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

of Marine Zooplankton 

I. Effect of Feeding Condition on the Respiration Rate0 

Tsutomu 1KEDA2 ) 

Rosenstiel School of !11arine and Atmospheric Science, University 
of !11iami, Miami, Florida, U.S. A. 

Abstract 

Effect of feeding was examined on the respiration rates of Pleurobrachia pileus, Parathemisto 
pacifica, Metridia pacifica and Epilabidocera amphitrites from boreal water, and Undinula 
vulgaris, Euchaeta 1izarina, Eucalanus attenuatus and Scolecithrix danae from subtropical waters. 
Measurements were made just before and after feeding of the same population of animals repeatedly. 
The respiration rates increased. about 1. 3-1. 5 times after feeding in Pleurobrachia and Parathemisto, 
but the effect of feeding ·:was not obvious in the rate of the other species. The present result was 
compared with observations on ~on-planktonic marine animals. 

Introduction 

Of the many factors which affect the respiration rate of marine zooplankton (cf. review 

of MARSHALL, 1973), feeding has been little studied, but this factor might be expected to be 

very important in applying laboratory respiration data to field populations. Respiration rate 

measurements in laboratory experiments are usually performed with animals with no food 

available since this avoids the complicated corrections for oxygen consumption or production 

by food organisms. Under natural conditions animals normally feed when food is available. 

Consequently there exist some uncertainties in the extrapolation of respiration data from 

laboratory to field populations of marine zooplankton. Studies of non-planktonic animals such 

as mussels (THOMPSON and BAYNE, 1972), crabs (MCLEESE and WATSON, 1968; WALLACE, 

1973) and fishes (SAUNDERS, 1963; LASKER, 1970; and MUIR and NIIMI, 1972), indicate that 

respiration rates increase following feeding. 

In the present study the effect of feeding on respiration rate was tested on several species 

of zooplankton from boreal and subtropical seas. 

Materials and Methods 

Boreal zooplankton, Pleurobrachia pi.Zeus Vanhoffen, Parathemisto pacifica Stebbing, 

A1etridia pacifica Brodsky and Epilabidocera amphitrites (McMurrich), were collected from 

Saanich Inlet, British Columbia (July-August, 1974), and subtropical zooplankton, Undinula 
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2) tlh H3 *h, Present address:. Australian Institute of Marine Science, Towns ville, Queensland, 
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vulgaris (Dana), Euchaeta marina (Prestandrea), Eucalanus. attenuatus (Dana), and Scole

cithrix danae (Lubbock), from the Gulf Str.eam, off. Miami, Florida (March-December, 1974). 

A 500 µ mesh, 1-m mouth diameter net with a large volume (30 liter) cod end, designed to 

minimize crowding and damage of collected animals, was towed vertically from 100 m. Animals 

were brought to the laboratory within 30 minutes and maintained in a constant temperature 

environment, adjusted to in situ conditions (i.e. 13°C for boreal animals and 22°C for sub

tropical ones). Sea water collected from the same sites as the animals was filtered through a 

'.~ , 

,. I 

.• ' · .. · z~~.1~'' 
., (, ) 

':~u 

Fig. 1. Undinula vulgar is before feeding (stomach is empty) and after 
feeding (stomach is full of Artemia nauplii, noted by arrows). 

What~an GF /C glass fibre filter and used ~s a.conditioning water for animals during the experi

ment. Foods provided were: Artemia nauplii for copepods, chopped fresh Euphausia Pacifica 

for Parathemisto, arid freshly collected copepods (mainly Calanus pacificus) for Pleurobrachia. 

Special attention was paid to the condition of gut or stomach of copepods to determine whether 

the animals had fed on Artemia nauplii. Active feeding on the nauplii caused an orange 

color in their guts or stomachs, easily recognized by the naked eye. Figure 1 shows an 
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example of Undinula vulgaris before and after feeding on the nauplii. Visual inspection was 

difficult in Paratlzemisto. 

Prior to each experimental series, collections were sorted into species, and the same 

individuals of each species were used for successive measurements. This minimized the effect 

of individual differences in respiration rate. The number of animals used for each measure

ment, therefore, decreased progressively in an experimental series owing to mortality caused 

l;>y frequent handling. 

Respiration rate was measured before feeding. Animals were then fed for 3-4 h (24 

h for Pleurobrachia due to their slow feeding response), and the rate was measured again 

on the same individuals (in the absence of feed). After these measurements, animals were 

returned to 250-500 ml beaker filled with :filtered sea water overnight and the sequence would 

be repeated the next day. The experimental sequence was repeated daily on the same indi

viduals until an adequate number of animals for measurement no longer survived. 

A YSI oxygen monitor system was used to measure the respiration rate of animals. This 

·system consisted of a polarographic oxygen meter (Model 53), a water bath (Model 5301) 

and a recorder (Model 81A). In the sample chamber the experimental animals were separated 

from the magnetic stirring bar with a fine mesh screen. The construction of the sample 

chamber was similar to that described by TEAL and HALCROW (1962). Total volume of the 

chamber 'Yas adjusted to 6.8 ml in this study. A great advantage of this YSI system is that 

a rapid measurement of respiration rate is possible. In this study the incubation time was 

from 20 minutes to about 1 h, depending on the number. of individuals available for each 

measurement. During the measurement care was taken not to allow oxygen in the medium 

water to decrease below 70 % saturation to avoid physiological damage of experimental animals. 

Calibration of the electrode and a blank were run several times daily. 

Results 

Prior to the experiment, the effect on the respiration rate of successive (twice a day) use 

of the same population of animals at intervals of several hours was tested on two copepod 

species, Metridia Pacifica and Undinula vulgaris (Table 1). No marked difference was 

observed between the paired respiration rates obtained in this way (p>0.20). 

Boreal species 

Pleurobrachia pdcus: This species fed very well on freshly caught copepods. ,At the 

end of feeding for one day the animals sank to the bottom of the beaker or floated near the 

surface with digested or undigested materials in their stomachs and pharyngeal holds. 

Unusually the stomach became clear after one day in filtered sea water. In series 1, 2 and 

3, although only one set of measurements were made on each group of animals, respiration 

was accelerated following feeding in every case (Table 2, A). Animals used in series 4 were 

relatively small compared with those used in series l, 2 and 3. Inc_reased respiration was 

observed also during the course of experiment up to the 10th day, except for the 5-6th days. 
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PLtrathemislo Pacifica: This animals was maintained successfully under laboratOry condi

tions and fed immediately on being offered food. In the course of the experiment, several 

faecal pellets were observed on the bottom of the beaker every day before the start of meas

urements. In series 1, respiration increased markedly following feeding for the first 3 days; 

the tendency became obscure due to a general trend of progressively depressed respiration, 

then became pronounced again on 8th, 9th and 10th days (Table 2, B; Figure 2). After the 

10th clay the animals were left for 10 days without food and the effect of feeding on respira

tion was measured again. Similar experiments were attempted after the 21st day. In both 

cases, a marked increase in the respiration rate resulted. Animals in series 2 showed the 

same pattern of augmented respiration more clearly than those in series 1 (Figure 2). 

TABLE 1. STATISTICAL TEST (PAIRED-t-TEST) FOR THE EFFECT OF TWO SUCCESSIVE MEASURE

MENTS ON THE RESPIRATION RATE (NULL HYPOTHESIS: THERE IS NO DIFFERENCE BETWEEN 

THE RESPIRATION RATES MEASURED AT INTERVALS OF SEVERAL HOURS SUCCESSIVELY ON 

THE SAME DAY) 

1\fetridia pacifica 

Respiration rate (µl Odindiv./h) 
Day 

bt measurement 

J. 
., 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Sn=O. 04 
t= Lo~ 
df=lO 
p::::O. 3 

0.25 
0.23 
0.23 
0.22 
0. 18 
0.18 
0. 16 
0.20 
0.29 
0.18 
0.18 

2nd measurement 

0.27 
0.32 
o.w 
0.20 
0.20 
0.23 
0.24 
0.17 
0.25 
0.18 
0.19 

Undinula vulgaris 

Respiration rate (µl Odindiv./h) 
Day 

1st measurement 

1 
2 
3 

4 
5 
6 
7 
8 

Sn=0.15 
t=l. 34 
df=7 
p::::0.2 

1. 30 
1. 05 
0.5!:1 
0.68 
0.42 
0.38 
0.60 
0.39 

2nd measurement 

0.90 
0.87 
0.58 
0.64 
0.45 

.0.47 
0.55 
'0.37 

1Hetridia pacifica: This animal fed well on Artemia nauplii, which were caught and 

ingested fairly quickly. It was observed that the guts of well-fed animals appeared orange 

through their white-opaque body, as in Undinula (Figure 1) but more distinctly. Due to its 

relatively small body size, this animal was frequently crushed in the course of experimental 

handling, so that the 24 individuals at the beginning of the experiment decreased to 6 indi

viduals by the 8th day. Except for a few cases, the respiration rate generally increased after 

feeding (Table 2, C). The level of respiration held rather constant during the whole experi

mental period. 

Epilabidocera amphitrites: Compared with l\1etridia this animal was a rather difficult 

species to maintain in the laboratory. Although they fed on Artemia nauplii fairly well through 

the 4 day exi;eriment, the effect on the respiration rate was not so distinct except for the 
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first day. This ·initial increase could be ascribed to the 8 day starvation period prior to the 

experiment (Table 2, D), as was o'.::served in Parathemisto series 1. 

n. 
Cf) 

w 
.a: I 0 

4 

SERIES 2 

2 3 4 6 

Parathemisto Qacifica 

SERIES I 

4 

4 

7 8 9 10 

DAYS 

o BEFORE FEEDING 

• AFTER FEEDING 

2 

2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I I 
I 

2 

20 21 29 

Fig. 2. Effect of feeding on the respiration of Parathemisto pacifica. Numerals 
alongside the points indicate the ~umber of individuals available in each 
measurement. Animals were starved for 4 days after collection in both 
series 1 and 2. 

Subtropical species 

Undinula vulgaris: A preliminary test suggested that Undinula fed on Artemia nauplii 

better than on phytoplankton. In series 1 the respiration rate decreased consistently with the 

progress of the experiment (Table 2, E). An increase of respiration was observed on the 2nd 

and 3rd days, though animals fed well on the nauplii throughout the whole experimental 

period, except for the 5th day. In series 2 the respiration rate was rather constant through 

the whole period and increased by feeding except for a few measurements when the animals 

<lid not feed well (2nd and 6th days). Higher respiration after feeding was observed in the 

2 day experiment of series 3. 

Euchaeta marina: This species did not feed well on Artemia nauplii, except on the 1st 

day in series 1, but even this caused little difference in the respiration rate (Table 2, F). 

Maintenance under laboratory conditions in this study was fairly unsuccessful because of 

frequent handling, and limited the experiment to 2 days. Apparently Euclzaeta has a relatively 

soft exoskeleton compared with that of Undinula and so might be more easily damaged in 

handling. 

Eucalanus attenuatus: This species fed well on nauplii and lived well in laboratory condi· 

tions. However, the acceleration of respiration by feeding was indistinct and a decrease of 

respiration by feeding was observed in one case in series 1 (Table 2, G). Relatively small-sized 

animals were used in series 2 and 3. 
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TABLE 2. RESPIRATION RATES BEFORE AND AFTER FEEDING (*INDIVIDUAL NUMBER 

OF ANIMALS AVAILABLE IN EACH MEASUREMENT; **POOR FEEDING) 

Series No. Condition of animals 

A. l'frurobrachia pileus 

l (clay 1-2) Starved for 1 days after sampling 
2 (day 1-2) Starved for 1 days after sampling 
3 (day 1-2) Starved for 5 days after sampling 

4 (day 1-2) Starved for 2 days after sampling 

II (day 3-4) 
II (day 5-6) 
II (day 7-8) 
II (day 9-10) 

B. Parathemisto pacijica 

l (day 1) Starved for 4 days after sampling 

II (day 2) 
II (day 3) 
II (day 4) 
II (day 5) 
II (day 6) 
II (day 7) 
If (day 8) 
If (day 9) 
t1(day 10) 

If (day 20) 
If (day 21) 
II (day 29) 
2 (day 1) Starved for 4 days after sampling 

II (day 2) 
II (day 3) 
II (day 11) 

II (day 5) 

C. Jletridia pacifica 

l (day 1) Starved for 3 days after sampling 

II (day 2) 
II (clay 3) 
II (day 4) 
II (day 5) 
II (day 6) 
II (day 7) 
II (clay 8) 

D. l~jJilabidocera amphitrites 

l (day 1) Starved for 8 days after sampling 

II (day 2) 
If (day 3) 
11 (clay 4) 

E. Undinula vulgaris 

1 (day 1) 
II (clay 2) 

Starved for 1 days afler sampling 

-6-

Respiration rate (µl 02/indiv./h) 

Before feeding 

4.15 (4*) 
3.60 (4) 
3.50 (4) 
1. 64 (6) 

1. 26 (6) 
1. 54 (6) 
1. 49 (5) 
1. 36 (3) 

2.10 (4) 
2.0::> (4) 
2.56 (4) 
2.76 (4) 
2.56 (4) 
2.25 (4) 
2.05 (4) 
1. 36 (3) 
1. 72 (3) 
1. 06 (3) 
0.70 (3) 
2.17 (2) 
0.78 (2) 
1. 42 (3) 
1. 42 (3) 
1. 49 (3) 
1. 18 (;3) 
1. 73 (3) 

0.27 (24) 
0. 39 (19) 
0.30 (17) 
0. 31 (14) 
0. 35 (11) 
0.36 (11) 
0.25 (9) 
0.14 (7) 

0.82 (6) 
0.80 (5) 
0.78 (4) 
0.71 (4) 

1. 33 (11) 
1. 05 (9) 

After feeding 

7.05 (4*) 
6.40 (4) 
5.60 (4) 
1. 99 (6) 
1. 77 (6) 
1. 47 (6) 
1. 98 (4) 
2.28 (3) 

2.33 (4) 
2.63 (4) 
3.01 (4) 
2.67 (4) 
2.54 (4) 
2.40 (4) 
1. 71 (4) 
1. 75 (3) 
2.17 (3) 
1. 58 (3) 
1. 51 (3) 
2.27 (2) 
2.41 (2) 
1. 84 (3) 
1. 95 (3) 
2.02 (3) 
2.24 (3) 
2.62 (3) 

0.42 (19) 
0.43 (17) 
0. 39 (14) 
0.34 (13) 
0. 35 (11) 
0.41 (9) 
0.16 (7)** 
0.45 (6) 

1. 02 (5) 
0. 76 (4) 
0. 79 (4) 
0.76 (4) 

1. 27 (11) 
1. 33 (9) 
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Series No. Condition of animals 
Respiration rate (µl Odin div ./h) 

Before feeding After feeding 

E. Undinula vulgaris 

If (day 3) Starved for 1 days after sampling 1. 04 (8) 1. 82 (8) 
If (day 4) 0.85 (8) 0. 73 (7) 
fl (day 5) 0.48 (5) 0.47 (5)** 
2 (day 1) Starved for 3 days after sampling 0.53 (23) 0.72 (20) 
11 (day 2) 0.58 (19) 0.52 (19)** 
fl (day 3) 0. 60 (16) 0.65 (16) 
If (day 4) 0.63 (9) 0.66 (9) 
fl (day 5) 0.48 (5) 0.59 (5) 
fl (day 6) 0.82 (3) 0.61 (3)** 
3 (day 1) Starved for 4 days after sampling 0.58 (25) 0.66 (25) 
II (day 2) 0.46 (14) 0.64 (12) 

F. Euclzaeta marina 

1 (day 1) Starved for 1 days after sampling 1. 04 (18) 1.02 (17) 
II (day 2) 0.63 (5) 0.69 (5)** 
2 (day 1) Starved for 1. days after sampling 0. 95 (17) 0. 89 (17) 
If (clay 2) 0.47 (4) 0.40 (4)** 

G. Eucalanus attenuatus 

1 (day 1) Starved for 4 days after sampling 1. 56 (2) 1. 59 (2) 
If (day 2) 1.19 (2) 1. 69 (:2) 

If (day 3) 2.12 (2) 1. 16 (2) 
fl (day 4) 1. 38 (2) 1. 19 (2) 
If (day 5) 1. 47 (2) 1. 16 (2) 
2 (day 1) Starved for 1 days after sampling 0.88 (7) 0.75 (7) 
If (day 2) 0.73 (6) 0. 8:1 (6) 
If (day 3) 0.73 (4) 0. 73 (4) 
If (day 4) 0.61 (3) 0.75 (3) 
3 (day 1) Starved for 4 days after sampling 0.68 (5) 0.68 (5) 

H. Scolecithrix danae 

1 (day 1) Starved for 1 days after sampling 1. 05 (25) 1. 00 (25)** 
II (day 2) 0.96 (23) 0.77 (23)** 
If (dny 3) 1. 02 (18) 0. 90 (17)** 
If (day 4) 0.98 (10) 1. 16 (9) 
2 (day 1) Starved for 1 days after sampling 0.68 (23) 0. 71 (23) 
fl (day 2) 0.56 (22) 0.62 (22) 

fl (day 3) 0.56 (21) 0.77 (21) 
fl (day 4) 0.66 (19) 0.61 (19) 
fl (day 5) 0.48 (18) 0.54 (18) 
If (day 6) 0. 50 (14) 0.60 (13) 

Scolecithrix danae: This species has a very stout body and laboratory maintenance was 

good. Individuals which died lost antennae, appendage3 and sometimes even the urosome, 

indicating an active carnivorous feeding habit of this species. At the beginning of the experi

ment in series 1 (Table 2, H) almost no Artemia nauplii were eaten by the animals. On the 

4th day, some nauplii and un~1atched eggs which were erroneously introduced were observed 

in their guts. In contrast, series 2 animals fed on the nauplii from the beginning of the 
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experiment, and respiration rate increased because of this active feeding. The different feeding 

response of animals between series 1 and 2 might be caused by different nutritional conditions 

of animals collected in different seasons. 

Discussion 

Among the zooplankton species tested here, day to day variations in the respiration rate 

of the same population of animals during the course of experiments exceeded, in most cases, 

variations due to feeding. This result suggests that the effect of feeding on the rate is not so 

significant. Table 3 summarizes the result of statistical analysis. Except for Pleurobrachia 

and Parathemisto, the null hypothesis that "there is no difference between the rates before 

and after feeding" was not rejected (p>0.10). In Pleurobrachia and Paratheniisto the respira

tion rate increased 1.3-1.5 times on average after feeding. 

TABLE 3. STATISTICAL TEST (PAIRED-t-TEST) FOR THE 

EFFECT OF FEEDING ON THE RESPIRATION RA TE. ALL 

DAT A WERE POOLED IN EACH SPECIES. DAT A ON 

Euchaeta marina WERE EXCLUDED. (NULL HYPOTHESIS: 

THERE IS NO DIFFERENCE BETWEEN THE RESPIRATION RATE 

MEASURED BEFORE AND AFTER FEEDING) 

Zooplankton species 

Pleurobrachia pileus 
l'arathemislo pacifica 
1\lctridiu paci.fica 
Epilabidocera amphitrites 
Undinula vulgaris 
Euralanus attenuatus 
.)'colecithri.c danae 

3.01* 
'1.31** 
1. 74 
1. 06 
1. 40 

0.69 
0.57 

* Reject the null hypothesis at 90 % probability. 
** Reject the null hypothesis at 99 % probability. 

df (n-1) 

7 
17 

7 

3 
12 
9 
9 

RAYMONT (1959) observed a respiration rate in Centropages hamatus, maintained for 2-3 

days in the laboratory and given phytoplankton as food, as high as 1. 6 times the rate of unfed 

animals. He observed no such effect in Pseudocalanus minutus. CONOVER (1956) compared 

the respiration rate of Acartia clausi cultured with and without food (Skeletonenia costatum) 

every 24 h for 6 days. At the beginning of the experiment the respiration rate of fed A. clausi 

was about 10 % higher than when starved, but this difference became progressively larger, 

attaining more than 100 % at the end of the experiment. A similar pattern was observed in 

A. tonsa. COMITA (1968), working on fresh water copepods (4 species of genus Diaptomus), 

showed that the effect of feeding on respiration rate rarely exceeded 1. 5 times except for an 

extreme value of 2 .1 times on D. siciloides at l0°C. In his experiment, animals were incubated 

for 16-21 h in fed and starved conditions before the measurement of respiration rate. LILLELUND 

and LASKER (1971) showed the difference of 1.2-1. 7 times between the respiration rates of 

newly caught and fed Labidocera jollae and L. trispinosa (calculated from their Figure 15). 

A substantial increase (2-3 times) in the respiration rate was reported by CONOVER and LALLI 

(1974) on Clione limacina which had been starved for 3-6 days and fed Spiratella retroversa. 
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It must, however, be noted that animals starved for a longer period lose weight which, 

in itself, would be expected to result in a reduced respiration rate. Since most of the earlier 

experiments mentioned above were done after the longer starvation period, their results might 

be enlarged by the combined effects of feeding and prolonged starvation periods. If; however, 

these values are combined with those of present experiments, one may conclude that the degree 

of enhancement of respiration by feeding itself is about 1. 5 times at most in zooplankton. 

TAKAHASHI and IKEDA (1975) measured the excretion rates of ammonia and inorganic 

phosphorus on Euphausia pacifica and Metridia Pacifica under the conditions of feeding. 

Animals were incubated in the bottles with different concentrations of phytoplankton. Ammonia 

excretion rate is more comparable to respiration rate than is that of inorganic phosphorus, 

because there are many sources for the release of inorganic phosphorus other than oxidative 

:final product in the animals. Excluding the measurement at abnormally high phytoplankton 

densities (10-70 µg chl. a/l), the acceleration of ammonia excretion by feeding was in the range 

-0f 1. 2-2. 8 times, comparable to the present result. One observation by TAKAHASHI and IKEDA 

(1975) was that the excretion rates were accelerated with an increase of the ingestion rate of 

animals. Similar results were observed in the respiration rate of fish (MUIR and NIIMI, 1972), 

and GAUDY (1974) reported this tendency in experiments on copepods. In the present experi

ments feeding on animals was not assessed quantitatively, but rather from qualitative observa· 
tions. 

It 1s interesting to compare the present result on planktonic animals with those on other 

marine animals. For fishes SAUNDERS (1963), LASKER (1970) and MUIR and Nmn (1972) 

reported a factor of 1. 4-1. 9 times for the Atlantic cod (Gad us niorhua), 2-3 times for the 

Pacific sardine (Sardinops caerulea) and 3 times at most for the aholehole (Ku/ilia sandvicensis) 

respectively. For the mussel (Afytilus edulis) THOMPSON and BAYNE (1972) obtained a factor 

of about 3. MCLEESE and WATSON (1968) and WALLACE (1973) reported a value of 1. 5 for 

the spider crab (Chionoecetes opilio) and 1.44 for the shore crab (Carcinus maenas) respec

tively. It is difficult to compare these values directly with each other and with present results 

because the increased respiration by feeding is caused from two sources; one is from specific 

dynamic action by feeding and the other is the extra cost of energy to catch or collect the 

prey. It is not possible to separate these factors owing to the different experimental conditions 

and feeding benaviour of animals. But, in experiments where observed respiration rates were 

3 times higher than in those of non-feeding animals, LASKER (1970), MUIR and NIIMI (1972) 

and THOMPSON and BAYNE (1972) observed apparent agitation or spontaneous activity of fishes, 

or active ventilating of water of mussels following introduction of food. This, presumably, 

contributed to the enhanced respiration to a large degree. In the present study the respiration 

rate of animals was measured just after feeding so that extra energy cost for the movement 

of feeding appendages of animals was not included. This extra energy cost may not be large 

because the swimming behaviour of feeding and non-feeding animals was not observed to 

differ much. Energy cost of swimming itself seems to be a very small fraction compared with 

the cost of maintenance in zooplankton (VLYMEN, 1970; KLYASHTORIN and YARZHOMBEK, 1973; 

-9-



60 

and IKEDA, 1974). 
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