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The Effect of Laboratory Conditions on the Extrapolation 
of Experimental Measurements to the Ecology 

of Marine Zooplankton 
III. Short-term Changes in the Respiration Rates of Two Subtropical 

Zooplankton Species, Acartia tonsa and Sagitta hispida1
) 

Tsutomu 1KEDA2) 

Rosenstiel School of Marine and Atmospheric Science, 
University of Miami, Miami, Florida, U.S.A. 

Abstract 
Short-term changes in the respiration rates of Acartia to11sa and Sagitta hispida were in

vestigated over periods of 9 hours by means of an oxygen electrode technique. 
A rapid fall in the respiration rate was observed as a common phenomenon for about 1 hour 

at the start of experiments. The pattern of changing respiration rate varied between animals in 
containers of 6.2 and 50 ml volume. Physical damage and food deficiency during the experiment 
were considered as contributing factors to the changes of respiration rate in Acartia. In case of 
Sagitta the change in respiration rate was ascribed to its irregular swimming behaviour. 

Introduction 

A large amount of data have been accumulated on the respiration rate of marine zooplank

ton (cf. reviews of MARSHALL, 1973; IKEDA, 1974). Most of them were obtained using the 

"water bottle method" described primarily by MARSHALL, NICHOLLS & ORR (1935). The 

results from this method provide an estimate of average respiration rate, over the period of 

incubation of animals in the bottle, which is usually several hours. The incubation period 

varied from workers to workers, depending upon the conditions of experiment (activity of 

animals, number of animals, dimension of the experimental chamber, experimental temperature,. 

precision of analysis of dissolved oxygen, etc.). Short-term change in respiration rate is, 

however, known in some instances, e.g., that of animals just captured from the sea (cf. review 

of MARSHALL, 1973) and that of animals just fed (IKEDA, 1976). The change is also found 

in feeding experiments with copepods (MULLIN, 1963; ANRAKU, 1964; McALLISTER, 1969). 

The short-term variations in respiration rate is not estimated precisely by the water bottle 

method because of relatively long time required to produce measurable changes of oxygen concen

tration by the experimental organisms. The oxygen electrode technique, however, can be readi

ly adapted to small volumes of water in which rapid changes in oxygen concentration can be 

effected by small organisms (see IKEDA, 1976, 1977). This report concerns short-term changes. 

in the respiration rate of Acartia tonsa and Sagitta hispida from Biscayne Bay, Miami. 
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Materials and Methods 

Both Acartia tonsa DANA and Sagitta hispida CONANT were collected from Biscayne Bay 

adjacent to the laboratory from February to April, 1975. Most animals were used within 

10-15 minutes after collection, although some individuals of Sagitta used had been reared in 

the laboratory (see REEVE & WALTER, 1972). 

A YSI oxygen monitor system was used to measure the respiration rate (cf. IKEDA, 

1976). Two different incubation cells, standard cell (6.2 ml), and macro cell (50 ml), were 

used. To ensure the complete mixing of the medium in the macro cell two magnetic stir

ring bars were used. One of the bars was close to the electrode tip and the other on the 

bottom of the container. Both bars were separated from experimental animals with fine mesh 

screen. The time required for one measurement was about 15 minutes for the standard cell 

and 20-30 minutes for the macro cell. All measurements were carried out at a temperature 

dose to that from which the animals came (22°C). Sea water was collected at the same time 

as the animals, filtered through 35µ mesh net and well aerated. After each measurement the 

·electrode was removed from the cell, which was then .gently filled up with oxygenated water 

using a pipette. The procedure was repeated twice so as to renew water in the cell for the 

next measurement. In this way the measurement was carried out on the same population 

of animals successively for about 9 hours in a day, with the water being returned to 100% 

oxygen saturation at the beginning of each measuring period. During the measurement the 

concentration of dissolved oxygen did not fall below 70% saturation. When the measure

ment of Sagitta extended over two days on the same population of animals, Sagitta was 

transferred from the incubation cell into a 500 ml beaker with Acartia provided as food. In 

a few experiments Acartia was maintained overnight in the laboratory prior to the experi

ment. In this case the copepods were provided with concentrated phytoplankton collected 

from the sea as food. At the end of experiment animals were dried in a desiccator over 

silica gel at room temperature for later determination of body dry weight. 

Results 

In Table 1 data on individual numbers of Sagitta and Acartia are shown, with their 

initial respiration rate at the start of the measurement in each series of experiments. The 

population density in each series varied between 3. 2 and 23. 7 individuals per ml for Acartia 

and 0. 2-1.12 for Sagitta. No significant effect of population density on the respiration rate 

was obs.erved (correlation coefficient of the linear regression between respiration rate and po~ 

pulation density was 0. 30 (df =10, p>O. 05) for Acartia and 0. 42 (df=l3, p>O. 05) for Sagitta). 

Statistical test (t-test) showed that there is no difference between the initial respiration rates 

obtained by means of standard and maco cells for both species (Acartia: t=O. 22, df=lO, 

p>0.50 and Sagitta: t=l.20, df=13, p:::::0.25). To facilitate comparisonofthechangingpat

tern of the respiration rate of different experimental series, the rate was expressed as relative 

respiration rate, taking 100% as the initial rate at the start of each series of measurements. 
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TABLE 1. NUMBER OF INDIVIDUALS OF Acarti'a tonsa AND Sagitta hispida 
FOR EACH EXPERIMENT WITH INITIAL RESPIRATION RATE. 

Acartia tonsa Respiration 
Expt. series .Indiv. No./cell rate 

No. (S; standard, (µl 02/indiv. 
M; macro cell) /hr) 

1 133/S 0. 129 
2 116/S 0. 147 
3 76/S 0. 153 
4 39/S 0.132 
5 65/S 0. 178 
6 147/S 0. 116 
7 195/M 0. 134 
8 223/M 0. 178 
9 183/M 0.181 

10 210/M 0.089 
11 916/M 0. 121 
12 471/M 0.176 

* experiment followed from the previous day on 
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Sagitta hispida 
Expt. series Indiv. No./cell 

No. (S; standard, 
M; macro cell) 

1 7/S 
1* 5/S 
2 7/S 
2* 5/S 
3 3/S 
3* 3/S 
4 4/S 
4* 3/S 
5 15/M 
5* 10/M 
6 22/M 
6* 20/M 
7 22/M 
8 56/M 
8* 40/M 

the same population of animals. 

Respiration 
rate 
(µI 02/ mg dry 
wt/hr) 

4.26 
2.56 
4.38 
2. 17 
7.09 
2.63 
4.44 
7.82 
5.34 
5.34 
5.93 
6. 72 

4.94 
4.82 
4.82 
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Fig. 1. Change in the respiration rate of Acartia tonsa in standard (a) and macro cell (b). 
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Acartia tonsa 

Standard cell experiment (Figure la). 

Following the rapid decrease in the first hour, the respiration rate declined gradually 

over the rest of the experimental period. This tendency was the same whether the animals 

had been collected from the sea 10-15 minutes (series 1, 2, 3, and 4) or one day before the 

experiment (series 5 and 6). At the end of experiment the animals were returned to a 

beaker with food overnight. More than a half of the animals died in the next day, suggesting 

that they had been stressed during the experiment, probably by rotation of magnetic stirring 

bar, although they were active during the measurement period. 
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Macro cell experiment (Figure lb) 

A rapid decrease in the respiration rate also occurred in the first hour, but after that the 
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Fig. 2. Change in the respiration rate of Sagitta hispida in standard (a) and macro cell (b). 

rate decreased more slowly than in the case using the standard cell. Except series 10, 

all other experiments (series 7, 8, 9, 11 and 12) used animals captured just before the experi

ment. In comparison with the smaller standard cell most individuals survived well over the 

next 24 hours. 

Sagitta hispida 

Standard cell experiment (Figure 2a) 

A rapid decrease in the respiration rate occurred within 1 hour at the beginning of ex

periment in most of the series. In series 1 and 2, animals were collected from the sea just 

before the experiment. A marked increase in the rate was observed in the series 1 with the 

progress of experiment, especially at the first day. Animals at the beginning of experiment 
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did not~~:w)fu actively, settling down on the bottom of cell most time, but gradually they 
.. • t ·,, ~ 

became more active during course of the experiment. Sagitta (series 3 and 4) from laboratory 

culture showed little (series 4, first day) or no (series 3) gradual increase, probably because 

animals from laboratory culture were already acclimated to the laboratory enviroment. Most 

individuals survived well the following day. 

Macro cell experiment (Figure 2b) 

Three series of experiments over two days (series 5, 6 and 8) and one series of one day 

(series 7) were carried out. All the animals used here were from the field. 

Initial fall off in the respiration rate was observed at the beginning of experiment. Ani

mals in the cell were quite active at the start of experiment, and there was no marked in

crease in the respiration rate with the progress of time. The results were similar to those 

of series 3 and 4 with standard cell. 

Discussion 

A common phenomenon observed on both Acartia and Sagitta with standard and macro 

cells is the rapid falling off in respiration rate for about 1 hour at the start of experiment. 

This occurred in animals either collected from the sea just before the measurement or maintain

ed in the laboratory for 1 day for Acartia, or reared in the laboratory for Sagitta. 

It is reasonable to ascribe this effect to the handling of animals and their introduction 

into the new environment. In his short incubation (2 hours) experiment using the water 

bottle method, CONOVER (1956) observed an elevated respiration rate in Acartia clausi for 4 

hours, followed by a rather constant rate. ROFF (1972) observed a high respiration rate of 

Limnocalanus macrurus (freshwater copepod) not at the start of the experiment but 3-4 hours 

later. 

The pattern of the changing respiration rate after rapid decrease differed between Acartia 

and Sagitta. In Acartia the rate decreased gradually with the progress of incubation time. 

Sagitta held the respiration rate at rather constant level, although there were a large degree 

of fluctuation and final increase of the rate in some standard cell experiments. 

Food deficiency during the experiment was considered as a possible cause for the gradual 

decrease in the respiration rate of Acartia. Daily food requirement of Acartia calculated 

from the present respiration data is 16.9-84.0 % of its own body dry weight, which is about 

3 times larger than that (6.2-23.2 %) of Sagitta (assuming 1.2 l oxygen is oxidizable 1 g 

organic matter). Under starved conditions the time needed for half of the initial population 

to die (L1;2 D, us2d in IKEDA, 1973) was about 2 days for Acartia and 7 days for Sagitta 

(IKEDA, unpublished data). ZEUTHEN (1947) obtained the same slowdown of the respiration 

for about 10 hours in Centropages hamatus, which was confined in the Cartesian diver (ap

parently without food). For these small-sized copepods food shortage could de expected to 

be reflected in their respiration rate almost immediately, owing to their high metabolic rate. 

Corresponding to the slow increase in the respiration rate in Sagitta in the standard cell, 

a gradual recovery in their swimming activity was observed as mentioned already. Thus, 
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the respiration rate of Sagitta actively swimming was 2-3 times higher than that of those 

settling on the bottom of cell. The factor 2-3 times is comparable to 2 times at most for 

mainly mollusc larvae obtained by ZEUTHEN (1947), but extremely high compared with the 

results from indirect estimation on copepods (0.001-'0.003 times by VLYMEN, 1970, and 0.04 

times by IKEDA, 1974) and on some crustaceans (0.2 {).4 times by KLYASHTORIN & YARZ

HOMllEK, 1973). The discrepancies among these data might be due to the different swim

ming patterns of copepods and chaetognaths. A detailed study on this subject is hampered 

by the lack of a technique to control the activity of animals under experimental conditions. 

In comparing results from the standard and macro cells, the use of the latter appears to 

be superior from standpoint of the condition of animals. In the standard cell experiments, 

some kind of stress resulted in poor survival of animals during the following day for Acartia 

and a state of inactivity at the start of the experiment for Sagitta. These results suggest 

that different effects may be observed between species even under the same experimental 

conditions, which are possibly dependent upon the specific characteristics of animals, such as 

sens1tiv1ty, swimming behaviour, body size, etc. Acartia was suspended in the water column 

by continuous hopping motions, but Sagitta was an irregular swimmer in these experiments. 
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