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How many fungi?

Hawksworth 1995, 2001

6 species of fungi for every species

of plant

~250,000 species of flowering
plants

~1.5 million species of fungi

eBased on temperate region
ePrimarily macrofungi




As little as 5% of estimated
| species have been described

B "o (in the last 200 years)!

Where are the
missing fungi?

Microfungi

Specialized niches
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Sampling: Plot Design

Mixed forest Dicymbe forest

M1 M2 M3 P1 P2 P3

*3 1-ha plots/forest type (Mixed and
Dicymbe monodominant)

eeach plot w/in 5 km radius of base
camp, & each w/in larger >3 ha
homogeneous primary forest

eEach subdivided in 100 10mX10m
subplots

erandomly sample (without
replacement) each season

eall macrofungi recorded

Study area =6 ha
Each year sample ca. 1/2 of each plot
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Fruiting body counts

Vouchers for every species (photos, descriptions, DNA)



Expanding ranges/records
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taxonomic concepts

Expand




_|: A dubiopansus_ACH BS5_Costa_Rics

A.dubiopanzus_MMER 28_< osta_Rica
A MICLAOZTE Equador
A.omphelodes _MCR 35 _C osta_Rica
A omphalodas RACR £1_Costa Riss
A _of omphalodes_JMCF 59_Costa_Rica
A MCR.96_Costa Rica
JWCF 13d_Co sta_Rica
A MICLADN 2 _French_Guysha
Aosp._BCR. 129 _Costa_Rica
JRACK 139 _Coga_Rica
Aucf preudoboleum _MCR 95_Costa Rica
THE211 _Guyana
THEXIT_Suyere
THEIOb_Guwsabia
THG31Z _Guyana
Aof ele_THE210_Guansz
AMALURGDERMELLA
A gusmanium_THEL39_Guyana
A _argenteofulwim _Fimbsbwe MUCL40302
- A mde_JRIASF 1 _Taiwan
Aade LET.A3 Yiemam
JBI22d_Yunnan
JNEI305_Thadsnd
I JRREIE36_Thailand
JRR8I352_Thailand
.5 MICLA0EE _Zimbabw e
MU CLAOZ 38 _Zim babwe
M CLA0Z 35 _Zim babwe
A tide_CBS209.49_Australia
A of elne danum_LXT 14_Yiemam
A WICLA03TE_Zimbabwe
A zp MICLAD36T _Zimbabw e
A ap MUCLA0371_Zimbabwe
& MICL403EE_Zinbabwe
Humphreya _eminii_FY ¥33928_Zim babwe
G cidum _MMICL3317Z_France

G .of krenggenuense_LXT 11_Yietnam

G necjaporicum _NIAST?032
rAICLA0422

G austrade M CR 132 _Cosa_RicaW]
Grsunedas CES407.76 _kpan

G.eolezaum _CBE216 26_Philippines

Ganodermataceae:
ITS dataset

Amauroderma

RICLA0411_Equador? GANOD ERMAZ

Lowepons_fuscopupureus_JhT92-10

_Ij A= nove 9582 _Thailand
G

nheursspotumn _ARB3I11_Costa Rica

Haddowia_londipes_h36354_Thailsnd
— = THEESZ_Guysns

Haddowis_sp._MUCL40320_French_Guwans
Haddowis_sp. PAUCLA0279A sp. Equador
Haddowiza_sp. MUCLA0280:4 sp._Equador

Hurmnphreya_caffestun_G 3-4_Pustta_Rico
Humphreya,_coffestum_MUCL1804_Cuba

Fi&1 104_French_Guana
r — Mcroporus_ >anthopus_DFF 10730

— S changes

L hAJCL25276 Mepal Micoporis!
Meroporellus_ JMISIIT_Thailand

I
MAchap

:_dealbansTHEEA9_Guyena



[ ]
e Ganodermataceae
A.dubiopanzus MR 584 osta, Rica =
A MICLAOZTE Equador
A.omphelodes _MCR 35 _C osta_Rica
A omphalodas RACR £1_Costa Riss
A _cf omphalodes_JMMCFR 59_Costa_Rica
A MCR.96_Costa Rica
JWCF 13d_Co sta_Rica
A MICLADN 2 _French_Guysha
Aosp._BCR. 129 _Costa_Rica
JRACK 139 _Coga_Rica
Aucf preudoboleum _MCR 95_Costa Rica
THE211 _Guyana
THEXIT_Suyere
THEIOb_Guwsabia
THG31Z _Guyana

Aof ele_THE210_Guansz _
farde TS G _ g Amauroderma
A gusmanium_THEL39_Guyana
A _argenteofulwim _Fimbsbwe MUCL40302
- A mde_JRIASF 1 _Taiwan
Aade LET.A3 Yiemam
JBI22d_Yunnan
JWESI202_Thalsnd
JRASI336_Thailand
I JRR8I352_Thailand
& MICLA03598 _Zimbabwe
MAJCLA03 38 _Fim babwe
— M) CLA03 35_Fim babwe
Aide_CBS209.49_ Austrslia
A of glne danum_LET 14_Yiemam
A =p I LA037E_Zinbabwe
A gp MICLA026T _Zimbabwe
A =p MICLA0371 _Zimbabwe
AR WICLA03EE_Zimbebwe
Humphreya _eminii_FY ¥33928_Zim babwe
G ddum _MICL3S1T2_France
G .of krengganuense_LXT 11_Yietnam

] i i MNanndavrm
e e LanoterNMmMa
G austrade M CR 132 _Cosa_RicaW]
Grsunedas CES407.76 _kpan
G.eolezaum _CBE216 26_Philippines
FICLA04 11 _Equador? GANOD ERRMAY
Lowepors_fuscopupureus JhiT92-10
Fictaporellus_de albanisTHEEA9_Guyaha
_Ij A= nove 9582 _Thailand
G.neursspoiumn _ARB311_Coza Rica

Haddowia_|ohgipes_J&M98/354_Thailand
— THEESZ Guysna
Haddowis_sp._MUCL40320_French_Guwans
Haddowis_sp. PAUCLA0279A sp. Equador
Haddowiza_sp. MUCLA0280:4 sp._Equador
Hurmnphreya_caffestun_G 3-4_Pustta_Rico
Humphreya,_coffestum_MUCL1804_Cuba

Fi&1 104_French_Guana
r — Mcroporus_ >anthopus_DFF 10730

L hAJCL25276 Mepal Micoporis!
Meroporellus_ JMISIIT_Thailand

— S changes

Drawings & SEMs: Leif Ryvarden



Clavulina:

ECM




Doubled the known number of species in the world




Clavulina cinerea AJ406433
Clavulina cristata AY586648
Clavulina sp. AY745694
Clavulina cristata AY041171
Clavulina sp. AJ534893
Clavulina cf. cristata MCA 2855
Clav craterellodies spnov AY391718 g
Clavulina sp. TH 8740 br or stipe
Clavulina amazonicus? MCA2070
Clavulina amazonicus? TH 8742
Clavulina TH 8642 sm gr or wh tip
— Clavulina sp. TH 8511 tiny gr bran

Clavulina sp. TH 8738 tiny gr unbr

Clavulina sp. TH 8754 Irg white

Clavulina grisechumicola spnov TH874

Clavulina humicola spnov TH 8737
Clavulina TH8730 CB sister

Clavulina caespitosa spnov TH8709 CB

—— Clavulina sp. MCA 1945 gr br earth

L——— Clavulina sp.
-——— Clavulina? nigricans spnov.AY391719
Multiclavula mucida
Multiclavula_vernalis_LUTZ930806.1
Multiclavula_corynoides_LUTZ930804.2

[ Sistotrema brinkmannii
Sistotrema niveocremeum

Unknown genus TH 8561 g

Hydnum repandum

Hydnum umbilicatum

Hydnum rufescens
Hydnum rufescens

Hydnum repandum
— 5 changes




Evidence of antiquity of some lineages

Inocybe geophylla

Inocybe fuscodisca
Inocybe pudica

w v
Inocybe armeniaca l n 0‘ yD e
Inocybe lilacina
Inocybe agglutinata oI = -~ -

Inocybe flocculosa A h - S

Inocybe queletii . ! e
Inocybe sindonia
Inocybe violaceocaulis
Inocybe pusio
Inocybe serotina

Inocybe abietis
Inocybe bakeri

Inocybe corydalina
Inocybe fraudans

Inocybe leptocystis
Inocybe hystrix
Inocybe griseolilacina
Inocybe leiocephala
Inocybe godeyi
Inocybe cf serrata
Inocybe sp BK ARG

Inocybe chelanensis WA
E Inocybe chelanensis CA
Inocybe sierraensis

l— Inocybe stellatospora

Inocybe stellatospora MN
— Inocybe subochracea
L~ Inocybe olympiana

Inocybe sp MCA1882 GUYANA
Inocybe pseudovolvate MCA2034
Inocybe mixtilis
Inocybe pseudocystis

Inocybe nothopes
Inocybe candidipes

Inocybe lanuginosa
Inocybe teraturgus

Inocybe leptophylla
Inocybe cerasphora

Inocybe calospora
Inocybe actinospora

Inocybe praetervisa
Inocybe napipes
_|_— Inocybe lacera
Inocybe curvipes

0 NEW species

— Inocybe tahquamenonensis

L— Inocybe asterospora PBM2453 NY

Basal clade
,— Mallocybe terrigena FIN
Crepidotus cf applanatus

Inosperma calamistrata




higher-level lineages
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unusual fungi to be found at least in recent years. The new
genus and species, Pseudotulostoma voloata, is an ascomycete

which is a sister taxon to Elaphomyces, and comes from one of -

the most inaccessible forests so far surveyed for fungi in
Guyana. However, unlike its hypogeous, truffle-like Elapho-
myces relative, Pseudotulostoma produces stalked and volvate
ascomata resembling the basidiomycete genera Chlamydopus
and Tulostoma. The uncanny similarity, a result of evolutionary
convergence, combined with the absence of either basidia or
asci from very early stages of maturation, as also occurs in
Elaphomyces, so fooled the authors, referees, and editors that
it was almost described as a new genus of basidiomycetes.
Initial molecular work suggested that it was an ascomycete
close to the Eurotiales. This was so surprising that the DNA
was presumed to have come from a contaminant; con-
tamination by moulds such as Penicillium which belongs to the
Eurotiales is a common phenomenon in the tropics.

The collection sites are in the remote Pakaraima Mountains

j |
_ —
—l--._.-.-._
—l—".-._'_.-'_'
PSEUDOTULOSTOMA: THE FIND OF THE CENTURY? ~
So commented one of the reviewer’s of the paper by Miller ef  with the most hi,
al. (2001) included in this issue which describes one of the most  of the Eurofiales :

remriote™ habitat -
ectomycorrhizal |
second coup fo
pleurotoid Lactarges:
their unusual biolfge
2000). Those
trunks in which
Lactarius fruit b

pleurotoid Lacta
ceedingly wet tr

Henkel, T, Aime, M
Russulaceae from G
status. Mycologia 9

Miller, O. K. jr, Henke



Eurotiales

Eurotium sp. fromGUY72 Guyana

|_| Eurotium amstelodami AY213699
4‘— Eurotium carnoyi U29558

Eurotium halophilicum U29565
Ehaetosartowa chrysella U15507
Chaetosartorya cremea U15505
corraloid MCA 2206 Guyana
Penicilliopsis clavariiformis AB047223

— coralloid MCA2201 Guyana
— Hamigera avellanea var. alba AB105350

Warcupiella spinulosa AB003806
Hamigera striata AB047217

_|—7 Chromocleista malachitea AB000621
El

upenicillium cinnamopurpureum AY213698
_|— Eupenicillium crustaceum AB000486
— Eupenicillium egyptiacum U15465

| Petromyces albertensis U28910

I Petromyces alliaceus AY176752

Fennellia nivea var. indica U28857

Neosartorya aurata U28473

Neosartorya aureola U28469
Hemicarpenteles acanthosporus AB003809
Monascus aurantiacus AY629439
Monascus barkeri AF364983

Xeromyces bisporus AF365022

Emericella acristata EAU29857

Emericella astellata U29866

Emericella bicolor U29837
Emericella aurantiobrunnea U29827
Chromocleista cinnabarina AB075359

|_|_— Talaromyces helicus U15489
I

cleistothecial MCA2179 Guyana

na

Pseudotulostoma volvata MCA1562 Guy:

Pseudotulostoma japonica AB161193

r Elaphomyces sp. MCA1923 Guyana
[ Elaphomyces sp. MCA1512 Guyana

Byssochlamys nivea AY176750
Trichocoma paradoxa AB047221
T

alaromyces eburneus AB047218

T Gymnascella aurantiaca AY176747 Onygenales Gymnoascaceae
1

Gymnoascoideus petalosporus AY176748 Onygenales Gymnoascaceae

Eremascus albus AY004345 Eurotiomycetes Onygenales Eremascaceae
5 changes



Diversity




Cordyceps & anamorphs: insect pathogens







Marasmius
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biogeography; effects of climate change on
endemic ecosystems; and confirming

gu ild total spp spp nov not examined described % Spp nov % s pPpp Nov
Russulaceae 31 29 0 9 93.5%
Boletaceae 23 11 9 11 64.3%

Mycorrizal- 22 5 7% 78.5%

Cortinarius 7 3‘99/ n/d n/d n/ n/d
Inocybe S n év 77.8%
Oth. ECM 5 0 p p ® 3853%

Polypores 0 9 9.9%

ﬂamwmmw@*m% 3 2 0 0 66'7%
Decomposers:iybia a 3 0 1 75.0% 68.6%

tiitoiviniataceae 46 42 0 12 91.3%

Oth. Sap. 748 3 745 100%

Ca. 1.5 sp. nov. ea. subplot



Straatsma et al. 2001. Mycological Research:
21 years (weekly sampling) ina Swiss mixed forest plot

(a2 3-8+ *7 ; WY uRj —~
I WILI /7T FPEULIVE LI eS|

Total counts # taxa years # new taxa % new taxa

Straatsma et al 71,222 FB 408 spp. 21 yrs. 82 only IDd to genus (<20%)

Guyana ~38,318 FB ~1500 spp. 8yrs 80 publ. to date ~73%




How many fungi?

Macrofungi associated with
Dicymbe corymbosa:

~260 spp. only with Dicymbe
(~90% of mycorrhizal and ~15%
of saprobic)

~65,000,000
fungi ?!

eDoesn’t take into account
temperate zones
eDoesn’t take into account
microfungi




Some conclusions

Fungal concepts (eg, taxonomic, evolutionary) based
on temperate taxa are incomplete. The same issmost
likely true for diversity estimates.

*Perhaps less than 5% of fungal species have been
discovered and described. Tropical regions are
understudied in mycology and may still harbor
tremendous undocumented diversity.
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Saprobes: Essential decomposers

e Fungi are extremely important primary and secondary decomposers of
organic materials.

e A handful of Fungi are the only organisms that can effectively and
completely degrade lignin. Lignin is a complex, three-dimensional non-
stereopolymer that protects plant cellulose from attack. Probably the
most recalcitrant of all natural products.




Symbionts: Essential partners for
plants and animals

eMycorrhizae: 90% of the world’s plants have a beneficial fungal mycorrhizal
partner colonizing the roots. The fungus helps the plant absorb water,
nutrients and minerals, especially phosphorus.

eLichens: Mutualism between a fungus and an alga; allows colonization of
harsh environ




Pathogens: Causal agents of
emerging global epidemics

e.g., chytridiomycosis, “the worst infectious disease ever recorded
among vertebrates” in terms of the number of species impacted, and
it’s propensity to drive them to extinction (Gascon et al, 2007).




Food, Medicines, Bioremediation...

Thanks fo PENIC\LUN

..He Will Come Home !

_ BeforEthE use of pen|C|II|n during World War 1l, many
soldiers died from bacterial infections. rather than dlrectly
i from thelr wounds mh = T
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Cookeina sp. nov.

Saprotrophic/lignicolous







Marasmius delectans U11922

Ha/menogloea papyracea AF261344 ’
Marasmius aff. cladophyllus

Maras.cladophyllusAF261343 ’

MCA 1611 Marasmius (oranq1 e velvet)

Marasmius (camp peac ) MCA 1577

Marasmius capillaris AF042631

Marasmius rotula JAF261345 ’
MCA 1711 Marasmius (branching brown)
MCA 1719 Marasmius (rusti rot)

Phylogenetic placement
of “Cyphellaceae”

—— MCA 2060 Marasmius (branching peach)
Marasmius sp. MCA2546 litter and ferns Ecuador
MCA 1708 Marasmius (purple rot)
MCA 1594 Marasmius (pink rot
Marasmius sp. MCA2525 cocoa leaves in litter Ecuador

Maras.sp.AF261342
Amyloflagellula_inflata_PB305/RA from Manfred ——

Marasmius fulvoferrugineus AF261584
MCA 1506 Marasmius (white rot)
Marasmius sp. MCA2523 cocoa leaves in litter Ecuador

Crinipellis perniciosa AF335590
Crinipellis perniciosa DIS71
Crinipellis perniciosa DIS70
Crinipellis perniciosa DIS43
Crinipellis perniciosa MCA2520 T. cacao Ecuador

€016.25S.con
c08.25s.con
e43.25s.con
Crinipellis roreri AY194150
Crinipellis roreri CO5
C. roreri C21
C. roreri C22 i
Moniliopthora roreri MCA2521 Herranea sp. Ecuador
C. roreri E38
C. roreri E37
Crinipellis sp. GJS00-165 endophyte NM
4‘{ Cr|n|FeII|s sp. MCA 2500 endophyte NM
Crinipellis sp. MCA2501 enodphyte’N
Crinipelloid M A2563 leaf litter cuador
Crinipelloid MCA2543 orange mycgelleum palm Ecuador

- Crinipellis campanella UT1
Crinipellis maxima AF0426:

r|n|pe|||s_NP AF261348 ag—
Crinipellis s CA 2240 Guﬁ/
Cnnlpelhs st|p|tana PB302_25S_Germany from Manfred
Crinipéllis setipes BP1900309 VA
Cnng)ellls sp. MCA1527 Guyana e
Chaetocalathus liliputianus AF26
Chaetocalathus_liliputanus_C61867 258 Ecuador from Manfred
ChaetocalathusTiliputianus MCA485P.R
Chaetocalathus sg AF261347

Cyphelloid MCA2538 hairy cugs palm Ecuador i
A 1522 cyphelloid
Campanella sp. AF261340
Camfanella sp. AF261339
689 Campanella /
MCA 1894 Campanella’) Guyana
Al ancales S| 1341
Campanella? sp. MCA 223 u ana
Tetraﬁ)yrgos nigripes AF26133
MCA Tetragayrgos
Tetrapyrgos sp. AF2

Campanella junghuhnii CJU406561
- Tetr%pk;lgos subdendrophora AF042629
Cr|n|peIIO| A4T72
Crinipelloid MCA473 P R. e
arasmiellus sp. MCA 2282 Guyana
Hemimycena? MCA 2113 Guyana s

CA 2146 Gloiocephala
— Dellcatula’7 MCA2545 palm Ecuador
é/ elloid MCA2547 palm Ecuador
tella cf. capula MCA2539 leaf litter Ecuador

Rhizomorphs CRINSygameroon
— P MCA 1516 Collybia? =
e

MCA 1801 Ge/mnog
052 G mnopus —f—
Gymnopus? MCA2549 leaf litter Ecuador
MCA 2228 Marasmiellus
Cr|n|[))el||s procera PDD78245

MCA 2082 Lampteromyces?
Lachnella alboviolascens AF261475

‘7— Lachnella villosa LVI406562
Mycena? MCA 2354 Guyana

Resinomyces? MCA1595 Guyana
MCA 2239 Mycena (Maras Marant)

Marasmius? %I ey cop MCA 1786 —f—
Marasmius? white cop MCA 2139 Guyana —~i——
MCA 1663 Resinomycena

Resinomycena? " Cnmi)ellls subsuWQZN NZ
MCA 1811 Mycena

MCA 1942 MyCena e
MCA 2165 Poromycena

Campanella/Gymnopus

Marasmiaceae
| . =, | |
]
[

Mycena

5 changes



Clavulina cinerea AJ406433 ) . .
Clavulina cristata AY586648 Clavulina ni gricans sp. nov.
Clavulina sp. AY745694
Clavulina cristata AY041171
Clavulina sp. AJ534893
Clavulina cf. cristata MCA 2855
Clav craterellodies spnov AY391718 R
Clavulina sp. TH 8740 br or stipe
Clavulina amazonicus? MCA2070

Clavulina amazonicus? TH 8742

Clavulina TH 8642 sm gr or wh tip
Clavulina sp. TH 8511 tiny gr bran

—— Clavulina sp. TH 8738 tiny gr unbr
Clavulina sp. TH 8754 Irg white

Clavulina griseohumicola spnov TH8729
Clavulina humicola spnov TH 8737
Clavulina TH8730 CB sister

Clavulina caespitosa spnov TH8709 CB
—— Clavulina sp. MCA 1945 gr br earth

Clavulina sp.
Clavulina? nigricans spnov.AY391719 i
Multiclavula mucida
Multiclavula_vernalis_LUTZ930806.1
Multiclavula_corynoides_LUTZ930804.2

[ Sistotrema brinkmannii
Sistotrema niveocremeum

Unknown genus TH 8561 grey resup

Hydnum repandum

Hydnum umbilicatum

Hydnum rufescens

Hydnum rufescens

Hydnum repandum : e .

— 5 changes SEM: Jason Thacker
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Saprobic




Expanding taxono

ic concepts
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Russula

Ectomycorrhizal
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