Feeding Relationships

G .

"« Modeling feeding: -
Functional response relationships -~ =

» Factorsresulting in selective feeding -



Measures of Feeding Rates

Clearance Rate (F)
volume cleared * predator™ * time™
(e.g., nl flagellate™ k')

Specific Clearance Rate
volume cleared * predator biovolume or biomass™ * time™

(e.g., by volume: k™' by biomass: ni pe C' K')

Instantaneous Prev Mortality (or specific mortality rate)

(“m"™ but also known as “g"”)
time™! {JI}

Derived from:
-mit
P,=Py*e™
whereem=F.D
and D = predatory density (#/vol)

Ingestion Rate (1)
number or biomass of prev consumed * predator” # time™’
(e.g., bacteria flagellate™ k")

=F.C
where C = mean prey density



Clearance Rate Concept

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

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

the same time.
= predator Relative F is ameasure of capture
prey efficiency or “selectivity”.

Ingestion (1) = F x C,
where C = avg. prey concentration



Functional Response - Type 1

" Imax = satiation

Sustained F,, 5, tO
critical concentration,

Critical concentration

then reduced F to
malntain

Imax
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Non-linear Functional Response (Type 2)

Model:
from
and

then

constant = Imax/Fmax

I=F«C

t' = food handling time

Imax = 1/t

I = Fmax « C« (1- t'I)
I= (Imax* C)

Assume: existence of a prey handling

constraint: e.g., the rate limiting step

for feeding in protists is the rate of

(C + Imax/Fmax)
I = Michaelis-Menton function with 1/2-saturation

200 -
beads ingestéed per hour
I__f-f
100} /
al
-
ni. L 5 _beads per mi
o 5 0 x10%

L.Ip1a ke of 2-um latex beads by the ol |?n trich Halteria qr?ndrnef.q asa

lunction of bead concentration. Data
origin = Fmax = 0.7 ulh = 8 « 104 body velumes/h (From Fenchel, 1988a).

t to hyperbolic function. Slope at

recycling of vacuole membrane material.

For metazoans, it still takes
time to process food and not
all organismsin a population
behave exactly the same way:
both of these factors lead to
acurvilinear relation.
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Pallium feeding: same functional response curves
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Functional Response: Types2 & 3

TYPE 2

TYPE 3

i o e’y | s i -

|
|
|
|
|
| Threshold
,”cnnuent:aﬁnn

UNSTABILIZING
Highest F at low C
Prey handling time reduces
clearance efficiency

STABILIZING
Reduced feeding at low C
Energetic efficiency
Prey refuge from predation




flagellate feeding on diatom and chlorophyte
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Grazing Thresholds and
Predator-Prey Cycles

August September
10 20
el e e —— 0
bacteria <
abundance 2

— Surface
===1m depth

flagellate 3
abundance 2

Fenchel 1982



Non-feeding Protists?

e Starvation-survival mode
— Encystment

— Decrease metabolic rate (next week)
OR

e Switch to different prey type?
« Switch from phagotrophy to autotrophy?



Non-feeding Copepods?  wwscentiicamerican com
Starvation Response :
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-~ 20 it Fig. 4. Starvation-enhanced feeding of
g | Calanus pacificus females on the diatom
= Thalassiosira weissflogii. Ingestion rates
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From: Landry & Hassett. 1985. Time scales in behavioral, biochemical,
and energetic adaptations to food-limiting conditions by a marine copepod.
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Other non-feeding behaviors

e Insome organisms, get Diel
Vertical Migration behavior -- feed
only at night

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






Prey:Predator Size Ratios

[Optimal size |
_g;g siraint; : Constraint: . 3
ik 4 == All organisms feed selectively, the
detection capture efficiency

retention efff!

nandiing prodlems - gptimal range of prey being
determined by:
» Sensory mechanisms &
thresholds for detecting prey
PREY SIZE --> » Physical constraints on contact
Predator size G (encounter) freguency
. »Minimum size that can be
Frax [ 4 effectively captured/handled

»Maximum size that can be
effectively captured/handled

PREY SIZE -->

meix

b i | s - M * M

I
|
|
I
|
|
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Typical: Predator length o
Optimal prey length = 0




Food particle size as a function of predator size:

Protist examples

000

100+

10¢

@

line = 1:10 food:predator size

prey length . .pm

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

predator length, pm |

0 00 7000

Fenchel 1986



Protist optimum prey Selection: Isit 10:17
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M etazoan Predators
Raptors above the 1:10 line
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PREY SIZE

Filter feeders below 1:10 line

£m .
Predator-prey size oiaaiaanat
relationships
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Feeding eurrente in a salp

Wi mmd wn T, Camad, {07 i, 150000

Heme marphokogs nadl pubiluakry of Lidding b
et Chiadpbrurician (Tuaemuia, A prailogeri)

o

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
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Frc. 5. Relationship between volume swept
clear, F, for adult females of Calanus and mean
cell volume of diatoms uwsed as food, Values of
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sities below the critical concentration for each
specics of diatom (Figs. 2 and 4). F is pre-
dicted by the least-squares regression ling F =
261 (log V) —4.84, where V s the cell volume
() of the centric diatom nsed as food. ‘The
correlation cocfficient between log V oand I ois
.79 (N =93).

Calanus pacificus:
higher clearance rates on
larger prey items

Frost 1972



Crustacean
feeding
appendages

filter feeder:
crushing mandible,
fine hairs on appendages

predator:
slicing mandible,
no hairs on appendages

Filter feeder

X

Cutting edge
of mandible

Predator




Why some don’t feed on small organisms

Herbivorous copepod, Acartia claus

Fig. 1. Maxills of adult female Acorba cleun
{drawn after a pholograph of a mounted limmb)
thowing the positice of the serules oo the setas
and the way the measurements wers made Bor sur- 1
Ieen caloulaticen, w= width of the small ()
and large (ey) meshed region; mf = mean
of the setae of the mmall (mh) eed lasgs (mb)
mashed reglos, Fig. 3, Spectra of filtration efficiency [oom-

puted from the measurements of setze) for each
develagmmental stage of Acenia cloud., Each line
represents the spectrum of ope animal; curves
were interrupted as scon as [009% efficiency was

reached.

Nival & Niva 1976



Crustaceans that
CAN capture small
prey

e.g., euphausiid feeding
appendages

Fig. 7.2 Thoracic legs of particle-feeding cuphausiids bear
long anteriorly directed serae forming a filter basket {closed
in a). This fills from the tront, beneath the antennae, when
the legs are opened (b; flow is shown by the dye stream
moving from a pipette tip at the right). During opening the
filter surface is covered by the exopods (outer legs) to keep
water from moving in through the screen. {After Hamner
1988.)



Copepod diets vs. Ambient food availability
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Heterotrophic flagellate feeding on bacteria

ISells mi ™ 0

Microzooplankton
Size Selection

BACTERIA
L2 "
——— |

ﬂ-:‘-=n=.=-=‘=.fl:=1:1;:|.ll
frdidiiiitliiiiiiin
Andersson et al. 1986 _ |
Dinoflagellate feeding on algae

Waeisse & Kirchhoff 1997 T IS



Selection based on Prey Size
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Motility of Prey

~ A2 | Motile Marine Isolate .
. Ny
E . * A live #1
- e [ A
= 10 : " B Jive #2
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Uptake of fluorescently-labelled, living and heat-killed cultures of a highly motile marine
bacteria (Kaneche Bay isolate) by the flagellate HNAN.

Monger & Landry 1992
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Chaeotgnaths (arrow worms)
e.g., Sagitta
« Ambush predators, mainly feed on
copepods
e Common, 1-10cm long
e Sensory hairsto detect vibrations of
Prey
e Once prey captured, it Isinjected with a
neurotoxin




Some predators switch between one
behavior and another to optimize energy | wwzeoptankion=oniinernet

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

! T &
¥
L
AL
£ N
)
!
1 1 | i
ol of &
b 1 pes homatus. [eedeng of malkes fille mdl Pemuales |1 op
W Tl imhare of Bmaombalnmm coodidum and halosiosinm
vk gflepll [ e Scnon 3 dor detal ), Ereor bams indicabe ma s

Saage et al. 2009

www.arcodiv.org

-'4.‘::,,.

1.0 mmum

Kiorboe et al. 1996

Acartia tonsa feeding
on diatoms vs. ciliates



Clearance Rate

(nl h! flagl)

Prey Hydrophobicity
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Hydrophobicity of Prochlorococcus

Prochlorococcus
(HIC Index) _
0 0.2 0.4 0.6 Why the difference?
“ """ Ao nEaR tr s ARESE 1) genetic?
kS 2) nutrient starvation
- T :
wl & 550h it 1 response: attach to
g i i | surfaces?
;o> rijl_ﬂrgsivg * 3) Growth limited by a
& 80r ] hydrophobic
: o8 ] compound?
|
20 e o i
[
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Chemosensory Behavior in
Protists?

closed circles; FLB

- open circles: latex beads
I w & 1987) closed circles: FLB
171 T =Y. o il ; open circles: microspheres
: ] ’ : ciliate w/fixed filter apparatus
el E_ 6 . -

— £ | ° . ciliate w/membranelle filter
Fenchel 1980 & ' 3
Sherr & Sherr 1987 £
[ H/’“”, ‘E‘_
=I:l ] w L] ] i E
Sherr et al. 1987

S T S T

TIME {h)

Landry et al. 1991



Table 2 Observed
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(0.7 d%) vs. dinoflagellates (0.4 d2)



Copepod Selective Feeding:
toxic and non-toxic dinoflagellate

_ When offered
\{ | both prey types,
N fed more on non-
R toxic species

1P [ e Prey regjection

N between mono and
mixed diets. suggests
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