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Résumé - Ce travail présente les résultats de recherches sur la flore mycologique des 
hêtraies apennines de Ligurie occidentale. Les forêts étudiées, situées dans la province de 
Savona, entre le Col de Cadibona et le Col du Giovo, bénéficient de conditions climatiques 
très particulières, liées à la proximité de la mer et à l’altitude, dépassant légèrement 700 m. 
Du point de vue phytosociologique et malgré la pauvreté floristique, les hêtraies ont été 
attribuées à l’association Trochischanto-Fagetum (alliance du Geranio nodosi-Fagion). Les 
relevés menés sur quatre placettes mesurant environ 1 km2 chacun, ont été conduits sur une 
période de huit ans. Trois cent deux espèces (292 Basidiomycota et 10 Ascomycota) ont été 
identifiées, dont 4 nouvelles pour la Ligurie. La liste systématique des champignons pré­
sentée est enrichie de données sur la fréquence des découvertes, le groupe écologique 
auquel ils appartiennent (selon l’habitat), et l’index de fructification du genre. Enfin, des 
comparaisons avec les données d’autres hêtraies européennes et italiennes sont tentées.
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Abstract - A study of the mycological flora of the Western Ligurian Apennines beech 
woods was conducted in selected areas of the province of Savona, between the Cadibona 
pass and the Giovo pass. The average altitude is 700 meters above sea level and the climate 
is quite peculiar due to the presence of relatively high mountains very close to the sea. 
From a phytosociological point of view and despite the limited diversity of the flora, the 
woods were classed as featuring a Trochischanto-Fagetum association (Geranio nodosi- 
Fagion alliance). The study was carried out through eight years of observations on four 
plots measuring about 1 square km. Three hundred and two species (292 Basidiomycota 
and 10 Ascomycota) were collected, four of which as new to Liguria. A taxonomically 
arranged list of ail the species collected is reported in a table showing the abundance and 
the ecological group of each species, along with a fructification index of each genus. Finally, 
a comparison with other Italian and European beech woods is presented and discussed.
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INTRODUCTION

The investigation of Macrofungi from beech woods is a very important 
topic in the field of mycology. Several related issues are discussed in the literature: 
Thoen (1970, 1971) analysed in details three beech forests in Belgium, from the 
point of view of both mycoflora and mycosociology, Tyler (1985) investigated 
beech forests in the Southernmost province of Sweden seeking a relationship bet- 
ween soit properties and fungal occurrence. Lisiewska (1972,1974) studied a great 
number of beech woods in varions parts of the Polish Lowland. A comparison with 
results obtained from some observation plots outside Roland is also presented in 
her work. A recent paper on the macromycetes of Southern Polish beech forests, 
can be found in Adamczyk (1996). Discussions about other beech woods are avai- 
lable for varions régions of Europe, e.g. for Germany (Carbienier et al, 1975), 
Britain (Wilkins et al, 1937) and Romania (Chifu, 1975).

In Italy, few authors hâve focused their attention on such kind of woods: 
Ceruti et al (1987-88) conducted a study on some forests in Piedmont (a North­
western région of Italy), while Orsino & Dameri (1996) considered the woods of 
Melogno, a mountain site in the Western Ligurian Alps. Some aspects of beech 
woods are dealt by Ubaldi (1974) and Ubaldi et al, (1991) together with other 
forest types in the Romagna and Veneto régions. Recently, Antonini et al (1999) 
and Venturella et al (1999) presented their mycofloristic research studies on 
Tuscan and Sicilian beech forests respectively.

Nevertheless, it was felt that a more extensive analysis of beech woods in 
Liguria should be carried out for the following three main reasons:
- the Liguria région is characterised by a very peculiar climate due to the pré­
sence of mountains quite close to the coast and to the influence of the sea, miti- 
gating the harshness of winter and the beat of summer;
- the phytosociological interest of Ligurian beech forests is due to the particular 
climate, which induces a typical beech wood association (Gentile, 1974), differing 
from other woods of central and northern Europe;
- this kind of biocoenosis is common and is known to be very productive in terms 
of the Fungi collected.

For our study we selected a very good fungus-producing wood, although 
it was partially affected by intense management practices. The study area was close 
to the sea and relatively low in altitude (800 m). It is a part of the forests around 
Savona that hâve been always exploited for timber production (Franchello, 1972) 
and/or mushrooming. This latter activity was already documented in some 19™ 
century reports: Cougnet (1879) indicated the number of edible fungi found in the 
areas selected by us and pointed out that the quantity was so great that mush- 
rooms were exported to the United States.

The aim of this paper is to contribute towards the knowledge of Liguria 
beech wood Macrofungi. It also includes a statistical analysis from the phenologi- 
cal point of view. Furthermore, the results obtained hâve been compared with data 
referred to other beech woods in Italy and in Northern and Central Europe.

This study is a structural part of a large beech wood mycosociology
project.

The paper is organised in several sections, dealing respectively with the 
climatic and geomorphological features of the area (II); a description of the study 
areas (III); main identification literature and référencé iconography used (IV); cri- 
teria for attribution of the species to an ecological group (V); statistical results of 
the fungal occurrence analysis including a comparison with other Italian and



Mycological researches in Ligurian beech woods 137

European beech woods (VI); conclusions (VII). A complété list of the species col- 
lected (sorted according to the main taxa, according to Hawksworth et al, 1995) is 
provided in Table 1.

Table 1. List of ail the species collected arranged by taxa. The names of the species, along with 
the ecological class, and their abundance (evaluated on the eight years of observation) are indi- 
cated in the first and the second column respectively. The number in third column spécifiés how 
many times the species was recorded. If it was observed only once or twice, the recording date 
is given instead. The last column contains remarks. Whenever a genus is specified in the first col­
umn, the number in the second column refers to the maximum value of the fructification index.

BASIDIOMYCOTA

Basidiomycetes

Auritulariales
AURICULARIACEAE

Auricularia 5.0

Auricularia auricula-judae (Bull.: Fr.) Wettst. si 3 31.08.92,14.09.96 on dead branches of Fagus sylvatica 
L, Sambucw nigra L.

Tremellales

TREMELLACEAE

Tremella 4.0
Tremella mesenterica Retz.: Fr. si 2 4 on dead branches of Fagus 

sylvatica L

Dacrymycetales

DACRYMYCETACEAE

Calocera 4.0

Calocera cornea (Batsch: Fr.) Fr. S 1 3 4

Cantharellales

CLAVARIADELPHACEAE

Clavariadelphus 4.0
Clavariadelphus pistillaris (L.: Fr.) Donk S t 2 02.11.97

CANTHARELLACEAE
Cantharellus 9.0
Cantharellus cibarius Fr. m 5 17
Cantharellus friesii Quel. m 1 08.10.92

Cantharellus lutescens (Fers.) Fr.: Fr. m 3 5
Cantharellus melanoxeros Desra. m 1 18.10.92

Cantharellus tubaeformis (Bull.) Fr.: Fr. m 2 01.11.88.13.10.92

CRATERELLACEAE
Craterellus 5.0
Craterellus comucopioides (L.) Fers. m 5 7
Pseudocraterellus 4.0
PseudocratereUus simosus (Fr.) Corner m 2 18.10.92
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CLAVULINACEAE

Clavulina 6.0

Clavulina rugosa (Bull.: Fr.) J. Schrôt. S t 2 08.10.92,18.10.92

Clavulina crislata (Holmsk.: Fr.) J. Schrôt. s t 4 6

HYDNACEAE

Hydnum 5.0

Hydnum répandant L: Fr. m 5 19

Hydnum rufescens Pers.: Fr. m 0.5 12.11.89

SCUTIGERACEAE

Albalrellus 3.0

Albalrellus crislalus (Schaeff.) Kotl. & Pouzar m 2 24.09.89.08.10.92

Albalrellus pes-caprae (Pers.: Fr.) Pouzar s 1 2 3

Thelephorales

THELEPHORACEAE

Sarcodon 2.5

Sarcodon scabrosus (Fr.) P. Karst. m 0.5 13.10.91

Gomphales

RAMARIACEAE

Ramaria 3.2

Ramaria botrytis (Pers.: Fr.) Ricken s t 2 3

Ramaria formosa (Pers.: Fr.) Quel. s t 0.5 01.12.88

Ramaria flava (Schaett: Fr.) Quel. s t 1 15.10.91

Ramaria obtusissima (Peck) Corner s t 0.5 08.10.92

Ramaria sanguinea (Pers.) Quel. s t 1 26.10.96,2.11.97

Ramaria slricla (Pers.: Fr.) Quel. s 1 3 6

Schizophyllales

SCH1ZOPHYLLACEAE

Schizophylium 4.0

Schizophyllum commune Fr.: Fr. S 1 4 6

Stereales

STEREACEAE

6.0

Stereum rugosum Pers. S 1 i 02.11.97

Slereum hirsutum (Willd.: Fr.) Gray s 1 5 9

Hymenochaetales

HYMENOCHAETACEAE

Coltricia 4.0

Coltricia perennis (L.) Murrill m 4 9
BIBl

(MUSEUMPARIS>
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Fistulinales

FISTULINACEAE

Fislulina 2.5

Fistulina hepalka (Schaeff.) Fr.: Fr. Pl 0.5 4 on Fagus sylvatica L. trunks

Pi) riales
POLYPORACEAE

Polyporus 3.0

Polyporm cilialus Fr.: Fr. S 1 2 10.06.90 found on branches on the soi! or 
trunks of broad-leaved trees

Polyporus varias (Pers.) Fr.: Fr. s 1 2 3 on trunk of Fagus sylvatica L. and 
on the soi!

CORIOLACEAE

Aborliporus 2.5

Abortiporus bieimis (Bull.) Singer s 1 0.5 02.11.97 on Fagus sylvatica L dead wood.
Hapalopilus 2.5

Hapalopilus rutilans (Pers.) P. Karst. s 1 0.5 04.09.92 on dead wood

Tyromyces 2.5

Tyromyces chioneus (Fr.: Fr.) P. Karst. si 0.5 04.09.92

Trametes 7.0

Trametes versicolor (L.) Pilât s 1 5 19 on Fagus sylvatica L. dead wood

LENTINACEAE

Pleurotus 2.5

Pleurotm ostreatus (Jacq.: Fr.) P. Kumra. s 1 2 4

Bolefales

BOLETACEAE

Boletus 5.6

Bolelus aérais Bull.: Fr. m 2 7

Boletus calopus Pers.: Fr. m 4 13

Boletus edulis Bull.: Fr. m 5 22

Boletus erythropus Pers. m 4 12

Boletus fragrans Vittad. m 1 15.10.91,14.10.95

Boletus luridus Schaeff.: Fr. m 0.5 3

Boletus pinophilus Pilât & Dermek m 2 7

Boletus pulverulentus Opat. m 0.5 3

Boletus queletii Schulzer m 2 6

Boletus radicans Pers.: Fr. (= albidus Roq.) m 2 28.06.91,19.07.92

Boletus réglas Krombh. m 0.5 28.09.91

Boletus reticulatus Schaeff. m 0.5 18.06.89

Boletus satanas Lenz m 0.5 29.09.89

Suillus 2.5

Suillus granulatus (L.: Fr.) Kuntze m 0.5 09.07.89

Leccinwn 4.(1
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Leccinum carpini (R. Schultz) M. Moser m 4 9

Lectimm crocipodium (Letell.)

Aureoboletus

Aureoboletus genlilis (Quel.) Pi

- [ =Pulvemboletus cramesinus

STR0B1L0MYCETACEAE

Chakipoms

Chalciporm piperatus (Bull.: F 

Porphyrellus

in beech wood mixed with Ostrya 
carpinifolia Smp.

Stmbylomyces

Strobylomyces strobilaceus (Sa

Tylopihts

Tylopilus felleus (Bull.: Fr.) P.K

GYRODONTACEAE

Gymporus

Gyropoms cyanescens (Bull.: Fr
XEROCOMACEAE

Xerocomus

Xerocomm ameniacus (Quel.)

Xerocomus badius (Fr.: Fr.) J.E.

Xerocomus chrysenteron (Bull.)

Xerocomus subtomenlosus (L: 1

Xerocomus mbellus (Krombh.)

Phyllopoms

Phylloporus rlwdoxanlhus (Sch

HYGROPHOROPSIDACEAE

Hygrophoropsis

Hygrophoropsis aurantiaca (Wi

PAXILLACEAE
Paxillus

PaxiUus involulus (Batsch: Fr.)

Agaricales

HYGROPHORACEAE

Camamphyllus

Camarophyllus virgineus (Wulf

Hygrophorus

Hygrophoms chrysodon (Batscl

Hygrophorus cossus (Sowerby)

Hygrophoms eburneus (Bull.: Fi

Hygrophoms nemoreus (Pers.: F
, BIBL. 
(muséum)
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Hygrophoms poetarum R. Heim m 0.5 15.10.91
Hygmphorus russula (Schaeff.: Fr.) Quel. m 2 4
Hygmcybe 6.5
Hygrocybe chlorophana (Fr.) Wünsche s t 0.5 18.10.92
Hygmcybe coccinea (Schaeff.: Fr.) P. Kumm. s t 1 18.10.92 at the edges of paths, in thin woods
Hygrocybe conica (Schaeff.: Fr.) P. Kumm s t 1 08.10.92.28.09.96
Hygmcybe helobia (Arnolds) Bon s t 2 08.10.92
Hygmcybe psiltacina (Schaeff: Fr.) P. Kumm s t 0.5 18.10.92 at the edges of paths, in thin woods
TRICHOLOMATACEAE

Mycena 15.4
Mycena crocata (Schrad.: Fr.) P. Kumm. s il 2 19.10.97
Mycena epipterygia (Scop.: Fr.) Gray s It 5 12
Mycena galericulata (Scop: Fr.) Gray s 1 2 3
Mycena galopas (Pers.: Fr.) P. Kumm. s It 3 4

Mycena galopas (Pers.: Fr.) P. Kumm. var. 
candida J.L.Lange (= galopas var. alba
Rea; = galopas var. annae Benedix)

s It 0.5 08.10.92

Mycena inclinala (Fr.) Quel. s 1 4 7

Mycena maculala P. Karst. s 1 2 29.10.89

Mycena metata (Fr.) P. Kumm.
[= phyllogena (Pers.) Sing.]

s It 0.5 01.11.88

Mycena pelianthina (Fr.) Quel. s It 0.5 15.10.90,19.10.97

Mycena polygmmma (Bull: Fr.) Gray s 1 5 14

Mycena para (Pers.: Fr.) P. Kumm. s It 5 16

Mycena renali Quel. (=flavipes Quel.) s It 1 15.10.91

Mycena msea (Bull.) Gramberg 
(= para var. msea GUI.)

s It 5 10

Mycena stipula Maas Geest. et Schwôbel s 1 0.5 15.10.91

Mycena sanguinolenta (Alb. & Schwein.: Fr.) 
P.Kumm

s It 2 19.10.97,18.10.95

Marasmietlus 4.0

Marasmiellus ramealis (Bull: Fr.) Singer s 1 2 03.06.90

Marasmius 2.7

Marasmius epipltyllus (Pers.: Fr.) Fr. s It 3 03.09.89,19.10.97

Marasmius oreades (Bolton: Fr.) Fr. s t 1 21.10.90

Marasmius scorodonius (Fr.: Fr.) Fr. s It 2 02.07.89.28.09.91

Collybia 7.3

Collybia alkalivirens Singer 
(= obscura A. Favre)

s It 0.5 13.10.91

Collybia butyracea (Bull: Fr.) P. Kumm. s t 5 16

Collybia cirrhata (Pers.) Quel s It 1 15.10.89,14.10.97

Collybia conjluens (Pers.: Fr.) P. Kumm. s It 2 10.09.89,24.09.89

Collybia dryophila (Bull: Fr.) P. Kumm. s It 3 03.06.90,06.07.97

Collybia erythropus (Pers.: Fr.) P. Kumm. s It 4 31.08.92,13.08.89 Z^bÏbÎN
[= Collybia marasmioides (Britz.)
Brsky. & Slang!)

(mi.SEUm)
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Collybia fmcopurpurea (Fers.: Fr.) P. Kumm. S It i 31.08.92,04.09.92

Collybia fusipes (Bull.: Fr.) Quel. s 1 2 02.10.88,14.10.95

Collybia maculata (Alb. & Schwein.: Fr.)
P. Kumm.

s t 0.5 24.09.89

Collybia pemnata (Bolton: Fr.) P. Kumm. s It 5 20

MegacoUybia 4.0

Megacollybia platyphylla (Pers.: Fr.)
Kotl. & Pouzar

s 1 2 3

Xerula 5.5

Xemla longipes (Bull.) Maire s 1 4 13

Xerula mdicata (Relhan: Fr.) Dôrfelt s 1 5 16

Oudemansiella mucida (Schrad.: Fr.) Hôhn. s 1 3 11

Clitocybe 7.8

Clilocybe candicans (Pers.: Fr.) P. Kumm. s It 2 12.11.89,30.09.95

Clitocybe clavipes (Pers.: Fr.) P. Kumm. s It 2 13.10.92,28.09.96

Clitocybe ericetorum Bull.: Quel. s-t 0.5 15.11.90

Clitocybe flaccida (Sowerby : Fr.) P. Kumm. s It 5 12

Clitocybe gibba (Pers.: Fr.) P. Kumm. [Syn.:
C. infundibulifomis (Schaeff.) Quel.]

s It 1 3

Clitocybe hydrogramma (Bull.: Fr.) P. Kumm. s It 0.5 17.10.89

Clitocybe nebttlaris (Batsch: Fr.) P. Kumm. s t 5 11

Clitocybe odora (Bull.: Fr.) P. Kumm. s It 4 5

Clitocybe phyllophila (Pers.: Fr.) P. Kumm. s It 0.5 01.11.91

Clitocybe umbilicata (Schaeff.) P. Kumm. s It 2 15.10.91,19.10.97

Laccaria 12.0

Laccaria amethystea (Bull.) Murrill m 5 22

Laccaria laccata (Scop.: Fr.) Berk. & Broome m 5 23

Armillaria 4.5

Armillaria mellea (Vahl: Fr.) P. Kumm. pi 4 11 on Fagus sylvatica Lstumps

Armillaria tabescens (Scop.) Emeland s 1 0.5 10.11.91,18.10.92

Ripartites 2.5

Ripartites tricholoma (Alb. & Schwein.: Fr.)
P. Karst.

s t 0.5 17.10.89

Tricholoma 12.9

Tricboloma album (Schaeff.: Fr.) P. Kumm. m 2 5

Tricholoma columbetta (Fr.) P. Kumm. m 4 10

Tricboloma filamentosum Alessio m 0.5 17.10.89

Tricholoma lascivum (Fr.) Gillet m 0.5 10.11.91

Tricholoma portentosum (Fr.) Quel. m 5 6

Tricholoma psammopus (Kalchbr.) Quel. m 1 24.10.88,14.09.96
Tricholoma saponaceum (Fr.) P. Kumm. m 5 8

Tricholoma saponaceum (Fr.) P. Kumm. 
var. squamosum (Cooke) Rea

m 0.5 02.11.97

Tricholoma scalpturatum (Fr.) Quel m 2 3
Tricholoma sciodes (Pers.) C. Martin m 1 13.10.91,08.10.92
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Tricholoma sejunctum (Sowerby: Fr. ) Quel. m 0.5 10.11.91
Tricholoma terreum (Schaeff.: Fr.) P. Kumm. m 2 3
Tricholoma tigrinum (Schaeff.: Fr.) P. Kumm. m 2 03.09.89,14.09.96
Tricholoma ustale (Fr.: Fr.) P. Kumm. m 5 6
Tricholoma mtaloides Romagn. m 2 14.10.92,13.10.92
Tricholoma virgatum (Fr.: Fr.) P. Kumm. m 0.5 15.10.91
Lyophyllum 3.0
Lyophyllum decasles (Fr.: Fr.) Singer s t 3 3
Lyophyllum fumosum (Pers.: Fr.) PD. Orton s t 0.5 02.11.97
Rhodopaxillus 7.0
Rhodopaxillus nudus (Bull.: Fr.) Maire s t 5 10
ENTOLOMATACEAE

Rhodocybe 2.5
Rhodocybe nitellina (Fr.) Singer s t 0.5 12.11.89
Clilopilus 6.0

Clitopilus prumilus (Smp.: Fr.) P. Kumm. s t 5 18
Entoloma 4.7

Entoloma mougeotii (Fr.) Hesler s t 0.5 19.10.97
Entoloma nidorosum (Fr.) Quel. s t 0.5 24.11.91,12.10.97

Entoloma rhodopolium (Fr.: Fr.) P. Kumm. s t 4 5

PLUTEACEAE

Pluteus 1.5

Pluteus cervinus (Schaeff.) P. Kumm. s 1 1 6

Pluteus pellitus (Pers.: Fr.) P. Kumm. s 1 0.5 19.07.92

Volvariella 1.5

Volvariella hypopithys (Fr.) M. Moser s t 0.5 31.08.92,31.09.92

Volvariella speciosa (Fr.: Fr.) Singer s t 0.5 03.09.89

AMANITACEAE

Amanita 22.7

Amanita citrina (Schaeff.) Pers. m 5 40

Amanita excelsa (Fr.: Fr.) Bertillon m 2 3

Amanita junquillea Quel. [= gemmata (Fr.) m 5 16
Gillet]
Amanita muscaria (L.) Lam. m 5 19

Amanita muscaria (L.) Lam. var. formosa m 0.5 29.09.89
(Pers.: Fr.) Gonn. et Rabenh.

Amanita pantherina (DG.: Fr.) Krombh. m 5 22

Amanita phalloides (Fr.) Link m 5 23

Amanita phalloides (Fr.) Link var. alba m 3 8
(Gillet) Bourdot

Amanita porphyria Alb. & Schwein.: Fr. m 1 02.07.89, 19.10.97

Amanita rubescens Pers. m 5 44

Amanita spissa (Fr.) P. Kumm. m 5 16

Amanita vaginata (Bull.: Fr.) Lam. m 2 5

Amanita verna Lam. m 1 03.09.89,17.11.91
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Amanita vitladinii (Moretti) Vittad. m 0.5 03.09.89,24.09.89
Limacella 4.0

Limacella gultata (Fers.: Fr.) Konrad & Maubl. s t 2 3

AGARICACEAE

Agaricus 3.5

Agarkus excellais (Moell.) Moell. s t 0.5 18.10.92
Agaricus sylvicola (Vittad.) Fr. s t 2 3

Lepiota 3.0

Lepiola aspera (Fers.: Fr.) Quel.
[=acutesquamosa (Weinm.) P. Kumm.]

s t 2 5

Macmlepiola 4.0

Macrolepiota masloidea (Fr.) Singer s t 0.5 09.09.89

Macmlepiola procera (Scop.: Fr.) Singer s t 5 14

Macrolepiota rachodes (Vittad.) Singer s t 2 4

Macrolepiota rachodes (Vittad.) Singer var. s t 0.5 16.10.88
bohemka (Wichansky) Bellù & Lanzoni

COPRINACEAE

Coprinus 6.3

Coprinus atramentarius (Bull.: Fr.) Fr. s 1 2 16.07.89,10.09.89

Coprinus cornants (O.F. Müll.: Fr.) Gray s t 2 3

Coprinus leiocephalus RD. Orton s t 0.5 12.11.89,15.11.89

Coprinus micaceus ( Bull.: Fr.) Fr. s 1 5 8

Coprinus plicatilis (Curtis: Fr.) Fr. s t 0.5 19.10.97

Psathyrella 2.8

Psathyrella candolleana (Fr.: Fr.) Maire s 1 2 4

Psathyrella piluliformis (Bull.: Fr.) RD,Orton s 1 1 2

Psathyrella marcescibilis (Britzelm.) Singer s t 0.5 19.07.92
BOLBITIACEAE

Conocybe 2.5

Conocybe tenera (Schaeff.: Fr.) Fayod s t 0.5 17.10.89

Agrocybe 2.5

Agrocybe praecox (Pers.:Fr.) Fayod s t 0.5 06.07.97

STROPHAR1ACEAE
Stropharia 4.0

Stropharia aeruginosa (Curtis : Fr.) Quel. s t 2 3

Hypholoma 9.0

Hypholoma fasciculare (Huds.: Fr.) P. Kumm. s 1 5 20
Hypholoma sublateritium (Fr.) Quel. s 1 5 21

CORTINARIACEAE

Inocybe 3.7
Inocybe asterospora Quel. m 2 6
Inocybe cookei Bres. m 0.5 12.09.95,14.09.96
Inocybe bongardii (Weinm.) Quel. m 2 5
Inocybe descissa (Fr.) Quel m 1 14.10.95,02.11.97
Inocybe fastigiata (Schaeff.) Quel. m 2 4
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Inocybe geophylla (Sowerby : Fr.) P. Kumm. 
var. lateritia (Weinm.) J.E.Lange

m 2 10.11.91e 18.10.95

Inocybe patouillardii Bres. m 0.5 26.10.97
Inocybe pyriodom (Pers.: Fr.) P. Kumm. m 0.5 14.10.95
Inocybe umbrina Bres. m 0.5 17.10.89,10.06.90
Hebeloma 3.5
Hebeloma sinapizans (Paulet) Gillet m 0.5 19.10.97
Hebeloma radicosum (Bull.: Fr.) Ricken s 1 2 5
Alnicola 2.5
Alnicola melinoides (Bull.: Fr.) Khiiner m 0.5 17.10.89
Gymnopilus 2.5
Gymnopilm spectabUk (Fr.) Singer var. 
junonius (Fr.) J.E.Lange

s 1 0.5 10.11.91

Democybe 2.7
Dermocybe cinnabarina ( Fr.) Wünsche m 0.5 12.11.89
Democybe cinnamomea (L: Fr.) Wünsche m 2 12.11.89
Dermocybe plwenicea (Bull.) M. M. Mos. m 0.5 18.10.92
Cortinarius 6.7
Corlinarius anomalus (Fr.: Fr.) Fr. m 2 4
Cortinarius armillalus (Fr.: Fr.) Fr. m 1 09.09.89
Cortinarius auroturbinatus LE. Lange m 0.5 01.11.90
Cortinarius calochrous (Pers.: Fr.) Fr. m 0.5 13.10.91,18.10.92
Cortinarius claroflavus R. Henry m 0.5 15.10.91,18.10.95
Cortinarius cinnamomeus (L: Fr.) Fr. m 1 02.11.97

Cortinarius cotoneus Fr. m 0.5 13.10.91

Cortinarius crislallinus Fr. m 0.5 01.11.90

Cortinarius elatior Fr. m 0.5 01.11.90

Cortinarius infractus (Pers.: Fr.) Fr. m 2 02.11.97,19.10.97

Cortinarius iargus Fr. m 2 18.10.92,14.10,97

Corlinarius obtusus (Fr.) Fr. m 0.5 01.11.90,14.09.96

Cortinarius praestans (Cordier) Gillet m 3 3

Cortinarius rubicundulus (Rea) A. Pearson m 0.5 08.10.92

Cortinarius sebaceus Fr. m 2 6

Cortinarius sodagnitus R. Henry m 1 15.10.91,28.09.96

Cortinarius subserlipes Romagn. m 0.5 15.11.90

Cortinarius talus Fr. m 0.5 18.10.92,14.10.95

Rozites 3.0

Rozites caperatus (Pers.: Fr.) P. Karst. m 2 3

CREPIDOTACEAE
Tubaria 2.5

Tubaria furfuracea (Pers.: Fr.) Gillet s It 1 26.10.88,14.09.96

Russulales

RUSSULACEAE
Russula 36.1
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Russula albonigm (Krombh.) Fr. m 5 9

Russula alutacea (Pers.: Fr.) Fr. m 5 5

Russula amoena Quel. m 2 4

Russula atropurpurea (Krombh.) Britzelm. m 1 4

Russula aurata (With.) Fr. m 0.5 04.09.92

Russula chamaekontina (Fr.) Fr. m 0.5 09.07.89

Russula chlomides (Krombh.) Bres. m 3 5

Russula cyanoxantha (Schaeff.) Fr. m 5 43

Russula brunneoviolacea Crawshay m 0.5 01.05.89.14.10.97

Russula delica Fr. m 5 13

Russula silvestris (Singer) Reumaux m 3 8

Russula faginea Romagn. m 2 3

Russula fellea (Fr.) Fr. m 5 27

Russula foelens Pers. m 3 12

Russula fragilis (Pers.: Fr.) Fr. m 0.5 11.09.88

Russula heterophylla (Fr.) Fr. m 5 18

Russula illota Romagn. m 1 10.09.89

Russula Integra (L.) Fr. m 1 3

Russula laurocerasi Melzer m 1 04.09.92

Russula lepida Fr. m 3 11

Russula lutea (Huds.: Fr.) Gray m 2 5

Russula maire! Singer m 2 08.10.92

Russula nigricans (Bull.) Fr. m 5 15

Russula ocbroleuca Pers. m 3 7

Russula olivacea (Schaeff.) Pers. m 0.5 31.08.92

Russula romellii Maire m 1 3

Russula rosea Quel. m 1 3

Russula rubroalba (Singer) Romagn. m 2 04.09.92

Russula Solaris Perd. & Winge m 2 04.09.92

Russula vesca Fr. m 5 6

Russula vinosobrunnea (Bres.) Romagn. m 3 31.08.92,08.10.92

Russula violeipes Quel. m 2 5

Russula virescens (Schaeff.) Fr. m 3 11
Laclarius 8.4

Lactarius acris (Bolton: Fr.) Gray m 2 3

Laclarius blennius (Fr.: Fr.) Fr. m 1 09.07.89
Lactarius camphoratus (Bull.: Fr.) Fr. m 0.5 24.09.89

Lactarius chrysorheus Fr. m 3 7

Lactarius tircellatus Fr. m 0.5 13.10.91
Lactarius citriolens Pouzar m 0.5 01.11.88
Lactarius fuliginosus (Fr.) Fr. m 0.5 13.10.91
Lactarius glaucescens Grossi. m 1 4
Lactarius mitissimus (Fr.) Fr. m 2 5
Lactarius obscuratus (Latsch.: Fr.) Fr. m 2 24.11.91
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Lactarius pallidus (Pers.: Fr.) Fr. m 0.5 15.10.91

Laclarius piperatus (L: Fr.) Pers. m 4 7

Laclarius quietus (Fr.) Fr. m 2 01.05.89,24.09.89

Laclarius ruftis (Scop.: Fr.) Fr. m 2 08.10.92,14.10.92

Lactarius seriflms (DG: Fr.) Fr. m 2 10.11.91,24.11.91

Lactarius subdulcis (Pers.: Fr.) Gray m 3 6

Lactarius tominosus (Schaeff.: Fr.) Pers. m 0.5 13.08.89,26.10.96

Lactarius zonarius (Bull.) Fr. m 2 3

Phallales

PHALLACEAE

Phallus 7.0

Phallus impuclicus L.: Pers. s t 5 21

Nidulariales

NIDULARIACEAE

Cntcibulum 3.0

Cmcibulum leave (Huds.) Kambly s 1 2 3

Cyathus 4.0

Cyathus striatus (Huds.) Willd.: Pers. s 1 2 03.09.89,16.10.94

Lycoperdales

LYCOPERDACEAE

Lycoperdon 6.0

Lycoperdon echinatum Pers.: Pers. S t 0.5 10.09.89

Lycoperdon foetidum Bonord s t 2 15.10.90

Lycoperdon perlatum Pers.: Pers. s t 5 15

Lycoperdon pyriforme Schaeff.: Pers. s 1 0.5 06.10.90

Bovista 2.0

Bovista aestivalis (Bonord.) Demoulin s t 1 15.10.89.13.10.91

Bovista plumbea Pers. s t 2 06.10.90,14.09.96

Calvatia 3.0

Calvalia excipuliformis (Scop.: Pers.) Perdeck s t 1 15.11.90

Langermannia 2.5

Langermannia gigantea (Batsch: Pers.) Rostk. s t 0.5 04.09.88, 11.09.88

Sclemdermatales

SCLERODERMATACEAE

Scleroderma 3.7

Sclerodenna citrinum (L.) Pers.: Pers. m 5 22

Scleroderma bovista Fr. m 2 19.07.92,04.09.92

Scleroderma polyrhizum J.F. Gmel.: Pers. m 0.5 31.08.92 zfeieiX
Vv"^bUM) V par/s "/
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ASTRAEACEAE

Astraeus 3.0

Astraem hygmmetricus (Fers.) Morgan S t 2 03.07,88,02.11.97

ASCOMYCOTA

Ascomycètes;

Pezizales

HELVELLACEAE

Helvella 3.0

Helvdla lacunosa Afzel.: Fr. S t i 19.10.97

PEZIZACEAE

Peziza 4.0

Peziza badioconfusa Korf s t 2 09.07.89,14.10.95

Aleuria 3.0

Aleuria aurantia (Pers.: Fr.) Fuckel s t 1 28.09.91,02.10.97

OTIDEACEAE

Olidea 3.0

Olidea onotka (Pers.: Fr.) Fuckel s t 1 08.10.92

Lcotiales

LEOTIACEAE

Leotia 4.0

Leotia lubrica (Scop.) Pers.: Fr. S t 2 08.10.92

GEOGLOSSACEAE

Microglossum 3.0

Microglossum viride (Pers.: Fr.) Gillet s t 1 26.10.97

Hypocreales

CLAVICIP1TACEAE

Cordiceps 2.5

Cordiceps militaris (L.) Link P' 0.5 18.10.92

Xylariales

XYLARIACEAE

Hypoxylon 2.5

Hypoxylon fuscum (Pers.: Fr.) Fr. S 1 0.5 26.10.88

Xylaria 3.0

Xylaria hypoxylon (L.) Grev. s 1 2 5

Xylaria polymorpha (Pers.: Fr.) Grev. s 1 0.5 30.09.95,19.10.97
Z'bÜlN
(muséum)
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LOCATION OF THE AREA, CLIMATIC 
AND GEOMORPHOLOGICAL FEATTIRES

The area studied is part of the province of Savona (see Fig. 1), limited by 
the Cadibona Pass (459 m above sea level) to the west and by the Giovo pass 
(516 m) to the east (map reference: Régional Technical Maps, scale 1:25.000, table 
n° 229.4 Savona and table n° 212.3 Sassello) and located between the Tyrrhenian 
coast and the Po Valley. Tire altitude is approximately 500 meters, between the 
upper zone of the basal level and the lower zone of the mountain level. From a 
geological point of view, it is characterised by the Triassic-Liassic Unit made of 
red-violet micaceous quartz schists and by the Montenotte Ophiolitipherous Unit 
made of gabbrous breccia or crystalline limestone (Vanossi, 1991).

Measurement of métal ion saturation in some soil samples showed that 
the pFf ranged from 4.8 to 7.

The Po valley is characterised by a Central European oceanic climate: the 
winters are quite cold and humid while the summers are cool. Maximum rainfall 
peaks occur in autumn and spring. The Tyrrhenian coast has a sub-mediterranean 
mountain climate, typical of the sub-mountain areas of the Ligurian Apennines 
(Gentile, 1984), with mild winters and summers featuring short periods of drought 
although these do not always occur.

On the Po valley side, the maximum température spread between sum- 
mer and winter is 18 C°. On the marine side it is 14-15°C.

DESCRIPTION OF THE AREAS STUDIED

Since the beech forests are not uniformly distributed over the area, four 
separate stands were considered. Each stand covered an area of 1 km2 and was 
chosen taking the physionomie characteristics of the beech-forest into account. 
The altitude ranged from about 670 m (above sea level) near the Montenotte 
Superiore area to 850 m at Monte San Giorgio. It is important to note that the 
areas selected were still partially exploited for timber production. Furthermore, 
the forest belongs to several different owners, so that maintenance of the beech 
trees was not uniform: areas in which coppices were eut regularly with a medium- 
short rotation alternated with others in which old coppices were no longer exploi­
ted or where conversions from coppices to high forest (and vice-versa) were in 
progress. Areas of high forest, being old or recently converted from coppices, were 
infrequent and the trees in them were quite small.

The beech woods considered had a limited variety of species of flora, with 
spécifie reference to the mesophilous species of Fagetalia sylvaticae. This probably 
dépends on the relatively low altitude of the study areas as well as on the type of 
cultivation and on management practices which periodically modify the litters 
above and below ground and induce changes in luminosity and in the degree of 
ion saturation of the soil. Among the species of Fagetalia sylvaticae, Fagus sylva- 
tica was the most frequent mainly in the arboreous layer, whereas Luzula nivea 
was abundant both in the herbaceous and in the shrub layer. Other species found 
sporadically were: Dryopteris filix-mas, Festuca heterophylla, Prenanthes purpurea, 
Trochiscanthes nodiflora, Lamiastrum galeobdolon, Géranium nodosum, Euphor- 
bia dulcis, Milium effusum, Paris quadrifolia etc.
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The presence of species of the Querco-Fagetea class was scarce, consis- 
tently with the limited variety of the flora in the woods studied. Only Corylus avel- 
lana was présent to significant extent, although it occurred less frequently than in 
other parts of the Ligurian Apennines. Among the acidophilus species, Avenella 
flexuosa was quite common, followed by Pteridium aquilinum, Physospermum cor- 
nubiense and Vaccinium myrtillus. The mesophylous aspect of these formations
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was highlighted by the almost complété absence of any species of Quercetalia 
pubescentis, which could also be due to the continuons management practices. The 
considérable presence of Rubus hirtus, even with low cover values, can be consi- 
dered a sign of the assiduous presence of man in the area.

To conclude, ail the floristic characteristcs of the forest studied suggested 
that it could be classed as a Trochischanto-Fagetum association (Gentile, 1974). 
Indeed, our beech wood could be considered as an impoverished type of the asso­
ciation referred to above, mainly because of the past intensive cultivation. The 
Trochischanto-Fagetum association belongs to the Geranio nodosi-Fagion alliance, 
which is quite common in the Northern and Central Apennines of Italy.

MATERIALS AND METHOD

This study was carried out from 1988 to 1992 and from 1995 to 1997 and 
lasted for a total of eight years, during which period several excursions took place. 
Each area was uniformly time sampled in late spring, summer, autumn and early 
winter, although we decided to shorten the autumn sampling period in view of 
the evidence of a significant increase in fungal reproduction.

Identification was made on the basis of the following literature: Alessio 
& Rebaudengo, (1980); Alessio (1985, 1991); Balletto (1972); Bernicchia (1990); 
Bon (1980,1984); Bourdot & Galzin (1927); Candusso & Lanzoni (1990); Cappelli, 
(1984); Dennis (1981); Jülich (1989); Kits van Waveren (1985); Kühner & 
Romagnesi (1953); Maas Geesteranus (1992); Merlo & Traverse (1983); Moser 
(1980); Noordeloos (1987, 1992); Orton (1986); Orton & Watling (1979); Pilât 
(1958); Riva (1988); Romagnesi (1967); Schaeffer (1952); Stangl (1991); Tartarat 
(1988); Watling (1982); Watling & Gregory (1987, 1989); Watling et al. (1993). 
Reference was also made to the following iconography: Cooke (1881-1891); 
Boudier (1905-1910); Bresadola (1927-1933); Konrad & Maublanc (1924-1937); 
Lange (1935-1940); Romagnesi (1956-1967); Phillips (1981); Marchand (1971- 
1986); Bon (1988); Courtecuisse & Duhem (1994); Breitenbach & Krânzlin (1981, 
1986, 1991, 1995); Cetto (1976-1993); Montecchi & Lazzari (1993). As far as 
concerned the nomenclature, we adopted the mies of the International Code of 
Botanical Nomenclature (Greuter et al, 1988) as well as suggestions by Kreisel 
(1987) and Bertéa et al. (1989). The systematic arrangement of taxa (structured 
according to division, class, order, family, genus) was based on Hawksworth et al. 
(1995) and works by Balletto (1972,1981,1990,1992,1993), Moser (1980), Dennis 
(1981), Singer (1986) and Jülich (1989). Author’s names hâve been shortened 
according to Brummitt & Powell (1992).

For each species, the frequency with which it was found and its ecologi- 
cal group hâve been specified. The abbreviations for these ecological groups are 
as follows (the term saprotrophic is used in place of the older saprophytic - 
Hawksworth et al, 1995).

m = ectomycorrhizal symbiotic species 
st = saprotrophic species on soil or humus 
si = saprotrophic species on dead wood 
s It = saprotrophic species in the litter 
pl = parasitic species on living trees
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Fig. 2. The increase in the number of species in ail the observation areas during 8 years of study

Because of the conflicting opinions about the classification of species to 
ecological groups, the ecological classification is based on data referring to seve- 
ral authors: Trappe (1962), Arnolds (1984), Singer (1986), Ceruti et al. (1987), 
Orsino & Traverse (1986,1990), Orsino (1986,1988,1991,1993), Orsino & Dameri 
(1989,1991,1996), Orsino ef al (1999).

The complété list is provided in Table 1.

RESULTS

The 8-year mycofloristic study enabled 302 different species of macro- 
fungi to be collected and identified, of which four were recorded for the first time 
in Liguria. To be précisé, Mycena renatii, Cortinarius claroflavus and Cordyceps 
militaris were observed for the first time, while Oudemansiella mucida had been 
already found in the 19th century (Pollacci, 1896), but no further findings had been 
reported until our own. From a systematic point of view, 292 species belonged to 
the Basidiomycota and the remaining 10 to the Ascomycota. The généra of which 
the greatest number of species were found were Russula (32), Lactarius (18), 
Cortinarius (18), Tricholoma (16), Amanita (14), Mycena (14), Boletus (13), and 
Collybia (11).

It should be noted (see Fig. 2) that the increase in the number of species 
in our stands was quite rapid and constant during the first five years of the study 
but slowed down in the last three years, once 89% of the total number of species 
had already been collected. This proved the relatively stable edaphic conditions as 
well as constant management of the beech woods and showed that no significant 
successional trends occurred.

The species were distributed among the ecological classes defined above 
as follows (see the black bars of Fig. 4): 164 ectomycorrhizal species (54.6%),
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60 saprotrophic species on soil (20%), 44 saprotrophic species on dead wood 
(14.7%), 29 saprotrophytic species on decomposing litter (9.7%) (total percentage 
of saprotrophic species: 44.4%), 3 parasitic species on living trees (1%).

During the 8 years of observation, the total number of sporophores col- 
lected amounted to 20,146: from this point of view, it is reasonable to State that 
our beech woods were richer in quantitative rather than qualitative ternis.

Many other interesting features of the woods studied were determined by 
means of a statistical analysis of data concerning the number, the time, the genus 
and species of the carpophores found. In order to estimate the productiveness of 
our beech wood, a suitable index was defined taking into account, for each genus, 
both the number of carpophores and the number of identified species (belonging 
to that genus) found during ail the visits in a given month. In other words, the 
index we defined was a function of time expressing the fructification capability 
and rhythm of the currently considered genus.

More in detail, let ng(i) be the number of species belonging to the gene- 
ric genus g found during the month i and a , (i) be the abundance of carpophores 
belonging to the species h of the genus g estimated in the same period. The pro- 
posed fructification index fg(i) for the genus g was then defined as:

h=l

where S is the total number of detected species belonging to the genus g and k 
is a constant we set at 2. Furthermore, the overall productivity index can be 
expressed as follows for each month i:

G
F(0

g=l

G being the total genus number.
By analyzing the behavior of the F(i) index, the maximum fungal aspect 

(MFA) can be easily determined, and it is also possible to dérivé aspects of diffe­
rent généra by studying the set of f (i) functions.

Function F(i) is ploted in Fig. 3. For each year it shows a pair of peaks, in 
July and October respectively. This peculiarity of the behaviour of the producti­
vity index meets the observation mentioned in Fungal Ecology (Dix & Webster, 
1995).

As far as concerned the Maximum Fungal Aspect, the period with the 
greatest abundance of fungi along with a great variety of species ranged from the 
first fortnight in October to the first fortnight in November.

It should be noted that in our régions, the MFA appeared to occur one 
month later than in the woods considered by Thoen (1971), and this is consistent 
with Thoen’s comments that the MFA occurs earlier in Central Europe than in 
Western Europe. The fact that the MFA in our woods occurs later than in any 
other forest studied is due mainly due to the rather peculiar climatic conditions of 
the Ligurian Apennines, which are singular not only in Europe, but also in Italy 
itself.

The observations throughout the eight years of the study suggested that 
three main fructification periods (also called “aspects”) can be defined. These are,



154 M. Zotti

200 "

160 -

120 -

80 -

40 -

1111111111 mTmrnTTTTTTTTTTTTI I I fl I Tl I I M t I I I I I I I II I I I I I I Il I It ITT ITT

Fig. 3. Productiveness index F vs time (month) evaluated during the 8 years of study.

specifically, late spring/early summer (May and June), summer (July, August and 
September) and autumn (October, November and December).

Some ectomycorrhizal généra, such as Russula (R. cyanoxantha, R. nigri- 
cans, R. fellea, R. foetens, R. delica) and Amanita (A. rubescens, A. citrina, A. mus- 
caria, A. phalloides), appeared to be quite abundant throughout ail the periods 
defined above, with a slight downward trend in August. However, some species of 
these généra can be more easily found only during certain aspects.

With regard to saprotrophic species on dead and rotten wood, Trametes 
versicolor, Stereum hirsutum, Hypholoma fasciculare, Schizophyllum commune 
were almost uniformly distributed.

The late spring/early summer period was characterised by the significant 
presence of the Boletus genus (especially B. erythropus, B. edulis). Among the 
most abundant species of Amanita and Russula were A. pantherina, A. spissa, A. 
junquillea and R. lutea. Furthermore, this aspect featured a considérable number 
of Phallus impudicus.

In the summer period, the species Gyroporus cyanescens, Collybia ery­
thropus, Phyllophorus rhodoxanthus could be considered typical of our beech 
wood. In July, the most common species of Amanita were A. spissa, A. excelsa, A. 
porphyria, while the genus Russula consisted of R. ochroleuca, R. virescens and, in 
September, R. albonigra, R. Solaris, R. chloroides and R. vesca.

Moreover, in September we observed the beginning of the fructification 
of several généra, such as Tricholoma, Cortinarius, Lactarius, Xerula, Laccaria, 
Collybia, Xerocomus, Hydnum, Mycena, Coprinus, Scleroderma and Lycoperdon, 
which would dominate the next Autumn aspect.

Finally, the last period, Autumn, was characterized by the greatest abun- 
dance of carpophores as well as the greatest variety of généra and it was precisely 
in this time interval that the MFA occurred. The most significant species of the 
généra that began their fructification in September included Tricholoma ustale, T. 
sciodes, T. portentosum (especially in November); Cortinarius sebaceum, C. ano- 
malus; Lactarius subdulcis, L. piperatus, L. chrysorheus; Xerula radicata, X. longi- 
pes, Clitocybe nebularis, C. flaccida, Mycena pura, M. rosea, M. polygramma, etc.).
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Among the species found, the presence should be pointed out of a large 
group of typical or preferential species of beech-woods, such as: Xerula mucida, 
X. radicata, Marasmius alliaceus, Lactarius blennius, L. pallidus, L. subdulcis, 
Clitocybe umbilicata, Mycena pelianthina, M. para, M. rosea M. renati, M. galeri- 
culata, Hygrophorus cossus, H. poetarum, Tricholoma sciodes, T. portentosum, 
Cortinarius calochrous, C. elatior, Russula faginea, R. fellea, R. mairei, R. mairei var. 
fageticola, R. romelli, R. alutacea, R. Solaris, Ramaria fia va, etc. Fungi that develop 
preferably and/or exclusively on dead beech stumps and logs constituted a very 
small group: Xerula mucida, Polyporus varias, Xylaria polymorpha.

Species typical not only of beech-woods, but also growing in other kinds 
of broad-leaved woods, such as oak, chestnut and mixed woods, were frequently 
observed. These included both acidophilous or neutro-basophilous species as well 
as others without any edaphic requirements. The most common and abundant 
fungi belonging to the species mentioned above were Cantharellus cibarius, 
Hydnum repandum, Collybia butyracea, C. peronata, Laccaria laccata, Clitocybe 
nebularis, Hypholoma fasciculare, H. sublateritium, Phallus impudicus, Boletus 
edulis, B. calopus, Xerocomus chrysenteron, Tricholoma saponaceum, T. columbetta, 
Mycena polygramma, Coprinus micaceus, Pluteus cervinus, Amanita citrina, A. 
phalloïdes A. rubescens A. muscaria, Lactarius chrysorheus L. piperatus, Russula 
nigricans, R. foetens, Rhodopaxillus nudus and Scleroderma citrinum.

Finally, the occurrence, albeit sporadic, of a small group of species such 
as Hygrocybe conica, PI. coccinea, H. psittacina, Marasmius oreades, Clitocybe eri- 
cetorum, Conocybe tenera, Bovista plumbea, Langermannia gigantea should be 
mentioned as markers of poor, degraded habitats affected by human influence. In 
actual fact these are not nemoral species, instead they are typical of open grassy 
areas such as edges or clearings.

COMPARISON WITH OTHER ITALIAN 
AND EUROPEAN BEECH WOODS

A comparison was made with the beech forests in other Italian régions 
before considering some European beech woods studied by Thoen (1970, 1971), 
Lisiewska (1972,1974) and Adamczyk (1996).

For the purposes of a comparison with other Italian woods, the few works 
published do not furnish much information either about the phytosociological 
classification or the soil characteristics and climate. We took the studies by Orsino 
& Dameri (1996), Antonini et al. (1999), Ceruti et al. (1987-88) and Venturella et 
al. (1999) into account.

The species observed in these works were grouped according to their eco- 
logical classes (see IV) and their percentage occurrences are indicated in the his- 
togram in Fig. 4.

In the work by Orsino & Dameri (Le.), the beech woods consisted of 
forest trees and were located in an area of the Ligurian Alps called Melogno, near 
the areas considered in our own study. These forests are belong to the Tro- 
chiscantho-Fagetum association and without doubt they were the most similar to 
our woods, not only from the phytosociological point of view but also in terms of 
the climatic conditions and the soil features. Although Orsino & Dameri identi­
fie d a greater number of species (536), most of which were also observed in our
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Fig. 4. Species distribution among four ecological classes (Ectomycorrhizal fungi, saprotrophic 
fungi on soil or humus, saprotrophic fungi on dead wood, saprotrophic fungi in the litter and par­
asitic fungi on living trees). The different bar fillings correspond to the carpophores collected by 
a different mycologist during his studies on Italian beech forests.

stands, the total number of carpophores collected was lower, thus revealing less 
intensive fructification.

Furthermore, Fig. 4 shows that there were significantly fewer ectomycor­
rhizal fungi (46 %) than non-symbiotic ones. This is probably due to the well- 
developed above/below-ground litters (the term litter is used here in a broader 
sense), that constitute good conditions for saprotrophic species to grow in. In our 
stands, on the contrary, the intense management practices (e.g. periodic clearing of 
the undergrowth, removal of wood and leaves, etc.) hampered the development 
of these litters and, consequently, the quantity saprotrophic species on decompo- 
sing litter and on dead wood was smaller, while the ectomycorrhizal fungal class 
(57 %) predominated over ail the others (43 %). This proved that human activi- 
ties can affect the mycofiora to a great extent, since the plant community, the cli- 
mate and the characteristics of the soil were basically the same in the two study 
areas involved.

A similar ecological distribution was found in the beech woods located at 
Abetone, in the Northern Apennines of Tuscany (Antonini et ai, 1999). This beech 
forest consisted mainly of coppices or was in a stage of transition from coppices 
to high forests, and featured a significant level of management practices. It is inter- 
esting to note here again that the ectomycorrhizal fungi were the most abundant, 
thus confirming our previous hypothesis. With regard to the wide distribution of 
these species, most of them were also collected in our woods, such as Laccaria lac- 
cata, L. amethystina, Xerula radicata, Lactarius blennius, L. pallidus, R. fellea,...

As to the study carried out by Cerruti et al. (1987-88) in the Palanfré 
National Park (Piedmont, Italy), the beech woods considered consisted mainly of
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Fig. 5. Species distribution according to three ecological class (Terrestrial, lignicolous fungi and 
fungi on fallen leaves or fruits). The different fillings correspond to the carpophores collected by 
a different mycologist during his studies on beech forests.

two-centuries old forest trees not subjected to any management. In this area the 
saprotrophic species greatly outnumbered the ectomycorrhizal species.

Finally, the comparison with an interesting Sicilian beech wood 
(Venturella et al, 1999) revealed that about 80 % of the 183 species collected 
there were also recorded in our stands, most of them belonging to saprotrophic 
species. In other words, the significant différence between the two woods seemed 
to be the greater variety of ectomycorrhizal fungi occuring in the Ligurian 
Apennines.

Comparing our beech woods with other European beech forests was 
quite a difficult task because of the different study methods employed by various 
authors as well as the different edaphic, climatic and environmental conditions 
(e.g. soil structure, floristic associations, température, etc.), occurring in each wood 
considered. Speciücally, the very peculiar Ligurian habitat and climate greatly 
affect associations, so that it is possible to define a typical forest association, the 
Trochiscantho-Fagetum association, for the beech woods in our study. Since this 
association, typical of Italian Apennines, is sufficiently similar to the Carici- 
Fagetum association (Gentile, 1974), we decided to limit our comparisons only to 
other European beech forests attributed phytosociologically to this association.

On the basis of these considérations, we selected the following beech 
forests: the beech woods near Bois Banal (Belgium) described by Thoen (1970, 
1971), the beech wood in the northern part of the Czestochowa upland (Southern 
Poland), studied by Adamczyk (1996) and the beech forests taken into account by 
Lisiewska (1974).

In order to make it easier to compare data, the species collected were 
also classified according to ecological classes proposed by other authors. In Fig. 5 
a histogram shows the occurrences of species recorded by the mycologists men- 
tioned above, distributed among the following categories: terrestrial fungi, fungi 
on fallen leaves or fruits and lignicolous fungi. The histogram does not include the 
data relating to the Carici-Fagetum association studied by Lisiewska (1974), since 
in her paper the author only draws a final conclusion without furnishing a detai- 
led list of the species collected.
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The histogram bars seem to reveal a great similarity between our beech 
woods and the forests studied by Thoen: in both woods the terrestrial fungi class 
predominated over the other two and there were very few species of fungi on fal­
len leaves. In spite of this, ectomycorrhizal fungi were more abundant in Italy than 
in Belgium and our woods had a more limited number of neutral/low alkaline spe­
cies while carpophores preferring neutral or weakly acid soils were more common 
as well as the acidophilus species. These hndings were consisted with the pH (ran- 
ging from 4.8 to 7) measured on some samples of our soils and with Tyler’s (1985) 
considérations, according to which ectomycorrhizal species increase in more acid 
soils. Furthermore, the significant presence of ectomycorrhizal species in the beech 
wood studied could be due to the limited floristic variety and to the limited deve­
lopment of the herbaceous layer (Thoen, 1971). Similar features were observed by 
Thoen in a beech forest ascribed to the Luzulo-Fagetum association.

The data concerning the beech forests discussed by Adamczyk differed 
most from those of our woods: fungi preferring calcareous substrates occurred fre- 
quently, lignicolous species were very prédominant and terrestrial fungi were not 
adequately represented. These characteristics were probably due to the particular 
conditions of the Carici-Fagetum patches that were located near an industrial zone 
of Czestochowa, where pollution benefited parasitic species growing on trees 
weakened by the atmospheric conditions.

Finally, the beech forests studied by Lisieska featured a great number of 
terrestrial species, generally preferring neutral or low alkaline soils. For this rea- 
son, many of the considérations already discussed for Belgian woods also apply 
here. It should be pointed out that the species Cortinarius cotoneus and Boletus 
luridus [considered thermophilous by Adamczyk (1996)] collected in our woods 
were also mentioned by Lisiewska.

CONCLUSIONS

Our research, carried out in some beech woods near Savona (Liguria, 
Italy) yielded several categories of information.

From the phytosociological point of view, these woods were attributed to 
the association Trochiscantho-Fagetum.

During the eight years of observation, 20.146 carpophores belonging to 
312 different species (292 Basidiomycota and 10 Ascomycota) were collected; 
moreover four of these species were new to Liguria. Most of the species found 
were typical or preferential of beech wood, such as Xerula mucida, X. radicata, 
Marasmius alliaceus, Lactarius blennius, L. pallidus, L. subdulcis, Clitocybe umbili- 
cata, Mycena pelianthina, M. pura, M. rosea, M. renati, M. galericulata, 
Hygrophorus cossus, H. poetarum, Tricholoma sciodes, T. portentosum, Cortinarius 
calochrous, C. elatior, Russula faginea, R. fellea, R. mairei, R. mairei var. fageticola, 
R. romellii, R. alutacea and R. Solaris.

The data recorded were statistically analysed in order to evaluate the 
MFA, the seasonal fungal aspects, the abundance of species and the most signifi­
cant généra and species characterising our study areas.

Finally, we made several comparions with other Italian and European 
beech forests . With regard to other Italian beech woods, it should be pointed out 
that our stands show the highest percentage occurrence of ectomycorrhizal spe-
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des, while the number of saprophic fungi on the litter was quite small. These fin- 
dings can be explained by the intense management practices affecting our beech 
woods, thus reducing the development of litter above/below ground.

As far as concerned other European forests, our attention was focused on 
some beech woods classed as belonging to the Carici-Fagetum association. On this 
basis, a group of woods studied by Thoen (1970,1971), Lisiewska (1972,1974) and 
Adamczyk (1996) were taken into account. The comparison showed that our 
woods featured a large number of species prcferring neutral or acidophilus soils 
and that terrestrial fungi clearly predominated over the others classes.

Mycological research should definitely be encouraged in Ligurian beech 
woods, and in particular the corrélation between fungi growing and spécifie cli- 
matic conditions and soil/substrate types should be studied in depth.

However, a more complété picture of the mycoflora of beech woods can 
be only achieved by means of long-term floristic and coenological studies.

REFERENCES

ADAMCZYK X, 1996 - Les champignons supérieurs des hêtraies du nord du Plateau de 
Czestochowa (Pologne méridionale). Lejeunia, Nouvelle série 150 : 1-83.

ALESSIO C.L., 1985 - Fungi Europaei 2. Boletus Dill. ex L. Ed. G. Biella, Saronno, 712 p.
ALESSIO C.L., 1991 - Fungi Europaei 2A. Boletus Dill. ex L (Supplemento). Ed. G. Biella, 

Saronno,126 p.
ALESSIO C.L. & REBAUDENGO E., 1980 - Iconographia Mycologica. 29 (Suppl. 3), 

Inocybe. Trento.
ANTONINI EX, ANTONINI M„ LAGANÂ A. & SALERNI E„ 1999 - Mycoflora of the 

beech woods of the northern Apennine (Toscana-Italy). Documents 
Mycologiques 29(115): 69-78.

ARNOLDS E., 1984 - Standardlijst van Nederlandse Macrofungi. Coolia 26 (Suppl): 1- 
362.

BALLETTO G, 1972 - Saggio diflora micologica analitica con particolare riguardo per la 
flora ligustica. Tip. Don Bosco, Genova, 526 p.

BALLETTO G, 1981 - Contributo alla conoscenza délia flora micologica ligustica. IL 
Micologia Italiana 10(2) : 22-28.

BALLETTO G, 1990 - Problemi di nomenclatura. 16. Micologia Italiana 19(1): 30-34.
BALLETTO G, 1992 - Problemi di nomenclatura. 21. Micologia Italiana 21(3): 49-52.
BALLETTO C., 1993 - Problemi di nomenclatura. 22. Micologia Italiana 22(1): 52-54.
BERNICCHIA A., 1990 - Polyporaceae si in Italia. Istituto di Patologia Vegetale, 

Université degli Studi di Bologna, 594 p.
BERTÉA R, BON M„ CHEVASSUT G, COURTECUISSE R ., LECOT G, NEVILLE 

R, PROUST F. & RASCOL J.-P. 1989 - Noms corrects et synonymes correspon­
dants des champignons présentés habituellement dans les expositions et les 
ouvrages classiques. Fédération des Associations Mycologiques Méditerra­
néennes. 128 p.

BON M., 1980 - Clef monographique du genre Lactarius (Pers. ex Fr.) S.F. Gray. 
Documents Mycologiques 10(40): 1-85.

BON M., 1984 - Les Tricholomes de France et d’Europe occidentale. Encycl. Mycol. 36. 
P. Lechevalier, Paris, 324 p.

BON M., 1988 - Champignons d’Europe Occidentale. Edition Arthaud, 1988, 368 p.
BOUDIER E., 1905-1910 - Icônes Mycologicae ou Iconographie des Champignons de 

France principalement Discomycetes. 1-4. P. Klincksieck, Paris.
BOURDOT H. & GALZIN A., 1927 - Hymenomycetes de France. P. Lechevalier, Paris, 

761 p.



160 M. Zotti

B REITENBACH J. & KRÀNZLIN E, 1981 - Champignons de Suisse. 1. Les Ascomycètes. 
Ed. Mykologia, Lucerne, 310 p.

BREITENBACH J. & KRÀNZLIN F., 1986 - Champignons de Suisse. 2. Champignons sans 
lames. Ed. Mykologia., Lucerne, 412 p.

BREITENBACH J. & KRÀNZLIN F., 1991 - Champignons de Suisse. 3. Bolets et 
champignons à lames, première partie. Ed. Mykologia., Lucerne, 364 p. 

BREITENBACH J. & KRÀNZLIN F, 1995 - Champignons de Suisse. 4. Champignons à 
lames 2e partie. Ed. Mykologia., Lucerne, 371 p.

BRESADOLA G., 1927-1933 - Iconographia Mycologica. 1-26. Milano.
BRUMMITT R.K. & POWELL CE., (ed.), 1992 - Authors of Plant Names - Royal 

Botanic Gardens, Kew, 732 p.
CANDUSSO M. & LANZONI G, 1990 - Fungi Europaei 4. Lepiota s.l. Ed. G. Biella, 

Saronno, 743 p.
CAPPELLI A., 1984 - Fungi Europaei 1. Agaricus L.: Fr. ss. Karsten (Psalliota Fr.). Ed. G. 

Biella, Saronno, 560 p.
CARABIENIER R., OURISSON N. & BERNARD A., 1975 - Erfahrungen über die 

Beziehungen zwischen Grospilzen und Pflanzengesellschaften im der Rheinebene 
und den Vogesen. Beitrage zur Naturkundlichen Forschung in Siidwestdeutschland 
34 : 37-56.

CERUTI A., BENVENUTI R., LUPPI MOSCA A.M. & GHISLENI R, 1987-1988 - 
Ricerca micocenologica nella faggeta di Palanfré (Cuneo, Piemonte). Allionia 28: 
135-164.

CETTO B., 1976-1993 - I funghi dal vero. 1-7. Ed. Saturnia, Trento.
CHIFU T, 1975. Ecologie researches on macroscopie fungi from Fagetum carpaticum asso­

ciation on Leghin Hill. Revue Roumaine de Biologie, Série Biologie Végétale 
20(3) : 179-184.

COOKE M.C., 1881-1891 - Illustrations of British Fungi. 1-8. Williams and Norgate, 
London.

COUGNET A., 1879 - Descrizione cosmografica climatica fluviale ed agricola del circon- 
dario savonese. Ed.Sabatia, Savona, 45 p.

COURTECUISSE R. & DUHEM B., 1994 - Guides des champignons de France et 
d’Europe. Delachaux et Niestlé, Lausanne, 480 p.

DENNIS R. W. G., 1981 - British Ascomycètes. J. Cramer, Vaduz, 486 p.
DIX NJ. & WEBSTER J., 1995 - Fungal ecology. Chapman & Hall, London. 549 p. 
EINHELLINGER A., 1987 - Die Gattung Russula in Bayern. Bibliotheca Mycologica 112. 

J. Cramer, Berlin- Stuttgart, 312 p.
FR AN CHELLO 0., 1972 - Formazione e sviluppo di un fronte di penetrazione colonica 

nell’ambito del Bosco di Savona. Atti e memorie délia Società Savonese di Storia 
Patria, vol. IV.

GENTILE S., 1974 - Ricerche sui faggeti delPAppennino Ligure. Not. Fitosoc. 9 :131-138. 
GENTILE S., 1984 - Zonazione altitudinale délia vegetazione in Liguria. Lavori délia 

Società Italiana di Biogeografia 9:1-19.
GREUTER W. et al (eds), 1988 - International Code of Botanical Nomenclature. Koeltz Sci. 

Book, Koenigstein.
HAWKSWORTH D.L., KIRK RM., SUTTON B.C. & REGLER D.N., 1995 - Dyctionary 

of the Fungi. Ed 8. CAB International, Cambridge, 616 p.
JÜLICH W., 1989 - Guida alla determinazione dei funghi. 2. Aphillophorales, 

Heterobasidiomycetes, Gastromycetes. Ed. Saturnia, Trento, 597 p.
KITS VAN WAVEREN E., 1985. - The Dutch, French and British species of Psathyrella.

Persoonia, Suppl. Vol.2. Rijksherbarium, Leiden.
KONRAD P. & MAUBLANC A., 1924-1937 - Icônes selectae fungorum. 1-6. Lechevalier, 

Paris.
KREISEL H., 1987 - Pilzflora der Deutschen Demokratischen Republik. G. Fischer, Jena,

281 p.
KÜFINER R. & ROMAGNESI H., 1953 - Flore Analytique des Champignons supérieurs. 

Masson, Paris, 554 p.
LANGE J., 1935-1940 - Flora Agaricina Daica. 1-5. Copenaghen.



Mycological researches in Ligurian beech woods 161

LISIEWSKA M., 1972 - Mycosociological research on macromycetes in beech forest asso­
ciations. Mycopathologia et Mycologia applicata 48(1): 23-34.

LISIEWSKA M., 1974 - Macromycetes of beech forests within the eastern part of the 
Fagus area in Europe. Acta Mycologica 10 : 3-72.

MAAS GEESTERANUS R.A., 1992 - Mycenas of the Northern Hemisphere. 1-2. North- 
Holland, Amsterdam.

MARCHAND A., 1971-1986 - Champignons du Nord et du Midi. 1-9. Soc. Mycol. Pyrénées 
Médit., Perpignan.

MERLO E.G. & TRAVERSO M., 1983 -1 nostri funghi. Le Amanite. Sagep, Genova, 151 p.
MONTECCHI A. & LAZZARI G., 1993 - Atlante fotografico di funghi ipogei. AMB, 

Trento e CSM, Vicenza, 113 p.
MOOR M., 1960 - Zur Systematik der Querco-Fagetea. Mitteilungen der Floristisch-soziolo- 

gischen Abeitsgemeinschaft N.E 8 263-293.
MOSER M., 1980 - Guida alla determinazione dei funghi. 1. Polyporales, Boletales, 

Agaricales, Russulales. Ed. Saturnia, Trento, 565 p.
NOORDELOOS M.E., 1987 - Entoloma (Agaricales) in Europe. Nova Hedwigia 91 : 1- 

419.
NOORDELOOS M.E., 1992 - Fungi Europei 5. Entoloma s.l. Libreria Giovanna Biella, 

Saronno, 760 p.
ORSINO F., 1986 - Contributo alla conoscenza dellla flora micologica ligustica. VI 

Micologia Italiana 15(3): 5-9.
ORSINO F., 1988 - Contributo alla conoscenza délia flora micologica ligustica. VI. 

Micologia Italiana 17(2): 13-20.
ORSINO E, 1991 - Ricerche micocenologiche in castagneti délia Liguria. Micologia 

Italiana 20(3): 95-102.
ORSINO F, 1993 -Ricerche micocenologiche in leccete délia Liguria. Micologia Italiana 

22(3): 117-126.
ORSINO F. & DAMERI R.M., 1989 - Ricerche sulla flora micologica délia Liguria. II. I 

Micromiceti dei castagneti delle alte valli Scrivia e Polcevera (Appennino ligure). 
Webbia 43(2): 355-356.

ORSINO F. & DAMERI R.M., 1991 - Ricerche sulla flora micologica délia Liguria. I 
macromiceti delle leccete di Punta Manara (Liguria Orientale). Webbia 46(1): 
125-149.

ORSINO F. & DAMERI R.M., 1996 - Ricerche sulla flora micologica délia Liguria. 4. I 
macromiceti delle Faggete dei Melogno (Liguria occidentale). Webbia 51(1): 121- 
166.

ORSINO F. & TRAVERSO M., 1986 - Ricerca sulla flora micologica délia Liguria. I 
Macromiceti délia pietra di Finale (Liguria occidentale). Webbia 40(2): 301-322.

ORSINO F. & TRAVERSO M., 1990 - Contributo alla conoscenza délia flora micologica 
ligustica. VIII. Micologia Italiana 19(2): 11-16.

ORSINO F., ZOTTI M. & DAMERI R M., 1999 - Contributo alla conoscenza délia flora 
micologica ligustica. XII. Micologia Italiana 1(2): 3-8.

ORTON P.D., 1986 - British Fungus Flora. Agarics and Boleti. 4. Pluteaceae: Pluteus and 
Volvariella. Royal Botanic Garden, Edinburgh, 99 p.

ORTON RD. & WATLING R., 1979 - British Fungus Flora. Agaricus and Boleti. 2. 
Coprinaceae: Coprinus. Royal Botanic Garden, Edinburgh, pp. 149.

PILÂT A., 1958 - Gasteromycetes. In: Flora CSR, ser. B, L. Svazekl. Naklad. Cekoslov. 
Akad. Ved. Praha.

POLLACCI G., 1896 - Micologia ligustica. Atti Società Ligustica. Scienze Naturali e 
Geografia. Genova. 7: 283-350.

RIVA A., 1988 - FungiEeuropaei 3. Tricholoma (Fr) Staude. Ed. G. Biella, Saronno, 618 p.
ROMAGNESI H., 1956-1967 - Nouvel Atlas des Champignons. 1-4. Bordas, Paris.
ROMAGNESI H., 1967 - Les Russules d’Europe et d’Afrique du Nord. Bordas, Paris, 

1030 p.
SCHAEFFER J., 1952 - Russula-Monographie. Die Püze Mitteleuropas, B and III. J. 

Klinkhardt, B ad Heilbrunn, 280 p.



162 M. Zotti

SINGER R., 1986 - The Agaricales in modem taxonomy. Ed. 4. Koeltz Sci. Books 
Koenigstein, 981 p.

STANGL J., 1991 - Guida alla determinazione dei funghi. Inocybe. Saturnia, Trento, 437 p.
TARTARAT A., 1988 - Flore analytique des Cortinaires. Fédér. Mycol. Dauphiné-Savoie, 

Bellegarde, 320 p.
THOEN D., 1970 - Etude mycosociologique de quelques associations forestières des dis­

tricts picardo-brabançon, mosan et ardennais de Belgique. Bulletin des Recherches 
Agronomiques de Gembloux, 5(1-2): 310-326.

THOEN D., 1971 - Etude mycosociologique de quelques associations forestières des dis­
tricts picardo-brabançon, mosan et ardennais de Belgique [2 partie]. Bulletin des 
Recherches Agronomiques de Gembloux , 6(1-2): 215-243.

TRAPPE J.M., 1962 - Fungus associâtes of ectotrophic mycorrhizae. Botanical Review 
28(4): 538-606.

TYLER G., 1985 - Macrofungal dora of Swedisch beech forest related to soit organic mat- 
ter and acidity characteristics. Forest Ecology and Management 10: 13-29.

UBALDI D., 1974 - Faggeti e boschi montani a cerro nel Montefeltro (Appennino romag- 
nolo-marchigiano). Not. Fitosoc. 9: 83-129.

UBALDI D., BERNICCHIA A., PADOVAN F. & ZANOTTI A.L., 1991 - Osservazioni 
micofitosociologiche nella foresta del Cansiglio. Micologia & Vegetazione Medi- 
terranea 5: 25-38.

VANOSSI M., 1991 - Guide Geologiche Regionali, 11 itinerari, Alpi Liguri. Société 
Geologica Italiana, Ed. Berna, Roma, 293 p.

VENTURELLA G., SAITTA A. & MAZZOLA R, 1999 - Contribution to the knowledge 
of the beech wood mycological dora in the Madonie Mts (N. Sicily). Flora 
Mediterranea, 9:17-55.

WATLING R., 1982 - British Fungus Flora. Agaricus and Boleti. 3 Bolbitiaceae: Agrocybe, 
Bolbitius and Conocybe. Royal Botanic Garden, Edinburgh, 138 p.

WATLING R. & GREGORY N.M., 1987 - British Fungus Flora. Agaricus and Boleti. 5 
Strophariaceae and Coprinaceae p.p. Royal Botanic Garden, Edinburgh, 120 p.

WATLING R. & GREGORY N.M., 1989 - British Fungus Flora. Agaricus and Boleti.
Crepidotaceae, Pleurotaceae and other pleurootoid agarics. Royal Botanic Garden, 
Edinburgh, 157 p.

WATLING R., GREGORY N.M. & ORTON P.D., 1993 - British Fungus Flora. 
Cortinariaceae. Royal Botanic Garden, Edinburgh, 131 p.

WILKINS W.H., ELLIS E.M. & HARLEY I L., 1937 - The Ecology of the larger fungi I. 
Annals of Applied Biology 24: 703-732.




