinity and oxy-
gen partial pressure as H. diversicolor. 

lntroduction 

Marenzelleria cf. viridis (Verrill 1873) spread very successfully into coastal waters 
of the Baltic (cf. KUBE et al., 1996). Rate and extent of the polychaetes propagation 
were amazing because of the particular environmental conditions which are known to 
limit the macrozoobenthic diversity of these waters to only a few species. 
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The most important restricting factor in brackish waters like the Baltic is the low 
salinity (REMANE, 1958). A salinity range of 5 to 8 PSU, the Horohalinicum as na-
med by KINNE, 1971, is wellknown to form a propagation boundary for most marine 
and freshwater organisms (REMANE, 1958). M. cf. viridis at present generally occurs 
at horohaline salinities and remarkable records were even given for salinities below 5 
PSU (KUBE et al., 1996, ZETTLER, 1996). Moreover, the Baltic coastal waters are 
characterized by high trophic levels. Our main investigation site, the shallow estuary-
like coastal inlet "Darß-Zingster-Boddenkette" (DZBK) is considered to be eutrophic 
to polytrophic (NAUSCH and SCHLUNGBAUM 1991). Problems of nutrient loaded 
aquatic biotopes like low and fluctuating oxygen partial pressures, oxygen deficiency 
and formation of hydrogen sulphide in the sediment, occur additionally and lead to a 
complex system of stressful conditions. Because of its success M. cf. viridis was 
believed to have remarkable adaptation strategies to be able to live at such an in-
hospitable habitat. 

This study presents new information on the influence of potentially stressful envi-
ronmental factors, specifically salinity and oxygen partial pressure, on resistance and 
energetic parameters of various development stages of M. cf. viridis. New findings 
and already published information are summarized to contribute to the description of 
the polychaetes ecological potency. The energetic parameters measured were ener-
gy content of adult individuals and metabolic activity (calorimetry and simultaneous 
respirometry) of different development stages. The results are compared with those 
of the polychaete Nereis (Hediste) diversicolor (O.F.Müller). H. diversicolor is highly 
suitable as a reference organism since it is wellknown. lts wide ecological tolerance 
(see KRISTENSEN, 1988) is highly qualified for a measure of the tolerance of M. cf. 
viridis. Moreover, H. diversicolor was the only macrobenthic polychaete species 
inhabiting regions of horohaline salinities with significant abundances before the 
arrival of M. cf. viridis (ARNDT, 1989). 

Materials and methods 

Organisms 

lndividuals of the polychaetes M. cf. viridis and H. diversicolor were sampled in the 
Southern Baltic coastal inlet Darß-Zingster Boddenkette (DZBK) between 1992 and 
1994. For details of procedure and determination of biomass as ash free dry weight 
(AFDW) see FRITZSCHE and VON OERTZEN, 1995. 

Resistance experiments 

The polychaetes were acclimated to the experimental conditions for 1 week. The 
resistance to oxygen deficiency (as achieved by nitrogen bubbeling of the experi-
mental water) was determined at temperatures of 5, 1.0 and 20°C for adult individuals 
and at 10°C for larvae and juvenile polychaetes. Adult individuals were acclimated to 
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salinities of 10, 5, 2 and 0.5 PSU, larvae and juveniles to 5 PSU. The salinity of 5 
PSU represents an average salinity of the sample site DZBK. 

The resistance to salinity was measured with 5-PSU-adapted polychaetes (5 PSU 
= average habitat salinity) which were exposed to different salinity steps for 48 h 
(larvae) and 72 h Uuveniles and adults). Adult polychaetes were kept at temperatures 
of 10 and 20°c, larvae and juveniles at 10°C. 

The individuals of oxygen deficiency and salinity resistance experiments were ex-
posed in groups comprising 10 specimens of adults and juveniles and 200 to 500 
specimens of larvae for each temperature or salinity set. For details and more infor-
mation about the resistance experiments see FRITZSCHE and VON OERTZEN, 
1995 and BOCHERT et al., 1996. 

Energy content 

Adult individuals of both species were dried for 24 h at a temperature of 60°C. 
They were then pulverized using a pestle. Pressed tablets of the powder were com-
busted at pure oxygen (35 at) inside a Parr 1425 Semimicro Bomb Calorimeter 
(Moline, USA). 

Metabolie avtivity 

The metabolic activity of the individuals was measured simultaneously by direct 
calorimetry and respirometry under steady state conditions. 5- and 25-ml-perfusion 
chambers within the Thermometrie 2277 microcalorimeter (Thermal Activity Monitor, 
Järfälla, Sweden) were connected to oxygen sensors (2000-100 Eschweiler, Kiel, 
FRG and Orbisphere 2124, Neuenburg, Switzerland). 

Measurements on adult individuals took place at temperatures of 10/20°C and at 
salinities of 5 PSU (10/20°C) and 0.5 PSU (20°C). Larvae and juveniles were measu-
red at 10°C and 5 PSU. Each measurement started at normoxic conditions. The 
oxygen partial pressure was stepwise decreased maintaining a steady state of diffe-
rent oxygen partial pressures for certain periods until anoxia was reached. 

For technical details and more information about procedure and evaluation see 
FRITZSCHE and VON OERTZEN, 1995a,b. 

Results 

Resistance to salinity stress 

All examined development stages of M. cf. viridis, adapted to a temperature of 
10°C and a salinity of 5 PSU, were able to tolerate very low salinities of < 1 PSU 
(Fig. 1) The resistance (as median lethal concentration of the medium: LC50) in-
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creased s1gnificantly with ongoing development from 0.77 PSU for larvae with 1-3 
setigers up to 0.03 PSU for adult individuals (BOCHERT et al., 1996). 

0.03 
Adults • 

0.05 
Juveniles 

0.57 
Larvae 4-16 S. • 

0.77 
Larvae 1-3 S. • 

0.0 0.2 0.4 0.6 0.8 1.0 

LC50 (PSU) 

Fig. 1 M cf viridis Resistances to low salinities (LC50) a~d intervals of confidence {to,05) of va-
rious development stages at a temperature of 1 o•c and an adaptation salinity of 5 PSU, from 
BOCHERT et al, 1996. 

With LC50 of 0.03 and 0.09 PSU adult M. cf. viridis reached the similar resistance 
level to low salinity as adult H. diversicolor (0.02 and 0.02 PSU) at temperatures of 
10°C and 20°C, respectively (Fig. 2). 

106 



20°c 

H. diversico/or 

M. cf. viridis 

10°c 

H. diversico/or 

M. cf. viridis 

0.02 

0.09 • 
0.02 

0.03 • 
0.0 0.2 0.4 0.6 0.8 1.0 
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Fig. 2 M cf. viridis and H. diversicolor: Resistances to low salinities (LC50) and intervals of confi-
dence (to,os) of adult individuats at a temperatures of 10°c and 2o•c and at an adaptation 
salinity of 5 PSU. 

Resistance to high salinities was > 24 PSU for all development stages of M. cf. vi-
ridis at a temperature of 10°C and with an adaptation salinity of 5 PSU. LC50 in-
creased from 26.0 PSU for larvae with 1-3 setigers to 29.8 PSU for adult individuals 
without a significant difference (Fig. 3). 

For both temperatures (10°C and 20°C, respectively) adult M. cf. viridis showed 
with LCso of 29.8 and 25.9 PSU a significant lower resistance to high salinities as 
adult H. diversicolor(43.4 and 36.2 PSU) (Fig. 4). 
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Fig. 3 M. cf. viridis: Resistances to high salinities (LC50) and intervals of confidence (lo,os) of 
various development stages at a temperature of 10'C and an adaptation salinity of 5 PSU. 
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Fig. 4 M. cf_ viridis and H. divers,color Resistances to high salinities (LCso) and intervals of confi-
dence (to,os) of adult individuals at a temperatures of 10'C and 20'C and at an adaptation 
salinity of 5 PSU. 
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Resistance to oxygen deficiency 

At a temperature of 10°C and an adaptation salinity of 5 PSU. all development 
stages of M. cf. viridis were able to survive oxygen deficiency (Fig. 5). The resistance 
(as median letal time: LT so) increased exponentially and significantly with the deve-
lopment of the polychaete. Larvae with 1-3 setigers survived anoxia for only 4.2 h 
whereas adult individuals were able to survive oxygen deficiency for 186 h (more 
than 1 week). 
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1-3 S. 4-16 S. 

Fig. 5 M cf. viridis: Resistances tc cxygen deficiency (LT 50) and intervals cf ccnfidence (to,05) cf 
varicus develcpment stages at a temperature cf 1 o•c and an adaptaticn salinity cf 5 PSU. 

Adult M. cf. viridis reached nearly the same survival times at anoxia as adult H. di-
versicolor (Fig. 6). There was no significant difference between the two species at all 
temperature-salinity-combinations (FRITZSCHE and VON OERTZEN, 1995b). Hig-
hest survival times were determined at a temperature of 5°C and a salinity of 5 PSU: 
296 h for M. cf. viridis and 312 h for H. diversicolor. The resistance to oxygen defi-
ciency decreased for both species with increasing temperature. The difference be-
came significant between 5°C and 20°C and between 10°C and 20°C, respectively. 
The lowest resistances were registered at a temperature of 20°C and a salinity of 0.5 
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PSU. 22 h for both M. cf. v1rid1s and H. diversicolor. Very low salinities also led to a 
decrease in the survival times. The survival times below a salinity of 5 PSU were 
significantly different from salinities 2 5 PSU at the temperatures of 5°C and 10°C, 
respectively. At a high temperature of 20°C, the difference became insignificant. 
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Fig. 6 M. cf. viridis and H. diversicolor. Resistances to oxygen deficiency (LT 50) and intervals of 
confidence (lo,05) of adult individuals at temperatures of 5, 10 and 20°C and at adaptation 
salinities of 0.5, 2, 5 and 10 PSU. 

Energy content 

There was no significant difference between the energy content of adult indivi-
duals of both species: 23.02 ± 0.73 J/mgAFDW for M. cf. viridis and 22.20 ± 1.10 
J/mgAFDW for H. diversico/or. 

Metabolie activity at normoxia 

The biomass related metabolic activity of the different development stages of M. 
cf. viridis at routine activity, measured as heat dissipation at a temperature of 10°c 
and a salinity of 5 PSU, decreased with the increase of biomass (Fig 7) following a 
power equation: 

ÜßM = 10.655 m-0.2507 r2 = 0.893 

ÜßM : biomass related heat dissipation rate (mJ-h-1-mg-1AFDW) 

m : biomass (mgAFDW). 
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ÜßM decreased from 28-51 mJ h-1-mg-1AFDW for larvae to 2.7-8.9 mJ-h-1 mg-

1 AFDW for adult individuals. 
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Fig. 7 M. cf. viridis: Relationship between biomass and biomass specific rates of metabolic heat 
dissipation of different development stages at a emperature of 1 o•c and a salinity of 5 PSU. 

The biomass related rates of metabolic activity of adult M. cf. viridis were not si-
gnificantly different from those of H. diversicolor for temperatures of 10°C and 20°C, 
respectively (FRITZSCHE and VON OERTZEN, 1995b). 

Metabolie activity at hypoxia 

Different development stages of M. cf. viridis responded in different ways to decli-
ning oxygen partial pressures. At a temperature of 10°C and a salinity of 5 PSU 
larvae of M. cf. viridis were able to maintain their aerobic metabolic activity of a nor-
moxic level down to oxygen partial pressures of below 2 kPa. With ongoing deve-
lopment the pattern of oxygen regulation approached that of the adults, which 
showed a nonproportional decrease of metabolic activity at declining oxygen partial 
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pressure including a certain regulation ability (for all see FRITZSCHE and VON 
OERTZEN, 1995a). 

However, adult H. diversicolor showed a little more regulating ability at a salinity of 
5 PSU compared to M. cf. viridis. At an additional low salinity of 0.5 PSU M. cf. viridis 
further reduced its metabolic activity with declining oxygen partial presssure lts 
regulation pattern nearly reached that of an oxyconformer. But M. cf. viridis was able 
to meet that further reduced metabolism fully aerobical whereas the measures for H. 
diversicolor had a gap between a further increased heat dissipation and an de-
creased oxygen consumption, even below an oxygen partial pressure of 10 kPa. 
These findings indicated an anaerobic metabolic compensation for the energy ex-
penditure of H. diversicolor below 10 kPa at the very low salinity of 

0.5 PSU (for all findings see FRITZSCHE and VON OERTZEN, 1995b). 

Metabolie activity at anoxia 

The anaerobic metabolic heat dissipation related to the heat dissipation at nor-
moxia at a temperature of 10°C and a salinity of 5 PSU significantly increased with 
the development of M. cf. viridis from 10.0 % for larvae to 14.0 % for juveniles and 
20.2 % for adult individuals (FRITZSCHE and VON OERTZEN, 1995a). 

Adult M. cf. viridis gave nearly the same anaerobic heat dissipation rates as adult 
H. diversicolor without a significant species difference: about 20 % of the normoxic 
heat dissipation rates for the following temperature/salinity-combinations: 
10°C/5PSU, 20°C/5PSU and 20°C/0.5PSU, respectively (FRITZSCHE and VON 
OERTZEN, 1995b). 

Discussion 

Stressful environmental conditions may be described as those which lead to ele-
vated demands on the animal's metabolism (see BAYNE, 1980 and 1985). A balan-
ced relation between energy reserves, metabolic gain and metabolic loss of energy 
that can buffer additional energy demands due to metabolic responses to stressful 
conditions is an energetic prerequisite for the survival under stressful conditions. The 
energetic turnover of an organism can partly describe this. lt provides the relation 
between the daily metabolic loss of energy and the total energy available to the or-
ganism. 

The energetic turnover can be calculated on the base of the total energy content 
mesured by combustive calorimetry and the rate of metabolic loss measured by heat 
dissipation. Nearly equal energy contents were measured for the invader M. cf. viridis 
as for H. diversicolor, 23.02 and 22.20 J·mg-1AFDW, respectively. These values 
correspond to a general range of 22.6 - 23.9 J·mg-1AFDW for benthic invertebrates 
given by WACASEY and ATKINSON, 1987. Nearly the same metabolic activities 
were measured for both, M. cf. viridis and H. diversicolor. This results in an equal 
energetic turnover: An adult polychaete with a biomass of 10 mgAFDW and a bio-
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mass related energy content of about 23 J/mgAFDW possesses an absolute energy 
content of 230 J. On the base of a median routine metabolic heat dissipation rate of 
7 mJ-h-1·mg-1AFDW at a temperature of 10°C (for M. cf. viridis see Fig. 7, for both 
species see FRITZSCHE and VON OERTZEN, 1995b) a heat of 1.68 J within 24 h 
will be dissipated. This amounts to a daily turnover of 0.73 % of the total energy 
content of one of these polychaetes. 

The daily energetic turnover of 0.73 % for M. cf. viridis and H. diversicolor is low 
compared to the available data of two completely different organisms, 48.3 % for the 
ciliate Paramecium calcinski (SCHARF, 1979) and 3.8 % for the mysid Neomysis 
integer (with a biomass of 2-4 mg AFDW, calculated from data in ARNDT and 
JANSEN, 1986 at a temperature of 20°C). The big difference between the examined 
polychaetes and the ciliate is clearly caused by the much higher biomass related 
metabolic activities of small animals as also found for the larvae of M. cf. viridis (Fig. 
7). But correcting the value of the more equivalent Neomysis integerfor biomass and 
for temperature, an equivalent weighting M. cf. viridis or H. diversicolor would give 
only half of the energetic turnover of Neomysis integer. This is caused by a twofold 
higher metabolic acticity of Neomysis integer compared to the polychaetes, which 
could result from the different mode of living of Neomysis integer. The myside lives 
on the benthic-pelagic boundary and exhibits higher swimming activities compared to 
the examined polychaete species. 

The relatively low energetic turnover of M. cf. viridis and H. diversico/or could be a 
general advantage for surviving energetically stressful conditions since energy reser-
ves would not be depleted so quickly. Exhibiting nearly equal energetic turnover 
rates, M. cf. viridis possesses the same range of energetic prerequisits to match 
stress as H. diversicolor. 

With a LC50 of < 1 PSU (Fig. 1) all examined development stages of M. cf. viridis 
were highly resistent to very low salinities. Adult M. cf. viridis with LC50 < 0.1 PSU 
showed nearly the same resistance to low salinities as H. diversicolor (Fig. 2). Com-
pared to other data of marine and brackish water polychaetes such high resistances 
were only given yet for H. diversicolor. 0 PSU by HOHENDORF, 1963 and THEEDE 
et al., 1973. H. diversicolor has been characterized as an euryhaline species by 
different authors (HOHENDORF, 1963, THEEDE et al., 1973, KRISTENSEN, 1988). 
Other polychaetes which also have high resistances to low salinities were discussed 
tobe genuine brackish water species (ARNDT, 1989, MICHAELIS et al., 1992 and 
REMANE, 1958): Alkmaria romijniwith a LC50 of 0.3-0.7 PSU (ARNDT, 1973) and 
Streblospio shrubso/i with a LC50 of 0.4-0.6 PSU (NAUSCH, 1982). Compared to the 
other polychaetes M. viridis can be described as highly tolerant to very low salinities. 
Nevertheless there is a critical salinity of 5 PSU below which the development of M. 
cf. viridis cannot be completed (BOCHERT et al., 1996). Field investigations confir-
med this critical salinity as a lower boundary for larval settlement (KUBE et al., 1996). 
But even larvae with more than 4 setigers can finish development at salinities of only 
3.5 PSU (BOCHERT et al., 1996). Nevertheless the high short time tolerance of even 
larvae enables them to match transient periods of very low salinities. That can be an 
important advantage for colonizing oligohaline waters. 

113 



The high-salinity resistance of M. cf. viridis of > 24 PSU for all development stages 
is sufficient to survive salinity shifts as they could occur in the Baltic. But it was very 
low compared to the resistance of H. diversicolor (Fig. 4) and to data of other poly-
chaetes. Even the polychaetes Alkmaria romijni and Streb/ospio shrubsoli, conside-
red to be genuine brackish water species, were able to resist to higher salinities: 
36.3-40.6 PSU (ARNDT, 1973) and 45.6-57.0 PSU (NAUSCH, 1982), respectively. 
This finding supports the hypothesis that M. cf. viridis is probably genetically adapted 
to brackish water conditions. This is also reflected in the Baltic habitats of M. cf. 
viridis showing highest abundances at low Baltic salinities between 5 and 8 PSU 
(Zettler et al., 1995, KUBE et al., 1996). 

All examined development stages of M. cf. viridis were able to survive anoxic con-
ditions (Fig. 5). WIDDOWS et al., 1989 and WANG and WIDDOWS, 1991, also 
described the ability of even larvae of the euryoxic mussels Crassostrea virginica and 
Mytilus edulis to resist to oxygen deficiency for a short time. lt shows that anaerobic 
capacity can be evolved early during individual development of euryoxic species. The 
resistance to oxygen deficiency increased exponentially with the development of M. 
cf. viridis. There are two main reasons for that: 1. The biomass related metabolic 
activity decreases potentially with the increase of biomass (Fig. 7). The exponent of 
the power equation of -0.2507 coincided with the values around -0.3, summarized by 
NEWELL, 1970. Substrate storages for !hat relation will be depleted more slowly in 
bigger individuals. 2. Biomass related energy storages grow as the individuals grow 
(for the glycogen content of juvenile Arenico/a marina: SCHIEDEK and 
SCHÖTTLER, 1990). Substrate storages, therefore, can supply sufficient fuel for a 
langer time. 

The resistances to oxygen deficiency of adult individuals of M. cf. viridis and H. di-
versicolor of around 300 h (Fig. 6) are among the langest recorded for marine and 
brackish water polychaetes until now. Most other euryoxic polychaetes exhibit lower 
resistances (LT50 and temperature): < 120 h at 12°C for Arenicola marina 
(SCHÖTTLER and GRIESHABER, 1988), 132 hat 10°C for Nephtys ci/iata (DRIES 
and THEEDE, 1974), 240 h at 12°C for Cirriformia tentacu/ata (BESTWICK et al., 
1989). Both, M. cf. viridis and H. diversicolor reach the level of resistance of euryoxic 
mussels (see DRIES and THEEDE, 1974). M. cf. viridis, therefore, can be conside-
red as highly adapted to oxygen deficiency related habitates. 

Temperature significantly influenced the survival times at anoxia (Fig. 6). High 
temperatures led to very low survival times. Resistance is at its lowest in summer, 
just when oxygen deficiency is more likely to occur. But even at a temperature of 
20°C both species were able to survive anoxia for nearly 2 days at moderate salini-
ties. This ability should be sufficient for surviving in shallow coastal waters, since a 
complete absence of pelagic oxygen for langer than diurnal periods is improbable. 

Very low salinities significantly decreased the resistance to oxygen deficiency in 
both M. cf. viridis and H. diversicolor. The influence became significant below a sali-
nity of 5 PSU. This is a further indication for a critical salinity of approximately 5 PSU 
(see above) that could act selectively. Demands on osmoregulation increase at very 
low salinities. There are indications of a breakdown of osmoregulation as the main 
cause of death during anoxia at very low salinities (see FRITZSCHE and VON 
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OERTZEN 1995b) Nevertheless survival times reached nearl~ ont d8J at a very 
low salinity' of 0_5 PSU_,,en related to the rate of catabolized su stra es lower me-

in contrast to adult individuals, larvae of M. cf. viridis were shown to maintain me-
tabolic activity completely oxygen independent down to severe hypoxia (FRITZSCHE 
and VON OERTZEN, 1995a). Similar findings were given for larvae of other species 
(WIDDOWS et al., 1989, for Crassostrea virginica and WANG and WIDDOWS, 
1991, for Mytilus edulis) or for other very small animals (GNAIGER, 1993, for Cy-
c/ops abyssorum). The relation between the oxygen partial pressure and the meta-
bolic activity of an animal depends on the ability to extract and transport oxygen 
since the critical oxygen partial pressure for saturation of the oxidative capacity of 
mitochondria is < 0.03 kPa (see PÖRTNER and GRIESHABER, 1993). Small ani-
mals are less oxygen diffusion limitated than big animals (see HERREID, 1980 and 
GRAHAM, 1990). Therefore, the high metabolic activities of larvae at very low oxy-
gen cannot be interpreted as active regulation of oxygen consumption. Nevertheless, 
they could provide energy for the maintenance of normal life functions like feeding 
and growth as it was shown for larvae of Crassostrea virginica and Myti/us edulis 
(WIDDOWS et al., 1989 and WANG and WIDDOWS, 1991). Very low oxygen partial 
pressures, therefore, seem to have no restrictive influence on the larval develop-
ment. 

Adult M. cf. viridis were shown to reduce their metabolic activities with declining 
oxygen partial pressures but also sustaining a certain regulating ability. An additional 
low salinity led to a further reduction of metabolic activity at hypoxia, whereas H. 
diversicolor increased its metabolic activity on the help of anaerobic metabolism 
(FRITZSCHE and VON OERTZEN, 1995b). The strategy of reduction of the metabo-
lic activity of M. cf. viridis could be more energy saving than that of H. diversicolor. 
But a higher metabolic activity could also be advantageous when met fully aerobi-
cally as for H. diversico/or at reduced oxygen partial pressures on a moderate salinity 
of 5 PSU. Thus, H. diversicolor is probably not forced to reduce normal life functions 
like feeding or locomotory movement. But the strategy of the maintenance of high 
metabolic activities becomes disadvantageous when depending on a partly anaero-
bic metabolism as for H. diversico/or at hypoxia at a very low salinity of 0.5 PSU. The 
substrate flux during such high activities increases manyfold, since anaerobic pa-
thways are energetically less efficient compared to aerobic pathways (for relation to 
calorimetric measures see GNAIGER, 1980). This, consequently, leads to a more 
rapid depletion of energy reserves. Thus, the energy saving strategy of reduced 
metabolism by M. cf. viridis becomes energetically and ecologically more efficient. 

Adult individuals of both, M. cf. viridis and H. diversicolor reduced their metabolic 
heat dissipation at anoxia to about 20 % of the normoxic level whereas larvae and 
juveniles of M. cf. viridis exhibited a lower heat dissipation (FRITZSCHE and VON 
OERTZEN, 1995b). When related to the rate of catabolized substrates a lower me-
tabolic activity should lead to higher resistances to anoxia since substrate reserves 
will be depleted less quickly. But larvae and juvenile M. cf. viridis were not as able to 
resist oxygen deficiency as adults (Fig. 5). The lower rates of metabolic heat dissipa-
tion, therefore, could be related to a lower ability to anaerobiosis and to the much 
higher biomass related metabolic activity of larvae (Fig. 7). The equal anaerobic 
rates for adults of M. cf. viridis and H. diversico/or are reflected in nearly equal resi-
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stances to oxygen deficiency (Fig. 6). This indicates equally efficient anaerobic pa-
thways for M. cf. viridis and H. diversico/or, respectively. 

Conclusions 

M. cf. viridis revealed at least equally potent responses to the stressful environ-
mental conditions of low salinity and low oxygen partial pressures / anoxia compared 
to the euryoicous H. diversicolor. Even the larvae of M. cf. viridis were shown to be 
highly tolerant. The Baltic coastal waters range of salinity and oxygen partial pressu-
re gives suitable conditions for M. cf. viridis. There is a critical salinity below 5 PSU 
which acts selectively in combination with oxygen deficiency. There are indications 
for a genetic adaptation to brackish waters for M. cf. viridis. 
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