Microbial Grazers Lab

Objective: Measure the rate at which bacteria are consumed by predators.

Overview

ASize based food webs

AMicrobial loop concepts

ABacterial predators

AVlethods to assess microbial grazing rates

Readings (see class web site)
1. Caron,D.A. (1997) In Hurst et al. Manual of Environmental Microbiology.

2. Azam et al. (1983) Marine Ecology Progress Series 10



Size Classification (Revisited)

Unlike terrestrial systems, primary production in aguatic systems is dominated by
microorganisms with sizes typically less than 200 nm.

Size classifications are used because:
AFunctional definition (filter cutoffs)

AFeeding approximately based on relative sizes
Picoplankton: 0.2-2mm Aldentification not always helpful

Femtoplankton: 0.02 - 0.2 Mm
A Mostly viruses

A Bacteria, cyanobacteria
Nanoplankton: 2-20mm
A Flagellates, dinoflagellates

Microplankton 20 - 200 mMm

A Diatoms, ciliates.

Mesoplankton > 200 mm

A Zooplankton (copepods)

Bacteria: 0.2 mm - 1000 mm (1 mm) Schematic of size based feeding. Some
organisms might be mixotrophs (both auto- and
heterotrophy, shown in read), and some may
feed across trophic levels (blue lines).

A Typically 1 - 2 mm culture, or < 1 nm
natural environments.



Nanoplankton Examples

Flagellates Diatoms
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G. SA. Examples of nanoplankton flagellates [Distephanus (1), Thalassomonas (2), Gymnodinium (4), Tetraselmis (5), Coccolithus
, Pontosphaera (8), Cryptochrysis (10)], diatoms [centrate (3), pennate (6), Chaetoceros (9)] (redrawn from Wailes, 1939, Cupp
1943, Fritsch, 1956 and Newell and Newell, 1963).



Microplankton Examples

Dinoflagellates | Diatoms

FiG. 5B. Examples of microphytoplankton: dinoflagellates [Dinophysis (1), Gyrodinium (2), Ceratium (3), Prorocentrum (4)], diatoms
(Biddulphia (5), Nitzschia (6), Thalassiosira (7), Chaetoceros (8), Coscinodiscus (9)] (redrawn from Wailes, 1939, and Cupp, 1943).
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Mesoplankton Examples
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Fig. 5C. Illustrations of the major phyla of zooplankton (redrawn from Lebrasseur and Fulton, 1967; Wailes, 1937 and 1943;

Cushman 1931).



Classic Food Chain

A The classic view of aquatic food webs was the linear food chain from
phytoplankton to fish.

A Although bacteria were know to exist, they were not thought to be
significant consumers of carbon or energy.
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P: Phytoplankton (e.g., Diatoms)
Z: Zooplankton (e.g., Copepods)
F: Fish (both planktivors and piscivors)




Bacterial vs Phytoplankton Productivity

A Development of epi-fluorescence reveals large number of bacteria (108 ml-1)
A Development of bacterial productivity assay shows large fraction of NPP is
processed by bacteria (50%°7).

From: Cole et al. MEPS (1988).
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Fig. 3. Areal relation between primary production (NPP; X-
axis) and bacterial production (BP; Y-axis) expressed per unit
area for the entire water column. Symbols are as in Fig. 1.
Regression line (Log Y = 0.?5Log X + 0.093) is shown with
90 % confidence limits for the individual predictions of BP



Microbial Loop

The microbial loop is a conceptualization by which DOM can be routed into the
classic food chain via bacteria and their grazers. (Pomeroy 1974, Azam et al.
1983)
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Link or Sink?
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Top Down or Bottom Up Limitation?

Energy Bottom up:
Nutrient Limited

’/\ipj Primary producers
Resources @Self organizatio

Top Down: Consumers
Excessive Grazing Pressure

A Both views are myopic, in that they are transient assessments and likely to
change over time.

A Likewise, the microbial loop, as a link, may be important over short periods
when food resources are scarce.



Protozoa

Single-celled, eukaryotic, heterotrophs ranging in size from 2 nm to 1 mm or more.
Feed mostly by phagocytosis (engulfment).
Three basic types:
Flagellates
Use one or two (sometimes more) flagella (little whips) for motility.
Size: 2-100 nm
Representative taxa: Dinoflagellates, Chrysomonads, Bicosoecids,
Choanoflagellates, Kinetoplastids
Ciliates
Range from uniformly covered with cilia (hair-like tubules) to mostly naked
with tufts of cilia.
Size: 10-200 mm
Representative taxa: (planktonic) Oligotrichs, Tintinnids, Scuticociliates,
(benthic) Hypotrichs, Peritrichs, Heterotrichs

Sarcodines
Amoeba-like species without flagella or cilia. Many possess skeletal
structures or Ashell so

Size:5mMmto >1 mm
Representative taxa: Gymnamoebae, Testacea, Foraminifera, Radiolaria,
Acantharia, Heliozoa



Feeding and Motility

Phagocytosis
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Fig. 2.6 The food vacuole cycle of a ciliate like Paramecium. The food vacuole (a) receives
captured food particles at the cytostome, where it also receives membrane from discoidal
vesicles (dv); the food vacuole is pinched off from the surface membrane, and as it moves
away (b) it fuses with acidosome vesicles (av); fluid is removed from the vacuole (¢) into tubu-
lar vesicles (tv), which may recycle to the cytostome; the shrunken vacuole (d) receives
enzymes in lysosomes (/), that are either newly produced from ER or recycled from old food
vacuoles; following digestion (e) micropinocytosis occurs around the vacuole and later (f)
some lysosomal materials may be retrieved and recycled before the spent vacuole reaches the
cytoproct (g), where undigested materials may be released and membrane retrieved to be
returned to the cytostome as discoidal vesicles. (Information from Nilsson, 1979 and Allen,
1984).
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Heterotrophic Nanoflagellates (HNF)

Pictures from http://megasun.bch.umontreal.ca/protists/protists.htmi
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Ciliates

Ciliates are protozoans (single cell) that
can be identified by the cilia that
surrounds most of the body. Classic
example is the Paramecium spAlso
see: http://www.microscopy-
uk.org.uk/index.html

Densities around 1-100 ml1

Two hypotrich ciliates:
Stylonychia(right)

Euplotes(left) and
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Ciliate Diversity (lakes and rivers)

B.J. Finlay and G.F. Esteban (see



