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- ABSTRACT .

Fomes roseus (ATb & Schw ex,Fries) Cooke and Fomes

aJanderi Karst are wood-rotting fungi ftgguenj:lx_found_in___w
“ff“‘*-~——~_____

A]berta, producing a dry, brown, cubica] rot of coniferous o
"wood.' Conf11cting statements in the 11teratu(e conCerning

the spec1f1c character1st1cs ‘and 1dentity of: Fomes roseus -

~

| and Fomes ca3ander1 are the resuht of wide variat1on in the
'form of the bas1d1ocarp 1n nature Trad1tiona1 morpho1ogica1
criteria fa11 to accurate]y dist1nguish bebween these species:
Studies of deve1opment and hypha] anatomy of the basid1ocarp '43: '
1nd1cate that d1fferences.between morpho]og1ca11y typ1ca1 <
pec1mens of each taxon are based on a common and fundamental
hypha] organizat1on.,‘thferences_between the S]ze of the -
basidiospores of'each taxon are ndt statistically significant;
Studies. of'the.deVelopment and»morphoTogy of-isolates of

Fomes roseus and Fomes caJander1 in agar and wood cu]ture

do not support the dlst1nct1ons prev10ule reported for these
’ taxa Growth rates of vegetat1ve myce11um on agar- 1nd1cate
‘xthat var1ab111ty of this feature is too great to be of

’ taxonom1c value.

Two part1a1]y character1zed pheno11c compounds and three

be otropo]ones 1so1ated from Fomes roseus and Fomes cajanderi:

=

‘
1nd1cate that these spec1es are more c]osely reTated to each

" other than to the type spec1es of the genbra in wh1ch they

have at times been p]aced

It 1s conc]uded that s1m11ar1ties between these species




'&réésuffic%ent.fbr placing them in ons5taXOn under the i

'ep1thet Fomes roseus (A1b. & Schw ex Fr1es) Cooke. A

’ specific circumscription is. providedJ o R
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| INTRODUCTION

 Wood-rotting fungi play an eco1og1ca1]y 1mportant ro]e by caus1ng
the decay of wood and thus promoting the cyc]Ing of (elements otherw1se
}held in an inert and unavailable form. The majority .of these fun91
belong to a 1arge and d1verse fam11y, the Po]yporaceae which are characfp
terized by produc1ng bas1d1a on the 1ns1de of tubes 11n1ng the under- |

vsurface of bracket—11ke fruct1f1cat1ons The basidiocarp of most species
; exh1b1ts a great degree of phenotypic p]ast1c1ty and consequently, s1nce'
this structure has trad1t1ona11y been the main source of taxonomlc infor-
mation, the c]ass1f1cat1on of the group 1s dec1ded]y artificial and
h1gh]y unstab]e Teixeira (1962) presents a review of the many systems
of c]ass1f1cat1on which have been proposed for the Po]yporaceae

Fomes roseus (Alb. & Schw. ex Fries) Cooke and Fomes caganderl

.Karst are spec1es be]ong1ng to the famlly Po]yporaceae Conf]1ct1ng

statements in the literat: e concern1ng the spec1f1c character1st1cs

‘
- ) .

and 1dent1ty of Fomes roseus and Fomes ngander1 ard the resu]t of w1de

-

variation in the form of the bas1dlocarp of each spec1es in nature.

.Overholts (1953) notes that Fomes roseus and Fomes a1ander1

(Fomes subroseus) ‘have been too much confused in the 11terature ‘to per-

s omit re11ab1e conclusions. regard1ng the1r s =cific patho]og1cal and decay
characteristics. A survey of the d1seas— and decay -reports for these

taxa supports th1s statement Fomes TOSeus causes a top rot in Douglas

fir (Boyce, ]923) and a decay of Thula {(Von Schrenk, ]900) Adams - and

Roth (1969) state that the pr1nc1pa] heart, rot fungus attack1ng damaged

Doug]as fir 1s Fomes ¢ _43ander1 ~ Zeller (1926) descrjbes a pocket rot



N

‘of stone- fruft trees produced by:Fomes QAJander1 which is similar to

that repdrted by Von Schrenk (1900). 'Korstaian and Brush (]939) have -

determ1ned Fomes _‘Jander1 to 5% the Causative organ1sm in a reddish

%
brown, cubical rot of the heartwood of southern white cedar ‘
Both spec1es are reported to have the same distr1but1on belng
found in con1ferous and m1xed forests of North Amer1ca (0verho]ts,

1953 Lowe, 19§7) Mexico (Guzman, 1973) Japan (Imazek1 and Tsuguo,

-1965), Britain (Rea, 1922), Scandinavia (Eriksson, 1958); and the

European U.S.S.R. and Caucasia (Bondartsev, 1953).

The basidiocarp of Fomes roseus is sessile and typica]]y

ungulate 1n shape, w1th the p11e:s surface more or 1ess 1ncrusted

The context is p1nk or rose to v1naceous in colour. The tubes show

‘vary1ng degrees of strat1f1cat1on and’ a rose coloured hue similar to

the context. The bas1d1ocarp of Fomes caJander1 is typ1ca11y

applanate and otherw1se of much the same co]ou and general appear-

-ance as Fomes roseus. S1m11ar1t1es between these two taxa have

been suff1c1ent for group1ng them in the genus Fomes Gi1l. under

“the spec1f1c.ep1thet roseus (Murrill, 1903).. Fomes cajanderi has

- been g1ven ‘varietal” rank in the spec1es Fomes roseus as Fomes roseus )

var ]eganteus (Bresado]a, 1911, cited in Bondartsev 1953).

,Others have treated each taxon as a specific entity and subseouent]y

_ grouped in one genus: Fomes roseus and Fomes - subroseus (Overholts,

'1953); Fomes roseus and Fomes g;;ander1 (Lowe, 1957); Fomitopsis

rosea and Fom1%ops1s subrosea (Bondartsev 1953) Théy have also

o

been g1ven spec1f1c status and treated in separate genera Fom1togs1sv

rosea and Fomes ¢ _43ander1 (Nobles, 1971); Fomes roseus and Trametes

-

: brosea (we1r, 1923).



.: The purpoSe of th1s study was to examine Fomes roseus and Fomes

aJander1 in order to assess the taxonom1c s1gn1f1cance of trad1t\ona1
characters and to f1nd add1t10na1 characters wh1ch wou]d he]p c]ar1fy
‘ the taxonom1c status of these spec1es T |
. Three main approaches were used in th1s study r{rsi;'$6é§864g;i;s
L*t1ogica] ﬂata from field specimens which inc]uded both substratum and -

: ! €. o
o bas1d1ocarp characters was' assessed ‘This 1nformation was then

'j corre]ated withfresu1ts frem deve]opmenta] stud1es wh1ch y1e1ded a

number of characters not d1rect1y assoc1ated wﬁth gross appearance

such as the presence and d1str1but1on of d1fferent hypha] types The

1mportance of deve]opmenta] stud1es to the taxonomy of ‘the Po]ypor-a_?f< -

aceae was first rea11zed by Corner (1932a) " This approach, 1nvo]v1ng )
a m1croscop1c ana]ys1s of hyphal types and their organxzat1on dur1ng
ﬁhe deve]opment of the bas1d10carp, has been app11ed to. Fomes

a1ander1 (Wong, 1973) but not to. Fomes roseus . Ana1yses of hypha]

development of both spec1es were done in th1s study SO that a
re11ab1e compar1son-cou1d be made ‘

\\\- ‘ The second approach to th1s prob]em was to study the growth

- and development of isolates of Fomes roseus and Fomes cajanderi 1n
\\\ agar and.wood culture. Nob]es (197]) has.rev1ewed the taxonom1c status
| \\Qf suCh.data for many wood—rott1nb fungi Features of agar cu]tures//

uch as the form and character of the advanc1ng zone, colour, //Z

topography and texture of the mat, the presence or absence of _/Z

- fruiting areas co]our changes in the agar 1nduced by the growth of
~ the ngus, and hypha] characters are used by Nobles in her key to

.ident) ying cu]tures of wood-1nhab1t1ng hymenomycetes. Cultural _y(;?_,?:




that d1st1nct differences exist between these species 1n cu]ture
5 Experimenta] cu]tura1 studies such as the effect of tempera-

ture ‘on growth rate and matlng react1ons have been carr1ed out for

";zpFomes roseus and Fomes caJander1 Sne]] et al (1928) determ1ned that

Fomes roseus and Fomes caJander1 are d1st1nct spec1es based on growth
rates in cu]ture o |

Mounce and Macrae (1937) have pa1red monosporous mycel1a from
i' both taxa d1st1ngu1$hed on the basis of spore size. Becausevd1karyons
were estaba1sh9d among but not between 1solates of each species, |

Mounce and Macrae have assumed t-at “these taxa are suff1c1ent1y -

-h distinct to be ma1nta1ned as 1nd1v1dua] spec1es | The1r resu]ts are .

o :supported by the work of. Neuhauser and G11bertson (197]) Padring

v

react1ons g;re not undertaken in the study presented her " .v..vzf-'
i;phy as the

' Chemosystemat1c stud1es us1ng th1n layer chromatog

separpt1on téfhn1que were attempted ChemIca] compounds were iso- .

RETRN PR

.

'ﬂlated from f1e]~\%Bﬂ1ect1ons and 1501ates 1n cu]ture of Fomes roseus
N

'and‘Fomes~caJander1 In add1t1on5~co11ect1ons of four othervtaxa

were studied. Three of these are the type spec1es of genera 1nto

~

which Fomes roseus and Fomes cajanderi have been placed. These add1-i

tfonallgenera were included not only to determine hether or;not_
generic aff1n1t1es cou]d by chem1ca]1y examined, b§:7aISO‘to aéséss-
A ._the s1gn1f1cance of compounds pecu11ar to Fomes ggsgus and Fomes ‘
: a1ander1 : - o |

 To date, a number of’authors have reported varying amounts of
success 1n resolv1ng taxohomic prob]ems 1n bas1d1omycetes un1ng

, chromatograph1c techn1ques (Frfés, 1958; Bonnet 1959; katson, ]966
 Ito al, 1968 Thoen 1970, Thoen, 1975). Unfortunate]y, all of

[



the stud1es of this nature are qua11tat1ve camparisons of un1denti-

fled spots on chromatograms and on]y recent]y have attempts beken made. -

_to 1dent1fy specific funga] compounds, productng taxonomica]]y usefu]

chemical profiles (Arpin et al, 1974' Kirk et al,-1975; Yokoyama et

al, 1975; Valadon, 1976; Favre-Bonvin al, 1977; Arp1n and Favre-

’

’ R
Bonv1n, in press) Even S0, valuab]e 1nformat10n regard1ng taxonomic

prob]ems can be obta1ned by comparing a number of chem1ca] character-
1st1cs of un1dent1f1ed compounds 1so]ated by chromatograph1c means .
| The results of this study are presented in three sect1ons

First. -is a deta11ed ac;ount of the deve]opment of Fomes roseus and :

:‘Fomes ca3ander1 in nature. In the second descr1pt1ons of the growth |

and deve]opment of. these taxa in agar and wood cu]tures are

'presented In the Tast: sect1on, results from a chemosystemat1c

,study are’presented The results and observat1ons of these three

sect1ons are discussed w1th reference,to the taxonomy of Fomes ‘

roseus and Fomes calander1

Ca




MATERIALS AND METHODS|

I. Field specimens -

1. Gross morphology .

Bas1dlocarps of Fomes roseus and Fomes c;gander1 were obtained ®

from the fo]]ow1ng herbar1a The Hyco]ogica] Herbar1um, Univers1ty of

; Alberta (ALTA); The Herbarium, Northern Forestry Reséarch Centér, Canadian
| Forestry Serv1ce,vEdmonton (CFB) The Cryptogam1c Herbar1um, Un1vers1ty
of Toronto (TRTC), -and The Nat1ona1 Mycological Herbar1um, B1osystemat1c
“ Research Institute,, Ottawa (DAOM) In add1t1on research co]]ect1ons

| were made dur1ng the summer and fa11 of 1976 and 1977, (RC).. A comp]ete  ‘

. ~1ist of spec1mens examrned is presented in Append1x I. Co]]ect1ons of

,Fomes roseus and Fomes ca3ander1 examined from var1ous substrates are
.'presented in Append1x I, |
D1mens1ons of hea]thy bas1d1ocarps represent1ng as many deve]op~ o
mental stages as poss1b1e were taken on three axes: depth or maxlmum
distance between the marg1n and the substratum, th1ckness, or w1dth
'ha]fway between the- or1g1n of the: bas1d10carp and the marg1n, d1ameter,".‘

or hor1zonta] span of the bas1d1ocarp ‘on’ the substratum

2. Hypha] ana]ysis of basidiocarps'

’ Hypha] ana1yses were carr1ed out on specimens from the Myco]og1ca1.
:'Herbarlum Un1vers1ty of A1berta and from the research co]]ect1ons

Dried bas1d1ocarps weresspaked seyera] m1nutes w1th and mounted in,

10% aqueous KOH Material taken from fresh ba51d1ocarps w1th1n 48 hourS‘
of co]lecttng, and from frozen spec1mens whlch had been allowed to thaw

for 24 hours was mounted in tap water A1l preparat1ons were exam1ned



unstained and sta1ned w1th 1% aqueous phTox1ne

B T P ——

Hypha] organ1zat1on of the baS1d1ocarp was studled us1ng

. three procedures F1rst freehand sectlons made perpend1cu]ar to the
‘ p11eus surface along %ransects drawn from the substratum to the

- margin were examined. Second, a_sma]T protion ofvthe sect1on was
imacerated by tedsing apart the component-hyphae. Line drawings were

‘made with a'camera)lucida - Third, a macerated bas1d1ocarp sect1on

‘was | washed into a v1a1 conta1n1ng several mls of 1% aqueous phToxlne

Several drops of the macerate were mounted. The third.step,faTways v

~ used in‘conjunction’With the first two, permitted»a more detailed:

study of hyphae bear1ng chTamydospores o S o 'ﬁ

A
The fo]]ow1ng zones of the bas1d1ocarp were studied: margin,

-_p11eus surface, dlssep1ments, and context. The margin ‘a region of

act1ve1y grow1ng hya11ne hyphae, const1tutes the extreme distal zone
B Dol

of the bas1d1ocarp, form1ng a light pink, to rose coToured ‘band:

500 2000p inwidth. It is bound on the Tower side by the first

. 1nd1cat1ons of d1ssep1ment format1on, and on the upper s1de by the

‘,p1Teus surface The latter forms a Tayer of hyphae 400 1000p thick

<

over the upper surface of the bas1d1ocarp, and is generaTTy more
deep]y p1gmented than are other zones Sectlons of the p1Teus surface‘

Awere rinsed w1th a 5. 25% soTut1on of sodium hypoch]or1te and washed

severaT times with tap water before study The d1ssep1ments occur.on N
the p11eus undersurface and form a network of - t1ssue, the poref1e1d
Bounded on one s1de by the substratum and on a]] others by the zones
mentioned, is the context. ERE f‘“ \ \f
Bas1d1ospores were- obta1ned from the foTTow1ng coTTect1ons

Fomes roseus- RC 104 RC 106 RC 161 RC 163, RC-]?O; and Fomes |,




cajanderi~- RC 3, RC.14,.RC.TOS,‘RC'IGZ,fRC 195.. Fresh collections
vwere}pTaced, pore surface down, oh}é]ass slides beneath an inverted
beaker. Basidiospores Wefe;mounted 1n.§ater and their-lengths and N
widthsfmeasured immediate]y; Ayerages'were used in a Chi square test
to determine whether a significant oifference in spore sizetexists .
"between the two species.’ | |

b

3. Vegetative mycelium in natural substrata

" Wood co]]ected with and adhering to the basidiocarps in the
’reseakch cc.lections was pne@umeo infected with the hyphae of the
texon,represented hy the attached basidiocarp. The déve]opment of
: the mycelium in the wood was studied using two methods. First, nadiali
‘ and tangent1a] hand sect1ons of the wood were mounted unstained in
‘water. Second, slivers of the wood were macerated us1ng the
fo]}owing pnodedure. .Severa1-pieces of intected xy]em aoproxinate1y
5 mm in diameter and 1.0 cm in 1ength were placed in vials eontaining
one part superoxa] (a 30% so]ut1on of HZOZ) to four parts d1st11]ed =
bwater to five parts g]ac1a1 acet1c ac1d The vials were then corked '
t1ght1y and placed in an oven at 55-60° C for 72 hours Afterwérds; |
 the macerated xylem was washed three times with dJst111ed‘water and
‘i“vpreservedﬂin‘95%}ethy1valcoho] (after Purvisngt gl, 1966). .Smalh -

~amounts of the macerate were examined with phase contrast and

“bright field mitrdscopy.

" II. Isolates in culture

1. "Preparation of iso]ates

" Isolates not obtained as stock cultures on agar slants from



DAOM or ALTA were derived from the context and wood of field specimens.:
Port1ons of ‘the context of living basidﬁOcarps were exc1sed using
ster1lized forceps, placed on 2% ma]t agar (Nob1es, 1965), and’
1ncubated at room temperature in the dark for 7 or 8 days Subcq1f
" tures taken from the advancing marginal hyphae surround1ng the tis;ue‘
plug were 1ocubated.for one week under ambient.room temperature and _———\\\

- Tighting before being used-to inoculate slants and plates of 2% malt
;iagar; The former were incubated at 3e5°C'asistook cultures while
the latter were maintained in the laboratory for as long as five
nonths’by suboulturing on‘2%’ma]t’agar at tWo week interya]s.
.S]ivers of wood remored from the substratum directly beneath the
' basidiocarp'were used in the same manner to inittate‘cu]tures

Cultures on 2% ma]t agar started w1th inoculum from ‘stock
'cu]tures were 1ncubated for two weeks under the 11ght and temperatore-'
conditioné of_the laboratory. 'Inoculum from the marginsdof t;ese

cultures was uSed»to.estabffsh cultures for study. S

2. Agar’ cultures d

e
N

The ig?]ow1ng 1so]ates were se]ected for cu]tura] stud1es
‘because théey had prev1ous1y demonstrated good growth and a propen-

| sity to form bas1d1ocarps. Fomes roseus- RC 104, RC 106, ALTA

858, ALTA B182, DAOM 17572; and Fomes cajanderi- RC 105, RC 107,

ALTA B19, ALTA B74, At_.TA B119. Three p]atés of each isolate were

fncubated under thevcooditione of ambient ]ight; temperature, and
homidity. Culture characteristtcs:were obeerVed:everyv3 or_4'days
for 5 wéeks . | ., ’ : |

* For hyphal analyses, sections of the mycelial mat of these:



same cultures were mounted 1n d1st111ed water, teased apart, and

sta1ned with 1% aqueous ph1ox1ne h

The presence or absence of extraceTiuTar oxidase»was,detenninedjr
" for two week’o]dﬂcuitures using the gum guaicum test"of'Nobies (i958a).'
A Ch1 square test of s1gn1f1cant d1fference 1n spore size-
. was- done on spores co]]ected by 1nvert1ng p]ates w1th pore f1e1ds

g

over glass ‘slides.

3. Wood cu]tures

Slices of air dried xy]em 3- 7 mm thick and 30-40 mm 1ong,

from P1cea,‘P1nus, Betula, Populus, Ame]anchier, -and Sa11x were ”

soaked in d1st111ed water over night.  One slice of each genus was
placed in a screw cap vial with 5. 0 m] of. d1st111ed water and
‘autoclaved for 20 minutes at ]5 pounds psi. JTWO sl1ces of each genus}:
were 1nocu1ated w1th agar 1nocu1um p]ugs 3. 0 mm in dwameter and “\
1ncubated as were agar cu]tures Exam1nat1ons f the wood cu]tures
| were made week]y forvfour months .

The mjcé]iumeor,isolates u§jng Picea as‘substratumvwere
analyzed three‘monthS'after inoculation The vegetat1ve myce11um in
the wood was stud1ed us1ng the same procedures as out11ned for

field specimens. The myce]lum on the surface of the sllces was -

removed and studied in the same manner as mycé11um on. agar.

4; ‘Effect of temperature on growth rate of.vegetative“myoelium

-Growth rates for eight iso1ates of Fomes roseus and nine

iso]ates;of Fomes cajanderi were calculated by measuring with ca]]ioers:

the radial increaSe of‘cu]tures onib]ates of 2% ma]t:agar.- Inoculum

10
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plugs were placed at. the _edge of plates and: 1ncubated in polyethy- |
lene bags in the dark at 22°C 25 C 28° C 33 C, and 37 C. Read-

L

L
“ings were taken by hold1ng the plate toward a light source prov1ded

by a 60 watt bulb. Two measurements were made per plate Rate of

growth was calculated on the basis of readings taken every 2 days g
for.ls'days For each- 1solate, four repl1cate plates were used. - As :A

this procedure was repeated once, the f1nal f1gures are the_ayeragesﬂ//l;,////
of 10 to 16 measurements per 1solate per tempgratgref—~Averages ~ |

were used in a Chi square/tgst/to/déferm;he whether a S1gn1f1cant

, d]fference in growth rate exists between the two species.

JECS— &

'III., Chemosystemat1c studies using thin- layer chromatography

’ spec1es of genera 1nto wh1ch the two taxa have at twmes been a,:::if%if’”"
placed were 1ncluded‘" Fomes fomentar1us“(L ex Fr1es) Kickx the .

'type spec1es -of Fomes G1ll Fomes p1n1cola (Swartz ex Fr1es) Cooke,

‘the type spec1es of Fomwtops1s Karst 5 and Trametes suaveolens (LL

Fr1es) Fr1es, the type species of the genus Tram tes r1es (Bond

et Sing. emend ). Fomes/g////ﬁlhor ex Fries) Karst R a representa-
-_t1ve spec1es within—the genus Phell1nus Quel , in whlch the two taxa

‘ efnemiji::::/fﬁ’~’p~¢
*‘1;hav er been place was 1ncluded for comparat1ve purposes

Vouchers for collectJons used for extract1on are 1dent1f1ed

as‘follows Fomes roseus- RC lO4 RC 106 “RC 159, RC 160 ALTA

25l3 ALTA 7112 Fomes cﬁganderl- RC 128 RC 161 RC 162, RC 195,

’ALTA 6247, ALTA 6261 Fomes fomentar1us— RC 2l3 RC 230; Trametes

‘vsuaveolens- RC 2]0 Fomes pJn1cola- RC 2l4 and Fomes p1ni- RC lZl

~



Isolates of Fomes r05eus,andwFomeS’caJander1 were 1ncubated on

J—

2% ma1t agar for two men s at room temperature and in the light of a

/////ngh/fﬁg' W1ndow Those w1th rose coloured basidiocarps at the. end

/ IR~
compounds w1th r1ng structures was exam, .

'a1r dried bas1d1ocarps was ground in a Kurzzettbetr1eb m11

of th1s period were used and are 1dent1fied as fo1lows Fomes roseus-/k//z///

RC 106 DAOM 17572 and Fomes calgnder1- RC 107 ALTA B19, DAOM 7_*

For the preparation of crude natura] extracts, thh!’

l'//

Dr1ed matS«ef eultured mycellum_were~used’f’factyfor extract1on

purposes

Ethyl/acetate, methy]

e

/ alcoho], and ‘ethyl ether,ggye/tﬁ///est resu1ts | Th1s was determ1ned

by add1ng sey a%//1 of concentrated H2504 to ‘the extract1on f1u1ds
_/;,A/camaﬁi/;;;;:: s1gn1f1ed the presence of r1ng structures 1n the -

‘solvent. Depth and rap1d1ty of: co]our deve]opment were cr1ter1a used B

to determ1ne the effectlveness of -the extract1on f]u1d Ethy?

, acetate was chosen as the extract1on so]vent . ,;;wwmmmm,fm/é """""" """""

——~§~m5§ ..... In a.screw- cap. v1a1 1.5 gm of ground context were added to

5

20 ml of ethy] acetate. and a110wed to. stand for 24 hours " The.

’supernatant was decanted p]aced in ‘a t1ght1y capped v1a1, and

stored/}n the dark at room temperature Severa1 m/ of-extract1on

f1u1d were comb1ned w1th severa] drops of H2504 to make pre11m1nary

determ1nat1ons of the re1at1ve amounts of ethy] acetate soluble

compounds present. B . ”j _:J" PR ff”v
_ For chromatography, p]ates 20 X 20 cm and‘str1ps 5X 20 cm

precoated w1th a 0 25 M- layer of s111ca ge] Wi hout gypsum



y test1ng spot reso1ution in a number ob deve]oping so]vents that two S

//_

so]vent systens were requ1red t° eﬁ%§9t1Vell,separatedthe'compounds ; *~“:"”"

" The eeare'%1st€d”5§’§oirentfh (acetone benzene 1: 4), and so1vent ‘7:’
B (benzene methano] acet1:§§%1d 45 8 4) Deve1opment in one |
d1rect1on was suff1c1ent to separate the compounds

: Compounds were detected using. u1trav1oﬂet 11ght which causes

cyc11c compounds to- fluoresce, and two reagents 1nd1cators 1 and

- II, Ind1cator I conta1ned 1. 0% van1111n 1n a 4: 1 m1xture of

app11ed to deve1oped chromatograms using a chromatography spray:'
gun (Br1nkman Instruments) Chromatograms were gradua]]y heate '
“to 1ncrease co1our deve]opment A purp]e co]our 1nd1cated/the

presence of a. doub]e r1ng compound Ind1cator IT wa 'prepared by

L

comb1n1ng 1n a. pne to one rat1o, stock so]ut1ons of 3% aqueous 7»«
FeC13 and 3% aqueous K Fe(CN) after ut1ng each ten t1mes\w1th
water P]ates were p1aced 1n/a bath of th1s 1rqu1d washed w1th

v a dllute so]ut1on of/ﬂ/i and air dried. A blue to v1o1et co1our"”/ ‘

/

T 1nd1cated ‘the presence of pheno] moities. Spot patterns were

. recorded on-a- Xerox copy1ng mach1ne
| For 1so1at1ng and pur1fy1ng compounds for u1trav101et

spectrophotometr1c ana]ys1s TLC p]ates bear1ng streaks of extract B

- were deve]oped with a referenCe str1p bearlng a spot of the same e

' ///extract Compounds were 1ocated by app1y1ng the indicator to the

developed reference strip. Compounds f]uorescent w1th u]trav1olet o

——~——}Tght'co”13’5§ detected- d1rect1//,,A,neference str1p was used with

N Y
o “

entrated H2504? ethano1 t was prepared 1mmed1ate1y before user.;_wVV*if



Y

ultraviolet spectrophotometer.

every déve]opment as Rfs varied from day to day.’

The Tocation of a compound was out11ned w1th a d1ssect ng

' needle, scraped from the glass w1th a razor b]ade and e]uted with

. spectrograde methano] The e]ut1on was evaporated until Just enough

remained to streak a TLC p]ate and spot a ref :rence str1p "These

| ‘were deve]oped and detection and e]ut1on procedures repeated

uThe compound was examined with a Un1cam SP 1800 u]trav1o1et

spettrophotometer; Results were recorded on a Unicam AR 25 11near
recorder (see Append1x IV) Pur1f1ed compounds were hydro]yzed by
heat1ng with ]0 ml of 2N HC] in a reflux column. The hydro]ysate

was evaporated to dryness and separated in ether and water. The

water fract1on was d1scarded wh11e the ether fract1on was evoporated

to dryness, d1sso]ved in spectrograde methanol, and scanned with the

-
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' /RESULTS

[. Field specimens

‘ <
1. Basidiocarp morphology

I3 o : :
Fomes roseus and Fomes cajanderi exhibit similar variations in

basidiocarp morphology. These variations are described separately
for each taxdn Descriptive termé are from Overholts (1953).

Bas1d1ocarps of Fomes rosek§ range from: 1.5-10.0 cm in

d1ameter, 0.9-7.0 cm in he1ght and 1. 3 3.0 cm in depth (Figure 1).

~ They are rarely resup1nate, usual]y sess11e and may be effused—‘
reflexed, convex to ungu]ate, and e1ther,so]1tary-or in groups on the
substratum Occasionally, two or three bas1d1ocarps in close
proximity are laterally fused to a sma]] degree Imbricate formé'
dre uncommon. Pilei are genera]ly dimidiate. |

Bas1d1ocarps of Fomes ¢ __gander1 (F1gure 2) range from: 0‘7-20.0

cm in d1ameter 0 4-1.4 cm in helght and 1.0-4.0 cm in depth fheyr
are rare1y resup1nate and usuaT]y effused-ref]exed' They are app]a-
nate to conchate or convex, occas1ona1]y ungu]ate and. rare:; so11tary
~-Quite pften, partlcu1ar1y on fa11en tree stems where numerdus
basidiecarps have formed in'cloée‘proximify, the 1atere1.margins of
neighbouring baéidiocarps are fused to‘form an oblong band in which
the identity of individué]sdis ndt always discerhible, FrequentTy,
basjdiocérps arefimbrftate, with bases fused to form a confluent

~ mass. Single pilei are dimidiate: to subrenifofm. . e

o

Basidiocarps of Fomes roseus are woody to corky, and never

Ki

oA
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coriaceous as are the basidiocarps of Fomes cajanderi. Basidiocarps

!of the latter species are often corky.

The pileus surface of Fomes roseus varies from cream, pa]e'pink;

tan, brown or grayish brown, to charcoa1’b1ack‘ The latter colour
occurs in young and-old specimens. The p11eus surface is minutely
tomentose to g]abrous, rare]y smooth and usua]]y slightly r1pp1ed to
aﬁhummocky; ‘A‘th1ck’superf1c1a1 1ayer of soft matted hyphae, usually
‘found in young specimens, and occasiona]]y_present invthe:vicﬁnity‘
of thexmarginvof o]derlgpecimens, gives a_rubbery‘texture to the
j‘pi1eus surface Older sbectmens are bften incrusted‘and rimose.

In Fomes ca3ander1, the pileus surface can be cream, Or gray1sh

pale p1nk ‘rusty or vinaceous brown to charcoa1 black. The latter

colour occurs in young and old spec1mens., The p11eus»surface is
glabrous to minute]& tomentose, and ejther‘smoothnor hummocky .
Occasionally, numerqus sma11 tubencles_are;present. FA }ayen of thick,
soft, natted hyphae on the surface of ybung specimens and adjacent the
mangin of'older'basidiqcarps; creates.a fibrous or occasionally
rubbery texture. Older sbecimens are sometimes inctustedeand'rimose,
Concentric striations on the pi]eus_sunface of sone basidiccarps

- of Fomes roseus are the result of s]ight gradatiOns in colour and/or -

shallow grooves. 0ccas1ona1ly, str1at1ons are absent or obscured
by th1ck depos1ts of a brown to bdack amorphous substance
'. Concentr1c str1at1ons are more frequent 1n Fomes caJander1

T

.where ‘they .are gray. to brown 1n colour and often accentuated by

shallow grooves or r1dges. Only rare]y are they obscured by depos1ts‘

-of dark, pigmented material. -

'
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The marg1n of Fomes roseus is an obtuse band of cream or  p

rose coloured ster11e tissue. Black, 1ncrusted margins are frequent .

in very old specimens and bas1d1ocarps growlng on exhausted substrata.

d In Fomes caJander1 the margin 1n young spec1mens is a th1ck ?_

obtuse band of ster11e pink to vinaceous t1ssue In o1der spec1mehs,
the marg1n Lecomes acute, or rarely, rema1ns obtuse The margins of
old or. senesc1ng individuals are brown or occasionally b1ack

In Fomes roseus,; the cream to p1nk to v1naceous brown context

is thick and f1brous \In a med1an 1ong1tud1na1 sect1on 11ght to

dark brown growth lines of vary1ng intensity, runn1ng concentr1c

to. the boundary\of the margin are always-present. The context
is brown to black when spotted with 10% KOH

-

The context of Fomes cagander1 is p1nk to v1naceous brown and

_COrky to fibrous; The growth lines’ observed in Fomes roseus are

apparent1y identica] to those of Fomes cajanderi. .The context™is’

b]ack when treated w1th KOH)//

The pore surface of Fomes roseus is smooth or gent]y undu1at— |
ing, and cream to pnnk to v1naceous brown in co]bur It is’
horizontal or sloped s]1ght1y to sharp]y from the marg1n to the
substratum and has round to s11ght1y angu]ar pores, 2-6 per mm.

The pore surface of Fomes cajanderi is smooth or gent]y

-

"" undulating, and cream to. p1nk to vinaceous brown Since the great -

majority of spec1mens are effused ref]exed the pore surfaces are
:hor1zonta1 below the p11eus, s]op1ng gradual]y to sharp]y toward
the substratum Tubes deve]op1ng on the effused port1on of 'the

4bas1d1ocarp have angu]ar vert1ca11y e1ongated daede1o1d pores

-



© * Pores average 2-6 per mm.

Tube layers are stratified in both taxa. A whitish hyphal

growth fi]]ing the tubes of the older strata and’ the continuum
e

-forﬁ:n by the dissep1ments of each tube layer with™ the next may

- .obscure the 1dent1ty of 1nd1v1dua1 tube layers.

4

3. Hyphal‘anaiysiJ

- this reason, there follows a ‘microstructural descr1pt1on of the

~

2. Substhatum

%

e

Fomes roseus and Fomes cajanderi most often were found growing

on the dead wbod‘bf standing or fallen species of Picea. Other

geneha providing substrata were Pinus, Larix, and Populus. _Specimens’

of Fomes cajanderi on Abies, Pseudotsuga, and Prunus were also .-

examined. Numerous cb]lections of both sbecWES from unidentified

~coniferous wood were'studied There is no apparent corre]at1on

between bas1d1ocarp morpho]ogy and the identity of the substratum

A 11st of co]]ectwﬁns exam1ned from var1ous substrata is presented

i

in Appendix II.

Wood infected with e1ther species displays a dry, brown

cub1ca1 rot of the. sapwood and heartwood. In less decayed wood;

zone lines may‘be observed as narrow or broad, wavy, reddish.brown

: . o
1ines in the wood.

\

The develop nt and microstructure of basidiocarps'of Fomes

'roseus and Fomes caJander1 were found to be very . similar. For

deve]opment of Fomes roseus from the’vegetat1ve phase in the sub-.

>

'stratum, to the mature sporulating basidiocarp. Fomes roseus and

Fomesleajanderi;are compared with respect.to their deveiopment

18
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fo]]owing the‘deve]opmenta] analysis of Fomes roseus.

Termlnology app1y1ng to the types cf nyphae in the bas1d1ocarp
’1s taken from Corner (]953) He described skeletal hyphae as
unbranched th1ck-wa11ed common]y aseptaté .hyphae"; and
generat1ve hyphae as "...thin- wa]]ed branch1ng, septate hyphae."

A. Bas1d1ocarp deve]opment in Fomes roseus

ha. Myce11um in wood a A“f

. The myce11um is 1$r§é1y confined to the 1umina of the ‘
tracheids (P]ate la) where thick- walled hyphae 1. 9- 6 Op in |
'd1ameter _and th1n-wa11ed clamped hyphae, 1.3-3. 4p in d1ameter,/
are present 1n vary1ng amounts The th1ck walled hyphae are hya11ne
to brown1sh and grow through the trache1d lTumen para]]e] to the

1ong axis of the wood cell, unt11 adJacent to a ray At th1s po1nt
numerous 1atera1 hyphal branches, 1.1-4.2y in d1ameter form at
~ right angles to the th]ck—wa11ed parentﬂhyphae to create a dense

mass of‘intertwining hyphae. The thin-waTIed hyphaé-a]so grow :
_through the'tracheid Tumen parallef to the 1ong axts of the wood
4te11 These hyphae also grow 1atera11y from: ce]] to cell through '"C'
~ bordered p1ts or bore holes. -
Masses of th1ck wa]]ed brown1sh hyphae and depos1ts of a

vredd1sh brown amorphous substance are: present in the tracheids of

the zone ]1nes |
b, Pr1mord1a ' | o
Emerging through crati; in the wood or bark'from areas where'
‘part1cu1ar1y heavy hyphal aggregat1ons occur, are c]amped generat1ve',

v

hyphae 1.2-2. 8p in d1ame¢er and 1nfrequent1y branched ske]eta]

3



hyphae, 1.0- 3 4p in diameter These grow together in a radial

Tpattern to form a compact knob of dense myce]ium the first 1ndica-

. tion of primordium formation Primordia are 1nc1p1ent basid1ocarps
which lack pore deve]opment They grow c]ose]y appressed to the

surface of the substratum. forming. ve]vety, cream to p1nk or v1naceous,‘
pu]v1nate pads, 2.0-7.0 mm in diameter (Figure 3).

Ske]eta] hyphae are hyahne to fa1nt vinaceous brown,
occas1ona]1y hav1ng one, to several constr1ct1ons along their Tength.
Generat1ve hyphae are c]amped hya11ne and deep]y sta1n1ng. The
ve]vety surface of the primord1um is due to the rounded or slightly
v tapered apices of ske]eta] -and generat1ve hyphae protrud1ng from the
- main mass of hyphae ‘

Dark ‘reddish brown pigment depos1ts in, and on the skeletal
hyphae produce brown patches on the upper surface of some pr1mordna
The primordium becomes a sporu]at1ng bas1d1ocarp fo]]ow1ng the
'development of _pores on the undersurface Further d1fferent1at1on
y1e1ds the mature bas1d1ocarp | C .
C. fMature_bas1diocarps
i; Margin | . - C B hv‘ ' ~ _

o The marg1n (L1gure 4a) cons1sts of Toose]y woven ske]eta]
’and generat1ve hyphae grow1ng paral]e] to the direction of .

- basid1ocarp growth Skeletal hyphae are smooth reTativeTy'thin-v,
~lwa11ed rare]y branched hya]1ne to pale reddlsh brown and 2.5-6. Ou
.1n dlameter The tips of the skeTeta] hyphae some of which protrude

several m1crons from the marg1n are smooth and rounded or

B vslightly tapered or swo]len (F1gure Sa) The cytop]asm of the t1p

"1s granu]ar and sta1ns deep]y Beh1nd the t1p, the contents of the
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1umen stain faintjy or not at allt The 1umen'fs‘very regular and
'.uniform in young ske]eta1'hyphae, becoming sTightly irregu]ar in
older ones. In somejbasidiocafpst.up‘to'five septa occur in the' '
| thin-waT]ed termina] regions of the skeletal hyphae (Figure 5b).
These septa'form at regU]ar inter9a1s of approXimately‘]S-ZOp;
Walls of the skeletal hyphae occasionally have hya]ine; asymmetric,
ph1ange-1ike pnojections, 1.0-4. Op in 1ength (Figure 5¢). Young
i'skeletal hyphae form either from the tips of older ske]eta] hyphae,
r from terminal cells of generative hyphae In the f1rst case,

the tenn1na] 12. 0 15. Op of a’ske]eta1 hypha becomes swo11en and

fusiform. The thin wa]] of the tip protrudes, e]ongates, and w1dens,

h

leaving a constr1ct1on 2.0- 4 Op in dlameter d1v1d1ng old and new |
~portions (F1gure 5d). |
_ Ske]eta] hyphae wh1ch or1g1nate from - generat1ve hyphae are

_,subtended by clamp. connex1ons (F1gure 5e) As the young ske]eta]

. hypha elongates, its d1ameter 1ncreases from 2.0- 3 5p next to the

'_ clamp, to 2.5-6.0p at its w1dest po1nt
Ske]etal hyphae perpend1cu1ar to the d1rect1on of bas1d1ocarp
,,growth,'occur 100-500p from the edge of the marg1n (Figure 6).
| These have‘trregu1ar Iumina,vfrequent'areas of thickening in the
walls, and’ngmerous_phlange-like'projeetibns. ’OccasiOna11y,'short
:solitary"thick-wa11ed branches, 10~§OP in length, occuh'at;acute..v
angTes to the mafn axeé of these hyphae. Lateha]bbranches, 3tod -
in number grow ﬁrom the apices of ske]eta] hyphae in some
bas1d10carps (Figure 7) }

Generat1ve hyphae are not as preva]ent as skeleta] hyphae
They are arranged paraliel to. the d1rect1on of growth are

T

,\.
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1.543.5p in diameter,.and stain deeply, C]amp connex1ons are frequent
and serve as points of origin for lateral branches which ar1se

from, or 1mmed1ate1y adJacent to them (F1gure 5f). - Branches soon
orient themselves parallel to the d1rect1on of growth. Generat1ve
hyphae are usua]]y evenly dispersed among the skeletal hyphae but

are occas1ona]]y found in sma]] dense clusters. '

In some basidiocarps, approx1mate1y 200 400p from the margin
edge, thln-walled g]obose to fus1form chlamydospores, 5 0-18. OP
in diameter, occur. They are formed in linear ser1es on thin- wa]]ed
hyphae, 1.5-3. Ou in diameter (Figure 8, Plate 2a,b). b
ii. Pileus surface _ ’ '

The p11eus surface (F1gure 4b) represents a deve]opmenta]
cont1nuum from the youngest area 1mmed1ate1y adJacent to the margin,
to the o]dest border1ng on the substratum (F1gures 9 and 10).

Hyphae of the upper surface are. negatively geotrop1c and .

.grow perpendicularly to the direction of bas1d1ocarp growth
Near the marg1n, the skeletal hyphae have moderate]y th1ck hyaline
to s]1ght]y pigmented wa]ls The d1sta1 200- 300u sections of
'ske]eta] hyphae form a pa]1sade w1th 11tt1e or none of the amorphous
p1gmented mater1a]s present Generat1ve hyphae vary in the1r
sta1n1ng response to ph]ox1ne 0ccas1ona11y, these hyphae are.
th1ck~wa]1ed and 1rregu1ar Part1cu1ar1y heavy deposits of wall
material occur around easily fractured clamp connexions (F1gure 11).

In older areas of. the p11eus surface th1ck-wa11ed t1ps of
skeleta] hyphae form1ng the pa11sade become broken or sharp]y
truncated (F1gure 9), ~An. amorphous, redd1sh brown, agg]ut1nat1ng

substance becomes very prominent between the hyphae of o]der reg1ons

22
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(Figure 10). Embedded in this substance, whichvmay build up beyond
the tips of the hyphae, are numerou5'foreign partic]es such as
a xy]ary e]ements, pollen gra1ns and fungal spores. Walls of the |
skeletal hyphae are hya11ne tokredd1sh brown, and the lumen is a]most
or ent1re1y occ]uded Generat1ve hyphae are rarely 1rregu1ar,
th1ck -walled, and knobby These form 1n scattered fragments or
dense masses. |
iii. Context f
. The context (F1gure 4c) is composed pr1mar1]y of ske]eta]

hyphae of two types smooth hyaline to faint reddish brown hyphae,
2.5-5. Op n d1ameter oriented parallel to the d1rect1on of -
bas1d1ocarp growth and 1rregu]ar occas1on]]y branched hyphae,
A3 .2-6. Op in d1ameter, perpend1cu]ar to the former Both t{pes of
skeleta] hyphae have th1n, occ]uded ]um1na and phlange 11ke
projections (Plate 1b). | |

The 1rregu1ar ske]eta] hyphae prodbce branches at r1ght or
acute angles to the main axis. These are constr1cted,at the base,
and rema1n s11ght]y 1ess in d1ameter than the parent hypha |

Dense masses of th1n-wa11ed, rare]y c]amped deep]y sta1n1ng,'
1ncrusted hyphae 2. O 3. Spoin d1ameter occur scattered thoughout |
the context of some bas1d1ocarps |

Generative hyphae as. described in- the marg1n, are not present
in the o]der reg1ons of the context but nay occas1ona1]y be found
~in areas of the context c]ose to the margx\ C]amped hyphae when
present 1n the o]der areas, are br1tt]e and th1ck wa]]ed« with’' narrow,

e

- .Sinuous 1um1na (Figure 11 P]ate 3a) These are scattered in

(
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_groups among:the ske]eta] hyphae. Chfamydospores simi1ar to those

of the margin, were scattered throughout the context of some
- bas1dlocarps ' | _ _
Constr1ctions in tgg:ske1etal hyphae occur most frequently
1 in the growth 1ines‘of the context Large amounts of the- agg]ut1n-
‘at1ng substance surround the hyphae of the growth Tines.

iv. D1ssep1ments (F1gure 4d)

Hya]1ne to fa1nt reddish brown ske]eta] hyphae, 2.0-4. Op
in d1ameter and abundant]y c]amped generat1ve hyphae, 2.0-4.0p
in d1ameter are the hyphal types of this area. The former have 7

few constr1ct1ons, and are contorted knobby, branched and tightly

' woven (Flgure 12a).

’ AdJacent to the margin, generat1ve and ske]eta] hyphae grow
geotrop1ca]1y to form tufts of parallel hyphae perpend1cu1ar to the
plane of the undersurface ~ Skeletal hyphae or1g1nate from
generatlveqhyphae and rare]y have constr1ct1ons a]ong their 1ength

Generatlve hyphae (F1gure 12b) grow para]le] to the skeletal

hyphae, unt11 turn1ng abrupt]y toward the surface of the d1ssep1-

- ments to form bas1d1a (F1gure 12c) Bas1d1a are clavate and
,cy11ndr1cal 4.2-6. 3u X 13 0- 17 Op, and form a palisade 11h1ng the

vert1ca1 surfaces of the d1ssep1ments They are each subtended by a

'.-c1amp connexion, and produce spores at the ap1ces of four hya11ne
ster1gnata, approx1mate]y 4.0p in 1ength; _

. Basidiabarevnot formed beyond a point 30p from the’growing
edgesfof the‘disSepiments In upper regions of tubes masses- of
th1n—wa11ed generat1ve hyphae form a wh1te cottony p]ug 11ke mass

: of myce11um The wa]]s of the tubes adJacent to th1s mass lack
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basidia. |

Basid1ospores are cy]1ndr1ca1 and s]1ght1y curved above the
reg1on of the hilar apicu]us wh1ch forms lateral to the pole
, adJacent to the basid1um (F1gure 13a) . Spore cytoplasm sta1ns -
' intense]y. revea11ng one to four spher1ca1 ‘refactive bodies w1th1n
"~ the cytop]asm Bas1d1ospore Size ranges from 4.9-7. 3p X 2. 6 3. Zp

An average of f1fty bas1d1ospores from f1ve co]]ect1ons is

29X65p ERE R

B. Fomes cajanderi compared
a. Mycelium ‘n the wood and pr1mord1um format1on

In Fomes ¢ cajanderi, the\yegetat1ve myce11um in the wood and

the pattern of pr1mord1um deve]opment do not exh1b1t any v1s1b1e B

jd1fferences from Fomes roseus. Hypha] types, ‘their proport1ons, and

" their development are apparently identical. Pr1mord1a 1ack

d1st1ngu1sh1ng features at the m1croscop1c and macroscop]c Tevels.

b. Mature ba51d1ocarp /

1. Marg1n . | | |
There were no detectab]e m1croscop1c d1fferences in marg1n

deve]opment between the two taxa The th1nner more acute marg1n of

Fomes caJanderl appears to be composed of, generat1ve and ske]eta]

hyphae in equ1va1ent proport1ons to those const]t t1ng the. more
iy

obtuse marg1n of Fomes roseus - ' '

ii. Pileus surface
The pa]1sade form1ng the upper surface of . bas1d1ocarps of

" Fomes cajanderij tends to have 1esser amounts . of the amorphous

1nterhypha1 agg]ut1nat1ng substance than does Fomes roseus.
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HoWever 1n both spec1es this characterlst1c is d1ffitu1t to eva]uate,.
as "the quant1ty of the substance not only var1es among basid1ocarps, |
“but may alsd be present 1n a b1eached condition Otherwise,*
v'; deve]opment of the p1]eus surface of thejtno species ie tdentica{.
i Context ’ o B 'v”v |

Hypha] types and their proport1ons are the same in the context
of both taxa. There is, however a. tendenCy for the wal]s of

ske]etal hyphae of Fomes caJander1 to be’ s11ght1y darker than the1rk

counterparts in Fomes roseus

v D1ssep1ments

The on]y equivocal difference in the d1ssep1ments are the -

- :spores wh1ch, 1n-Fomes.caJander1 (F1gune 13b),“range from,4,5-7.5p'

: X.1.7—2.9pt The average size of fifty spores from five collections

was 7.3 X 2.6p. A Chi square-testbdoes_notfshow average spore

sizes to be of significant differenceretween,the_two taxa.

II. IsO]ateé'in-CuTtuFe‘_f -
. : : <
:7Sinoe‘on]y very slibht'diffen%nces were observed between the

two spec1es 1n cu]ture the macroscop1c and. m1croscop1c featues of

. Fomes roseusare descr1bed D1st1ngt;ons”exh+b1ted‘by*FOmeS.m”»

o a]ander1 are noted.

1. .GnosS/featores' B i,t
a. ‘Agar.culture o | -
within\twoion'three'days fo]loWing'inocu]ation, fine,
monopodiaT]y branched hyphae;gron?awayffhom the,inoco]umep]ug'inwa.t

radial pattern.. These hyphae groW'cjoée]y apphessedito,,on'



slightTyﬁbe1ow_the agar surface: Behind the advancingfmargin develops

a  zone of aerial hyphae which produces a cottonyvto_floccuTent'v

growth 0. 5-3 5“mmvthick Asfthe myceﬂfa1‘mat'increases-in d1a¥ﬂ'

meter the margin forms an uneven whit1sh band c1rcumscr1bing the

dense white to fa1nt p1nk myce]ium The marg1n maintains a w1dth

>

-~ of 2. 0- 4.0 mm unt11 reach1ng the edge of" the p]ate Depend1ng

.

upon the 1so]ate. coverage of an 8.5 cm-p]ate requ1res519 to 22

days for‘Fomes roseus Fomes caJander1 requ1res 18. tb 20 days

‘Below the mat the agar rema1ns opaque, or deve]ops a brownish
co]ourat1on, part1cu1ar1yv1n theAv1c1n1ty of‘the-1nocu1umvp1ug.
. ﬁ%goSitive test fdr‘extracellular oxidase is‘the formation
of a blue co1our fo]]ow1ng the app11cat1on of severa1 drops"¥

a1coho11c gum gua1cum to the cu]ture mat. Pos1t1ve react1ons,

when they occurred were faint. For several 1so]ates, tests of

' rep11cate cu]ture plates did not ytéfd_cbnéjfigia reactlons. o
R Ind1cat1ons~of bas1dmocarp deve]opment ecome apparent 20 to -

' of the 1nocu1um p]ug Bas1d1ocarps usually develop adJacent to the :

. 30'days fo110wing’inOCu1ation‘ In some cu]tures, basidiocarps -

deve]op ear11er part1cular1y when they deve]op on the upper surface |

\ marg1ns of p]ates but occas1ona1]y they form scattered over. the

VA surfacé of the mat They grow e1ther appressed to the vert1ca1 j

surface of the p]ate or in a cont1nuous to d1scont1nuous c1rcu]ar
band 0. 5 15 0 mm 1n w1dth ‘and’ 0. 5 4. 0 - from the p]ate edge

of dense fe]ty myce11um hav1ng an accentuated p1nk or

///// rown1sh co]ourat1on are the f1rst 51gns of bas1d1ocarp 1n1t1a-

tion. where pr1mord1a deve]op severa] m1111meters 1nter1or to the
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walls of the plate, the 1nterven1ng area is composed of pale, . q}
cottony to f]occu]ent myce11um similar to the central regions of tbe -
culture mat. '

, Pores form on-the gpper surface of the'primordium withio’f;
to 5 days. ‘Thiek.ridges of slight vertical development on the

- upper surface are the first.ihdications'of”pore formation. Within
4 to 7 days, vertical development of these ridges occurs, and ‘the
1nterven1ng furrows become recogn1zab1e as pores These range

| from‘O 5 to 1.5 mm in depth and may be daede]o1d or poroid.

' Discharged bas1d1ospores form a th?ck credmbco1oured-depos1t on'the‘
Tids of 1nvérted p]ates. ‘when-piates are not inverted VbaSidio;;L
spores are cast to the bottom -of the tubes where they eventua/ﬁy
form a redd1sh brown to almost b]ack deposit. . ’

;b. wdod cu]ture\ s ‘

| Neither“spéCjes demonstrated a‘preference for any one of the

bl . wood genera used as substrate:‘ With in 2 to 3 weeks following .

1nocu1at1on, sma]] am0unts of white, cottony myce11um develop a]ong

-the upper transect1ona1 surfaces of the wood slices. with1n_2

weeﬁs fol]owong, myce11um develops on the tohg1tud1na1_surfaees.,

Eomesvroseus_dsua11y develops scattered c]uhps of hyphae orer the

wood surfaCe{ Fomes cqjanderi tends to produce-a uniform layer of R~
hyphae which covers the s rface of the wood slice. Mycelium * T
remains white to fainé'p?ik unless allowed to dry out, when itﬁéygiw

becomes tan to light brown in co]our

2,

Knots of hyphae, 0 5-1. 5p in d1ameter, 1nd1cat1ng 1nc1p1ent

'basid1ocarps, appear 2 to 3-months after 1nocu1at1on Ona to 20

g
Tae
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pink to'vinaceous'brown, hemispherical primordia form on each slice..
. . ‘ : : :

Pore fields of daedé]oid, angular or circular pores form on the
upper surfaces of the primordia in the s;ﬁe manner as in agar
pu]ture; Occasionally, vertical corrugations develop on thé_]gtera]
- surfaces of the bqsfdiocarp; This type of dissebimeﬁt.cdnfigura—
'.tion 1svthe result of lateral e]aborafidn of hyphae on well defined
vertical zones; 0.5-1.0 mif in diameter. The result 15 fertile
vert]ca1 grooves which resemble median 1ong1tud1na1 sections of '
e]ongated tubes. =~ | ‘1

The wood s]fce,exhibits a faint brown, cubical rot within

five months of inoculation.

-

2. Hyphal analysis’

Term1no]ogy app1y1ng to hyphae observed 1n cu]ture is from.
‘Nobles=(1958b; 1965), Nodose- septate hyphae are thin- or thick-
' w&lled hyphae bééring c]amp connex1ons;. Fibre hyphae have th1ck,
refractive, hyaline 6r bfown,wa]]s;_with a narrdw or'dbéent.lumeh;'
They lack c]émp cbnnexioh§ and septa. | o
. Agar culture | - LY
‘ ~The marg1n of the mycelial mat 1s a zoneiof frequent]y o
branched, th1n-wa11ed, nodose- septate hyphae wh1ch range in
~diameter from 1 5-5. Op. Approx1mate1y 2 to 4 mm in from th1s zone, :
;myce1ium Js composed of intertangled, nodose-septate hyphae and
fibre hyphae,uwith the latter pkedomfnating. The_hodose—seppate
v_ﬁyphaé’are thinéwa11ed Qabundantly‘¢1amped, freﬁuently»branched, -
' ;and 1 5-3.6p in d1ameter Fibre hyphae aré pfeéent in‘a number 6f

qeve1opmenta] stages. They or1g1nate 1mmed1ate1y adJacent to clamp
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connex- ons 'as e]ongated tenmina]‘ce]]s (Figure 14). These asep-

' tate cells elongate and 1ncrease in diameter as the dense]y sta1n1ng

‘hyphal tips grow away from the subtend1ng clamps. ,F1bre,hyphae

. range in diameter from 1.5 to 3.8y in the reglon-1mmediate]y’

: adjacent»to thebcTamp‘connexion;'t0'3.545.0p'in the central area%
to 1.3;4.4p in the apical regions. Some are branched in the apical
region ingure 15). | o | _

- Irregular, thick-walled nodose-septate hyphae,'1.3-4.3y in

. diameter loccur in iso]ated patches (ngure 16, P1ate 3b). These
;hyphae have swo]]en c]amp connex1ons and solid knob- shaped pro-.
‘tuberances prOJect1ng from the wa]]s |

Tr n-wa]]ed nodose-septate hyphae bearing numerous branches,
grow beneath.the surface of the agar and occasiona]ly become

1rregu1ar and th1ck—wa11ed Interca]ary, fusiform to\g]obose,'

| th1n-wa11ed ch]amydospores, 13- 20p X 5~ ZOP, occur on submerged and .

A
aerial myce11um. They are cons1stent]y so]1tary_(F1gure 17). The

‘occurence of chlamydospores in culture is erratic and not correlated
J1ncu d

o _ !
with particular 1so1ates

Pr1mord1a are composed of nodose septate hyphae and. f1bre
_ hyphae wh1ch deve]op and grow upward from the cu]ture mat surface
"Closely 1nterwoven these hypha] types appear- to 1ack 4 partwcu]ar
' arrangement w1th1n the pr1mord1um Th1n-wa11ed nodose septate
hyphae wh1ch predominate 1n very young pr1mord1a, become 1ess
prevalent than f1bre hyphae as the. pr1mord1um 1ncreases in s1ze

In 1arge primordia, nodose-septate,hyphae are found 1niloca]1zed

masse- . 0ften,4thej\become 1rreguTar'and thick-walled and have

narrow sinuous lumina. Fibre hyphae are rarely branched. ' I
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The first indication of pore- formation is the upward growth
of fibre hyphae and nodose-septate hyphae. Th1s produces a net-11ke
pattern of ridges on the upper surface of the primordium. Pores'
up to 2.4 mm deep, form 4- 6 per mm. POre‘mouthslrange in shape}from
daede1o1d to circular. . .' B . h/' v —

L1n1ng the wa]]s of the pores and fonn1ng from the'c]amped
«‘term1na1 ce11s of nodose septate hyphae, is a well defined
palisade layer of cIavatevbas1d1a, 5,2-8.1.X,14.0-20.0p‘1n‘size?\ :
Up to four s1endef,'hya1ine sterigmata, 2{5-3.5y in length, are \\\\\
hpresent'oh the apices‘of mature basfdia. The basidia]-pa]isade"
deve]ops approx1mate1y 30- 70p beh1nd the advanc1ng zone -of hyphae
form1ng the pore wa11s '

Bas1d1ospores are. Smooth narrow cy]1ndr1ca1, and s]wght]y
curved, part1cu1ar1y above the h11ar ap1cu1us Spores of Fomes é‘
'rggggg_are 5.1-7.0 X 2.6-3.1p in size. An average size for f1fty

basidiospores—ffem five isolates was 6.5 X 2 . Bas1diospores of

Fomes caJander1 range from 4.0-8.0 X 1.7-2.7p and average 7. 4 X

2. 6p A Chi square test did not show the spores of the two taxa to
.be s1gn1f1cant1y d1fferent in size. |
b. WOod culture - : |

In the wood th1n-wa11ed, clamped hyphae 1. 5-3‘5p in diameter,
grow in a s1nuous manner through the ]u?1na of the trache1ds
fDense aggregat1ons of c]ose]y 1ntertw1ned th1n-wa]1ed hyphae occur
in the vicinity of the ray cells. kThe th1n-wa]]ed_hyphae grow
from cell to cell through bordered’pitsbor hore holes. ‘Medallion B
'nclahpé are harely tprmed.h‘Thick-walled‘hyphae areﬁhyeline end']ess :

b?eva]ent'than;in'naturele’infected'sdbstrata. They'occu3 grehing
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in a. sinuous manner'throdgh tracheids.
| Byphee'on the surtace of the wood ahe of two types: nodose-
septate hyphae 1. O 4 Op in d1ameter and fibre hyphae, 1.3- 4 Op
in diameter. These two hypha] types are c1ose1y 1nterwoven
Single, 1ntercqlary, th1n-wa11ed ch]amydospores, 8.0-15.0 X
5.0- 12:0p, oceasnonal]y form on nodose-septate hyphae. C]amp
hconnexions often serQe-as points.of origin‘for branches. Irregular,
thick-walled, nodose-sebtate hyphae having swollen, solid_c]amp"
connexions and irregu]er refra?tive watls, are ohserved either
hin'fraghents or localized clusters. Infrequent1y branched fibre
hyphae have thick, hya11ne to fa1nt1y p1gmented wa]]s surround1ng
thin or occluded Tumina. R
franslucent, octahedra1 crysta1s are aiWays present‘among the
suhfacejhyphae. ) | ‘:v.. . | - S
v ~Primordia have randomly organi;ed, close1y interwoven v '
'nodose-septate hyphae-andgfibre hyphae.' Deepl}_stafhing;‘bfahched,
‘nogose- septate hyphae 1 3 4. Op in. d1ameter occur dispersed
'throughout the pr1mord1um and 1n ]oca11zed masses. Irregu]ar,
th1ck—wa11ed nodose septate hyphae form 1n scattered c1usters
Refract1ve to fa1nt]y p1gmented ‘closely 1nterwoven f1bre ;
hyphae, 1.7- SrOF in d1ameter const1tute the maJor hypha] type of
the bas1d1ocarp The velvety surface of the bas1d1ocarp is due-
to the prOJect1on of numerous tips of fibre hyphae and, to a 1esser
extent, nodose sepfate hyphae beyond the ma1n mass of the pr1mord1um o
Pores develop on the upper surfaces of the pr1mord1a Pore

' wa11s, initiated as s]1ght r1dges, arevcomposed of dense]y 1nter-

woven'hyphae. ‘Typ1ca] of - these ridges are knobby, contorted fibre
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hyphae. The upward growiug edges of the dissepiments are composed
of para11e1 Gunbranched thin-walled hyphae. Thin-walled .nodoeea :
.septate hyphae are less numerous and form in c]ose]y 1ntennoven
masses along the pore walls. ‘ ‘ '

A un1fonn and sometimes d1scont1nuous pa11sade of c1avate
basidia, 12.0—20.0 X 5.0-10f0p in s1ze, forms on the f]anks of the
" dissepiments. Basidia are always subtended:by clamp connexions.

Basidiospores are ‘identical to those formed in agar cultures.

3. Effect of temperature on gfowth rate of vegetative mycelium

The 17 1301ates can be divided into three groups based on

their opt1mum growth rate temperature Fomes roseus\isolates

RC 108, “ALTA B168, ALTA B182, DAOM 22629 DAOM -F2381, and DAOM
17572 all had growth opt1ma at 25°C. Fomes roseus_1so]ates RC 104,

ALTA B287, and Fomes cajanderi'isolotes ALTA B27, ALTA B189, DAOM

17529 DAOM 155908, DAOM 73183, and DAOM 17522. exhibited opt1mum

growth at 28°C. The three rema1n1ng 1so1ates of Fomes cq;ender1,

ALTA’819,’ALfA B74, and RC 107, had growth optima at 33°C. Most -

~ isolates did not produce detectab1ergrowth—at 37°C. Isolate Fomes
; rgggu§_ DAOM 17572>ceased'to grow at 33°C."Re5u1t$5are d{sp]ayed._o
'v,graphicélly in Figure 18. Cufveé of averaoe'growth rafe_of the
tWOféoecies afé oot statistica]]y_differeut at the 0.05% ]eve]-m

£
- of significance.

III. . Chemosystematic étudieS’uéing thin layer chromatography

Ethy] acetate was the most effectlve so]vent in so]ub111z1ng ‘

cyclic compounds from ground mycelium. These compounds were also

Y
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- soluble in petroleum ether, ethyl eLher, and methanol. - Water,
hexanes , and ethyl a1coho1 did not solubilize detectable amounts ofh
cyclic compounds. |

Of the sﬁk taxa: Fomes roseus, Fomes cajanderi, Fomes

fomentarius Trametes suaveo]ens, Fomes pjn1co1a, and Fomes pin
2

only Trametes suaveolens failed to yield substant1a1 amounts of .

L
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ethyl acetate soluble cyc11c compounds The f1ve rema1n1ng spec1es _-'

yielded ethy] acetate so]ub]e compounds wh1ch reacted with concen--‘

,trated H2504 to g1ve yellow and brown co]ourat1ons to the extraction

fluids. Informat1on der1ved from deve]oplng the extraction
fluids by thin 1ayer chromatography, with correspond1ng‘spectra1"

data, is summarized ih Tab]e 1. Chemical prof11es obta1ned from
\S

- .different samp]es of the same spec1es,.1n cases where more. than

one.sample was used; were very similar, if not 1dent1ca].
Distribution among the six species of the five COmpounds charac--
terized‘is summarfiéd“in“TabTe"2~~ A—representat+ve—th1n‘1ayer -
chromatogram s illustrated in Append1x III.
PhenO]s I and IT failed to:separate'we]] in:501vent'A,<hut
- were detectable‘by their colour reactionsiwith indicator.&.f,wtth
this indicator, pheno]-i‘was Qiolet and phenol. I1 was-indigo}
.SoTvent B separated phenols I and.-II vervaellfA?BenZOtropo1ones o
I, II, and IiI separated well in solvent A, K”'but;were poorly B
resolved in so]vent B. - ‘ ”

Strong f]uorescence w1th u1trav1o]et 11ght was .exhibited by

N

phenols I and II Benzotropo]one 111 f1uoresced weak]y Benzotro-‘

po1one I and pheno]s I and IT gave pos1t1ve react1ons with 1nd1cator

. i/



II which 1nd1cates the presence of pheno] mo1t1es Indicator 11
did not react with benzotropo]ones I and II.

Acid hydrolysis and spectral ana]ysis de not. reveal the
presence‘of sugar mo1t1es.on any of the compounds. A11 of the

compoundp descr1bed here were present in Fomes roSeus and4Fomes '

cajanderi. Add1t1ona1 compounds occurr1ng in the deve]oped
chromatOgrams*of the other four spec1es were not cons1dered
'Benzotropolodes I II, and 111 had the widest d1str1but1on,

being present in all but Trametes suaveo]ens which contained on1y a

trace of‘benzotropolone_l. None of the remaining four compounds was

,detected in th]S spec1es Phenol I1 was present only in Fomes roseus

and Fomes caJander1  Fomes pini conta1ned a trace of pheno] I

wh1ch was otherwise present only 1n Fomes roseus and Fomes cajanderi.

Compounds produced in 1so]ates of Fomes roseus and Fomes

agander1 1n agar cu]ture had TLC prof11es which were v1rtua11y

1dent1ca1 to those obta1ned from extracts of natura] bas1d1ocarps



DISCUSSION
- I. Field specimens

Gross features of f1e1d spec1mens were found to be d1rect1y
dependent upon under]y1ng hypha] character1st1cs For this reason,
results from stud1es of - gross morpho1ogy,/hypha1 structure and
‘ deve1opment of the basidiocarp of both spec1es are d1scussed
together w1th reference to prev1ous]y pu 11shed work

Substrate character1st1cs do not rovide. d1st1nct1ve characters

. for the separat1on of Fomes roseus and’ ‘Fomes ca3ander1 Weir (1923)

states that Fomes roseus s~ confﬁned to coniferous wood while Fomes

v a1ander1 may be found on con1ferous and ang1ospermous wood. Th1s

is not an acceptable d1st1nct1on, as Fomes roseus is a]so found on
:anglospermous wood. |

- Weir (1923) a]so states that the decay produced by Fomes
ca;anderl is “usually of a. darker colour" than that produced by Fomes
roseus. My observat1ons do not substant1ate this statement ‘Both
' species produce a dry, brown cub1ca1 rot of the heartwcod and
sapwood Rot character1st1cs in natura]]y 1nfec+ed woca are.
d1ff1cu]t to assess accurate]y on comparat1ve terms. Var1ab1es,.
such as durat1on of decay, env1ronmenta1 1nf1uences, and the degree
of 1nteract1on of other organ1sms, cannot be adequate]y evaluated

Env1ronmenta1 preferences of the two spec1es, part1cu1ar1y

l with respect to mo1sture are probably not as distinct as Sne11 et a]

(]928).1mp1y.vsThey'state that Fomesqroseus is better adapted for
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living and fruiting on dry, hewn timbers than is Fomes cajanderi,

'~wh1ch‘prefers mbist;shaded'environments. My observations do not
substantiate this‘concluSion; I have eiamined.twokco11ections,
each'from a different 1ocality, w??th contained typfcal\basidiocarps
of both species, and which.had been growing on the same\fbg, under
the. same env1ronmenta1 cond1t1ons I have also EXbmined basidiocarps

‘of Fomes roseus from 10w-1y1ng shaded areas and.once co]]ected

'bas1d1ocarps of Fomes g_;ander1 on an exposed ra11road tie.

Studies of hypha] conf1gurations of both species in natural
‘substrata d1d.not reveal taxonomica11y dseful_1nformat1ona In
both species, thickéwalled, erWntsh hyphaevare quite noticeab]e’in
| the tracheids of decaying wood. Thin-walled, cTamped hyphae are
also present growing Taterally fromice11 to cell through bordered

- pits and bore ho]es.u’wong (1973) reports the presence of thin-

walTed c]amped hyaline hyph%e in wood infected with-thes?cajanderi‘ h

'He a]so makes - reference to th1ck wa]]ed brown aseptate, occas1ona11y
: branched hyphae, 0 9-3. Sp in d1ameter comp]ete]y f1111ng the a
trache1ds in the advanced _stages of decay.

Bas1d1ocarp pr1mord1a are un1form 1n anatomy and morpho]ogy
' between these spec1es and are not usefu] as a source of taxonomic
:crlter1a v

The major source of cr1teria for d1st1ngu1sh1ng between

Fome s roseus and Fomes ca;ander1 is the mature bas1diocarp For
both spec1es var1at1on in bas1d1ocarp shape, from applanate to
ungulate, is generally acknow]edged although Rea (1922) neg]ected

‘to 1nc1ude, or was not aware of th1s variation. He describes the

”
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‘ basidiocarp of Fomes roseus as being "hoof shaped“:and that of Fomes

‘ caganderi (Fomes carneus Nees) as being "thin". x Bondartsev‘(1953) h

a%so recognized only the ungulate cond1tion in the basidiocarp of

Fomes roseus (Fomitopsis rosea (Alb. et Schw. ex Fr,) Karst. ) and

-reported those of Fomes cajanderi (Fomitopsis subrosea (Neir) Bond

et S1ng ) as being thin flat, and never ungulate. He cons1dered
shape . d1fferences to be of prime 1mportance in d1st1ngulsh1ng these.
taxa. 1 maintain that th1s distinction is not at all re11ab1e

~ Wong (1973). observed the format1on of ungu]ate bas1d1ocarps

v ,3part1cu1ar1y in young specimens, in Fomes ca3ander1 Bas1d1ocarp

shape in these spec1es, as in. most members of the Po]yporaceae,_
BRE extremely p]ast1c The pattern of the tubular hymenophore depends
to a great extent on the 1ocat1on of bas1d1ocarp formation on the
‘ l'substratum and other env1ronmenta1 1nf1uences | S1ze and shape-
d1fferences of the basidiocarp are not corre]ated with the presence
or absence of d1fferent hyphal types or the1r proport1ons

Features of the p11eus surface have often been g1ven great
‘emphasis in the taxonomy of polypores (Pegler, 1973) In spite oﬂ |
great var1at1ons in its appearance, I found the pileus surface of ,o |
Fomes roseus and ‘Fomes ca3ander1 to have a common and fundamental
hypha] anatomy Th]S cons1sted\of ent1re broken or truncated

! .
ske]etal hyphae forming a pa11sade conf1gurat1on Between the

- hyphae of the pa11sade are large amounts of an amorphous, agg]u—

tinating substance which may ‘be- dark reddish brown or colour]ess, 1f
=b1eached. gondartsev (1953) observed the hyphae of the p11eus

surface of Fomes roseus to be branched. I did not observe branched

}'hyphae in the crust of:any of the speicmens.I examined. . Variations
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in gross features depend a great dea] on extrahypha1 features such

-as the amount and cond1t1on of the reddish brown agg]ut1nat1ng

substance Both taxa exhibit s1m11ar ranges in colouration of the

pileus surface Deep’ p1gmentat n 1s 1nd1cat1ve of 1arge deposits

~~

of the _amorphous , reddish brown pvgment As these depos1ts‘th1cken

'and build up between and beyond the t1ps of the hyphae wh1ch form

vthe pa]1sade a crustose layer is formed on the basidiocarp- surface

Both' taxa can be 1ncrusted a]though it is frequently more ‘obvious

in Fomes roseus. Overholts (1953) and Wong (1973) 1ns1st that the

. p11eus surface of Fomes ca3ander1 is not 1ncrusted at any stage

~Th1s does not agree w1th my observations

Zonation of the p11eus surface is not a cons1stent feature 1n .

elther species. I found 1t to be - genera]]y more pronounced in

Fomes caJanderl than 1n Fomes roseus Overholts (1953) cons1ders

the p11eus surface of Fomes roseus "usua]]y azonate“, wh11e T e

- Bondartsev (1953) notes that it is "somewhat c0ncentrica1]y striated"{

.~ Weir (1923) does not cons1der zonat1on a. feature of the "norma]“

"ﬁp11eus surface of th]S taxon Accordqng to We1r (1923), Fomes

ca;ander1 (Trametes subrosea nom. nov. ) has a "consp1cuous]y narrow

zonate" surface the zonation of which 1s “often obscured by a
rev1va1 of growth“ Overho]ts (1953) cons1ders the p11eu% surface

of . Fomes caganderl "often zonate", while Peck (in Neuman, 1914)

Bondartsev (1953), Lowe (1952), and WOng (1973) descr1be it simply

as "zonate or azonate".:

Austw1ck (1968), in h1s cons1derat1on of the factors

1nf1uenc1ng "zonat1on of fru1t body t1sSue", def1nes zones as



-‘-pos1t1ons of the margin at differEﬁt\t

. cond1t1ons for growth"-_ He states that zone format1on is the

regions d1ffer1ng in colour and texture which represent the_ AN

during the growth of the
', fruit body, thus ref]ect1ng the su1tabi]ity of the envir

| fresu]t of the "s]ow1ng up" of hyphal e]ongat1on, thus causing
\protoplasm and p1gment accumu]at1on in hyphal tips. Zonat1on
then, shou]d occur in both sbeC1es 1f 1ndeed Austw1ck s thuory is

_cgrrect Zonat1on is. eas11y obscured, not on]y by rev1va1 of

'growth as noted by Weir (1923) in Fomes caJander1,,but a]so by the

‘patchy to even depos1t1on of the amorphous p1gmented mater1a1 so
character1st1c of the p11eus surface of both spec1es
From ‘my observat1ons ‘and those of Lowe (1957) the marg1n

~.0of v1gorous spec1mens of Fomes roseus is an obtuse- band of\ster1]e

.t1ssue Others have\observed it to be acute or rounded (Overho]ts,

]953) or sharp, becom1ng b]unt (Bond\rtsev 1953) ~ In Fomes cajanderi - o
l the marg1n 1s usua]ly obtuse 1in young spec1mens becoang\acute\\\\ h {v

with age Overholts (1953) cons1ders the acute margin to be on]y ‘\f<\fj*>f€<\
usually the case. My observat1ons support those of Overholts, :

margin th1ckness is not cons1stent in Fomes __Jander1, a]though

‘there 1s a def1n1te tendency for the marg1n of th1s spe1ces to be

.th1nner than that of Fomes roseus The th1nner more acute marg1n

of Fomes gkgander1 15 composed of generat1ve and skeleta] hyphae

in equ1va1ent proport1ons to those const1tut1ng the more obtuse

.margin of Fomes. roseus . “, ' '3\

Ske]eta} hyphae deve]op in the margin from the c]amped ap1ca1

cells of generative hyphae | There is ‘some controversy over the

,app11cation of the name "ske]étal\hynhai to these thick-wa]ledr



f.terminal structures. Traquair (1974) suggested they be called:

"Skeletal ce]]s?,'whereas Sm1th (1966) and Edwards (1972) suggest o
the name “skeletal elements". They consider "skeleta] hyphae a

.misnomer, as the term "hyphae“ should refer only to mu]tice]]ular

structures Since septate and therefore mu yp‘ae‘were;

I

observed in the marglnal zones of both spec1es, I would advocate

~retension of Corner s (1953). term "ske]eta] hyphae"-

Skeletal hyphae of the marg1n are general]y smooth, re]at1ve1y '

-

. thin-walled w1th respect to the ske]eta] hyphae of . other reg1ons
of the’ bas1d1ocarp, septate or aseptate hyphae with deep]y .
- stain1ng, th1n-wa]1ed t1ps 0ccas1ona11y, ske]eta] hyphae 1n the
"marg1n of bas1d1ocarps are arbor1form and probab]y serve in a
tb1nd1ng capac1ty ' - ’ _
A]sq serv1ng 1n a b1nd1ng capac1ty are ske]eta] hyphae whlch

, deve]op vertxca]]y to the hyphae or1ented para]]e] to bas1d1ocarp

e growth 100 500p from the marg1n edge Frequent areas of wa]]

: th1cken1ng, numerous phlange Wnke prOJect1ons, and short so11tary, |

tb1ck—wa1]ed branches ha

The co1our of the context/of both spec1es ranges\from p1nk o

to v1naceous brown.  The context of Fomes roseus may be occas1ona11y

' faint pink~ we1r (1923) considers the 1ntens1ty of the colour of
the context to be of extreme 1mportance in d1sf1ngu1sh1ng these taxa
Thick-wa]]ed generat1ve hyphae which - d1spersed or. 1n

: dense masses- 1n the context are.. not pecuT1ar to the bas1d1ocarps

}, ’of Fomes roseus or.Fomes c;;ander1, as they are found 1n other '



members of the Po]yporaceae wh1ch have rece1ved deta11ed anatomical
study (Corner, 1932b; Van der Nesthu1zen, 1963 Edwards, 1972;
Traquair, 1974). |

It is s1gn1f1cant that the th1n-wa11ed generat1ve hyphae

wh1ch occur in the context are on]y present in the / c1n1ty of the

margin. Lowe (1957) descr1bes the presence.of a sma]l-amount;of

thin-walled, eiamped hyphae in the context of Fomes cajanderi,

but does not describe their presence in the context of Fomes roseus.

. Informatidn such as this is mis]eading, since the presence or
absence of th1s hyphal type and its character1st1cs are genera]]y
given emphas1s 1n the taxonomy of the Po]yporaceae (Teixeira, ]960).
Also, it is not useful to 1nc1ude descriptions of context hyphae |
w1thout g1v1ng cons1derat1on as to where in the context the hyphae
described were obtained. | | | ’ o
1 found growth Tines to be conststent‘features,of the context

of both‘speeies Bondartsev (1953) and Lowe (1957), referr1ng to |
these as “"zone 11nes"; cons1dered the context ‘of both taxa as

“1nd1st1nct1y zonate". wong (1973) reports that zone lines in the

- context of Fomes cajanderi‘were often observed.

Densely sta1n1ng, 1ncrusted hyphae and th1n£wa1]ed ch]amydo-

spores on1y occasibﬁa11y observed in the context. of both taxa are
).

not taxonom1ca11y useful features Ne1ther hypha] mod1f1cat1on

A

was reported by\HQKg (1973) as occurr1ng in the bas1'1ocarp of

Fomes g;;ander1

~ The degree of strat1f1cat1on of the tube ]ayers basidipcarps

~of both species is not.agreed upon in the literature. Overholts
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(1953) describes the tubes of Fomes roseus to be “rather;dtstinct]y

',stratified" and those of Fomes cajanderi as "not‘definitely

stratified". Acoording'to Lowe (1957), the tubes of Fomes roseus

'range from being distinctly to indistinctly stratified; while those

of Fomes cajanderf/are distinctly stratified. Bondartsev (1953)
considered the tube layers of both taxa to be indistinot1y Tayered.
Rea (1814) and Weir (1923) state that stratification of the tubes
occurs in both taxa. Wong (1973) reports stratification to be a

rare occurence in Fomes cajanderi. According to my observations,‘

stratification regularly’occurs in the tube 1ayers'of both species
It is 1mportant to realize that 1nd1v1dua1 tube 1ayers are sometimes

obscured by the whitish hyphal p]ugs 1n o]der regions of the tubes

- and the cont1nuum/formed between tube 1ayers Assum1ng 1nd1v1dua]

strata to represent annual accret1ons of growth, strat1f1cat1on
would 1nd1cate that both taxa are perenn1a1 My persona] observa-
t1ons taken over a ‘period of three years, of 11ve bas1d1ocarps of

Fomes caJander1 grow1ng in the field, substantlate this statement. -

Most bas1d1ocarps showed s1gns of act1ve growth along the ‘margin
each growing season, '
~ Hyphal analyses of the dissepiments did not reveal any

significant structural differences'between the tWO'species

'Bas1d1ospore characters and features of the hymen1um are traditional

sources of d1agnost1c 1nformat1on Bas1d1a of Fomes roseus: and

Fomes ca3ander1 are unan1mous]y reported to be C]avate and cy]1ndr1ca1

-v~a1though there are some slight d1screpanc1es concern1ng the size-

of these ce11s.- Charaetertst1cs of the basidia of these two species
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, do not at all over]ap He describes the baSidiospores of Fomf

' are not distinctive taxonomic features. The most important
‘microscopic’feature encounteredrin this area of the.basidiocarp

“are the basidiospores Size and shape . differences 1n the basidio-'

spores have been cbn51dered to readi]y distingu1sh between these

species.’ weir (1923), referring to Fomes cajanderi, states that

'"theprather narrow to ellipsoid t0'cy1indrica1‘hya1ine spore has

a constant tendency to be a11antoid.and ‘quite regularly so in

)occasiona] specimens This condition readi]y distinguishes the

species from Fomes roseus the spores of which never become

+

allantoid, average broader and are frequent]y acuminate at one end."

A “tendency“ toward one shape and an "average" breadth greater in the

x“ba51diospores .of one species cannot be conSidered to "readi]y

distinguish" between . these- spec1es any more accurately than the

‘equaliy variable tendenc1es in gross baSidiocarp morphoiogy I

found the dimen51ons and shape of ba51diospores of 'each species to

~overlap to a great degree Statistica] ana1y51s shows that spore

size cannot be used to separateﬁthese two taxa. The descriptions

of Overho]ts (1953) include ranges in ba51diospore breadths which

roseus as 5 7 (- 8) X 2.5-3. 5p, e]ongate ellipsoid to oblong

short cy]indricai, and not at all curved; thpse of Fomes caJanderi

are narrow-cyiindric, and siightly curved, 4-7 X 1.5- Zp Lowe

(1957) states that the spores of Fomes roseus are smooth cyiindrical

straight and 5-8 X-2-3y; those of, Femé% caJanderi are smooth,

cy11ndrica1 more or less a11ant01d 5-8 X 1.5- 2 Sp in size. BaSidio?

) spore breadths reported by Bondartsev (1953) a]so over]ap In
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addition; he claims the presence of a sl1ght degree in curvature in _j

the bas1d1oSpores of both taxa Obv1ous]y, spore size 3nd shape |

are far from be1ng the u]tfmate dwstingu1sh1ng character; j;f,
u.Mounce and Macrae (]937) used spores size d1fferences in

setting up mat1ng tests to prove the b1o1oglca1 1dentity of Fomes L .

roseds and FOmes caJander (Fomes subroseus (welr) Overh ). They ) -

A found a corre]atlon to- exist between spore/s1ze and patterns of IR :

1nterfert1]1ty Myce11a der1ved from\t e narrower spores of Fbmes - |

\\

-cajanderi were comp]etely 1ntercompat1b1e Mycelia &EF?VEE*?ﬁEET“""*“““‘*“‘*“‘

the broad spores of Fomes rgsgus were a]so 1ntercompat1b]e Mono-v

sporous mycelia from the ba51d1ospores of Fomes roseus were.conSIS-

tent]y incompatible w1th monosporous mycel1a from the narrowe ' i _ e

spores  of Fomes caJander The spore size - d1fferences reported by ‘ |

_ Mounce and Macrae (1937) were not - descr1bed numer1ca]1y but d1sp]ayed

_graph1ca11y using camera 1uc1da draw1ngs These do not adequate1y

. bThe conclusion of Mounce and Macrae, that Fomes caJander and
Fomes roseus are genet1ca1]y 1so]ated spec1es s supported by
‘Neuhauser and G1]bertson (]971) These authors do ‘not ment1on
size or shape d1fferences in the basid1ospores of the two taga in

their pub]1cat1on

A(Ta]bot, 1971). Spec1es must be descr1bed on the bas1s of

- morpho]ogy for rout1ne 1dent1f1cat1ons s1nce the classical (and

- most usefu]) system of recogn1z1ng spec1es is based on morpho]ogical
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characters Interfertility tests must be done under cultural

cond1t1onsf

w1th limited numbers of isolates. TheSe 1jmitations

must be cons1dered when conc]us1ons are being drawn about spec1es in -
the fie]d.. Talbot states "dikaryotization is only presumptive

| vidence, but no%’conc1usﬁve proof,rthat opposed isolates belong to
one b1o1og1ca1 spec1es ...From a negative interfertility test, no
'conclus1ons can be drawn

To conc]ude this section, there is no s1ng1e morpho]og1ca1 . \

feature of the bas1d10carp ‘which dist1ngu1shes between Fomes roseus‘

and Fomes caJan eri.. Common anatom1ca1 features underlie var1at1on' —

in the morpho]ogy of these taxa and 1nd1cate a very c1ose re1at1on—
sh1p It is not d1ff1cu1t for the exper1enced eye to d1st1ngu1sh
between the typ1ca1 forms of these taxa. However, since descr1p-
}~t1ons must entail a suff1c1ent account of var1at1on within, each
taxon, mOrpho1og1ca1 concepts become difficult to grasp. Interme-.

d1ate young, or unusua1 forms are impossible to 1dent1fy w1th any

“certainty on the basis of orthodox morpholog1ca1 cr1ter1a.
II. Isolates“in culture’ o A \

Cultural stud1es‘were done in an attempt to f1nd stab]e

' d1st1ngu1sh1ng features between 1so]ates of Fomes roseus and Fomes

A aJander1 Only sl1ght differences- were observed between the ' »\\
rgrowth and deve1opment of these spec1es in agar and wood cu]tures
 For 1so]ates on agar, p]ate coverage required 19 to 22 days

for Fomes roseus and 18 to 20 days for Fomes cajanderi. This (

' s]1ght d1fference in growth rate 1s not a d1agnost1ca11y useful
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feature, as the amount of over]ap in growth rate wou1d-prevent

: accurate 1dent1f1cation ' Nobles (1965) observed that Fomes roseus

required less time to cover ap teathan did Fomes caJander1 and
B

considered this difference 1n;growth rate'to be a key feature.
My results do not support'this conclus1on,
Snell et a] (1928) exam1ned the growth at different tempera-

%ﬁres of a number of 1so1ates of Fomes roseus and Fomes ca3ander1

They found that Fomes roseus grew more s]ow1y than ‘Fomes cajanderi

at all temperatures used In fact,’ growth rates of these taxa
were SO d1st1nct1ve at 30 C that the authors state that isolates

\ot\ﬁomes\calander1 and Fomes roseus can be d1st1ngu1shed “w1th

\\

absolute reliabili t that temperature I found that although

isolates of Fomes roseus had a tendency to grow more slowly than

Fomes cajanderi; this difference was not distinctive for a number
: s

of isolates of both taxa. Variability in growth rates\o?\Tsolates
' of both species was great at all temperatures, be1ng part1cu1ar1y
great at 28°C. At no temperature was growth rate a decisive
'taxonomic character. The conf11gt;ng¢resu1ts of Nobles- (1945

R*P’r

: Snell et al (1928), and myself i5"a ref]ect1on of the var1ab111ty

in these taxa. It is also a 1nd1cation that the resu1ts»of one
study are 1nsuff1c1ent tom e conclus1ve remarks about taxon
character1st1cs and identity. Cons1der1ng theryar1ab111ty of the
resu]ts from stud1es of grgwth rate, it is not reasonab]e to
cons1der growth rates at any temperature a d1agnostic feature

The development of the culture mat of both species -is qu1te

similar if not identical. The hypha] types noted in analyses of



field specimens have similar'counterparts in the culture mat. No s
differences in hyphal types, their proportions, or distribution
were noted between Fomes. roseus or Fomes cajanderi in:culture

’

e Once plate coverage occurs, variatwons in surface mat Character-

1st1cs do not a]]ow a dlst1nct1on to be made between these taxa

" Fomes roseus isolates have a tendency to produce a darker colour in

the agar medium than Fomes cajanderi. Nbbles (1965) observed that

Fomes calander1 did not cause co]our changes in the med1um, whereas

Fomes roseus produced vary1ng 1ntens1t1es of reverse co]ourat1on

\Th1s is used as a key feature However this is not a d1st1nct1ve
character since isolates of either spec1es may or may not cause
reverse co]ourat1on | |
Extrace]]u]ar oxidase react1ons in response to a]coho11c
gum gua1cum were var1ab1e NobTes also observed th1s var1ab111ty
in these spec1es and does not use th1s as a d1st1nct1ve feature
In isolates of both spec1es in cu]ture th1n-wa11ed hyphae
are cons1stept1y clamped C]amped hyphae may or may not be 1rregu1ar
Jand thick-wa11ed Nob]es (1965) did .not observe c]amped hyphae with
1rregu1ar1y th1ckened wa]]s, or ch]amydospores in cultures of fgmes

roseus. She d1d, however, observe these mod1f1cat1ons in cultures

of Fomesfcajanderi. I observed 1rregu1ar, thickfwalled; clamped
’hyphae and ch1amydospores in cu]tures of both-taxa. The occurence of
ch]amydospores is errat1c in both taxa.y- - |

Bas1d1ospores produced in cu]ture exhibit the same size tenden- -
cies as do spores from natural bas1d1ocarps Bas1d1ospore size

d1fferences are not d1agnost1c features, as the amount of var1at1on

~
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in this. character in_both-species.prevents accUrate‘spg&ies
designations. g
Growth character1st1cs of the spec1es in and ori | art1f1c1a]]y

infected wood were very 51m11ar between 1so]ates of f;mes roseus

and Fomes __Jander1 However Fomes roseus genera]]y produced

scattered c]umps of hyphae on the wood surface while Fomes __Jander1 ég»'
had a tendency to produce a more or ]ess un1form layer of veggtat1ve

myce11um over the surface of the. wood. This feature, a]though
5

' on]y a tendency and not a]ways d1st1nct1ve might be related to

emergence patterns and bas1d1ocarp formation of the two spec1es

1n nature. Fomes roseus emerges from natura]]y 1nfected wood

,usually to form discrete bas1d1ocarps wh1]e Fomes. ca3%5$§r1 is
known for its propenSIty to form 1atera]1y and vertically fused

bas1d1ocarps
Hypha] development in art1f1c1a11y infected wood was similar

to natura]]y 1nfected wood Both th1n-wa]]ed, c]amped hyphae and

th1ck-wa]1ed hyphae 1ack1ng clamps were found grow1ng through the

tracheids of artificially and naturally 1nfected wood Thick-

: reas this hyphal type was'usually darkly p1gmented in naturally

fw1nfected wood.; The s1m1]ar1ty of hypha] deve]opment of both

spec1es in wood must rema1n 1nconc1us1ve as 1t has been found that

features .of hyphae in wood. ‘are not a]ways distinctive even between v

very dlfferent taxa (Traqua1r, 1974) ' ' . ' B .
Iso]ates of both species grown on both agar and wood

produced octahedra] crysta]s among’ the “surface hyphae ‘ ' !



s

No substratum preference for wood produced by d1fferent

e

spec1es ‘was shown by either Fomes roseus or Fomes cajanderi in z

culture. Because of th1s, and since boﬂE&Spec1es have been found .

on. most common wood genera host preferenci,%% not ﬁ&l; : ‘rect]y%‘
F P ,

dependent upon the nutritive or physica] character1st1os‘ojyu{‘
Studies of 1so]ates of Fomes roseus and fomes caJanderf in agar ?

s

and wood culture failed to reveal d1st1ngulsh1ng characters ‘ Indeed

observat1ons of the development and morphology of these taxa in

cu1ture 1nd1cate a very c]ose re]at1onsh1p ;fJ'

III. Chemos}stematic studies using thin layer chromatography 4
‘ <>

~ Of thé six species exam1ned (Fbmes roseus, Fomes caJanderi

Fomes fomentarlus, Trametes suaveo]ens, Fomes p}n1co1a, and Fomes

pini) only Trametes suaveo]ens failed to yield apprec1ab1e

quantities of ethy] acetate so]ub]e compounds _ Th1s might be
-corre]ated with the snow white context of the bas1d1ocarp of that
species, which wou]d 1nd1cate an extreme pauc1ty of p1gment
components. Further support for th1s conJecture may be derived from

‘the fact that the pa]e ye]]ow context hyphae of Fomes pinicola

yielded fa1nter spots on sta1ned deve]oped chromatograms than did - |
L .
the more deeply co1oured context hyphae of Fomes roseus, Fomes

ca;ander1, Fomes fomentar1us, and Fomes pini.

~

Oflthe’three compounds present in-all of the taxa, with_the'

exception of Trametes suaveolens, two are'simi]ar in their spectra]

character1st1cs to compounds 1so]ated and characterized in Fomes

fomentar1us by other investigators (Arpin et al, 1974, Arp1n,

50
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pers; conm.). Benzotropolone 1I appears to be.c}ose1y related to
'fomentario]', a benzotropolone which reported]y compr1ves 95%

of the p1gments found in the upper crust of Fomes fomentarius (Arpin

et al, in press) Since the spectra] data for 'fomentar1o]' d1ffer

somewhat from the spectral data for benzotropo]one II, and since

'fomentarlol' was isolated from the prom1nent external layer of the
L.\

bas1d1ocarp of Fomes fomentar1us. and. not the context as was

benzotropolone II,"fomentar1ol"cannot be‘assumed to be identical to.
' bénzotropolone II. | | . |
SimiTar]y: spectra] ana]ysis of benzotropolone I produced | /2/;//4
a sbectra] profile which would indicate that it is related in . ////// s.

~

tstructure to. 'fomentariol’ (Append1x V). o @% - ’/

The react1ons of benzotropo]ones I and II w1thv1nd1cators I and

IT are in agreement with th1s hypothes1s concerning their chemica]
identity Negative results w1th 1nd1cator I1 e11m1nate the poss1-
b1]1}& of either compound be1ng a pheno] but that they are. r1ng
conta1n1ng compounds 1s demonstrated by the purple colour produced
in response to indicator L.

' Arpin et al (in press) have found benzotropo]ones to occur
on]y in the genus Fomes However, I am unaware of the range of
species 1nvest1gated by these workers It is of interest:to note.
that benzotropo]ones [ and II were present in s1gn1f1cant amounts
~in the species trad1t10na11y regarded as belonging to fgmgs._ Thus,r
chemicai data presented here could be iﬁterpreted as not supporting
‘modern generic d1v1510ns within the genus Fomes These data might

a]so be 1nterpreted as supporting the 1dent1ty of the Fr1es1an genus
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Trametes as represented by the spec1es T. sugweo]ens Trametes, as

- the genus or1gina11y descrxbed by Fries, 1nc1uded only spec1es w1th
a pa1e context

Pheno]s I and II are of 1n§erest, as they were present in
. ‘ .
substantla] amounts on]y in Fomes‘roseus and Fomes ca3ander1

: Only a trace of p -1 was detected in Fomes pini. These co pounds

. @ A}
reacted positively w1th 1nd1cators ﬁ% and II, as did benzotropolione
111, but the colours they produced wfﬁ§§1nd1cator I were unm1stakab1e
i

in 1dent1fy1ng their presence and dxst1ngu1sh1ng them from other
compounds. Pheno]s I and II have a structure substant1a]1y d1fferent

from benzotropolone III. Their presence in Fomes roseus and Fomes

aJandenh is of some taxonomic s1gn1f1cance It iS'difficu1t to
deny such evidence a prominent place in the c]ass1f1cat1on of
these two taxa. Presence of these compounds 1nd1cate that Fomes

—

roseus and Fomes caaander1 are chemically quite close]y related.

_ These two spec1es exh1b1t a tube 1ayer and context of a s1m11ar rose

- colour. Poss1b1y th1s co]our is due to the presence of phenols I and
17 Tt would be of some taxonom1c 51gn1f1cance to determine the
" chemical . ‘icture of these compounds

( Fries ( "58) reports that cu]tured mater1a1 of agar1co1d and
boletoic fungi *Oduced different spot patterns on chromatograms,than
those produced P natura] mater1a1 fhis'was not found'to be the.‘

case in the wo" presented here. Chromatograms derived from cu]tured

mater1a1 of " -mes roseus and Fomes caJander1 were ent1re1y comparable

to those * . natural mater1a]. Fries does not 1nd1cate whether or.

no: ' .ultured material he used had any trace of .fruit body

-

P
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format1on of characterlst1c colourat1on of the species be1ng cultured.
However, d1screpanc1es betweenrny results and those of Fr1es may be
dqg to dlfferences in taxa,andymethodo]ogy used.”

= ‘Norte of the data supports or indicates a closer relationship of

A
’

Fomes#oseus or Fomes cajanderi with the type species of the genera

in wh -y- have been p]aced In other words; evidence would

indicate chat a c]oser re1at1onsh1p ex1sts between Fomes roseus and

Fomes cajanderi. than between e1ther one of them and othek taxa

ajanderi are derived from twovcategoriesi variable and stable

"sources of character1st1cs The first ca

examined in th1s4study.

IV. Summary and'conclusionﬁ

12
ks . -

Criteria for the circumscription of Fomes ‘roseus and Fomes

egory 1nc]udes gross

'.bas1d1ocarp morphology, host preference, spore size, growth rate,

~

_ _and gross character1st1cs of thé cu]ture mat. The second includes

the hypha] anatomx@of fle]d spec1mens and 1so]ates in cu]ture, rot .

characterlst1cs, and chem1ca1 chaaq;’i .
,‘x

Bas1d1ocarp morphology

- of these taxa though by necess1ty regarded as the prime source of .

)Q“"’f 4

taxonom1c characters, 1s frequent]y not suff1c1ent ‘for mak1ng a

,"i d1st1nct1on between these taxa Bas1d1ocarb morpho]ogy of both

'taxa is howevef% based on'a common and fundamenta] hypha] anatomy

Var1at1on 1n the appearance of f1e1d spec1mens can be attr1buted to

two main £pctors First, env1ronmenta11y induced var1at1ons 1n

.l :
the pf_f%rn and intensity of p1gment depos1t1on between the hyphae
of tfi bas1d1ocarp cause a bew1]dering range of co]ourat1on and

- texture. Second, emergence patterns of myce]lum from wood sobstrata,‘



coup]ed w1th the effects of the env1ronment, produce w1de variat1ons

'1n bas1d1ocarp shape | The variations 1n colour and shape are
reSponsible for the confus1pn in the 11terature regard1ng the
'spec1fic nature of these taxa |

Cu\tura] stud1es fail as a source of chaﬁacters 1n d1st1n-

guishing between these taxa.‘ The key. morpho]ogical characters in

d1st1ngu1sh1ng Fomes roseus and Fomes ca3ander1 discussed by Nobles

(1965) are much more var1ab1e than or1g1na11y supposed GrOwth.

" rate of isolates of the: two taxa in cu]ture is not a d1agnost1c
feature at any temperature Host range, considered to be distinc-:
tive to a sma]] extent (Weir, 1923) for these Spec1es is not .
demonstrated\by e1ther f1e1d spec1mens or 1so]ates in culture

Bas1dlospore sxzes for Fomes roseus and Fomes caJander1

~do not exh1b1t a statlstTCf ly s1gn1f1cant d1fference and conse-

quently cannot be con51dered‘ ' Tﬁe d1agnost1c feature _

‘ (0verho1ts, 1953).

Interfert111ty tests are ‘not only 1mpract1ca1 but‘arec

1nconc1us1ve when negafTVib(Ta]bot 1971).

i
Stab]e characten§~aﬁe 1nd1cat1ve of an extreme]y c]ose o

re]at1onsh1p between these taxa. Hypha] anatomy of f1e1d spec1mens
: 6
and culture mats of 1solates of these spec1es is extreme]y un1form

5y v

‘0ccas1ona] variatlon in. hypha1 anatomy of spec1mens - vivo- and

v1trd are not apparent]y corre]ated w1th other taxonom1c
ViLro

)

features used 1n dxst1ngu1sh1ng Fomes roseds and[Fomes ca3ander1

L By
PRUER

and consequent]y are glven no taxonom1c we1ght

Both taxa produce a dry brown cub1ca1 rot of natura]ly and
N . ~‘~: ".'. . . . . \ .‘1

P
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artificially infected wood. - The differences in the rotvéhérécter¥f'

istics of»eaéh'species_observed by Weir (1923) were not Qbservedv_’

during'this study.

Chemical characters do n

ot suppoft‘a_particularTy close

relationship between either Fomes roSeus*dr Fomes cajanderi and‘tﬁe

type species of the'génera'in_whiéﬁ they have been p]acgd.

_Chem{cél characters’do,support'data'from-morpho}dgica1'and énafdmical_

'_stUdies iﬁ indicating that these species‘ahé‘ve;} closely related.

A-préctiCal;dpprdach to'this probtem in specieé delimitation

would be to place bdth taXavin one spécies as has indeed been,

done by a number of inyestigators_(Murri]],51903; Bfesado1a;%3911;

‘cited in Bondartsev, 1953; Inazeki and Tsuguo, 1965). The name

Fomes roseus (ATb. & Schw. ex Fries) Cooké was published in 1885

and consequently has priority over the_néhe Fomes cajanderi Karst.

~which was not pub]ished until 1964;- Fomés-koséuS»(Aib. & Schw.‘gﬁ

Fries) Cooke is circumscribed as follows.

L]

'In field specimens, basidiocarp brimordia pulvinate,
2.0-7.0 mm in diameter, pink to vinacequs; the mature

5

“basidiocarp sessile or effused-reflexed, rarely resupi-

nate, applanate to ungulate, leathery to corky, to hard

and rigid, pink to vinaceous brown at first, remaining

so on the margins of vigorous ispecimens, becoming -

.reddish-brown or gray to blacki; young specimens“minUtély

*- tomentose, becoming glabrous or somewhat fibrilose; the .

- zonation apparent or obscured; the margin sterile,. obtuse
or acute; context fibrous to corky, rose or vinaceous
brown with conspicuous darker growth 1ines; pores -

©.and thick-walled, hyaline to

L

pigmented hyphae.

~

~concolorous with the context or somewhat Tighter,
circular or subangular, daedeloid on effus
averaging 3-6/mm; tubes stratified. _
. -Hyphae in tracheids of naturally and a
infected wood of two ‘types:

ed portions, =

ral rtificially
‘thin-walled clamped hyphae

In mature

 basidiocarps, young regions.of the context with clamped, _

55
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“pileus surface rippled to hummocky, more or less incrusted,

=
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thin-walled, regular to thick-walled, irreguTar genera-

tive hyphae and thick-walled skeletal hyphaj' chlamydospores

globose to fusiform, infrequent; pileus surtace a
palisade of thick-walled skeletal hyphae embedded in a
reddish brown amorphous agglutinating substance; '
basidia clavate, cylindrical, 4.2-6.3 X.13-17y;5 basidio-
spores narrow, cylindrical, hyaline, with or without a -
s1ight curve above the hilar apiculus, 4.5-7.5 X 1.7-3.2y.
Most isolates fruit readily in agar and wood culture;
on agar, mycelial mats pale or rose coloured; pores
round to angular; reverse colouration absent or reddish
brown; extracellular oxidase variable; basidia clavate,

5.2-8.1 X 14-20y; basidiospores smooth, narrow, cylindrical,

with or without a slight curve above the hilar apiculus,
4.0-8.0 X 1.7-3.1y; fibre hyphae of .two types: thick-
walled, generally hyaline, smooth, regular and flexuous

_ hyphae;..and contorted.and irregular hyphae; the lumen of

both types generally thin or-occluded; nodose-septate
hyphae of two types: thin-walled, abundantly clamped,

- branched hyphae; and thick-walled hyphae, having an

;j;regu]ar,?sinUous Tumen; chlamydospores thin-walled to

fusiform 13-20 X 5-20u, infrequent.

‘With reference to work reportedvhere,Apheno1ic W

compounds 1 and II unique“to field specimens and isolates

in culture. . , v :
Produces a reddish brown cubical rot of .coniferous

“wood, especially that of Picea, but aiso Abies, Juniperus,

Larix, Pinus, Pseudotsuga and Tsuga; occasionally -found
on hardwoods such as Betula, Populus and Prunus..
. Widely distributed through the northern hemisphere.'

s
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Table 1. Character1st1cs ;f(2 phenol compounds -and 3 benzotropolones
isolated from Foles roseus (Alb. & Schw. ex Fries) '

_ Cooke and Fomes cajanderi Karst.
, ., v

Legend

- no apparent reaction
(+) ~ faint visible reaction
+ strong visible reaction

underscored numbers represent wavelengths where
"fpeaks'occurred on the Spectrogram (Appendix IV)
%% numbers with 'S' following indicate the location
' of shou]ders on the flanks of maJOr peaks (Append1x IV)

N
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Table 2.

Distribution of 2 phenol compounds and 3 benzotropo]ohesl}
present -in the ethyl acetate fractions of ground mycelium
of 5 wood decay fungi : oo Ve

t),

" no detectable amount - - . S

tr
+

++

*

i Legend

trace amount -

small amount : S A

easily detectable amount

. ) X : 1 S
includes natural -basidiocarps -and cultUred material

o
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Figure 1.

Figure 2.

. ‘.)
N

Solitary, ungulate bas1d1ocarp of Fomes roseus (A]b.
& Schw. ex Fries) Cooke
Actua1 size

Applanate, 1atera11y and vert1ca11y fused pilei of
Fomes caJander1 Karst

‘Actual size
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Fjguré 3.

Figure 4.

~

‘ o

&

Pulvinate bas{diocarp primordium of Fomes roseus
(A1b. & Schw. ex Fries) Cooke closely appressed to the
surface’ of the ‘substratum : o L

X 10

——

Regions of the mature basidiocarp‘of Fomes roseus
(Alb. & Schw, gg_Fr1§§) Cooke

a -margin = .
b -pileus surface
¢ -context - -
d -dissepiments

X 1.3
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Figure 5.

4 ao-

Organization of hyphae of the margfn of a'basidiocarp of
Fomes roseus (Alb. & Schw, ex Fries) Cooke |

-smooth, rounded, thin-wailed apex of a skeletal hypha
-septa in the thin-walled terminal region of a

skeletal hypha o ,
-asymmetric, phlange-like projection on a skeletal hypha
-constriction in a skeletal hypha

-skeletal hypha originating from a. clamp connexion
-clamp connexion serving as a point of origin for

a lateral branch : _ -

<

LT






Figure 6. Skeletal hyphae (arrow) oriented perpendicular to
"~ direction of growth in the margin of the basidiocarp
of Fomes roseus (Alb. & Schw. ex Fries) Cooke

Figure 7. Lateral branching of the apical'region of a skeletal
hypha of Fomes roseus (Alb. & Schw. gﬁ_Frigs) Cooke
. ) o o \
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Thin-wa]led,vgiobose.to fusiform ch]amydbSbbres‘ih

_ Tlinear series on thin-walled hyphae Jocated 200-400p

from the margin edge of Fomes roseus (Alb. & Schw. ex
Fries) Cooke A ' S e







Figure 9. Hypha:l%'-,drfganization of the pﬁeus surface of Fomes
- roseus (Alb. & Schw. ex Fries) Cooke’
‘Note truncated hyphae_('arrows)
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“Figure 10.

‘Hyphal orgaﬁ?zat%om

of incrusted pileus surface .of
Fomes roseus (Alb. & Schw. ex Fries) Cooke

Note deposits of amorphous, agg]ut1nat1ng substance
(arrow) '

|
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Figure 1. Beittle, thick-walled, é]ampqﬁghypha from the context
., of Fomes roseus (Alb..& Schw.igx Fries Cooke

" .

AFighre'12f‘,HyphaT'organization_of diésepiments of Fomeé'roseus‘
S (Alb. & Schw. ex Pries) Cooke showing basidial
pa]isqde' o .

75a,fc6ﬁ§3$féd; knobb 'skeﬂetaT;hypha'\

'xi,;::ﬁgf‘ . 'b-~generative hyph

o
T

¢ -basidium - .vg\\\\






~ Figure 13. (a) Basidiospores of Fomes roseus (Alb. & Schw. ex
l - Fries) Cooke - ' - e

(b) Basidiospores of Fomes cajander$ﬁKarst..
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Figure 14. A young fibre hypha (a) subtended by a clamp connexion (b)
from the margin of the mycelial mat of Fomes roseus
(Alb. & Schw. ex Fries) Cooke )

Figure 15. Fibre hypha with apical branching frdm'the mycelial mat
ce of Fomes roseus (Alb. & Schw. ex Fries) Cooke '
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| Figuré 16. Irreqular, thick-walled nodpse+septate‘hyphahfrom the
: mycelial mat of Fomes roseus (Alb. & Schw. ex Fries) \

Cooke

Figure 17. Thin-walled chlémydosporeS'of Fomes roseus (Alb. & Schw. |
o ex Fries) Cooke which form beneath the surface of L
agar : :
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]

ﬁp?‘tem5érature-bn rowth rate of vegetative
celium of Fomes roseus (Alb.
Roke, and Fomes cajanderi Karst
i [ . B B

L ' T LR b . .
A growth rate of Fomes roseus . !

s = growth rate of Fomes cajanderi f/ :

)

©

1'/

& Schw. ex Fries) .
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Plate 1a. Thick-walled hyphae of Fomes roseus (Alb. & Schw.
‘ ex Fries) Cooké in the tracheids of macerated spruce.
Phase contrast microscopy : '
X 620 °

Plate 1b. Thick-walled skeletal hyphae of the context of Fomes
' ‘roseus (Alb. & Schw, ex Fries) Cooke

. Note the phlange-like projection (arrow)
“Light field microscopy v . i

- X 920 :

-~
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Plate 2a.: Ch]amydospores in 11near series from the marg1n of
. ! Fomes .roseus (Alb. & Schw. ex Fr1es) Cooke PO
Light f1e1d‘g;croscopy R
: X 1000

Plate 2b. Globose chlamydosg’;es from the marg1n of Fomes :
- -roseus (Alb. & Schw. ex Fr1es) Cooke :
Phase "contrast m1croscopy

X 920
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Plate 3a.

Plate 3b.

“A th1ck-wa11ed brittle generat1ve hypha (arrow)
. from the context of. Fomes roseus (A1b & Schw. ex .

Fries) Cooke

“Note.the sinuous lumen

L1ght field m1croscopy

X 820

A th1ck—wa11ed generat1ve hypha from the context of
Fomes roseus (Alb. & Schw. ex. FQIeS) Cooke

Light fieldd microscopy
tX 950
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'APPENDIX I

COLLECTIONS EXAMINED

%
‘to]jections of Fomes roseus (Aib;'k Schw}'gg_Frjgﬁ)‘Cooke N
Collection o Substratum | v‘L"chétioﬁ'v
ALTA 2505 ~ Pinus N Mex.
| - 2506 Picea v  Alta
2507 Picea At
2508 Picea © Alta.
2509 _  Plcer o Aita.
2510%%% - S
2511 . Picea - Alta.
2512 e . Alta.
2513 Pinus Alta.
2514 | Picea  Alta.
2515 . Picea T ATta.
6899 Picea - Alta.
©oe900 Conifer  Alta.
6989  Picea Alta.
6990  Picea -
6991  picca . Alta.
6992 | © Conifer  Alta.
%993 conifer R
. 6994  Picea .
s
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| | Collection ~  Substratum | Locati@h-,

‘ ‘ff77ALTA 205 Coni fer | - Alta. f‘_;»: B

CUL 206 . conifer At |
240;‘”'k.;"ﬁ37"7*f$pfuéé7' : }' 1"*’hfyklta;f3»:'

2408 | Sgkubeu'?}f4':'\"’fi;ij~;A]fa;_tVl (e
210 -
24]2: v,“.: 15‘ Spruce : ‘Alta. |

;2413 | ) ‘thifer '  Minn.
2416 \"_é  picea ‘fﬂ7 fL "i?i;sﬂité;ji*'
w7 0 Picea . Alta.

218 . 7 Ppicea C Alta.

yoe?

2420 . Picea. . - N.S.
3837 e »  Alta.
.;3648 : ﬁv Coni fer® U ~ Alta.
ne2 Y - - Alta.
6169 - Picea Al B |
6193  Pims  B.C. | B
6195 ;e Picea ’, ~ B.C. |
6197  Pinus . B.C. -/
. 6251 Pinus . B //
6252 Picca Alta.
6262 -~ Picea 7 Alta.
6265  Picea  Alta
6641 . Conifer -

/



CoHecti‘on . | Subs tratum | _ Locatioﬁ |
ALTA 6646  Picea . Alta.

" 6647 Conifer D ata
es4s  plcea - . Alta.
6651 v Picea . Alta.
6652 . .Pims . Alta.

6654  Picea LB )
6655 . Picea  ° oac
6661 o _F"l’_ctﬁs;;e“' S Alta. '
2 eeee | Picea . Alta. .
6667  picea . Alta. o
7062 . Picea 7 hta
7063 o Pogd]us, o O\ Alta.
064 o~ . Pinus - (Alta.
7065 . 4gigg§;f- o ff Alta.
 ,7066,‘; - Conifer - . ?“7«\, | Alta. ?
7068 - Ppicea EEY .
o s L ’ T ¢
CFB 3567 ~ Picea |  Mta.
‘«3627 S | ‘>gigg; o Alta.
© 3634 o Lpicea L Alta.
3655 . Piceal T Alta
932 picea . . N,N.T..
4086 Picea - o  Que.
830 larix  © Alta.
4426 pinus . Alta. .
qms,‘7 - . Picea - o :mwn,”- '
"



‘.CoileCtibn :

CFB
TRTC

11720

-

R

*

203
256
1030

1090

4272
4273J
6308

6764

. 10311 ‘ {{ '

18587 |
18589% -

t0312%

DAOM

47997
F.P.45608*

| JSqﬁstratmy

niter ~—

" Abies
. ™~
Conifer

vConifef
Eiggi'

_ Pinus

Cpipus -

- Conifer
-Picea
Picea

Pinus

" Idaho

. Tenn.

Czech.

102

" Location

“N. Mex.

N.ECUSA.

NY. |
R
Ont. ’

Ont.

ont.

Tenn.

~

’ iOnt.’

Ont.
Ont.

Ont.
ont.

Ont.

Onf;f'

N.H.

S

" Russ.

Ont.

,-Ont.

Q.

Que.

Que.



anec_tioh --,St‘bg.tr'at'wn - Location
' DAOM 17572%* Pleea Ata.
30840 . Picea \ C B
 Fo202* U picea | NS
RC l04 Picea \\,  Alta.
106  picea . Alta.
159 Picea . Aita.
160 picea . v L Mta,
e - . Picea O Alta. !
163 -  picea - At
. . picea o Alta.
Qdﬂectio\ns of Fomes cajanderi Karst. A
Co]]ectio;\ ( : Substra‘-tum‘ R ) Lo'éatioh. |
ALTA 2388 - Pinus . Alta.
| 2389 e C‘o'ni‘fér_ S  Alta.
| 20 Picea S Aita.
291 Pis Al
22 . oPins  Alta.
Cams. pins  Alta.
236 . Picea’ / . Alta.
237 © Pleea | At
01 | . Pinus - 4AATta’. R
2402 o | Picea - 4 Alta. |
a3 pims . At



. Co]]ecfion -

ALTA 6995
| 6996

6997

6998
7021
7022

17023
7024

-“) 7028

7026

. 7027

- 7028

7029

7030 .

7031
7032
7033
7034
7035
7036
7088
7094
7
M2

AN VENE

"

Conifer

- Picea

Substratum
/- )

Populus

Conifer

Picea

Canifer

Picea

Picea

~ Picea

Picea
Picea . -

P]cea N

y

Conifer

Populus

' . .

Picea
Picea ‘
Conifer

Picea

Picea

Picea

Picea

Picea

" Location

-?'

Alta.

- Alta.:

Alta.

Alta.
Alta.

Alta.
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Collection
CFB 4813
4946

5129

5184

5375
5381

5389
5399
‘5413"
5414*

5424

5434

5982

6010

6160

6645
7345

7382

7446
8179*

8199*

8941

20536

20537
20538

Y

'\

Substr@tum

Pinus

N\,

Conifer

Picea
Picea
Charcoal

Picea

"Picea

Picea

Picea
~Pinus .

- Picea

Picea

&

Picea

Picea

Pseudotsuga |

Picea

_ Pinus

Pinus

~ Picea

Picea
Picea

Picea

Picea
Pseudotsuga’

Pseudotsuga -

Location

Alta.

Alta.

Alta.
Alta.
Alta.
Alta.
N.N.T.

. N.W.T.

Alta.
NW.T..

Alta.

Alta.
K]ta.
R
Alta.
B.C.

CNMLT.

Alta.
N.W.T.

NW.T.

CNLWLT.

Alta.
Que.
B.C.
B.C.

-

105



i Col1ection_

CFB

" DACFP' 1004* -

TRTC

DACFP 33
DACFP 109
DACFR 155
DACFP 200
DACFP 221

DACFP 1758

33171
33172

33174

33178

- 33179

33181

Co33182°°

 DAOM

23183
33184
1630

‘F2378- -

17529
31505
31513

31855

53725
145624

_-Picea

Pinus

Pitea .

ubstratum

Picea
Picea
Pinus
Conifer
Larix

© .

Picea

Pinus

"Picea

"Pinus

Pseudotsuga
_Pseudotéugé -

" Picea
~ Pinus

- Picea

Prunus.

~N

106

Location

Alta. - : ‘
Alta.



ToLe

~ Collection

DAOM 146506
RC 3
14
83
105
Lo107
123
128
162
168
216

*  -alternate species

" *x _mixed collection

**x _neither species

Subs tratum ’

Pinus

‘Picea

Picea

Picea

Picea

- Picea

-Railroad tie

Picea
Picea
Picea -

Picea

frad

107

Location

Ariz.

Alta.

"A1ta.

Alta.
Alta.
Alta.

Alta.
Alta.

Alta.

 Alta.

Alta.
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APPENDIX 11

S | | -
Collections of Fomes roseus (Alb. & Schw. ex Fries) Cooke and
- Fomes cajanderi Karst. examined from various substrata

ALTA CFB__  TRTC DAOM _~ RC

Fomes roseus
Lgii£  ' f _ o 1 .0 -0 .0 a
Picea 23 3 8 s 7
T T T N AR
Populus . 2 0 0 00
Unidentified o0 .2z 0 0
Conifer
Fomes'cajahderitAv
Abfes-_ 0 0 1 vb 0
Larix = | 0 1 0 0 0
~ Picea S 436 3 1. 3 9
Pinus n fj’ 8 9 2 0
. Po u]us' o 1 o0 o. . .0
o Prunu i _ | 0 0 0 | . "1‘ 0
- Pseudotsuga - 0 3 -0 2 0 _
Unidentified = M 2 2 0 1 .
Conifer . o L : i



. Appendix III. A deve]oped th1n 1ayer chromatograph of ethy] E 3
S " acetate soluble’gyclic compounds from the bas1d1ocarps
“of five wood-rotting fungi. :

1 Three separate benzotropo]ones and two non- separated
pheno11cs are shown. 4

So]vent - Acetone: benzene 1:4 T e
. Deve]bping agents = 1% Van1111n H.S '
R ' fol]owed by ggnt?e heat

Legend -

'Sf  solvent front
0. .origin. '
Fr. Fomes . roseus (A]b & Schw ex Fr1es) Cooke'

. Fc- Fomes cajanderi Karst.
. Fpi’ Fomes pini (Thore ex Fr1es) Karst.
Fpa Fomes pinicola (Swartz x Fries) Cooke

_;,' . . . Ff. . Fomes ?6mentar1us (L e Er1es) Kickx

/_' . 1

Benzotrdpo]one'l
_Benzottopolone 1
Benzotropolone IIT

Phenolics Ifandlly

08es
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Appendix TIV. UV Spedtfographs of benzotropolone, I and phenol
I isolated from Fomes roseus (Alb.)& Schw. ex
Fries) Cooke .




Phenol I

T JU9LD14430) UOLFBUIUIIUO)

~

‘Benzotropolone I

‘208

-~

254

222

A (nm)

210

330

274

Alnm)
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~

'Appendfx V. Benzotropolone structure
’ R:CH,0H - 'Fomentariol’
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