
useful in differentiating the two species. Thirty spores
were examined from each collection and mean
spore length and width measurements (9.53¡0.19 mm
(7–13 mm)r6.55¡0.15 mm (5–8 mm) for C. formosus ;
and 9.3¡0.15 mm (7–13 mm)r6.3¡0.23 mm (5–8 mm)
for C. cascadensis) and spore length to width ratios
(1.46¡0.04 (1.14–2) for C. formosus ; and 1.49¡0.05
(1.13–2.2) for C. cascadensis) overlapped completely
between the two species. In collections of both species,
spores were subglobous to ellipsoid and smooth with
large oil droplets, clamp connections were abundant
and diverse in type, and hyphae from the context and
trama appeared thin-walled and hyaline. These ob-
servations are comparable to those reported in other
chanterelle species descriptions (Smith & Morse 1947,
Corner 1966, Smith 1968, Petersen 1979, Redhead et al.
1997) indicating that molecular evolution within the
genus is proceeding at a more rapid pace than changes
in microscopic morphology.

Analysis of macroscopic morphology yielded a few
characters more useful in separating field collections
of the two species. Colours were most variable on
the pileus and far less so on the hymenium, stipe, or
in bruising reactions. A summary of colour notes
(Table 4) taken from 81 fresh collections of yellow
chanterelles (58 C. formosus ; 23 C. cascadensis) shows
that relatively consistent differences in fresh pileus
colour can be used to differentiate these two species. In
general, C. cascadensis tends toward a intensely bright
pure yellow while C. formosus shows orange-yellow to
brownish yellow hues. The maximum width of the
pileus ranged from 2.5–15 cm in C. formosus and
4–12 cm in C. cascadensis but the distributions of these
measurements were skewed in opposite directions with
C. formosus (mean=6.1¡2.45 cm) tending toward

smaller pileus widths and C. cascadensis (mean=8.6¡
2.13 cm) tending toward larger pileus widths. A
non-parametric analysis of maximum pileus width
measurements shows that the means differ significantly
(Mann–Whitney Z=3.85; P=0.0001).

TAXONOMY

Cantharellus cascadensisDunham, O’Dell & R.Molina,
sp. nov.

Etym. : cascadensis, from the Cascade Mountains,
Oregon.

A Cantharellus formosus Corner ob conjunctione pilei vivide
armeniaci vel pallidule armeniaci, in caelo humido a disco

radialiter extrinsecus albescentis vel luteolescentis, in caelo
sicco rimas profundas lateribus obscure brunneoaurantiis
effectescentis, et stipitis plani, clavati, ventricosi, vel basi

bulbosi differt.
Typus : USA : Oregon : Lane County, Mill Creek, southern

boundary of H. J. Andrews Experimental Forest, south
of intersection of forest roads 1501 and 2633, T 16S, R5E,

section 5 south, alt. 730 m, 10 Oct. 1999, S. Dunham & T. E.
O’Dell (OSC 75975 – holotypus).

Basidiomata solitary to gregarious or occasionally
cespitose, 4–10 cm tall. Pileus 4–12 cm broad, plano-
convex to slightly umbonate, becoming depressed to
deeply depressed with age. Surface dry and finely
tomentose, when developing in dry conditions, toward
margin tomentum forming radial fibrils on some
specimens. Surface bumpy or with occasional warts of
hymenial tissue, often showing dark brownish orange
discolouration along cracks with exposure to sun or
very dry conditions. Most specimens are vivid orange

Table 3. Summary of allele identities and frequencies at five microsatellite loci. Identification of species associated with each allele

and sample sizes used to generate summaries: C. cascadensis (n=24)/C. formosus (n=20)/C. subalbidus (n=28).

Allele

Locus

Cf642 Cf145 Cf339 Cf126 Cf113

Allele 1 0.95 0.27 0.15 0.02 0.97

Allele 2 0.29 0.55 0.12/1.0 0.66 0.96/0.42

Allele 3 0.71 0.18 0.73/1.0 0.32/1.0 0.03/0.04/0.58

Allele 4 0.05 0.60 0.72

Allele 5 0.46 0.02 0.28

Allele 6 0.32 0.19

Allele 7 0.11 0.17

Allele 8 0.11 0.02

Fst and Fisher Exact test probabilities (Null hypothesis=random union of gametes)

C. formosus vs C. cascadensis sp. nov.

Fst 0.73 0.41 0.76 0.81 0.71 (Global=0.68)

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

C. subalbidus vs C. cascadensis sp. nov.

Fst 0.45 – 1.0 0.63 0.52 (Global=0.67)

P <0.0001 – <0.0001 <0.0001 <0.0001

C. subalbidus vs C. formosus

Fst 0.59 – 0.22 0.56 0.94 (Global=0.66)

P <0.0001 – <0.0001 <0.0001 <0.0001
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yellow (8.6YR 7.3/15.2) to vivid yellow (3.3Y 8.0/14.3)
or light orange yellow (9.4YR 8.3/6.8). Central disc
occasionally fades to white or very pale yellow (5Y 9/4)
when water soaked with fading progressing toward
margin. Margin incurved at first (never inrolled) soon
becoming uplifted with undulating or crisped margins.
Tending to retain vivid yellow colouration during wet
conditions. Context firm and yellowish white (2.5Y
9/2). Odor and taste not distinctive. Hymenium with
ridges to 2 mm deep, close and narrow, long and
strongly decurrent, variously forked or anastomosing.
Colour ranging from light orange yellow (9.4YR 8.3/
6.8) to pale yellow (4.7Y 9.0/3.8). Stipe occasionally
even but more often clavate to ventricose or bulbose at
base, flaring upward and indistinct from pileus. Solid,
2–4.5 cm tallr1–2 cm wide at apex (below hymenium),
1.5–3 cm at widest spot near base. Staining reactions
when bruised similar in all tissues with intensity in-
creasing as fruit body dries. Colour ranging from deep
orange yellow (10YR 7/10) to brownish red (10R 5/6).
Basidios spores white to yellowish white (2.5Y 9/2) in
deposits, 9.3¡0.15 mm (range 7–13 mm) longr6.3¡
0.23 mm (range 5–8 mm) wide, ellipsoid to subglobous
and smooth with variable number of oil droplets.
Basidia 85–100r7–9 mm with incurved sterigmata and
4–8 spores per basidia. Hyphae hyaline, thin-walled,
wavy to interwoven in both context and trama, variable
in width, 5–12 m diam, regular and diverse clamp con-
nections at cross walls.

Habitat : Douglas fir-western hemlock forests of
variable age and elevation.

Distribution : Throughout the HJ Andrews Exper-
imental Forest, forest stands along the eastern bound-
ary of the HJA, along the west shore of Cougar
reservoir, Willamette National Forest, Blue River
ranger district, and the Powers Ranger District and
Butte Falls Resource Area in southern Oregon.

Other specimen examined : USA : Oregon : Lane County,

boundary of Mill Creek and Florence Creek drainage, south
of forest road 700 one mile from intersection with forest
road 1501, T 16S, R5E, section 9, south east, elevation 480 m,
10 Oct. 1999, S. Dunham & T. E. O’Dell (OSC 75985).

Observations : Carotenoid pigments produce the
yellow colours observed in many chanterelle species,
and the expression of colour produced by carotenoids
can be altered by changes in environmental factors (e.g.
carbon and nitrogen sources, pH, light, and tempera-
ture) that alter the physiology of fungal individuals.
Alternatively, studies on Neurospora have shown that
single genetic mutations also can significantly alter the
expression of colour produced by carotenoids (Bramley
& Mackenzie 1992). Our analysis has partitioned en-
vironmental and genetic sources of colour variability
such that the range of colour variation can be used
to differentiate two very similar species, C. formosus
and C. cascadensis. These subtle differences in yellow
hues are likely due to unique combinations of various
carotenoid pigments, as has been demonstrated for
other morphologically similar chanterelle species (Mui,
Feibelman & Bennett 1998).

The centre of the pileus of C. cascadensis also tends
to fade to white in wet weather giving the appearance
of concentric circles of yellow increasing in intensity
toward the outer edge. Particularly old or water-logged
fruit bodies may only show yellow on the outer most
edge and can resembleC. subalbidus. BothC. subalbidus
and C. cascadensis develop large cracks in the pileus
flanked by dark orange brown discolouration during
dry weather. Discoloured cracking of this nature was
not observed in C. formosus, which also is more likely
to develop warts containing hymenial tissue regardless
of environmental conditions. The stipe ofC. cascadensis
is only occasionally equal in width throughout its
length and is more often clavate to ventricose or

Table 4. Pileus and hymenium colours in mature basidiomata of Cantharellus formosus and C. cascadensis.

Colour name

Number of basidiomata with observed colour

C. formosus

C. cascadensis

sp. nov.

ISSCC – NBS colour/no.a Munsell renotationb Ridgway colourc (n=58) (n=23)

Dominant pileus Colours

Vivid orange yellow/66 8.6YR 7.3/15.2 Cadmium yellow 1 19

Vivid yellow/82 3.3Y 8.0/14.3 Light cadmium yellow 1 1

Light orange yellow/70 9.4YR 8.3/6.8 Pale orange yellow 1 1

Brilliant orange yellow/67 0.1Y 8.1/10.5 Antimony yellow 7 2

Light yellowish brown/76 8.7YR 6.5/5.0 Yellow ochre 21 0

Mod. yellowish brown/77 9.5YR 4.4/3.9 Buckthorn brown 2 0

Deep orange yellow/69 8.6YR 6.0/12.1 Chamois 24 0

Mod. orange yellow/71 8.7YR 7.2/8.3 Cinnamon buff 3 0

Dominant hymenium colours

Light orange yellow/70 9.4YR 8.3/6.8 Pale orange yellow 20 5

Pale orange yellow/73 9.2YR 8.7/4.4 Pale ochraceous salmon 37 12

Pale yellow/89 4.7Y 9.0/3.8 Massicot yellow 1 6

a Kelly & Judd (1976).
b Munsell Color Company (1966).
c Ridgway (1912).
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bulbose. This contrasts with the stipe of C. formosus
which is sometimes equal but more often tapered.

All of the characters discussed show a minor degree
of overlap between C. formosus and C. cascadensis but,
when taken in combination, are useful in differentiating
field collections of the two species. Given that collec-
tions were made randomly under similar environmental
conditions throughout the fall of 1998, it is reasonable
to conclude that they present characters useful in
differentiating C. formosus and C. cascadensis. Fruit
body size can vary widely from year to year in the same
location so pileus width is likely useful only when
collections are made at the same time and place. It
should also be noted that, within the HJA, the relative
sample sizes used to make macroscopic morphological
comparisons reflect the relative encounter rate with
each species ; that is C. cascadensis appears to occur in
lower frequency relative to C. formosus in Douglas fir
forests.

DISCUSSION

We use both phylogenetic species recognition criteria
and biological species recognition criteria (Taylor et al.
2000) to diagnose a cryptic species within Cantharellus
in the PNW. Molecular markers (e.g. RFLPs, RAPDs,
AFLPs, SSCPs, microsatellites) have been used in other
genera to distinguish fungal taxa difficult to charac-
terize by traditional morphological means (Anderson,
Petsche & Smith 1987, Bruns, White & Taylor
1991, Kohn 1992, Fukuda et al. 1994, Harrington &
Wingfield 1995). The RFLP and phylogenetic analyses
presented were used both to define genetically distinct
lineages of chanterelles within the PNW and to identify
multiple lineages within a single forest type to facilitate
tests for interbreeding using microsatellites. These
analyses are intended simply to differentiate species
rather than attempt to determine their evolutionary
relationships to other C. cibarius ‘ like ’ chanterelles.
Our sampling was inadequate for this purpose as the
relationships among the taxa analysed may change
with the addition closely related taxa from several other
regions in North America, particularly the southeast
(Mui et al. 1998), which are proving to be very rich
sources of new Cantharellus species. Until the species
boundaries of eastern North American taxa are better
clarified the construction of a comprehensive phylogeny
of the genus is not practical. For example, our initial
phylogenetic analyses included three eastern collections
accessioned into OSC (nos 69198, 69199, and 69258)
as C. cibarius. The sequences from these three collec-
tions were highly divergent from each other and
from sequences reported here. To avoid problems
with long-branch attraction in parsimony analyses
(Felsenstein 1978, Huelsenbeck 1997) these collections
were excluded from our analyses and we narrowed
our focus to only collections from the PNW and
Europe.

A suite of phenotypic characters that exhibit varia-
bility resulting from both evolutionary divergence and
environmental plasticity confuse the morphological
delineation of PNW chanterelle species. The lack of
clear patterns in gross or microscopic morphological
variation has led to a taxonomy that inadequately
characterizes the species diversity within Cantharellus.
Achieving a taxonomy based on fully differentiated
chanterelle species boundaries requires characters that
can demonstrate the genetically based discontinuities
between evolutionarily independent groups. Our mol-
ecular and morphological data suggest there are at least
four distinct clades within the genus Cantharellus
inhabiting Douglas fir and spruce forests of Oregon
(ITS RFLP types A, B, C, and D/E) and possibly a fifth
distinct clade (ITS RFLP type F) inhabiting oak forests
in California. We propose that these clades represent
distinct evolutionary lineages that should be treated as
biological species based on genetic, morphological, and
ecological evidence.

The magnitudes of genetic divergence among clades
supported by bootstrap analyses do not overlap with
those within poorly resolved clades. In the nrDNA
large subunit analysis (Fig. 2A), no sequence variability
is observed within clades characterized by a single
RFLP type. Divergence between collections in the clade
containing C. formosus (RFLP type A) and C. sp. (oak
host ; RFLP type F) and taxa characterized by RFLP
types B–E are on average ten times higher than diver-
gence values among collections with RFLP types B–E.
This disjunction in large subunit divergence indicates
that length difference in the total ITS region is a good
preliminary genetic character for detecting new species
in Cantharellus. With the exception of differences ob-
served between C. cibarius var. cibarius and C. cibarius
var. roseocanus, genetic distances in the ITS sequence
analysis (Fig. 2B) follows a pattern identical to the
nrDNA large subunit analysis where divergences values
among well supported clades are on average ten times
higher than those within clades. This disjunction in
sequence similarities indicates that ITS RFLP profiles
generated using at least three restriction enzymes rep-
resent reliable characters for differentiating species in
Cantharellus and that ITS length variability alone does
not represent total species diversity. The close associ-
ation and high sequence similarity between C. cibarius
var. cibarius and C. cibarius var. roseocanus and lack
of data from more variable markers make genetic
delimitation of these two taxa as separate species more
problematic. High bootstrap values generated in the
ITS analysis result from seven fixed differences between
these taxa and support full differentiation of C. cibarius
var. roseocanus from C. cibarius var. cibarius. These
fixed sequence differences provide weak support for
raising C. cibaris var. roseocanus to full species status
(a sixth lineage in the analyses presented here) as it
likely represents an early but independent evolutionary
lineage derived from C. cibarius var. cibarius. A
larger sample of both European and North American
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