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This report consists of:
a brief introduction,.
a table which summarize critical soil foodweb organisme jn majc
ecosystemtypes found in the Colunbia R ver Basin (Table 1),
a table which summarizes critical genera or species of each soi
foodweb group in each ecosystemtype (Table 2),
- an overview of critical soil foodweb conponents responses to maja
di sturbances, (watershed docunent) and
= summary reports, in the requested format, for each soil foodweb group
a. Beneficial Bacteria: Nfixers - Rhizobium
mie>iay —~ b, Beneficial bacteria: Cyanobacteria and crust-form ng communitie
c. Conpetitive bacteria: Bacillus
d. Conpetitive bacteria: Pseudonbnas
e. Bacteria: N-imobilizers
f. Bacterial pathogens
g. VAM fungi

h. Ectoycorrhizal mat-formng fungi
i. Saprophytic fungi
J. Fungal pat hogens
k. Protozoa: bacterial predators
1. Bacterial-feeding nematodes
m Fungal - f eedi ng nemat odes
n. Plant-feeding nematodes
o. Rotifers
| NTRODUCTI ON

$
The study of the comunity structure of soil organisns, their functiona
roles in controlling ecosystem productivity and structure are only now bein

i nvesti gat ed. Soil ecology has just begun to identify the inportance o
under st andi ng soil foodweb structure and how it can control plant vegetation
and how, in turn, plant comunity structure affects soil organic nmatte

quality, root exudates and therefore, alters soil foodweb structure. Sinc
this field is relatively new, not all the relationships have been explored
nor is the fine-tuning within ecosystens well understood.

Regar dl ess, sone rel ati onshi ps between ecosystem productivity, soi
organi sms, soil foodweb Structure and plant comunity structure and dynam c
are known, and are extrenely inportant determi nants of ecosystem processe
(I ngham and Thies, submtted). 1In fact, alteration of soil foodweb structur
can result in sites which cannot be regenerated to conifers, even with 2
years of regeneration efforts (Perry, 1988; Colinas yet al, 1993). work i



intensely disturbed forested ecosystens suggests that alteration of soi
foodweb structure can alter the direction of succession. By managi ng foodwet
structure appropriately, early stages of succession can be prolonged, oz
deleted (Allen and Allen, 1993). Initial data indicates that replacenent of
grassland with forest in normal successional sequences requires alteration of
soil foodweb structure from a bacterial -dom nated foodweb in grasslands to e
fungal -dom nated foodweb in forests (Ingham et al, 1986 a, b; Ingham 1991,
I ngham and Thies, submtted).

In addition to responses to disturbance, it is clear that species diversity,
comunity diversity and foodweb conplexity increases wth increasin
successi onal stage (Moore et al., 1992; Ingham 1991). |Indeed, exam nation o1
foodweb interactions and ecosystemdiversity, instead of comunity diversity,
may result in new ecosystem neasures which reflect this increased communit:
diversity and increased connectivity in later successional stages.

Some know edge about soil foodweb structure (Table 1), and specie:
conposition or inportant species present in each of the vegetation-base«
ecosystens (Table 2) for the Geater Colunbia R ver Basin have been at |eas:
initially assessed, or extrapolated from simlar ecosystemtypes in relates
areas of the U S

Two neasures of ecosystem processes are discussed in the appropriate section!
in this report: the ratio of fungal to bacterial biomss (Ingham and Horton

1987) and the Maturity Index for nematodes (Bongers, 1985). Both appear t
be useful predictors of ecosystem health, although they nust be properly
interpreted given the successional stage being -addressed. For exanple
recently disturbed systens have nenatode community structures skewed toward:

opportunistic species and genera, Wwhile the Iess-opportunistic, nore K
sel ected species of nematodes return as time-since-disturbance increases
Thus, healthier soils tend to have nore mature nematode community structures
However, as systenms mature, nutrients tend to be nore sequestered in soi
bi omass and organic matter, and thus the maturity index reflects an optinal

i ntermedi at e-di sturbance period in which greatest ecosystem productivity i:
likely to occur.

Rati os of fungal to bacterial biomss also predict this type of response
Hi ghly productive agricultural soils tends to have ratios near one, but as
system undergoes succession into a grassland, this ratio dips downwards
indicating that for a healthy grassland system the ratio should be |ess tha.
one. In other words, bacterial-bionmass dom nates in healthy grassland soils
However, as succession proceeds yet further, fungal biomass begins t
dom nate and healthy forest systens have fungal to bacterial biomass ratio
of greater than one, wusually greater than 10

Ri parian or deciduous forests appear to be intermediate within this range o
values. Alder forest soils are dom nated by bacterial bionmass, while popul a
forest soils are fungal-dom nated. Cearly, further investigation i
required.

The predators of bacteria and fungi tend to follow the dom nance of th
decomposer Qroups. Thus, bacterial-domnated soils have a mjority o
bacterial -predators (protozoa and bacterial -feedi ng nenmatodes), while fungal
dom nated soils have a nmgjority of fungal-predators (fungal-feeding nematode



and fungal -feeding m croarthropods).

Much work is still required at the bacterial and fungal species |level. i
the species of protozoa and nemat odes have been researched in soils of th
area of the west, publication of nuch of this information has yet to occu
Up-dates will be required as this information becones avail abl e.
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Table 1. Dominant functional groups in each vegetative type in the
Columbia/Klamath/Great Basi n areas.

Veaet ati ve types Dom nant functi onal groups of or gani sms i
each vegetative type

Agri cul tural Bacteria, VAM protozoa, bacteria; -feeding nematodes,
pl ant - f eedi ng nemat odes, m croart hropod:
(especially root-feeders)

Range grass Bacteria, VAM protozoa, bacterial-feeding nematodes

M xed grass Bacteria, VAM, protozoa, bacterial-feeding nenatodes
eart hwor ms, rotifers

Shr ubs

Berry Bacteria/fungi, ericoidnmycorrhizae, protozoa, bacteria
f eedi ng nemat odes, fungal -feeding nematodes

Chaparr al Bacteria, fungi, nenatodes, insects

Sage Bacteria, fungi, nematodes

For est _ '

Fir, pine, cedar Fungi , ect onycorr hi zal fungi, ectonmycorrhizal mats
fungal - f eedi ng nemat odes, fungal-feedin
nm croart hropods

Mesquite Fungi, ectonycorrhizal fungi, fungal- feeding nematodes
fungal -feeding m croarthropods

Aspen, al der, Bacteri a, fungi, pr ot 0zoa, nemat odes, rotifers

wi |l ow nm cr oart hr opods

Cak, madrone Fungi, ectonycorrhizal fungi, ectomycorrhizal mats
fungal - f eedi ng nemat odes, fungal-feedin
nm croart hropods

Sub- al pi ne ' '

her baci ous Bacteria, VAM protozoa, bacterial-feeding nematodes
Al pi ne tundra Fungi, bacteria, protozoa, nenmatodes, rotifers
G acial tundra Bacteria, protozoa, nenatodes




Table 2. Functi onal groups and species of concern in different ecosystemtypes of tt
Col unbia River Basin (species conposition information based mostly on work recentl
performed by Ingham et al., in prep).

Agricultural
Bacteria
Beneficial bacteria in the rhizosphere
N-fixers: Rhi zobi um
Conpetitive bacteria: Pseudomonas, Bacill us
N-i mobi li zers
Pat hogens:
Bacteri al Erwi nia, Zynononas, Agrobacterium
Fungi
VAM: G onus
Pat hogens: Scl erotium
Pr ot ozoa: Bodo, Amoebae,Colpoda
Bacterial -feeding nenatodes: Acr obel oi des, Acrobel es
Pl ant - feedi ng nemat odes: Par at yl enchus, Mel oi dogyne

Ratio of fungi to bacteria = 1
Maturity index of nematode functional groups

Ba||§g arass
Bacteria
Beneficial bacteria in the rhizosphere:
Cyanobacteria/cryptobiotic crust communities

N-fixers: Azot obact eri um
Conpetitors wth pathogens: Pseudonmonas, Arthrobacter
N-i mobi | i zers
Pat hogens
Fungi
VAM: d onus, G gaspora
Pat hogens: Rhi zoct oni a
Prot ozoa: Bodo, Anpebae, Col poda
Bacterial -feeding nemat odes: Act obel oi des, Acrobel es, Panagrol ai nmus

Ratio of fungi to bacteria<1l
Maturity index of nematode functional groups

M xed grass

Bacteria
Benefici al bacteriain the rhizosphere:
N-fi xers: Rhi zobi um Azot obacterium
Cyanobacterial/cryptobiotic crusts
Rhi zosphere conpetitors: Pseudomonas, Bacillus, Arthrobacter
N-i mobi li zers
Pat hogens
Fungi
VAM: d onus, G gaspora
Pat hogens: Rhi zoct oni a
Pr ot ozoa: Bodo, Amoebae, Col poda
Bacterial -feeding nematodes: Acr obel oi des, Acrobel es, Panagr ol ai nus
Ear t hwor ms: Lunbri cus, Eosenia
Rotifers

Ratio of fungi to bacteria <1
Maturity index Of nematode functional groups

Shrubs - Berries
Bacteria
Beneficial bacteria in the rhizosphere
N-fixers: Ft anki a, Azotobacterium
Conpetitive bacteria: Pseudomonas, Bacill us
Litter decomposers: Art hr obact er
Fungi

Ect onycorr hi zal fungi
Ericoid fungi



Sapr ophyt es:
Pat hogens:
Prot ozoa:
Bacterial -feeding nenatodes:
Fungal -feeding nemat odes:
Ratio of fungi to bacteria =1 to 10
Maturity index of nematode functional

Shrubs Chaparra
Bacteria

Penicillium
Rhi zoct oni a

Bodo, Amoebae, Col poda
Acr obel es, Panagr ol ai nmus

Acr obel oi des
Aphel enchus,

groups

Beneficial bacteria in the rhizosphere

N-fixers:
Conpetitive Dbacteria
Litter deconposers
Fungi
Ericoid mycorrhizal fung
Litter deconposing fung
VAM:
Pat hogens:
Bacteri al - f eedi ng nemat odes:
Fungal -feeding nenat odes:

Tyl enchus

Franki a, Azotobacterium

Pseudononas,
Art hr obact er

G onus
Rhi zoct oni a

W | sonemn, Acrobel es,

Di tyl enchus,

Rati o of fungi to bacteria = 1 or greater

Maturity index of nematode functional

Shrub - Sage
Bacteria

groups

Beneficial bacteria in the rhizosphere

N-fixers:
Conpetitive Dbacteria
Litter deconposers
Cyanobacteria/ Cryptobiotic crust
Fung
VAM:
Litter deconposing fung
Pat hogens:
Bacteri al -feeding nenmatodes:
Fungal -feeding nematodes:
Ratio of fungi to bacteria =1
Maturity index of nematode functiona

FOREST
Fir, pine, cedar
Bacteria
Fung
Ect omycorrhi zal mat-formn ng fungi
Ect onmycorr hi zal f ungi
Sapr ophyt es
Wbod deconposi ng fungi
Pat hogens:

Pr ot ozoa:

Bacteri al -feeding nematodes:
Fungal - f eedi ng nemat odes:

Aer onpnas

Aphel enchus

Franki a, Azotobacterium

Pseudononas,
Art hr obact er

d onus

Rhi zoct oni a

W | sonema, Acrobel es,

Aphel enchus,

groups

Aer onpnas

Aphelenchoides.

Hyst erangi um Gautieria
Lacaria, numerous others

White- and brown-rot fung
Ceratocystis, blister rust

| am nat ed
Bodo

Test at e Anpebae:

Col poda
Cephal obus,
Aphel enchus,

Ratio of fungi to bacteria = 10 or greater

Maturity index of nematode functiona

Mesquite (unstudi ed)
Bacteria
Fungi
Ect omycorrhi zal fung
Sapr ophyt es

groups

root -rot

El aphonema

Panagr ol ai nus

Arcella, Difflugia

Cervidel lus, Eucephal obus

Tyl enchol ai nus,

Fi | enchus



Wod deconposing fungi

Pat hogens
Pr ot ozoa
Bacterial -feeding nematodes
Fungal - feeding nenat odes
Ratio of fungi to'bacteria = ?
Maturity index of nematode functiona

Aspen, alder, wllow
Bacteria
N-fixers:
Anaerobic, saturated soil bacteria

Fung
VAM
Saprophyt es
Decomposer fungi:
Root pat hogens

Pr ot ozoa:

Bacterial -feeding nenatodes:

Fungal -feeding nemat odes:

Rotifers

Ratio of fungi to bacteria < 1
Maturity index of nenatode functional

Oak. madrone

Bacteria
N-fixers:
Fung

Ectonycorrhi zal mat-forming fungi
Ect onycorrhi zal  fungi
Sapr ophyt es
Wod deconposing fungi
Pat hogens
Prot ozoa
Bacterial -feeding nematodes
Fungal -feeding nenat odes
Rotifers

Ratio of fungi to bacteria = 10 or greater
Maturity index of nematode functiona

Sub-alpine herbaci ous
Bacteria
VAM fungi
Prot ozoa
Bacteri al -feedi ng

nemat odes

Al pine tundra
Litter-deconposing fung
Bacteria
Pr ot ozoa
Nemat odes
Rotifers

dacial tundra
Bacteria
Pr ot ozoa:
Bacteri al -feedi ng

nemat odes:

gr oups

Rhi zobi um Franki a
Met hanogens, Hydrogen-sul fide
Clostridium

producers

Vi te-rot fung

Cerconpnas, Chaos, Testate Anpebae
Mast i gophora, G ossglockneria
Acrobel es, Cephal obus

Aphel enchoi des, Tyl enchus

groups

Azot obacteria, Frankia

Hysterangi um Gautieria

Vi te-rot fung

gr oups

Flagellates, Amcebae, Ciliates
Scot t nema
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COLUMBI A RIVER BASIN - WATERSHED | NFORMATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R [|ngham

Speci es or Species G oup: Rel ative Fungi / Bacteria
Ceographic Area and/or Habitat Type:

1. RANGELAND WATERSHED | NCLUDES:
A. NORTH SLOPES:
i. JUNIPER UPLAND - OPEN CANCPY TREE LAYER, PATCHES OF
BUNCHGRASS, CRYPTOBI OTl C CRUST DEVELOPMENT BETWEEN JUNI PER
GRASS PATCHES. SEASONAL W LDFLOWERS, HERBS. SAND- LOAM
SOLS, LONOM WTH PATCHY DI STRI BUTI ON OF H GHER OM AREAS.
ii. MD SLOPE GRASSLAND - CLOSED CANCPY UNI FORM BUNCHGRASS,

CRYPTOBI OTl C CRUST BETWEEN PLANTS. SANDY- LOAM SO LS, LOW ob
B. SQUTH SLOPES:

i. UPLAND GRASSLAND - OPEN CANCPY PATCHES OF WHEATGRASS,
BUNCHGRASS, CHEATGRASS, HERBACEOQUS PLANTS, WEEDS,
CRYPTOBI OTI C CRUST BETWEEN PLANTS. RCOCKY SAND- LOAM SQA LS,
LOV OM

ii. MD SLOPE GRASSLAND - CLOSED CANCPY UNI FORM BUNCHGRASS,
CRYPTOBI OTl C CRUST BETWEEN PLANTS, SANDY-LOAM SO LS, SO L
PROFILE WTH M N MAL DEVELOPMENT

C. SWALE:

i. MILTI - STRATA RI PARI AN - QUACK GRASS, TALL BUNCH GRASS, SOMVE
SHRUBS, ALDER, WLLOW COTTONWOCD
ii. WETLAND/ STREAM

2. FORESTED WATERSHED | NCLUDES:

A. MATURE LARCH, PONDERCSA PINE, DOUG FIR, GRAND-FIR M XED FOREST -
UNDERSTORY HERBS, GRASSES, SHRUBS, LOGS BOTH THI NNED ( BROKEN
CANCPY) AND UNTHI NNED ( CLOSED CANCPY) STANDS. MAZAVA ASH, POCRL
DEVELOPED HORI ZONS, MAX 2 CM LI TTER LAYER

B'. YOUNG M XED FOREST, MJILTI STRATA, OPEN CANCPY - NMAZAMA ASH, O
HORI ZON DEVELGOPMENT

C. REGENERATI NG STANDS - CGRASSES, SHRUBS - MAZAMA ASH, SOME LITTER
ACCUMULATI NG ON M NERAL SO L SURFACE

SIM LAR EARLY SUCCESSI ONAL STAGES AS I N GRASSLANDS ABOVE
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BACTERIA AND FUNG [N THE TWO WATERSHEDS

STAGE FUNG BACTERI A RATIO F: B
. A i SAP - PEN Cl LLI UM NI TRI FI ERS* * * ARCUND TREES 10
ECTO + VAM - GLOMUS** M CROCOLEUS* * * | NTERSPACE AREAS
PATH - RH ZOCTONI A AGROBACTERI UM 0.1 - 0.5
1.A.ii AS | . A i EXCEPT ADD RHI ZGOBI UM ALWAYS BELOW 1
NO ECTGCs, VAM ONLY USUALLY I N RANGE OF
0.1 - 0.5
[.B.i AS 1.A.ii FEVER N- FI XERS CHEATGRASS AREAS
RATI OS EVEN LOWNER
0.01 - 0.5

1.B.1ii1 SAME AS 1.A.ii

I.C MESI C SO LS FUNGAL MORE ANAERGCBI C RATI O CLCSER TO 1,
COMMUNI TY ALTERED BACTERI A, POSSI BLY UP TO 10
DENI TRI FI ERS BACTERI AL ACTIM TY

GREATER THAN FUNGAL

2. A BROM ROT, FUNG , AVMMONI FI ERS, RATI O ALWAYS GREATER
ECTOMYCORRHI ZAL FREE- LI VING N THAN 10, SOVETI MES
FUNG , MNATS, FI XERS, FRANKI A MORE THAN 100.
ROOTS ROTS FUNGAL ACTIVITY
GREATER THAN
BACTERI AL
2.B. LESS D VERSITY IN FOODWEB SPECI ES, COVMUN Tl ES
2.C. SAVE AS | . Ai.

The ratio of fungi to bacteria in grassland soils is less than zero
(bacterial domnated). In forests, the ratio is usually above 10. Values
between 1 and 10 indicate productive agricultural fields.

Anot her conmon generalization is that fungi in early successional stages,
such as agricultural soils or grasslands are vaM, "sugar" fungi or

pat hogens, and are nore "r" sel ected. Fungi in forests are
ectonycorrhizal fungi, cellulose deconposers (white rotters), or lignin
deconposers (dark septate fungi), and generally considered nore "K"

sel ect ed.

Gowh of fungi on spread plates show significant changes in fungal
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community conposition in different ecosystens, in different habitats, but
there has been no conprehensive effort to docunment what saprophytic fungal
community exists in which types of vegetation, follow ng specific types of
di st ur bance. This type of work is being done for nushroons and truffle-
formng fungi (Luoma, Castellano, Trappe’s work).

RESPONSES OF BACTERIA AND FUNG TO DI STURBANCE

DI STURBANCE STAGE RESPONSE
TYPE
1. DROUGHT
GRASSLAND ECOSYSTEM How drought might differentially affect each

part of the |andscape is not known,
therefore, one general response is outlined.

North, south sl opes Communities of bacteria, fungi and crusts ar
highly resistant to seasonal drought: long-
term drought would result in altered
comunity structure of all groups, ultimtel
a reduction in biomss of bacteria and'fungi
and thus nutrient retention in, the soil, wt
an increase in reliance of the ecosystem on
crust C and N fixation.

SWALE:

MULTI - STRATA Very little work has been performed in
riparian areas with respect to bacterial/
fungal responses. Crust formation would be
come nore inportant in holding soil in place
and preventing erosion during periodic wet
peri ods. Fungi would be selected if shrubs
becane a nore inportant part of the plant
communi ty. Plants tend to produce deeper
roots, and alters the distribution of
bacteria in the profile.

VEETLAND/ STREAM Little effect until the stream begins to dry
then simlar responses to above.

FORESTED WATERSHED
MATURE M XED FOREST Alters species conposition, at
YOUNG M XED FOREST first selecting for drought tolerant fungi
Wth continued drought, both bacterial and
fungal bi omass would be lost, nost likely,

reducing nutrient retention in the soil
REGENERATI NG STANDS Unknown

2. FREEZE/ THAW
GRASSLAND ECOSYSTEM Freeze/thaw generally affects
bacteria and fungi in two ways: By breaking
aggregates, nutrients become nore avail able
resulting in increased resources, but



3.

North, south sl opes

SWALE
MULTI - STRATA

WETLAND/STREAM

FORESTED WATERSHED
MATURE M XED FOREST
YOUNG M XED FOREST

REGENERATI NG STANDS

SEASON
GRASSLAND ECOSYSTEM
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decreasing soil stability. By killing | ow
tenperature-intolerant individuals, conmunity
structure is altered.

Bacteria are selected preferentially over
fungi when the soil freezes and then thaws,
since fungal hyphae are probably broken by
the soil shifting that occurs. Crust ,
comunities are highly resistant to freeze-

t haw di sruption

Very little work has been perforned in
riparian areas with respect to

bacterial /fungal responses. Crust formation
woul d be cone nore inportant in holding soi
in place and preventing erosion during

periodic wet periods. Fungi would be
selected if shrubs becanme a nore inportant
part of the plant community. Plants tend to

produce deeper roots, and alters the
distribution of bacteria in the profile.
Little effect until the stream begins to dry,
then simlar responses to above.

Alters species conposition, at

first selecting for drought tolerant fungi
Wth continued drought, both bacterial and
fungal bi omass would be |ost, nost |ikely,
reducing nutrient retention in the soil.
Unknown

Bacteria, domnant in these grasslands, and
fungi undergo a predictable seasona

fluctuations in activity, biomass and

comunity conposition. Al disturbance nust
be 'assessed knowing this cyclical seasonal
cycle. In all systens in the high desert
region, activity and biomass begin to
increase in the early spring as tenperature
noves into optinmal regions for npst species,
and as spring rains occur. As the summer
drought begins and plants begin to senesce,
bacteria and fungal activity decrease
sharply. Nunmbers and bi omass decrease in th
summer, although if rain continues through
the sutmmer, the dip in biomass may be

m ni mal . If tenperatures remain warm throug
the fall and rains begin, biomss and
activity can show a secondary seasonal peak.
If tenperatures decrease sharply and
precipitation appears as snow, the secondary




Nort h-faci ng sl opes

Sout h-faci ng sl opes

SWALE
MULTI - STRATA

VETLAND/ STREAM

FORESTED WATERSHED
MATURE M XED FOREST
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peak wi |l not be observed. If no snow covei
occurs in the winter, activity and bionass
will dip to the lowest levels in the year.

Since tenperature fluctuations are not as
severe, sumertime reductions in activity ar
bi omass are not as |low as on south facing

sl opes.

Wnter tenperatures are usually warnmer and
thus wintertinme reductions in biomss and
activity may be less drastic. However, nore
freeze-thaw events can occur, which will ter
to select against fungi, and be advantageous
for bacteria.

Very little work has been perforned in
riparian areas with respect to

bacterial /fungal responses. Mai nt enance of
bacterial and fungal bionmass to hold
aggregate structures and prevent erosion are
of critical inportance. Especially in
grassland areas, crust formation can be
practically the sole force preventing

er osi on.
Very little work has been done on seasona

fluctuations in these areas.

Fungal bi omass dom nates in these ecosystens

"but seasonal fluctuations can be quite

different from grassland systens. As tree
roots begin to nove storage materials back
into the sap, rhizosphere organisns undergo
an increase In activity. WArm periods durin
this time can result in activation of the
entire soil, resulting in intense periods of
bi ol ogical activity as early as Mrch. As
the spring flush of activity, wth
tenperature and noisture at optiml |evels,
activity and biomass of fungi is naximm

al t hough bacterial responses may be linted.
Components of the soil may never show
decreased activity in the summrer, but my
remain highly activity regardl ess of drought
conditions.. There is generally a secondary
peak of activity in the fall as rain and sno
occur. Because snow generally accunulates o
the ground, freeze-thaw is not as great a
factor in altering fungal and bacteri al

bi omass ratios and fungal decreases are
rarely seen. In fact, fungal activity can b
at it's highest level for the entire year
under the snow pack, and deconposition may b



YOUNG M XED FOREST

REGENERATI NG STANDS

FI RE

GRASSLAND ECOSYSTEM

SVWALE
VWETLAND/ STREAM

FORESTED WATERSHED
MATURE M XED FOREST
YOUNG M XED FOREST

REGENERATI NG STANDS

Li ght

H gh

Very
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nost rapid during the wnter.

The buffering effect of the forest on
tenperatures in the sumer, and on snowpack
in the winter are extrenely inportant.
Internedi ate between grassland and forest
systens.

Landscape position conbined with fire
intensity have not been investigated for
their conbined inpact on soil organism
responses.
Effects of |andscape position conbined wth
fire intensity on soil organisns have not
been investigated. The effects of fire
intensity on soil organisns has been
investigated in related systens. The
assunption is that simlar responses would
occur, given simlarity of conditions.
intensity fires burn little of the organic
matter |ayer. The litter layer may
experience an increase in tenperature which,
in sone cases nmay be beneficial, resulting 'N
increase activity and biomass of especially
t he bacteria.
intensity fire burns away the food resource
for both bacteria and fungi, while at the
same tine killing these organisns through
hi gh tenperatures. H gh intensity fires can
result in severe set-backs in the nutrient
retention capacity of soils, and may take
many years for soil biodiversity to return tc
pre-fire conditions.
little work has been perforned in riparian
areas with respect to bacterial/fungal
responses. The expectation with respect to
fire is based on the degree to which the soi
and litter is warned, heated, or burned away.

Just as for grassland systens, except that
the inpact on the organic matter is even more
critical, since the fungal doni nance of the
forest floor is strongly correlated to the
presence of litter. enoval of litter wll
strongly select for bacterial dom nance, and
the inability of the soil to support
conifers.

It is critically inportant to devel op and
mai ntain fungal dom nance in regenerating
conifer stands, otherwise the system wll
remain in the grassland stage.
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Not a factor in grassland systens. In
forests, the renobval of the trees results i
the loss of nmany of the ectonycorrhiza
species fromthe soil, especially mat-
formers. Wth every clearcutting event so
far examned, at least a ten-fold |oss of
fungal bi omass has occurred. If sone as- of
now unrecogni zed factor causes continued |o
of fungi, re-establishnment of conifer
seedling in the system becones extrenely
difficult, if not inpossible. If the funga
conponent of the soil begins to recover
within five to ten years of after
clearcutting, re-establishment of trees
appears to proceed without difficulty.

The effects of plowi ng seem remarkably consi stent

acr oss nost veget ative SySt ens. In all cases exam ne
plowing results in the mxing of litter and surface
organic matter into the soil, the breaking apart of
soil aggregates and the release of protected organic
matter. This m xing and exposure is nore advantageou
for bacterial than fungal activity and results in
increased bacterial domnance in soil.  pjowing resul
in mxing of carbon present in litter into the nitrog
in soil. When carbon and nitrogen are spatially
separated, such as in forest soils with litter |ayers
fungal hyphae are capable of bridging the gap between
the soil N and the litter C resulting, at least in
part, in the dom nance of fungi in forest systens.
Wien the soil is plowed, this spatial separation is
lost. Wien C and N are in close proxinmty, bacteria
with enzynes with greater'affinity for nost substrate
than fungi, can outgrow nost fungi, resulting in

bact eri al -dom nated soils. Each tinme the soil is

pl owed, a pulse of rapid deconposition of soil C and
occurs, and bacterial dom nance becones greater. At
some equilibrium point, depending on the original sto
of Cand N, the annual inputs of organic matfer and t
periodicity of plowing, the stores of soil C and N wi
be cone depleted. As this happens, both bacterial an
fungal bi omass begin to decline. Bacteria and fundg
are in large part responsible for formation of micro-
and nmacro-aggregates and as the mcrobes are lost, so
will not be held against erosional processes. gjj|
pore structure is lost, and root penetration of the
soil will decline. Since bacteria and fungi are
responsi ble for nost of the incorporation of plant
litter material into soil organic matter, especially
these eastside soils with few earthworns, nutrient
retention in the soil wll decline as well. As has
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GRAZI NG
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been clearly shown in studies in the Geat Plains of
the US, even with chemcal fertilizer inputs, soi
nutrients are eventually mned from the soil and not
replaced (Cole et al. 1983) as soil foodweb diversity
and mcrobial biomass is lost (More et al. 1992).

All vegetation is grazed to sone degree and nost plants
are adapted, to greater or |lesser extent, to herbivory.
Plants, and indeed nost |ikely ecosystens, which have
evolved with large ungulate grazing herds (e.qg.

buffal o) are adapted to thrive in the face of grazing
pressure. Ecosystens not adapted to |arge grazing
herds are nore fragile with respect to grazing as a

di st ur bance. Exi sting undisturbed grasslands in
eastern Oregon and Washi ngton have extensive

_cryptobiotic crusts. Further east, in Idaho and

Yel | onst one National Park, less of the soil surface in
grasslands is covered by crusts. In addition, the
native grass species indicate greater adaptation to
grazing as a normal part of the ecosystem

GRASSLAND ECCSYSTEM Eastern Oregon crust-dependant grasslands are

fragile with respect to grazing, based on
work being perfornmed in the National Parks ir
Utah (Canyonl ands, Needles, Arches) by

Bel nap, et al. (1994). Destruction of crust
conmunities, especially since the only N-
fixing species occur in the crusts,

ultimately lead to soil and ecosystem

degr adat i on. The response of such ecosystens
to grazing intensity appears to be related tc
crust destruction. The greater the |oss of
crust, the greater the loss of native
species, the greater the Iikelihood of _
cheatgrass, shrub or other non-native specie:
i nvasi on.

The situation in ldaho and Yell owstone Nationa
Park may be quite different, nore simlar to
shortgrass prairie responses wth respect to
grazing. Wile cryptobiotic crusts occur in
the shortgrass prairie, other N-fixing plant
species occur in these systens. Wen a planf
is grazed, there is an short-term pul se of
| abil e exudates into the rhizosphere, as
evidenced by an increase in bacteria
activity. Wthin a day, however, root
exudation is reduced, and mcrobial activity
is decreased while the plant shunts nore of
it's resources to shoot production. If a
previously grazed plant is again grazed, the
response is not a great as in a previously
ungrazed plant. Some evidence exists that
these pul ses of exudation cause a shift in
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8. COVPACTI ON
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bacterial community structure around the
roots, which then influences nycorrhiza

col oni zat i on. As plant bionmass is depleted
by grazing and as soil is conpacted wth
overgrazing, soil mcrobial bionmass is
depleted, with all the concomtant effects
outlined under the section on plow ng.

Very little work has been perfornmed in
riparian areas with respect to grazing and

bacterial/fungal responses. Crust formatio
woul d be nore inportant in holding soil in
pl ace and preventing erosion during periodi

wet peri ods.
Effects on the soil organisns has not been

st udi ed.

No information on grazing as a disturbance
eastside forests was found.
Unknown

In general, conpaction reduces the size of

pores within the soil, decreasing the amount of

air capable of noving into, or carbon dioxide
movi ng out of the soil. In addition, the abilit
of soil organisns to grow into the soil, to find

GRASSLAND ECOSYSTEM

SWALE

FORESTED WATERSHED

soil nutrients and for water.to penetrate into t
soil profile are reduced as conpaction increases
The greatest effect is often seen on the
popul ati ons of bacterial and fungal predators.
Singl e conpaction events, such as occur in off-
road vehicle use, or in clearcutting, nmay result
in an epheneral reduction in bacterial or fungal
activity or biomass, but may not conpact the soi
to the extent that continued reductions in
bacterial or fungal growmh are seen. However ,
conpaction is great enough to prevent novenent o
the predators of bacteria and fungi into the soi
long-term effects on deconposition and nutrient
cycling processes are likely since N

m neralization and stinmulation of mcrobial grow
will be reduced.

Current know edge indicates mcrobial responses
conpaction is simlar in both grasslands and
forests.

Very little work has been perfornmed in riparian
areas with respect to bacterial/fungal responses

See above.
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9. AR POLLUTI ON

QZONE Studies with ozone indicate that soil organisnms
are affected indirectly by atnospheric gas
conposition as nediated by plant (wheat)
responses. OQzone inpacts carbon allocation to
roots, and thereby negatively inpacts nycorrhizal
coloni zation of the root system wth long-term
effects on that plant's ability to conpete for
nutrients (Fitzpatrick and Ingham in prep).
I ncreases in ozone concentrations have been
docunented around every city, which suggests that
these effects occur even around cities of the size
of LaGrande OR, Jackson Hole, W, for exanple.
St udi es have not been published on the ozone
impacts on forest plants, although simlar effects
on ectonycorrhizal fungi would be expected.

Key Environnmental Correl ates
1. Tenperature

Cont i nuous
Unit of Measure: degrees C
M ni mum 10-15 C
Maxi mum 45 C
Appl i es seasonally? Yes o '
Wi ch seasons? As tenperatures drop, the activity of these organisns
decrease, often producing spores to tenporally escape the stress of |ow, o:
hi gh tenperature. Metabolic activity usually has a Q, relation.
Theme narme:
Attribute:

2. Oganic nmatter

Cont i nuous
Unit of Measure: Amount and quality of carbon and nitrogen present
M nimum None present; or low quality (high CN)
Maxi rum depends on aeration.
Appl i es seasonally? Yes
Whi ch seasons? Oganic matter is the food resource for fungi, and thus th
guality of that organic matter, which varies seasonally, strongly
i nfluences the fungal conmunity structure, biomass and activity.
Thenme nane:
Attribute:

3. Soil noisture

Conti nuous '
Unit of Measure: Percent noisture, or grans water per gram of soil
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Mnimum 0.95 g water per gram soi
Maxi mum 0.50 g water per gram soil (estinmate)

Appl i es seasonal ly? Yes
Whi ch seasons? Misture is critical in the spring. Soil generally dries i

the summer, which can stinulate spore formation
Thenme nane:
Attribute:

Key Ecol ogi cal Functions
1. Deconposition of internediate and recalcitrant C N substrates
2. Nretention in soil
3. Substrate for nematode predators

4. Source of N for mineralization; nost plant available N nmust cycle
through the fungal biomass is forest soils.

Key Assunptions

Soi |l conditions nust be appropriate for saprophytic fungi to grow and
performtheir functions. Because there are many, many species of fungi
present in soil, the argunent is that because there are nany fungi that
performthe sane or highly simlar functions, there is little worry about
depleting this functional group. However, the principle of Conpetitive
Excl usion says that no two species occupy exactly the same niche or perfor
exactly the same function in an ecosystem  Therefore,. each species of
saprophytic fungus occupies a unique niche, and if enough species are
deleted from an ecosystem some critical function will be lost. Crjtical
functions perforned by these fungi are deconposition of all types of
organic material in various conditions.

Controlling factors for saprophytic fungal function are predator grazing,

by nenatodes and arthropods’ root exudate production, litter and wood
production,, soil structure, and abiotic factors, such as tenperature and
noi st ure. Once these fungi are deleted from a system they nust be spread

from existing sources by mcroarthropods, snmall mammals, and birds.

Key Unknowns and Mbnitoring or Research Needs

Research is required to determ ne species required in different abiotic
conditions, wth different vegetation types and in different soil types.
Rapi d deconposition rates in forest systens rely on the presence of
saprophytic fungi. Deconposition by fungi can be slowed to extremely | ow
levels "if arthropod grazing is extrenely high, this reducing nutrient
cycling once deconposition is slowed.

[jsturbance af fects saprophytic fungi. Intense fire depletes fungal
bi omass, drought reduces their activity, pesticide applications can reduce
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the| r b| oness and acti vi ty' and pl 0\M ng will increase- bac’}:erigl
conpetition, reducing fungal bi omass. Speed of re-colonization from
out si de sources once |local extinction has occurred is not known.

Di sper sal

Di spersal node: Phoretic on arthropods, snall nmammals, birds, commerci al
i nocul ati on.

Requirenents for dispersal: Presence of bacterium in undisturbed soil,

feeding by dispersal agent, dispersal agent capable of noving from inocul um
source to site where local extinction occurred.

Degree of Confidence in Know edge of Species

Vari abl e
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R [|ngham

Speci es or Species Goup: Bacteria:
Beneficial bacteria in the rhizosphere of |egum nous plants:

Rhi zobi um

Ceographic Area and/or Habitat Type:
Habitat: Nodules in root systens of |egunes

Rangel and structural stages:
open herbland, closed herbland, open |ow nmedium shrub, closed |ow medi um

shrub, open tall shrub, closed tall shrub single stratum closed tall
shrub, multi-strata.

Forested habitat forns:
Stand initiation, stem exclusion open canopy, stem exclusion closed canopy
understory reinitiation' young forest nultistrata, old forest multistrata

Specific vegetation types within each habitat formif known:
Early forest stages, grasslands' agricultural fields with |egunes such as
Trifolium Lupine, Trefoil, A falfa, Bean

Specific soil types if known: All

El evation, aspects,’ slopes: Al. Reduced populations in places where hos
pl ant species have not existed recently.

Di sturbances: Changes in plant species, soil noisture, tenperature (freeze
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowng, fertilization, road
effects.. Wrk by Einarsson et al. (1991) shows that these bacteria are
required for establishnment of |upine on nutrient-poor, eroded, sandy soils
In the first year, 56% of the first year plants survived, and were
successful | y nodul at ed.

Representati ve Species: Rhi zobi um nel liotii

Key Environnmental Correlates

1. Legune presence

Cat egori cal

Suitable Categories: Plant species present

Applies seasonally? Yes

Whi ch seasons? Greater nunbers of organism present in soil in "the spring,
.summer. Bacteria nust be present in the spring to colonize plant roots.
Legunes conpete poorly with other plants if bacteriumis not present.
Thene nane: ‘Attribute:
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2. Soil noisture

Cont i nuous '
Unit of Measure: Percent noisture, or granms water per gram of soil

Mnimum 0.05 g water per gram soil

Maxi mum 0.50 g water per gram soil (estinate)
Applies seasonally? Yes ' . )
Wi ch seasons? Misture is critical in the spring. Soil generally dries i
the sunmer, and the bacterium beconmes senescent.
Thene nane: Attribute:

3. .Temperature

Cont i nuous
Unit of Measure: Degrees C
Mnimm O C (survives), requires 15 to 35 C for activity
Maxi mum 40-45 C
Appl i es seasonally? Yes
Wi ch seasons? Metabolic activity generally a Q, relation. As tenperature
increases, activity increases up to a threshold |evel where the organism i
Killed.
Theme nane: Attribute:

4. Available N

Cont i nuous

Unit of Measure: Inorganic N pool s/concentrations, mneralizable N
M ni rum unknown
Maximum 20 to 50 ug total inorganic N per gram soil

Applies seasonally? Yes

Whi ch seasons? Spring, sumrer

Thenme nane: Attribute:

Key Ecol ogi cal Functions
1. Ntrogen fixation; if soil Nis low and the plant requires N-fixing.
bacteria, especially specific species of Nfixing bacteria, the plant wll
not survive without the appropriate bacteria present. Therefore, plant
speci es conposition can be strongly affected by presencel/ absence of
specific species of bacteria.
2. N retention in soil
3. Substrate for protozoan predators
4. Substrate for nematode predators

5. Source of N for mneralization




Page 3 of 3
Key Assunptions

Soil conditions nust be appropriate for these N-fixing bacteria to coloni
pl ants. Nunbers are 'controlled by predators, such as protozoa and

nemat odes' by root presence, soil structure, and abiotic factors, such as
t enperature and noi sture. Once these N-fixing bacteria are depleted from
system they nust be spread from existing sources by mcroarthropods, sm
mammal s, birds, and perhaps by human inoculation from comercial sources.

Work by Ei narsson et al. (1991} shows that these bacteria are required fo
establishment of |upine on nutrient-poor, eroded, sandy soils. In the
first year, 56% of the first year plants survived, and were successfully
nodul at ed.

Key Unknowns and Mnitoring or Research Needs

Research required to determ ne species required in different abiotic
conditions, wth different vegetation types and in different soil types.
Sorme plants require specific species of Rhizobium or related genera of N
fixers in order survive, to conpete with non-native plants, or weedy
species of plants. Wthout the appropriate species present, the plants
wi Il not survive, may not set seed nmay not conpete well wth other
species, or nmay be susceptible to pathogen attack.

I npacts of various disturbance reginmes on native N-fixing bacteria such a
fire, drought, pesticide applications, are not known. Ef f ecti veness of
commerci al Rhi zobium strains for Nfixation with native |egunmes such as
trefoils, is unknown. Rapidity of re-colonization from outside sources
once |l ocal extinction has occurred is unknown.

D sper sal

D spersal node: Phoretic on arthropods, small mammals, birds, conmerci al
i nocul ati on.

Requi rements for dispersal: Presence of bacterium in undisturbed soil,
feeding by dispersal agent, dispersal agent capable of noving from inocul
source to site where local extinction occurred.

Degree of Confidence in Know edge of Species

Reasonably H gh for some species, non-existent for others

Ref er ences

Ei narsson, S., @udnundsson, J., SverrissQn H., Kristdansson, J.K and
Runolfsson, S. 1993.  Production of Rhizobium inoculants for Lupinus
noot katensis on nutrient-supplenmented pum ce. Appl . Env. Microbiol. 59:
3666- 3668.
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COLUMBI A RI VER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R Ingham

Speci es or Species G oup: Beneficial bacteria
Cyanobacteria/cryptobiotic crust comunities

Ceographic Area and/or Habitat Type:
Biotic crusts on the surface of soil in open canopy areas w thout
hi storical use by grazing herds.

Rangel and structural stages: open herbland, open |ow nedium shrub, open
tall shrub.

Forested habitat forms: Stand initiation, stem exclusion open canopy.
Specific vegetation types within each habitat form {f known: Al rangeland

open canopy stages of xeric forests, especially juniper and Ponderosa pine
in the Col unbia Basin.

Specific soil types if known: Sandy, sandy |oans, |ight clay-Ioans

El evati on' aspects, sl opes: These organisns are extrenely inportant in
stabilizing slopes and preventing erosion.

Di sturbances: Conpaction, grazing, available N, fire intensity and
periodicity, grazing, plowing, fertilization, road effects, air pollution.

Representative Species: Mcrocoleus

Key Environnental Correlates

1. Grazing - an inportant negative correlation occurs Detween the existence
of biotic crusts and grazing herds, especially in desert systenms where few
or no native Nfixing plants occur and the only source of Nfixation is

t hrough these cryptobiotic crust organisns.

Cat egori cal

Suitable Categories: Intensity and periodicity of grazing events

Applies seasonally? Yes:

Whi ch seasons? There is less inpact on crusts in the winter when the soil
is frozen and conpaction/tranpling is less |ikely.

Thene nane: Attribute:
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2. Soil noisture
Cont i nuous
Unit of Measure: Percent noisture, or grans water per gram of soil
Mnimum 0.05 g water per gram soil (depends on species)
Maxi mum 0.50 g water per gram soil (estinate)
Appl i es seasonally? Yes
Wi ch seasons? Biotic crust organisns are adapted to highly zeric
conditions, and the noisture in early norning and evening dew can be
adequate for allowing N-fixation to occur. Misture in the spring is
critical for crust initiation and spread.
Thenme nane:
Attribute:

3. Tenperature
Cont i nuous
Unit of Measure: Degrees C
Mnimum O C (warming in winter of the dark-colored crust
generally raises the crust tenperature above freezing'
allowing fixation to continue even in the winter.)
Maxi mum 55 C (extrenely high tenperatures trigger dornant cel
formation)
Applies seasonally? Y e s
Whi ch seasons? Metabolic activity is generally a Q, relation. As
tenperature increases, activity increases up to a threshold |evel where t
organismis kill ed. These organi sns have resistant stages that tolerate
extrenely high tenperatures.

The dark color of the crusts results in solar heating, such that
tenperatures will rise above freezing in the crusts, allow ng nitrogen
fixation to occur, even when the rest of the soil is frozen. Si nce wat er
Will not be limted in winter, the greatest rates of N-fixation are |ikel
during these tine periods. N trogen-fixation nost likely does not occur
the sumer when drought and tenperature limts organi sm function. Howeve
cool nornings and evenings' with dew, npay allow periodic N-fixation to

occur. In many of the rangeland systens of the Colunbia Basin, no other
nitrogen-fixers exist.
Theme nane: Attribute:

4. Available N
Cont i nuous
Unit of Measure: Inorganic N pools/concentrations, mneralizable N
M ni mum unknown
Maxi mum 20 to 50 ug total inorganic N per gram soil (estinate)
Applies seasonally? Unknown
Whi ch seasons? Fertilization seens to detrinentally inpact crust formatio
and survi val
Theme narre: Attribute:
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Key Ecol ogi cal Functions

1. Nitrogen fixation; may be the only source of new N in nost xeric
ecosyst ens.

2. Stabilization of soil by Mcrocoleus, prevention of erosion
3. Nretention in soil
4. Substrate for protozoa and nematode predators

5. Source of N for mneralization, plant available N

Key Assunptions

In systens where large herds of grazing animals did not historically exist,
such as the Colunbia Basin, the Internountain Wst, and the desert

Sout hwest, soil nitrogen has been nmaintained by the presence of biotic
crusts. Conpaction and trampling (i.e., grazing herds) destroys these
crusts, and thus leads to ecosystem degradation and' appears to directly
lead to the eventual conversion of the vegetation to woody desert shrubs.
There is work being perfornmed in Africa that indicates the |oss of
cryptobiotic crusts was the critical factor in desertification.

There is a significant difference between mineral crusts which form as the
result of rain-splash on unprotected soil, oOr salt-crusts in high saline

soils. M neral crusts need to be broken to allow water infiltration. But
m neral crusts can form only after biotic crusts have been destroyed. It

is the loss of the biotic crust, wWith the loss of N fixation in the

ecosystem that |eads to degradation.

Biotic crusts consists of three nmjor conponents: Cyanobacteria, such as
M crocoleus, lichens, and predators such as protozoa and nenatodes, which
mneralize the N fixed by the bacteria and lichens. The first stage in
crust establishnent is the stabilization of soil by strands of

cyanobacteria. Once the soil is stabilized, packing of the cyanobacteria
into filaments is critical to initiate anaerobic conditions which allow fo
N-fixation to occur. Li chen colonization and growth results in the bunpy
appear ance of nost cryptobiotic crusts. Increased water filtration occurs
once lichen growh alters the texture of the soil surface (bunpy
appearance), and nore noisture will be held by colonized soil than by soil
not colonized by biotic crust. The dark color of the surface allows

periods of activity during the long w nter nonths, when noisture and
sunlight is avail able.

Any disturbance of the crust destroys first, the water-holding and water-
infiltration capacity of the crust. Geater disturbance destroys the
packi ng of the cyanobacterial filanents, destroying the. ability of the
crust to fix N, and finally, even the cyanobacterial strands thenselves
will be destroyed |eading to massive erosion problens.
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N becones available to plants once the cyanobacterial strands and
filaments' and |lichens are eaten by predators. The crust is eaten by deer
elk, birds, small mamals, and even coyotes or wol ves. The fixed N is the
rel eased through fecal deposition. The cyanobacterial conponent is also
eaten protozoa and nematodes, and through release of amonium followed by
nitrification, the fixed N becones available to plants.

Soil conditions must be appropriate for these N-fixing bacteria to coloniz
soi | . Crust bacterial nunbers are controlled by predators, such as
protozoa and nematodes, by root presence, soil structure, and abiotic
factors, such as tenperature and noi sture. Once these N-fixing bacteria
are depleted froma system they nust be spread from existing sources by
m croarthropods, small manmmals, birds, and perhaps by human inocul ation
from conmerci al sour ces.

Key Unknowns and Mbonitoring or Research Needs

Research is required to determ ne species required in different abiotic
conditions, wth different vegetation types and in different soil types.
Sonme species of cyanobacteria or lichen may only be able to col onize
specific soil types, although little data is available at this tine. For
desert systens to aggrade, N-fixation nust occur and thus destruction of
biotic crusts results in degradation of these ecosystens. For range
grasses to survive, biotic crusts nmust flourish. Wthout crusts, the
existing plant species will not survive, may not set seed, will not conpet
W th cheatgrass, and will be susceptible to pathogen attack.

| npacts of various disturbance on biotic crust organisnms such as fire,
drought, pesticide applications, have 'not been studi ed. Speed of re-
col oni zation from outside sources once |local extinction hasoccurred may

t ake decades.

Di sper sal
Di spersal node: Phoretic on arthropods, small manmals, birds.
Requirenents for dispersal: Presence of the bacteria and lichens in
undi sturbed soil, feeding by dispersal agent, dispersal agent capable of
novi ng from inoculum source to site where |ocal extinction occurred.
Degree of Confidence in Know edge of Species

Low
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COLUMBI A RIVER BASIN ~ PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R [|ngham

Species or Species Goup: Conpetitive bacteria
Bacillus

Geographic Area and/or Habitat Type: Different species of this'genus occur
in particular habitats.

Rangel and structural stages

open herbland, closed herbland, open |ow medium shrub, closed |ow nmedium
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, multi-strata.

Forested habitat forns

Stand initiation, stem exclusion open canopy, stem exclusion closed canopy
understory reinitiation, young forest nmultistrata, old forest nultistrata,
old forest single stratum snags, downed | ogs

Specific vegetation types within each habitat formif known:

- Thernophilic species occur in hot springs, and around thermal vents and
often keep the water clear by renoving toxic or noxious conpounds, and:
prevent organic matter build-up by conpeting wi th photosynthetic species
that occupy this niche and clog such areas with organic mtter

- Other species nmay be unique to forest habitats, riparian habitats
wet | ands, grasslands, shrubs and agricultural areas, but so little work ha:
been done that the specificity of these associations and their inportance

i s not under stood.

- Beneficial species are known, for exanple Bacillus thurenaiensis produce:
a toxin which kills gypsy moth larvae. Undoubtedly nore biocontrol specie?
occur in this genus, but without further study, these associations will not
be di scover ed.

- A Bacillus has been reported which is antagonistic to a nunber of root
rots caused by fungi.

Specific soil types if known: Al soil types
El evation' aspects, slopes: No restrictions known

Representative Species: Thernmophilic - Bacillus thermoohilus
Beneficial - Bacillus thurensiensis
Di sturbances: soil noisture, tenperature (freeze-thaw), available N,

season, disturbance such as fire intensity and periodicity, grazing,
control of insect pests, drought, plowing, fertilization, road effects.
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C

M nimum 10-15 C (depends on sgeci es) )

Maxi mum Thernophiles - above 80 C, beneficials - 45 C
Appl i es seasonal ly? Yes |
Wi ch seasons? Metabolic activity usually has a Qp relation. Wien stressec
by high or |ow tenperatures, thése organisns produce spores. Thernophiles
function at high tenperatures, usually by protecting their enzyme systens
from denaturation at high tenperature.
Theme nane:
Attribute:

2. Oganic matter
Cont i nuous
Unit of Measure: Amount and quality of carbon and nitrogen
present

Mnimum None present; or low quality (high CN)

Maxi mum depends on aerati on.
Appl i es seasonal ly? Yes
Whi ch seasons? Inputs of organic matter usually occur with litterfall and
these bacteria respond to increased substrate availability.
Theme nane:
Attribute:

3. Presence of host plant

Cat egori cal

Suitable Categories: Plant species present

Appl i es seasonal ly? Yes

Whi ch seasons? Bacterial density follows a seasonal cycle of generally
greater nunbers in soil in the spring, decreasing in the hot.. dry summer,
especially in agricultural and grassland ecosystens. Beneficial® bacteria
protect root systens from pathogenic varieties of bacteria, fungi,
protozoa, nematodes and arthropods.

Theme nane:

Attribute:

4. Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or g water per gram of soil
Mnimum 0.05 g water per gram soil (depends on species)
Maxi mum 0.50 g water per gram soil (estinate)

Appl i es seasonally? Yes

Wi ch seasons? Moisture is critical in the spring. Soil generally dries i
the sumrer, and bacilli produce resistant spores.

Theme nane:

Attribute:
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Key Ecol ogi cal Functions
1. Deconposition of labile and internediate labile C N substrates
2. Nretention in soi
3. Substrate for protozoan predators
4.  Substrate for nematode predators

5. Source of N for mneralization

Key Assunptions

Sonme plants require specific species of Bacillus or related genera in orde.
survive, to conpete with non-native plants, or weedy species of plants.
Wthout the appropriate species present, the plants will not survive, nay
not set seed, may not conpete well with other species, or may be
suscepti bl e to pathogen attack.

Soil conditions nust be appropriate for toxin-producing, biocontro

bacteria to express their function. Nunbers of the bacteria, which requir
sonme level of stress to produce the toxin, are controlled by predators,
such as protozoa and nematodes, by root exudate production, soil structure
and abiotic factors, such as tenperature and noisture. Once these bacteri:
are depleted froma system they nust be spread from existing sources by

m croart hropods, small nmanmal s, "and birds. Bacillus thurenaiensis (Bt) ca
be introduced by human inocul ation of conmercral cultures.

Key Unknowns and Monitoring or Research Needs

Research required to determine species required in different abiotic
conditions, with different vegetation types and in different soil types.
Rapi d deconposition rates in sone systens may rely on the presence of
Bacillus, either to utilize sone forns of plant material, or to provide a
control for arthropod feeding of the decomposer popul ations. Decompositior
can be slowed to extrenely low levels if arthropod grazing is extrenely
high, this reducing nutrient cycling once deconposition is slowed.

| npacts of various disturbance reginmes on these bacteria such as fire,
drought, pesticide applications, are not well studied. Speed of re-
col oni zation from outside sources once |ocal extinction has occurred is not

k n o wn
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Di sper sal

D spersal node: Phoretic on arthropods, small mammals, birds, commerci al
i nocul ati on.

Requirements for dispersal: Presence of bacterium in undisturbed soil,
feedi ng by dispersal agent, dispersal agent capable of noving from inocul um
source to site where local extinction occurred.

Degree of Confidence in Know edge of Speci es.

H gh for sone species,low for others

Ref er ences

Col eman, D.C., 1985. Through a ped darkly: An ecol ogi cal assessnent of
root-soil-mcrobial-faunal interactions. In: A H Fitter, D Atkinson,
D.J. Read, and MB. Usher (Editors),. Ecological Interactions in Soil.

Bl ackwel | Scientific Publications, Canbridge, U K pp. 1-21.

Dindal, D 1990. Soil Biology Guide. John Wley and Sons. 1349 pp.

Hlbert, DD W, Swift, D. M., Detling J. K and Dyer., M I, (1981) .
Rel ative growh rates and the grazing optim zation hypothesis. Cecol osi a.
51: 14-18.

Ingham E.R and D.C. Col eman. 1984. Ef fects of streptomycin,
cycl ohexi m de, fungizone, captan, carbofuran, cygon, and PCNB on soil
m crobe. popul ations and nutrient cycling. Microbial Ecol. 10:345-358.

Ingham E R, J.A. Trofynow, RN Ames, HW Hunt, CR Mrley, J.C. More,
and D.C. Col eman. 1986a. Trophic interactions and nitrogen cycling in a
semarid grassland soil. Part I. Seasonal dynamics of the soil foodweb.
J. Appl. Ecol. 23:608-615.

I ngham E.R., J.A Trofynow, RN Ames, H W Hunt, C.R. Morley, J.C. More,
and D.C. Col enan. 1986b. Trophic interactions and nitrogen cycling in a
semarid grassland soil. Part Il. System responses to renoval of different
groups of soil mcrobes or fauna. J. Appl. Ecol. 23:615-630.

Ingham E.R, D.C. Colenman, and J.C More. 1989, An analysis of food-web
structure and function in a shortgrass prairie, a nountain neadow, and a

lodgepole. pine forest. Biol. Fert. Soils 8:29-37.

Ingham E. R WG Thies, D. L. Luoma, A R Mldenke and M A castellano.
1991. Bi oresponse of non-target organisns resulting from the use of
chloropicrin to control lamnated root rot in a Northwest conifer forest:
Part 2. Evaluation of bioresponses. pp. 85-90. I N UsepA Conference



Page 5 of 5

Pr oceedi ngs. Pesticides in Natural Systens: Can Their Effects Be
Moni tored? USEPA Region 10, Seattle, WA

Ingham R E, J.A Trofynow, E.R Ingham and D.C. Colenan. 1985
Interactions of bacteria, fungi, and their nematode grazers: Effects on

nutrient cycling and plant growh. Ecol. Monogr. 55:119-140.

Ki | ham K 1994. Soi|l Ecology. Canbridge University Press, Canbridge,
Uu- K.

Kui kman, P.J., Van Elsas, J.D., A G Jassen, S.L.GE Burgers and J.A. Van
Veen. 1990. Popul ati on dynam cs and activity of bacteria and protozoa in
relation to their spatial distribution in soil. Soil Biol. Biochem
22:1063-1073.

Paul, E.A and Cark F.E. 1990. Soil Mcrobiology and Biochem stry.
Academi c Press, Inc. San D ego, CA 273 pp.

Zak, J. and W G Witford. 1988. I nteractions anong soil biota in desert
ecosyst ens. Agric. Ecosystens Environ 24:87-100.



Page 1 of 4
COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panelist Name:  ayne R | ngham
Species or Species G oup: Conpetitive bacteria in the rhizosphere:
Pseudononas

Geographic Area and/or Babitat Type:

Rangel and structural stages:
open herbland, closed herbland, open |ow nedium shrub, closed |ow nediun

shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, multi-strata.

Forested habitat forns:

Stand initiation, stem exclusion open canopy, stem exclusion closed canc
.understory reinitiation, young forest multistrata, old forest multistrat
old forest single stratum snags, downed | ogs

Specific vegetation types within each habitat formif known: Pseudonone
are found in the root systens of all plants. Associ ati ons bet ween sub-
speci es of Pseudonpbnas and specific plant species are being researched.
Sonme species are beneficial for the host plant, 'and conpete w th pathoge
speci es. O her pseudononad species are pathogens.

Specific soil types if known: Some general i st species apparently occur
across all soil types and all ecosystens,' while npst species have specif
pl ant or organic nmatter associations.

El evation, aspects, slopes: Al

Di sturbances: changes in plant species, soil noisture, tenperature (free
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowing, fertilization, roa
effects, air pollution.

Rhi zobacteria have the potential to suppress plant growh, according to
wor k perfornmed by Kennedy et al. (1991). O nore than 1000 pseudononad
isolates fromroots of wheat and downy brome, 81 inhibited downy brone
while not affecting wheat. Three isolates chosen for field studies, two
reduced plant popul ations of downy brone by reducing aboveground Pl ant
production by 31 and 53% of that seen in controls. Weat production was
i ncreased by 18 and 35% because of the suppression of downy brone. Thes
types of results clearly show that understanding the bacterial compositi
of the soil is inportant in order to understand the effect on plant

community conposition

Representati ve Speci es: Beneficial species
Pseudononas fluorescens Pseudononas aeruginosa

Pat hogeni ¢ speci es _
Pseudonbnas ceoaci a Pseudonbnas __svri nsae
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Key Environmental correlates
1. Presence of host plant

Cat egori cal

Suitable Categories: Plant species present

Applies seasonally? Yes

Whi ch seasons? Bacterial density follows a seasonal cycle of generally
greater nunbers in soil in the spring, decreasing in the hot, dry sumer,
especially in agricultural and grasslands. Beneficial bacteria “protect
root systems from pathogenic varieties of bacteria, fungi, protozoa,
nemat odes and art hropods.

Theme narme: Attribute:

2. Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or grans water per gram of soil
Mnimum 0.05 g water per gram soil (depends on species)
Maxi rum 0.50 g water per gram soil (estinate)

Applies seasonally? Yes

Whi ch seasons? Moisture is critical in the spring. Soil generally dries
the summer, and the bacterium becones senescent.
Thene nane: Attribute:

3. Tenperature

Cont i nuous
Unit of Measure: Degrees C
Mnimum O C (species dependent)
Maxi mum 40-45 C (depends on speci es)
Applies seasonally? Yes
Wi ch seasons? Metabolic activity generally a Qqrelation. AS tenperatur
increases,. activity increases up to a threshold |evel death occurs.
Thene nane: Attribute:

Key Ecol ogi cal Functions
1. Some species are beneficial for plants because they conpete V\nt(h r oot
pat hogens; other species attack roots and cause disease.
Kennedy et al. (1991) shows that ﬁl ant species conposition is often
affected, if not controlled, rhi zosphere bacterial conposltlon.
2. N retention in soil
3. Substrate for protozoan predators

4. Substrate for nenmatode predators
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5. Source of N for mneralization

Key Assunptions

Soil conditions nust be appropriate for these bacteria to colonize -plants
Nunbers are controlled by predators, such as protozoa and nenmatodes, by
root presence, soil structure, and abiotic factors, such as tenperature a
noi sture. Once these bacteria are depleted from a system they nust be
spread from existing sources by mcroarthropods, small mammals, birds, an
per haps by human i nocul ation from comercial sources.

Key Unknowns and Mbnitoring or Research Needs

Research is required to determ ne which species of bacteria are beneficia
for which species of plants, and which perform best in different abiotic
conditions and different soil types. Some plants require specific specie
of Pseudononas in order to conpete with root pathogens. Kennedv et al.
(1991) perfornmed a field study in which manipul ati on of rhizosphere
bacteria clearly affected plant species conposition. \Wthout the
appropriate beneficial species present, the host plant WI| not survive,
may not set seed, nmy not conpete well with other species, or may be
suscepti bl e to pathogen attack.

D seases of crop plants which are caused by pseudonpbnads are nmuch better
researched than other pseudononads.

Di sper sal

DiSpelrsa_l node: Phoretic on arthropods, small manmmals, birds, comercial
i nocul ati on.

Requi renents for dispersal: presence of bacterium in undisturbed soil,

feeding by dispersal agent, dispersal agent capable of noving from inocul
source to site where |ocal extinction occurred.

Degree of Confidence in Know edge of Species

H gh for some speciesnon-existent for others

Ref er ences
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORMVATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R [|ngham
Species or Species Goup: Bacteria: Ninmobilizers
Geographic Area and/ or Habitat Type:

Rangel and structural stages:

open herbland, closed herbland, open |ow nedium shrub, closed |ow medium
shrub, open tall shrub, closed tall shrub single stratum closed tall
shrub, multi-strata.

Forested habitat forns:

Stand initiation, stem exclusion open canopy, stem exclusion closed canoj
understory reinitiation, young forest nultistrata, old forest multistrat:
old forest single stratum snags, downed | ogs

Specific vegetation types wthin each habitat formif known: .
Each ecosystem has a particular community of bacteria present in the soi.
An inportant conponent of this bacterial comunity are the bacteria that-
imobilize nutrients and retain N in the surface layers of the soil
Particul ar species conposition of bacteria in any soil type, vegetation,
hydrol ogy, or climatic conditions are not known. Wth further study, tht
conpositions can be assessed, hel ping inprove managenent recommendations
for the maintenance of systens with particular types of productivity and

veget ati on type.

Specific soil types if known: All

El evation, aspects, slopes; Al

Di sturbances: changes in plant species, soil nmoisture, tenperature (free:
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowing, fertilization, roac
effects, air pollution.

Representative Species: Kl ebsiella olanticola
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"Key Environnmental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C
M nimum 10-15 C (depends on species)
Maxi mum 45 ¢
Appl i es seasonal ly? Yes .
Whi ch seasons? Metabolic activity usually has a Qp relation. Wth stress,

t hese bacteria produce resistant-stages and spores ,
Thene nane: Attribute:'.

2. Oganic matter
Cont i nuous
Unit of Measure: Amount and quality of carbon and nitrogen present
M ni mum None present; or low quality (high C:N)
Maxi mum depends on aerati on.
Appl i es seasonal ly? Yes
Whi ch seasons? Anmount and quality of substrate inputs from plant litter
(fall), and from root exudates (year round) is an inportant factor
i nfluencing bacterial activity. .
Thene nane: Attri bute:

3. Presence of host plants

Cat egori cal

Suitable Categories: Plant species present

Appl i es seasonally? Yes

Whi ch seasons? Bacterial density follows a seasonal cycle of generally

greater nunbers in soil in the spring, decreasing in the h t,.dlry sunmer.,
especially in agricultural and grassland ecosystens. eneficial ° bacteria
protect root systens from pathogenic varieties of bacteria,. fungi,
protozoa, nenmatodes and arthropods. It is critical that beneficial
bacteria not be depleted by human managenent, .

Thene nane: Attri bute:

4. Soil noisture
Cont i nuous
Unit of Measure: Percent noisture or grans water per gram of soil
Mnimum 0.05 g water per gram soil (approximte)
Maxi mum 0.50 g water per gram soil (estinmate)
Appl i es seasonally? Yes . _
Wi ch seasons? Misture is critical in the spring. Soil generally dries
the summer, and the bacterium produces resistant spores.
Thene name: Attribute:
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Key Ecol ogical Functions

1. Deconposition of labile and internediate labile C N substrates

N

2. Nretention in soi
3. Substrate for protozoan predators
4. Substrate for nenmatode predators

5. Source of N for mneralization

Key Assunptions

N-immobi lizing bacteria are critically inportant in retaining N in the
surface layers of all soil. Wthout bacteria to retain inorganic N in tt
soil, much nore N would be lost to the groundwater and through erosion
These bacteria are then consumed by bacterial predators, and the N
imobilized in their bionmass is released through mneralization processes
This mneralized N can make up between 40 and 90% of the N required by

pl ants for grow h..

Soil conditions rmust be appropriate for bacterial growh to allow

i mobi |'i zation to occur. Nunbers of the bacteria are controlled by
predators, such as protozoa and nematodes, by root exudate production, SC
structure, and abiotic factors, such as tenperature and noisture. Once
bacteria are depleted froma system they nust be spread from existing
sources by mcroarthropods, small nmanmal §, and birds.

Key Unknowns and Monitoring or Research Needs

I npacts of various disturbance regines on imobilizing bacteria are poorl
known. Ef fectiveness of commercial strains to increase N immobilization
has never been attenpted. Rapidity of re-colonization from outside sourc
for each species once local extinction has occurred is unknown.

Research is required to deternine the species conposition of N-inmobilize
in different abiotic conditions, vegetation types and soil types. Rapi d
imobi | ization rates in some systens may require conpletely different set
of bacterial species to be present, because substrates present in conifer
versus al der systens s so conpletelr different. |Immobilization can be
al nrost conpletely lost -if-the ‘i1mmobilizing bacteria are lost in a grassla
or agricultural field. Arthropods can over-graze these bacteria, or
pesticides can kill them resulting in poor retention of needed nutrients
within the soil.
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Di sper sal

D spersal node: Phoretic on arthropods, snall mammals, birds, commercial
i nocul ati on.

Requirements for dispersal: Presence of bacterium in undisturbed soil,
" feeding by dispersal agent, dispersal agent capable of noving frominocul u:
source to site where |ocal extinction occurred.

Degree of Confidence in Know edge of Species

Reasonably High
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nane: Elaine R [|ngham
Speci es or Species G oup: Bacteri al Pathogens

Erwi ni a

Zvnononas

Asr obacterium

Ceographic Area and/or Habitat Type:

Rangel and structural stages:
open herbland, closed herbland, open |ow nedium shrub, closed |ow medi um

shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, nulti-strata.

Forested habitat forns:

Stand initiation, stem exclusion open canopy, stem exclusion closed canop:
understory reinitiation, young forest nultistrata, old forest nultistrata,
old forest single stratum snags, downed I ogs.

Specific vegetation types wthin each habitat formif known:

Each ecosystem has a particular community of pathogenic bacteria nresent_..
the soil. The pathogenic bacteria present depend on soil type, vegetatio:
hydrol ogy, climatic conditions and past pathogen out breaks. The plants
present mnust be susceptible under the current conditions, and often, stre:s
from sone other source allows bacterial pathogens to successfully overcome

host resistance. The degree to which anY plant or aninmal species is
l[imted in it's distribution as the result of pathgen presence has been

little studied. But, these limiting interactions are clearly expressed ir
crop- pat hogen studies that have been on-going in the US for the last
several decades.

Specific soil types if known: Al
El evation, aspects, slopes: No restrictions known

Di sturbances: Change in plant species, soil noisture, tenperature (freeze-
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowing, fertilization, road
effects, air pollution.

Representati ve Species
Erw nia cartovora
Aor obacteri um tunefaci ens
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C
‘Minimum: 10-15 C (speci es dependent)
Maxi mum 45 C (speci es dependent)
Applies seasonally? Yes
Whi ch seasons? Metabolic activity usually has a Q, relation.
Theme nane: Attribute:

2. Oganic matter

Cont i nuous
Unit. of Measure: Amount and quality of carbon and nitrogen present
Mnimum None present; or low quality (high CN)
Maxi mum depends on aerati on.
Applies seasonally? Yes
Whi ch seasons? Inputs of organic matter usually f
for pathogens to overwinter, or survive wthout t
Theme narme: Attribute:

orm a reservoir habitat
heir plant host present.

3. Presence of host plant

Cat egori cal

Suitabl e Categories: Plant species present

Applies seasonally? Yes

Whi ch seasons? Hi gh bacterial densities occur on the plant host, when

di sease occurs and depends on the severity and incidence of the disease-

causing organismin the system In general, the healthier or |ess stresse
the host plant, disease incidence in |lower and |ess severe.
Theme narme: Attribute:

4, Soil noisture

Cont i nuous
Unit of Measure: Percent noisture, or grams water per gram of soil
Mnimum 0.05 g water per gram soil (species dependent)
Maxi mum  0.50 g water per gram soil (estimte)
Applies seasonally? Yes
Whi ch seasons? Depending on the disease bei n%i exam ned, noisture may pl a?/
an inportant role preventing plant stress. sease may require water film
in other instances.
Thenme nane: Attribute:
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Key Ecol ogi cal Functions
1. Cause of disease and death in plants, animals

2.  Conpetition with non-pathogens for colonization sites on roots, plant
surfaces and in ani mals.

3. Substrate for protozoan predators
4.  Substrate for nematode predators

5. Source of N for mneralization

Key Assunptions

Pat hogeni ¢ bacteria are inportant.in restricting the distribution of a
nunber of plant and ani mal speci es.

Key Unknowns and Monitoring or Research Needs

D seases of wildlife and native plants are poorly understood, and in a
nunber of cases probably explain the current distributions of wildlife anc
pl ant s. Humans understand these interactions poorly and have little to nc
under standi ng of the prevention or cure of these diseases. Especi al |y whe
re-establishing locally extinct species from popul ations outside the area,
t hese di sease-causing baceria could be extrenely inportant in restricting
Le-establishnent. Local sources and reservoirs of disease are rarely
nown.

Research is required to determ ne disease-causing bacteria, their vectors,

and nmode of infection. EsRecially critical is an understandin? of disease
causing organisns that mght prevent re-establishnent of locally extinct

speci es.

Di sper sal

D spersal node: Carried by seeds, plant debris, alternative hosts,
arthropods, small mammals, birds, and hunmans.

Requirements for dispersal: Presence of bacterium in diseased plant and
animal material . D spersal agent often required to nove the pathogen fron
di seased host to susceptible host.

Degree of Confidence in Know edge of Species

H gh for sone species, nonexistant for others
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORNMATI ON

Date: Decenber 29, 1994 Panel i st Nane: Elaine R |ngham
Speci es or Species Goup: \Vesicular Arbuscular Mcorrhizal Fungi

4 omus

Gigaspora

Ceographic Area and/or Habitat Type: Vesicular arbuscular nycorrhizal fun
(VAM occur on nost grasses, row crops, a wide variety of herbs and shrub
and on a few species of trees. A few plants, especially herbaceous plant
have quite narrow fungal synbiont ranges, and this narrow range can resul
in a restricted distribution of the plant if the fungus is not wdely

di sper sed. However, nost plants associate with a w de range of VAM
species, and inoculum for plants is rarely I acking.

Each ecosystem has a particular community conposition of VAM spores in th
soil and VAM colonizing the roots of the particular vegetation that is
present. VAM speci es conposition depends on soil type, vegetation,

hydrol ogy, and climatic conditions.

Rangel and structural stages:

open herbland, closed herbland, open |ow nedium shrub, closed |ow medium
shrub, open tall shrub, closed tall shrub single stratum closed tall
shrub, multi-strata. (for halophytic grasses in Alvord desert, OR see H
1987, for burned areas of Snake R ver Birds of Prey area, |daho, see
Wicklow, 1989).

Forested habitat forns:
Stand initiation, stem exclusion open canopy, stem exclusion closed canop
understory reinitiation, young forest nultistrata, old forest multistrata

Specific vegetation types within each habitat formif known: Her baceous
plants, woody shrubs, riparian deciduous trees, transient colonization of
young conifer roots.

Specific soil types if known: All
El evati on, aspects, slopes: Al

Di sturbances: Changes in plant species, soil noisture, tenperature (freez
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowing, fertilization, ropad

effects, air pollution.

Representati ve Speci es:
d onus nossae
G onus _vesi cul atum
G onus deserticulum (desert habitats)
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Key Environnmental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C
M ninum 10-15 C (speci es dependent)
Maxi nrum 45 C (speci es dependent)
Applies seasonally? Yes
Whi ch seasons? Metabolic activity usually has a Q, relation. Spores are
fornmed outside the roots in response to seasonal factors, including
tenperature, nost |ikely.
Theme nane: Attribute:

2. Oganic nmatter

Cont i nuous
Unit of Measure: Anmount and quality of carbon and nitrogen present

M nimum None present; or low quality (high CN)

Maxi mum Depends on aerati on.
Applies seasonally? Yes.
Whi ch seasons? VAM col oni ze plant roots, and the type and ampunt of organ
matter exchanged with the plant is critical for VAM survival. VAM form
vesicles (possibly a dormant stage) and arbuscul es (exchange site for C
fromplant and P, N, water, mcronutrients from the fungus) in the roots,

nost likely in response to plant responses.

Theme nane: Attribute:

3. Presence of host plant s
Cat egori cal

Suitable Categories: Plant species present

Applies seasonally? Yes

Whi ch seasons? Fungal colonization of roots and production of spores foll
a seasonal cycle. In annual plants, colonization starts as soon as the

seed germnates, and increases throughout the year until the roots begins
to senesce with the on-set of reproduction and seed set, when spores are
produced in greatest nunber. The nost rapid rate of increase in

col oni zation occurs during nost rapid root growh in the spring.

In perennial plants, VAM colonization is found in the new year's roots,
while less colonization is found in older, suberized roots. Col oni zat i on
rates are usually greatest in the spring, although in sonme plants;

coloni zation may continue throughout the year.

Thenme nane: Attribute:

4, Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or grans water per gram of soil
M ninmum 0.05 g water per gram soil
Maxi mum 0.50 g water per gram soil (estimate)

Applies seasonally? Yes
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Which seasons? Misture is critical in the spring. Soil generally dries
the summer, increasing the production of spores outside the root and

vesicl es inside the root. Percent of the root system col oni zed generally
decreases in the sumer as conpared to the spring.
Theme nane: Attribute:

Key Ecol ogi cal Functions
1. VAMnine the soil for P, N, mcronutrients and water in return for C
fixed by plant photosynthesis. The cost to plant may be mnimal,
given the conpetitive edge the fungus gives to nost plants.

2. Conpetes with pathogens for colonization sites on roots and nay preve
root disease.

3. My de-toxify certain types of pesticides, herbicides, and pollutant5

4. May sequester heavy netals in fungal hyphae, preventing heavy netals
from damagi ng or killing plants.

5. Food source for fungal -feedi ng nematodes, arthropods.

Key Assunptions

Lack of appropriate vAM species nmay restrict the distribution of plants,
the required VAM species are not present. Wth plants whose VAM range is
wide, this is less likely to be a problem Some weedy plant species are
hi ghly conpetitive and can use VAM associated with their roots to out-
conpete |ess-conpetitive VAM species. Thys, effectiveness of VAM species
may be inportant as well.

A recent four-year study by Herrera et al. (1993) in southeast Spain shot
t hat woody | egunes whose rhizobial and mycorrhizal synbionts were optimi:
in a previous study, were useful for revegetation of water-deficient, |ot
nutrient environments. Only the native shrub |legunes were able to become
established and that survival was inproved by biotechnol ogi cal manipulatj
of the rhizobia and nycorrhizal fungi

Key Unknowns and Monitoring or Research Needs

The associations between VAM species and plants are poorly docunented.
exanpl e, Kincaid’s lupine may occur only in un-disturbed native prairies
because the VAM synbiont cannot tolerate plow ng disturbance. Thus, the
plant is |lost when the ground is plowed, because without the VAM fungal
symbiont, the plant cannot conpete with other plant species for soil
nutrients. Wrk in the copper mines of Virginia, Tennessee, and Kentuck
showed that the inability to re-establish plant species in these m ned
areas was because VAM were |ost from the soil when soil was stock-piled
during the mning operations (Cdum. Nancy Scott Collins has shown simil
problens with re-generation of plants in mne spoils in Canada. Thus, +}
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VAM allow plants to obtain resources not Otherwi se available to them and
allows them to grow and reproduce in conditions under which they would
ot herwi se not survive.

Research is required to determ ne disease-causing bacteria, their vectors,
and node of infection. Especially critical is an understanding of disease-
causing organi sns that mght prevent re-establishnent of locally extinct
speci es.

D spersal

"Dispersal node: Carried by seeds, plant debris, arthropods, ants (Friese
and Allen, 1993) and on occasion, w nd.

Requirenents for dispersal: Dispersal agents.
Degree of Confidence in Know edge of Species

Hi gh for sone species, nonexistent for others
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nanme: Elaine R [|ngham

Speci es 'or Species G oup: Ect omycorrhi zal mat-form ng fungi
Hvst er anai um
Gautieria

CGeographic Area and/or Habitat Type: Ectonycorrhizal mat-formng fungi were
believed to be restricted to few conifer forest systems until a few years
ago when Giffiths,.Cromack and I ngham began to take a | ook at these
ectonmycorrhizal species. The ectonycorrhizal species that form perennia
thick mats of dense hyphae, altering soil properties have been found have
t hr oughout the worl d. Ectonycorrhizal mats have been shown to occur in
conifers, oak and eucal yptus (Cromack et al. 1988). Recent investigations
have established that these mat-form ng fungi occur in high densities in
Gand fir, Douglas-fir, Ponderosa pine, and larch stands in the Blue
Mount ai ns around LaGrande, OR They have been found in Yell owstone
National Park in these sane vegetative types. Mat-forming fungi have not
yet been found on juni per.

On the roots of these plant species, a normal succession of ectonycorrhizal
speci es occurs.  Establishnent of mat-forming fungi appears to occur about
25 to 30 years into normal succession, about the tine Doug-fir seedling

est abl i shment occurs. Mat formation occurs after seedling establishnment if
the mat-formng fungi were lost fromthe stand. If shelterwood trees are
left, the mat-form ng fungi are not lost from the stand, and seedling
establishment is nore rapid around the shelterwood tree (Ingham

unpubl i shed dat a).

Once the canopy begins to close in Douglas-fir forests, every dominant tree
appears to be connected to at |east several mats, while sub-dom nant trees
are not necessarily connected, or connected to few mats (lngham pers.
observation). This leads to questions about the inportance of mat-formng
fungi for productivity which have not been answered.

Mat -form ng fungi appear to dominate during the nobst productive years of
coni fer stand devel opnent, from 30 to 150 years old trees and increase both
total and labile N in the forest floor (Aguilera et al, 1993). Si gni fi cant
portions of the forest floor are colonized by mat-formng fungi evén in ol
growth conifer stands, however, and contribute to system productivity
(I'ngham unpublished data, Aguilera et al, 1993).

These fungi are not found in any Rangel and structural stage.

Forested habitat forns:

| f shelterwood trees are left, these fungi are found (between 5 and 15% of
the forest floor covered depending on density of shelterwood trees) during
stand initiation. If older trees do not remain, then the mat-formng fung
di sappear and nust be re-established.
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Mats are always found in stem exclusion open canopy (5 to 15% coverage of
forest floor), stem exclusion closed canopy (15 to 30% cover age),

understory reinitiation, young forest nultistrata (30 to 45% coverage), and
old forest nultistrata (30 to 100% forest floor coverage) in nost conifer
speci es. Exceptions appear to be juniper, which has not been shown to
support mat-formng fungi, although juniper stands have not been

extensively investigated.
Specific soil types: Al conifer, o0ak and eucal yptus soil types.

El evation, aspects, slopes: Not known in alpine areas. Percent floor
covered by nmats decreased with elevation in one study.

Di sturbances: Cearcutting appears to be the one disturbance that can
conpletely renove mat-forming fungi from the forest floor. Mat - f or mi ng
fungi benefit their hosts when soil nnisture is |ow (apparently inprove
plant water use efficiency in drought conditions) or when soil noisture is
hi gh (mats produce hydrophobic materials, Ppreventing saturation of the soil

profile, increasing aeration for the plant roots). The mats thenselves are
perenni al structures and appear highly resistant _to changes in soil
moi sture, as long as their host plants remain. JIenperature. I'n areas

where the forest floor is snowcovered during the winter, nmats continue to
function throughout the winter (Ingham pers. comm). Areas where the soi
undergoes freeze-thaw throughout the w nter have not been investigated for

the effect on mats-forming fungi. Studies are being performed on the
effect of available N on mat-forming fungi. Jlntense fire can renove the
organic layers of the soil. In Yell owstone National Park, where the

tenperature was intense enough to nelt the mneral soil and form glass
pellets, the soil was essentially sterile, although re-colonization by air-

borne organisms was rapid on the surface of the soil. However, these mat-
forming fungi do not survive in such organic matter depauperate areas, and
it will likely be hundreds of years before mat-formng fungi wll re-

establish in these intensely burned areas. There is a direct relationship
between the intensity of inpact on the soil organic layer and the |oss of

any fungus from the soil. If the soil is only slightly warnmed, and the
overstory trees are not lost, there will be only a stimulatory effect on
these mat-forming fungi. The effect of arazing,' especially conpaction, is

under investigation in the Blue Muntains of Oegon (cooperative effort
with Jim McIver, Art Ti edenan, Torge Torgeson of the Blue Muntains Natural

Resource Institute). Pesticides undoubtedly affect mat-formng fungi,.

al though no field studies have been perfornmed. Plowing destroys mat-

form ng fungi, although each spring in natural systens, mats can be nearly
denol i shed by small manmal feeding (a nmajor food resource for small

manmal s) . Mats, however, recover from this disturbance rapidly, and by the
next fall, regain their original extent. In forests where snall mammals
have been renpved, mats may continue to increase in size, sequestering
greater and greater anobunts of nutrients, and may possibly be detrinental
to continued forest productivity. Further studies are required.

Representative Species: ' _ _
Hvst er ansi um (mesic systens, in upper 20 cm of soil/organic |ayers)
Gautieria (drier systens, lower in soil profile)




Page 3 of 6
Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C in the soi
Mnimum O 4 C (depends on species)
Maxi mum 35 C (speci es dependent)
Applies seasonally? Yes
Wi ch seasons? Metabolic activity probably has a @, relation. Spores are
formed in truffles in response to seasonal factors in either or both the
spring and fall.
Theme nane: Attribute:

2. Organic matter

Cont i nuous
Unit of Measure: Anpunt and quality of carbon and nitrogen present
Mnimum Requires organic matter |ayer to be present.
Maxi mum  No maxi num val ue known.
Applies seasonally? Yes.
Which246XseasonMat-forming fungi can survive on organic matter alone and do

not require the host plant. If both host and organic matter is lost, the
fungi will not survive. However, to form mats, both the host plant and
organic matter are necessary. Mats respond to litter fall, expanding into

new litter within a few days, and perhaps within hours, of new naterial
becom ng available. Thus, a seasonal cycle of activity seens apparent.
Small mammal feeding is also an inportant response variable, however, which
cannot at this time, be differentiated from the seasonal tenperature
response. -Since small manmal feeding is at a maximumin the spring, when
tenperatures are increasing, both factors could be involved in increased
grow h rate and enzyne production by mat-form ng fungi

Thenme nane: Attribute:

3. Presence of host plant

Cat egori cal

Sui tabl e Categories: Conifers, oaks

Applies seasonally? No.

Fungal col oni zation of roots by mat-formng fungi is related to stand age:
in closed canopy stands, every tree is colonized by mat-formng fungi. In
open canopy stands, those seedlings in the open, well away from other
conpeting vegetation may not necessarily be colonized by mat-formng fungi
al though they will be colonized by other ectonycorrhizal fungi

Thene nane: Attribute:

4. Soil noisture

Cont i nuous
Unit of Measure: Percent noisture, or grans water per gram of soil
M ni mum Not known
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Maxi mum  Not known
Applies seasonally? Yes
Whi ch seasons? For establishnent of ectomycorrhizal mat-formng fungi
moi sture is undoubtedly critical, requiring adequate rainfall to wet the
soil, such that roots will grow, allow ng colonization of the root.
However, once established, mats are renmarkably resistant to disturbance
i nposed by noisture, and in turn, increase the resistance of the host plant
to noisture stress. Drought tolerance of the host plant is increased by
both mat-form ng fungi and other ectonycorrhizal fungi. Because mat-
form ng fungal hyphae are hydrophobic in the spring, the mats provide large
pockets of aerated soil for root growmh when the soil is saturatted. Thus
this is a nore inportant factor in highly mesic areas, such as along river
banks, and for oaks growing in wetland, ©Or seasonally inundated or
saturated areas.

Truffle production by these mat-forming fungi is a critical food
resource for small mammals. Truffle formation is highly responsive to
noi st ure. In those years when rainfall is limted and soil remains dry (no
quantitative estimates available), limted nunbers or no truffles will be
formed. This nust inpact the snmall manmmal popul ations, and affect higher
| evel s predators. Studies are being conducted on the relationship between
fungal food resources and small mammal feeding (Trappe, Oegon State
University, and Carey, National Forest Service, dynpia, WA
Thene nane: Attribute:

Key Ecol ogi cal Functions

1. Mat-formng fungi mne the soil for P, N, _mcronutrients and water in
return for C fixed by plant photosynthesis. The cost to plant may be
mniml, given the conpetitive edge the-fungus gives to the plants

2. Conpetes with pathogens for colonization Sites on roots and may prevent
root di sease.

3. My de-toxify certain types of pesticides, herbicides, and pollutants

4.  May sequester heavy netals in fungal hyphae, preventing heavy netals
from damaging or Kkilling plants.

5. Major food source for small manmals, fungal -feedi ng nemat odes,
art hropods.
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Key Assunptions

Lack of mat-formng fungi clearly restricts the presence of conifers, oaks,
and eucal yptus. Al seedlings which survive for nore than a year in closed
canopy conditions nust be associated with a mat. Al'l dom nant forest trees
are associated with at |east several mats.

Truffles formed by mat-formng fungi are an inportant food resource for
smal I mammal s, and for other organisns on which higher |evel predators
feed. Wthout these organisns present in high nunbers, the entire forest
ecosystem wi | | have reduced productivity.

Key Unknowns and Monitoring or Research Needs

There are a nunber of questions about the inportance' of mat-form ng fungi
for forest ecosystem productivity which have not been answered. How do the
spores of the fungi reach the roots of the plants? Wat dispersal agents
are the nost inportant, and how can nmnagenent enhance this association?
Different mat-form ng species seemto be nore efficient, or at |east nore
prevalent in different abiotic conditions, such as nore Gautieria present
in drier conditions, while nore Hvsteransium nmats are present in nore
mesic, higher organic nmatter soils. Wt is the netabolic relationship
bet ween host plant and fungus? Do different fungal species compositions
select for different plant host species? Effects of various types of

di sturbance also need to be further investigated.

Di sper sal
Di spersal node: Carried by nematodes, arthropods, and small manmals.
Requirenents for dispersal: D spersal agents.
Degree of Confidence in Know edge of Species

H gh for some species, nonexistent for others
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COLUMBI A RI VER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Name: Elaine R [|ngham

Speci es or Species G oup: Sapr ophyti ¢ Fungi
.Penicillium (r-sel ected)

Geographic Area and/or Habitat Type:

Rangel and: Less fungal as conpared to bacterial bionass

open herbland, closed herbland, open |ow nmedium shrub, closed |ow nmedi um
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, nmulti-strata.

Forests:  Mdire fungal as conpared to bacterial bionmass

Stand initiation, stem exclusion open canopy, stem exclusion closed canopy,
understory reinitiation, young forest nultistrata, old forest nultistrata,
old forest single stratum snags, downed | ogs

Specific vegetation types within each habitat formif known: Br own- r ot
fungi use lignin, Wiite rot fungi use cellulose, for exanples.

The ratio of fungi to bacteria in grassland soils is |ess than zero
(bacterial domnated). In forests, the ratio is usually above 10. Val ues
between 1 and 10 indicate productive agricultural fields.

Anot her common generalization is that fungi in early successional stages,
such as agricultural soils or grasslands are VAM, "sugar' fungi or

pat hogens, and are nore "r" sel ected. Fungi in forests are
ectonycorrhizal fungi, cellulose deconposers (white rotters), or lignin
defowpﬂfers (dark septate fungi), and generally considered nore "“K"

sel ect ed.

Gowh of fungi on spread plates show significant changes in fungal
community conposition in different ecosystens, in different habitats, but
there has been no conprehensive effort to docunent what saprophytic fungal
community exists in which types of vegetation, follow ng specific types of
di st ur bance. This type of work is being done for mushroons and truffle-
formng fungi (Luoma, Castellano, Trappe’s work).

Specific soil types if known: Al soil types
El evation, aspects, slopes: No restrictions known

Representative Speci es:
Penicilliumcitrinum (grassland soils)

Di sturbances: soil noisture, tenperature (freeze-thaw), available N,
season, fire intensity and periodicity, grazing, drought, plow ng,
fertilization, road effects, air pollution.
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Key Environnmental Correl ates
1. Tenperature

Cont i nuous
Unit of Measure: degrees C
M nimum 10-15 C (speci es dependent)
Maxi mum 45 C (speci es dependent)
Appl i es seasonal ly? Yes o '
Whi ch seasons? As tenperatures drop, the activity of these organisns
decrease, often producing spores to tenporally escape the stress of low, or
hi gh tenperature. Met abolic activity usually has a Q, relation
Thenme nane: Attribute:

2. Oganic matter

Cont i nuous
Unit of Measure: Anount and quality of carbon and nitrogen present
M nimum None present; or low quality (high CN)
Maxi mum depends on aerati on.
Applies seasonally? Yes
Whi ch seasons? Oganic matter is the food resource for fungi, and thus the
quality of that organic matter, which varies seasonally, strongly
i nfluences the fungal conmunity structure, bionmass and activity.
Thenme nane: Attribute:

3. Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or granms water per gram of soil
Mnimum 0.05 g water per gram soil (species dependent)
Maxi mum 0.50 g water per gram soil (estimate)

Applies seasonally? Yes

Wi ch seasons? Misture is critical in the spring. Soil generally dries in
the summer, which can stinulate spore formation.
Theme name: Attribute:
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Key Ecol ogi cal Functions
1.  Deconposition of internediate and recalcitrant C N substrates
2. Nretention in soi
3. Substrate for nematode predators

4. Source of N for mneralization; npst plant available N nust cycle
t hrough the fungal biomass is forest soils.

Key Assunptions

Soil conditions nmust be appropriate for saprophytic fungi to grow and
performtheir functions. Because there are nanﬁ, many speci es of fungi
present in soil, the argunent is that because there are many fungi that
performthe same or highly simlar functions, there is little worry about
depleting this functional group. However, the principle of Conpetitive
Excl usion says that no two species occupy exactly the same niche or perfor
exactly the same function in an ecosystem  Therefore, each species of
saprophytic fungus occupies a unique niche, and if enough species are

del eted from an ecosystem sope critical function will be lost. Critica
functions perfornmed by these fungi are deconposition of all types o*
organic material in various conditions.

Controlling factors for saprophytic fungal function are predator grazing,
by nematodes and arthropods, root exudate production, litter and wood

production, soil structure, and abiotic factors, such as tenperature and
moisture.  Once these fungi are deleted froma system they nust be spread
from exi sting sources by mcroarthropods, small manmals, and birds.

Key Unknowns and Monitoring or Research Needs

Research is required to determne species required in different abiotic
conditions, with different vegetation types and in different soil types.
Rapi d deconposition rates in forest systens rely on the presence of
saprophytic fungi. Deconposition by fungi can be slowed to extrenely |ow
levels if arthropod grazing is extrenely high, this reducing nutrient
cycling once deconposition is slowed.

D sturbance affects saprophytic fungi. Intense fire depletes fungal

bi omass, drought reduces their activity, pesticide applications can reduce
their biomass and activity, and plowing will increase bacterial
conpetition, reducing fungal bi omass. Speed of re-colonization from

out si de sources once |ocal extinction has occurred is not known.
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Di sper sal

Di spersal node.; Phoretic on arthropods, small nammals, birds, conmercial
i nocul ati on.

Requi renments for dispersal: Presence of bacterium in undisturbed soil,
feeding by dispersal agent, dispersal agent capable of noving from inocul um
source to site where local extinction occurred.

Degree of Confidence in Know edge of Species

Med
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COLUMBI A RI VER BASIN - PANEL SPECI ES | NFORVATI ON

Date: Decenber 29, 1994 Panel i st Nane: Elaine R |ngham

Species or Species G oup: Fungal pat hogens
Rhi zoct oni a
Cronartium conmandrae (comandra blister rust)

Geographic Area and/or Habitat Type:

Rangel and: Specific fungal pathogens occur on each range species

open herbland, closed herbland, open |ow nedium shrub, closed |ow nedium
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, multi-strata.

Forests: Speci fic fungal pathogens occur on each tree species

Stand initiation, stem exclusion open canopy, stem exclusion closed canopy
understory reinitiation, young forest multistrata, old forest mnultistrata,
old forest single stratum snags, downed | ogs.

Using the blister rust as an exanple (Jacobi et al. 1993),, rust incidence
varied from 14 to 64% in 24 stands in the Shoshone National Fgrest in
Womng, and fromO to 36% in 190 plots in the Medicine Bow Nationa
Forest. D stance to diseased trees and stress were inportant for
predicting incidence of disease. The disease occurred on open, upper

sl opes and on dry ridge tops.

Specific vegetation types within each habitat formif known: Each plant
species has it’s particular fungal pathogen, with particular physiol ogica
adaptations for the plant host. rungal pathogens on specific plant specie
are identified by growh on specific agar nedia on spread plates.
Significant changes in fungal pathogen community conposition occurs in
different ecosystems, in different habitats, in different disturbances.

Specific soil types if known: Al soil types
El evation, aspects, slopes: No restrictions known

Cist et al. (1993) reviewed work showi ng that fungal attack and
deconposition of ungerm nated and germnating seeds can significantly
affect seed bank dynam cs and plant conmunity conposition. Granivores, in
turn, can also be affected, by feeding on seeds in which fungi are grow ng
The fungi themselves, or fungal netabolites may be toxic or detrinental to
grani vore survival

Represent ative Speci es:
Rhi zoct oni a _sol ani_ (pat hogen of grass)
Phellinus weirii_ (pathogen of Douglas-fir)

Di sturbances: soil noisture, tenperature (freeze-thaw), available N,
season, fire intensity and periodicity, grazing, drought, plow ng
fertilization, road effects, air pollution
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C
Mnimum 10-15 C (depends on fungal speci es)
Maxi mum 45 C (depends on fungal species)
Applies seasonally? Yes
Whi ch seasons? Metabolic activity usually has a Q relation.
Theme nane: Attribute:

2. Organic nmatter

Cont i nuous
Unit of Measure: Anmount and quality of carbon and nitrogen present
M ninum None present; or low quality (high CN)
Maxi mum depends on aeration.
Applies seasonally? Yes
Wi ch seasons? Organic matter is the food resource for fungi, and thus the
quality of that organic matter, which varies seasonally, strongly
i nfluences the fungal comunity structure, biomass and activity.
Thenme nane: Attribute:

3. Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or grams water per gram of soil
Mnimum 0.05 g water per gram soil (depends on species)
Maxi mum 0.50 g water per gram soil (estimte)

Applies seasonally? Y e s

Wii ch seasons? Misture is critical in the spring. Soil generally dries i
the sumer, which can stinulate spore formation.
Thenme nane: Attribute:

Key Ecol ogi cal Functions
/
1. Cause of disease and death in plants, aninals

2. Conpete with non-pathogens for colonization sites on roots, plant
surfaces and in aninmals.

3. Substrate for nematode and arthropod predators

4, Source of N for mneralization
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Key Assunptions

The right types of plants and conditions nust occur for pathogenic fungal
attack of their plant hosts. Pat hogenic fungi are inportant in restricti
the distribution of a nunber of plant and ani mal species. Fungal di sease
of wildlife and native plants are poorly understood, and our understandin
of various fungal diseases is limted, especially our know edge of the
alternate host reservoirs.

Wien re-establishing locally extinct species from popul ations outside the
area, disease-causing fungi could be extrenely inportant in restricting r
est abl i shnment .

Controlling factors for pathogenic fungi are predator grazing, by nenatod
and arthropods, root exudate production, litter and wood production, soil
structure, and abiotic factors, such as tenperature and noisture. Once
these fungi are deleted froma system they nust be spread from existing
sources by mcroarthropods, small nmammals, and birds.

Key Unknowns and Mnitoring or Research Needs

Research is required to determne species required in different abiotic
conditions, wth different vegetation types and in different soil types.
Research is required to assess naturally existing reservoirs of disease-
causing fungi, vectors, and nodes of infection.

Di stur bance affects pathogenic fungi. Pat hogens are basically r-selected
organi sns, which take advantage of the reduction in conpetition follow ng
di sturbance to attack other-w se unavail abl e substrates. Intense fire
depl etes fungal pathogen biomass, drought reduces activity, pesticide
applications can reduce fungal pathogen biomass and activity, plow ng

i ncreases fungal conpetition, reducing fungal biomass.

Di sper sal

Di spersal node: Carried by seeds, plant debris, alternative hosts,
arthropods, small mammmals, birds, and humans.

Requirenments for dispersal: Presence of bacterium in undisturbed soil,
feeding by dispersal agent, dispersal agent capable of noving from inocult
source to site where |ocal extinction occurred,

Degree of Confidence in Know edge of Species

H gh for some, poor for others
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON
Date: Decenber 29, 1994 Panel i st Name: Elaine R [|ngham

Speci es or Species G oup: Protozoa: Bacterial-predators
Bada, Acant hanpeba, Colpoda

Ceographic Area and/or Habitat Type:

Prot ozoan comunity conposition is an indicator of certain disturbances.
Rel ati ve abundances of the three groups vary predictably in grassland,
shrubl and, forest and desert. Protozoa are ecologically nore inportant in
grasslands, agricultural fields and perhaps deserts than in forests.

The smaller protozoa, such as flagellates, tend to be nore inportant in
drier habitats, while ciliates are nost inportant in wetter conditions,
such as al pine, wetland, or riparian areas. Testate anpbebae are found in
relatively high nunbers in forests, at, |least as conpared to agricul tural
areas, grasslands or deserts.

Protozoa are inportant in rangeland structural stages:

open herbland, closed herbland, open |ow nedium shrub, closed |ow nedi um
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, multi-strata.

Protozoa are less inportant in forested habitat forns:

Stand initiation, stem exclusion open canopy, stem exclusion closed canopy,
understory reinitiation, young. forest nmultistrata, old forest nultistrata,
old forest single stratum snags, downed | ogs

Specific vegetation types within each habitat formif known: Al l

Specific soil types if known: Al

El evation, aspects, slopes: Al

Di sturbances: Changes in plant species, soil noisture, tenperature (freeze-
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, pest effects, drought, plowi ng, fertilization, road
effects, air pollution.

Representative Species:

Fl agel | ate Bodo

Anpeba Anpbeba anpeba

Testate anpeba Difflusia, Centrooixis

Cliates Col ooda terrestris, { ossslockneria
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C /
M nimum 10-15 C
Maxi mum 45 C
Applies seasonally? Yes
Whi ch seasons? To escape |low or high tenperatures, cysts are produced.
Met abolic activity usually has a @, relation
Thenme nane: Attribute:

2. Bacterial prey density

Cont i nuous

Unit of Measure: Nunbers of bacteria: species conposition of bacteria
Mnimum No bacteria present or threshold level for each soil type.
Maxi mum  none known

Applies seasonally? Yes

Whi ch seasons? Bacterial densities are usually greatest when plant inputs

are greatest (spring and fall), when abiotic factors are not limting

(tenmp, noisture). Both Weekers et al. (1993) and Casida (1989) showed that

bacterial species conposition affects the species of protozoa present.

Pi gmented bacteria appear to be inhibitory for species of Acanthanoebae,

whi | e nonpi gnented enterobacteria increased anoebal production, as well as

i ncreasing the ammoni um production during the predator-prey interaction

(Weekers et al. 1993). Casida (1989) showed that addition of bacteria

which prey on bacteria did not affect protozoan predation of bacteria, that

aut ocht honous bacteria added to soil were not preyed upon, while Bacillus

and Escherichia coli were actively reduced by the soil protozoa.

Theme nane: Attribute:

3. Soil noisture

Cont i nuous
Unit of Measure: Percent noisture, or anount of water present per gram of
soi |
Mnimum 0.05 g water per gram soil (species dependent)
~Maximum 0.50 g water per gram soil (estinmate)
Applies seasonally? Yes

Whi ch seasons? Misture is critical in the spring. Soil generally dries in
the summer, and protozoa produce resistant cysts.
Theme nane: Attribute:
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Key Ecol ogi cal Functions

1. Mneralization of N immobilized in bacterial bionass. May be
responsible for up to 50% or nore of plant N available in certain

agricultural systens.
2. Substrate for predators (nematodes, rotifers, earthworns, enchytraeids)

3. Consunption of bacterial prey and control of bacterial conmmunity
structure. Weekers et al. (1993) showed that different species of
anoebae have different consunption efficiencies and different ammoni um
production rates on different bacterial species. Pi gmented bacteria
were inhibitory to anpebae.

4, N retention in soi

5. Inportant in controlling bacterial diseases.

Key Assunptions

Rapi d deconposition rates in some systens may rely on the presence of
protozoa to graze bacteria and keep bacteria in log growh phase.
Deconposition can be slowed to extrenely low levels if bacterial grazing by
protozoa is extrenely high. This result in a high level of N mneralization
fPIIomjng by reduced deconposition and then reduced N availability to

pl ants.

Soil conditions nust be appropriate for protozoa to be active. Nunber s of
bacteria can be controlled by protozoa (Casida, et al, 19 ; W=ekers et al
1993). Some flagellates can survive on dissolved organic sugars, |ike
bacteria, but these have not been shown to be an inportant conponent of the
prot ozoan popul ation in any system Fl agel | ates are eaten by anoebae, and
anoebae and flagellates are eaten by ciliates, developing a food-web within

the soil.

Plant available N in agricultural systens is in large part determ ned by
bacterial -protozoan interactions. once protozoa are depleted in a system
they must be spread from existing sources by mcroarthropods, snal
manmmal s, and birds.

Nunbers and species of bacteria can be controlled by protozoa. Conpetition
bet ween protozoa and nematodes for bacterial prey occurs. Evi dence exists
that bacterial comunities and densities will be controlled by either

prot ozoa or nenmat odes.

A protozoan index for assessing the health of soil has been suggested,
since an aquatic protozoan index exists. Pr ot ozoan conposition responds
rapidly to disturbance, but the nmeaning of changes in nunbers or
conposition has not been correlated w th disturbance.
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Key Unknowns and Monitoring or Research Needs

Research is required to determ ne species required in different abiotic
conditions, with different vegetation types and in different soil types.

Di sturbance generally affects protozoa. Decreased nunbers are generally
observed after freezing, fire, plow ng, pesticide applications, and
fertilization of agricultural fields. Speci es conposition changes wth
di sturbance types, intensity and periodicity needs to be researched.

Di sper sal
Di spersal node: Phoretic on arthropods, small mammals, birds, nematodes.
Requi rements for dispersal: Presence in undisturbed soil, presence of
di spersal agent, dispersal agent capable of noving from i nocul um source to
site where local extinction occurred.
Degree of Confidence in Know edge of Species

Low
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON
Date: Decenber 29, 1994 Panel i st Nanme: Elaine R. |ngham

Speci es or Speci es Group:

Bact eri al -feedi ng nemat odes
Acrobeloides (agricultural)
Acrobel es (agricultural)
Panasr ol ai mus (grassl and)

CGeographic Area and/or Habitat Type: The relative proportion, and usuall
greater nunbers of bacterial-feeding nematodes occur In grassland, deser
and agricultural fields than in forest stands. There is a distinctive
gradi ent of bacterial-feeding nenmatodes across disturbances such as down
logs, snags, and gaps in forests. Gadients occur in grassland and dune
systens, although the disturbances which affect nematode distribution ar
related to presence/ absence of plants and particular plant species and s
di st ur bance. Soil disturbance is likely a significant factor in forest
systems as well, but not as well studied as in agricultural fields.
Simlar assessnments have not been nmade in shrub or desert systens.

G eatest nunbers in rangel and structural stages:

open herbland, closed herbland, open |ow nedium shrub, closed |ow medium
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, nmulti-strata.

Not as inportant a conponent of the systemin forested habitats:

Stand initiation, stem exclusion open canopy, stem exclusion closed cano
understory reinitiation, young forest multistrata, old forest multistrat
old forest single stratum snags, downed | ogs

Specific vegetation types within each habitat formif known: Speci es
conposition probably changes with plant species in all systens, put the
specific interaction of plant and nematode comunity conposition has rar

been st udi ed.

Specific soil types if known: Higher nunbers in sandy, xeric soils than
clay, saturated soils.

El evation, aspects, sl opes: No known rel ationship

D sturbances: soil noisture, tenperature (freeze-thaw), available N,
season, disturbance such as fire intensity and periodicity, grazing,
conpetition with plant parasites, drought, plowing, fertilization, road
effects, air pollution.

Representative species:
Acr obel oi des (agricultural)
Acrobeles (agricultural)
Panaor ol ai nus (grassl and)
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C
Mnimm 10-15 C (depends on species)
Maxi mum 45 C (depends on species)
Appl i es seasonal ly? Yes
Whi ch seasons? Escape from |l ow or high tenperatures by fornwbi on Pf
resistant stages or juvenile devel opnent may be arrested. tabolic
activity usually has a @, relation. _
Thenme nane: Attribute:

2. Bacterial prey density
Cont i nuous
Unit of Measure: Nunbers of bacteria: species conposition of bacteria.
Mnimum No bacteria present; or below threshold level for the
particular soil type.
Maxi mum Typical predator-prey cycles can occur, and prey may "escape
control by these predators
Appl i es seasonally? Yes
Whi ch seasons? Bacterial densities are usually g
are greatest (spring and fall), Wwhen abiotic fac
(tenmp, noisture).
Theme nane: Attribute:

reatest when plant inputs
tors are not limting

3. Soil noisture ~
Cont i nuous
Unit of Measure: Percent noisture, or grans water per gram of soil
Mnimum 0.05 g water .per gram soil (species dependent)
Maxi mum  0.50 g water per gram soil (estinmate)
Appl i es seasonally? Yes . .
Wi ch seasons? Mbisture is critical in the spring. , S0l generally dries
the summer, and nematode netabolism slows, and resistant stages devel op.
Theme nane: Attri bute:

Key Ecol ogi cal Functions

1. Mneralization of N immobilized in bacterial bionass. May be
responsible for up to 40% of plant available N

2. Substrate for predators (predatory nenatodes, rotifers, earthworns,
enchytraeids, nesostigmatid mtes, prostigmatid mtes, collenbola,

synphyl ans)

3. Consumption of bacterial prey and control of bacterial comunity
structure. . :

4. Inportant in controlling bacterial diseases. Conpetitors wth root-
feeding nematodes (for space nost. |ikely) along root.

5. N retention in nematode bionass
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Key Assunptions

Rapi d deconposition rates in some systens may rely on the presence of
bacterial -grazing nenmatodes to keep bacteria in |og growh phase.
Deconposition can be slowed if bacterial grazing by nematodes is extrenel
high. This results in- a high level of N mneralization follow ng by reduc
deconposition and then reduced N availability to plants.

Soil conditions must be appropriate for nematodes to be active. Nunber s
bacteria can be controlled by bacterial-feeding nemat odes, although there
is conpetition between protozoa and nenmatodes for the bacterial prey. Sc
evi dence exists that bacterial comunities and densities will either be
controlled by protozoa or nematodes, but rarely both. Sone seasonal
alteration in control is possible, although no direct evidence exists.
Bacteri al -feedi ng nematodes al so eat anopebae, flagellates and-ciliates ar
apparently can exist on diets of these protozoa al one.

Plant available Nis in large part determ ned by bacterial -nemat ode
interactions in grassland systens (protozoa appear nore inportant in
agricultural systens). If bacterial-feeding nematodes' are depleted in a
system bacterial pathogen popul ations can beconme a problem although
evidence for this interactions is sonewhat anecdotal.

The Maturity Index, suggested by Bongers and now assessed in several

di fferent ecosystens (dunes, agricultural, forests in the Netherlands,
Scotland and the US), shows an extrenely good correlation with
productivity, tinme since catastrophic disturbance, and disease incidence.

Key Unknowns and Mbonitoring or Research Needs

Research is required to determne species required in different abiotic
conditions, with different vegetation types and in different soil types.
D sturbance generally affects bacterial-feeding nematodes. Decr eased
nunbers are generally observed imediately after freezing, fire, plow ng,
pesticide applications, and fertilization of agricultural fields, but
bacterial -feeders generally respond quickly to disturbance and are the
second group of nematodes to return to a disturbed area. Speci es
conBosition changes w th disturbance types, intensity and periodicity nee
to be researched.
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Di sper sal
Di spersal node: Phoretic on arthropods, small manmals, birds.
Requi renents for dispersal: Presence in undisturbed soil, presence of
di spersal agent, dispersal agent capable of noving from inoculum source tc
site where |ocal extinction occurred.

Degree of Confidence in Know edge of Species
Med.
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON
Date: Decenber 29, 1994 Panel i st Nane: Elaine R |ngham
Speci es or Species Goup: Fungal -feeding nematodes

Aohel enchus avenae
Tvl enchus

Ceographic Area and/or Habitat Type:

Forest nematode communities are conprised of a greater proportion of
fungal -feedi ng nematodes than are present grassland or agricultural soils
A gradient of fungal -feeding nematodes occurs across vegetation patches i

grassl ands and across downed | ogs, snags, and gaps in forests, while
gnificant gradients of fungal-feeding nenatode species or nunbers do no'

occur in agricultural fields. The disturbances which affect nenatode
distribution are-related to presence/ absence of plants and particular pla:

speci es and soil disturbance.

Fewer fungal =f eedi ng nenmat odes in range:

open herbland, closed herbland, open |ow nedi um shrub, closed |ow nedium
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, nulti-strata.

Fungal - feedi ng nematodes are the nost inportant portion of the nematode
community in forested systenms: Stand initiation, stem exclusion open
canopy, stem exclusion closed canopy, understory reinitiation, young fores
miltistrata, old forest nultistrata, old forest single stratum  snags,
downed | ogs

Specific vegetation types wthin each habitat formif known: Speci es
conposition changes with plant species in all systens, but the specific
interaction of plant and nematode conmunity conposition has rarely been
st udi ed. Nemat odes nunbers are incredibly high ion dowed woody materi al
al t hough nunbers vary with type of tree and part of the tree (bark
sapwood, heartwood, root).

Specific soil types if known: H gher nunbers in high organic matter, well
devel oped profiles and mesic soils than in sandy, xeric soils.

El evation, aspects, sl opes: No known rel ationship

Di sturbances: Changes in plant species, soil noisture, tenperature (freeze
thaw), available N, season, disturbance such as fire intensity and
periodicity, grazing, conpetition with plant parasites, drought, plow ng,
fertilization, road effects, air pollution.

Representati ve speci es:
Aphel enchus avenae (agricultural)
Eudorvl am us (agricultural)
Tvl enchol ai nel lus (forest)
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Key Environnental Correlates

1. Tenperature
Cont i nuous
Unit of Measure: degrees C

M nimum 10-15 C (depends on speci es)

Maxi nrum 45 C (depends on speci es)
Applies seasonally? Yes o '
Wi ch seasons? As tenperatures drop, the activity of these organisns
decrease. To escape low or high tenperatures, resistant stages can be
formed, and juvenile stage devel opment may be arrested. Metabolic activity
usually has a Q, relation.
Theme nane: Attribute:

2. Fungal prey density
Conti nuous . o
Unit of Measure: Fungal biomass or |ength; fungal species conposition

M nimum No fungi present

Maxi mum Typical predator-prey cycles occur and prey may "escape"
Applies seasonally? Yes
Whi ch seasons? Fungal bionass is always high in forest soils, yet active
biomass is usually greatest following litter inputs, which can be
continuous in conifer systens, and at harvest (agriculture) or in the fall
in grassland or deciduous systens.
Thene nane: Attribute:

3. Soil noisture

Cont i nuous

Unit of Measure: Percent noisture, or grans water per gram of soil
Mnimum 0.05 g water per gram soil (depends on species)
Maxi mum 0.50 g water per gram soil (estimte)

Applies seasonally? Yes

Wi ch seasons? Moisture is critical in the spring. Soil generally dries i
the summer, nenatode netabolism slows, and resistant stages devel op.
Thene nane: Attribute:

Key Ecol ogi cal Functions
1. Mneralization of N imuobilized in fungal bionass.

2. Substrate for predators (predatory nematodes, rotifers, earthworns,
predatory mtes, orbatids, collenbola, synphylans)

3. Consunption of fungal prey and control of fungal comunity structure.
4. lnportant in controlling fungal diseases.

5. N retention in nenmatode bionass.
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Key Assunptions

Rapi d deconposition rates in sonme systens may rely on the presence of
fungal -grazi ng nematodes to keep fungi in |log growh phase. Deconposi tic
can be slowed if fungal grazing by nematodes is extrenely high. This
results in a high level of N mneralization follow ng by reduced
deconposition and then reduced N availability to plants.

Soil conditions nust be appropriate for nematodes to be active. Fungal
bi omass can be controlled by fungal -feedi ng nemat odes, although there is
conpetition between fungal -feeding mtes and nematodes for fungal prey.
Sone evidence exists that fungal community structure and density wll be
controlled by either nematodes or arthropods, but rarely both. Fungal-
feedi ng nemat odes can sonetines feed on plant-roots if the fungal prey is
too low to sustain the fungal -feedi ng nenmat ode popul ati ons.

Plant available N is contributed to by fungal-feeding nematode interactic
with fungi, although these interactions seemto be of nuch |ess importanc

in grassland systens or agricultural systens. No-till agriculture howeve
increases the inportance of these fungal -predators, since fungi conprise
much | arger part of the soil biomass when the soil isn't plowed.

I f fungal -feeding nematodes are depleted in a system fungal pathogens ca
becone a probl em

The Maturity Index, suggested by Bongers and tested in several different
ecosystens (dunes, agricultural, forests in the Netherlands, Scotland and
the US), shows an extrenely good correlation with productivity, time sinc
cat astrophi ¢ di sturbance, and di sease incidence. Fungal - f eedi ng nemat ode
for the nost part begin to appear at an internmediate tine since
Citastr%phic di sturbance, thus representing a nore mature, stable ecosyst
structure.

Key Unknowns and Mnitoring or Research Needs

Research is required to determne species required in different abiotic
conditions, wth different vegetation types and in different soil types.

D sturbance generally affects fungal-feedi ng nenatodes. Decr eased nunber
are generally observed imediately after freezing, fire, plow ng, pestici
applications, and fertilization of agricultural fields. Fungal - f eedi ng

nemat odes generally take sonme tine, between nonths and years, to return
foll owing disturbance. How species conposition changes with disturbance
types, intensity and periodicity needs to be researched.
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D spersal
Di spersal node: Phoretic on arthropods, snmall mammals, birds.
Requirements for dispersal: Presence in undisturbed soil, presence of
di spersal agent, dispersal agent capable of noving from inoculum source to
site where l|local extinction occurred.
Degree of Confidence in Know edge of Species

Reasonably high for sone species, non-existent for others
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON
Date: Decenber 29, 1994 Panel i st Nane: Elaine R |ngham
Speci es or Species G oup: Pl ant - f eedi ng nenat odes

Pr at vl enchus
Mel oi dosvne

Geographic Area and/or Habitat Type: Increases in plant-feeding nenmatodes
quite often indicates disturbance, for plant-feeding nenmatodes are usuall:
but not always, opportunists. Conpetition with other bacterial- and
fungal - feedi ng nematodes usually limts plant-feeding nematodes early in
succession, once the beneficial nematodes becone established. Agricultur:
systens often experience economcally catastrophic effects of plant-feedi:
nemat ode buil d-up when the sanme crop species is maintained in the sane

pl ace annual cycle after annual. Simlar problens can be encountered in
tree nurseries, when the sanme plant species is kept in the sane soil seasc
after season. Crop rotation, regardless of whether cereal crop, grass, o1
tree, is necessary.

Sone plants are inhibitory to plant-feeding nematodes, although the
inhibition is lost is the same nematicidal plant is used rotation after
rotation, with the sane crop plant year after year

G assland systens tend to have simlar plant-feeding nematodes species
lists, while plant-feeding nematode comunities in forested systens are
simlar. Again, plant-specificity occurs, and each plant species may have
it’s own particul ar sub-species of each plant-feeding nenatode pest. For
exanple, citrus nematode is a significant pest on orange trees, but not a
particul ar pest in |inme.

In general, the nore conplex the soil commnities of bacteria, fungi
protozoa nematodes and arthropods, the less likely plant-feeding nenmatodes
will be a problem dearly, however, plant species are restricted from
sonme habitats by the presence of plant-feeding nematodes in those soils.
For exanple, when Trifoliumis placed in light gaps in old growh forest
areas, the nunbers of plant-feeding nematodes on the roots rapidly
Increases, and kills the plant. Wether the plant "attracted" plant-

f eedi ng nemat odes from the surrounded soil, allowed the plant-feeding
nemat odes in that forest soil to rapidly multiply, or plant-feeding

nemat odes already present in the seed could rapidly nultiply because no
Conpeting organisns occurred in that soil, is not known. There could be
other soil factors which stress the clover plant and |ower the resistance
of the roots to plant-feeding nemat ode attack. But in any case, one

i mportant reason that clover is not found in old-gromh forest |ight gaps,
or in old growth forests is the response of root-feeding nenmatodes which
kills the plants.

Pl ant -f eedi ng nemat odes are excluded from ectonycorrhizal fungal mats, at
| east in those cases where nematode popul ations have been examined in mats
This suggests that active antagoni sm between certain fungi and plant-
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f eedi ng nemat odes occurs in healthy ecosystenms. In addition, no plant-
f eedi ng nemat odes have been found in coarse woody debris, even when tree
roots grow into these areas.

Habi t at ar eas:

Rangel and structural stages _ _
open herbl and, closed herbland, open |ow nedium shrub, closed |ow nedium

shrub, open tall shrub, closed tall shrub single stratum closed tall
shrub, multi-strata.

Forested habitat forns _
Stand initiation, stem exclusion open canopy, stem exclusion closed canopy,
understory reinitiation, young forest nultistrata, old forest nultistrata,

old forest single stratum

Specific vegetation types within each habitat form if known: Speci es
conposition of plant-feeding nematodes probably changes with plant species
in all systens, but the specific interaction of plant and nenatode
community conposition has rarely been studied in any but row crops.

Specific soil types if known: H gher nunbers early in disturbance, wth
i ncreased stress of plants. Specificity of certain species for saturated,
mesic or xeric soils.

El evation, aspects, slopes: No known rel ationship
Di sturbances: Plant species present, soil noisture, tenperature (freeze-
thaw), available N, season, disturbance such as fire intensity and

periodicity, grazing, conpetition with plant parasites, drought, plow ng,
fertilization, road effects, air pollution.

Representative species: Pratvlenchus penetrans, Mloidosvne chitwoodii

Key Environnmental Correlates
1. Tenperature

Cont i nuous
Unit of Measure: degrees C
M nimum 10-15 C (depends on species)
Maxi mum 45 C (speci es dependent)
Applies seasonally? Yes )
Wi ch seasons? To escape low or high tenperatures, resistant stages can be

formed, and juvenile stage devel opnent may be arrested. Metabolic activit
usual ly has a Q, relation.
Thenme nane: Attribute:
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2. Plant root density and type

Cont i nuous
Unit of Measure: Root |ength, age, conposition

Mnimum No roots present

Maxi mum  None known: certain plant species are nenmaticidal and

can reduce plant-feeding nemat ode nunbers

Applies seasonally? Yes
Whi ch seasons? Greatest increases in plant-feeding nematode nunbers and
increases in diversity in the spring and sunmer. Pl ant - f eeders can' be
especially detrinental and even restrict plant species distribution Lf
nemat odes continue to feed into the sumer when the plant.becones stressed
by additional factors such as drought, increased conpetition for nutrients
Thene nare: Attribute:

3. Soil noisture

Cont i nuous
Unit of Measure: Percent noisture, or grams water per gram of soil

Mnimum 0.05 g water per gram soil (depends on species)

Maxi mum 0.50 g water per gram soil (estinate)
Appl ies seasonal ly? Yes
Wi ch seasons? Misture is critical in the spring. Soil generally dries i
the summer, and nemat ode netabolism slows, and resistant stages devel op.
Thene nane: Attribute:

Key Ecol ogi cal Functions

1. Plant-feeding nematodes can-cause plant death' and can restrict plant
species distributions.

2. Substrate for predators (predatory nematodes, rotifers, earthworns,
enchytraei ds, nesostignatid mtes, prostigmatid nites, collembola,

synphyl ans)

3. conpetitors with fungi and other rhizosphere organisns for root exudate:
and - space along and in the root.

Key Assunptions

Inputs of carbon into sone ecosystens can be restricted or altered if
certain plant species are excluded, especially nitrogen-fixing plants

Soil conditions nust be appropriate for these plant-feeding nematodes to be
active. Nunbers of plant-feeding nematodes can be controlled by predatory

nemat odes, and nenat ode-trapping fungi. However, no nenmatode-trapping
fungi which carry out this function in the soil have been found in the

western US.  Evidence exists for conpetition between bacterial-feeding and
fungal -feedi ng nematodes for space along roots.
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The Maturity Index, suggested by Bongers and recently assessed in several
different ecosystens (dunes, agricultural, forests in the Netherlands,.
Scotland and the US), shows an extrenely good correlation with-
productivity, time since catastrophic disturbance, and disease incidence.
Soon after disturbance, plant-feeding nematodes often occur in high

nunbers, since few conpetitor organisns are present. However, as soil
foodweb conplexity and diversity increases, conpetition fOr root resources
increases, and plant-feeding nenatode inpacts decrease, until the npre .
conpetitive species replace the early successional species. Plant-feeding

nemat odes could be extrenely inportant in |later succession, since their
nunbers build with tine if the sane plant species €xists in the same place
for long periods of tine. This may explain senescence in older plant
species, although this interaction remains an hypothesis in natural

syst ens.

Pl ant - f eedi ng nematodes are often spread fromcrop field to crop field, or
from nursery to nursery in infected plant stocks, seed, or soil. In
natural situations, nematodes are spread from existing sources by

m croarthropods, small mammals, and birds.

Key Unknowns and Monitoring or Research Needs

Research is required to determ ne species required in different abiotic
conditions, with different vegetation types and in different soil types.

Di sturbance generally affects plant-feeding nenatodes. Decreased numbers
are generally observed inmediately after freezing, fire, plowng, pesticide
applications, and fertilization of agricultural Tfields, but plant-feeders
generally return imediately after disturbance since many of the species
are opportunists. Speci es conposition changes w th disturbance types,
intensity and periodicity needs to be researched.

D spersal

Di spersal node: Phoretic on arthropods, snmall mammals, birds, human tools
such as shovels, tractors, boots, etc.

Requi renents for dispersal: Presence in undisturbed soil, presence of
di spersal agent, dispersal agent capable of moving from inoculum source to
site where local extinction occurred.

Degree of Confidence in Know edge of Species

H gh for sone, poor for nost
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COLUMBI A RIVER BASIN - PANEL SPECI ES | NFORVATI ON
Date: Decenber 29, 1994 Panel i st Name: Elaine R | ngham
Speci es or Species G oup: Rotifers

Ceographic Area and/or Habitat Type: Wetland areas, closed canopy forest of
any stage, noss |ayers

Habi t at areas:

Rangel and structural stages

open herbland, closed herbland, open |ow nedium shrub, closed | ow nedium
shrub, open tall shrub, closed tall shrub single stratum closed tal
shrub, multi-strata.

Forested habitat forns

Stand initiation, stem exclusion open canopy, stem exclusion closed canopy,
understory reinitiation, young forest multistrata, old forest nultistrata,
old forest single stratum snags, downed | ogs

Specific vegetation types wthin each habitat formif known: Present in
all soils, but only active during when surface layers are noist. Hi ghly
epheneral organi sns.

Specific soil types if known: Al
El evation, aspects, slopes: Al

Di sturbances: soil noisture, tenperature (freeze-thaw), available N,
season, disturbance such as fire intensity and periodicity, grazing, pest
effects, drought, plowing, fertilization, road effects, air pollution
freeze-thaw

Representative Species: No information about rotifer species in the
Col unbi a river basin ecosystens.

Key Environnental Correlates

1. Soil noisture
Cont i nuous
Uh!f of Measure: Percent noisture, or anount of water present per gram of
SOi
Mninum Requires moist soil, above 0.15 g water per gram soil
_ (estinate)
~Maximum  These organisms do best in saturated soil

Applies seasonally? Yes
Wi ch seasons? Misture is critical. Drying below field capacity nost
likely results in loss in activity, reduction in numbers and encystment to
escape adverse conditions.
Theme nane: Attribute:
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2. Bacterial prey density

Cont i nuous
Unit of Measure: Nunbers of bacteria: species conposition of
bacteria
Mnimum No bacteria present; or below threshold |evel for
the particular soil type.
Maxi mum none known
Applies seasonally? Yes
Whi ch seasons? Bacterial densities are usually greatest when plant inputs

are greatest (spring and fall), when abiotic factors are not limting
(tenmp, noisture).
Theme nane: Attribute:

3. Tenperature
Cont i nuous
Unit of Measure: degrees C
Mnimum O C (estinate)
Maxi mum 45 C (estinmate)
Applies seasonally? vYes-
Wii ch seasons? As tenperatures drop, the activity of these organisns
decrease. To escape |low or high tenperatures, cysts are produced
Met abolic activity usually has a @, relation
Theme nane: Attribute:

Key Ecol ogi cal Functions
1. Mneralization of N immobilized in bacterial biomass. My be
responsible for up to 50% or nmore of plant N available in certain
agricultural systens.

2. Substrate for predators (nematodes, rotifers, earthworns,
enchytraei ds)

3. Consunption of bacterial prey and control of bacterial comunity
structure.

4, N retention in soil

5. Inportant in controlling bacterial diseases.




Page 3 of 3
Key Assunptions

Rapi d deconposition rates in certain systens may rely on the presence of
rotifers, at least during nore mesic portions of the year, to graze and
keep bacteria in log growth phase. Based on the simlarity between the
role that rotifers and protozoa play, feeding on bacteria and snal
organisns, rotifers may be inportant. In addition to bacteria, rotifers
feed on small protozoa and snmall m croarthropods. Deconposition can be
slowed to extrenely low levels if bacterial grazing by their predators is
extrenely high. This can result in a high level of N mneralization
followi ng by reduced deconposition and then reduced N availability to

pl ants.

Soil conditions nmust be appropriate for rotifers to be active, requiring
noi st-to-saturated soil. The disturbance nost affecting rotifers in
terrestrial systems is noisture. Since soil nust be well above field
capacity, near saturated conditions, for rotifer populations to be high
enough to influence bacterial nunbers, rotifers are nost likely to be
inmportant in riparian systens.

Rotifers likely serve as food for |arger arthropods and nematodes.

Wil e nunbers and species of bacteria can be controlled by protozoa, little
work has been done with rotifer-bacteria interactions in soil systens.
Rotifers do play inportant roles in aquatic systens, but are un-studied in
terrestrial systems. Most likely, these organisns would play an inportant
role in riparian soils.

Key Unknowns and Mnitoring or Research Needs

Research is required to determne nunbers, rates of bacterial feeding,
importance in releasing nitrogen when feeding on their prey species.
Research needs to be perfornmed to determne effects of other disturbances
on rotifers. Speci es conposition changes with disturbance types, intensity
and periodicity needs to be researched.

Di sper sal
Di spersal node: Phoretic on arthropods, small manmmals, birds, nenmatodes.
Requirenents for dispersal: Presence in undisturbed soil, presence of
di spersal agent, dispersal agent capable of noving from inocul um source to
site where |ocal extinction occurred.

Degree of Confidence in Know edge of Species

Low



