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MUSHROOM CONSUMPTION (MYCOPHAGY)
BY NORTH AMERICAN CERVIDS
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ApsTRACT—Native mushrooms play an important, though often underestimated, role in deer, elk. and caribou diets in

North America. Mushrooms are often noted as an unusual or anomalous food in the diets of cervids: vet thev of

ten dominate

diets in the late summer and fall in forested areas of western North America and thronghout the vear in the ‘\!lll”ll"l'\tt‘l'!l

U.S. Mushrooms are l).uhul] v high in protein (16—-19%

I)Fltl\pll()[l]\ average ” 5%

2% ). Also

,.l1](]|ll)t 1ssinm (average 2

mushroom production is gene |‘1|]\ greatest in fall. Therefore, the y are a 1J|rr|||\ nutritious food in late season when other

native {l.‘»l 1ges Ill‘l\ 111 ll"'l[l l“\ meet ht\ I.I nutrient re (il]lll ments l)[ llH*’II].lll 5.
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Wildlife scientists have long recognized that
certain highly nutritious, “bonus™ foods fre-
quently contribute significantly to animal wel-
fare t|ml|”]l their umtnhlltltm (%) to the diet
may be small ( mushrooms.
m(‘squltv beans). B\ seeking out these high-
quality but generally scarce or ephemeral fo \ds.
herbivores can balance nutrients against lower-
quality forages that are more abundant. Native
mushrooms have often been recorded as a
“bonus” food in the diets of deer. elk. and cari-
bou in North America. However, their contribu-

(e.g.. acorns, and

tion to cervid nutrition is not cmnm(m[y
understood.
The term “mushroom™ refers to the fleshy

fruiting body (
fllngl \lushl()()ms are te L]nl]ui”\ nut [)ldl]t\
Th("\ h("l()[][r to t]i(“ ]\l]]‘r(li}]]] \I\(( stae ll]](][ i “1(’
five- ]\mtr(l(m] classification system (Whittaker
1969). The primary mushroom -producing fungi
are in the group called Basidiomycetes, but
many mushrooms eaten by wildlife, including
morels, are Ascomycetes. Mushroom pm(lu(—
tion is triggered when species-specific require-
ments of minimum temperature and moisture
conditions are met (Smith and Weber 1950).
Mushroom consumption (m\u]p]mtf\} has
1)("(’1] recornr (_1(’(1 f()l' Teny \\]I(‘“l{(‘ Hp( (I("\ i'l]
North America. Mushrooms are eaten by ungu-
lates (e.g., deer and elk), small mammals (e.q..
sqllirl'e[s and armadillos), as well as birds, tur-

(sporocarp) of many species of
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tles, and insects (Miller and Halls 1969, Fogel
and Trappe 1978, Martin 1979). Mushrooms
have long been recognized as an important com-
ponent of small mammal diets (Fogel and
Trappe 1975). However, mushrooms are seldom
considered a significant component of cervid
diets even tlmnlfh they have been anecdotally
recorded as a “pre ferred” food item. Discount-

ng mushrooms as an unp(nf nt dietary unnlm—
nent may stem from a misunde lkllzndnnrui their
nutritive value. The purposes of this review are
to (1) assess the contribution of mushrooms to
cervid diets, (2) summarize the known literature
on the nutritive value of mushrooms to ungu-
lates, and (3) assess the llnplu wtions of lmulph-
agy to habitat selection and nutritional e (nlntf\

MUSHROOMS TO
DIETS

CONTRIBUTION OF
DEER. ELK. AND CARIBOL

Mushroom Consumption by Deer

Many studies have recorded mushrooms in
diets of both mule (Odocoileus hemionus) and
white-tailed  (Odocoileus virginianus) deer
(Table 1). Diet composition estimates range
from a trace to a majority of the diet. On the
upper limit, 71.2%
weight basis, were recorded in fall deer diets in
Alabama | (Kirkpatrick et al. 1969). 65.5% in
August diets in Arizona (Hungerford 1970), and
59.5% in August diets in Montana (Lovaas 1955).

mushrooms. on a fresh-
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TasLE 1. Proportion of mushrooms in deer, elk, and cariboun diets in North America al\'t'ragc(] over season’.

Species % of diet
State or Province (Vegetation r_\pu'w" Spring  Swmmer  Fall Winter Kind of data®  Source®
Mule deer (Odocoileus hemionus)
Colorado .h]mu-(’fl‘n'f'pim' forest) - 0.3 - = Obs. (% bites) 31
Montana (spruce/fir/pine forest) 0.0 12.1 0.0 0.0 Rum. (% vol.) 21
Utah (dry mountain meadow) — 7.0 = X Obs. (% mass) 10
Utah (mature conifer forest) - 15.0 - ~ Obs. (% mass) 10
Utah (stagnated conifer forest) = 14.0 = - Obs. (% mass) 10
Utah (conifer forest/oak woodland) — 5.4 9.3 = Obs. (% mass) 4
Arizona (mixed-conifer forest) — 16.4 = - Obs. (% time) 16
California (chaparral-oak woodland) = = _ < 1.0 Rum. (% vol.) 20)
British Columbia (conifer forest) 0.0 0.0 13.0 4.0 Rum. (% vol.) S
White-tailed deer (Odocoileus virginianus)
New Brunswick (conifer/deciduons forest) 137 6.7 9.1 - Rum. (% mass) 26
Maine [_[)in(-'—i)vmlm-k forest) 0.0 0.0 45.0 0.0 Obs. (% mass) 9
Pennsylvania (clear-cut forest) 1.6 0.2 0.8 4.5 Obs. (% time) 14
Southeastern U.S. ({mk—]|iL~|-;(}|"\'—pint' forest) 24 | 19.8 S 6.2 Rum. (% vol.) 12
Southeastern U.S. (mixed-pine forest) 0.4 15.6 S.6 4.9 Rum. (% vol.) e
Southeastern U.S. (southern evergreen forest) 0.6 16.4 5.4 3.2 Rum. (% vol.) 12
Virginia (eastern deciduous forest) 0.0 40.0 2.5 0.0 Rum. (% vol.) 19
North Carolina (oak-hickory-pine forest) 0.0 10.6 7.0 0.0 Rum. (% vol.) 19
South Carolina (mixed pine forest) 0.2 33.4 2.6 10.7 Rum. (% vol.) 19
Georgia (southern evergreen forest) 0.0 9.7 9.0 13.8 Rum. (% vol.) 19
Florida (southern evergreen forest) 1.4 10.4 26.7 132 Rum. (% vol.) 19
Florida (southern evergreen forest) = — — 9.2 Rum. (% vol.) 11
Florida (pine-scrub oak forest) B — = 252 Rum. (% vol.) 11
Alabama (southern pine-hardwood forest) 0.0 712 0.5 17.4 Rum. (% vol.) 19
Alabama (southern pine-hardwood forest) T3 ~ 48 0.5 Rum. (% vol.) 1
Louisiana (pine-bluestem range) 0.5 1.5 3.5 <0.5 Obs. (% bites) 28
Lonisiana (pine-hardwood forest) = 0.4 1.9 0.7 Obs. (% bites) 29
Louisiana (clear-cut forest) — <0.1 i | 0.2 Obs. (% bites) 29
Texas (pine-mixed hardwood forest) 3.0 34.0 1.0 7.0 Rum. (% mass) 25
Oklahoma (oak savannah) 0.0 0.0 4.3 1.0 Rum. (rel. |'I'{=c].5 30
Wisconsin (northern hardwood forest) = 2.0 = = Rum. (% vol.) 99
Minnesota (northern hardwood forest) = = <1.0 0.0 Rum. (% vol.) 2
South Dakota (pine forest) 0.0 4.0 i | 0.0 Rum. (% vol.) 15
South Dakota (pine forest) - 0.7 0.5 <0.5 Rum. (% vol.) 23
Elk (Cervus elaphus)
Virginia (eastern deciduous forest) - - 1.0 - Rum. (% vol.) 3
Saskatchewan (pine forest) = 5.3 - Rum. (% mass) 17
Saskatchewan (mixed forest) — 42 - ~ Rum. (% mass) I
Utah (dry mountain meadow) - 42 8.3 = Obs. (% mass) 7
Utah (mature conifer forest) = 18.7 15 = Obs. (% mass) 7
Utah (stagnated forest) = 15.4 55.4 = Obs. (% mass) 7
California (Pacific rain forest) - - 0.3 - Obs. (% time) 13
Caribou (Rangifer tarandus)
Newfoundland (conifer forest) 0.0 25.0 12.0 0.0 Rum. (% vol.) 53
Northern Canada (conifer forest) = = — 0.4 Rum. (% vol.) 24
Northern Canada (boreal forest) - 1.2 = = Rum. (% vol.) 15
Alaska (spruce forest/tundra 0.0 12.0 10.0 2.0 Obs. (% vol.) 6]
Alaska spruce forest) — - 45.0 = Rum (% vol.) 27
A dash listed as % in diet means no data were available
General tions given by authors or vegetation area according to Aldrich 1963
:(J]-\ i tional diata, Rum = rumen contents
'K"_\ to relerences: (1)Adams 1959: (2)Aldous and Smith 19 38; (3)Baldwin and Patton 1938; (4)Beale and Darby 1991; l.:')'lit‘;"_ivl'lld 1972; (6)Boertje 1954;
T)Colhns 1977, (S)Cowan 1945; (9)Crawford 1982: (10 Deschamp et al. 1979: (11)Harlow 1961; (12)Harlow and ||=J¢J.iu'|' 1971; (13)Harper 1962: ( 14)Healy 1971;
15 ”1”_-“!'1 Hars 116 Hungertord 1970 (17)Hunt 1979 (15)Kelsall 1968 (19)Kirkpatrick etal. 1969; (20)Leopold et al. 1951: (21)Lovaas 1958; (22)McCaffery
etal. 1974; (23)S¢ et al 24)5cotter 1967 (25)Short 1971: (26)Skinner and Telfer 1974; (27)Skoog 1968, (28)Thill and Martin 1986 (29)Thill et al. 1990:

30)Van Vreede 1987; (31)Wallmo et al, 1972
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[ate summer and fall are generally the sea-
sons of greatest mushroom consumption, prob-
ably because mushroom production is generally
areatest then. Though mushroom biomass pro-
duction is seldom re un(lv(l in diet studies, sev-
eral authors note that mushroom l)ru(hlttlnn is
triggered by fall rains (Tevis 1952, Hungerford
1970, Umess 1985).

The mushroom species most consumed by
deer are not precisely known because species
are seldom recorded in diet surveys and prefer-
ence studies have not been conducted. In addi-
tion, species identification is rare because most
wildlife researchers are not acquainted with
common mushroom species and professional
taxonomic help is difficult to obtain (Cowan
1945). In most field studies, mushrooms are
categorized into groups such as “field mush-
rooms, "mixe(l—nn15]11‘()()1115‘"(Jrsimp]_\"'ﬁmgi."
However, when listed. species of the following
genera are consistently taken by deer: Amanita

Hll]l“’t rford 1970). Armillaria ( (Healy 1971,
Miller and Halls 1969). Boletus (Cowan 1945,
Hungerford 1970, Beale and Darby 1991).

Clavaria (Dixon 1934), Clitocybe (Cowan 1945,
Beale and Darby 1991), Cortinarius (Hunger-
ford 1970), Morchella (Cowan 1945). Lactarius
(Miller and Halls 1969), Lentinus (Dixon 1934),

Polyporus (Skinner and Telfer 1974), Russula
(Cowan 1945, Miller and Halls 1969, Hunger-
ford 1970). and Suillus (Miller and Halls 1969).

Mushroom Consumption by Elk

Elk (Cervus elaphus) diet studies rarely
record fungi as a component. An extensive liter-
ature review of elk food habits in 1973 did not
mention mushrooms as a recorded food item
(Kufeld 1973). However, at least four studies

have recorded mus]n‘umns as a component of

elk diets (Table 1 (‘mnpm‘itinn estimates range
from a trace to as high as 75% on a dry-we l“’]it
basis (Collins et al. 1978). As with deer, mush-

room consumption is greatest during seasons of

greatest availability—late summer and fall.

It seems reasonable to assume that mush-
room species sought by deer would also be
dtceptdh]c to elk, t}mulrh evidence is |Lu|\|l|lf.
Collins (1977) listed species of Aleuria, Boletus,
and Russula asimportant and “highly preferred”
dietary components.

Mushroom (I(msuml)tifm bv Caribou

Mushrooms have often been recorded as
very palatable and highly sought dietary items
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in caribou (Rangifer tarandus) diets. When
mushrooms are available. ]
10-25% of caribou diets. but they l'll:l‘\' average
as much as 45% (Table 1) and have been
recorded as high as $4% in one individual
lSknng 1968). Even in winter, reindeer “unerr-
i11_t_{[’\'” detect snow-covered frozen mushrooms.
“consuming them greedily” (Karaev 1968).
Boertje | (1981) re ported that most genera of
mushrooms are taken without hesitation by car-
ibou. Mushrooms of the genera Boletus, (,(lpr'?-
nus. Lactarius, Lycope rrfnu Morchella, and
Russula have been listed as major dietary com-
ponents (Karaev 1968, Skoog 1968, Boe 1't_|v 1981)

thev mav constitute

NUTRITIVE VALUE OF MUSHROOMS

Many authors state that deer, elk, and cari-
bou * stmntf]\ prefer” mushrooms and in some
cases (lctn.xll\ travel from
mushrooms.
What nutritional benefits do cervids gain from
fungi? Some authors consider mushrooms
ne ‘III\' devoid of nutrition, while others sugoest
thev compare favorably with soybeans or spin-
ach (Crisan and Sands 1978).

Little is known about the true nutritive value
of mushrooms since few comprehensive studies
have been conducted. Crisan and Sands (197S)
conducted a thorough literature review on the
nutritive  value of wild mushrooms to
monogastrics (e.g.. humans). Several range and
wildlife scientists }Iil\'[‘ collected and ;u|;1|_\'7{-(]
mushrooms prominent in ruminant diets. But,
the nutritional procedures used by most range
and wildlife scientists were designed to an: ll\/{
orasses and forbs. When these procedures are
;1])[)1'1('(1 to mushrooms. the results are often
incorrectly interpreted because mushrooms are
much different from vascular plants in their
chemical composition. Further information on
the nutritive value of mushrooms can be gained

site to site s((l\ln”

The obvious question s, why?

from research on mycophagy by insects and
small mammals. The following discussion is a
surmmary and inte pre tation of nutrition studies
to assess the value of mushrooms to ruminant

animals.

Moisture Content of Mushrooms

Over 80% of the fresh weight of most mush-
rooms is water (Table 2). This large water pro-
[mmtm I'¢ (;lzm s that the consumer eat ||1tr['
volumes to obtain nutritional benefit, although

high water content rarely restricts intake. The



Table 2. Nutritive value and digestibility of wild mushrooms™.
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Initial  Crude N-free Phos- Digesti-

Composite s:lmpiu»s based on: moisture protein Ash Fat extract Fiber Calcinm l}htll'll\‘ llilil}' Snnrt-(*l'
Species available = 34.8 S.1 48 316 20.5(crude) = = = 7
Species available - 23.0 9.0 50 480 15.0(crude) - = _ 5
Species available 53.9 21.5 6.6 39 542 13.S(crude) 0.09 0.56 = 4
_\'I:vvi:-sm{-nt!lc-cfit-rs‘..\'lmnm‘r" - 22.0 - = <0.10 042 - 9
Species in cattle diets (fall = 250 - - = = - <0.10 0.55 - 2
Species available (winter) S9 .4 281 - - - — = 0.08 (.46 58.8 1
SI]('(']-{‘\':L\'ili]&l!]](' (spring) 87.6 2311 — - - - - 0.07 0.47 64.7 |
Species available (summer) 87.2 29.0 = = = = = 0.05 0.53 56.6 1
Species available (fall) 55.9 24.8 - - - 0.04 0.53 39.9 ]
Species in deer diets S8.9 2.3 - - - - - —~ S0.8 6
Species in elk diets 59.5 24.1 — = = — — — = 15 G
Species in caribou diets (summer) - 34.7 = = - 31.7(NDF) 0.03 0.70 90.0 2
Species in caribon diets (fall) 35.3 = — - 31.5(NDF) 0.03 0.71 90.0 3

s in caribou diets (winter) - 40.0 — = = 29.9 (NDF) 0.03 0.79 91.0 3

Specie

All data |'\|s||'\\t-<] as a % of drv matter except imtial moisture, which is |'\|i||-wu[‘|a e
3)Boerje

Key to references: (1)Blair et al. 1954; (2)Bjugstad and Dalrvinple 1965

7ISyrjala-Qvist 1956

addition of water to the rumen per se has little
effect on intake because it is easily absorbed or
removed (Van Soest 1952). Mushrooms may in
fact be an important source of water for some
mammals (Fogel and Trappe 1978).

Mushrooms as an Energy Source

Mushrooms, like true p];mts. contain ]ipi(]s
(or fats), nonstructural carbohydrates, and fiber
that are all used as energy sources by raminants.
The average gross energy of mushrooms ranges
from 300 to 4 )0 keals per 100 grams dryv we l(I]lt
Fleshy fungal tissue compares favor: ably \\1th
many fruits and vegetables but is less rich in
energy than seeds or nuts (Martin 1979).

The fat content of edible mushrooms ranges
from <1% to as high as 20% (Crisan and Sands
1978). On average, however, mushrooms con-
tain 2-6% fat. The fat component of fungal
tissue includes free fatty acids, mono-, di-, and
trighycerides, sterols, sterol esters, and phos-
|)||n||lml~.

On a dry-weight basis, mushrooms are pri-
marily composed of nonstructural carbohy-
drates (nitrogen-free extract [Table 2]). A ln‘t.f(‘
variety of compounds make up the ¢ dl])(}]l\llldt(’
(umlmm nts, inc 11I(l||]” pentoses, III(‘H]\[ pen-
toses, hexoses. disac l_ll.lll(l( S, amino
and sugar acids (Crisan and
By comparison, the most promi-
nonstructural

sugars,
sngar alcohols,
Sands 1978).
nent carbohvdrates in  green
plants are fructosans, sugars, dextrin. and starch

(Trlica 1977).

[n plants most energy available to ruminants

of fresh weight

1951 (4)Crisan and Sands 1978; (5)Kelsall 1965: (6)Pallesen 1979

comes from the microbial degradation of
fibrous cell walls. However, {lmgaﬂ cell walls are
much different from those of higher plants. The
primary component of fllllL{d] cell walls is
chitin.whereas plant cell walls are mostly cellu-
lose (Crisan and Sands 1978, Martin 1979).
Chitin is a N-acetylglucosamine polvmer linked
with B-1.4 bonds  onilanti e Il o Nl ot
fiber of higher plants, chitin contains a signifi-
cant proportion of nonprotein nitrogen as an
amino sugar. A B-glucan, with g-1. 3[1111\10( sand
B-1.6 branches. also forms a part of the w][ wall
(Martin 1979). Additionallv, lignin and pectin
are not known to occur in fungi.

Protein Content of Mushrooms

Early investigators used the term “vegetable
meat” to describe mushrooms because mm]\ SIS
revealed that native mushrooms contain 20—
50% of their dry matter as protein (Peck 1895).
\[lll( rece llt \tll(ll("} o1 ]]]11\]1]()[)]]] I)I ()t(’]ll Ccon-
tent suggest that mushrooms probably rarely
reach 50% protein by drv weight. However,
relatively speaking, mushrooms are an excellent
protein source. There is extreme variation in
protein content from a low of about 4% to as
high as 44% depending on species, stage of
arowth. and environmental conditions (Crisan
and Sands 197S). By comparison. fresh-cut
alfalfa (Medicago sativa) is generally 16-19%
protein (Jurgens 197S).

(Jud{‘prntmn is usually calculated by multi-
plving total nitrogen, determined by Kjeldahl
Al Ll\ sis, 1)\ 6.25. This correction factor is based
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on the assumptions that most proteins contain
16% nitrogen, that these proteins are com-
pletely digestible, and that amounts of nonpro-
tein nitrogen in the cell are negligible. Since a
substantial amount of nitrogen in mushrooms is
in chitin and other nonprotein compounds, such
as urea and nucleic acids. Crisan and Sands
(1978) suggested a correction term based on the
assumption that (ml\ 70% of the nitrogen in
mushrooms is in the form of digestible protein
(70%N *° 6.25
4.38% may be conservative when considering
the use of mushrooms by ruminants and com-
paring mushrooms to other forage eaten by
ruminants. ()n]\ 60-70% of the nitrogen in
fungal tissue is in the form of protein (Moore-
“m(]t cker 1982). However, this estimate is sim-
ilar to the proportion of nitr gen in proteins in
forage plants (60-80%: Van Soest 1982). Fur-
thermore, nonprotein nitrogen. such as urea. is
readily converted to ammonia by rumen
microbes and is either used for microbial growth
orabsorbed across the rumenwall. The nitrogen
fraction of chitin is unavailable to monogastrics
but is probably converted to microbial protein
in the rumen. In fact, chitinous nitrogen may be
more available to ruminants than th(* cell \\d”
nitrogen of higher plants due to the lack of lignin
in fungi.

Vitamin and Mineral Composition
of Mushrooms

Mushrooms are a good source of several
vitamins including the B complex and vitamin C
(Change 1980, Crisan and Sands 1978). How-
ever tll(*w are not essential vitamins for rumi-
nants because they can be synthesized by rmen
microbes (Van Soest 1982). \(lllitillllclll\ mush-
rooms are basically devoid of vitamins A and D.
which are essential dietary components for
ruminants.

Mushrooms accumulate minerals from the
soil and plant material on which they grow.
Therefore, mushrooms probably contain ‘l” the
minerals present i their growth substrate
(Crisan and Sands 1978). Stating average min-
eral concentrations may be misle (l(illl(" |n canse
mineral concentration varies are satly d( pe tI{]IIW‘
on spcc es and soil fertility. For t‘\d!lll)[t‘ t]mlnfh
potassium level averages 2% (in 24 species from
several locations). it varies from 0.18 to 4.8%
(Crisan and Sands 1978).

The most abundant minerals in mushrooms
are potassium, averaging about 2% dry weight.
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and  phosphorus, averaging about 0.75%
(Change 1980, Crisan and Sands 1978, Martin
1979). Both mineral levels exceed maintenance
requirements of most weaned ungulates (based
on s];m-]) and cattle requirements: Jurgens
1978). Mushrooms also contain calcium but at
lower concentration than ])||nsp]|nrm or potas-
sium. However, caleinm concentration averages
0.14%. which would not meet calcinm require-
ments of weaned deer (Ullrey et al. 1973). Cal-
cium is often in excess of ruminant needs in
other forages. while phosphorus is more com-
monly inadequate.

Digestibility of Mushrooms

The degradation of fungal cell walls requires
chitinase and B-1.3 and B-1.6 glucanases
(Martin 1979). Chitin is degradable in the
rumen because of chitinase activity by rumen
microbes. although there may be an ad: ptation
pe riod nece ssary to obtain ‘ulvr{u ite levels of
chitinase activity (Cheeke 1991). The ability of
rumen microbes to degrade the B-glncans in
fungal cell walls is unknown.

The in vitro digestibility of mushrooms is
very high relative to other ungulate forages
(Table 2) and mav exceed 90% in some cases.
Consequently, identification of mushrooms in
fecal analysis is rare (Boertje 1981).

IMPLICATIONS OF MYCOPHAGY BY
DEER AND ELK

To conclude this discussion it is fair to ask,
What difference does it make if deer, elk. or
caribou eat mushrooms or not? \I\c'np]:;w\' |1\'
cervids may be important for several reasons.
First. undoubtedly
important, though sporadic, contribution to
cervid nutrition in - mushroom-rich environ-
ments. Mushrooms are highly preferred and
nutritious foods for cervids, particularly in late
summer and fall in forested areas of western
North America and throughout the vear in the
Southeast. Mushrooms may be a pull]ulin:]\
important protein and I}IH)H])'IUIll\\nlll(t in late

mushrooms make an

season when many forages vie 1d onlyv enough
(h(’t stible (ll\ |1|;1H<': to ItI[['l h.t.\.l[ energy
requirements (Short 1975, Blair et al. 1954).
Therefore, even a few bites of mushrooms by an
herbivore may contribute substantially to meet-
ing the nutritional requirements and hv]l)inc_{ to
balance nutrients obtained from other forages
of quite different composition.
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Second, mushrooms may attract herbivores
to mature and stagnated forest areas that might
otherwise go unused as foraging areas (Rasmus-
sen 1941, Collins et al. 1978, Warren and Mys-
terud 1991). Additionally, mushrooms may
become an important dietary supplemen nt when
herbivores are forced to seek densely forested
areas for protection from biting insects or pred-
ators (Bergerud 1972). Mushroom production
is usually greatest in dense forested areas, in
part because mushrooms do not require sun-
light for growth.

F]!]d”\ fungi play an important symbiotic
role in m\cr)nln/dl relationships with several
conifer species, including ponderosa pine
(Kotter 1984). Since the spores of fungi are
apparently not destroyed in the rumen, herbi-
vores may serve as vectors for fungal spores to
initiate mvcorrhizal associations (Fogel and

Trappe 1978).
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