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A rapid decrease in the size and composition of macromycetes populations has been observed

in various regions of Europe. Such changes have been mainly attributed (directly or indirectly)

to human interference, and most notably to the degradation of natural ecosystems and to air pol-

lution. Especially as regards ectomycorrhizal fungi, it has been demonstrated that many of them

are very suitable bio-indicators of the disturbance of forest ectotrophic stability. Air pollution

affects negatively not only the number of species but also the number of basidiomata produced

by this category of fungi; in contrast, fungal communities seem to get enriched in lignicolous

species. Studies focusing on the determination of the deterioration of forest ecosystems are

practically non-existent in the Mediterranean area. Hence, monitoring of the suitable groups of

macrofungi in terms of both qualitative and quantitative assessments could provide valuable

pertinent data.

Introduction

The lack of knowledge on fungal biodiversity is evident by the fact that possibly only

5-10% of fungal species have been discovered and described (Hawksworth 1991). Only

during the last two-three decades fungi started to receive attention as essential compo-

nents of natural ecosystems. As regards the Mediterranean region in particular, pertinent

data are rather scarce and fragmentary, while studies on the ecology of fungal species

and the influence that environmental factors exert on their communities have been sig-

nificantly delayed.

On the other hand, of significant importance to the ongoing fungal conservation ini-

tiatives in Europe is the publication of national and/or regional check-lists in many

Mediterranean countries (e.g. Bernicchia & al. 2005; Dimou & al. 2002; Onofri & al.

2003; Ortega & Linares-Cuesta 2002; Venturella 1991; Zervakis & al. 1998, 1999), and

the compilation of provisional-preliminary Red Lists (e.g. Ivančević 1998, Venturella &

al. 1997, 2002).



Environmental factors and the diversity of macrofungi: a review of literature data

During the recent past, the intensification of human activities led to high increase of air

pollution and to the degradation of ecosystems, which in turn caused significant adverse

effects in fungal communities as well. Air pollution may influence fungi through the green-

house effect producing a climate change, as well as exerting an indirect effect through

modification of vegetation. Such changes might threaten climate-sensitive species and/or

favor the appearance/growth of more thermopiles taxa which could in turn act as alien

competitors against native species. In addition, interactions between biotrophs and their

hosts are also modified. Another global problem is the destruction of habitats and the

decrease of forest areas. Some other environmental or pollution-related issues with a more

local or specific effect on fungi include:

- deposition of various pollutants (incl. depositions from acid rain) leading to soil mod-

ifications or contamination of water resources,

- accumulation of metals on substrates interfering with fungi,

- occurrence of residues resulting from the widespread use of pesticides and fungicides

mainly in adjacent agricultural lands,

- eutrophication, i.e. contamination of water resources with nutrients draining off from

agro-industrial activities,

- desertification, caused by shifts in precipitation patterns resulting from climatic change,

- fragmentation of habitats resulting from forest cutting, urban extension, alterations in

land uses and change of agricultural practices.

Experimental data on the effects which the above mentioned factors exert on fungal

diversity are indicative of the state of relevant research in Europe.

The most indicative examples of the adverse effects of natural or anthropogenic distur-

bances are provided by studies on ectomycorrhizal-forming fungi. Decline in the populations

of the edible mushroom Cantharellus cibarius is well documented in the Netherlands, and it

is likely that the decline of this species is representative for many more ectomycorrhizal

species (Dahlberg 1991). Forests which are particularly rich in ectomycorrhizal fungi are

often situated on hilly sites with a nutrient poor soil with a thin or absent organic layer (soil-

erosion problems) and a low coverage of vascular plants. These forest communities are

threatened by eutrophication and/or acidification caused by air pollution. Clearly many of the

ectomycorrhizal fungi dependent on living trees and other fungi characteristic of old, undis-

turbed soils will disappear. However, the inoculum potential of (some) ectomycorrhizal fungi

remains present for several years in clearcuts (Dahlberg 1991).

Fellner (1993) described the decline of ectomycorrhizal fungi in Central Europe in

terms of the disturbance of ectotrophic forest stability as a consequence of air pollu-

tion. This process includes latent, acute and lethal stages corresponding with both spe-

cific phases of the impoverishment of ectomycorrhizal and the enrichment of ligni-

colous mycocoenoses. Ohtonen & Markkola (1989) estimated the effect of local air

pollution on the basidiomata production by mycorrhizal fungi and on microbial activ-

ity in Scots pine forests. The species composition of the mycorrhizal fungi varied in

the differently polluted areas. The biomass and number of basidiomata and biological

activity in the humus seemed to decrease towards the most polluted areas. Reasons for

this may lie in the pH, the amount of ammonium nitrogen, total nitrogen and total sul-
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phur present, all of which were at a higher level in the most polluted areas.

Basidiomata production and biological activity showed negative correlations with

these soil parameters. The mycorrhizal fungi were in the poorest condition in the most

polluted area.

Poor soil quality hinders propagation of fungi and plants, and greater distances for

inoculum dispersal have to be overcame to the nearest undisturbed vegetation. Erosion, in

particular, is an issue of concern in rangelands and has been documented as a cause of

inoculum depletion (Hall 1979). Many less drastic disturbances occur, that also reduce

inoculum, including tillage, fertilization, irrigation, pesticides and heavy grazing. Grazing

has variable effects on mycorrhizal fungi depending upon the degree of grazing and the

yearly variability in precipitation.

Baar & Kuyper (1993) observed that removal of litter and humus layers by man-

agement practices or by wind had a positive effect on ectomycorrhizal fungi. Field

experiments have been set up in stands of Pinus sylvestris to study the effects of

removing the ectorganic layer in a more detailed way. Sod-cutting had a positive effect

on the number of ectomycorrhizal species and on the number of sporomata. Adding

sods had a negative effect on the number of ectomycorrhizal species and on the num-

ber of sporomata.

Modern agriculture increasingly uses chemical treatments that can give rise to vari-

ous kinds of environmental modifications. This problem is especially well documented

in Europe for grassland fungi, both macromycetes such as Hygrocybe spp. but also soil

fungi. The nitrogen content of the basidiomata of Lactarius rufus and Suillus variega-
tus was measured on unfertilized and fertilized plots in four forest stands of different

types in Finland in 1978-1984 (Ohtonen 1986). The effects on the fungal diversity of

fertilizing forests has been reviewed by Kuyper (1989). In experiments N-fertilizer was

applied with the purpose to stimulate the growth of trees or to compensate for (harm-

ful) influences of air pollution. Nitrogen fertilization has a strong inhibitory effect on

ectomycorrhizal symbiosis in laboratory as well as in field experiments. Only a few

species increase after fertilizing e.g. Paxillus involutus, Laccaria bicolor or are indif-

ferent (Lactarius rufus). Many species decrease or even disappear completely, e.g.

many Cortinarius and Suillus species. It is not yet apparent whether the mycorrhizas

themselves are affected as well, yet the fructification process seems to be most sensi-

tive. NPK fertilizer application also has a strong negative effect on most ectomycor-

rhizal fungi, comparable with N fertilizer alone (Hall 1978). Fertilizing causes a decline

in some of the saprotrophic species and a shift in species composition towards

eutraphent species. In a fertilization experiment in a Scots pine forest in the

Netherlands Mycena sanguinolenta, Clitocybe vibecina, Entoloma cetratum decreased

whereas Mycena galopus, Clitocybe ditopus and C. metachroa increased after applica-

tion of fertilizer (Kuyper 1989).

Furthermore, according to the investigation of Newsham & al. (1992) the occurrence

and the ecophysiology of fungi are affected by sulphur dioxide (SO
2
), a common pollutant

in the atmosphere over continental Europe and North America.
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Mushrooms as bioaccumulators of heavy metals and radionuclides

Extensive research has been carried out since the 1970’s on trace elements (mainly

heavy metals) occurrence in mushrooms, which was mainly focusing at screening several

mushrooms species as bio-indicators of environmental pollution and detecting those edi-

ble species accumulating high levels of heavy metals. The ability of macromycetes to

adsorb and accumulate certain heavy metals (e.g. cadmium, mercury, lead and copper) in

quantities higher than those detected in soil and plants has been demonstrated by several

authors (Klan 1984; Ohtonen 1982, etc.). This is explained by the intensive contact

attained between the mycelium network and the growth substrate (soil, litter, wood), and

by the osmotrophic abilities of these organisms. In contrast, the proportion of metal con-

centration in sporomata deriving directly from atmospheric depositions seems to be of less

importance due to the short lifetime of a fruiting body.

Several reviews of heavy metal concentrations in mushrooms have been published

(Kalac & Svoboda 2000; Seeger 1982; Vetter 1994). Results demonstrate, among others,

that some species accumulate high levels of cadmium and mercury even in unpolluted and

mildly polluted areas, while the concentrations of both metals (and also of lead) increase

considerably in heavily polluted sites. For example, the genus Agaricus seems to be a par-

ticularly effective accumulator for both for cadmium and mercury (Schmitt & Meisch

1985; Seeger 1982), while heavily accumulating mercury and lead species are also

Calocybe gambosa, Lepista nuda, Lycoperdon perlatum, Macrolepiota and Boletus spp.

(Kalac & Svoboda 2000; Sameva & al. 1999). The content of several other metals (e.g.

chromium, copper, zinc, cobalt) has been measured in mushrooms, often in quantities

exceeding common levels; comparison of metal concentrations in the sporomata demon-

strate that many species may accumulate selectively (Kalac & Svoboda 2000).

In regions where the anthropogenic impact is more pronounced, dry deposition of par-

ticles containing heavy metals on the relatively large surface of macromycetes also plays

an important role. This issue is of special interest since consumption of edible mushrooms

growing in urban and industrial regions has caused several cases of human poisoning,

which was attributed to their high (toxic) accumulation of content in heavy metals.

Dimitrova & al. (1999) investigated the arsenic content in basidiomata of different fun-

gal species. They showed that the presence of arsenic content exceeded two times the MAA

(Sanitary Standards of Maximum Admissible Amount) in Agaricus silvicola, A. arvensis,
Macrolepiota procera, M. rhacodes, Lycoperdon pyriforme, L. perlatum, Clitocybe gibba
and Calvatia utriformis. Stijve & al. (1990) analyzed the arsenic content from seven

Laccaria species. The arsenic accumulating ability of L. amethystina was amply confirmed.

L. laccata var. pallidifolia and L. purpureobadia might also possess the ability to concen-

trate arsenic, but they will only do so under certain (yet unknown) conditions.

Turnau (1989) investigated the effect of different types of industrial dust on the mycor-

rhizal status of a Pino-Quercetum plant community in a mixed forest near Krakow

(Poland). A marked decrease in mycorrhizal plant population was observed in all plots.

Turnau & Kozlowska (1991) analyzed the influence of industrial dust on the heavy metal

content in different fungal species. Armillaria lutea, Auriscalpium vulgare and Mycena
ammoniaca demonstrated their ability to accumulate heavy metals.
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It is also known that mushrooms are efficient accumulators of radionuclides, as it was

particularly evidenced after nuclear-plant accidents (e.g. Chernobyl, April 1986). By this

accident a wide range of radioactive nuclides were released into the environment, the most

important isotope of which was 137Cs because of its long half-life (30 years). Since then,

the radiocesium levels detected in fruits and vegetables have decreased, while in fungi the

activity of radiocesium continues to be very high. Wasser & Grodzinskaya (1996) studied

radionuclide accumulation in the basidiomata of macromycetes during the vegetation sea-

son of 1990-1991 in 44 locations of the Ukraine. Content of 137Cs in basidiomata was 1-2

orders of magnitude higher than in the substrata on which they were growing. Species

belonging to the families Amanitaceae, Boletaceae and Russulaceae were mainly charac-

terized by high contents of radiocesium and may be considered as bioindicators of the

radioactive contamination of the area. Increased radiocesium accumulation in mushrooms

was as follows: lignotrophs > saprotrophs > mycosymbiotrophs.

Edible mushroom harvesting

Air pollution and intensive forest management (leading to declines in forest health and

forest ecosystems), together with climate change, pollution from growing urban areas,

ozone depletion, introduced pathogens, and intensive timber harvesting, are thought to be

major contributors to decreased mushroom diversity and productivity in Europe (Arnolds

1991). Initial studies of the impacts of edible mushroom picking have concluded that

rational harvesting does not diminish subsequent fruiting (Egli & al. 1990, Norvell & al.

1995), but these small-scale studies have not adequately addressed the impacts of large-

scale commercial mushroom harvesting or forest management activities over long periods

of time. Ivančević (1998) stated that in the early nineties, warnings were issued about the

diminishing quantities of the wild mushrooms harvested year per year, and that certain

species of macromycetes were endangered. Nowadays, ECCF (European Council for the

Conservation of Fungi) members from eastern and from southern Europe complain about

the damage caused to their forest ecosystems by commercial harvesting of edible mush-

rooms that are exported to western Europe.

Pilz & Molina (1996) proposed a regional approach to edible forest mushroom moni-

toring and research in the USA’s Pacific Northwest. Its objectives included: 

Low-intensity, long-term monitoring of areas with heavy commercial harvesting to

ensure harvest sustainability and evaluate reasons for potential trends.

Low-intensity, long-term monitoring of natural areas (where neither timber nor mush-

room harvesting occurs) to provide control sites for interpreting trends in commercially

harvested areas and to detect trends related to regional changes in the environment or for-

est health.

Intensive, short-term research on correlations between mushroom productivity, habitat,

and stand management activities to provide forest managers with the information needed

to ensure future habitat availability and mushroom collection opportunities.

Use development of this research and monitoring program as a prototype for cost-effec-

tiveness ensuring the sustainable harvest of an array of other non-timber forest products by

engaging interested public in research and monitoring activities.
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The program design of this initiative involving (among others) integrated research and

monitoring activities, voluntary participation by interested agencies, organizations or indi-

viduals, common core sampling procedures, site selection criteria and meta-data evalua-

tion, is a good example of the type of work needed to rationalize managing of forest

ecosystems and edible mushroom harvesting.

Influence of other factors on fungal diversity

Besides the adverse effect that most human activities exert on fungal diversity, appear-

ance and abundance of mushrooms are influenced by climatic conditions. The temperature

and humidity of the air and soil are among the principal factors that regulate fungal growth

and reproduction. The influence of environmental factors, both climatic and edaphic, could

be evidenced by the major variations observed in species distribution and yields, and also

as a function of time, i.e. in variations between years and growth seasons. The evidence

reported from mycodiversity studies in Greece and Sicily (Venturella & Zervakis 2000;

Zervakis & al. 2002, 2002a) confirmed that fungi require a certain level of moisture; rain-

falls, air humidity and soil moisture, which are all significant factors for the achievement

of a good crop of mushrooms; the rainfall during the last 3-5 months preceding mushroom

appearance has a marked effect on their productivity; rare species occasionally appear as

a consequence of a particularly hot summer; the number of mycorrhizal species do not

increase in unusually warm summers; peak temperatures exercise their influence predom-

inantly via the soil, affecting its moisture content; particularly low temperatures have a

direct (detrimental) effect on the growth of fungi. Finally, the fact that high total annual

precipitation is predictive of a poor yield of ectomycorrhizal mushrooms in the autumn of

the following year, may be attributed to the good yield almost certainly obtained during the

autumn of the previous year, especially when the preceding summer was rainy (since this

high yield would have undoubtedly reduced the potential of the mycorrhizal fungi to pro-

duce another good yield immediately after).

References

Arnolds, E. 1991: Decline of ectomycorrhizal fungi in Europe. – Agric. Ecosyst. Environm. 35: 209-244.

Barr, J. & Kuyper, Th. W. 1993: Litter removal in forests and effect on mycorrhizal fungi. – Pp. 275-

286 in: Pegler, D. N., Boddy, B., Ing, B. & Kirk, P. M. 1993 (eds), Fungi of Europe:

Investigation, Recording and Conservation. – Kew.

Bernicchia, A., Filipello Marchisio, V., Padovan, F., Perini, C., Ripa, C., Salerni, E., Savino, E.,

Venturella, G., Vizzini, A., Zotti, M. & Zucconi, L. 2005: Checklist dei Funghi italiani.

Basidiomycetes, Basidiomycota. Coordinated by S. Onofri. – Sassari.

Dahlberg, A., 1991: Ectomycorrhiza in coniferous forest: structure and dynamics of populations and

communities.,Thesis. – Uppsala.

Dimitrova, E., Yukurova, L., Sameva, E., Gyosheva, M., Bakalova, G. & Fakirova, V. 1999:

Accumulation of arsenic in fruiting bodies of macromycetes. – J. Balkan Ecol. 2(4): 81-89.

Dimou, D., Zervakis, G. I. & Polemis, E. 2002: Mycodiversity studies in selected ecosystems of

Greece: I. Macrofungi from the southernmost Fagus forest in the Balkans (Oxya Mountain,

central Greece). – Mycotaxon 82: 177-205.

82 Zervakis & Venturella:Adverse effects of human activities on the diversity ...



Egli, S., Ayer, F. & Chatelain, F. 1990: Der Einfluss des Pilzsammelns auf die Pilzflora. – Mycologia

Helvetica 3(4): 417-428.

Fellner, R. 1993: Air pollution and mycorrhizal fungi in central Europe. – Pp. 239-250 in: Pegler, D.

N., Boddy, B., Ing, B. & Kirk, P. M. (eds), Fungi of Europe: Investigation, Recording and

Conservation. – Kew.

Hall, D. 1978: Experiments with NPK fertilizers in relation to the growth of toadstools in beech

woods. I. Preliminary study. – Vasculum 63: 25-41.

— 1979: Effect of vesicular-arbuscula mycorrhizas on growth of white clover, lotus and ryegrass in

some eroded soils. – New Zealand J. Agric. Res. 22: 479-484.

Hawksworth, D. L. 1991: The fungal dimension of biodiversity: magnitude, significance and con-

servation. – Mycol. Res. 95: 641-655.

Ivančević, B. 1998: A preliminary red list of the macromycetes of Yugoslavia. – Pp. 57-61 [In: Perini,

C. (ed.), Conservation of Fungi in Europe], Proceedings of the 4th Meeting of the European

Council for the Conservation of Fungi. – Vipiteno.

Kalac, P., & Svoboda, L. 2000: A review of trace element concentrations in edible mushrooms. –

Food Chemistry 69: 273281.

Klan, J. 1984: Mushrooms. – Prague.

Kuyper, Th. W. 1989: Auswirkungen der Walddüngung auf die Mykoflora. – Beitr. Kenntn. Pilze

Mitteleurop. 5: 5-20.

Newsham, K. K., Frankland, J. G., Boddy, L. & Ineson, P. 1992: Effects of dry-deposited sulphur

dioxide on fungal decomposition of angiosperm tree leaf litter, I. Changes in communities of

fungal saprotrophs. – New Phytol. 122: 97-110.

Norvell, L., Kopecky, F., Lindgren, J. & Roger, J. 1995: The chanterelle (Cantharellus cibarius): a
peek at productivity. – Proceedings: The business and science of special forest products - a

conference and exposition, USA 26-27 January1994.

Ohtonen, R. 1982: Mineral concentrations of some edible fungi and their relation to fruit-body size

and mineral status of substrate. – Ann. Bot. Fenn. 19: 203-209.

— 1986: The effects of forest fertilization on the nitrogen content of the fruit-bodies of two mycor-

rhizal fungi, Lactarius rufus and Suillus variegatus. – Ann. Bot. Fenn. 23: 189-203.

— & Markkola, A. M. 1989: Effect of local air pollution on the sporophore production of mycor-

rhizal fungi, mycorrhizae and microbial activity in Scots pine forests. – Medd. Norveg. Inst.

Skogforsk 42(1): 121-132.

Onofri, S., Bernicchia, A., Filipello Marchisio, V., Perini, C., Venturella, G., Zucconi, L. & Ripa, C.

2003: The Check-list of Italian Fungi, Part I (Basidiomycetes, Basidiomycota). – Bocconea

16(2): 1083-1089.

Ortega, A. & Linares-Cuesta, J. E. 2002: Analisis mico-ecologico (Agaricales s. l.) de los pinares de

la provincia de Granada (Espana). – Doc. Mycol. 31: 39-51.

Pilz, D. & Molina, R. (eds) 1996: Managing forest ecosystems to conserve fungus diversity and sus-

tain wild mushroom harvests. – Portland.

Sameva, E., Yukurova, L., Gyosheva, M., Dimitrova, E., Bakalova, G. & Fakirova, V. 1999: Lead

accumulation by macromycetes grown on polluted substrata in Bulgaria. – J. Balkan Ecol.

2(4): 90-97.

Schmitt, J. A. & Meisch, H. U. 1985: Cadmium in mushrooms - distribution, growth effects and

binding. – Trace Elements in Medicine, 2: 163-166.

Seeger, R. 1982: Toxische Schwermetalle in Pilzen. – Deutsche Apotheker Zeitung 122: 1835-1844.

Stijve, T., Vellinga, E. C. & Herrmann, A. 1990: Arsenic accumulation in some higher fungi. –

Persoonia 14(2): 161-166.

Turnau, K. 1989: The influence of industrial dusts on the mycorrhizal status of plants in Pino-

Quercetum forest. – Agric. Ecosyst. Environ. 28: 529-533.

Bocconea 21 — 2007 83



— & Kozlowska, H. 1991: The influemce of industrial dust on the heavy metal content of fungi. –

Zesz. Nauk. Uniw. Jagiellon., Prace Bot. 22: 135-144.

Venturella, G. 1991: A check-list of Sicilian fungi. – Bocconea 2: 5-221.

— & Zervakis, G., 2000: Comparative evaluation of macromycetes diversity in Sicily and Greece. –

Bot. Chron. 13: 419-428.

—, Perini, C., Barluzzi, C., Pacioni, G., Bernicchia, A., Padovan, F., Quadraccia, L. & Onofri, S.

1997: Towards a Red Data List of fungi in Italy. – Bocconea 5: 867-872.

—, Bernicchia, A., Filipello Marchisio, V., Pacioni, G., Perini, C., Onofri, S., Savino, E. & Zucconi,

L., 2002: Harmonisation of Red Lists in Europe: some critical fungal species from Italy. – Pp.

46-47 in: Seminar on “The harmonisation of National Red Lists in Europe”, Leiden, 27-28

November 2002.

Vetter, J. 1994: Data on arsenic and cadmium contents of some common mushrooms. – Toxicon 32:

11-15.

Wasser, S. P. & Grodzinskaya, A. A. 1993: Content of radio nuclides in macromycetes of the Ukraine

in 1990-1991. – Pp. 189-210 in: Pegler, D. N., Boddy, B., Ing, B. & Kirk, P. M. (eds), Fungi

of Europe: Investigation, Recording and Conservation. – Kew.

Zervakis, G., Dimou, D. & Balis, C. 1998: A check-list of the Greek macrofungi, including hosts and

biogeographic distribution: I. Basidiomycotina. – Mycotaxon 66: 273-336.

—, —, Polemis, E. & Karadelev, M. 2002: Mycodiversity studies in selected ecosystems of Greece:

II. Macrofungi associated with conifers in Taygetos Mountain (Peloponnese). – Mycotaxon

83: 97-126.

—, Lizon, P., Dimou, D. & Polemis, E. 1999: Annotated check-list of the Greek macrofungi: II.

Ascomycotina. – Mycotaxon 72: 487-506.

—, Polemis, E. & Dimou, D. 2002a: Mycodiversity studies in selected ecosystems of Greece: III.

Macrofungi recorded in Quercus forests in southern Peloponnese. – Mycotaxon 84: 141-162.

Addresses of the authors:

Georgios I. Zervakis, National Agricultural Research Foundation, Institute of

Kalamata, Lakonikis 87, 24100 Kalamata, Greece. E-mail: zervakis@kal.forthnet.gr.

Giuseppe Venturella, Dipartimento di Scienze Botaniche, Via Archirafi 28, I-90123

Palermo, Italy. E-mail: gvent@unipa.it.

84 Zervakis & Venturella:Adverse effects of human activities on the diversity ...




