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Extd0Phricfu, 	 ***Wad from five 100_4 ktrbroact-lav et!	 shrubstrorn 16altesin western Opegonoiates of
infection were 76% for Mahonia nervosa, 44% tor Arctostaphylos uva-ursi, 37% for Gaultheria shallon, 29% for Mahonia
aqiufolium, and 25% for Umbellularia californiCa. Incidence of leaf infections by more than one fungal taxon was 20-56%,
72-90% of which bed Only two infeeildns. Rates of overall infectio divert higher in savage:Stakes from densely wooded sites
than in samples taken front snore open Sites. A pattern of species doMinance is seen where the most common endophyte of a given
host is isolated less frequently from other hosts; less commonly isolated endophytes appear to be less host specific. The most
commonly isolated cadophytes Phyllosticta 	 a on 4. arini-nrsi And G. shams, 1.4ptothyrium _berberiefts on if.
nervosa, Seprogtoillott sp. ot-#. nefv-604nd U. caltfOrnica,ortnItiunop—sts-sp., predOiniiiitgY on M. aquifolium, but present e
on all hosts. Some of the tuniii isolated from evergreen shrubs in this study were previously isolated from conifer needles;
however, most repretentntVfoctirrli,

Prune, 0., J. STONE at F. E. CARROLL. 1982. Endophytic fungi in evergimen shrubs in Western (*ton: A preliminitY study.
Can. J. Bat. WO: 789:-.796.

Des chamPign*Sn400tres Ow	 dc eingespiwes d'artinstes it feuilles persistames provenant de 16 local&
oueszt de 1'Oregon..11e.s taux d'infection ont 6t6 tie 76Wphoo.6takonid nervosa, 44% chez Arctostaphylos uva-ursi, 37% chest,.

Gaultheria shallots; 29% chez Mahoniaaquifollian et 25* dies Rienbelitdaria californica. L'incidence d'infection fongique
multiple dans les twines est do 20 a 56%..,Dans t s 90* e.ces can deux infections seulement sent presences. Le taux
&infection est plus tjeve dans lestchantillons pthlevis for& dean que dausceux qui proviennent de localites I vegetation plud'
Sparse. Un modele de	 espec, e.c1I,OhstFO,datislos,cassaVochampignoti endophyte predominant chez un hi5te;
sembfe &re relatiVeMehes	 qua	 cet h6te; les champignons° Lsoltts.poins souvent n Moitrent amine specificith. tee
champignons endephyt 	 lo plus souvent comprennent Phylio0eiti pyrolae chez A. mass et G. sitedlon, Leptothrlitin
berberidis chez	 neMS44:409tk!eunt sp. elite-A.aoriesa .U.,e:fitifornica et Phamopsis sp:i 'predominant elite M.
aquifolium mais present chez tous les hOtes. Certaini champignons isolis dens le present travail ont aussitte 'soles des isiguilles
de coniftres mais la plupart des associations esptces fongiques - hOtes n'ont pas did mentiormees precedemment.

Introduction
The presence of endophytic fungi in a number of

cryptogams and phanerogams was established . * the
basis of histological evidence -provided Ist
authors (Boullard 1951; reviewed 1:4? Schuster i966
Carroll et al. 1977). Scattered papers in, the phytopath-,
°logical literature reported the presence of endophytes
in thd leaves of a -vatietytirif evergreen piants: 1 - as
reviewed by Carroll et WV-41977Y., •-Only recently,
however, were cultural studies undertaken in order to
document the occurrence of endophytic fungi in grasses.
Mid evergreen Tlants in EuropeOttrini et at, 1979;
bleintal 1980) aiad iR the teedles fof some conifert in
Europe and North America (Bernstein and Carroll 1977;
Carroll et al: 1977; Carroll and Carroll 1978; Petrini and

Carroll 1981; PetriM and Miller 1980). Thus, it appeas
that widespread ocurrence of asymptomatic fungal
infections in a variety of plants has only begun to be
recognized.

Evergreen shrubs and trees are widespread is the
Pacific Northwest and are* . primary cOiriPiiiient of he
flora of western Oregon The wide distOntion' Of
broad-leaved evergidett PILO*. ,	 utidatit* vegetation
in a variety of different e c; gical regimes (Franklin and
Dyrness 1973) permits testing and extension of ecologi-
cal models based upon previous studies of conifer
endophytes.

The present study was undertaken to determine
whether any similarity exists between the species
composition of the endophytic flora of bread-leaver _
evergreen hosts and that already published for conifers
in the Pacific Northwest. We also hoped to determine'Author to whom reprint requests shouldrbe addressed.
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whether site-specific variation in endophyte infection
rates could be predicted from patterns observed in
coniferous hosts.

Materials and methods
Saarle selection

Aretostaphylos uva-ursi (L.) K. Spreng., Mahonia aqui-
folium (Pursh) Nutt. [Berberis aquifolium Pursh], Mahonia
nervosa (Pursh) Nutt. [Berberis nervosa Pursh], and Gaul-
Iberia shaRon Pursh are co_nunon at moderate altAodes
western Oregon: Untbeihdetria eithfOrn6 (H. et A.) Nutt.
etilltunic -to northern California and southwestern Oregon
latigire it occurs in abandatteettOrstmants mutt	 Thellt—
filtilx)sts were ehotierjfor the Presenfitliciy.

pllecting sites were choSea	 reflect differences in
mixture regimes width* the	 range of each species in
western Oregon; cattidentity	 xiniciated humidity were
estimated for each	 able f): Sites Were then grouped•tor
refInct. differencei ifi cry daisity. al* aisci4alramoistute
aloe 2)- 

APproximatelytifishf aunts of fofiage from 'different ige
classes were sampled from several different plants for each
host from each collecting site.,Branchlets were hand-pruned,,
$1,,gpd for identifiCation, and keptunenclastx1 after entlection,

Identification and nomenclature
The evergreen hosts were identified following Hitchcock

and Cronquist (1973), and author citations are based on Hortus
third (Anonymous 1976).

The identity of fungal taxa was established on the basis of
both cultural characteristics and morphology of fruiting bodies
and spores. Most fungi sporulated readily on the leaf tissue but
only slowly on artificial medium. Approximately 15% of the
isolates did not fruit under any circumstances and thus were
impossible to identify.

analysisStatisticalanalysis
Overall raiffitaels=fection were computed for boll

-Mgt Were derived	 .

narecommended by Millar and Richards (1974) and Bernstein
and Carroll (1977), vnitheit ieturrtediedeeinheratinT
few hours from the time of colleedegiltdrAtored at
longer than 24 h prior to culturing.	 -

faceted byelie:or
yes 1

lilf	 diVidia;
b162 aitteti*teidie •	 by the total Mani*
tncailt	 'Whir" iattethiits	 *lividwilt.0.004$
by mod- tbni4404Zekle Ctatit-
were eettordidteadiefilier*IfitettWeeFeVetatien.
of the cill'fididlieria refer 	 stet* Mite:040i /Akin Aidn; .
multiple infection of a leaf was scored only iCheii at teat One of
thelefecting fungi could be identified.
lg kruskal—Wallis procedure (Gibbons 1976) was usesite, -

" difftrences in overall infection rates arntar different

	

e methods	 ; 1,
safneing9EffiricAShafinkiketliP411FSOCA
um and M. nova, followedtr,sse4041y the
ProPoseck by 460W (PM; A sate/ 50 healthy-

looting leaves was tair4g ittisiftursi study from each site the
leaves were dipped 	 1 *Oa 961berlianol to wet the surface,
surface sterilized for 10 min in a solution of 65% commercial

-Chforox (Na0.0 final concentration 3.25%), and then dipped
again for 30 s in 96% ethanol.

Because of their smaller size, Arctostaphylos leaves were
cut with a	

disst
sterile scalpel into fotir

	Five	 of -5 -tarn diameter
eprillithately

of the otherfour species with a sterileNh; / cork borer.
woito,:tut from the

of the discs were cut from the nerve region and two from

:4-44Ple
ti pretednie AO	 then tyleltr

overall inkctiohitriat ea:betoe1 thy ae4 h
wen assignelf

the easilfkiritriiirl-7,?siginetterrt
}eaveg
fretplet*rofinftifted'difes	 sernesesAfean

 
ranks

then eornpateti	 sieitilske groups. Me'
diffprencei	 statistically significant If

IRe—	
N(N+1) ('

12	 -
was satisfied, where N =	 dietP member of ranked
elasanations for each host and x *Abe *wade of the standard

9fP:,	 'fOrrefteRci'
siinificance ler t-

carve eompisfitfor tack,

41ft:140v-tall pi olottfailit)r

trocussion
The overall jn	 rimes. Rix dish, host else*

correlate well with- the estimated canopy density add
moisture of the collecting sites (Table 2). Infection rtitose,
tend to be lower in foliage collected from -opettlar4
disturbed sites i -This applies panic:Isla/1y for site IAA O.
shall= Open, wind-exposed, almost pure stand on
seashore) and for site 1, o(: 	 (openv
disturbed site near highway). Vanrroli and Carr,ott 0978)-
end Petrini and Carroll (1981) reported similar patterns
in their studies on coniferous hosts and suggested that
differences in elevation, humidity, density of canopy
cove's- ahtifinite host SnSCeiptibility are likely to cause

Made on each side of *morn of each leaf, Samplestosai
Hosts were treated ifiParicauy	 9thi

The segments and 11ted0fa.„..,	 -pos-;	 91•
extract agar.	 y

lettfis were inctibiked rksfili	 .
°C with a 12-h dark-light cycle Under &Ores:cent:110h.

n of fungi from plates to 60-mm Petri dishes containing
extract agar was carried out by transfer of conidia or
fragments,

Safiting of infect 'Iion }
Leaf segments were scored daily for fungal infection during.the first 2 weeks of incubation and every other day Rai weeks

thereafter. After this time, no further growth of endophytes
was found. Single and multiple infections were scored on each
leaf and each individual segment.
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Tee	 Location/0d description of collecting sites

Site

C. Washburn MeModel
State Park, Lane Co.;.
dense canopy, moderately
humid

Goodpasture Rd., U.S.
Hwy. 126, Lane Co.;
closed canopy, humid

Eugene, Lane Co.;
dense canopy, humid

Cainis Swale Res..
Natural Area, Lane
Co.; open, dry

Elkton; Douglas Co.;
open, dry

Suttotv Cisupground,
Pimento, Lane Co.;
exposed, dry

H. J. Andrews Exp.
forest, Lane CO.;
dense canopy, ry
humid:

)piarcola,-Lane C4;
°Pen•

Anditkiss
Forest, Lane Ca.;
dense canopy,:aery
humid

Scottaburg, Coos ae

Winchester Bay,
Coos Co.;
moderate canopy
cover, moderately
humid

Marcola, Lane Co.;
closed canopy,
moderately humid

Camas Swale Res.
Natural Area,
Lane Co., open, dry

H. J. Andrews Exp.
Forest, Lane Co.;
dense canopy, very
humid

Loork Lake Rec.
Area, Coos Co.;
closed canopy,.lausid

Tenmile Lake Rec.
Area, Douglas Co.;
exposed, dry

Sutton Campground,
Florence, Lane Co.;
dense canopy, humid

Fox Hollow Res.
Natural Area,
Lane Co.; open, dry

Knowles Creek Rd.,
Mapleton, Lane Co.;
moderate canopy,
dry

Oregon Hwy. 55,
Reedsport, Coos Co.;
moderate canopy, dry

A. 4iva-urei

G. shallm

M. aquifolium

M. nervosa

U. caltlarniea
Co. moderateli
Wen , dry

Cape Perpetua,
Linn Co.;
exposed, dry
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TABLE 2. Infection rates (%) and multiple infection rates (%) in each collecting site for each host 	 TA BI
ink(

Overall
infection
rate, %	 1

A. uva-ursi
Inficted segments (792) 44 21
Infected leaves (198) 80 56
Multiple infections 29 14
)

G, shailon
Infected discs (1240) 37

-Welded leaves (248) 81
lultittiple infections 31

M. aquifolium
Infected discs (980) 29 18
Infected leaves (196) 71 52
Multiple infections 29 19

At. nervosa
'erected discs (1000) 76 94
Infected leaves (200) 99 100
Multiple infections 56 011

U. caWornica
matted discs (990) 25
Infected leaves (198) 60
Multiple infections 20 6 1,5

Humid/closed sites

Mean, % 1 2 3 4 Mean, %

A. u
26 58 64 61
40 94 96 95
14 36 54 45

G. s4

9 40 39 54 45 44
40 90 86 96 96 92
a 46 46 -38 23 38

M. cc
20 58 58
62 98 98
16 50 50

A. ne

69 86 78 82
- 100 100 100

70-- 56 28 42
U. cc

17 . 47 47
5Q 90 90

1C.n.
, di13 40 40

Dry/exposed sites

2	 3	 4	 5Host°

.7:ffininbers. 	 in parentheses refer to the total sampk size of discs or segments and leaves for each host **.••••

TAE

of
cad

A. s
G.,1
M.
M.
U.

•
5

*4.

isolate
occur
fungu

Thi
tributi
coma
such
moide
the cc
roll ei
Millie

observed differences in endophyte infection an,
4

Xxuskal—Wallis procedures indicate thtferenceit
anion sites with regard to overall infe*n rafes
significant at the 0.05 level for all hosts-,	 ept 111.,:

, in which infection rates are
3). Mean rank differences for dry verses humid
able 3) lend support to the observation that the
of host infection correlates with canopy density

sture of the collecting site: This trend is
tattAinlary marked when grouped dry and wet sites are,
tatilltritsted (Table 4). Differences are significant at they

vel for M. aquifolium and U. californica anda(
04 level for A. uva-ursi and G. shallon. Contrast

arst a provided for M. nervosa although the Kruskal-L
* test did not indicate significant variation among

ilt#s fbr this host.

moderately hunid-babitats, leesi ;interineditai with
regard to infect rates. Althongbother factors4 host

Atittsceptibility *at be involied, ' the frixtuenc* 9,-if en-
dophyte infectipgi appears to crimitth with deereasing
habitat moisti4.1.18ticause the skukof the sampling unit
/segments) if A.:4va-ursi	 largeili#n the
discs sampled from the other hoSts, overall infection
rates for this host may be slightly underestimated.

Rates of multiple infections ranged Rom 20% (U.
californica) to 56% (M. nervosa) (Table 2). These were
attributable to only two infections in most cases (72 to
79% for A. uviipursi, G. shallop,- M. nervosa, and M.
aquifer/item, 9016 for U. californicq);and rarely to three

-,10 to 5%). In *Vast, Carroll and Carroll (1978) and
Petrini a.8gi Mdfler (1980) reported low multiple infec-
tioitvOlifs for niest0f the holtspeeies they studied. The
relaiii4 high fateseof infection  by two or more fungal
tan observed in this study could be attributed to the
physical separation of the endophytes within the com-
paratively broad host leaves. The low rate of infection of
single dikes by more than one fungel Oxon adds support
to this assumption, and lower ratessof infection for discs
than for leavesindicate that endophytes are not always
distributed throughout the entire leaf. However, the use
of only tine isolation medium might result in failure to

-11te Kruskal—Wallis test revealed significant differ-
ea ices in overall infection rates among hosts significant
,at,the 0.05 level (H = 10.90, k = 5). Infection rates

generally lower for hosts which prefer dry habitats
aquifolium and U. californica); infection rates for

M. nervosa, which prefers moist habitats, were much
higher than for all other hosts at all sites (Table 2).
Gauilheria shallon and A. uva-ursi, which prefer

r,-
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TABLE 3. Mean rank differences (IR; - 11) for contrasts of
infection rates of individual dry versus humid sites for each

host (see text for computation of significance levels)

Host

A. mva-ursi 8.88**

G. shall an 14.44***

aquifolium 11.67***

A. nervosa 4.95

U. califtirnica 15.16***

miss test.
at 0.10 level.
at 0.05 level.

at 0.01 level.

TABLE 4. Mean rank differences ok, -	 for contrasts
of infeetion fates of grouped'thy Virsus humid sites for
eachhOst (see text for comp.	 of significance levels)

Rost
	 - RBI

1,3 verses,pt 8.00**
5 versus 1,2,3,4 12.25**
1 versus 2,3,4 10.00***

1,4 versus 2,3 5.40
3 versus 1,2,4 9.20***

tlifBareat at 0.10 level.
•*, trig:event at 0.05 level.
"*. craerent al 0.01 level.

X	 *ngi (e.g., Rasidiomycetes) which might
occupy	 same portion of the leaf as a faster-growing
fungus. 4-

The list of most common fungi isolated and their dis-.tribuhon frequency (Table 5) shows that several taxa are
common to more than one host. Many of the isolates
such asGeniculasporium sp., Pezicula sp., and Sig-
moidea sp. are morphologically indistinguishable from
the corresponding isolates from coniferous hosts (Car-
roll et al. 1977; Petrini and Carroll 1981; Petrini and
Muller 1980), while others (e.g., Crypiocline spp.,

Cryptosporiopsis spp., and Phomopsis sp.) represent
records of different species. Endophytes like Clado-
sporium cladosporioides, often considered to be a possi-
ble contaminant and only recently demonstrated to be an
accidental endophyte (O'Donnell and Dickinson 1980),
are not often isolated and clearly are not host specific.
Some taxa (e.g., Acremonium sp., Nodulisporium sp.,
and some Xylaria anamorphs) have been often recorded
as endophytes, yet they do not appear to be specific to
any particular host.

The majority of isolates from a given host species
comprise relatively few fungal taxa (Fig. 	 I). One
endophyte species for each host invariably comprises
the largest portion of the isolates and appears to be
relatively host specific, while a constellation ofincklea-
tal species common to several hosts ac.e• 41%*
remainder (Table 5). The most common 	 phytc
the ericaceous hosts in this study, Phyllosticta pymlae,
as well as Aureobasidium ribis, Phyllosticta
Physalosparn arctostapkyli, and Pleospora herbarum,
are also often isolated from ericaceous hosts in Switzer-
/and (B. Widler, Eidgenossische Technische Hoch-
scule, Zurich, personal communication, April 1980).
Septogloeunt sp. accounted for 56% of the total infected
discs of U. ca4ornica and was also relatively abundant
on M. nervosa and M. -aquVOlhopt, Leptothyrium ber-
beridis, considered to be the anamorph of Lophodennium
berberidis (Schleich.) Rehm (Nannfeldt 1932), is the
most common endophyte of M. nervosa and is also
frequently found on M. aquifolium. However, the close
resemblanie : of this ftirigus to sometinf
Coccomyces spp. (F. DiCosmo, University of ate`-
loo, personal communication, April 1980) causes uncer-
tainty as to which teleomorph this anamorph should be
assigned. A similar pattern of host-specific species
dominance was noted by Carroll and Carroll in their
survey of coniferous hosts in the Pacific Northwest.
Thus, while infection rates for each host seem to be
related to ecological factors, some components of the
endophytic flora reveal a degree of host specificity, at
least at the family le Ali (Carroll and Carroll 1978;
Petrini and Carroll 191 Alt. In contrast, Phomopsis sp.,
the most frequently isolaied endophyte from M. aquffae
lium, was also relatively common on all hosts. 'Whether
any signifIcant trends exist between the species compo-
sition of thwandophyte flora of related hosts is unclear
and will require further study.

Host-endophyte specificity could lead to the forma-
tion of host-specific strains in fungi common to different
hosts. This is a possible explanation fOf the variability
observed in the coelonlycetous fungus $ttitatiVellt
signed to Septogloeum, which initially shoWed different
cultural characteristics and growth form depending upon
its origin (G. shallon, M, aquifolium, and M. nervosa,

Sites IR, - R,I

1 versus 2 8.37*
I versus 4 5.13
2 versus 3 10.87**
3 versus 4 7.63

1 versus 5 9.30
2 versus 5 10.50
3 versus 5 17.20***
4 versus 5 12.00**

1 versus2 11.60***
1 versus 3 10.40**
1 versus 4 8.00

versus 2 6.20
1 versus 3 3.20
2 versus 4 7.60
3 versus 4 4.60

1 versus 3 14.30***
2 versus 3 5.30
3 versus 4 8.00

A. uva-ursi
G. shn►ion
M. aquifolium
M. nervosa
U. catifornica
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TABLE 5. Relative frequencies of the most commonly observed fungal taxa

Host and fungal tam°

% of
total

segments

%of total
infected

segments

%of total
infected
leaves

No. of sites at
which taxon

observed
Additional

hosts"

A. stva-ursi (792)
Aureobasidium ribis (Vassiljevski)

Hermanides-Nijhof 0.5 1.2 2.0 3
Gelatinosporium sp. 0.4 0.9 1.0 1
Crotiosporiopsis sp. .1.8 4,0. 3.5 1
Hainesia sp. 0.1 14 2.0 1
rirmCPsis sP . 3.4 1.9 10.6 4 Gs, Ma, Mn, 11c
Phyllosticta pyrolae Ellis et Everts. 16:1 31:2 34.3 3 Gs, Ma
Phyllosticta vaccinii Earle 2.0 4.6 6.6 4 Gs
Pliyatilospora araostaphyli B. Erikss. 1.4 3.2 3.0 2
Pleospora herbarum (Fr.) Rabenh. 2.0 4.6 6.6 3 Uc
Ramularia sp. 0.8 1.7 3.0 1 Gs, Uc
Xylaria hypoxylon (L. ex. Fr.) Grey.

morph 0.6- 1.4 2.0 2 Gs, Uc
Xliatia sp. anamorph 0.6 1,4 .2.5 4 Gs, Ma, Mn, tic
killitz-ursi 3914 (sterile) 5.3 12.1 • 10.1 1

G. shailon (1240)
Arremonium sp. 0.6 1.7 2.4 2 Uc
Ganiallosporium ap.. 2.2 5.8 8.4 3 Au, Ma, Mn, 1.1c
bytaitthyrium berberidis Cooke et Massee , 44 3.0 3.6 1 Ma, Mn
Nodufisporium sp. -01,16 1,5 2.4 2 Au, Ma
Pezicula sp.	 - L6 4.3 6.4 4 Ma, Mn
Phialophora spp. 1.9 5.2 7.2 4 Mn
Phornopsis sp. 1.6 4.3 4.8 3 Au, Ma, WI lin
Phyllosticta pyroigie Ellis (*Swab. 15.8. 42.4 34.7 5. A, Ma
Phyllostiaa vaccirsii Earle 1.4 37  5.6 1 IA
Ramularia sp. 1.3 33 -4.8 4 An, lJc
Septogloeum sp. is 19 4.4 3 Vic Mn, Uc
Sigmoidea sp. 0.2 0.6 1.2 2 tIC'
Xylaria hypoxylon (L.. ex Fr.) Grey. 1

=morph - 0.4- 1.1 2.0 2 * Alc t1C

M. aquifolium (980)
Clarlosporiwn clailosporiohies

(Ftesen.) De Vries	 ' 0.5 1.7 '	 2.5 2 .Au, Gs-
Coptocline sp. 1 0.9 3.1 3.5 2 Au, Gs
Cryptodine spp. 34 12.2 19.5 3
Coptosporiopsis spp. 0* 2.1 ;3.0 1
Geniculosporium sp. 14 4.5 06.6 4 Au, Gs, Mn, tic
Leptothyrium berbers* Cooke et

Massee 3.9 13.2 13.6 4 Gs, Mn
Pezitula sp. 4.6 2.1 1'3.0- . 2 (3s, Mn
Plibmopsis sp. if./ 30.2 S1.8 4 Au, Gs, Mn, Uc
Septogloeum sp. 2.3 8.0 -,"8.6 3 Gs, Mn, Uc

M. nervosa (1000)
Hypoxylon serpens IrAJBE. eX Fr.)

Kickx var. effustantuits.) Miller 0.4 0.5 1.0 1
Leptothyrium berberiths Cooke et

Massee 53.4 70.6 94.0 4 Gs, Ma
Pezicula sp. 0.5 0.7 2.0 3 Gs, Ma
Phomopsis sp. 2.4 3.2 10.5 3 Au, Gs, Ma, Uc
Septogloeum sp. 13.1 17.3 41.5 4 Gs, Ma, tic
Xylaria sp. anamorph 0.5 0.7 2.0 2 Au, Gs, Ma, Uc

U. ca,
Cry
Get
Pht
Sep
XyL

a
XyL

'Nun,
host, we

bAu.

FIG.
refer to
additiot

or U. t
differei
culture
three c
isolate(
their at
and 0.
variabil
these (
biology
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TABLE 5 (concluded)
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% of % of total % of total No. of sites at
total infected infected which taxon Additional

Host and fungal taxa°	 . segments segments leaves observed hostsb

U. cakfornica (990)
Cryptocline cinerescens (Bub.) von Arx 1.8 7.4 9.) 4
Geniculosporium sp. 0.4 1.6 2.0 3 An, Gs, Ma, Mn
Phomopsis sp., 4.2 17.3 17.7 4 Au, Gs, Ma, Mn
Septoglpeum sp. 13.6 55.6 33.3 3 - Os, Ma, Mn
Xylaria hypoxylon(L,r4 Fr.) Grey.

anamorph 0.3 1.2 1.5 1 Au, Gs
Xylaria sp. anamorph 1.9 7.8 8.5 2 Au, Gs, Ma, Mn

"Itanbess in parentheses reittiertetal numbers of dices (segments) .pled. Only thosellingi which armed fee 141i, or more of the total infection for a given
host, wee common to two isemore hosts. or which tot of taxonomit interest have been inducted.

bAu. A. uva-ursi; Gs, G. Anna:: Ma. M. aquifolnun; Mn, M. nervosa; lk, U. californica.

8O-

C
0
=60-,

.c

0
04O

at •

20-

0_,	

(37V-

(17)

eisetiot

Indeterrninede

Septogloeum sp.
Leptor yrium berbericlis
Geniculosp or ium sp.
Phomopsis sp.
Plsyllosticto vactinii

Phyttostic to pyro Ice

(44%)	 (29%)
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FIG,* 1. Relative contribution to total infection by six frequently isolated fungal taxa. Numbers in parentheses above each bar
refer to the overall infection rate for each host. Numbers in parentheses at the upper left of each bar refer to the number of
additi4nal species for each host. Au, A. uva-ursi-, Gs, G. shallon; Ma, M. aquifolium; Mn, M. nervosa; Uc, U. califorrzica.

or U tairamica). Since no significant morphological
differtfices could be found in mature sporulating
cultutps, it is impossible to assign these three groups to
three different species. Strains of the same fungus
isolated from different parts of the same host differ in
their ability to digest different substrates (G. C. Carroll
and Q. Petrini, submitted for publication). Genetic
variability within the same species could account for
these .observations; however, many features of the
biology of endophytic fungi are unresolved. Further

investigation of the physiology of such strains could
provide information on the nutritional relationship
between endophytes and host leaves and on the hier-
archy of substrate utilization by endophytes inhabiting
the same leaf.
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