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ROLE OF THREE RODENTS IN FOREST NITROGEN FIXATION
WESTERN OREGON: ANOTHER ASPECT OF
MAMMAL-MYCORRHIZAL FUNGUS-TREE MUTUALISM
C. Y.

Abstract.

Chris Maser", Zane Maser\ and Bruce A. Caldwell^

Li',

—To determine the

IN

role of the Cahfornia red-backed vole {Clcthrionoiuys califoniicus), the northern

and the deer mouse (Peromyscus maniciilatus) in the nitrogen cycle of forest
were isolated and purified from feces, and their nitrogen-fixing ability
measured by acetylene-reduction assay. The ability of the bacterial species Azospirillum sp. to withstand freezing was
also tested. Fecal extracts were used to test whether fecal pellets can provide the nutrients necessary for growth of the
bacteria. All the feces tested contained viable nitrogen-fixing bacteria, and both species can survive drying and one can
survive freezing. Azospirillum colonies grew well on liquid medium but required yeast extract for growth and
nitrogenase activity. Fecal extracts from flying squirrels and chickarees {Tatniasciurus douglasi) were as effective as the
yeast. The results suggest another link in the chain of mutualism that unites small mammals, mycorrhizal fungi, and

flying jiijuirrel (Glaticomys sabrinus),

stands in western Oregon, bacterial colonies

forest trees.

The deer mouse, ubiquitous throughout
most of North America, feeds on fruits, seeds
(including conifer seeds), and hypogeous, mycorrhizal fungi (Hunt and Maser 1985, Maser

Some small forest-dwelling rodents help
maintain productivity of forested ecosystems
by disseminating viable spores of hypogeous,
mycorrhizal fungi (Kotter and Farentinos
1984, Maser et al. 1978, Mclntire 1984, Rothwell and Holt 1978, Trappe and

Maser

etal. 1978, 1981).

1976).

Nitrogen-fixing bacteria have recently been

found

in fungal

forested areas of western

sporocarps eaten by small

mammals (Hunt and Maser
Castellano 1985, Maser et

al.

1985,

1978).

mine whether small mammals play

To

deter-

a role in

the nitrogen balance of the forest by eating
hypogeous fungal sporocarps and thereby dispersing the bacteria, we sought answers to

Do

feces of forest-dwelling rodents contain nitrogen-

fixing bacteria?

• Are these nitrogen-fixing bacteria viable after passage

through a rodent's intestinal tract?
•

Can these

fungal sporocarps (Maser et

Maser

nutrients necessary for

common and

tributed forest rodents: the deer

widely

mouse

dis-

(Per-

omyscus maniciilatus), the California redbacked vole (Clethrionomys califoniicus),
and the northern flying squirrel (Glaucomys
sabrinus).

The

al.

1978,

Ure and

flying squirrel, a noctur-

inhabitant of most coniferous

1985).

growth of nitrogen-fixing bacteria?

studied three

into north-

throughout temperate North America,
also eats mostly fruiting bodies of hypogeous,
mycorrhizal fungi (Maser et al. Food habits,
1985; Maser et al. Northern flying squirrel,

bacteria survive freezing, drying, and high

Do the fecal pellets provide the

We

1982).

nally active

We

temperature?
•

Oregon

forests

these cjuestions:
•

vole ranges

western California, and from the Pacific Coast
to the crest of the eastern Cascade Range
(Maser et al. 1981). It eats mostly hypogeous

and

Li

The red-backed

south of the Columbia River, throughout the

recognize that more quantitative data

may be desired than is foimd
Our data are the first reported

in this

ing interactions, however, and

now determining what

paper.

for the follow-

we

are only

quantitative questions

can and need to be asked. Further, we have
not found a way or person to identify the

unknown

bacteria and yeasts that

we encoun-

ter.

'us. Department of Agriculture, Forest Service, Pacific Northwest Research Station, Forestry Sciences Laboratory, 3200 Jefferson Way, CorvalHs,
Oregon 973.31.
^U.S. Department of the Interior, Bureau of Land Management, Forestry Sciences Laboratory, 3200 Jefferson Way, Corvallis, Oregon 9733L
Department of Forest Science, Oregon State University, Corvallis, Oregon 97.331.
Department of Microbiology, Oregon State University, Corvallis, Oregon 97331.
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Table

1.

Acetylene reduction by bacteria isolated from small

mammal

feces.

Acetylene reduction
(nmole ethylene/
mg protein per hr)

Bacterium
isolated

Source

Azospirillum sp.

California red-backed

Azospirillum sp.

Northern flying

Clostridium hutyricum

Deer mouse

167.0'

v(

88.6'

scjuirrel

.344.0'

Average of .5 replicates
"Average of 3 replicates

—

Methods
To determine

if

nitrogen-fixing bacteria

passage through rodent digestive
tracts, techniques for fecal collection and laboratory techniques were developed to isolate
and purify bacterial colonies from rodent feces
(Li and Maser, 1986). Acetylene-ethylene assay for nitrogenase activity as an indication of
nitrogen-fixing ability was as described by
Hardy et al. (1968). Yeast populations in feces
survive

were determined by dilution-plating on
sodium albumenate agar (Waksman and Fred
1922).

To

test the ability of

AzospihUuin

sp.

to

withstand freezing, flying squirrel feces were
held at -17 C (1 F)'for three months. The

were thawed and the bacteria isolated,
grown, and tested for nitrogenase activity (Li
and Maser, in press; additional details on file.

feces

Forestry Sciences Laboratory, Corvallis,

Ore-

gon 97331).
Azospirillum
flying squirrel

sp. isolated

were used

from feces of the

to test

whether

fecal

pellets provide the nutrients necessary for

a microaerophilic, nitroAzospirillum sp.
gen-fixing bacterium (Lakshmi et al. 1977)
was isolated from feces of one red-backed vole
and five flying squirrels. Clostridiu7n hu-

—

an anaerobic, nitrogen-fixing bactyricum
terium (Buchanan and Gibbons 1974) was
isolated from feces of seven deer mice. The
bacteria not only survived passage through
the digestive tracts but also grew and reduced

—

acetylene in vitro (Table 1).
Most bacteria do not survive freezing without desiccation because they rupture on thaw-

be stored are usually

ing; thus, bacteria to

freeze-dried (Gherna 1981). Azospirillum sp.
can survive freezing in the feces, however,
and C. hutyricum forms an endospore stage
that should also

Azospirillum
in air-dried soil

be able

to survive freezing.
survived at least 15 years
at 28 C ± 2 C (82 ± 4 F)
1977). In our study C. hu-

sp.

(Lakshmi et al.
tyricum survived 3 months in air-dried feces,
presumably in the endospore form, and it retained the capacity to reduce acetylene.
Many workers have used yeast extract or

deionized water (2:100 w/v) in a
Polytron with a saw-tooth generator, 165 x 12
mm, at maximum speed for 1 min. Debris was

combined with vitamins to promote nitrogenase activity of acetylene-reducEvans 1976,
ing bacteria (Barber and
Haahtela et al. 1981, Murray and Zinder
1984, Rennie 1981, Tyler et al. 1979). The
Azospirillum colonies grew well on nutrient
agar or trypticase soy agar, and they reduced
acetylene when grown under conditions of
99% nitrogen and 1% oxygen. The bacterium
required yeast extract for growth and nitroge-

removed by centrifugation for 30 min at
14,500 x g. The supernatant was filter-sterilized, and 0.2 ml was added to 20 ml of

nase activity (Table 2). Controls without
acetylene were also assayed with negative residts. Extracts from the feces of flying squir-

growth of nitrogen-fixing bacteria. We used
fecal extracts from both the flying squirrel and
the chickaree (Tamiasciurus doiiglasi ), a diurnal tree squirrel that shares the flying squirrel's habitat in the Pacific Northwest. Fecalextracts

were prepared by homogenizing the

fecal pellets in

Dobereiner's nitrogen-free
(Dobereiner and Day 1976).

licjuid

medium

rels

and chickarees were

as effective as yeast

extract for inducing nitrogenase activity. Addition of vitamins into the fecal extract proved

unnecessary for growth and nitrogenase activity of Azospirillum sp. (Table 2).

Results and Discussion
Feces of all the small mammals
contained viable nitrogen-fixing

yeast extract

we

tested

bacteria.

Yeast extract, a component of many standard culture media (Tuladhar and Rao 1985),

July 1986

Li et al.:

Rodent-Fungus-Tree Mutualism

Table 2. Influence of additives on acetylene reduction
by Azospirilhwi sp. in Dobeieiner's nitrogen-free liquid
medium (Dobereiner and Day 1976).

413

Great Basin \atlr.\list

414

D L

Campbell

19S2. Influence of site preparation on animal

s>Tnposium, Site preparation and fuel management

Washington State Universit>- Cooperative Extension. Pullman. Washington.
Croi CH G L AND M \ R\D\VAN 1975. Coating and impregnation with Endrin protects field-sown Douglas-fir

on steep

seed. Pestic. Sci. 6: 337-345.

M

.

Day

1976. ,\ssociative s>Tnbioses in

tropical grasses: characterization of microorganisms

and dinitrogen-frdng sites. Pages 51S-53S in W. E.
Newton and C. J. N\Tnan, eds.. Proceedings of First
International Sxniposium on Nitrogen Fixation. \ol.

Gherna R

L. 1981. P^eser^ation.

hardt, ed.

,

Pages 208-217

Manual of methods

tion)

in

\'

cold-chmate spodosols.

biol. 41:

W

Hardy R

Oregon. Can.

J.

196S.

Laboratorv and
43:1185-1207.'

RC

and

field evaluations. Plant

Ph\

siol.

.

.

on mycorrhizae. For.
Res. Lab.. Oregon State Universit\-. CorxaUis. Orec-oiiference

gon.

M M and R C Farentinos. 19W. Formation of
ponderosa pine ectomycorrhizae after inoculation
with feces of tassel-eared squirrels. Mvcologia 76:

KotteR-

.

V

.

Patriqlin.

.mari.

K

\'.

K

S.

Sci.

Pro-

other srasses in Brazil. Can.

F. M..

andC Holt

J

.\griculture.

Department of .\griculture. Forest Service
Note NE-259. Northeastern Forest Expt.
BroomaU. Pennsylvania. 4 pp.
Slxibert. R.
and N R Krieg 1981. General charao
teriziition. Pages 409-443 in P. Gerhardt. ed. in
chief. Manual of methods for general bacteriologv".
.\mer. Soc. for Microbiol., Washington, D.C.
Slllivan. T. P 1979. Demographv of populations of deer
mice in coastal forest and clear-cut (logged) habi
L'.S.

Res.

Sta..

M

tats.

.

Can.

J.

Zool. 57: 16:36-1&48.

Can.
Trappe.J.

demography of Pcromyscus

mam-

Dytlness

mammals. U.S.

Forest Service Gen.

J.

and burning of coastal

Zool.

A-NdC.

,

.58:

Maser

1976. Germination of spores
(

sage through a rodent digestive tract. Mvc-ologia
68: 4;3;^436.

Tl ladh.ar K. D. Y.. A-ND N S. S Rao 1985. Interaction of
V easts and some nitrogen fixing bacteria on nodu
iation of legumes. Plant and Soil 84: 287-291.
Tyler .M E J R Milam R L Smith. S C Sch.ank. and
D .\ Zlberer. 1979. Isolation of Azospirillum
from diverse geographic regions. Can. J. Microbiol. 25:

D C

693-697.

and C Maser 1982. Mycophagv of redin Oregon and Washington. Can. J

backed voles

Zool. 60: 3307-3:315^

Waksman. S

.\.,

AND E B Fred. 1922. A tentative outline
method for determining the number oi

of the plate

Range Expt.

microorganisms

Oregon. 496pp.

af-

forest habitats.

22.52-2259.

ofGlomus macrocarpus Endogonaceae) after pas

Tech. Rept. PN\\"-133. Pacific Northwest Forest and
Sta.. Portland.

1978. Vesicular-arbuscu-

mycorrhizae established with Glomus fasiculatus spores isolated from the feces of cricetine mice.

Ure

F Fr_ankun and C T

1981. .Natural histor> of Oregon Coast

Department of

and

Microbiol. 24:

lar

M

86B: 397-404.

Department of Agriculture. Forest SerRes. Note PNW-441. Pacific Northwest Re.Mate

J.

7;M-742.
Rennie. R J 1981. .\ single medium for the isolation of
acetv lene-reducing (dinitrogen-fixing) bacteria
fi-om soils. Can. J. Microbiol. 27: 8—14.

Castell.\NO. 1985. Nitrogen-fixing bacte-

search Sta.. Portland. Oregon. 4 p.
.

of tetrazolium-reduclng

ter logging

.

mals. U.S.

C B R

Doberelner. 1978. Light mi-

1977. Estab-

for stud\ing nitrogen-fixing bacteria in small

vice.

J.

observations

R\o

from within sporocarps of three ectomycorrhizal flmgi. Page 264 in R. Molina, ed.. Proceedings of the Sixth North .\merican c-onference on
mycorrhizae. For. Res. Lab.. Oregon State Universitx Cor\allis. Oregon.
Y and C Maser 1986. New and modified techniques

Maser-

and

G-.

nianiculatus and Microtus orezoni populations

.

C

by

Nature 312:

bacteria in the endorhizosphere of maize

ria isolated

Ll

19S4. Nitrogen fixation

Lakshmi Kv

survival of Spirillum lipoferum

ceedings Indian .\cad.

C Y vndM a

and N. S

treated

M

Vij.ayalakshml

R TlL\K.

B.

lishment and
Li

D

crosc-opy

1980. Comparative
S R\o.

.\.

a variously

137-146.

a methanogenic archaebacterium.

7.58-760.

LxKSHML

,

Ml rr\y. P and S H Zinder

RoTHWXLL.

Hooven, E 1975. Baiting to reduce losses of conifer seeds to
small forest mammals. Res. Note •>5. For. Res. Lab..
Oregon State UniN ersitx Corv allis. Oregon. 3 pp.
Hi NT G A andZ Maser 1985. Consumption of h\pogeous
fiingi by the deer mouse [Peromyscus nianiculatus I
Page 272 in R. Molina, ed. Pnx-eedings of the Sixth
North .Vmerican

W

chipmunk within

Siskivou

strains

The acet>lene-ethylene assay for N^ fixa-

tion:

10.S4-10S8.

6:3:

,

.\pp. En\iron. Micro-

K. J.ackson.

Zool.

J.

.

284-286.

SkVJINS.

2a3-206.

F R D Holsten. E

Burns

of

Z R .Mowrey. C Maser and
Yin 1985.
Northern flying squirrel: the moonfight truffler.
Page 269 in R. Mofina, ed.. Proceedings of the
Sixth North .\merican conference on myc-orrhizae.
For. Res. Lab. Oregon State L'nixersitx Cor\ allis. Oregon.
MclNTiRE. P W. 1984. Fungus consumption by the

.Maser.

acetylene reduc-

by Enterobacteriaceae and Azospirillum

1978. Fungal-

vi

>

D.C.

SlNDMAN VND J

Root-associated N% fixation

19.81.

Ger-

Nl ssbai

.\

the northern flving squirrel (Glaucomys sabrinus in

forest. Ec-ologv 65:

in P.

R

interrelationships with emphasis on

Oregon coniferous forests. Ecologv .59: 799-809.
C Maser. .wd J M Tr.\ppe 1985. Food habits

for general bacteriol-

og\. -\iner. Soc. Microbiol., \\ashington.

Hv\HTELV K T W.ARTIOVVWA,

Tr\PPE. and

mammal

Maser. Z

ashington State Uni\ ersit> Press. Pullman.

2. \\

M

J

small

terrain.

DOBEREINER. J AND J

C

.\1aser.

use and animal damage to tree seedlings. Pages
93-101 in D. M. Baumgartner. ed.. Proceedings of a

Vol. 46. \o.

in the soil. Soil Sci. 14:

27-28.

