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Zooplankton 
 



Zooplankton Classification 

•  Kingdom Protozoa 
– Phylum Protozoa, Class Foraminifera 

•  Foraminifera 

– Phylum Actinopoda, Class Acantharia 
•  Radiolarians  

– Phylum Ciliophora, Class Ciliata, Tintinnia 
•  Ciiates, Tintinnids 

•  These would all be classified as “microzooplankton” 





Strombidium 

http://oceanworld.tamu.edu/resources/oceanography-book/microbialweb.htm 



http://skepticwonder.fieldofscience.com/2010/06/criminally-photosynthetic-myrionecta.html 

The light harvesting protein, LI818, and the 
two photosystem II subunits appear to be 
involved in stabilizing and protecting the 
photosystem, while ferredoxin and TPT 
function in exporting the products of 
photosynthesis from the plastid. These find- 
ings suggest that D. acuminata has some 
functional control of its plastid, but the 
minimal amount of plastid-related genes 
compared to other fully phototrophic algae 
suggests that D. acuminata does not have 
the ability to permanently maintain the 
plastid. 



Zooplankton Classification 
•  Kingdom Animalia 

– Phylum Cnidaria 
– Phylum Ctenophora 
– Phylum Rotifera 
– Phyla Platyhelminthes, Nematomorpha, 

Nemertea, Annelida (various worms) 
– Phylum Mollusca 
– Phylum Chaetognatha 
– Phylum Crustacea 
– Phylum Chordata 



Classifications 

•   Size:   

 microzooplankton (20-200 µm, e.g. ciliates);  
 mesozooplankton (200 µm-20 mm, e.g. calanoid copepods);  
 macrozooplankton (2-20 cm, e.g. ctenophores)   

•   Life history:   

 holoplankton (e.g. calanoid copepods);  

 meroplankton (e.g. invertebrate larvae) 
 
•   Trophic status:    

herbivores (e.g. small calanoid copepods, barnacle nauplii);  
 omnivores (e.g. cyclopoid copepods);  

              carnivores (e.g. chaetognaths, ctenophores, crab zoea)    



Life in a viscous medium 
IS VISCOSITY IMPORTANT?   The Reynolds number 

Re 

A large whale swimming at 10 m s-1  300,000,000 
A tuna swimming at 10 m s-1    30,000,000 
A copepod in a pulse of 20 cm s –1                300 
A copepod foraging at 1 cm s-1                  30 
An invertebrate larva swimming at 1 mm s-1                 0.3 

• Re < 0.01: Viscous forces govern flow 
•   Re > 10,000: Inertial forces govern flow 



Life in a viscous medium 
VISCOSITY AND FLOW 

•   Re < 0.01: Viscous forces govern flow 
•   Re > 10,000: Inertial forces govern flow  

•   Laminar flow: fluid moves smoothly around  
objects and can be visualized as moving in  
layers with no mixing between them; all fluid  
particles move in more or less parallel, smooth  
paths 
    Re is low 
•   Turbulent flow: fluid particles move in irregular  
paths even though the fluid as a whole is moving  
in one direction 

  Re is high   

 Transition: Re ~ 2,000 



Physical-biological interactions 

Naganuma (1996) 

Microzooplankton are similar to 
phytoplankton (dominated by viscous 
flow) 

Copepods and other large zooplankton 
straddle the boundary between viscous 
and inertial flow 





•  Also called arrow 
worms 

•  very important 
carnivores, 
intermediate step 
between small 
zooplankton and 
fish 

Chaetognaths 



113 226 

Algal picoplankton and 
nanoplankton (42,380) 

 

Flagellates (8,476) 

Ciliates (1,695) 

Crustacean zooplankton (339) 

Mesopelagic vertical migrators (45.2) Chaetognaths, micronekton (22.6) 

Small tuna, salmon, squid (3.39) 

Large tuna, sharks, billfish (0.51) 
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Tunicates 
•  Also called sea 

squirts, salps 
•  Are chordates, but 

don’t have a spine 
•  Use jet propulsion 
•  Can grow up to 40% 

per day in size! 
•  Can be important for 

export of organic 
material to depth 





Siphonophores 

•  Bodies are more than 95% water 
•  Use a pneumatophore for buoyancy 

•  Colonial organism, 
with specialized 
individuals 

•  Includes 
nematocysts 
(stingers) 



Ctenophores 
•  Also called “comb jellies”, sea gooseberries 
•  Always pelagic, marine 
•  Carnivorous 



Mnemiopsis leidyi 

M. leidyi can feed at the 
same rate as many higher-
level copepods and 
predatory fish (and possibly 
an even faster rate, 
according to less 
conservative estimates). 
Moreover, the 
hydrodynamically silent 
feeding current is capable of 
entraining a large variety of 
prey, including small 
copepods and even some 
fish larvae. 





Larvaceans 
•  Form a feeding 

bell 
•  Very important in 

the formation of 
marine snow 

•  Major contributors 
to export flux 





Fig. 1. In situ video frame grabs of steps in the progression from an actively filtering giant 
larvacean house to a descending sinker. 

B H Robison et al. Science 2005;308:1609-1611 Published by AAAS 



Fig. 2. Carbon flux (gray area) to the deep sea floor and the abundance of active (dotted blue 
line) and discarded (dotted red line) giant larvacean houses. 

B H Robison et al. Science 2005;308:1609-1611 

Published by AAAS 



Scyphazoans 

•  True jellyfish 
•  Don’t contain a float-bag 
•  Uses muscular 

contraction of the bell to 
provide movement 

•  Capable of explosive 
growth by asexual 
budding 



Jellyfish will 
replace the 

apex predators 
if given a 
chance…. 

Lynam et al., “Jellyfish overtake fish in a 
heavily fished ecosystem”, Current Biology, 
2006, 16: 292-293. 

(C) Chrysaora hysoscella;  
(D) Aequorea forskalea;  
(E) Cape horse mackerel/Cape hake; and  
(F) clupeids (sardine, anchovy and round herring 
combined) 



Robert H. Condon et al. PNAS 2013;110:1000-1005 

Global Oscillations in Jellyfish 
 

Although there is, overall, no 
significant increase in jellyfish 
abundance over the observational 
period (1874–2011), the data signal 
a significant but weak increase 
since 1970. […] Because jellyfish 
blooms show long (∼20 y) oscillation 
cycles, a change in oscillatory 
behavior, such an increasing 
baseline, requires >40 y to be 
evaluated with confidence. […] 
Although our analyses do not 
currently allow forecasts, the 
dynamics uncovered here foretell 
future phases of global rise in 
jellyfish for which society should be 
prepared. 



Measuring Zooplankton 



The slow, the Stupid, and the Blind…. 



Causes of Patchiness 

Aggregation around phytoplankton 
(zooplankton gather around phytoplankton, 
phytoplankton gather around zooplankton feces) 
 

Chemical gradients 
 

  
 Social factors – I.e. avoidance 

 
  

 
 
 

Physical process: 
  Density gradients 
  Internal waves 





FlowCAM--combining flow cytometry with zooplankton 



LISST--Sequoia Instruments  

Holographic image of a single Noctiulca cell imaged by the MBARI 
AUV equipped with a LISST-HOLO (courtesy of John Ryan) 



Copepod physical-biological interactions 

Ø   Ability to detect and react to remote fluid disturbances 

Ø   Well equipped to detect hydromechanical signals 

Ø   Sensitivity is to the velocity difference between the tip and base of setae  

Ø   Neurological response at 20 µm s-1 

Ø   Behavioral response at 130 µm s-1  



Physical-biological interactions 
Feeding 

Flow considerations:   
•   at low Re, flow is laminar (i.e. eddies are absent) and particle 
   trajectory is predictable 
•   because viscous flow is symmetrical, particles captured by the 
   setae can be maintained trapped in that position 

The flow of matter and energy to high marine trophic levels is  
greatly influenced by copepod grazing 

Behavioural components:  
•   search for patches of food  
•   encounter and food recognition 
•   capture, handling and ingestion 



Feeding currents 

Koehl & Strickler (1981)  

Filter-feeding /  
sieving 

“Fling and clap” 

Pulsing stream 
at 1 m s-1;  
Re = 0.75 



Feeding currents 

Pathlines of  
individual  
algal cells 

Interference between 
ambient water motion  
and fluid flow around the  
copepod  
 

Strickler (1984) 

Cells maybe re-routed  
by asymmetrical flapping 



Measuring Grazing and Growth 

1)  Measure disappearance rate of prey 

• Clearance Rate is the rate of prey removal 

• Ingestion Rate  is the average feeding of an individual 

• Efficiency  is the fraction of material that is assimilated 

• Depuration is the time it takes to clear the guts 

2)  Measure Gut Contents 

• Use fluorescent prey  

 • Chlorophyll Gut Content method 

 • Polystyrene beads or Fluorescently Labeled Bacteria 

3)  Do a mass balance calculation 

Grazing 



Ingestion and Clearance are 
dependent on prey 
availability…. 

 

As with phytoplankton, 
there’s a saturation-type 
response… 

 

Also as with phytoplankton, 
the curve can move up/
down depending on 
environmental conditions. 



Gut Clearance Rate: 

 

1)  Measure gut contents at time zero 

2)  Measure gut contents at additional times, after holding in filtered 
seawater 

3)  The extrapolated curve gives Gut Clearance Rate 

4)  The x-intercept gives filter (or ingestion) rate, assuming steady-state 



Measuring Grazing and Growth 

1)  Allometry/Physiology 

• Estimate growth rates from lab studies and biology 

• Not very applicable to field studies 

2)  Change in biomass 

• same problems as for phytoplankton 

3)  Recruitment 

 • Calculate how long it takes for a cohort to go from one 
growth stage to the next 

 • Good estimate of population rates, integrates over long 
time periods 

 • Bad estimate of individuals, also assumes you are tracking 
an entire population 

4) Temperature (Laws et al. 2000 made similar assumptions) 

 • g = 0.0445 e (0.111T) 

Growth 



Detection and Escape response 
Behavior: Seconds 



“Hop and sink” 

Saiz & Alcaraz (1992) 

Behavior: Minutes-Hours 



Behavior: Days 
Diel Vertical Migration 

Representatives of almost all holoplanktonic groups 
 
Species migrate to different day and night depth ranges 
 
Therefore day and night samples will differ in species and 
biomass 
 
Velocities: 

 Small taxa 10-170 m/h 
 Larger taxa 100-200 m/h 

 



•   Because of slow swimming speeds, zooplankton are  
   not capable of regulating their horizontal transport   

•   However, they show widespread behavioral patterns of 
   diel vertical migration 

Diel vertical migration 

Adaptive significance 
 
F   Metabolic and demographic advantage (temperature control) 

F   An adaptation to predator avoidance, or search for prey  
          triggered by light and/or endogenous rhythms 
 



Subsurface Chlorophyl Max… 
The subsurface 
chlorophyll maximum 
appears as an increase 
 in chlorophyll at ~ the 1% 
light level and top of the 
nutricline, followed by a 
sharp decline.   
 
In many instances, cell 
numbers remain constant.  
This observation indicates  
photoadaptation -- 
increases in cellular 
concentration of 
chlorophyll,  
rather than increases in 
the population of 
phytoplankton. 



Diel vertical 
migration… 

Lanternfish (myctophids), vertical 
migrators an important deep water fish 

A seasonal composite of acoustic 
backscatter reveals the daily and seasonal 
patterns of vertical migrators 



Diel vertical migration 

“Normal” vertical migration:  nocturnal ascent by individuals that reside  
at depth 

•   to feed (because of a visual predator)  

Huntley & Brooks (1982) 



Diel vertical migration 

“Reverse” vertical migration:  nocturnal descent by individuals that reside  
 near the surface 

•   to avoid being fed (by vertically migrating visual predator)  

Ohman (1990) 



Patterns of vertical migration may vary  
within species with ontogenetic stage,  
season or geographic location  

Bollens & Frost (1991) 

Diel vertical migration 





Behavior: Multiple Days 
Migration by Growth Stage 

Copepods produce eggs as a function of: 

 Water Temperature 

 Time of Year 

 Availability of Prey 

 

Egg production occurs mostly at night, 
when at depth 

 

Development of early stages at depth is 
advantageous because: 

 Fewer predators 

 Can’t swim yet 

 Minimizes advective losses 





Conclusions 
Ø   Zooplankton are unique because their 
activities (such as feeding and swimming) 
occur over a wide range of  Re overlapping 
the transition between viscous and inertial 
fluid motion 
 
 
Ø   At the organismal level, zooplankton 
exhibit behaviors that vary between the two 
fluid motions and thus maximize 
effectiveness under each regime.  
 
 
Ø   Similarly at the population level, the 
interaction of behavior (such as diel vertical 
migration) and hydrodynamics result in  
the observed vertical distributions 


