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ABSTRACT: ETS activities of natural zooplankton assemblages and some micronekton species from the
eastern Banda Sea and western Arafura Sea (Indonesia) were measured during the SE and NW
monsoons, when respectively rich upwehng and poor downwelling condtlons occur. Weight-specific
ETS activities of the zooplankton community decreased with depth; 13 to 20 % of this decrease was
related to temperature, and another 5 to 10 % to hlgher water contents of the deeper samples. Large
geographical dfferences, but no seasonal differences, were detected within the area studled. About
65 % of the total zooplankton ETS activity in the upper 500 m was confined to the upper 100 m. Day/
night differences in ETS profiles were observed during the less fertile NW monsoon period, attributed to
diel vertical migration of the zooplankton, and resulting in a 9 to 36 90 lower activity in the water column
during daytime. Since no diel migration by the zooplankton was seen in the fertlle SE monsoon season,
the abundance of food, or the necessity to conserve energy, seems a major factor in determining d e l
vertical migration. Of the micronekton examined, shallow-living species and those performing d e l
vertical migration showed higher weight-specific ETS activities than deeper living and non-migrating
species. Myctophid fishes and carid crustaceans showed very high weight-specific activities;
chauliodontids, gonostomatids, euphausids and sergestids moderate activities; and leptocephali,
chdeiognains, saips, siphonophores and medusas low activities. None of the micronekton species
investigated showed seasonal differences in ETS activity.

INTRODUCTION

Various factors, such as temperature, salinity, sexual
stage and food abundance, influence the respiratory
activity of zooplankton (see Raymont 1983 for review).
Differences in respirat0.q activity of organisms
observed between tropical and arctic regions (Ikeda &
Hing Fay 1981) and shallow and deeper strata (Torres
et al. 1979) are apparently primarily related to temperature, but adaptations to environmental conditions are
possible (Anraku 1964, Musayeva & Shushkina 1978,
Bdmstedt 1980, Hirche 1984). Small-scale geographical
differences were also observed in zooplankton species
(Marshal1 1973). Seasonal differences in respiratory
rate of zooplankton have been reported by Marshall &
Orr (1956), Conover (1959), Conover & Corner (1968),
Gaudy (1973) and Raymont (1983).
Changes in respiratory activity are closely associated
with changes in the basic respiratory enzymes (Ikeda &
Skjoldal 1980) and can therefore be monitored by
O Inter-Research/Printed in F. R. Germany

measurements of the respiratory electron transport system (ETS) activity (Packard 1971). Starvation experiments with marine organisms showed a decrease in
both respiratory and ETS activities (Finlay et al. 1983),
with a time lag of l to 3 d between the two for zooplankton (Bbmstedt 1980). Respiration experiments
with open ocean zooplankton are subject to large errors
as a result of capture stress and constraints in the
experimental set up (Skjoldal & Bdmstedt 1977, Raymont 1983). Measuring the ETS activity in (marine)
organisms provides a representative, although relative,
indication of the respiratory activity (Bbmstedt 1979),
and has been used for bacteria (Christensen & Packard
1979, Christensen et al. 1980), phytoplankton (Packard
1971, Kenner & Ahmed 1975a, b, Vosjan & Nieuwland
1987) and zooplankton (King & Packard 1975, Owens &
&ng 1975, Bdmstedt 1979, 1980, Bigidaire et al. 1982).
The 'Snellius 11' cruises (Schalk 1987, Baars & Zijlstra
1988) offered an opportunity to investigate spatial and
seasonal variability in the ETS activity of zooplankton
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and micronekton, as well as its distribution with depth
and possible d u r n a l rhythms. The Indo-Pacific waters,
especially the Banda Sea region, are strongly influenced by alternating monsoon winds. During the SE
monsoon (May to September) fertile upwelhng conditions occur in this area, while during the NW monsoon
(November to April) oligotrophic downwelling conditions predominate (Wyrth 1957, 1961, Baars & Zijlstra
1988, Zijlstra et al. 1988). The seasonal variations in
hydrography and fertility are likely to be responsible
for observed fluctuations in biomass, vertical distribution and die1 migration activity of the zooplankton
(Schalk 1987). Considering the impact of the monsooninduced environmental changes on the horizontal and
vertical distribution of the zooplankton, changes in
bioloqcal respiratory activity, and therefore in ETSactivity, could also b e expected.

MATERIAL AND METHODS

During the Indonesian-Dutch 'Snelhus 11' expedition
(May 1984 to July 1985) 2 identical cruises (August
1984, SE monsoon, and February 1985, NW monsoon)
were carried out in the eastern Banda Sea and western
Arafura Sea. During each cruise (Fig. 1) the upper
300 m of the water column was sampled at 12 'survey'
stations in strata of 0 to 100 and 100 to 300 m at night.
In addition, at 4 'drogue' stations, in the vicinity of a
radio-drogue-buoy, both night and day samples were
taken in discrete layers of 100 m from 0 to 500 m (for a
detailed description see Schalk 1987).

The sampler used was a RMT 1 + 8 (Baker et al. 1973),
which is an opening and closing trawl net system with
2 different nets: the RMTl with a mesh-size of 320 pm
and the RMT8 with a mesh-size of 4 . 5 mm. The opening and closing of the nets is acoustically controlled.
The speed indicator on the net provides a measure of
&stance sampled. Roe et al. (1980) described the relation between net speed and mouth angle so that the
volume of water filtered can be estimated.
Subsamples of the RMTl catches at the drogue stations (3) of the August cruise and at both survey (12)
and drogue stations (3) of the February cruise were
used to determine the ETS activity of the 'natural'
zooplankton assemblage, as sampled with the net.
Some micronekton species from the RMT8 catches of
both cruises were also processed. Zooplankton biomass
was determined by measuring the displacement volumes of the catch (Schalk 1987).After the displacement
volume was measured the sample was stirred and filtered on a 320 pm mesh sieve. Organisms larger than
5 mm (mainly jelhes) were removed (cf. Bigidaire et al.
1982), because larger organisms and/or jellies would
disproportionally influence the small amount of catch
taken out for ETS experiments. The subsamples were
stored in a refrigerator at 1 "C for a maximum of 12 h
before processing.
The ETS activity of the zooplankton was measured
according to the method originally described by Packard (1971) and modified by Owens & King (1975). A
1 m1 subsample of the catch was homogenized in 20 m1
ETS-B (Owens & I n g 1975) with an Ultraturrax tissue
homogenizer at maximum speed (20 000 rpm) for

Fig. 1. Eastern Banda Sea a n d western Arafura Sea with the location of the 12 survey stabons (dots) and 4 drogue stations (lines)
A, B, C, D for the August cruise, A2, B2, C 2 , D2 for the February cruise
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1 min. Care was taken not to overheat the homogenate.
Larger micronekton organisms were cut into small
pieces before hon~ogenizing.From 1 to 5 animals were
used per experiment. Centrifugation was omitted (Finlay et al. 1983) because this does not improve the
measured activity and the omission saves time. The
homogenate was left for 10 min to let larger particles
(pieces of scales, spines) settle, then 1 m1 was pipetted
out of the upper part and diluted to obtain a concentration of 1 to 5 ~ sample
1
per m1 of homogenate (Owens
& f i n g 1975). Reactions were performed for 40 min at
25 "C, which is close to the average temperature in the
upper 100 m of the water column. Absorption was
measured with a Q e Unicam photometer at 490 nm,
directly after the reaction was stopped, as termination
by the quench solution may not be complete (Finlay et
al. 1983). Values were corrected for a reagent and
turbidity blank. A temperature calibration in the range
of 10 to 29 "C, corresponding to depths from 500 m to
surface, for the ETS reactions of the zooplankton samples was obtained, in order to calculate in situ activities.
After the cruises the dry weights of the preserved
zooplankton samples (either in 70 % alcohol or 4 %
formalin were determined, by drylng to constant
weight for 3 d at 60 "C in a well-ventilated oven, at the
home laboratory (Beukema 1974), as depth-dependent
differences may be present (Torres et al. 1979).
The method of homogenization used and the influence of short-term storing of the ETS samples at 1 ' C
were tested at the home laboratory with some North
Sea zoopia~lkiurispecies.
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Table 1. Effectivity of the homogenizing method on the
measured weight-specific ETS activity (as percentage of the
highest measured value) tested on 2 samples of 10 specimens
each of the North Sea shnmp Crangon crangon. H: homogenizabon with the Ultraturrax, followed by T: teflon glass grinding; U: sonification; C: centrifugation. AP: activity in the pellet
of centrifuged homogenate of experiment HC
Method

Relative ETS (%)

H
HC
HT
HTC
HTU
HTUC
HU
HUC
AP

ETS oct~v~ty
(Oh)

0

RESULTS

Samples subjected to a second step of homogenizing
as teflon glass grinding (Owens & King 1975), sonification (Finlay et al. 1983) or both did not show significantly higher ETS activities than those treated solely
with the Ultraturrax (Table 1). Centrifugation was
found to be unnecessary, except in the case of teflon
glass grinding, where probably the very turbid
homogenates resulted in lower measured activities.
Samples for ETS experiments stored in a refrigerator
at 1 "C could be kept without loss of activity for at least
15 h, but after this period a large variation in the
activity of the various samples was observed (Fig. 2).
This applied to both whole organisms and their
homogenates. Some homogenates showed an increase
in activity during the first hours of storage, possibly due
to an incomplete extraction of enzymes directly after
homogenization.
Possibly, remaining
enzymes,
accounting for up to 15 % of the maximum activity,
were liberated during the first hour of storage by autolysis of unhomogenized cells.
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Fig. 2. Deterioration in ETS activity (hlghest measured values
set to 100 %) with storage time at 1 "C in a refrigerator for
whole animals: ( 0 ) Pomatoschistus lozanoi, (A) Beroe cucumis,
and homogenates: (D) Crangon crangon, (*)Pleuronectes
platessa, (*)Solea solea

The relation between ETS activity of the Banda Sea
zooplankton and temperature (Fig. 3) was found to be
approximately linear (Finlay et al. 1983) in the temperature range of the sampled strata, and deviates from
the Arrhenius equation given by Owens & King (1975).
As the ETS activities of the zooplankton samples collected in the Banda Sea area were all measured at
25 " C , values for the deeper strata have been corrected
to in situ temperature according to this relation.
The weight-specific ETS activity (WSA, in pg-at O [g
wet wt]-' h-') of the Banda Sea zooplankton measured
at 25 "C decreased with increasing depth of the samples and after correction to in situ temperature this
becomes even more apparent (Fig. 4 ) . Temperature
accounted for 13 to 20 O/O of the decrease in WSA with
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Fig. 3. Relation between weight-specific ETS activity of Banda
Sea zooplankton samples and temperature (T),calculated
according to ( 0 ) the Arrhenius equation (Owens & King 1975)
and (0)O w n calibration (ETS = 3.77 temp. + 5.26,r = 0.96)
ETS activities are expressed in percentages relative to the
value at 25 "C, the average temperature in the upper layer

depth relative to the upper layer value. The proportional dry weights (DW) were significantly lower for
the alcohol-preserved samples (DW=?.112 0.93 % of
the weight) than for the formalin-preserved samples
(DW=10.01f0.66) where the latter was in close agreement with the ratio obtained from fresh North Sea
material. Hence, for comparison the alcohol figures
have been corrected to formalin figures using the average ratios between them. The dry weights of the zooplankton samples were found to range from 7 to 12 %
of the wet weights, and showed a significant decrease
with depth (Fig. 4 ) . As the WSA is expressed per unit of
wet weight t h s accounts for a further 5 to 10 % of the
decrease in WSA with depth in the zooplankton
samples.
wetght-specific E T S a c t i v i t y
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The total ETS activity in the water column attributed
to zooplankton (TA, in pg-at 0 m-3 h-') was calculated
by multiplying the weight-specific activities of the zooplankton samples by the biomass of these samples in
the discrete depth layers as given by Schalk (1987).
When considering the upper 500 m stratum no differences in biomass between day and night were present
(Fig. 5), suggesting no enhanced net avoidance during
daytime and no significant migration of the population
out of the depth range sampled. The TA also decreased
with depth, and dayhight differences were present.
From night to day TA decreased in the 0 to 100 m layer
and increased in the deeper layers (Fig. 5). The 3
stations (A, B and C ) of the February cruise, of which
complete day and night series of discrete depth samples were available, show that the total ETS activity of
the zooplankton in the water column (0 to 500 m) was 9
to 36 O/O lower during the day than during the night.
As a result of the local differences in WSA and
biomass of the zooplankton samples studied, the ETS
activity in the water column attributed to zooplankton
(TA) showed considerable geographical differences in
the area studied (Fig. 6). Highest TA values were
encountered in the southeastern part, gradually
decreasing towards the northwest. The spatial distribution of the ETS activities did not show the same pattern
as the biomass, but in both cases the highest values
were found in the eastern part of the area. For the
August cruise only ETS data of 3 drogue stations were
available, which also indicated local differences.
ETS activities of zooplankton catches on the drogue
stations of the August and February cruises were compared (Table 2). In August the WSA of the zooplankton
caught in the upper layer (0 to 100 m) varied from 20 to

temperature

PC)
6

7

8

9

10

d r y w e ~ g h f(%)
11
12

depth
(m)

100-

200-

300 -

400-

500 -

Fig. 4 . Left. Vertical distribution of weight-specific ETS activity (deeper layers as percentage of 0 to 100 m layer value) of
zooplankton based on night samples of February drogue stations. (-):
ETS activities corrected to in situ temperature, (--)
measured acavlhes (mean and standard deviations) at 25 "C, (---) measured activities corrected for differences in water contents of
the samples. Middle: Average temperature profile for the 4 drogue stations in February. fight: Dry weights in percentage of wet
weight (mean and standard deviations) of the Banda Sea zooplankton in the various discrete depth layers sampled for the
February drogue stations. Line fitted by eye
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Fig. 5 , ;,PI: Veriicdi disiriburion oi zoopian~ronb~omassat night and day in the discrete depth layers sampled at the February
drogue stations. Numbers left and right lndicate the total amount of zooplankton (in m1 m-2) in the water column for night and day
respectively. Percentages indicate the relative amount of biomass migrating between the depth layers sampled (after Schalk
1987). Right: Rofiles of ETS activity, attributed to zooplankton in the water column for (-) night and (--) day. Percentages
indicate difference between total night and day activities, the latter being lower

82 pg-at 0 (g wet wt)-' h-', w h l e in February they
ranged from 48 to 114. With the relatively high variance in WSA values between stations no significant
difference between the 2 cruises was apparent. When
the activity of the zooplankton is expressed per unit of
seawater filtered (TA) the average total activity of the
zooplankton in the upper 300 m was about twice as
high in August as in February, reflecting the seasonal
difference between the zooplankton biomasses, which
were on average 20.0 and 9.5 m1 m-2 respectively
(Schalk 1987).
The ETS activities of some micronektonic species
were determined (112 experiments) showing large
differences (within species) among stations as well as
among taxa investigated (Fig. 7). In general very low
activities were measured for leptocephali, chaetognaths, tunicates, siphonophores and medusas, ranging
from 1 to 20 pg-at 0 (g wet wt)-' h-'. Gonostomatids,
sternoptychids, chauliodontids, stomatids, euphausids,

sergestids and copepods showed moderate activities
varying from 20 to 150 pg-at 0 (g wet wt)-' h-'. Very
high activities, between 120 and 410 pg-at 0 (g wet
wt)-' h-', were found in the mycotophids, percichtids
and cands. No seasonal differences in WSA of the
micronektonts investigated were observed.

DISCUSSION

The method applied for homogenization proved to be
quick and renders ETS values which do not differ from
other methods. Leaving out the centrifugation step as
described by Finlay et al. (1983) for protozoans is also
applicable to zooplankton and micronekton.
The literature on preservation of ETS samples shows
some contradictory results. Present data indicate that
storing the samples, whole organisms or their
homogenates for u p to 15 h at 1 OC causes no loss in
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Fig. 6. Geographical distribution of (a) zooplankton biomass (m1 m-') in the upper 100 m
and (b) ETS activity in the water column attributed to zooplankton (pg-at 0 m-2 h-') in the
upper 100 m for the February cruise

activity. This is in contrast to the findings of some
authors reporting a more or less rapid inactivation in
homogenates, e.g. a loss of 50 % in activity after 4 h at
Table 2. Comparison of average ETS activities of zooplankton
night catches at drogue stations In the upper 300 m between
the August and February crulses. WSA: weight-specific activity, in gg-at 0 (g wet wt)-' h-'; TA: activity in the water
column attributed to zooplankton, in pg-at 0 m-3 h-'. Total
activity in the 0 to 300 m layer is given in pg-at 0 m-' h-'
Stratum
(m)

TA

WSA
Aug

Feb

0-100 51.1 t 31.7 63.2 t 14.2
100-200 3 0 . 6 + 2 5 . 1 4 4 . 2 f 12.4
200-300 28.3 17.5 23.2 k 10.1

+

0-300

Aug

Fe b

+

6 . 9 4 . 9 4 . 1 t 0.5
1.5 t 0.6 0 . 9 f 0.1
0.8 0.5 0.3 2 0.2

+

920 2 5.8 530 k 0.8

0 "C in protozoans (Finlay et al. 1983) and after 30 h at
2 "C in copepods (Bbmstedt 1980). For homogenates
kept at room temperature even a decrease of 97 % of
activity after 3 h is reported by Bamstedt (1980). Such a
sensitivity was not found in the present experiments
with North Sea and Banda Sea zooplankton. A forgotten RMTl sample (unhomogenized) left on the
bench for several hours at 25 "C did not show any loss
in activity compared to other immediately cooled
samples. Similar differences are reported for long-term
storing. Ahmed et al. (1976), Ikeda & Skjoldal (1980)
and Ikeda & Hing Fay (1981) apparently recorded good
results with freezing and storing their samples (of
whole organisms) at -20°C, but others (with
homogenized samples) did not (Packard 1971, BAmstedt 1980).Apparently many factors influence the ETS
activity in the samples. Possibly the method of
homogenization affects the tenability of the
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cruise

homogenates, since all reports on deteriorating
homogenates concerned samples homogenized by tefIon glass grinding. Present data show that samples for
ETS measurements can be stored for a short period, but
in mew of the doubtful results with p r e p r e d
homogenates, storage can best be done with whole
organisms.
The Banda Sea data show that the ETS activity per
unit of zooplankton biomass (WSA) decreases rapidly
with increasing depth in the night samples. Of this
decrease, 13 to 20 % was the result of the lower temperatures in the deeper strata, and another 5 to 10 %
was attributed to a higher water content of the deeper
zooplankton samples (Fig. 4). Torres et al. (1979) found
a similar trend comparing shallow and deep-living
midwater fishes, although in their case only 2 % of the
decreasing respiratory rate with depth was accounted
for by temperature and 30 O/O by higher water contents
of the deeper-living species. The remaining unexplained 70 to 80 % of the decrease in ETS activity with
depth in the present samples agrees with the findings
of Torres et al., who suggested that lower respiratory
rates are characteristic of deeper-living species.
Declining metabolic rates with increasing depth of
occurrence appears to be a general characteristic for
pelagic organisms (Packard et al. 1975, Jannasch &
Wirsen 1973, Jannasch et al. 1976, Childress 1969,
1971, 1975, Torres et al. 1979). However, Devol (1981)
and Bigidaire et al. (1982) found no consistent pattern

in ETS activities of zooplankton with depth, although
Devol often found the bulk of the respiration at the
oxycline.
The zooplankton ETS activity per m3 of filtered seav~atershowed differences between day and night profiles presumably as a result of the day/night differences
in biomass in the discrete depth layers sampled caused
by diel migration (Fig. 5). During the day a decrease in
activity in the shallow layers was measured and a small
increase in deeper layers. Due to the lower temperatures in the deeper strata the total ETS activity
(TA) of the zooplankton in the upper 500 m is lower
during day than during night and diel vertical migration of the zooplankton community resulted in a saving
of 9 to 36 O/O in ETS activity for the stations studied (Fig.
5 ) . Obviously the amount of this decrease is related to
the migratory activity (depth of migration and amount
of biomass migrating) of the zooplankton. In this context it is interesting to note that diel migratory activity
in zooplankton was clearly present in the poorer downwelling season, but not in the fertile upwelling period
(Schalk 1987). Seasonal differences in migratory
behaviour were also found by Roe (1984) in the North
Atlantic Ocean. The fact that migration to deeper and
colder layers during the day might be important for
conserving energy of the zooplankters has been discussed before (e.g. McLaren 1963, Teal & Carey 1967,
Smith & Teal 1973, Huntley & Brooks 1982, Angel
1986), but the present data allow a quantification under
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field conditions. Furthermore, the data suggest that
apart from the obvious factors of light and temperature,
abundance of food, or the necessity to conserve energy,
plays an important role in determining migratory activity of the zooplankton population.
The WSA in the zooplankton samples determined at
16 stations in February indicated large spatial differences on a relatively small geographical scale, and
although less data (3 stations) were available for the
August cruise, a similar variability seemed present.
Also for the studied micronekton species the WSA
showed considerable differences (up to a factor of 4 )
between the stations in both seasons. This confirms
earlier observations on geographical differences in
respiratory activity in populations of copepods (Conover 1959, Omori 1970, Ikeda 1970). Finlay et al. (1983)
found that differences in WSA of protozoan samples
were associated with different growth rates. High and
low WSA values of the zooplankton samples studied
may indicate growing or declining populations, or the
beginning or end of a bloom. The relations of respiratory activity with growth (Marshal1& Orr 1956, Mullin &
Brooks 1970, Marshall 1973), reproduction (Finlay et al.
1983),but also crowding (Razouls 1972, Marshal1 1973)
and starvation (Ikeda & Skjoldal 1980) have been
demonstrated many times. From the above it may be
clear not only that the biomass of the zooplankton or
the micronekton compartment determines the impact
upon the pelagic ecosystem but that metabolic
activities have also to be taken into account. Fig. 6
clearly demonstrates the difference in distributions of
zooplankton biomass and that of ETS activity attributed
to zooplankton in the area studied.
Large differences in WSA were found for the various
micronekton groups investigated (Fig. 7). Very low
activities were measured for leptocephali, chaetognaths, salps, siphonophores and medusas, all organisms with relatively high water contents. However this
does not necessarily mean that these groups are of
lesser importance to the pelagic ecosystem (Biggs 1977,
Alldredge 1984).Salps and siphonophores can occur in
enormous numbers during bloom periods (Wiebe et al.
1979). In the August samples from the Banda Sea area
the fraction of gelatinous plankton amounted to 40 %

of the total weight of the RMT8 catches at several
stations (Schalk & Witte unpubl.). Of the investigated
fishes, shallow-living (Percichtidae) and diel-migrating
(Diaphus spp.) species showed relatively high
activities, while deeper-living (i. e. Gonostoma elongatum, Chauliodus sloanl) and non-migrating species
(Cyclothone sp., Polyipnus aquaviti) showed lower
activities. This is in agreement with the studies of
Childress (1971. 1975) who reported respiratory rate to
be dependent on the depth of occurrence, and Torres et
al. (1979) who reported higher respiratory rates in migrating midwater fishes compared to non-migrating
species. Of the crustaceans, the Caridae - active diel
rnigrators - showed high activities comparable to the
myctophid fishes, but both euphausids and sergestids,
which also exhibit diel migration, showed moderate
activities comparable with deeper-living fishes.
Considering the strongly varying environmental factors between the 2 cruises in the area studied (Baars &
Zijlstra 1988), and the known influences of growth,
reproduction, crowding and starvation on the respiratory activity, it was expected that there would be seasonal changes in weight-specific ETS activities of the
zooplankton and micronekton. However, a comparison
between the ETS data of the 2 cruises did not show a
difference in the WSA of the zooplankton samples
(Table 3) nor in the investigated micronekton species in
these waters (Fig. 7).
The fact that the TA for zooplankton is about twice as
high during the SE monsoon with upwelling, than
during the NW monsoon with less fertile conditions, is a
result of the difference in biomass between the seasons
(Schalk 1987). If the ETS activities measured at the
drogue stations in August are representative for the
whole area, as is the case in February, than it may be
concluded that the response of the zooplankton/micronekton community to the seasonal changes in hydrography and fertility in the area is reflected mainly
by variance in biomass and behaviour (migration) and
not by an adjustment in specific activity. This agrees
with the results of Finlay et al. (1983) who found that
protozoans changed in cell size but not in specific
activity under changing environmental conditions.
Although marine organisms are apparently capable of

Table 3. Average stocks (in g C m-') and flows (in g C m-' d-l) of some compartments of the pelagic ecosystem of the Banda Sea
area as measured in August 1984 and February 1985. For phytoplankton the stock was calculated from chlorophyll a concentration, using the average C/chl a ratio of 102 given by the author; the flow was measured as primary production
Compartment

Chlorophyll a
Zooplankton, RMTl
Micronekton, hVT8

Stocks

Flows

Source

Aug

Fe b

Aug

Feb

3.7
1.0
0.2

2.1
0.5
0.1

1.9
0.063
0.018

0.9
0.037
0.009

Gieskes et al. 1988
Present study
Present study
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changing their respiratory enzyme activity under all
kinds of stress under laboratory conditions, it is a feature that was not found under field conditions, which
change considerably with the seasons in the area
studied.
ETS/respiration (R) ratios of 2.6 have been reported
for natural zooplankton assemblages (Bigidaire et al.
1982) and species-specific ratios vary from 1.9 for
euphausids (Ikeda & Hing-Fay 1981),2.02 for copepods
(Oosterhuis pers. comm.), and 2.3 for Crangon species
(Bouwmeester unpubl.), to between 3.4 and 6.3 for
Acetes species (Ikeda & Skjoldal 1980) and 6.2 for
Pomatoschistus species (Schalk unpubl). Calculation of
respiratory activities from the present ETS values using
the conversion factors mentioned above come well into
the range of observations on tropical zooplankton: i, e.
40 to 73 pg-at 0 (g wet wt)-' h-' for copepods (Ikeda
1974), 28 to 38 pg-at 0 (g wet wt)-' h-' for euphausids
(Ikeda 1974); 23 to 34 pg-at 0 ( g wet wt) h-' for Acetes
species (Ikeda & Skjoldal 1980), and 7 to 12 pg-at 0 (g
wet wt)-' h-' for siphonophores (Biggs 1977).
For an impression of the role of zooplankton and
micronekton in the carbon flow in the p e l a q c system,
the ETS values were recalculated to carbon units,
because such units are often used in ecological studies
and make comparison easier. Based upon the mean
ETS figures (Table 2) and assuming an ETS/R ratio of
2.6 (Bigidaire et al. 1982) and a respiratory quotient of
0.8, the average carbon requirement of the zooplankton community in the Banda Sea area would be approximately 0.063 g C mP2 d-' for t h e SE monscon and
0.037 g C m-2 d-' for the NW monsoon period. Gieskes
et al. (1988) estimated the primary production for this
area at 1.9 g C m-2 d-' for the SE monsoon and 0.9 g C
m-' d-' for the NW monsoon. According to these
figures the zooplankton would respire about 3 to 4 O/O of
the production in this area (Table 3).
For micronekton this relation is more difficult to
establish as the ETS values vary largely between the
various taxa and Only a rough estimate can be given.
The biomass of the mesopelagic fish and crustaceans,
which formed the major
of the RMT8 catches in the
- part
Banda Sea area, was on average 1.2 and 2.48 g wet wt
in the SE mOnsOonand 0'75 and
g
wet wt m-' respectively in the NW monsoon (Schalk &
Witte unpubl.). Myctophids and gonostamatids were
the most abundant mesopelagic fishes, with an
assumed average ETS activity of 160 Ll,g-at (g wet
wt)-' h-'; for crustaceans an average ETS activity of 80
pg-at 0 (g wet wt)-' h-' is assumed (see Fig. 7). The
estimated ETS activitv for both qroups
is therefore 142
"
pg-at 0 m-' h-' during the SE monsoon and 74.4 pg-at
O m-2 h-1 during the NW mOnsOOn' the
ratio
tends to be higher for fish and larger crustaceans, a
ratio of 4 is assumed to convert ETS values to respira~
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tory activity. With a respiratory quotient of 0.8, the
carbon requirement for the micronekton would be
roughly 0.018 g C m-2 d-' for the SE monsoon and
0.009 g C m-2 d-' for the NW monsoon, or about 1 % of
the primary production in this area.
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