
Feeding Relationships

•  Modeling feeding:
Functional response relationships

•  Factors resulting in selective feeding



Measures of Feeding Rates

(or specific mortality rate)



Clearance Rate Concept

predator
prey

Clearance Rate (F) = 
Volume cleared of prey pred-1 time-1

A consumer may have different F for
different prey types being fed upon at

the same time.

Relative F is a measure of capture
efficiency or “selectivity”.

Ingestion (I) = F x C, 
where C = avg. prey concentration



Sustained Fmax to
critical concentration,
then reduced F to
maintain
Imax

Functional Response - Type 1



Feeding on
diatoms by

the copepod,
Calanus
pacificus



Non-linear Functional Response (Type 2)
Assume: existence of a prey handling
constraint: e.g., the rate limiting step
for feeding in protists is the rate of 
recycling of vacuole membrane material.

For metazoans, it still takes
time to process food and not
all organisms in a population 
behave exactly the same way:
both of these factors lead to
a curvilinear relation.



Ciliate: functional response curves

Tintinnopsis fed phytoplankton

Verity 1991

www.obs-vlfr.fr



Pallium feeding: same functional response curves

Strom & Buskey 1993

Dinoflagellate feeding on diatom



Functional Response: Types 2 & 3

UNSTABILIZING
Highest F at low C

Prey handling time reduces
clearance efficiency

STABILIZING
Reduced feeding at low C

Energetic efficiency
Prey refuge from predation



Threshold Feeding?

Goldman et al. 1987
Goldman & Caron 1985

flagellate feeding on diatom and chlorophyte

flagellate feeding on diatom



Grazing Thresholds and
Predator-Prey Cycles

Fenchel 1982

bacteria
abundance

flagellate
abundance



Non-feeding Protists?

• Starvation-survival mode
– Encystment
– Decrease metabolic rate (next week)
OR

• Switch to different prey type?
• Switch from phagotrophy to autotrophy?



Non-feeding Copepods?
Starvation Response

www.scientificamerican.com

www.scubla.it



Other non-feeding behaviors

• In some organisms, get Diel
Vertical Migration behavior -- feed
only at night

Comparison of day and night net tow profiles
for (a) Euphausia hemigibba, a vertically
migrating euphausiid, and (b) Nyctiphanes
simplex, a non-migrating euphausiid that
avoids nets during daylight, at stations in the
California Current.  Numbers beside the
curves are vertical integrals (number m-2).
Brinton 1967a.

(a)

(b)

Juveniles Adults



Selective Feeding

• Prey Size
• Prey Motility
• Prey surface chemistry
• Predator chemosensory behavior



Prey:Predator Size Ratios

All organisms feed selectively, the
optimal range of prey being
determined by:
Sensory mechanisms &
      thresholds for detecting prey
Physical constraints on contact
     (encounter) frequency
Minimum size that can be
     effectively captured/handled
Maximum size that can be
     effectively captured/handled



Food particle size as a function of predator size:
Protist examples

Fenchel 1986

filled circles: filter feeders
open circles: raptorial feeders
(= direct interception feeders)

line = 1:10 food:predator size



Protist optimum prey Selection: Is it 10:1?

Hansen et al. 1994



Metazoan Predators
Raptors above the 1:10 line

raptorial feedersambush predators/raptors



Filter feeders below 1:10 line

filter feeders

wikipedia entry



Appendicularians
(Hemichordata)

ex. Oikopleura

Potentially important as
grazers of picoplankton

e.g., episodically responsible
for removing 50-60% of
standing stock daily in K.
Bay (Scheinberg dissert.)



Copepod Size Selection

Frost 1972

Calanus pacificus:
higher clearance rates on

larger prey items



Crustacean
feeding

appendages

Filter feeder Predator
Cutting edge
of mandible

filter feeder:
crushing mandible,
fine hairs on appendages

predator:
slicing mandible,
no hairs on appendages



Why some don’t feed on small organisms

Nival & Nival 1976

Herbivorous copepod, Acartia clausi
~15 µm

~7 µm

~5 µm



Crustaceans that
CAN capture small

prey
e.g., euphausiid feeding

appendages



Copepod diets vs. Ambient food availability

Kleppel 1993



Dinoflagellate feeding on algae

Microzooplankton
Size Selection

open bars: control
filled bars: grazing expt.

Weisse & Kirchhoff 1997

Heterotrophic flagellate feeding on bacteria

Andersson et al. 1986



Selection based on Prey Size

Monger & Landry 1992



Motility of Prey

Monger & Landry 1992



Prey motility a factor for other predators?

Cruising (swimming) predators:

Swimming prey will increase encounter rates

Ambush (sit-and-wait) predators:

Predators that detect prey motion (vibrations) will clearly
detect more motile prey



Chaeotgnaths (arrow worms)
e.g., Sagitta

• Ambush predators, mainly feed on
copepods

• Common, 1 - 10 cm long
• Sensory hairs to detect vibrations of

prey
• Once prey captured, it is injected with a

neurotoxin



Some predators switch between one
behavior and another to optimize energy

intake
Centropages: ciliates
preferred as prey if over 5%
of the mixture

Saage et al. 2009

Acartia tonsa feeding
on diatoms vs. ciliates

Kiorboe et al. 1996www.arcodiv.org

www.zooplankton-online.net



Prey Hydrophobicity
(surface chemistry)

Monger et al. 1999



Hydrophobicity of Prochlorococcus

Why the difference?
1) genetic?
2) nutrient starvation

response: attach to
surfaces?

3) Growth limited by a
hydrophobic
compound?



Chemosensory Behavior in
Protists?

closed circles: FLB
open circles: latex beads

Fenchel 1980 &
Sherr & Sherr 1987

Sherr et al. 1987

closed circles: FLB
open circles: microspheres

ciliate w/fixed filter apparatus

ciliate w/membranelle filter

Landry et al. 1991



Pallium Feeding
•  Preferred diatoms over dinoflagellate
      prey
•  Appeared to respond to
      chemosensory cues
•  Had greater capture success with
      non-motile prey

•  Higher growth rate on diatoms
    (0.7 d-1) vs. dinoflagellates (0.4 d-1)

Buskey 1997

www.serc.si.edu



Copepod Selective Feeding:
toxic and non-toxic dinoflagellate

Schultz & KiØrboe 2009

Prey rejection
frequencies same
between mono and
mixed diets: suggests
remote sensing
(chemosensis) of cells

When offered
both prey types,
fed more on non-
toxic species




