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1、The importance of  zooplankton

2、The UK Biocarbon Ini t ia t ive has  

launched three ambi t ious  new pro jec ts

How do marine organisms affect carbon storage ?
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Zooplankton——Copepods

◼ copepods are small but have fast movement 

speed.

◼ The class of copepods is one of the most 

abundant groups of marine planktonic 

organisms, playing a role in connecting 

primary productivity and higher trophic levels 

in the marine food web.

◼ The prey of the copepods is microplanktonic 

organisms (even smaller), so their feeding 

behavior is invisible.

4. Conclusion
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Classical methods on copepods feeding 

“black box” experiment , isotopic tracer technique, gut pigment 

analysis  etc.

Indirect, Invisible 

- unable to visually analyze its feeding behavior (algae 

toxicity research)

Copepods feeding reaserch methods

4. Conclusion2. Research objective 
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1.1  Research background and significance

direct method---microscopic high 

speed viedo

Ambush 

feeding

Feeding 

current 
Cruising

ー In 1995, Thomas Kiorboe used a high-speed micro-camera for the first time 

to observe the behavioral patterns of copepods intuitively.

Feeding 

current

Feeding behavior：By beating the appendages to bring the bait into the mouth for filter feeding, and by 

rejecting, regurgitating, and other behaviors to select the bait.

Main parameters of feeding behavior：beating frequency (BF), beating time (BT), and rejection behavior

4. Conclusion2. Research objective 

and methods
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2.1 Research objective

1、Whether copepod’s feeding can be affected by toxic algae ?

2、Whether the concentration of toxic algae could have some 
effects on copepod’s feeding?

--whether these effects can be proved by feeding behaviors?

1. Research background 

and significance

3. Research result2. Research ideas and 
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2.2  Research methods

2. Research ideas and 

methods

Experimental Organisms

Paracalanus parvus

⚫ worldwide species

⚫ important small 

copepod

⚫ key species in northern 

China from spring to 

Autumn

Selection of algae 

Types of Algae

⚫ Prorocentrum minimum* 

⚫ Alexandrium minutum*

⚫ Thalassiosira weissflogii

Concentration setting:

50 ~ 1000 cells/ml

Behavioral Observations

◼ Select starve-

domesticated P. parvus 

◼ shooting time never 

exceeding 10 minutes.

Recording method

◼ High-speed video

capture feeding

behaviors of individual 

organisms.

Statistical Analyses

Video analysis - -

obtaining feeding 

behavior parameters.

➢ Beating frequency 

(BF),

➢ Beating time (BT),

➢ Rejection behavior

4. Conclusion
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3.1  Feeding Behavior of P. parvus on Different Concentrations of P. minimum

2. Research ideas and 

methods

Beating frequency          

(BF)

B eating  t ime  (B T)

⚫ the BF decreased significantly

when the concentration of P. 

minimum increased beyond 250 

cells/mL. 

⚫ no significant differences in the 

BT among each concentration of  

(p > 0.05, respectively).

⚫ BF of P. parvus was 

affected when the 

concentration of P. minimum

was higher than 250 cells/mL.
Figure 1. BF and BT of the feeding appendages of P. parvus fed on 

different concentrations of A. minutum. The BF is indicated by solid 

green bars (left y-axis; unit: Hertz), and the BT is depicted by white 

bars (right y-axis; unit: second).

Beating time (BT)

4. Conclusion
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3.2  Feeding Behavior of P. parvus on Different Concentrations of A. minutum

2. Research ideas and 

methods

Beating frequency 

(BF)

B eating  t ime  (B T) significant decreased at concentration

of 250 cells/mL, similar to 50 cells/mL

✓ BF of P. parvus was affected when 

the concentration of A. minutum

reached to 1000 cells/mL ( red tide 

blooms). 
Figure 2. BF and BT of the feeding appendages of P. parvus fed on 

different concentrations of A. minutum. The BF of the feeding 

appendages are depicted by light blue bars (left y-axis; unit: Hertz), 

whereas the BT is depicted by white bars (right y-axis; unit: 

second).

Beating time (BT)

⚫ The lowest BF of 106.96 ± 2.39 Hz 

was observed at 1000 cells/mL, 

and differed significantly from

those at concentrations of 100–

500 cells/mL (p < 0.01). 

4. Conclusion
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3.3  Feeding Behavior of P. parvus on Different Concentrations of T. weissflogii

2. Research ideas and 
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Beating frequency

(BF)

B eating  t ime  (B T)

⚫ the highest BF of 124.93 ± 1.06 Hz 

was observed at concentration of

500 cells/mL, which was similar 

with that at 1000 cells/mL (p = 0.07), 

and was higher than those at 

concentrations of 100 and 250 

cells/mL (p < 0.01).

⚫ no significant differences in the BTs

(p > 0.05 at all concentrations).

P. parvus exhibited a more active 

feeding behavior when fed on T. 

weissflogii, even its concentration 

reached 500–1000 cells/mL (red tides).
Figure 3. BF and BT of the feeding appendages of P. parvus fed on 

different concentrations of T. weissflogii. The BF is indicated by the 

yellow bars (left y-axis; unit: Hertz), and the BT is represented by 

the white bars (right y-axis; unit: second).

Beating time (BT )

4. Conclusion
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3.4  Comparison of Feeding Behaviors  on Different Concentrations of Three Algae
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methods

On average:
⚫ the BF and BT of P. parvus fed on  T. Weissflogii (nontoxic diatom) were significantly higher than those  of  the 

other two algae (toxic dinoflagellates).

⚫ Comparison in the two toxic dinoflagellates revealed that the BF in P. minimum was significantly lower than 

that in A. minutum.

⚫ The feeding behavior of P. parvus was not negatively affected by the toxic dinoflagellates at low concentrations 

(≤100 cells/mL).

Figure 4. Feeding behavior of P. parvus fed on different concentrations of the three algal species. (a) BF and (b) BT of the feeding 

appendages.

4. Conclusion
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3.5. Comparison of Rejection Behavior of P. parvus Fed on Different Concentrations of the Three Algae

2. Research ideas and 

methods

Rejection was not 
an important 

factor for 

determining the 
effects of toxic 

algae on the 

feeding behavior 

of P. parvus. 

Concentration
Percentage of feed rejection

P. minimum A. minutum T. weissflogii

10.71% n=26 2.38% n=42 3.33% n=30

100 cells/mL 6.82% n=39 8.57% n=35 3.85% n=26

250 cells/mL 5.26% n=38 6.67% n=60 3.33% n=20

500 cells/mL 3.45% n=58 17.86% n=27 13.60% n=44

1000 cells/mL 13.51% n=37 5.26% n=34 0.00% n=35

Average 7.95% 8.15% 4.83%

Std. dev. 4.10% 5.88% 5.14%

Table 2. Rejection percentage as determined from the videos of P. parvus fed on 
different concentrations of the three algae.（N represents the total number of 
videos analyzed for different concentrations of each algal species.）

Process of prey rejection by P. parvus.

4. Conclusion
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4.1  Effects of Toxic Algae on the Feeding Behavior of Copepods
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4. Conclusion

diatom Dinoflagellate

The BF and  BT o f  P. pa rvus f ed  on 

the  nontoxic  T. we i ssflogi i were  

s ignif icantly higher than those  o f  P. 

parvus f ed  on the  two  toxic  algae  , 

ind icating  that both the  two tox ic  

a lgae  negatively a ffec ted the 

feeding behavior  o f P. parvus.

The BF o f  P. pa rvus f ed  on P. m i n imum

was  s ignif icantly lower than that o f  the  

copepods  f ed  on A. m i nutum, ind icated  

that the inh ib itory e ffect o f P. 

m i n imum was more  pronounced than 

that o f A. m i nutum .  
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4.2. Effects of High Concentrations of Toxic Algae on the Feeding Behavior of Copepods

2. Research ideas and 

methods

4. conclusion

Concentration

diatom

Concentration

dino-

No negative impact on the  feeding 

behaviors was  f ound with  increasing

concentra tion of T. we i ssflogii ,  and  

even a s ignif icant enhancement was  

observed, ind icating a s trong  downward  

contro l ab i l i ty o f P. pa rvus on d iatoms ; 

however, s ignif icant negative  impac ts on 

the  f eed ing  behavious  were  f ound  in the

two  toxic  d ino f lage l lates.

The toxic  d ino f lagel lates may be  

negatively a ffect the  feeding 

behaviors  of P. parvus at 

concentra tions h igher than 250  

ce lls /mL,but not negatively affected at low 

concentrations (≤100 cells/mL).



Summary

1. The two toxic algae negatively affected the feeding 
behavior of P. parvus, and the inhibitory effect of P. 
minimum was more pronounced than that of A. minutum. 

2. P. parvus has a strong downward control on diatoms but 
not on toxic dinoflagellate, as its feeding behavious were 
significantly impacted by the two toxic dinoflagellates.

3. The toxic dinoflagellates negatively affected the feeding 

behaviors of P. parvus at concentrations higher than 250 

cells/mL,but had no negative effect at low concentrations 

(≤100 cells/mL).

Ding, ZX, Sun XH, et al., 2023 



FEEDING BEHVIORS RESPONSES OF TWO COPEPODS-PARACALANUS PARVUS AND CALANUS SINICUS TO 

THREE TYPICAL RED TIDE ALGAE WITH DIFFERENT CONCENTRATIONS

All the average BFs and BTs of P. parvus fed on three algae were significantly higher than those of C. sinicus，

indicating that, comparing with C. sinicus, P. parvus displays more active feeding behavior than C. sinicus. 

Figure 5. Feeding behavior of P. parvus and C.sinicus fed on three algae at 

different concentrations. (a) BF and (b) BT of the feeding appendages.

Ding, ZX, Sun XH, et al., in review 



3. Research result

FEEDING BEHVIORS RESPONSES OF TWO COPEPODS-PARACALANUS PARVUS AND CALANUS SINICUS TO 

THREE TYPICAL RED TIDE ALGAE WITH DIFFERENT CONCENTRATIONS

P. parvus :

• The average BF fed on S. costatum (diatom) was significantly higher than

those of the other algae; no significant differences in the average BTs in these 

three algae. 

• With alga concentration increasing, a decreasing trend  in P. micans, but not in 

the other two agale. 

Figure 6. Feeding behavior of P. parvus fed on different concentrations of the three algal 
species. (a) BF and (b) BT of the feeding appendages.

P. parvus could exhibit a stronger top-down control over S. costatum than the other two algae

C. sinicus could feed on S. costatum and no negative response with increasing alga concentration

C.sinicus:

The average BF fed on S. costatum (diatom) was significantly higher than those of 

the other algae; however, the average BTs fed on S. costatum (diatom) was 

significantly lower than those of the other algae. 

With alga concentration increasing, a decreasing trend in BF (R2=0.573) when 

feeding on H.akashiwo ;

With alga concentration increasing, a decreasing trend in BT (R2=0.865) when it 

fed on P. micans,

Figure 7. Feeding behavior of C.sinicus fed on different concentrations of the three algal 
species. (a) BF and (b) BT of the feeding appendages.
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