Diffusion in Water

* Molecular versus advective transport (also
referred to as eddy diffusion or transport
diffusion)

» Fick's Law Diffusion = constant * ?C/ ?X

X1~ %

Surface Area:Volume alters
efficiency of diffusion
» Consider two cubes, one 1 ym and one
1000 pm on a side
 Surface areas are 6 and 6000000 pm?
* Volumes are 1 and 1 billion pms3
» SalV is 6 versus 0.006, respectively

» How do large organisms deal with
diffusion?

Nunber of trophiclevesin ecosystensinfluences
thebiomess oflargeanimel s that is supported by a
given amount of 1° production

Open Ocean has long food web (5 trophic links)

Nanoplankton | Microzooplankton
(sippers) " | (herbivorous protozoa)
Macrozooplankton Megazoopl ankton
(camivorous zooplankton)] | (Krill)
Planktivores Piscivores
(smell fish) (squid, sal non, tuna)

Diffusion Boundary Layer

« Similar to the flow boundary layer, but defined by the
region where molecular diffusion dominates
— Brownian motion
— Nanometers/second
« Biogeochemical constraint as well as a physiological
constraint
« As opposed to transport diffusion, advective transport,
eddy diffusion — the transport of materials in water
currents
— Laminar and turbulent flow
— cmto m /second
* Why do you stir your tea or coffee when you add sugar?
« How long would it take a sugar cube to dissolve...?
— Inan unmixed glass? Is transport diffusion occurring?
— Inastirred glass?
— Inaglass of agar?

Continentd ShdfPdagic Environnent
(only 3 trophiclinks)

Microphytoplankton
(gulpers)

Macrozooplankton
(herbivorous zooplankton)

v

Planktivores
(herring)

Piscvores
(sa mon, dogfish)

Upwdling Region Ecosystem (1 or 2 tropic chains)

Macrophytoplankton Planktivores
(huge gul pers) ' (anchovy)

/ Secondary (Fish) production

Megazooplankton

(Krill) Mean 10 _ _ Fish
) Productivity Trophic  Ecologica ~ Production
Environnent  gc/neyr)  Links  Efficiency (mgC/melyr)
Oceanic 50 5 10 05
Continentd Shelf 100 3 15 340
Planktivores Upwelled 300 15 20 36,000

(baleen whaes)| | fromRyther 1969

What will Fefertilization do to 2° productivity?




Light and Heating of Water

« Photosynthesis driven by light
« UV increases are important
» Water is heated by light

Light Attenuation is
Logarithmic

¢ Assume 1/10th is left after 1 m, 1/100th
after 2 m, 1/1000th after 3 m, etc.

« Attenuation coefficient ? describes how
rapidly light is attenuated

e ?2=(nl-InlL)(z,-2,)

Specific Wavelengths of Light

can be Attenuated Selectively

» Pure water transmits blue light most
efficiently

 Chlorophyll absorbs red and blue light
most efficiently

» Cyanobacteria have pigments that can use
green light
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Light extinction through the water column. The left curve shows light intensity as per
cent of surface values, whereas the right curve (line) shows the same value but on a
logarithmic scale. The slope of the line is the extinction coefficient. The volume where
light intensity is above 1% of the surface value is the photic zone (i.e. where photo-
synthesis is higher than respiration). Below about 1%, in the aphotic zone, respira-
tion censumes more oxygen than is produced by photosynthesis. The border between
the two zones, where photosynthesis equals respiration, is called the compensation
depth.
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Relative rate of

Why are leaves
green?

photosynthesis
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Questions for thought?

Why are the oceans blue?

Why do aquatic insects in torrential streams
have reduced gills?

Why might large rivers have greater attenuation
coefficients than large lakes?

Why are lakes the color they are, fish the color
they are, and fish lures the color they are?

Why do shaded shorelines have vegetation, but
shaded shallow water do not?

Relative photosynthesis
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Effect of light and nutrient availability on the
growth, carbon/nitrogen ba ance, phenalic
chemistry, and resistance to herbivory in two
freshwater macrophytes

Greg Cronin, David M. Lodge, and Sarah Johnson



Phenotypic plasticity

*Phenotypic plasticity istheability of an organismto dter
its phenotypein responseto environmentd factors
*Theseinducible changes are generdly beieved to have an
adaptive significance, alowing organisis to respond to
environmenta variability on relativey short timesca es
*Severa ecologicd theories (eg., dlocation nodd s,

chemica defense theories) have been proposed to explain
the adaptive significance of phenotypic plasticity

Potanogeton chenistry and pdatability

50 NS L eaf (N=5-14)
gg L% LF L NS
20]

€ 10

é 0

<50 (R0t (N=37) = LY
40 =1 F LE a SuU
30 ns | FSF
20
2 il

0 C:N %

% C %N x 10 Consumption

Phenolics x

Nuphar | esf cherristry and consunption

60] Hoating leaves O

ght
NS N=8-14 L'

40 . [JShade
& 20 |-—|N§_| Ns NS
>
g o+
<4 Submersed leaved

NS N=7-16
40] .
NS
AU AL Tk e
0

% C % N C:N % phenolic area % consume
x10

Wet mass (g)

Number

Potanpgeton growth

6000 1 —
N=9-13 =
LF =
4000 1 [= =
=sp
LGP
0
Total Shoot Root
417 LF LFx
0 -
Root/Shoot # of Tillers
3 Nuphar growth
6000 1
4 N=16 .
= 4000 T - g Light
B Shade
= NS *
2000 T
0 -
Total Shoot Rhizome
5 4 *
3
£ 2 . s
o
0 Root:Shoot Total Floating Submersed

~—Number of leaves

Condusions

»Potamogeton and Nuphar responded similarly to reduced light availability,
and in amenner generaly consistent with the CNBH

*Nuphar produced more submersed |leaves a reduced light levels

«Potamogeton and Nuphar responded very differently to nutrient
enrichment: Potamogeton flourished whileNuphar perished
«Potamogeton grew better a higher nutrient levels, dl ocated agreater
proportion of this growth to above ground biomess, and produced more
phenolics(contrary to the CNBH)

*Thechangesin tissuequality caused by the menipulations resulted in no
significant changesin herbivorerdations

*The phenotypic plasticity observed probably has adaptivesignificance



