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Biological species concepts in eastern North American 
populations of Lentinellus 
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Abstract: As part of a biosystematic study of the Len- 
tinellus ursinus species complex in eastern North 
America, field and herbarium specimens from North 
America, Central America, and Europe were exam- 
ined. Crossing single basidiospore isolates demon- 
strated tetrapolar (bifactorial) mating systems. Three 
biological species are recognized as L. ursinus, L. an- 

gustifolius, and L. vulpinus. The production of gloeo- 
cystidia and/or chlamydospores is considered taxo- 
nomically significant for identifying somatic cultures 
of these species. All three taxa produced laccase, ty- 
rosinase, and peroxidase in culture and are white-rot 
fungi. This is the first confirmed report of L. angus- 
tifolius from North America. 

Key Words: Auriscalpiaceae, Basidiomycetes, cul- 
ture mat analyses, Hericiales, mating systems, phen- 
oloxidase enzymes, systematics 

INTRODUCTION 

The genus Lentinellus Karsten (Hericiales, Auriscal- 
piaceae) includes a group of clitocyboid to pleuro- 
toid fungi most commonly collected in deciduous 
and coniferous forests throughout North temperate 
regions. Although the genus Lentinellus is easily rec- 
ognized by serrate lamellae and amyloid, ornament- 
ed basidiospores, many taxa are extremely variable 
and often difficult to distinguish macroscopically 
and/or microscopically. The difficulty in segregating 
taxa is due primarily to the relatively long life of the 
basidiomata, which results in considerable morpho- 
logical variation especially in pileus tomentum and 
degree of tramal amyloidity (Miller and Stewart 
1971). The use of morphological characters alone to 
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segregate taxa has led to considerable taxonomic 
confusion as numerous taxa have been proposed 
only to later be reduced to synonymy (Miller and 
Stewart 1971, Pegler 1983, Segedin 1996). Among 
the most confusing species complex is the one which 
includes L. ursinus (Fr.) Kiihner, L. castoreus (Fr.) 
Romag., a European taxon, L. vulpinus (Sow.:Fr.) 
Kuhner & Maire, and several other morphospecies 
(Stalpers 1996) which have not been adequately dif- 
ferentiated biologically or phylogenetically from L. 
ursinus s.s. Although morphotaxonomy has been 
used to distinguish L. ursinus from L. vulpinus (Mill- 
er and Stewart 1971), it has not accounted for addi- 
tional cryptic taxa within the L. ursinus species com- 
plex and reveals nothing about reproductive com- 
patibility between morphospecies. Since preliminary 
data suggested that more than one biological species 
was represented in the L. ursinus species complex in 
eastern North America, intercollection matings were 
proposed to identify sexually compatible populations 
(i.e., biological species) in the L. ursinus species com- 
plex. 

The objectives of this study were: (i) to determine 
the mating systems operating in the L. ursinus com- 
plex; (ii) to identify sexually compatible and incom- 
patible populations; (iii) to determine the taxonomic 
value of culture mat analyses and phenoloxidase re- 
actions, and (iv) to identify additional morphological 
characters which might be used to more readily seg- 
regate taxa. 

MATERIALS AND METHODS 

Basidiomata were collected in six states in eastern North 
America from Aug through Nov, 1995 and 1996. Macro- 
morphological features were recorded using standard tech- 
niques (Largent 1977) with colors terms taken from Kor- 
nerup and Wanscher (1967). Basidiomata were dried and 
deposited in the herbarium at Eastern Illinois University 
(EIU). Additional specimens were obtained from herbaria 
at the Royal Botanical Gardens, Edinburgh (E), the Uni- 
versity of Tennessee (TENN), the University of Michigan 
(MICH), and Uppsala (UPS). Supplementary specimens 
with spore prints were also provided by Thomas J. Volk 
(TJV). The names of the authors are abbreviated ANM for 
Andrew N. Miller and ASM for Andrew S. Methven. 

Micromorphological analyses of specimens followed stan- 
dard practices and terminology (Largent et al 1977). Sec- 
tions were mounted in 10% NH4OH, Melzer's reagent, or 
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sulfobenzaldehyde and observed under bright field optics 
with a Nikon research microscope. A minimum of 10 basid- 
ia, 10 pseudocystidia, and 30 basidiospores were measured 
for each collection. For basidiospore data, x ± SD and Q 
(spore length/width) were calculated for each species. 

Monospore and polyspore isolates.-Single basidiospore iso- 
lates (SBIs) were collected utilizing one of the following 
methods: (i) small pileus sections from fresh basidiomata 
were suspended from the lid of a 90-mm Pyrex Petri plate 
with petroleum jelly and basidiospores allowed to fall onto 
malt extract (1.25% Difco) agar (2% Difco Bacto) (MEA) 
for 15-60 min; or (ii) basidiospores from a spore print were 
affixed to a moistened, sterilized loop and streaked onto 
MEA in a 90-mm Pyrex Petri plate. Basidiospore germina- 
tion occurred after 3-6 d of incubation in the dark at 23 
C. Individual germlings were initially transferred to MEA in 
90-mm Pyrex Petri plates and then subsequently transferred 
to individual screw cap test tubes containing MEA after the 
colonies reached ca 1 cm diam. Polyspore isolates were ob- 
tained by transferring a 5-mm2 block of MEA containing 
numerous germlings to MEA in screw cap test tubes which 
were then stored in the dark at 23 C. In the case of ANM 
321 and RHP 8768, polyspore isolates were created by self- 
crossing the mating types identified in each collection. Ad- 
ditional sets of SBIs, along with accompanying polyspore 
isolates and voucher specimens, were obtained from R. H. 
Petersen (RHP) (TENN). Ancillary sets of SBIs and voucher 
specimens from Austria and Costa Rica were obtained from 
I. Krisai-Greilhuber and R. H. Petersen, respectively. All 
SBIs (including tester strains) and polyspore isolates uti- 
lized in this study were deposited in the University of Ten- 
nessee Fungus Culture Collection (TENN). 

Intra- and intercollection matings.-Intra- and intercollec- 
tion matings followed Petersen and Cifuentes (1994) with 
minor modifications. Clamp connections were observed in 
a 1:1 mixture of 2% phloxine and 2% congo red at X400 
under bright field illumination using a Nikon research mi- 
croscope. Intra- and intercollection matings were scored on 
a grid for the presence or absence of clamp connections 
and notes on contact zone morphology recorded. Macro- 
morphological features were recorded using the same pro- 
cedure outlined under culture mat analyses (see below). 
After intracollection matings were scored, the grid was re- 
arranged to produce the most discernable pattern (Ginns 
1974), and mating types were arbitrarily assigned for each 
collection. Intracollection matings were conducted on 13 of 
17 collections (ANM 473 and ASM 8109 consisted of only 
3 SBIs each and ANM 511 and RHP 7880 consisted of only 
4 SBIs each). Tester strains were then arbitrarily selected 
for intercollection matings. All tester strains (or designated 
SBIs if mating types were not identified) were crossed as 
above in all possible combinations except in ANM 511 and 
RHP 7880. After ample time for development of a contact 
zone, matings were examined for clamp connections and 
scored as above. 

Culture mat analysis and phenoloxidase activity.-Polyspore 
isolates were transferred to the center of MEA in 90 mm 
Pyrex Petri plates and incuatted in the dark at 23 C. After 

11-14 d (28 d for RHP 7966), 5-mm-diam plugs were re- 
moved from the margin of the hyphal mat and transferred 
to 12 replicate plates each of MEA and Difco potato dex- 
trose agar (PDA). Growth rates and macromorphological 
and micromorphological features were recorded at 2-wk in- 
tervals according to Nobles (1948, 1965), Stalpers (1978), 
and Desjardin (1990). Color terms were taken from Kor- 
nerup and Wanscher (1967). Nobles Species Codes (1965) 
and Staplers Species Codes (1978) were determined for 
each species. 

Spot tests for the phenoloxidase enzymes laccase, tyrosi- 
nase, and peroxidase were conducted on culture mats at 
weeks 2 and 6 (Desjardin 1990). Syringaldazine (Harkin 
and Obst 1973, Harkin et al 1974) and ot-naphthol (Kiaarik 
1965) were used to test for laccase activity, L-tyrosine and p- 
cresol for tyrosinase (Marr 1984, Marr et al 1986), and py- 
rogallol plus H202 for peroxidase (Taylor 1974, Staplers 
1978). Distilled water and 95% ethanol were used as nega- 
tive controls. 

RESULTS 

Lentinellus ursinus (Fr.) Kfihner, Le Botaniste 17:99, 
1926. 
Basidiomata morphology. Miller and Stewart (1971) 

adequately described this taxon and provided pho- 
tographs and line drawings of salient microscopic fea- 
tures. Although minor variations in some characters 
were found in this study, none were significantly dif- 
ferent from those reported by Miller and Stewart 

(1971) except for the presence of oleiferous hyphae 
which were: (i) abundant throughout pileipellis, at 
times terminating as solitary, cylindric to narrowly 
clavate, thin-walled pileocystidia; (ii) infrequent to 
common in trama; (iii) abundant in subhymenium, 
terminating as clavate pseudocystidia, and (iv) thin- 
walled, unclamped, unbranched, inamyloid, yellow- 
ish in NH40H, always with resinous contents, staining 
dark purple in sulfobenzaldehyde. 

Specimens examined. RUSSIA. PRIMORSKI REGION: Dis- 
trict Ternei, Sichote Alin Biosphere Reserve, Kabanya, 18 
Sep 1990, R.H. Petersen 3307 (TENN 53150); Meise, 8 Sep 
1993, RtH. Petersen 6556 (TENN 52995). SCOTLAND. Hol- 
lands Wood, New Forest, Hants., 23 Oct 1969, Orton 3663 
(E00028785) (E). SWEDEN. SKANE: Osby, Kjelsved, 28 Sep 
1980, S. Ryman s.n. (UPS). UPPLAND: Bondkyrka Par., 
Vardsatra Nature Reserve, 16 Oct 1980, S. Ryman 6132 (as 
Lentinellus castoreus) (UPS); Sollentuna Par., 400 m N. of 
Hagerstalund, 25 Sep 1984, Nils Lundqvist 15259 (F-01752) 
18676 (UPS). USA. ILLINOIS: Jackson Co., Touch of Na- 
ture Preserve, 20 Oct 1989, R.H. Petersen 2414 (TENN 
48582); Gallatin Co., Rim Rock Nature Preserve, 15 Oct 
1994, A.N. Miller 210 (EIU); Douglas Co., Walnut Point 
State Park, 7 Oct 1995, A.N. Miller 321 (EIU); Ogle Co., 
White Pines Forest State Park, 28 Sep 1996, A.N. Miller 497 
(EIU); Douglas Co., Walnut Point State Park, 4 Nov 1996, 
A.N. Miller 512 (EIU). INDIANA: Brown Co., Yellowwood 
State Park, 20 Oct 1996, A.N. Miller 508 (EIU); Monroe 

793 



MYCOLOGIA 

Co., Hoosier National Forest, Col. Joshua Dettmer, 21 Oct 
1996, A.N. Miller 510 (EIU). IOWA: Linn Co., Palisades- 
Kepler State Park, 31 Aug 1996, A.N. Miller 480 (EIU); Mus- 
catine Co., Wildcat Den State Park, Griss Mill Trail, 1 Sep 
1996, A.N. Miller 482 (EIU). MICHIGAN: Leelanau Co., 
North Bar Lake, 25 Jul 1995, A.S. Methven 8027 (EIU); 
Benzie Co., Esch Road, 7 Aug 1996, A.S. Methven 8109 
(EIU); Leelanau Co., Shell Lake, 24 Jul 1997, A.S. Methven 
8155 (EIU). MISSOURI: Stoddard Co., Mingo Wildlife Ref- 
uge, 17 Sep 1994, A.N. Miller 169 (EIU); Wayne Co., Sam 
A. Baker State Park, Shut-in Trail, 20 Sep 1996, A.N. Miller 
491 (EIU); Mingo Wildlife Refuge, Ditch 6, 21 Sep 1996, 
A.N. Miller 493 (EIU). NORTH CAROLINA: Transylvania 
Co., Pisgah National Forest, Coon Tree Trail, 29 Aug 1989, 
R.H. Petersen 2210 (TENN 48125). WISCONSIN: La Crosse 
Co., Hixon Forest, 21 Aug 1996, T.J. Volk 96-105 (A.N. 
Miller 473, EIU). 

Intracollection matings. Two collections (ANM 473 
and ASM 8109) of L. ursinus consisted of only 3 SBIs 
each. Therefore intracollection matings were con- 
ducted on only eight of the ten collections of L. ur- 
sinus from which SBIs were obtained. All intracollec- 
tion matings revealed tetrapolar mating systems. 

Specimens and tester strains (in the order A Bi, A2B2, 
A1B2, A2B1) used in mating studies were as follows: ANM 
321-1,2,3,5, ANM 473-1,2,3, ANM 482-1,3,6,8, ANM 491- 
1,7,4, ANM 497-1,2,10,14, ANM 508-1,3,2,4, ASM 8027- 
1,2,13,7, ASM 8109-1,3,2, RHP 2210-1,3,2,5, RHP 2414- 
1,5,13 (all TENN). 

Macromorphology. MEA: Radius (and means): Wk 
II 37-65 mm (52.9 mm), plates covered by wk IV. Mat 

initially silky, translucent, becoming farinaceous, 
white (lA1) to light yellow (4A4-5) by wk VI; advanc- 

ing zone appressed, silky, margin occasionally plu- 
mose, not distinct, translucent; plug initially undif- 

ferentiated, translucent, becoming farinaceous, white 

(1A1) to light yellow (3A4-5) by wk VI; reverse un- 

changed; odor none to faintly fruity. PDA: Radius 

(and means): Wk II 27-66 mm (44 mm), wk IV 64- 
84 mm (71.5 mm), plates covered by wk VI; mat sub- 

felty, white (lA1) to light yellow (3A4), becoming far- 
inaceous by wk VI; advancing zone appressed, plu- 
mose, narrow (2-5 mm), not distinct, translucent to 

yellowish white (1A2); plug farinaceous, white (lA1) 
to light yellow (3A4-4A5) by wk VI; reverse variable, 

unchanged to yellow-brown (5E4-7) or brown (6D7- 
6E6) under plug by wk VI; odor none to faintly fruity. 

Micromorphology. MEA: Advancing zone hyphae 
1.3-6.3 ,um diam, thin-walled, clamped, infrequently 
branched, rarely intertwined into mycelial cords, hy- 
aline, contents light yellow in KOH, inamyloid; ag- 
gregated crystals surrounding hyphae, crystals 5-9 X 
5.1-8 JLm, globose to subglobose, hyaline to pale yel- 
low in KOH; diffuse crystals absent in agar. Aerial 

hyphae 1-6 ,um diam, thin-walled, clamped, infre- 
quently branched, hyaline, contents light yellow in 

KOH, inamyloid; gloeocystidia common to abundant, 
cylindric [25-101 (-166) X 2-5 ,Lm], clavate (13-60 
X 3-8 ,um) or ventricose-rostrate [15-68 X 3-8 
(-10.5) JLm], terminal, basally clamped, thin-walled, 
rarely forked, yellow in KOH, contents resinous, par- 
tially refractive, staining dark purple in sulfobenzal- 
dehyde; chlamydospores abundant, 4-9.5 (-15) X (3-) 
4-6.3 (-7.7) jim (7.4 ± 1.7 X 5.1 ± 1.5), subglobose 
to pyriform or broadly ellipsoid, mostly terminal, 
rarely intercalary, thick-walled (wall < 1 jLm thick), 
hyaline to yellow in KOH, contents amorphous to res- 
inous; diffuse crystals in agar few to abundant, grain- 
like to globular, rarely needle-like, refractive. Sub- 
merged hyphae 1-6 (-6.9) Ijm diam, thin-walled, 
clamped, infrequently to regularly branched, hyaline, 
contents light yellow in KOH, inamyloid; diffuse crys- 
tals in agar few to abundant, prismatic and slightly 
refractive or grain-like to globular and refractive. 
PDA: Advancing zone hyphae same as MEA except 
aggregated crystals absent. Aerial hyphae same as 
MEA. Submerged hyphae same as MEA except dif- 
fuse crystals in agar cuboidial to quartz-like, infre- 
quently globular or rarely needle-like, refractive. No- 
bles species code: 2, 3, 15, 34, 36, 38, 39, 44, 50, 54, 
60. Stalpers species code: 2, 3, 6, 13, 14, 15, 18, 20, 
24, 30, 31, 36, 38, 39, 45, 52, 53, 73, 81, 82, 83, 85, 
89, 94. 

Phenoloxidase reactions tested at the margin and 
1 cm from the inoculation plug for L. ursinus were 
as follows: Wk II: On MEA, L-tyrosine (-), p-cresol 

(-), pyrogallol plus hydrogen peroxide (+), a-naph- 
thol (+) at margin and (weakly + to +) 1 cm from 
inoculation plug, syringaldazine (+); On PDA, L-ty- 
rosine (- to weakly +) at margin and (- to +) 1 cm 
from inoculation plug, p-cresol (- to +), pyrogallol 
plus hydrogen peroxide (+), ca-naphthol (weakly + 
to +) at margin and (+) 1 cm from inoculation plug, 
syringaldazine (+); Wk VI: On MEA, similar results 

except oa-naphthol more variable (- to +); On PDA, 
similar results except L-tyrosine more variable (- to 
+) at margin, ot-naphthol more variable (- to +). 

Specimens used in culture studies were ANM 321, ANM 
473, ANM 482, ANM 491, ANM 497, ANM 508, ANM 
512, ASM 8027, ASM 8109, RHP 2210, RHP 2414 (all 
TENN). 

Commentary. Lentinellus ursinus is characterized 

macroscopically by the large (2-14 cm broad), 
brownish orange to yellow-brown pileus, subdistant 
to close, broad lamellae, and sessile habit. Lentinellus 

angustifolius has smaller basidiomata and close to 
crowded, narrow lamellae, while L. vulpinus has a 
white to yellowish pileus, close to crowded lamellae, 
and short, fused stipes. Cultures of Lentinellus ursinus 
covered the surface of both MEA and PDA plates in 
four wk, produced silky to subfelty, white to light yel- 
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FIG. 1. Lentinellus angustifolius (ANM 495). Bar = 1 cm. 

low, farinaceous colonies, and developed abundant 
chlamydospores and cylindric, ventricose-rostrate, or 
clavate gloeocystidia. Lentinellus angustifolius formed 
translucent to orange-yellow colonies which were nev- 
er farinaceous and produced few chlamydospores. 
Lentinellus vulpinus grew much slower, formed col- 
onies which were never farinaceous, produced no 
chlamydospores, and developed only cylindric gloeo- 
cystidia. 

Lentinellus angustifolius (Romell) Singer, Lilloa 25: 
91, 1952. FIG. 1 
- Lentinus angustifolius Romell, Bih K Svenska Vetensk 

Akad Handl 26, Afd 3, no 16:7-8, pl. 1/11, 1901. 
Basidiomata morphology. Pileus 1-2.5 (-5) X 1-3.5 

cm, conchate to plane in profile, dimidiate to spath- 
ulate from above; margin decurved to plane, even to 
lobed, at times rimose, glabrous, yellowish white 
(4A2), light yellow (4A4), greyish yellow (4B4), grey- 
ish orange (5B6) or brownish orange (5C6); surface 
moist to dry, hygrophanous, minutely tomentose to 
matted fibrillose towards point of attachment, hispid 
hairs sometimes present, yellowish brown (5D6-5F6), 
brown (6E8) or dark brown (6F7) at point of attach- 
ment. Pileus context 1-1.5 mm thick, yellowish white 
(2A2) to pale yellow (3A3), not staining on exposure. 
Lamellae radiating outward from point of attach- 
ment, close to crowded, thin, 2-3 mm broad, not 
forked, margins serrulate to serrate, yellowish white 
(3A2) to pale yellow (3A3-4A3); lamellulae in 3-4 
tiers. Stipe absent. Odor pleasant, faintly fruity. Taste 
absent to slightly acrid, numbing tip of tongue for 5 
min or more. 

Basidiospores white in mass, (3.1-) 3.9-5 X (2.5-) 
2.9-3.9 ,um (4.1 ± 0.3 X 3.1 ± 0.2, Q = 1.3 ± 0.1), 
subglobose to broadly ellipsoid, thin-walled, minutely 
echinulate, amyloid; contents hyaline, light yellow in 
NH40H, often containing a globose, centric to sub- 

centric, light yellow, refractive oil droplet. Basidia (9-) 
12-21 X 3-5.5 uxm, narrowly clavate to clavate, thin- 
walled, four-sterigmate, contents hyaline to light yel- 
low in NH40H. Pseudocystidia common on lamellar 
faces and edges, of two types: type 1) 13-29 (-39) X 
3-6.5 uxm, subulate (fusiform) to obclavate, apices oc- 
casionally acuminate to mucronate, thin-walled, con- 
tents hyaline to light yellow in NH4OH, occasionally 
resinous, staining dark purple in sulfobenzaldehyde; 
type 2) 13-33 X 2-6 (-9) pm, cylindric to clavate, 
apices obtuse, otherwise similar to type 1 except con- 
tents frequently resinous. Pileipellis a cutis of radial 
hyphae and erect pileocystidia; radial hyphae 1.7-8.5 
,xm diam, thin- to slightly thick-walled (wall <1 Ium 
thick), clamped, inamyloid; contents light yellow to 
yellow-brown in NH40H; pileocystidia 30-900 
(-1850) X 1.7-5 (-8) ,um, solitary, tangled or fre- 
quently in fascicles, thin-walled to slightly thick- 
walled (wall <1 ixm thick), clamped, inamyloid; con- 
tents light yellow to yellow-brown in NH40H. Pileus 
trama interwoven; hyphae 1.9-7 pxm diam, thin- to 
slightly thick-walled (wall <1 Ipm thick), clamped, in- 
amyloid; contents hyaline in NH40H; thick-walled 
(wall >1 ,um thick) hyphae rarely clamped, walls 
weakly amyloid, amyloid reaction occasionally occur- 
ring in spiral bands; contents light yellow in NH40H. 
Lamellar trama similar to pileus trama. Subhymen- 
ium composed of parallel hyphae 1.7-6.5 ixm diam, 
thin-walled, frequently clamped, inamyloid; contents 
light yellow to light caramel brown in NH40H. Olei- 
ferous hyphae (i) abundant throughout pileipellis, at 
times terminating as solitary, cylindrical, thin-walled 
pileocystidia; (ii) common in trama; (iii) abundant 
in subhymenium, terminating as pseudocystidia; and 
(iv) thin-walled, unclamped, unbranched, inamyloid, 
yellowish in NH40H, always with resinous contents, 
staining dark purple in sulfobenzaldehyde. 

Habitat. Solitary to gregarious or in imbricate clus- 
ters on dead, decorticated, deciduous logs. 

Distribution. Throughout temperate regions in the 
USA, Illinois south to Mississippi and North Carolina, 
west to Missouri, infrequent. Reported from Florida 
by Singer (Singer and Digilio 1952). Also known 
from Costa Rica and Austria. 

Specimens examined. AUSTRIA. FEDERAL STATE: Bur- 
genland, Jennersdorf District, Minihof-Liebau Community, 
forest along Mlhlgraben Street, grid square 9162/1, 21 Sep 
1996, I. Krisai-Greilhuber s.n. (A.N. Miller 511, EIU). BRA- 
ZIL. RIO GRANDE DO SUL: Cachoeira, 20 Feb 1893, G. 
Malme 256 (LECTOTYPE, S); Porto Alegro, 29 May 1893, 
G. Malme 364 (PARATYPE, S). COSTA RICA. SAN JOSE: 
Jardin de Dota, N 9° 42'52" W 83° 58'28", 15Jun 1995, RH. 
Petersen 7808 (TENN 53758); Valle Rio Savegre, San Ger- 
ardo, N 9° 33'2" W 83° 48'27", 21 Jun 1995, R.H. Petersen 
7880 (TENN 53831); 21 Jun 1995, RH. Petersen 7876 
(TENN 53748). USA. ILLINOIS: Ogle Co., Castle Rock 
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State Park, Wildlife Viewing Trial, 27 Sep 1996, A.N. Miller 
495 (EIU). MISSISSIPPI: Pearl River Co., Henleyfield, N 30° 
40'10" W 89° 47'74", 1 Dec 1995, TJ. Volk 95-96 (EIU). 
MISSOURI: Wayne Co., Mingo National Wildlife Refuge, 
Flat Banks, 21 Sep 1996, A.N. Miller 492 (EIU). NORTH 
CAROLINA: Macon Co., Blue Valley, Pickelsimer's Falls, 
Forest Service Road 79, 4 Aug 1996, R.H. Petersen 8768 
(TENN 55196, A.N. Miller 377, EIU). TENNESSEE: Sevier 
Co., Great Smoky Mountains National Park, Rainbow Falls 
Parking Lot, 28 Jul 1989, R.H. Petersen 2036 (TENN 
48636). 

Intracollection matings. Two collections (ANM 511 
and RHP 7880) of L. angustifolius consisted of only 
4 SBIs each. Therefore intracollection matings were 
conducted on four of the six collections of L. angus- 
tifolius from which SBIs were obtained. Two collec- 
tions (ANM 492 and ANM 495) initially appeared to 
have bipolar mating systems as only two mating types 
were identified from each collection. After additional 
SBIs were crossed with previously assigned mating 
types, three mating types were identified for each col- 
lection indicating the presence of a tetrapolar mating 
system. The other two collections also exhibited te- 
trapolar mating systems. 

Specimens and tester strains (in the order AIBi, A2B2, 
A1B2, A2B1) used in mating studies were as follows: ANM 
492-3,12,18, ANM 495-1,4,13, ANM 511-1,5,6,7, RHP 
2036-1,3,14, RHP 7880-1,2,3,7, RHP 8768-1,4,3,6 (all 
TENN). 

Macromorphology. MEA: Radius (and means): Wk 
II 40-69 mm (57.3 mm), plates covered by wk IV. 
Mat initially silky, becoming subfelty (in RHP 2036), 
never farinaceous, translucent, pale yellow (2A3-3A3) 
to light yellow (2A4-3A5); advancing zone appressed, 
silky, margin even, not distinct, translucent; plug un- 
differentiated, becoming silky, never farinaceous, 
translucent to pale yellow (2A3); reverse unchanged; 
odor none to faintly fruity. PDA: Radius (and means): 
Wk II 32-63 mm (46.8 mm), plates covered by wk IV; 
mat subfelty, never farinaceous, translucent, white 
(lA1), pale yellow (2A3-4A3), yellow (3A6) or or- 
ange-yellow (4A6); advancing zone appressed, silky, 
occasionally plumose, narrow (1-7 mm), not distinct, 
translucent; plug subfelty to felty, never farinaceous, 
yellowish white (1A2-4A2) to yellow (3A6); reverse 
unchanged; odor none to faintly fruity. RHP 8768 
(abnormal growth): PDA: Wk II 20-35 mm (25.8 
mm), wk IV 22-42 mm (29.9 mm), wk VI 25-53 mm 
(32.7 mm); mat subfelty, never farinaceous, white 
(1A1), greyish beige (4C2), yellowish brown (5D6) 
or brown (6E4); advancing zone appressed to sub- 
merged, undulating, not distinct, white (1A1) to 
brownish orange (5C4); plug subfelty, similar to mat; 
reverse pale yellow (3A3), brownish orange (5C6), 
brown (6E8) or dark brown (6F8), odor faintly fruity. 

Micromorphology. MEA: Advancing zone hyphae 

1.1-5.3 RIm diam, thin-walled, clamped, infrequently 
branched, hyaline, contents light yellow in KOH, in- 
amyloid; diffuse crystals absent in agar. Aerial hyphae 
1-5.3 ,Lm diam, thin-walled, clamped, infrequently 
branched, hyaline, contents light yellow in KOH, in- 
amyloid; hyphal swellings absent to common, sub- 
globose, thin-walled to rarely thick-walled, terminal 
or intercalary, hyaline to yellow in KOH, contents oc- 
casionally resinous; gloeocystidia common to abun- 
dant (absent in RHP 8768), frequently cylindric 
(23.5-135 X 2-4.5 ,Im), infrequently ventricose-ros- 
trate (25.5-68 X 4-8.9 (-10) kIm), rarely clavate, ter- 
minal, always basally clamped, thin-walled, rarely 
forked, yellow in KOH, contents resinous, partially 
refractive, staining dark purple in sulfobenzaldehyde; 
chlamydospores absent at wk II (except in RHP 
8768), rare at wk IV, infrequent at wk VI, 6-11 x 4- 
7.5 jLm (8.4 ± 1.5 X 5.7 ± 1.0), subglobose to broad- 
ly ellipsoid, terminal or intercalary, thick-walled (wall 
- 1 ,Im thick), yellow in KOH, contents resinous; 
diffuse crystals in agar abundant (absent in RHP 
8768), grain-like, globular or needle-like, refractive. 
Submerged hyphae 1-6 ,jm diam, thin-walled, 
clamped, infrequently to regularly branched, hyaline, 
contents light yellow in KOH, inamyloid; diffuse crys- 
tals in agar few to common (absent in RHP 8768), 
prismatic or globular, refractive. PDA: Advancing 
zone hyphae same as MEA except hyphae sinuous in 
RHP 8768. Aerial hyphae same as MEA except hy- 
phae sinuous and caramel brown in KOH in RHP 
8768. Submerged hyphae same as MEA except hy- 
phae occasionally sinuous in RHP 8768 and diffuse 
crystals in agar globular, cubodial or quartz-like, re- 
fractive. Nobles species code: 2, 3, 15, 34, 36, 37, 38, 
39, 44, 50, 54, 60. Stalpers species code: 1, 2, 3, 6, 13, 
14, 15, 18, 20, 24, 30, 35, 36, 38, 39, 45, 52, 53, 73, 
82, 83, 85, 89, 94. 

Phenoloxidase reactions tested at the margin and 
1 cm from the inoculation plug for L. angustifolius 
were as follows: Wk II: On MEA, L-tyrosine (-), p- 
cresol (-), pyrogallol plus hydrogen peroxide (+), 
ca-naphthol (- to +), syringaldazine (+); On PDA, 
L-tyrosine (- to +), p-cresol (- to +), pyrogallol plus 
hydrogen peroxide (+), a-naphthol (weakly + to +) 
at margin and (+) 1 cm from inoculation plug, syr- 
ingaldazine (+); Wk VI: On MEA, similar results ex- 
cept o-naphthol (- to weakly +) 1 cm from inocu- 
lation plug, syringaldazine (weakly + to +) at mar- 
gin; On PDA, similar results. 

Specimens used in culture studies were ANM 492, ANM 
495, RHP 2036, RHP 8768 (all TENN). 

Commentary. Lentinellus angustifolius is character- 
ized macroscopically by the small (1-2.5 x 1-3.5 cm 
broad), yellow-brown pileus, close to crowded, nar- 
row lamellae, and sessile habit (FIG. 1). Cultures of 
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Lentinellus angustifolius covered the surface of both 
MEA and PDA plates in four wk, formed silky to sub- 
felty, translucent to orange-yellow colonies which 
were never farinaceous, produced few chlamydo- 
spores, and developed cylindric, ventricose-rostrate 
or clavate gloeocystidia. 

Romell (1901) originally described this species as 
Lentinus angustifolius from Brazil based on two col- 
lections made by Malme in 1893. Although Romell 
acknowledged the close affinity of L. angustifolius to 
L. ursinus, he distinguished L. angustifolius from L. 
ursinus based on Fries' description of the lamellae in 
L. ursinus being 4-6 lin. wide. Singer and Digilio 
(1952) later transferred this epithet to Lentinellus, 
described the taxon in greater detail and concluded: 
"It was impossible to say if this is or is not a good 
species different from Lentinellus ursinus." Similar 
material was collected by Singer from Florida and by 
Wright from Cuba (as Lentinus castoreus var. pusillus 
Berk. & Curt.; Singer and Digilio 1952). Based on 
mating studies and morphological features of the bas- 
idiomata and somatic cultures, L. angustifolius is a 
distinct species which can be adequately distin- 
guished from L. ursinus. 

Lentinellus vulpinus (Sow.: Fr.) Kuhner & Maire, Bull 
Soc Mycol Fr 49:16, 1934. 
Basidiomata morphology. Miller and Stewart (1971) 

adequately described this taxon and provided pho- 
tographs and line drawings of salient microscopic fea- 
tures. Although minor variations in some characters 
were found in this study, none were significantly dif- 
ferent from those reported by Miller and Stewart 
(1971) except for the presence of oleiferous hyphae 
which were: (i) abundant throughout pileipellis, at 
times terminating as solitary, cylindrical to narrowly 
clavate, thin-walled pileocystidia; (ii) infrequent in 
trama; (iii) abundant in subhymenium, terminating 
as pseudocystidia, and (iv) thin-walled, unclamped, 
rarely branched, yellowish in NH4OH, always with res- 
inous contents, staining dark purple in sulfobenzal- 
dehyde. 

Specimens examined. SCOTLAND. Surrey, East Horsley, 
Mountain Wood 2, 18 Oct 1969, Orton 3662 (E00028786) 
(E). SWEDEN. UPPLAND: Uppsala, Kyrkogardsallen, 25 
Aug 1945, Seth Lundell s.n. (UPS); Uppsala Par., Skarpan 
at Ekeby, 13 Sep 1981, Nils Lundqvist 13557 (UPS); Upp- 
sala, Stadsskogen at Skoghall, 1 Sep 1983, S. Ryman 7246 
(UPS). USA. MICHIGAN: Luce Co., Pine Stump Junction, 
10 Aug 1959, A.H. Smith 61259 (MICH); Cheboygan Co., 
Colonial Point Hardwoods, 26 Aug 1960, A.H. Smith 63033 
(MICH); Oakland Co., Proud Lake, 3 Sep 1966, A.H. Smith 
73305 (MICH). MINNESOTA: Beltrami Co., Webster Lake, 
25 Aug 1995, R.H. Petersen 7966 (TENN 54380). 

Intracollection matings. Only one collection of L. 

vulpinus consisting of 12 SBIs was obtained in this 
study. Intracollection matings of these SBIs revealed 
a tetrapolar mating system. 

Specimen and tester strains (in the order A1B1, A2B2, 
A1B2, A2B1) used in mating studies were RHP 7966- 
4,7,10,13 (TENN). 

Macromorphology. MEA: Radius (and means): Wk 
II 10-18 mm (13.4 mm), wk IV 34-46 mm (40.5 
mm), wk VI 45-66 mm (58.6 mm); mat silky, never 
farinaceous, translucent; advancing zone appressed 
and submerged, silky and plumose, uneven, not dis- 
tinct, translucent; plug undifferentiated to barely 
silky by wk VI, never farinaceous, translucent; reverse 
unchanged; odor none to faintly fruity. PDA: Radius 
(and means): Wk II 15-22 mm (18.9 mm), wk IV 40- 
44 mm (41.9 mm), wk VI 53-66 mm (57.3 mm); mat 
silky, never farinaceous, translucent to white (1Al); 
advancing zone appressed, silky, even to slightly un- 
dulating, not distinct, translucent; plug undifferenti- 
ated to subfelty by wk VI, never farinaceous, translu- 
cent to yellowish white (1A2); reverse unchanged; 
odor none to faintly fruity. 

Micromorphology. MEA: Advancing zone hyphae 
1.5-5 ,im diam, thin-walled, clamped, infrequently to 
regularly branched, occasionally sinuous, hyaline, 
contents light yellow in KOH, inamyloid; aggregated 
crystals surrounding hyphae, globose, light yellow in 
KOH; diffuse crystals absent in agar. Aerial hyphae 
1.1-4 ,xm diam, thin-walled, clamped, infrequently to 
regularly branched, hyaline, contents light yellow in 
KOH, inamyloid; gloeocystidia abundant, cylindric, 
cylindro-clavate or capitulate (60-136 X 2.5-6 ,um), 
terminal, basally clamped, thin-walled, yellow in 
KOH, contents resinous, partially refractive, weakly 
staining dark purple in sulfobenzaldehyde or not 
staining; chlamydospores absent; diffuse crystals ab- 
sent in agar. Submerged hyphae 1.5-6 ,um diam, thin- 
walled, clamped, infrequently to regularly branched, 
hyaline, contents light yellow in KOH, inamyloid; ag- 
gregated crystals surrounding hyphae, globose, light 
yellow in KOH; diffuse crystals in agar few to com- 
mon, prismatic, slightly refractive. PDA: Advancing 
zone hyphae same as MEA except sinuous hyphae 
and aggregated crystals surrounding hyphae absent. 
Aerial hyphae same as MEA except diffuse crystals in 
agar common, globular, refractive. Submerged hy- 
phae same as MEA except aggregated crystals sur- 
rounding hyphae absent and diffuse crystals absent 
in agar. Nobles species code: 2, 3, 15, 32, 36, 38, 47, 
50, 54, 60. Stalpers species code: 1, 2, 3, 9, 13, 14, 15, 
20, 30, 36, 39, 45, 52, 53, 73, 82, 83, 89, 94. 

Phenoloxidase reactions tested at the margin and 
1 cm from the inoculation plug (except at Wk II on 
MEA) for L. vulpinus were as follows: Wk II: On 
MEA, L-tyrosine (-), p-cresol (-), pyrogallol plus hy- 
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drogen peroxide (+), a-naphthol (+), syringalda- 
zine (+); On PDA, L-tyrosine (weakly +), p-cresol 
(-) at margin and (weakly +) 1 cm from inoculation 
plug, pyrogallol plus hydrogen peroxide (+), a- 
naphthol (+), syringaldazine (+); Wk VI: On MEA, 
similar results except a-naphthol (weakly +) at mar- 

gin and (-) 1 cm from inoculation plug; On PDA, 
similar results except L-tyrosine (-) 1 cm from in- 
oculation plug, p-cresol (weakly +) at margin and 
(-) 1 cm from inoculation plug. 

Specimen used in culture studies was RHP 7966. 
Commentary. Lentinellus vulpinus is characterized 

macroscopically by the large (5-10 cm broad), white 
to yellowish pileus, close to crowded, broad lamellae, 
and short, fused stipes. Cultures of Lentinellus vulpi- 
nus did not cover the surface of either MEA or PDA 
plates after six wk, formed silky, translucent to white 
colonies which were never farinaceous, produced no 
chlamydospores, and developed only cylindric gloeo- 
cystidia. 

DISCUSSION 

At least three tester strains from each collection were 
crossed in all possible combinations except in ANM 
511 and RHP 7880. Although crosses of most collec- 
tions were either completely compatible or complete- 
ly incompatible, a few were partially compatible. 
These crosses resulted in the delineation of three in- 
tersterility groups (e.g., biological species) which 
were identified as L. ursinus, L. angustifolius, and L. 
vulpinus based on morphological characters of the 
basidiomata and somatic cultures. A single collection 
of L. vulpinus (RHP 7966) was completely incom- 
patible with all collections of L. ursinus and L. an- 

gustifolius. Intercollection matings within L. ursinus 
(ANM 321, ANM 473, ANM 482, ANM 491, ANM 
497, ANM 508, RHP 2210, RHP 2414, ASM 8027, 
ASM 8109) and L. angustifolius (ANM 492, ANM 495, 
RHP 2036, RHP 8768) were compatible but intercol- 
lection matings between each of these species were 
completely incompatible. Additional collections of L. 

angustifolius from Austria (ANM 511) and Costa Rica 
(RHP 7880) were compatible amongst themselves 
and with North American collections of L. angusti- 
folius suggesting genetic barriers to gene flow do not 
exist between these allopatric populations. 

All collections which were self-crossed revealed a 
tetrapolar mating system. These results support the 
conclusions of Lamoure (1989) for L. ursinus and L. 
vulpinus. With some exceptions, intercollection mat- 
ings of designated tester strains were completely com- 
patible or completely incompatible. Although not 
patterned, partial compatibility usually occurred be- 

tween collections from adjacent states suggesting that 
the same mating alleles may be operating in these 
populations. For example, two collections of L. ursi- 
nus (ASM 8027 and ASM 8109) from Michigan pos- 
sessed identical alleles at the A and B loci. Since only 
three positive matings occurred in crosses of these 
collections, mating types for the three unknown SBIs 
of ASM 8109 were based on the assigned mating 
types of ASM 8027. In addition, the mating behavior 
of the three SBIs in ASM 8109 and three of the four 
tester strains in ASM 8027 was identical with all other 
tester strains suggesting the same mating types (i.e., 
same alleles) were present in each collection. Ten 
collections of L. ursinus and six collections of L. an- 
gustifolius displayed intercollection compatibility in- 
dicating that multiple alleles (at least 18 and 12, re- 
spectively) at the A and B loci must be operating in 
each species. 

Culture mat analyses provided additional morpho- 
logical characters which could be used for separating 
these taxa. All three species can be distinguished in 
culture by their rate of growth, color and texture of 
the culture mats, relative amount of chlamydospores, 
and shape of gloeocystidia. 

Significant differences were not observed between 
the MEA- and PDA-grown isolates in each species ex- 
cept for the following: (i) the mats in L. ursinus were 
silky on MEA and subfelty on PDA; (ii) the reverse 
surface in L. ursinus was unchanged on MEA and, in 
some isolates, brown on PDA; (iii) the mats in L. 
angustifolius were frequently silky to rarely subfelty 
and translucent to light yellow on MEA and always 
subfelty and translucent to orange-yellow on PDA, 
and (iv) the submerged hyphae in L. ursinus and L. 
angustifolius produced prismatic crystals in the agar 
on MEA and cubodial to quartz-like crystals in the 
agar on PDA. 

Miller (1971) briefly studied L. cochleatus, L. pila- 
tii, and L. ursinus in culture and found cystidia and 
chlamydospores similar to those found in the present 
study in L. ursinus and L. angustifolius. Miller (1965) 
also described L. montanus in culture and found cys- 
tidia similar to those in L. ursinus, L. angustifolius, 
and L. vulpinus. As already stated by Miller (1971), 
gloeocystidia and/or chlamydospores appear to be 
unique characteristics of Lentinellus spp. in culture. 

All monokaryons used in the intra- and intercol- 
lection matings were grown on MEA. The macro- 
morphology of the monokaryons was identical to that 
of the polyspore isolates except that some isolates of 
L. vulpinus produced clavarioid basidiomata. These 
were similar in appearance to those reported by Mill- 
er (1971) in L. cochleatus, L. pilatii, and L. ursinus. 
None of the L. ursinus isolates in this study produced 
basidiomata. 
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The results of the phenoloxidase reactions were 
similar for all three species. All three produced 
strong reactions for peroxidase and laccase, but only 
weak reactions for tyrosinase, even when L-tyrosine 
and/or p-cresol were placed directly on the surface 
of the cultures in MEA or PDA. These data suggest 
that peroxidase and laccase are produced in signifi- 
cant quantities, whereas tyrosinase, when present, is 
produced in lesser quantities. All three species are 
identified as white-rotters since they possess all three 
phenoloxidase enzymes. 

Similar reactions were produced by the actively 
growing mycelium at the margin and the older my- 
celium 1 cm from the inoculation plug suggesting 
these enzymes are not localized in any particular area 
of the colonies. Tests conducted at wk II and VI were 
similar in each species. L-tyrosine and p-cresol reacted 
similarly in the detection of tyrosinase whereas a- 
naphthol was more variable than syringaldazine in 
the detection of laccase. Although oa-naphthol is lac- 
case-specific (Marr 1979), it has been shown to pro- 
duce variable results (Marr 1979). In the present 
study, ct-naphthol was also placed directly in the MEA 
and PDA plates as well as on the plugs. Strong reac- 
tions were usually produced in the plates even when 
weak reactions were found in the plugs suggesting 
the quantity of mycelium is a factor when using ot- 
naphthol. As such, a-naphthol should be placed di- 
rectly in the plates if it is to be used as an indicator 
of laccase. 

Presence of laccase and tyrosinase in L. ursinuswas 
also reported by Boidin (1951). Boidin, employing 
methods previously described, found strong reactions 
for laccase using guaiacol but only weak reactions for 
tyrosinase using tyrosine. The presence of laccase in 
L. ursinus was also found by Piroard (1956). Em- 
ploying the methods of Nobles (1948) and Boidin 
(1951), Piroard added gallic acid or guaiacol to malt 
agar to test for laccase and tyrosine or p-cresol to malt 
agar to test for tyrosinase. Although Piroard's (1956) 
tests determined the presence of laccase, they over- 
looked the small quantities of tyrosinase detected by 
Boidin (1951) and the present author. In this study, 
drop tests were used to detect the small quantities of 
tyrosinase present in the PDA plates. 

In conclusion, three biological species with tetra- 
polar mating systems were identified within the L. 
ursinus complex in eastern North America. In addi- 
tion to differences in basidiome morphology, culture 
mat analyses provided ancillary morphological char- 
acters which can be used to separate these taxa. 
While phenoloxidase reactions were similar for all 
three species, the data generated confirmed that the 
three taxa reported here are confirmed to be white- 
rot fungi. 

Although three biological species within the L. ur- 
sinus species complex have been confirmed from 
eastern North America, additional aspects of this pro- 
ject require further study. First, since at least 18 and 
12 mating alleles appear to be operating in L. ursinus 
and L. angustifolius, respectively, the population bi- 
ology of these taxa should be investigated to deter- 
mine mating allele segregation in eastern North 
America. Second, although one isolate of L. angus- 
tifolius (RHP 8768) was compatible with all other iso- 
lates of L. angustifolius and incompatible with all iso- 
lates of L. ursinus and L. vulpinus, the culture mat 
of this isolate produced a unique morphology. More 
specifically, the culture mat of RHP 8768 grew ab- 
normally on PDA and was significantly different from 
other isolates of L. angustifolius on both MEA and 
PDA as the cultures lacked gloeocystidia and crystals 
but produced chlamydospores. This anomaly may 
have resulted from the generation of the polyspore 
isolate, which was from a self-cross of the opposite 
mating types identified in the collection rather than 
from the interaction of numerous germlings on the 
Petri plates. Finally, although results of the pheno- 
loxidase analyses were identical on MEA and PDA, 

MEA-grown isolates produced no traces of tyrosinase. 
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