What is viscosity?

Resistance to shear
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VISCOSity =

http://www.youtube.com/watch?v=PhsmOc7Hb8Q&NR=1 3:08-6:22
http://www.youtube.com/watch?v=zAcwqgYezI7A&NR=1 6:53-8:44

. A RANGE OF REYNOLDS NUMBERS
Two forces influence motion R e

of an object through a fluid: — viscous

Whale swimming at 10 m/s 100,000,000

* inertia of the Object Fish swimming at 10 m/s 10,000,000

* viscosity of the fluid Duck frying at 20 /s 100,000

/ Copepod burst swimming at 0.2m/s 100

Larva swimming at 1 mm/s 0.1

. Sperm swimming at 0.2 mm/s 0.01

S1ZC « Speed — Reyn()lds Bacterium swimming at 0.01 mm/s 0.00001
viscosity number pr———

Copepod appendage _
(2nd maxilla) /'"':—‘Tﬁ\‘
{

(a) (b) Copepod Thrips
(2" maxilla)
Fig. 10.5 Comparison of the direction of force
generated by (a) flagella and (b cilia. http://www.youtube.com/watch?v=zAcwqYezI7TA&NR=1 6:53-8:44




1. How are early life cycle stages influenced by

environmental temperature?

(Podolsky and Emlet 1993) physiology

TEMPERATURE PERFORMANCE

\ mechanics /

' Repogy ~ 0.1 JECTIane:
body (fluid viscosity)
Rejjum ~ 0.01
PHYSICAL PROPERTIES OF SEAWATER MANIPULATION OF VISCOSITY
AS A FUNCTION OF TEMPERATURE INDEPENDENT OF TEMPERATURE
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b) Larval feeding
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FEEDING:
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MANIPULATION OF VISCOSITY

INDEPENDENT OF TEMPERATURE 1) larval swimming
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Figure 11.5 An estimate of the phylogeny of all living organisms This tree is based on the analysis of nucleotide se-
quences of small subunit rRNAs. From Woese (1996).



Denny and Gaylord (1996)
Q: What forces do sea
urchins experience?

Fromtal Arca = 2¢

Figure 8.11 Two species of inter-

tidal sea urchin Redrawn trom Fig. 423 An upright cylinder in flow
& i s adi

Echinometra mathaei ~ Colobocentrotus atratus  Denny and Gaylord (1996). experiences a drag

(a) Drag
Net Figure 8.12 Three forces expe-

High pressure Low pressure A AR
)( rienced by an urchin clinging to
Upstream ﬁ% D> Downstream a rock in the intertidal zone
T 0 T DTSRI Force (a) Drag. The fine arrows represent
the flow of water around the urchin.
The large arrow indicates the direc-
tion of the net force due to drag.
(b) Lift. The fine arrow represents
the flow of water over the top of the
Downstream urchin. The large arrow indicaces the
direction of the net force due to lift.
Force (c) The acceleration reaction. The P’s
represent the pressure in water that
(c) Acceleration reaction is accelerating over the urchin from
P p P i i s . 5 R ) Net upstream to downstream. Bigger P's
indicate higher pressure. The large
Upstream P P P P & E c i |:> Downstream arrow indicates the direction of the
PP P P ¥ : net force due to the acceleration re-
action. See text for details.

(b) Lift
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Figure 8.1 Estimates of the , )
fi i d b ber = 10°; D d
tnchins of difcent shapes G 1999 e seames - DENNY @Nd Gaylord (1996)

Fig. 4.24 When the size of an object is increased

The drag and lift coefficients coefficients characterize the ac- . . aye ! 5 s

reported here characeerize the celeration reaction experienced Q . Wh at IS th e p ro b ab | I Ity 'Wmf’_'-"m“!’- the ratio of frontal tulntt:;c:m:m
drag and lift experienced by by urchins. Based on the data and f d . I d ) area s f‘oﬁ":sl""m— Asa PCI-W“- the ratio f rag
urchins at a warer velocity typical equations in Denny and Gaylord (0] ISIO g me nt H to strength s constant. In contrast, volume

of the interridal {Reynolds (1996). increases faster than attachment area, and the
ratio of accelerational force to strength increases.
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