Class 5: Bioturbation & Microphytobenthos

Slide 1 Bioturbation <End> &
Microphytobenthos, especially

thll?::'l(';Lbl‘layt::gE:rﬁng:,& Benthic Diatom Production
especially
Benthic Diatom Production
Class 5: Tu September 16, 2008

NOTES:

EEOS630
Slide 2 Class schedule
Class schedule
. Order of topics
e Microphytobenthos
» Chapter 3 .
» Gould, D. G. and E. D. Gallagher. 1990. Field measurement NOTES

of specific growth rate, biomass and primary production of
benthic diatoms of Savin Hill Cove, Boston. Limnol.
Oceanogr. 35: 1757-1770.

® For Thursday Benthic Population Biology

» Gallagher, E. D., G. B. Gardner and P. A. Jumars 1990.
Competition among the pioneers in soft bottom benthic
succession: field experiments and analysis of the Gilpin-
Ayala competition model. Oecologia 83: 427-442.

» Whitlatch, R. B. 1980. Patterns of resource utilization an
coexistence in marine intertidal deposit-feeding
communities. J. Mar. Res. 38: 743-765.

EEOS630

Slide 3 Estimating sedimentation rates

Estimating sedimentation rates
& sediment-mixing rates, Pb-210 22-y half life

NOTES:
Bioturbation%
depth, L

Nittrouer:

Al Fitzgerald:
If porosity constant, Sediment Boston Harbor
accumulation = Az,-z,}/(In [A,/A,,])
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Class 5: Bioturbation & Microphytobenthos

Slide 4 Typical bioturbation profiles

Typical bioturbation profiles
Jumars (1 993): But what controls D, & L?

~__ Solid: High Thorlum 234: half NOTES:

life 24.1 days
}Wbahon?

T -~ \ Dashed:
~— Medlum
bioturbation

Slide S What are typical values for Db?

What are typical values for D, ?

e Deep-sea and nearly azoic polluted NOTES:
sediments: 10 cm?s™

e Exceptionally high rates of bioturbation
in coastal zones with conveyor-belt
feeders: 2 x 10° cm?s™

® By comparison
» Horizontal eddy diffusion K, > 10°cm?®s™
» Vertical eddy diffusion, K,: 0.05 - 4 cm?s™
» Molecular diffusion coefficients for O, & CO,
~2 x 10° cm?s™

Slide 6 Bioturbation = f(Sedimentation)

Bioturbation = f(Sedimentation)
Boudreau (1994): Bioturbation (D,) & sedimentation (w)

<7¥1 0%cm?s™

Boston Harbor
sediments have
D, values
spanning this
entire range

NOTES:

‘110'8 cm?s™!

Sedimentation rate

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 7 Mixed Layer vs. Sedimentation

Mixed Layer vs. Sedimentation

Bioturbation depth (L), 10-cm average, is not a function
2 of s;edimentation rate (Boudreau 1994)
mm

NOTES:

thousand y BH: 3 mm/y

Sea-level rise in
BH is about 3
mm/y, setting

the steady-state

surface
EEOS630
_ _ : : Slide 8 Db increases with sedimentation,
D, increases with sedimentation, but so too does the rate at which organic
but so too does the rate at which matter degrades

organic matter degrades

Boudreau (1994): the relationship between bioturbation
rate, D,, and sedimentation rate, w:

O mlsTw A
Tromp et al. (1994): the relationship between the rate of NOTES ‘
degradation of organic matter with reaction rate k and
sedimentation rate w:

Tom J0 W
The 0.6 exponents cancel out when inserted in a model to predict
mixed layer depth (Boudreau 1998, equations (5) & (6)). So, at
shallower depths there is more organic matter input, but this
higher organic matter input is associated with higher degradation
and bioturbation rates producing similar depths of availabl
food. Animals feed where there is available food.

Slide 9 Global 10-cm depth average
Global 10-cm depth average

Rauidraan (1008) nate hinh varianca

; NOTES:
B J
8 P : Teees
-SSR S U ST I, SR DR
Wl Bk |

1(;00 2(;00 30‘00 40IOO 50‘00 6000
Water Column Depth (m)
EEOS630
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Class 5: Bioturbation & Microphytobenthos

Other explanations

® Predation: depth of fish feeding
» How deep can a flounder bite?
» How deep can a crab dig?

e Compaction of mud

® Relationship to microphytobenthic
& phytodetrital food caching?
» Food caching (see Gallagher & Keay
1998)
» Storing food from the surface in

subsurface burrows for later ingestion
EEOS630

Slide 10 Other explanations

NOTES:

Guinasso & Schink (1975) modeled a pulse of glass microtektites
(glass spheres) and introduced G a dimensionless number

Major implications for pollution, e.g., New Bedford
PCBs or LA’s DDT

R

Sedimentation
I \\‘ 7 rate is w

Bioturbation
depth, L
G=D,/(L*w)

Modal mixing
depth of tracer
deepens with D,

Increasing
Time

N

Slide 11 Guinasso & Schink (1975)
modeled a pulse of glass microtektites
(glass spheres) and introduced G a
dimensionless number

NOTES:

Eugene Gallagher @ 2010

Slide 12 Modeling non-local mixing
Modeling non-local mixing
Boudreau (1986b)

“Infaunal macroorganisms are capable of A
exchanging sedimentary material over NOTES:
distances equal to or greater than the scale
over which the concentration of tracer changes
substantially. This type of non-diffusive
bioturbation is called noniocal mixing.”

Funnel

feeders

Page 4 of 27
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Class 5: Bioturbation & Microphytobenthos

Lowes Cove Maine mudflat

Leitoscoloplos, a conveyor belt feeder, called
Scoloplos spp. in Rice (1986)
Rice (1986)
JMR
Modelled
bioturbation as
if only 1
species,
Leitoscoloplos
was
responsible

EEOS630

Slide 13 Lowes Cove Maine mudflat

NOTES:

Subduction of a chalk layer

Rice 1986: Lejtoscoloplos is a conveyor-belt feeder

v p»  w

!ﬁ‘mmlpnm

N mm zqmm
b ar az
\ﬂ

a0

with an advection term,

Rice (1986) modeled bioturbation
bioadvection, not biodiffusion D,

EEOS630

Slide 14 Subduction of a chalk layer

NOTES:

Rice’s (1986) bioturbation model

Be, 55-d half-life

Slide 15 Rice’s (1986) bioturbation model

Rice’s 'Be
profile could not
be modeled
adequately
using the
diffusive
Goldberg Koide
equation

dbﬂym Eqmaim

ER

EEOS630

NOTES:

Eugene Gallagher
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Class 5: Bioturbation & Microphytobenthos

Slide 16 Shull’s Bioturbation Model

Shull’s Bioturbation Model

Shull (2001): Realistic bioturbation modeling
‘I’Tracer Input

NOTES:

F56

Slide 17 Bioturbation Transition Matrix

Bioturbation Transition Matrix

Shull’s finite Markov chain, a single matrix

From

Stato at tmetsy 10
¥ 1 2 3 4 5  Burial Decay
1 s agld) 0 f,1d) 0 0 d .
2 0 s ay(1-d) 0 0 0 d NOTES:
3 0 fy(1-d) s a,(ld) 0 0 d
4 0 0 s ag1d) 0 d
5 |f,0d o0 0o 0 s ag(ld) d

Burial 0 0 0o 0 0 1 0

Decay 0 0 0 0 0 0 1

Slide 18 Model Equations and Solutions

Model Equations and Solutions

Solutions from Kemeny & Snell’s (1976) Finite Markov
chains, can be solved with a very short Matlab program
(a potential Project for this class)

Solutions Tracer Application
M o= NI] F Nonreactive Tracers NOTES
M e = f(}- - Q:I "1 Radionuclide Tracers

f=tracer flux, Q = depth submatrix

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Cirratulid feeding: Non-local
mixing
Important Boston Harbor polychaete worm
-——
Direction of /
Particle Movement

Shull & Yasuda
(2001) Modelled
Boston Harbor

Burrow bioturbation using a
Copstruction mixture of glass
beads

Slide 19 Cirratulid feeding: Non-local
mixing

NOTES:

Size-selective bioturbation
Shull & Yasuda Figure 11

Preferred
particle
sizes (16
32 um)
rapidly
subducted
to15cm
depth

EEOS630

Slide 20 Size-selective bioturbation

NOTES:

Polycirrus eximius: relict burrows

Important in Narragansett Bay

IO \7 >
ll: | i

Slide 21 Polycirrus eximius: relict
burrows

Eugene Gallagher @ 2010

NOTES:
f Deptn 1

=) g
)
s
— Qo

=% a Hypothetical

Burrow Fill Tracer Profile
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Class 5: Bioturbation & Microphytobenthos

Non-local feeding, hoeing & food caching

Shull (2000, 2001), see also Gallagher & Keay (1998)

Feed ng

7o |

Hoeing

Depth (cm)

Hypothetical

Feeding Tracer Profile

Slide 22 Non-local feeding, hoeing & food
caching

NOTES:

Narragansett Bay benthos

Shull Ph.D. & Shull (2000)

A

¥~ Conveyor-belt feeders
EEOS630

Slide 23 Narragansett Bay benthos

NOTES:

Traditional models vs. Non-local

Excess Th-234 Activity (DPMig)
0 1 2 3 4

Shull (2000, 2001)

Excess Th-234 Activity (DPMig)
2 3 a4 5

0
0

Slide 24 Traditional models vs. Non-local

Eugene Gallagher @ 2010

NOTES:
1 1
&3 Ea R
‘ ‘
® Measured Nuclide Activit ® Measured Nuclide Activi
Goldberg Koide bioturbation model is a poor fit
to the data and would tremendously
overestimate the amount of sediment moved
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Class 5: Bioturbation & Microphytobenthos

To hoe or not to hoe

Better fit if 40% of particles ingested by maldanid
polychaetes (bamboo worms) was collected at the
sediment-water interface

Excess Pb-210 Activity (DPM/g)
8 10

Excess Pb-210 Activity (DPM/g)
0 2 4 6

o 2 4 6 8 10

Depth (cm)
Depth (cm)
@

With hoeing

— Predicted Nuclide Activity

~— Predicted Nuclide Activity|
© Measured Nuclide Activity|

© Measured Nuclide Activity

Slide 25 To hoe or not to hoe

NOTES:

3C diatom fluff experiment

Blair et al. (1996), Levin et al. (1997), Levin et al.
(1999)

Slide 26 13C diatom fluff experiment

NOTES:

Within 3
days,
diatoms
mixed to 10

cm depth at
850 m
depth

EEOS630

Blair et al. C-13 fluff experiment

Note C-13 is a stable isotope, measured with Mass
spec

EEOS630

Slide 27 Blair et al. C-13 fluff experiment

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Non-local transport modes for fresh organic
matter

Slide 28 Non-local transport modes for
fresh organic matter

From Blair et al. (1996), Levin et al. 1997 & 1999

® Smith et a/. 1986-1987 invoked subsurface defecation to
explain naturally occurring 239-,240-Pu profiles in NW
Atlantic sediments

@ Graf (1989) explained subsurface Chl a peaks in the deep
sea

® \Wheatcroft (1992) Santa Catalina basin beads
> Possibly sediment-tagged Nobel metals in MA Bay

® “Alternatively, subsurface defecation may be a means of
caching material for later use (Jumars et al. 1990, Smith
1994)”

® Scraping or hoeing surficial material into burrows, as has
been observed in shallow water (Dobbs and Whitlach
1992) may be another means of rapid transport

EEOS630

NOTES:

Confined Aquatic Disposal (CAD)

...........

Slide 29 Confined Aquatic Disposal
(CAD)

NOTES:

Capping contaminated sediments:

Benthic ecological issues for
confined aquatic disposal (CAD)

e \What currency should be used to
assess the need for a cap

e \Where should the CAD cells be
placed?

Impacts during CAD creation
Whether to cap

How thick to cap

How to monitor

EEOS630

Slide 30 Capping contaminated
sediments: Benthic ecological issues for
confined aquatic disposal (CAD)

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Whether to cap cells

Sedimentation rate, toxicity of new material

® Reasons to cap
» Highly toxic material (e.g., dioxin)
» Low sedimentation rate
» Vulnerable ecological resources
» Bet hedging (ecological uncertainty)
» Deep bioturbation

® Reasons not
» High natural sedimentation rate
» Contaminated ambient surrounding sediment
» Ambient community already heavily degraded
» Rapid pollutant degradation rate

EEOS630

Slide 31 Whether to cap cells

NOTES:

How thick to cap

Assessing bioturbation & chemical gradients
e Natural sediment transport depth

® Cap thickness depends on
chemical properties of pollutant
e KOC
» Degradation rate

® Factors controlling bioturbation
rate
» Biogeography
» Food supply and quality

» Grain size EEOS630

Slide 32 How thick to cap

NOTES:

Processes affected by cap
thickness

Equations

k="f,k S

D, Water Column
b Sediment Surface

Sediment Cap

. EEOS630

Slide 33 Processes affected by cap
thickness

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 34 Effects of bioturbation

Effects of bioturbation

Function of (k,, bioturbation rate, bioturbation depth)

Koe=10' | Acute Surface Concentration Koc= 10*

Fraction Dredged Material 9 d

02 o4 06 08 1 5, o NOTES'
Sos os|
3 04]

Depth (cm)

Kocs10®

Shull graphic

o %

uuuuuu
................................

Low k,, (10%) material diffuses into the water
column High k.. ((10°) PCB’s, DDE) material

remains bound to organic matter } EEOS630

Slide 35 Microphytobenthos

Microphytobenthos

20 um - 1 mm length, 5 x 10° cells/cm?, .5-20 g C m?

NOTES:

Brotas & Plante-Cuny
(1998, MEPS), Scale
bars: 20 ym Paterson (1989) EEO0OS630

Slide 36 Microphytobenthic motility

Microphytobenthic motility
— Defewetal. (2002) Right: 10-pym scale

NOTES:

EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 37 Methods for estimating Benthic
diatom standing stock, production &
specific growth rate (p)

Methods for estimating Benthic diatom standing
stock, production & specific growth rate (p)

e Estimating standing stock:
» Cell numbers
» Biomass using Chl a extraction (measured using
fluorescence in laboratory)

e Estimating production NOTES:
» "C incorporation into organic matter
» O, production

= Bell jars
= Microelectorodes
> Fluorescence: FRR & PAM

e Estimating y: Redalje-Laws Chl a-specific '“C
activity

Slide 38 ¢ mu’ p and little ‘r’

“mu’ p and little ‘r

M is per capita growth rate; p,,., is max growth rate,
intrinsic growth rate, Malthusian parameter

NOTES:

EEOS630

Slide 39 The Malthusian parameter: rmax

The Malthusian parameter: r,,,

Maximum growth rate, no density-dependent limitation

NOTES:

EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Specific growth rate, py, and
doublings per day (archaic)

H: Units of inverse time

Slide 40 Specific growth rate, p, and
doublings per day (archaic)

NOTES:

Biomass-specific production, p

Estimating biomass, in carbon, the key problem in
estimating p. Estimating photoautotropic Carbon:Chl a
ratio difficult

EEOS630

Slide 41 Biomass-specific production, p

NOTES:

Gross primary productivity

Light-dependent rate of electron flow to terminal
electron acceptors (Falkowski & Raven, 1997 p 264)

[Fluorescence mcreases]

as PSII reaction centers
close

Dark reactions

- R

lrgures from Parsons et al.
(1984)
Light reactions
EEOS630

Slide 42 Gross primary productivity

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 43 Bell jars used to estimate O2 flux

Bell jars used to estimate O, flux

Uthicke & Klumpp (1998), MEPS

NOTES:

EEOS630

Slide 44 O2 flux used to measure

O, flux used to measure Stellwagen llwagen Bank microphvtobenthic
Bar?ik microphytobenthic production Ste Wag. lerophyt !
production

Cahoon et al. 1993 Figure 1 & Conclusion

NOTES:

EEOS630

Slide 45 Redalje-Laws Chl a labelling

Redalje-Laws Chl a labelling

HPLC separation of Chl a to determine ""C activity
Gould & Gallagher (1990)

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 46 Sub-aerial production

Sub-aerial production

Whitney & Darley’s surveys of Georgia Salt marshes

Georgia salt NOTES:

marshes

Highest
benthic diatom
production
ever
measured!
diffusive

sublayer
thickness
<10 pm

Slide 47 Gould & Gallagher (1990)

Gould & Gallagher (1990)

Estimates of diatom standing stock, y, and
production

NOTES:

Slide 48

NOTES:

Doubling time =In(2yp:0.69/p~\\__,,//)'

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 49 What causes the crash of the

What causes the crash of the spring bloom?
spring bloom?

Gould & Gallagher (1990) Figure 3
July-Oct.
Bloom

NOTES:

M-A M-A

Gould & Gallagher (1990)
Grazing (=0 12d")

Slide 50 Serodio & Catarino (2000)

Serédio & Catarino (2000)

0, microelectrodes & pulse amplitude modulated (PAM)
fluorescence, diver-PAM, http://www.walz.com/

NOTES:

EEOS630

Slide 51
Jorgensen & Revsbech (1985)

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 52
Benthic boundaries
Ekman layer
Log layer NOTES:
Viscous sublayer

Molecular diffusive sublayers

Ox c zone

Ox d zed zone

Sulfidogenic zone

Methanogenic zone

Slide 53 Thicknesses of benthic

Thicknesses of benthic boundaries

boundaries

NOTES:

Slide 54 Revsbech & Jorgensen (1983)
Revsbech & Jorgensen (1983)

0O, microelectrode profiles of the best methods
for estimating benthic primary production

NOTES:

O, primary production obtained by
subtracting the integrated light & dark
profiles (after 1 min in dark) EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Advection-diffusion equation

Fick’s First & Second Laws

\—/_\ (OX product:c>

dC/dx<0 —
d*C/dx*>0

Conc.

Slide 55 Advection-diffusion equation

NOTES:

Stirring effects on diatom
production

Stirred 0.23 d (3-d doubling), Unstirred 0.11 d ' (6 d)

EEOS630

Slide 56 Stirring effects on diatom
production

NOTES:

Falkowski & Raven P vs. E curves
Falkowski & Raven (1997, p. 196, Fig 7.2)

P

max

Net Photosynthesis
Net O, evolution

Gross Phojesynthesis

Respiration
\.  Net O, uptake R

Ek Intensity

Light Intensity EEOS630

Slide 57 Falkowski & Raven P vs. E
curves

NOTES:

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide S8 Fluorescence yield and open &

Fluorescence yield and open & closed PSII reaction centers

closed PSII reaction centers
Falkowski & Raven (1997) Figure 3.11

NOTES:

Figures from Parsons et al.
(1984)
Light reactions

Slide 59 Fo, minimal Chl a fluorescence

Fo, minimal Chl a fluorescence (dark ﬂuorescence)

(dark fluorescence)

Falkowski & Raven (1997): Pump intensities close PSII
reaction centers. F, & differences in fluorescence

(F,=F.-F,) can be used to estimate production
NOTES:

EEOS630

Slide 60 Fo linearly related to Chl a, a, &

F, linearly related to Chl a, a, & P,,,., Pmax
Barranquet & Kromkamp (2000), Serodio & Catarino
(2000)
. NOTES:
IS
O
a pm
F, F. 5
EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 61 Modeled effects of tide & light

Modeled effects of tide & light

Serodio & Catarino (2000) Estimates of production

r’—7ﬂ‘/gh tide ) NOTES:

Darkness

N Y

Slide 62 Modeled effects of tide & light
Modeled effects of tide & light

Serddio & Catarino (2000)
Cloudy days

NOTES:

EEOS630

Slide 63 Rates of diatom production
Rates of diatom production

Epipelic: about 100-200 gCm?y™

Technique 8 C/mirye Avtior
0,,co, m Fomeroy (1959) N | E .
0y 33-9%9 Gallagher and Daiber (1973} .
o, 207400 Zedier (1980)

1*C (shaded) 106 Van Ra al. (1976)
(unshaded) 16
o, 143226 Pamatmat (1968)
0, 0-325 iznyk Phinr
ug 49 Steete and Baird (1968)
“c 31 Leach (1970)
“c 116 ‘Groatved (1960)
e Marshall (1970)
ue 10 Joint (1978)
“c 58177 Cadée (1980)
0 $20-640 ‘Westlake (1963}
o B89 Teal (1962
cropping 130-256 Mano (1972b)
cropping 1100-2300°  Valiela et ai. (1976}
O; (+ litter) 400 Mann (1972b)
pping 1900 Westlake (1963)
cropping s Bellamy et al (1968)
. blado reneval 1750 Mann (1972%)
cropping 40820 Clendenaing (1972)

o, <O Kanvisher (1966)

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 64 What limits benthic production?

What limits benthic production?

Light in winter, DIC in summer
® Production limited by light in winter NOTES:

® Production may be limited by
inorganic carbon in North
temperate mudflats throughout the

remainder of the ye |

Slide 65 DIC limitation in diatoms mats

DIC limitation in diatoms mats
pH from Terry & Edyvean (1981)

NOTES:

Slide 66 pH & species composition

pH & species composition

N. salinarum replaced by N. pygmaea

NOTES:

EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Slide 67 Acclimation to low DIC

Acclimation to low DIC

C3 & C4 photosynthesis; diatoms have a C4-like DIC
metabolism, but true C4 requires multicellular carbon

acquisition NOTES:

e R CALVIN-BENSON CYCLE
o2 <0
oy PT) u Tusroase
Ay
FGAP 3
L S o)
HCO3: ’*\s\( Q& um
PerCase /5\
€4 S
04 OVELE \ ‘L'
- AMING ACK
s }
ROTERS

Slide 68 Evolutionary History of DIC

Evolutionary History of DIC Concentrating mechanisms
Concentrating mechanisms

Badger & Price (2003) Figs 1 & 2

Cyanobacteria NOTES:

Diatoms

Slide 69 Cyanobacterial evolution & DIC
Cyanobacterial evolution & DIC concentrations
concentrations

Badger & Price (2003) Figs. 7 & 8
Diatoms, 160 MYA

NOTES:

Eugene Gallagher @ 2010
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Slide 70 Measuring Production using

Measuring Production using fluorescence by SCUBA
fluorescence by SCUBA

Glud et al. 2002

NOTES:

Slide 71 Measuring production using

Measuring production using fluorescence & 02 flux by SCUBA
fluorescence & O, flux by SCUBA

Depth (mm)

Glud et al. (2002) Figure 7

NOTES:

7o P-Zone

0 400 BIH)

EEOS630

0y (uM)

Slide 72 PAM Fluorometer & 02

PAM Fluorometer & 02 microsensor
microsensor
Kuhl et al. 2002 MEPS 223: 1-14

NOTES:

Eugene Gallagher @ 2010
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Slide 73 Microphytobenthos: dominates

Microphytobenthos: dominates benthic food supply
benthic food supply

Slava Epstein’s White Sea food web

S b uvas s
re M. balthica NOTES:
Ciliates ‘
Lug worms
Harpacg
actico;
g‘f’ Oid C
cdgpd 4y, OPePOds
A\ P
) Dinofiageilates
t® s
o %o,
2 Mg

EEOS630

Slide 74 Herman et al. 2000
Herman et al. 2000
Linear relation between microphytobenthic production
R and infaunal biomass
% NOTES:
EEOS630
Slide 75
NOTES:
EEOS630

Eugene Gallagher @ 2010
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Slide 76 Photoautotrophic standing stock

Photoautotrophic standing stock

From de Jonge (1994)

NOTES:

EEOS630

Slide 77 Photoautotrophic production

Photoautotrophic production

From de Jonge

NOTES:

EEOS630

Slide 78 Microphytobenthos &
MiCI"OphytObenthOS & phytoplankton
phytoplankton

® Ems Dollard
> !\/Iic1rophytobenthic production 60-250 mgC m"
o

NOTES:

» 30% of phytoplankton are resuspended
microphytobenthos

e Dollard (about 1 m deep)
» 92% of Chl a from microphytobenthos
» Production
= 25% of total production from resuspended benthic
diatoms
= 53% from true phytoplankton
= 22% from tidal flat production

EEOS630

Eugene Gallagher @ 2010
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Class 5: Bioturbation & Microphytobenthos

Conclusions on
microphytobenthos

Slide 79 Conclusions on
microphytobenthos

Microphytobenthic production is often a major
source of labile organic matter in shallow benthic
systems from the intertidal to approximately the
1% light depth (or slightly deeper)

Mucous production can have profound effects on
sediment transport and organic geochemistry

Microphytobenthic production is intimately coupled
to the physics of the benthic boundary layer

® |t can be measured using "“C, O,, or fluorescence
® Benthic diatom specific growth is often very slow

NOTES:
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