Class 6: Microphytobenthos

Slide 1 Microphytobenthos, Especially

Microphytobenthos, Benthic Diatom Production
Especially

Benthic Diatom Production

Class 6: Th September 18, 2008 NOTES:

Slide 2 Class schedule
Class schedule

Order of topics
® Microphytobenthos today

» Chapter 3 NOTES:
» Gould, D. G. and E. D. Gallagher. 1990. Field measurement of
specific growth rate, biomass and primary production of benthic
diatoms of Savin Hill Cove, Boston. Limnol. Oceanogr. 35: 1757-
1770.
® For Tuesday 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.

Slide 3 Darwin’s worms
Darwin’s worms

Earthworms: Oligochaetes (few bristles)

NOTES:
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Class 6: Microphytobenthos

Slide 4 Nightcrawler burrows

Nightcrawler burrows

Can be up to 2 m deep

oThree types of earthworm

feeding: NOTES:

» Feeding on surface litter, dragging
leaves and organic matter into
burrows

» Burrowing through the surface
litter

» Burrowing through deeper soils

eNightcrawlers drag leaves
into deep burrows
» Darwin: hundreds of leaf fragments
per day
» Produce middens, mounds of leaf
material, at surface

Slide 5

NOTES:

Slide 6 Are earthworms harmful?

Are earthworms harmful?

Destroy the ‘duff’ layer, essential for native species

NOTES:

Yes!
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Class 6: Microphytobenthos

Slide 7 Don’t release earthworms into
Don’t release earthworms into forests!
forests!

NOTES:

Slide 8 All New England earthworms

All New England earthworms wiped out by the Pleistocene Glaciation
wiped out by the Pleistocene (>13,000 years ago)
b

Glaciation (>13,000 years ago)

NOTES:

Slide 9 Big topics for today’s class

Big topics for today’s class

e Definitions of standing stock, production and specific

growth rate (p) NOTES:

» Why do photoautotrophs fluoresce?

» O, method, "“C method, PAM fluorescence method

» New methods: Redalje-Laws "“C method, O, microelectrode
method, PAM fluorescence

e Benthic diatoms & the diffusive sublayer

® Factors controlling benthic diatom production: light, CO,,
pH, other nutrients

e Importance as a benthic food source
o |mportance for sediment transport
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Slide 10 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 pm Paterson (1989)

Slide 11 Diatom frustules

Diatom frustules
Miller (2004) Fig. 2.1, Thallasiosira

NOTES:

- — Slide 12 Diatom cell division, can be used
Diatom cell division, can be used to estimate p specific growth rate

to estimafe 1 apegific,grawth rate

Frequency of NOTES:

dividing cells
can be used to
estimate p
(McDuff &
Chisholm
equations)
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Slide 13 Diatom cell division, can be used

Microphytobenthic motility to estimate p specific growth rate

erew et al. ignt: -um scaie

NOTES:

Slide 14 Microphytobenthic motility

Diatom cell division, can be used

to estimafe 1 apecific,grawth rate

NOTES:

Frequency of
dividing cells
can be used to
estimate p
(McDuff &
Chisholm
equations)

Slide 15 Methods for estimating benthic

Methods for estimating benthic diatom . . .
standing stock, production & specific diatom standing stock, production &

growth rate (u) 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: fast-repitition and pulse amplitude modulated
fluorescence (FRR & PAM)

e Estimating p: Redalje-Laws Chl a-specific "“C activity

Eugene Gallagher @ 2010
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Slide 16 Chlorophyll a fluorescence

Chlorophyll a fluorescence

Lorenzen (1966) excite at 430 nm (blue), measure
fluorescence at 650-680 nm (red)

NOTES:

Slide 17 Lorenzen (1966)

Lorenzen (1966)

Linear relation hetween Ch.'; a & fluorescence

"L e L e NOTES:

FLUORESCENCE

o o
RELATIVE  CHLOROPHYLL
Linear reiationship hetween relative chiorophyll. serial dilutions of a sir i
d in m"’ul’.ﬁ?m Cie RS porlaton

Fig 1.
with PH Millipore® filtered seawater, an irve A, 1X seasitivity scale,
‘and B 3X sensitvity scale.

:- blank readings are probably the result of light scattering and/or light feakage through the color
ters,

1

e ECOS630
Slide 18 In situ fluorometry allows an
In situ fluorometry allows an analysis of . .
fine scale pattern in phytoplankton analysis of fine s?ale patt.ern L .
biomass, in real time phytoplankton biomass, in real time

NOTES:
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Slide 19 Photosystem II is the source of
Photosystem Il is the source of most fluorescence
most fluorescence

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

NOTES:

Figures from Parsons et al.
(1984)

Slide 20 Gross primary productivity

Gross primary productivity

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

[Fluorescence mcreases] NOTES:

as PSlI reaction centers
close

Dark reactions

Figures from Parsons et al.
(1984)

Light reactions

Slide 21 Fluorescence yield not constant:

Fluorescence yield not constant: open & closed reaction centers
open & closed reaction centers

Falkowski & Raven (1997) Figure 3.11

NOTES:
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Slide 22 Specific growth rate, * mu’ p and
Specific growth rate, ‘ mu’ p and little ‘r’
little ‘r

p is the specific growth rate, (per capita growth rate);
Hmax iS Max growth rate, intrinsic growth rate,
Malthusian parameter

NOTES:

Slide 23 The Malthusian parameter: rmax

The Malthusian parameter: r,,,

Maximum growth rate, no density-dependent limitation

NOTES:

ECOS630

Slide 24 Specific growth rate, p, and

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

u: Units of inverse time

NOTES:
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Page 8 of 22

cow, umb , edu


IT
Stamp


Class 6: Microphytobenthos

Slide 25 Biomass-specific production, p

Biomass-specific production, p

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

ratio difficult NOTES:

ECOS630

Slide 26 Bell jars used to estimate O2 flux

Bell jars used to estimate O, flux

Uthicke & Klumpp (1998), MEPS

NOTES:

Slide 27 The oxygen method

The oxygen method

Separating Gross vs. Net production.
® Use light and dark bottles NOTES:

® Dark bottle measures respiration (but not
photorespiration)
» Photorespiration may not be too important
» In the absence of grazers, light bottle measures
net production.
» In the absence of grazers, Light-Dark measures
gross production.

® Photorespiration and heterotrophic
respiration create large problems

Eugene Gallagher @ 2010
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0,vs. C

Bphr . i )
nto, — Pmk&ia'ymm o .I,usa‘redza'g&mc C .n:: )
O methcd meamures O praliction, = wamving 1+ 2.
W method measpes only 1 iFouly fleved AOC &5 conneed.

= |n theory, the O, method can estimate gross
and net production
» Increase in light bottle is net
» Dark bottle decrease is respiration
» Light-dark = gross production

= The "C activity of dissolved organic matter
should be determined

Slide 28 O2 vs. 14C

NOTES:

O, flux used to measure Stellwagen Bank
microphytobenthic production

Cahoon et al. 1993 Figure 1 & Conclusion

ECOS630

Slide 29 O2 flux used to measure
Stellwagen Bank microphytobenthic
production

NOTES:

Sub-aerial production

Whitney & Darley’s surveys of Georgia Salt marshes

Georgia salt
marshes
Highest
benthic diatom
production

ever
measured!
diffusive
sublayer
thickness
<10 ym

Slide 30 Sub-aerial production

NOTES:

Eugene Gallagher @ 2010
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Redalje-Laws Chl a labelling

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

Slide 31 Redalje-Laws Chl a labelling

NOTES:

Gould & Gallagher (1990)

Estimates of diatom standing stock, y, and production

Slide 32 Gould & Gallagher (1990)

NOTES:

Doubling time = In(2)/u=0.69/p \_/

Slide 33

NOTES:

Eugene Gallagher @ 2010
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Class 6: Microphytobenthos

Slide 34 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 35 Seroddio & Catarino (2000)

Serodio & Catarino (2000)

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

NOTES:

Slide 36
Jorgensen & Revsbech (1985)

NOTES:
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Slide 37
Benthic boundaries
Ekman layer
Log layer NOTES:
Viscous sublayer

Molecular diffusive sublayers

Ox c zone

Ox d zed zone

Sulfidogenic zone

Methanogenic zone

Slide 38 Thicknesses of benthic

Thicknesses of benthic boundaries

boundaries

NOTES:

Slide 39 Revsbech & Jorgensen (1983)
Revsbech & Jorgensen (1983)

O, 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)
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Slide 40 Advection-diffusion equation \
Advection-diffusion equation I
Fick’s First & Second Laws
\_/—\ \ NOTES: /
O, production

/

/
/
- ' /

dC/dx<0
d*C/dx*>0

N /

AN Slide 41 Stirring effects o1f diatom
productio

Stirred 0.23 d' (3-d doubling), Unstirred 0-t4-d.' (6 d)

NOTES:

Slide 42
Chl a-specific gross productivity

A FP°uy Light
(" Asymptotes are NOTES:
‘ the assimilation

numbers

N

P®, ..« Shade

o

mgC mg Chla™ h™

L

0 0.05 0.1 0.15 0.2 0.25
Irra(liilzawé@: umol photons cm2s1 (PAR)
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Slide 43 Falkowski & Raven P vs. E
Falkowski & Raven P vs. E curves curves

Falkowski & Raven (1997, p. 196, Fig 7.2)

NOTES:

Net Photosynthesis
Net O, evolution

Gross Phojesynthesis

- / C, E,
Respiration
\  NetO,uptake 4P E, Intensity

Light Intensity

Slide 44 Fluorescence yield and open &

Fluorescence yield and open & closed closed PSII reaction centers
PSll reaction centers

Falkowski & Raven (1997) Figure 3.11

NOTES:

Figures from Parsons et al.
(1984)

Light reactions

Slide 45 PAM Fluorometer & 02
PAM Fluorometer & O, microsensor
microsensor
Kiihl et al. 2002 MEPS 223: 1-14

NOTES:

Eugene Gallagher @ 2010
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Slide 46 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:

Slide 47 Fo linearly related to Chl a, a, &

F, linearly related to Chl a, a, & P,,,., Pmax

Barranquet & Kromkamp (2000), Serédio &
Catarino (2000)

NOTES:

Chl a

Slide 48 Measuring Production using

Measuring Production using fluorescence by SCUBA
fluorescence by SCUBA

Glud et al. 2002

NOTES:

Eugene Gallagher @ 2010
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Slide 49 Comparing production using

Comparing production using fluorescence & O2 flux by SCUBA
fluorescence & O, flux by SCUBA

Glud et al. (2002) Figure 7

NOTES:

Depth (mm)

0 400 B0

0y (uM)

Slide 50 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 51 Modeled effects of tide & light

Modeled effects of tide & light

Serédio & Catarino (2000)

Cloudy days NOTES:

Eugene Gallagher @ 2010
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Rates of diatom production

Epipelic: about 100-200 gCm?y"

Techniq 8 Cmisyt Avtior
0, €O, 200 Pomeroy (1959)
o; 389 Gallagher and Daiber (1973)
o, 2U7-400
C (shaded) 1
(unshaded) 168
o 143-226
0 0325
e 49
e 31
“e 16
"e % Marshall (1970)
uc 180 Joint (1978
uc 58177 Cadée (1980)
o 520-610  Westhake (1963)
L 257897 Teal (1962)
cropping 130-256  Mano (19726)
oropping 1100-2300°  Valiela et a. (1976}
0, ¢+ liter) 00 Mann (19726)

<O Kanvisher (1966)

Slide 52 Rates of diatom production

NOTES:

What limits benthic production?

Slide 53 What limits benthic production?

Light in winter, DIC in summer
Production limited by light in winter

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

NOTES:

DIC limitation in diatoms mats

pH from Terry & Edyvean (1981)

Slide 54 DIC limitation in diatoms mats

NOTES:
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pH & species composition

N. salinarum replaced by N. pygmaea

Slide S5 pH & species composition

NOTES:

Acclimation to low DIC

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

i R CALVIN-BENSON CYCLE
o2 0
oy PUT) uRusroase
Ny
FGAP 3
L S "~y
HCO3: ’*\s\( Q&> um
PerCasE /5\
€4 S
oA OVELE \ ‘L'
-AMING ACK
s }
ROTERS

Slide 56 Acclimation to low DIC

NOTES:

Evolutionary History of DIC
Concentrating mechanisms

Badger & Price (2003) Figs 1 & 2
Cyanobacteria

Cyanobacteria

Diatoms

Slide 57 Evolutionary History of DIC
Concentrating mechanisms

NOTES:

Eugene Gallagher @ 2010
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Slide 58 Cyanobacterial evolution & DIC

Cyanobacterial evolution & DIC concentrations; the end of nature?
concentrations; the end of nature?

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

NOTES:

L

CO,,
past/
present

Slide 59 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
Harpac;
actico;
g‘f’ 0oid C
«\9\0‘5 A oy, COPePOdS
ﬁe G2
] Dinofiageilates
t® s
© %o,
2 s

ECOS630

Slide 60 Herman et al. 2000

Herman et al. 2000

Linear relation between microphytobenthic production
and infaunal biomass

NOTES:

VIFS dependent macrobenthos biomass (9 AFDW. )

culation)
fiedent1s 0.91 (0 =5, » = 0.034). AFDW: ash-frea dry wl

Eugene Gallagher @ 2010
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Slide 61

NOTES:

ECOS630

Slide 62 Photoautotrophic standing stock

Photoautotrophic standing stock

From de Jonge (1994)

NOTES:

Slide 63 Photoautotrophic production

Photoautotrophic production

From de Jonge

NOTES:

Page 21 of 22

cow, umb , edu


IT
Stamp


Class 6: Microphytobenthos

Microphytobenthos &
phytoplankton

Slide 64 Microphytobenthos &
phytoplankton

e Ems Dollard
» Microphytobenthic production 60-250 mgC m? d™!
» 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

NOTES:
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