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Chapter 28
SUANTIFICATION OF SPOROCARPS PRODUCED BY HYPCGEOUS FUNGI

*
Robert Fogel

COregon State University
Corvallis, Oregen

I. INTRODUCTIGH

‘nae ramify

Fungi are difficult to study in natural nabitats because taelr minuce o
tiroujaout tielr sucstrate. fost fungi cannot se identificd LYy vedotative cnaractor-
tsticd. In the field, cven storocarp-producing fungi whose taxeonomy i3 based on noce
piwvlcygy often are Linpossible to identify because of the important role of microscouic
characteristics,

Despite the problems in defining individuals and idencifying species as well as
tne ephemeral and seemingly irregular apgearance of SpOrocarrs, mucn can be learned
bty studying sporocarp production. For axanple, mycorrnizal fungi=--difficult to isc-
late by dJdilution plating or other methods-=zcan ce identifiad, and cthose species from
sites where reforestation is difficult can be used to artificially inoculate planting
stock for similar sites. Fungi eaten wuy mycopnagists can te Jetermined. Sporocarps
can Le used to compare different plant associations. Possible specific or obligate
assoclations, such as that of Fuscoboletinus ochraceoroseus {(snell) Pomerlauy and
Smith with its mycorrnizal host Larix, can ke inrferred. finally, more can ve leamn-
@d about the reproductive niology of a species, ratge of variation 1n morwnoloyical
cparacters, and oavironmental factors controlling sporocarp j.roduction.

Tae nypogeous fungi, tnose producing sporocarps unasrground, include memoers of
tne Ascomycetes, Baslaiomycetes, and a few Endogonaceae, Inis snylogenetically di-

Jtalranedan sporocarps but also yenerally

verse group nct only produces macroscopic s
lacks active spore discharge. sterile tissue completely encloses sporogenous tissua,
and many species are approximately spherical. Most nyrogecus fungi are presumed to
be ectomycorrhizal (Trapwe, 1362, 1971). 2\s mycorrnizal fungi, they play an lagorte
ant role in forest tree nutrition s extensions of the root system, Jirectly draining
photosynthates and contributing to soil respiration and nutrient mobilization {Marks
and Kozlowski, 1973; Trappe and Fogel, 1977).

igeous fungi, those producing sporocarps aboveground, are easier to study chan

hypogeous fungi. consaquently, sporocarp preduction by cpigepus fungi nas becn re-

——

.
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554 Fogel

searched more extensively. Cooke (1948, 1953), Hueck (1953), and Hering (1966) re-
v1uwed wuch of the literature published prior to 1960, but much more has appeared
stnce then, especially 1n Burope and Japan. Most of the research can be divided into
tiaree categories (llering, 1968), First, the cpigeous tloras of dirfferent vascular
plant communities have been summarized by species and by the numbers of sporocarps
:acn produces (e.g., see Hofler, 1937; Armolds, 1976). The associated biomass of
vptijeous sporocarps has rarely been chorced (Richardson, 1Y70). Sccond, the Struc—
ture of the fungus community has been analyzed, usually in relation to the vascular

flora (e.q., sce Haas, 1J32; Cooke, 1955). Third, sporocarp pnenology has been ex-

¢lained by graphs relating it to soil nitrate concentration, temperature, precipita-
tion, and occasicnally other environmental factors (e.g., saee wilkins and Harris,
1216; Lange, 1348; Guminska, 1J62; Endo, 1972; Thoen, 1l276). tluo statistical or re-
jreuslon analyses of sporocarp production have apparently been reported.

Thu uycology of hypojeous fungi nas not ceen comparapnly researcned. The fungal

¢loras of different communities have been summarized in specics lists (Ceruti et al.,

1s67; Gross, 1269), and associated biomass has been reported in one study (Fogel, 1135).

sporocarp production has been related to climatic or edaphic factors (Setchell and
watson, lu26; Ceruti =t al., 1367; Moatacchini and Caramiello, 1Jg3d; Fogel, 1U76).
d7counagy also nas been studied in very little detail (Fogel and Peck,.1u75; Fojel
wnd Trappe, 1373), althongh the subtorranean habit, lack of active spore discharge,
ind sterile tissue enclosing spores make mycophagy c¢rucial in spore dispersal. In
rurn, mycophagists have become dependent on hypogeous fungi. For example, fungi com-
irised from 1 to 721 of the food volume consumed yearly by nine species of rodents
{Fugel and Trappe, 1973), and hypogeous fungi comprised #8% of the fungi in the stoa-
wns of some small mammals (Maser et al,, 978}, The importance of mycopnagy to
aeall mammals aluo is illustrated by squirrels who dry and cache sporocarps, includ=

139 hypogeous spucles (hardy, Lad9).

Il. GAMPLING CONSIDERATIONS

Ine subterranean nabit of hypogeous fungi creates several problems in any systematic
Sampllng scheme.  seCause the sporocarps are not visible, suuply locating the fungi
;an pe difficult, Ectomycorrnizal nosts on a study site indicate the possible aypo-
juous flora. uther clues include small pits excavated by rowents and small mounds
ralsed by sporocarps fruiting at tne soil-litter interface. Sporocarps also frurt

1n rotten logs that have Leen invaded by roots of cctomycocrnizal nosts. Patcaes Bl
icad grass and the presence of small flies (Mycetopnilidae) hovering over ripe 3$pQroT
carps are clues for [talian truffle collectors (Singer, Lu6l)., Iie mucn publicy zed
15¢ of pigs and doys to locate truffles depends on their abilicy to smell ripe sporo”
carps of a few truffle species, and tne animals probably could not efficiently locam:

inmature sporocJdrps in quantitative studies.

i
i
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Cnce the sporocarps are located, sampling requires removing the forest floor and
raking the top 1V to 20 cm of mineral soil. This serlously disturbs quadrats, and
now quadrats are nceded for each sampling cace.

otier sampling considerations include srecies aifferences in spatial distribu~
tion and sporocarp phenology. Sporocarp Jdistribution Ls aggregated, not random, and
sporocarp fruiting occurs in tnree distinct pacrerns (Fogel, 1976): (l) single spor=-
ocarps or a few widely scattered over a larje area (e.g., 25 m2); {2) large (2-4 ml),
Loose clusters; and (3) arcs and partial arcs ("fairy rings®) formed by tight clus-
ters of sporocarps (Fig. 1l).

The fruiting of individual species and of the population as a whole varies sea=-
sonally, and it apparently depends on the clizate of the study area. In western Or-
jen, for instance, production is bimodal (Fig. 2) with winter and summer valleys due
to summer drought and cold winter tumperatures (Fogel, 1376). iIn England (Fig. 3)
and 3coeland, whers sporocarp production i3 not limited by summer drought, production
of =plgyeous and presumably hypogjeous specics veaks in the fall {Grainger, 1346; Ricn-
ardson, 1370).
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Fig. ! Distribution of hypogeous sporocarps oa a lu~m X 10-m quadrat subdivided

into 5-m X 5-m subplots in relation to Douglas-fir stoms larger than 4 cm don (diam-

eter at breast heiqgnt) at woods Creek, Oregon. (From Fogel, 1376.)
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Seasonal and spatial differences in sporocarp production make the minimal area

for sampling difficult to determine. Mueller-pombois and Ellenberg (1974) defined

minimal area for population sampling either as the guadrat size that contains 30-95%
wf one gpecies or as the specivs numiber asymptote derived from a species-area curve.
The former definition is inoperable for hypojeous fungi because the community

zepre~
sented by sporocarps constantly changes.

The asymptote derived for hypogeous

popu=
lations depends on the seasonal abundance of sporocarps.

For example, species~area
curves constructed from data collected on l0-m X 10-m quadrats in western Oregon in-

b3
dicate that the minimal area ranges from Q0 to 100 m~ betwen minimum and maximum pro-

-
duction. CUnfortunately, the time factor (4-6 man-nours needed to sample 100 m“) se-

verely restrains the number of (quadrats that can be thoroughly searched during max-
imum sporocarp production.

III. COMMUNITY AND POPULATION ATTRIBUTES

Data obtained by irregular colluecting of sporncarps can be used to compile species

lists for different arcas, but tne usefulancss of such information is limited. Much
more can be learned by simply sampling ‘padracs at periodic intervals. This section

Legins by comparing hypogeous floras, then explores several attributes of the hypog-

eous community that can be examined 1f data are collected periodically.

A. Flora

[ )
A given area probably has more epigeous than hypogeous species, although this has not

been substantiated. Floristic lists contain far more epigeou§ than hypogeous species.

Epigeous floras in Europe and Japan include 28 to 205 species (Parker-Rhodes, 1331;

Hering, 1966; Richardson, 1970; E£ndo, 1972; Smarda, 1973; Thoen, 1976). Maas and
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Stuntz (L970) collected 134 epigeous species trom a nonserpentine mixed conifer

(Pseudotsuga-Abies-Pinus) stand in the Cascade Mountains of Washington, Over a 3~

year period, [ collected 24 hypogeous species (ll ascomycutes, 13 basidiomycetes) in ‘
a young stand of Douglas-fir in western Oregon {Fogel, 1976); however, during the
gast y2arc, [ found only ll species in a nearby stand, possibly the result of drought
last year in the Pacific tlorthwest. Ssaventeen hypogeous species have peen reported
for an Italian oak stand, 12 for 4 German rod beech stand, and 17 for a German spruce H
stand (Ceruti et al., 1367; Gross, l369), Because hypogeous funyi appear mycorrhi-
:al, hypogeous and cpigeous floras can be compared better if only epigcous mycorrhi-
zal species are considered., Cf the 28 species listed by Richardson (1970), 12 (42.3%)
vire listed by Trappe (1962) as possible mycorrhizal associates. Of the 134 species
tisted LY Maas and stuntz (1270), 22 (l6y) presumably were mycorrhizal.

sampling for more than 1 year may be necussary to reliably estimate total spe-
cies number., For example, at woods Creek, Oregon, I collected 68% of the thuoreti-
cal hypogeous tlora during the first year, #8% the sccond year, and 96% by the =nd
of the third y:ar (Fig. 4) (Fogel, 1976). Parker-khodes (1951) presented a statis-
tical method useful for reducing the number of colluctions needed to estimate the

cotal number of specles per site.

3. Abundance: Number of Sporocarvs and Biomass )
fearly production of hypoyeous sporocarps ranged from 11,052 to 16,753 ha-L in a
voung Douglas-fir forest in western Oregon (Fogel, 1976). Other hypogeous studies
(Caruti et al., 1967; Gross, 1369) dJid not specify plot size, 3o the three studies
sannot be compared. CEstimates of epigjeous sporocarp numbers range from 7000 to
443,000 iporocarps ha-l year_l (Hering, 1366; Richardson, 1370). Epigeous sporocarp

Aumbers closely approximate nypodgeous numburs if mycorrhizal species are compared.

100

w

Tolal Species (Y}

[} 1 2 3
Year

Fig. 4 Percentaye of total number of hypojeous specie§ fruiting in each year of a
3-year study at Woods Creek, Oregon. {Author's unpublished data.)
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For example, 8750 to 20,250 (1.8-8.5%) of the 239,000 to 489,000 epigeous sporocarps
produced annually per hectare in Richardson's (1970) study are mycorrhizal compared
to the 11,052 to 16,753 hypogeous sporocarps per hectare reported by Fogel (1376).
The dry weight produced by hypogeous Sporocarps ranges from 2.3 to 5.4 kg ha-l
year-l (Fogel, 1376). Hering (1966) estimated that epigeous species would produce

0.19 to 19.2 kg dry weight ha-l year_l

[using Richardson's (1970) conversion factor
of 6.36% to convert fresh weight to dry weignt]. Dry weight of epigeous mycorrhizal
species (9.8-19.4 kg ha™t year-L) accounted for slightly more than nalf of the total

1

sporocarp biomass (16~30 kg ha” year-l) reported by Richardson (1370).

C. Frequency

Frequency of individual specics is difficult to measure due to the large minimal area
required for sampling and tne constant change in fruiting species. Total frequencies
of all species ranged from 0 to 68% and species number ranged from O to 10 when 50
new l-m X l-m quadrats were sampled monthly; when four new S5-m X 5-m quadrats were
sampled monthly, the total frequency ranged from O to 100%, representing from 0 to 3
species per month (R. Fogel, unpublished data). Therefore, large quadrats with a
higher frequency of sporocarps should be usad to quantify bionass or numbers, and a
large numper of small quadrats should ke used in floristic studies where the goal is

to maximize species number,

D. Diversity

A floristic list also reflects a site’s srecies richness. Diversicy can be estimated
by the number of species in a sample of standard size, by the steepness of the impor-
tance-value sequence (i.e., the Simpson index), or by an index of the relative even-
ness of the importance values through a sequence (i.c,, the shannon-W:ener index)
(whittaker, 1972). sShannon~Wiener index values (base 2) for hypogeous fungi from

the Fogel (1976) site (Woods Crcek) and for a new site located 3 km from the original
(Dianer Creek) are 3.14 and 2.17. The value for Dinner Creek epigeous fungi was
3.67. For tne first year of cach study, wWoods Creek had 13 nypogaous specias, and
Dinner Creek had 12 hivpogeous iand 55 epigecus spacies, Apparently, a larger propor-
tion Of the epigeous species are infrequently encountered, The low values might ree
flect the low diversity of the vascular plant flora, i.e., four tree species par
site. @geta diversity, defined by whittaker (1972) as the differentiation of communi-
ties along gradients, has not ceen estimated.

Z, Coefficient of Cormunity

The similarity in species composition between two sites can be calculated using the
coefficient of community, e 1 "

200(s
(L)
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Table 2 Species accounting for 3% or more of productivity of hypogeous fungi in
western Oregond
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; darssia oregonensis 3.6 3.1 -—
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E Genea harknessii 13.9 -- -
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instance, is Jetermined by the timing of the first neavy fall rain and the elapsed

time to the first freezing temperatures (Fig. 5).

G. Sporocarp Longevity

Richardson (1v7u) also reported a linear realationsnip between mean epigeous sporocarp
longevity and tne slope of tae populdation decay curve for sSporocarps of Russula emet~
dica (Schaef. ex. Fr.) 3. 7. Gray. . Iae population decay curve was a function of the
Fpercentage of total sporccarps ocserved for a species and the mean time interval ce-
tween observations. The calculated sporocarp longevity closely corresponded to oo-
served maximum life of marked sporocarps. Hypogeous species nave not been simrlarly

analyzed.

H. Major 3pecies

Hering (1966} cvlassified as rnajor species those contributing 5% to the total numcer
of species or Liomass production (Table 2). The imajor species by weight or number
genarally differed among tie 3 years of the Oregon hypogeous study (Fogel, 1978),
Major species by welght comprised some l6-24% of the total species, but many commonly
occurrinyg species--especially tnose with small, hollow ascocarps~-did not contribyte

greatly to total sporocarp piomass.

IV. PHENOLCGY

-ost musnroom collectors intuitively sense that sSiorocarp proauction is related 1in
jome way to temperature, precigitation, or wotn. Fruiting and environnmental factors
have been grapnically compared nany times, obut apgarently only one study hA§ attempe-
ed to predict production, atveev (1J72) developed a method to predict tne date for
mass fruiting of epigeous srecics in a birch forest near Leningrad, The ~ethoa, ba-
sically a heat-sum approach, also uses the average reriod for development of sporo-
carps for each species and tne Jates of warm (212°C) syring rains. Lnfortunately,
Matveev did not quantitatively define mass fruiting {numbers or biomass), and he did
not compare observed and predicted fruiting datea.

visual comparison of hvrogeons sporocarp productlon versus mean monthly tempera=-
ture and total montnly precivitatien (Fij. 2) zhows that summer Jdrought and cold win-
ter temperature apiear to control sporocarp production in western Oregon \Fagel, 1976) .,
Time-series analysis of my Cregon data failed to detect any pattern (R. H. 3trand,
Cak Ridge National Laboratory, Cak Ridge, Tennessee, personal communication, 1973),
and simple linear regressions of sporocarp biomass, mean monthly temperature,
and total monthly :recipitation were not significant (Table 3), I then stratified
the data by assuring that precipitation was limiting quring the summer (mean monthly
arr temperature > 1l4°C) and tnat precipitation and tempe;atuze were limiting during
the rest of tne vear. Tne correlation between viomass and‘tempeza:ure was aighly

significant (r = -v.8ld, p > V.Ul), as was the mulriple correlation between piomass
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rable 3 Correlation between biomass of hypogeous sporocarps, mean smonthly air temp-
crature, and total monthly precipitation?

X monthly air

Jariable temperature (°C) r n Sx.r.eb
femperature <14 O.udon" 20 “C
<4 O. 711" 3 o
»1d -0.8ly"* 12 wWC
sLl4 -0.754% [6) 2
L.7 to Ly.y -4,034 lo WC
3,0 to 19,9 0,079 14 e
Precipitation =14 -0.417* 24 AC
! -0.333 4
-l4 v.676* 12 We
-14 =.520 3 e
1.7 to 19.9 -0.157 36 WC
3.0 to L13.3 -9.221 14 oc
Lemperature and
srecipitation <4 0.646"¢ 20 We
>4 -3,823%* 11 we

?he data nave been analyzed as collucted and stratificd 1ato swamer (Tempera=
ture > 14°C) ind winter (temperature < 14°C) periods.

Psite abpreviations are wC for Woods Creek, Oregon (Foyel, 1376) and OC for
Dinner Creek, Crzjon (Fogel, unpublished data).

ind tomperature plus precipitation (v = -0,828, p » 0.0l), The correlation between
slomass and total precipitation of the previous month was sligntly less significaat
£ = 0.676, p » J.U3%). DLuring the rest of the year, when tne temperature was wyual
to or less than L4°C, the correlation between biomass and temperature was hijhly sig=
nificant (€ = 2,646, p » 0,0l), as was the multiple correlation with tempurature and
srecipitation (r = 0,665, p > 0,0l) (Table 3}). The correlation getween piomass ana
srecipitation was sligncly less siguificant (v = -0.417, p > 0.05).

[ thon usad a simple model incorporating two of the linear regression equations
to pradict hyyojeous sporocarp biomass in western Qreygon {(Fig. o). The correlation
between tne data used in the regressions and the predicted production was highly sig=
sificant (r = J.648, p - 9,01, n = 32), and the visual fit of the two Curves was
jood, altnougn che umplitude of the predicted production was consistently lower than
that observed. The model was then used to predict the sporocarp production of Dinner
‘roek. ‘the correlation was nignly significant between observed and predicted pro-
Jjuction for Dinner Creek, but the fit was poor (Fig. 7). This miynt be due to the

suwvere Jdrougnt curing the sampling period, because the only significant correlation
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Figs 6 simulation of vioods ¢
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J1s Detween biomass and tomperature (¢ = =-0.754, p > 0.05) (Table 3). Site factors

such a4s cover and aspect might also have had an effect.

srainger's (1946) data of sporocarp production and environmental data for a dif-

sarent climacic area nad a highly siynificant correlation (r = U.393, p > 0.91) be-

square root of the number of epigeous species fruiting and nean monthly air

Cauell tile
The correlation between production and precipitation was not

rerature (Fig. 3).
Precipitation was not limiting in Grainger®'s study because of the char-

siynificant,
woterclstic nign level of summer precipitation in England, contrasting markedly with
Lantecn Jregon's dry sunmers.

In swwnary, sporocarp production by hypogeous and ¢pigeous fungi apgarently corc=
salates with eavironmental factors, and those that are lLimiting vary with season and
slisatice region. Gthur factors, perhaps site or floristic, wi1ll hlave to o2 incorpor~

ited into any general sporocarp production model.

Ceo SUMMARY
matic and periodic sampling of hypogeous sporocarps can yield more information
Systematic collec=

Syate
-han can collection mecthods conventionally used by mycoloyists.
sion permits determination of spatial distribution, phenology, flora, abundance,
Sroquency, specles diversity, coufficient of community, middate of fruiting, sporo-
-arp longevity, ind major species. Most of these attributes have been investigated
:nly in one western Gregon stand, and Jdifferent climatic regions or variation along
jradlents canpot be compared without further research.
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Chapter 29

FUNGAL TAXA, PHYSIOLOGICAL GROUPS, AND 3[OMAS3:
A COMPARISON BETWEEN ECCSYSTEHMS

Patrick W. Flanagan

Institucte ol Arctic 8iology
University of Alaska
Fairbanks, Alaska

I. [HTRODUCTIGCH

Fungil 1in the form of yeasts, mushroom3, toadstools, and molds nhave occupled man's
jvnaral intorest for a long time., [owever, scientiflc investigation of fungt,
especially invisible soil fungi, is a relative anewcomer to piological sciences, the
work of adametz (lés6) being the starting point for serious soil nycological studizs.
The communtcations of Jensen (1912) and wWaksman (l316a,b, 1917) ask the question as
to wnether there is any fungus flora of the soil and further atcest to the recency
of soil mycoloyical studies. Adametz and several others including Reinitzer (1300)
and Nikitinsky (lJ02) studied their isolates for clues to their biocnhemical or eco-
logical role in soil.

As 300n as soLl fungi were accepted as natural entities in soils, their rola
thereiln vecame of Llnterest, ospecially to those investigating soil fercility. Iiay=
sen and dunker (1327) presented a comprenensive review of the activities of fungil :a
hydrolysis of cellulose, nemicellulose, pectin, and gums.

During more recent years numerous puolications have proven the ubiquitous occur-
rence of fungi in soils. Lists of taxonomic groups within and between different soils
are common to the literature of fungal ecology, i.e., nycoecology. But taxonomic
listings tell us licttle of the role played by scil fungi in ecosystem development and
@maintenance and noching of the composite fungal niche in ecosystems.

From the L2ginning of the twentieth century fungal activities in the soil have
been discussed and investigated in relation to their role in ammonification, attrifi-
cation, nitrcgen transfozration, cellulose decomposition, and humification. These
investigations concerned themselves with organisms isolated from the soil. The nmetn-~
ods and approaches used in Jdifferent sites by dilferent workers varied, thus fore-
stalling cemparative studies among different soils. Until Jones and Mollison (1348)
s0il fungi were rquantified in terms of cthe number of their occurrences on soill dilu-
tion agar plates. The inadequacy of such gquantificacionneed not be stressed here,

but it should be pointed out tnat the use of the soil dilution isolation technique

for funyi probably led to the generally held concept that soll bacteria were the
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