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SURVEY TO IDENTIFY AND DOCUMENT MUSHROOMS AND OTHER FLESHY FUNGI
IN THE BLACK HILLS OF SOUTH DAKOTA - SUMMER 2000

INTRODUCTION

Procedures and data for the third year of a study to collect and identify mushrooms and other
fleshy fungi from the Black Hills of South Dakota are reported. Data for each specimen
collected includes site, date collected, major taxonomic category, identification of the species,
the reference used for identification, primary and secondary vegetation in the habitat, substrate
colonized, land use, edibility and collection number. Two more permanent sites were added
during the summer of 2000, and each required four visits during the summer. The report
includes three years of data, a summary and discussion of this data. Conclusions for the three
years of collecting are made regarding the most common fungi collected, especially interesting
fungi, numbers of recurring specimens, time of greatest abundance, possible affect of weather,
site diversity and productivity, and common substrates. Numbers of photographs available for
inclusion in the field guide is included and numbers of fungal exsiccatae now in Black Hills State
University Fungal Collection are listed.

PROCEDURE

During the summer of 2000, fungi were collected four times from late May to late August at each
of the five permanent sites and at two additional sites.

Botany Bay (Lawrence County, TSN, R2E, Sec. 4; N 44° 25290, W 103°.52.885) 1s a narrow
moist canyon diverging from Spearfish Canyon.  Pinus ponderosa and Picea glauca dominate
the landscape, but numerous Ostrya virginiana, Betula papyrifera and Rubus parviflorus plants
are present. The collecting area is approximately 2,500 m * at an elevation of 1447 m.

Eleventh Hour Spring (Lawrence County, TSN, R1E, Sec. 12: N 44°.24.360, W 103°. 56.183) site
has an area of approximately 35,700 m  and an elevation of 1652 m . Populus tremuloides

dominates the landscape with Preridium aquilinum the dominant urderstory. Pinus ponderosa is
present in fewer numbers.

The relatively dry east-facing slope of the Alabaugh Canyon (Fall River County, T8S, RSE, Sec
20, NW 1/4; N 43°.20.534, W 103°.33.349) site is at an elevation of 977 m and includes
approximately 77,000 m *. It was the only site where Juniperus scopulorum was a co-dominant
with Pinus ponderosa. Small areas of prairie were interspersed between the trees.

Rochford-USFS Rd. 127-1B (Pennington County, T2N, R3E, Sec 22, EC 1/4; N 44°.06.971, W
103%.44.378) site is a wet north-facing slope with dense stands of Pinus ponderosa and Picea
glauca. Linnaea borealis is a common herbaceous component of the habitat. The site covers
approximately 8,750 m * at an elevation of 1609 m.

Elevation of the Rochford Cemetery area (Pennington County, T2N, R3E, Sec 22, SW 1/4 &



T2N, R3E, Sec 27 NW 1/4; N 44°.06.672, W 103°.44.919) is 1761 m and it covers approximately
20,000 m *. The site is flat, and dominated almost exclusively by Pinus ponderosa. Peripheral
areas include Populus tremuloides.

Grigg’s Gulch was added in the summer 2000 as a permanent site (Lawrence County, SD., T6N,
RIE, Sec 26; N 44°27 618, W 103°,57,122. elevation 1236 m). It is a small, wet canyon
diverging from Higgin’s Gulch and has very diverse flora, with Ostrya virginiana as the
dominant tree. Betula papyrifera is common. An area near Black Fox Campground was the
second site added as a permanent site. It consists of a Sphagnum/Betula glandulosa’'Picea
glauca/Salix habitat (Lawrence County, SD., T2N, R2E, Sec 11).

The above permanent sites represent different habitats and several are representative of other
areas in the Black Hills. For these sites sampling protocols developed for an all taxa biodiversity
inventory of fungi (Rossman et al., 1998) were modified to fit local conditions. Procedures used
at all sites except Botany Bay, Griggs Gulch and Black Fox consisted of parallel transects
approximately 25-50 m apart, running the length of each site, which varied in length. Collecting
was continuous along these transects. Collecting from the three remaining sites, each of which
were small was continuous in all the sections covered.

Collecting was not restricted to the seven permanent sites listed above and other specimens from
numerous areas (a total of 57 Black Hills sites in the three year study) were added to the
database. No attempt was made to quantitate numbers of fruitings for any species. The study
was designed to show only presence of a species. Edibility is based entirely on the
recommendation of the reference listed for that particular specimen Specimens have been dried
and will be prepared for inclusion in the Black Hills State University fungal collection.

A simple regression analysis was used to determine if relationships existed between numbers of
different species collected at each of the five permanent sites and mean annual temperature, and
between numbers of different species collected at each of the five permanent sites and annual
moisture for both 1998 and 1999. The analysis was repeated for only 1998 and only 1999.
Weather data was obtained from the Department of Atmospheric Science at the South Dakota
School of Mines and Technology. Data from a Deadwood recording station was used for the
Botany Bay and Eleventh Hour Spring sites. Hot Springs records were used for the Alabaugh
site and Rochford records were used for the Rochford Cemetery site and the Rochford FS Rd
127-B site.

Specimens were photographed in the field with Nikon, 35 mm cameras equipped with 60 mm
macrolenses, using Kodachrome ASA 64 film

David Arora (Mushrooms Demystified, 1986) provided authorities for several of the species
listed in his field guide. A few genera were not identified to species because the specimens were
in very poor condition, or characters needed for identification were not present, or the specimens
were not located in any reference. In these cases if there were more than one unidentified
species of the same genus, those entries were counted only once as a different species for all data
analysis, except the data presented in Table 2, for which only named species were evaluated.



RESULTS AND DISCUSSION

Fungi Collected

A total of 1170 specimens representing 244 different species were collected during the three year
study. Four-hundred and forty- three specimens representing 173 different species were collected
in 2000. These collections compare to the 413 specimens (185 different species) and the 314
specimens (156 different species) collected in 1999 and 1998, respectively (Figs. 1 and 2). The
increase in numbers of specimens each year of the study may be due to increased efficiency in
identifying specimens. The database (Appendix A) includes multiple collections of many species
on different dates and at different sites to establish seasonality and distribution of species.

Collections are reported by the same major taxonomic groups that were used in 1998 and 1999
Members of the Agaricales (mushrooms and boletes) were most commonly collected (241
specimens in 2000, 214 specimens in 1999 and 185 in 1998), Aphyllophorales (bracket fungi,
coral fungi) less commonly collected (79 specimens in 2000, 78 specimens in 1999 and 57 in
1998) and Gasteromycetes (puffballs, earth stars), lichens, Ascomycetes (cup fungi) and
Myxomycetes (slime molds) still less commonly collected (Fig. 1). Ninety different species of
Agaricales were collected in 2000 compared to 103 and 92 collected in 1999 and 1998,
respectively. Twenty-six different species of Aphyllophorales were collected in 2000, 31 in
1999, and 30 in 1998 (Fig. 2). Although an attempt was made to collect all visible fungi, the

smaller ascomycetes and myxomycetes may have been observed less frequently than larger
specimens.

Table 1 shows a list of common species that occurred all three vears at each permanent site. This
indicates presence only, and not quanitity of fruitings. The most common species collected
throughout the three-year period was Collybia dryophila. Not only did it occurr three years at
Eleventh Hour Spring, Rochford Cemetery and Rochford FS. Rd. site. but the fruitings were
numerous. C. dryophila is reported to occur under Quercus sp., (Arora, 1986; Huffman et al.,
1989) but in this study it was collected under Populus tremuloides, Pinus ponderosa and Picea
glauca. Tremella mesenterica occurred three years in Botany Bay and in the Rochford FS Rd
site. Gloeophyllum sepiarium occurred three years in Eleventh Hour Spring and in Rochford FS
Rd. site. At Alabaugh Canyon there were many fruitings of the slime mold Fuligo megaspora all
three years of the study. The cosmopolitan species, F. uligo septica also occurred at this site, but
not as frequently as the western species, . megaspora (Farr, 1981 ). Both were collected under
Juniperus scopulorum. Russula alutacea was very common during late summer 2000 at
Eleventh Hour Spring and the Rochford FS Rd site. Leucopaxillus albissimus was collected in
1999, but was more frequently collected during the summer of 2000.

Total number of different species for all sites and for each permanent site for the three-year study
are shown in Table 2. The percent of species occurring only in 1998, only in 1999, only in 2000,
any two years of the study and all three years of the study are also shown in Table 2. The last
two columns show percent of repeating species. For the total 57 sites in the study, 29% of the
species occurred any two of the three years and 21% of the species occurred all three years of the
study. For each permanent site, a range of 14-27% of the species occurred any two of the three
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Table 1. List of most common species that occurred all three years at each permanent site.

Site

Species

Alabaugh

Botany Bay

Eleventh Hour Spring

Rochford Cemetery

Rochford FS Rd.

Fuligo megaspora
Parmelia ulophyllodes

Apiosporina morbosa
Cerrena unicolor
Hapalopilus nidulans
Peltigera canina
Polyporus arcularius
Rhodotus palmatus
Scutellinia scutellata
Tremella mesenterica

Clitocybe gibba
Collybia dryophila,
Crepidotus mollis
Gloeophyllum sepiarium
Peniophora rufa
Pleurotus ostreatus
Trichaptum biforme

Collybia acervata
Collybia dryophila

Collybia dryophila
Fomitopsis pinicola
Gloeophyllum sepiarium
Peltigera aphthosa
Pluteus cervinus
Tremella mesenterica




Table 2. Total number of different species for all sites and for each permanent site showing
percent occurring only in 1998, only in 1999, only in 2000, any two of the three years and present

all three years of the study.

Site Total # % % % % Yo
Species 98 99 00 2/ all 3
All Sites' 244 22 25 18 29 21
Alabaugh 37 30 22 16 27 5
Botany Bay 88 27 16 31 16 9
Eleventh Hr. 84 20 30 21 19 8
Rochford Cem 50 38 12 28 20 4
Rochford FS Rd 78 36 24 17 14 <)

' = Includes all 57 sites in the three-year database.



years and a range of only 4-9 % of the species occurred all three years at any site. These values
indicate the need for several more years of collecting to approach total numbers of different
species occurring in the Black Hills.

Apparently, this small overlap of species collected from year to year is not unusual for fungi.
Data from a survey of a Caledonian pinewood in England that was conducted for 20 years
showed a declining number of newly collected taxa, but new taxa were recorded each year of the
study. About 34% of the current total were recorded on only one visit. Only 12% of the species
were recorded on at least half of the visits and no taxon was recorded on every occasion (Tofts
and Orton, 1998).

Don Hemmes (University of Hawaii at Hilo, Personal Communication), who has been surveying
geastroid fungi for five years from the same sites, found that although fewer newly collected
species occur each year, a few new ones were collected the fifth year.

Fleshy fungi follow variable fruiting patterns. The North American Mycological Association
(NAMA) meets annually for a foray. Typically 200 members collect for one day at a selected
site. Five of these forays have been held at Priest Lake, Idaho. Unpublished data show a total of
820 taxa recorded. Only 5% of these species were reported for all five years and 58% were only
recorded once. Timing of the foray and collecting and identification biases of the participants are
listed as main reasons for this low overlap. In the present study, collections are more similar, but
the two investigators in this study were consistent and collected and identified all fungi as well as
visiting each site four times during both years.

Interesting Species

Considering the small percent of overlap from year to year, it is quite obvious that rare species
cannot be identified until after several more years of collecting. Consequently, this discussion
focuses on especially interesting fungi.

Rhodotus palmatus was listed as rare in 1998 and 1999 However, it has been collected in 1999
and 2000 from both Botany Bay and Grigg’s Gulch. Apparently the distribution of this fungus is
not known. Bessette et al. (1997) list it as infrequent to occasional in northeastern North
America. It is on the Red List in some European countries and is protected in Slovakia and the
Czech Republic (Personal Communication with Pavel Lizon, Dept. of Plant Systematics,
Institute of Botany, Bratislava, Slovakia). This fungus has only been reported from hardwoods,
(Bessette et al., 1997; Horn et al., 1993), but in this study it has also been collected on conifer
wood.

It is interesting to note that the ascomycetous fungi, Discina perlata, Helvella acetabulum and
Morchella esculenta (cup fungi) that were collected at Alabaugh Canyon in 1999 were not
collected at this site in 2000, even though the exact location was observed during the expected
time of fruiting. The 1999, Alabaugh Canyon collection of Morchella esculenta is the only
collection of this species in our database from the Black Hills. This species apparently was also
collected from the Wild Horse Sanctuary in 1999, but not in 2000 (Personal communication with



Dayton Hyde, landowner). During the summer of 2000, an ephemeral myxomycetous species,
Ceratiomyxa fruticulosa was collected at Botany Bay and at the Forest Service Rd 127-1B site.
Because of its ephemeral and fragile nature it is infrequently reported and was new to our
collection. An ascomycetous fungus, Aleuria rhenana collected at Black Fox has been reported
by Arora (1986) as infrequent. Our first specimen of the genus Paxillus, P. involutus was also
collected at Black Fox. It is reported to occur adjacent to Sphagnum bogs (Arora, 1986; Phillips,
1991). Common in northeastern North American bogs (Bessette et al. 1997), Lactarius
hibbardae and L. aquifluus (=helvus) were collected for a second year from the Black Fox bog.
The elegant and deadly poisonous mushroom, Amanita ocreata (Arora, 1986) was collected only
in 1999 from Grigg’s Gulch even though the site was visited again in 2000 at the expected time
of fruiting.

Site Diversity

Figure 3 shows numbers of specimens and species collected at each of the five permanent sites
for 2000, 1999 and 1998. During the summer of 2000, fifty different species were collected at
Botany Bay. In 1998 it ranked second in diversity for the permanent sites. It is the smallest of
any of the permanent sites (estimated area 2,500 m?) so is very productive/unit area. This
narrow, east facing canyon has heavy canopy cover and remains quite damp throughout most of
the summer even when more open areas become dry. Perhaps this is a factor contributing to its
productivity. The vegetation is quite diverse and dominant trees include Pinus ponderosa,
Ostrya virginiana and Picea glauca, plus numerous understory and herbaceous plants. Pine and
spruce forests are reported to be rich in mycorrhizal mushrooms (Arora, 1986). Forty-four
species were collected at Eleventh Hour Spring during 2000. It ranked number one for diversity
in 1999 (Fig. 3). Since it is a much larger site than Botany Bay (estimated area 35,700 m?, it is
not as productive/unit area as Botany Bay. The site has less canopy cover and open grassy areas
are mixed with the Populus tremuloides/Pteridium aquilinum woodlands. Aspen forests of
northern and western North America are reported to be excellent areas for fungi (Arora, 1986).
The US Forest Service Road 127-1B had the greatest diversity in 1998 Forty-six different
species were collected from that site. However, its productivity has declined each subsequent
year.

Data for Big Hill is included in Figure 3. Although this has not been identified as a permanent
site, it is necessary to pass through this area enroute to Eleventh Hour Spring so fungi are
collected from several areas identified as Big Hill. Black Fox and Griggs Gulch appear to have
excellent potential in species diversity.

Collections from miscellaneous sites declined from 1999 to 2000. A factor that might have
contributed to this decline is the addition of Griggs Gulch and Black Fox as permanent sites,
requiring more numerous visits and reducing time available for collecting from sites other than
permanent sites.

Seasonality And Weather

August was the best collecting month for 1998 and 1999 (Fig. 4). Fifty-three percent of the 1998
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specimens were collected in August compared to 34% of the 1999 specimens collected in
August. However, 30% and 32% of the 2000 specimens were collected in June and July,
respectively, compared to only 26% collected in August of this year (Figure 4). Figure 4 also
shows that no fungi were collected in September or early October of 2000. Although data from
recording stations were not yet available for the summer 2000, moisture records for Rapid City
showed only 0.69 inches moisture in August (normal for the month is 1.62 inches) and only 0.31
inches of moisture in September (normal for the month is 1.91 inches). Lack of adequate
moisture was undoubtedly a factor that influenced reduction of collections during August and
September of 2000. Weather data for 1998 and 1999 (Table 3) indicates that adequate moisture
through late summer was a positive factor for the successful late summer/early fall collecting.
This pattern agrees with information from Evenson (1997), which predicts that late summer to
fall following a rain is the best time to collect fleshy fungi.

Linear regression was performed to determine if there was a relationship between numbers of
different species from permanent sites vs. total annual moisture (Table 3) for 1998 and 1999,
1998 only and 1999 only. A significant relationship was shown between number of different
species and moisture for both years (P = .05), with a correlation of r = 0.64. No significant
relationships were shown for only 1998 or only 1999 data (P = .25 - .89) and correlations were
low (r=10.1 - 0.6). The same analysis to determine if there was a relationship between numbers
of different species vs. mean annual temperature (Table 3) for 1998 and 1999, 1998 only and
1999 only, showed there was no significant relationship between these factors (P = 0.4 -0 .7)
and correlation coefficients were low (r =-0.5 - 0.2). Probably others factors such as aspect of

the slope, canopy cover, vegetation at the site, timing of rains, soil temperatures and soil moisture
affect numbers of species.

Substrates

Soil was the substrate, which yielded the greatest numbers of specimens for all three collecting
summers. Since many fungi in forests are ectomycorrhizal with trees (Alexopoulous et al.,

1996) it is reasonable to predict that many of the soil collections from this study were
mycorrhizal. Ectomycorrhizae are widespread and are estimated to occur on 10% of the world’s
flora and to form relationships with members of the Pinaceae (Alexopoulous et al., 1996). It has
been suggested that without mycorrhizal associates most plants could not survive in the highly
competitive environments in which they live and that the rise of land plants was attributed to
these relationships (Alexopoulous et al., 1996). The presence of mycorrhizal fungi indicate well-
being of their plant associate. Some ectomycorrhizal genera are: Suillus, Russula, Lactarius,
Iricholoma, Laccaria and Amanita. All of these genera have been collected in the Black Hills.
Wood was ranked second as a substrate and most fungi colonizing wood are saprobes and
important decay fungi.

Exsiccatae
The 1998 and 1999 specimens that were dried are now in the Black Hills State University Fungal

Collection. The collection from this study includes 495 Basidiomycota ( 324 Agaricales, 112
Aphyllophorales, 42 Lycoperdales, 2 Nidulariales, 1 Dacrymycetales and 14 Tremellales)



Table 3. Year, number of different species for each collecting site, recording station, mean
annual temperature, total annual moisture and moisture/month (for May, June, July and August).

# Different

Species / Weather
Year Collecting Recording

Site Station Temperature' Moisture'

Total May June July Aug

1998 302 40° Deadwood 447 AR ST 8.4 2.6 29
1999 49, 31 46.4 SRl el 7.9 1.0 4.2
1998 21° Hot Springs 48.5 192 4.1 5.3 22 3.3
1999 18 499 260524 6.3 1.4 3.0
1998 425 276 Rochford 391 219 <1.8 7.1 T g R
1599 32414 32.7 242 2 5 il =

' = Some data missing for all sites. *= Eleventh Hour Spring. ° = Botany Bay. ‘= Alabaugh
Canyon. ° = Rochford FS Rd. 127-1B. = Rochford Cemetery.



specimens. Thirty-three Ascomycota specimens are in the collection (4 Dothidiales , 4
Helotiales, 22 Pezizales, 2 Sphaeriales and 1 Xylariales). Myxomycota specimens consist of 15
in the Liceales, 15 in the Physarales and 1 Stemonitales specimen. Sixty specimens of lichens
are in the collection.

Photographs

We currently have approximately 450 - 475 excellent photographs of over 153 different species
available for inclusion in the planned field guide. This publication will describe common
macrofungi of the Black Hills and will be designed to be useful for the general public as well as
for the more serious mycologist. With future editing of photographs, a list of fungi which need
to be included in the book and for which we have no photographs will be compiled. The
photograph collection also includes habitat slides for all permanent sites.

CONCLUSIONS

The Black Hills is a unique “island in the plains” where several biomes meet and overlap
(Froiland, 1990). The flora includes representatives from the eastern deciduous forest, Rocky
Mountains, boreal forest, prairies and south west United States (Van Bruggen, 1996). It appears
there is a relationship between the floral and fungal communities of the Black Hills because
fungi collected include not only cosmopolitan fungi, but those common in the eastern deciduous
forest, the Rocky Mountains, the boreal forest and the southwest United States. Fungal
communities reflect the plant communities and higher diversity of fungi occur in areas with
diverse flora. Unusual fungi are collected from unusual plant communities. Elegant examples
are the bog fungi collected at Black Fox, that are only reported from Sphagnum bogs in the
northeastern part of the United States. Since most forest fungi are ectomycorrhizal with conifers
(Ing, 1996), many if not most of the mushrooms collected in Black Hills forests would be present
because of their ectomycorrhizal partner.

After three years of collecting the authors’ impression remains that fungal diversity is quite high
in the Black Hills, especially in areas with a high plant diversity. However, numbers of fruitings
are relatively low. Rarely are more than a few fruiting bodies of a species observed. Weather

- could influence this phenomenon.

The high percentage of species occurring only in 1998, only in 1999 and only in 2000 of the
study (Table 2) indicates that several more years would be required to produce a valid list of
fungi that occur in the Black Hills. Feest (2000) indicates that list-based assessments are a never-
ending task and suggests that indicators that determine high site value for fungi could be used to
conserve a site for species which could possibly occur on the site, but have not yet been recorded.
However, a methodology to identify indicator species was not suggested. An important long-

term goal of this research is to formulate methodology for identifying indicator species for Black
Hills habitats.
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