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A Pelagic Marine Copepod Associated with Diatoms0 

Tsutomu IKEDA 2) 

Australian Institute of Marine Science 
Townsville, Queensland, Australia 

Abstract 

During the course of long-term culture experiments on Calanus plumchrus, pennate diatoms 
(Navicula spp., Licmophora sp. and Synedra sp.) occurred on the bodies of the animals. In 
spite of the association with these diatoms, C. plumchrus was as active as before. The ecological 
advantage of diatoms on zooplankton was discussed. 

Diatoms and copepods represent the major groups of the organisms known as phyto

plankton and zooplankton respectively, and occupy an important role in pelagic marine 

ecosystems. The former fix solar energy by photosynthetic activity and the latter transfer 

this fixed energy to the nektonic and benthic animals at higher trophic levels through their 

grazing activities on phytoplankton. In addition to this classic food chain scheme, an impor

tant role of zooplankton in nutrient regeneration has been emphasized (KETCHUM, 1962; 

CORNER and DAVIS, 1971). A rapid uptake of nutrients excreted by zooplankton has been 

substantiated experimentally in phytoplankton cultures (TAKAHASHI and IKEDA, 1975). BARBER 

and RYTHER (1969) suggested a significance of zooplankton existence to improve phytoplankton 

growth in the nutrient rich, newly upwelled water of the Cromwell Current, though the de

tailed mechanism remains unknown. HIMNEL1\1AN (1975) speculated that phytoplankton re

lease some sort of substances which stimulate the spawning of some benthic animals as well 

as planktonic ones in the seas at high latitudes. 

Thus, the relationship between phytoplankton and zooplankton is diversified, but it may 

be even closer and more unique than has been thought in the past. The present study re

ports on the association of diatoms with a pelagic copepod, Calanus plumchrus MARUKAWA, 

observed in laboratory experiments. 

In 1975 two experiments were carried out on C. plumchrus (stage V) at CEPEX :field 

station, British Columbia. The effect of mercury on respiration and excretion rates (ammonia 

and inorganic phosphate) was investigated in experiment 1 and in experiment 2, the effect 

of long·term starvation on these rates was examined. Detailed descriptions of sampling and 

experimental procedures were described in IKEDA (1977). 

In experiment 1, 10 C. plumchrus were successively maintained in 300 ml glass beakers 

under the conditions 1) without food, 2) with food, and 3) with food and addition of 
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mercury (as HgCL). Food phytoplankton (mainly Chaetoceros spp.) were originally from the 

same site as C. plumchrus and cultured in nutrient enriched sea water. The experiment 

was conducted in a cold room at 10± 1°C. The animals in each beaker were used repeatedly 

at regular intervals for measurements of respiration and excretion. The culture medium, 

Fig. 1. A. Calanus plumchrus associated with pennate diatoms (photographed 
on the preserved specimen in 10 % formal in-sea water) ( X 14). 

B. Swimming legs of Ca/anus plumchrus associated with pennate 
diatoms (phase-contrast photograph on the live animal taken by Dr. 
FARGENBAUM) (Xll~. 

TABLE 1. OCCURRANCE OF DIATOMS ON THE BODY SURFACE OF 
Calanus plumchrus (STAGE V). SUCCESSIVE CHANGE IN 
INDIVIDUAL SUR VIV AL NUMDER IS IN PARENTHESIS. 

Group No. Maintenance Condition Days of maintenance 

0 21 34 49 
1 Starved --(10) -( 7) +( 7) +( 7) 

2 Starved -(10) -( 8) +( 7) +( 5) 

3 Fed -(10) -( 8) -( 8) ±( 8) 

4 Fed -(10) -( 8) -( 8) ±( 8) 

5 Feel, Hg added (0.5 ppb) -(10) -( 6) -( 6) ±( 6) 

6 Fed, Hg added (2.9 ppb) -(10) -(10) -( 9) -( 8) 

7 Fed, Hg added (10 ppb) -(10) -( 9) -( 9) -( 9) 

+ All individuals ± Some individuals No individuals 

Whatman GF JC glass fiber filtered sea water, was changed twice a week. After 34 days it 

was found that the body surface of starved C. plumchrus became yellow-brownish in 

colour. The animals subsequently looked like they were covered with rags (Figure 1 A). 

This phenomenon was later observed in the fed group. Among the mercury added groups, 
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this was observed only in 5 ppb Hg (Table 1). 

In experiment 2, 60 C. plumchrus were cultured for 114 days in a 30 l glass container 

filled with GF /C glass fiber filtered sea water. The temperature was kept at 10± 1°C and 

increased to 13± 1°C after 62 days. The water was changed three times during the whole 

maintenance period. Yellow-brownish animals appeared from 70 days after the start of the 

experiment. Except for a slight delay of occurrence, the general characteristics of the 

animals were quite the same as had been observed in experiment 1. 

The yellow-brownish substances on the animals were identified as pennate diatoms. 

Figure 1 B illustrates swimming appendages of C. plumchrus covered with pennate diatoms 

in experiment 2. From this photograph these diatoms were identified as Licmophora sp. and 

possibly Synedra sp. by Dr. TAKANO. In experiment 1 diatoms were identified as Navicula 

spp. These genera, Licmophora, Synedra and Navicula, are well known to secrete con

necting mucilage and attach to substrata, like rocks, macro-algae, benthic invertebrates (e.g. 

barnacles, limpets), and even the skin of whales (lf'. review of ROUND, 1971). 

It is worthwhile to note that C. plumchrus associated with these diatoms were as active 

as before. This was partially confirmed from no significant difference in the respiration rate 

before and after the appearance of these diatoms on the body, i.e. the range of variation of 

the rate was 0.46-0.84 µl 0 2 indiv.- 1 hour- 1 in experiment 1 and 0.58-0.86 µl 02 indiv. - 1 

hour- 1 in experiment 2. In addition, no difference was recognized in the excretion rates of 

ammonia and inorganic phosphate. The survival rate was 50-90 % for 49 days in experi

ment 1 and 38 % for 114 days in experiment 2. No remarkable death of animals in relation 

to the occurrence of diatoms was observed. 

Probably, the diatoms found here had been introduced m some way into the container 

during the experimental period and succeeded in propagating on the animal. Under the 

environmental conditions of standing water, as in the containers, the body surface of animals 

should be a more suitable substrate than the wall or bottom of the container, because it 

ensures the efficient uptake of nutrients by the movement of animals. Actually, diatoms 

occurred only on the body of C. plumchrus and neither on the wall nor on the bottom of 

the container. The occurrence of diatoms on C. plumchrus seemed to be related to the 

condition of the animals, since the occurrence had been observed first on the starved group 

in experiment 1. The inhibitory effect of mercury on the occurrence of diatoms was obvious 

in the the same experiment. 

If such association of diatoms with zooplankton bodies were common in the natural en

vironment, it would throw light on a new relationship between phytoplankton and zooplank

ton. It has been demonstrated that zooplankton excretion was accelerated by grazing on 

zooplankton, and nutrients thus excreted by zooplankton were immediately utilized by phytoplank

ton (TAKAHASHI and IKEDA, 1975). Diatoms on the bodies of zooplankton have a better 

chance of encountering rich nutrients just excreted by the animals than those free floating or 

attached to solid substrate. This is apparently advantageous for diatom survival during periods 

of nutrient depletion which might occur sometimes in the natural environment (CORNER and 
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DA VIS, 1971). 

On specimens collected from the field, associations of pennate diatoms with marine zoo

plankton have been reported only incidentally. Diatom genera thus reported are Amphora, 

Licmophora and Hormophora (a new diatom genus described by JURILJ in 1957, cited from 

ROUND (1971)) from copepods (especially, Corycaeus spp.) and from mysids (MOTODA, 1963; 

ROUND, 1971). 

I thank Drs. M.R. REEVE and D. MENZEL who gave the opportunity to make this study 

at CEPEX station, and Drs. M. TAKAHASHI and H. T AKANO for helpful suggestions. This 

work was sponsored by the National Science Foundation International Decade of Ocean Ex

ploration (IDO 73-09763-AOZ and IDO 73--05979-AOl). 
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