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“The most obvious differences between different animals are differences of size,
but for some reason the zoologists have paid singularly little attention to them. In
a large textbook of zoology before me I find no indication that the eagle is larger
than the sparrow, or the hippopotamus bigger than the hare, though some
grudging admissions are made in the case of the mouse and the whale. But yet it
is easy to show that a hare could not be as large as a hippopotamus, or a whale
as small as a herring. For every type of animal there is a most convenient size,
and a large change in size inevitably carries with it a change of form.”

From “On being the right size”, J.B.S. Haldane, 1926
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Life in the ocean




Which two fish are most
similar?
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Which two fish are ecologically
most similar?
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“The most obvious differences between different animals are differences of size...” (Haldane,
1928)






Power law scaling

Cp Stokes’s law
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What determines the sizes of
transitions between life forms?

Offspring/adult size Sensing mode

Feeding mode
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#1: Feeding mode

Clearance rate:

6(@(}) — bwa [Volume per time]



Feeding mode: encounter processes

. h . . 1

light A Active feeding: volume
L
IS
< Surface process: volume?/3
Q
S
S - Diffusive flux: volumel/3
Q2
<

Clearance re. y x area D

Log( weightT

Active feeding

O AR A “NWARAOO~N®O

Log(Clearance rate)

nanoflagellates

131211100 8 7 65 4 3270 1
Log(Body weight)

Kigrboe (2011)



Encountered food: E = bw? X
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Eutrophic
(high nutrients,
low light)

Oligotrophic
(low nutrients,
high light)
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n the ocean
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#2: Life history - evolution of
ontogenetic growth

What is the optimal size of offspring and adults?
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Assumptions:

Available energy: Aw™
Mortality: aAw™ 1
Determinate growth



Fitness: (probability to survive to adulthood) x (reproductive rate) x (adult lifespan)
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Optimal life history
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1) Organisms want to minimize offspring size

2) Organisms want to maximize adult size



Patterns of offspring size

Data collected for 413 species
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Pattern #1: proportional offspring size
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#3: Mobility

length

Cp Stokes’s law; drag =
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#4: Size and Sense

Within which range can an organism sense a prey?
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Size and sense .
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Conclusions:

1) Small animals achieve the longest sensing range by tactile sensing

2) There is a transition between tactile and vision at a size between 1 mm and 1cm
3) Organisms larger than about 1 m (or at depth) echolocate



Toothed whales
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Cephalopod
Jellies

Copepods
Meropelagic larvae
Rotifers
Cartilaginous fish
Crustaceans
Ciliates

Diatoms
Flagellates
Bacteria

Size and sense

|
@0 ]
]
]
]
[]
[]
L ]
- ]
I R
_ B Mechano
I W Vision
8 Hearing
| | |
1e-10 1e-05 1e+00 1e+05




S

2
S
R
N

n the ocean




log(rate)

Energy budget

consumption o w3/4

heat loss o« w2/3

> log(weight)

minimum size



log(rate)

>

Energy budget

consumption o w3/4

heat loss o« w2/3

> log(weight)

minimum size



n the ocean... i«

homeotherms
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Life on land

- Why does the many-small-eggs strategy not
exist on land?
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Life on land

- Why does the many-small-eggs strategy not
exist on land?

- Could the many-small-eggs strategy exist on
land?
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What cannot be explained by size?

* Gelatinous zooplankton
* Elasmobranchs
* Large filter-feeders



