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Distribution of Chlorociboria species in riparian forests of Western Oregon 
An Honors College Thesis by Olivia Kramer 

 
Introduction 

 
Historically, European artists have used naturally colored wood as part of their works. 
While they initially did not know how the color came to be inside the wood, this 
material was highly prized, as the blue-green color was difficult and/or impossible to 
make up until the mid 1700s (1). This natural color was actually due to spalting, 
which is when a fungus creates pigmentation inside of wood (1). This can occur 
through three mechanisms: white rot, where the fungi breaks down the lignin, 
cellulose, and hemicellulose in wood; zone lines, which is the creation of colored 
lines due to the production of various pigments; and pigmentation, where the fungi 
produces extracellular pigments that stain wood through diffusion (1). While there 
was a lot of focus on the wood because of its use for artists, the fungi themselves and 
the pigments they produce have been studied over time as well by various science 
researchers (1). 
 
From the phylum Ascomycota, Chlorociboria is a genus of pigmenting spalting fungi 
that is native to various locations around the world (1-7). Chlorociboria species are 
found growing on decaying wood often already inhabited by white rot fungi, with 
species having been isolated from both hardwoods and softwoods (2, 3, 5, 7). There 
are two notable species found in North America. These are Chlorociboria aeruginosa 
(Oeder) Seaver ex C.S. Ramamurthi, Korf & L.R. Batra and Chlorociboria 
aeruginascens (Nyl.) Kanouse ex C.S. Ramamurthi, Korf & L.R. Batra (1, 3-4, 6-7). 
These species are incredibly similar, differing mainly in that the size of the spores in 
Chlorociboria aeruginosa are larger than those of Chlorociboria aeruginascens (1, 6-
8). Both of these species create a blue-green color in wood due to the production of 
the pigment xylindein (1, 5, 9), and have a long history of use in European marquetry. 
 
Chlorociboria spalted wood is considered valuable by woodworkers due to its vibrant 
pigmentation and rarity (1). Due to this, there is high demand for both the naturally 
occurring stain, and the stain as induced from laboratory conditions (1). It is most 
often found in Europe and New Zealand (1-2). While it is known that Chlorociboria 
is present in the Pacific Northwest, studies showing the specific locations it has been 
found in have not yet been done. In addition, while there has been work 
demonstrating that Chlorociboria has a preference for the species of wood it inhabits, 
this has only been done using monoculture jar tests rather than looking at what it 
grows on in the wild (5). Understanding how it is distributed and what species of 
wood it prefers to grow on can assist with finding it naturally. This would allow for 
further research into what conditions lead to xylindein production in the wild, which 
could then be replicated in a laboratory setting to optimize pigment production. 
Xylindein has potential use in solar cells and wood stains, making pigment 
production an important focus for Chlorociboria research (10-11). 
 



 

 

There is not much known about the distribution of Chlorociboria species in the U.S. 
because not only is it rare, but there aren’t many commercial uses for them. However, 
their pigment, xylindein, has been studied for various potential uses such as wood 
stains and solar cells (10-11). To better locate Chlorociboria to harvest for its 
pigments, it’s important to know its preferred woods species, forest types, and growth 
conditions. This knowledge could also be applied to increase pigment production in a 
laboratory setting. The purpose of this work was to determine the density of 
Chlorociboria in the Benton County area and determine wood preference in this area. 
 

Literature Review 
 

Spalting Artwork: 13th-15th Century 
Historically, spalted wood was used as early as the 13th century (1). Wood spalted by 
Chlorociboria species was originally believed to be stained artificially by the artists 
(1, 2). Only later was the wood identified as spalted using microscopy of samples 
obtained from artwork from the Gubbio studiolo in comparison to wood samples 
known to be spalted by Chlorociboria species (2). The blue-green wood was often 
used for smaller details in intarsia, a form of woodworking that involves inlaying thin 
wood veneers of about five mm into a solid piece of wood and creating an image. 
These details included natural scenery, book clasps, wings, and clothing (1, 3). It was 
also used to mimic the appearance of marble by using Chlorociboria wood shavings 
along with other wood species and creating a block, which was then made into sheets 
of veneer. This technique was called Spänemarmorierung. The use of Chlorociboria 
spalted wood became more frequent in the 15th century, specifically during the 
Renaissance in Italy (1). 
 
Spalting Artwork: 16th and 17th Century 
In the 16th century, the use of Chlorociboria spalted wood spread from Italy to 
Germany, Switzerland, and the historical Tyrol region for use in wood-based artwork 
(1). Artists experimented with staining wood brighter colors, but were doing so 
individually rather than collaborating with others, and the process was rather difficult 
(1). Chlorociboria spalted wood was used similarly to Italian works, being used in 
intarsia as well as for Spänemarmorierung and more general marquetry (1).  
 
Due to the humid climate and the types of wood available, Italy had a good 
environment for Chlorociboria growth (1). The Little Ice Age, which is the most 
recent expansion of glaciers that lead to a considerable change in climate around the 
globe, also occurred during this time (4). The change in climate caused summers to 
become wetter and cooler, making conditions more favorable for Chlorociboria 
growth (1, 4). Despite having good conditions for growth, the fact that the spalted 
wood was used primarily for small details suggests that it was still very rare (1). 
 
Around the 17th century, the popularity of Chlorociboria spalted wood began to 
decline in favor of exotic woods and other costly materials along with the fact that 
other colors were available (1). However, the wood was still used along with native 



 

 

species in Bohemia, now known as the Czech Republic, by artists using a 
combination of intarsia and relief carving (1). 
 
Spalting Artwork: 18th and 19th Century 
The 18th century saw the development of artificial stains and dyes in response to a 
need for a greater variety of bright colors in wood. One dye in particular, “Saxon 
blue”, ended up affecting the use of naturally stained wood. Saxon blue is a dye 
derived from indigo (Indigofera tinctoria L.) by dissolving it in sulfuric acid and 
forming it into a sodium salt, which was soluble in water and used directly (1, 5). 
This contrasts with vat dyeing, where the water-insoluble pigment indigotin, derived 
from either indigo or woad (Isatis tinctoria L.), was reduced into leuco-indigotin with 
a reducing agent such as sodium dithionite (Na2S2O4) and dissolved in water. The 
dyeing was done anaerobically, and the exposure to oxygen afterwards oxidized the 
dye back to its insoluble form and created the desired color (5). This blue dye was 
combined with yellow pigments from plants like barberry (Berberis vulgaris L.), or 
yellow weed (Reseda luteola L.) to create green dyes that worked as a replacement 
for naturally colored Chlorociboria wood (1).  
 
Due to advances in dye development, as well as the increasing popularity of exotic 
wood, Chlorociboria spalted wood fell out of general use in the 1700s (1). Spalted 
wood moved to use in some middle-class works as well as other mediums such as 
violins crafted by the Alemannic School, but these instances were isolated (1, 6). 
 
There was an exception to the decline in spalted wood use. In Tunbridge Wells, Kent, 
marquetry work containing Chlorociboria spalted wood was produced and sold 
primarily as souvenirs (1, 7-8). The design use by the craftsmen, inspired by French 
and German furniture, became well known to the point the works were referred to as 
“Tunbridge ware” (1, 8). How the spalted wood was introduced to Tunbridge Wells is 
still unknown, but it became a distinctive feature in their works during the mid 1800s 
(1). The craftsmen were not only aware that the pigmentation of the wood was cause 
by a fungus, they actually attempted to infect wood in order to produce more spalted 
wood (1, 9). However, this was an exception, and the widespread use of spalted wood 
did not come back until over a century later in North America. 
 
Spalting Artwork: 20th and 21st Century 
The revival of spalted wood use began in the 1960s with Melvin Lindquist and his 
son Mark, who became fascinated with wood with zone lines and used it in their 
work. They also popularized the term “spalted wood” after hearing the term being 
used for wood with zone lines during a trip to New England (1). Their work with 
spalted wood became popular enough that they sold the wood itself alongside their 
own creations (1). Mark Lindquist was also able to create spalted wood artificially by 
burying wood into piles of spalted wood shavings (1).  
 
At the turn of the 21st century, interest in spalted wood increased not only in the USA, 
but in other areas of the world as well. European countries, where the use of spalted 
wood began, showed a renewed interest, and some in South America began to look at 



 

 

spalted wood (1). This is also when spalting as an art and a science began to combine. 
Kip Christensen from Brigham Young University studied potential methods for 
stabilizing decayed spalted wood (1). Sara Robinson also began her research on 
spalting fungi at Michigan Technological University in 2007, involving the 
interactions between different fungi as well as optimal growing times for these fungi 
(1, 10-11). A method for color analysis of spalted wood was also created (1, 12). The 
use vermiculite began in 2009 in order to artificially spalt wood without causing 
unintended pigmentation of wood like soil (1, 13).  
 
During this time, several companies developed patents involving spalting fungi (1). 
The Canadian company FPInnovations started research on the surface staining effects 
of different fungi in 2012, although they did not only use spalting fungi in their 
experiments (1). Armstrong also created a patent on making spalted engineered wood 
flooring (1). Robinson continued her work as she moved to the University of Toronto 
in 2011. An experiment in late 2011 determined the wood preferences of spalting 
fungi, which showed there was a difference in preferences between staining and 
decay fungi (1, 14). Robinson moved back to Michigan Technological University in 
2012 to continue research as a professor, and later moved to Oregon State University 
in 2014. Once there she began to work with the extraction of pigments from spalting 
fungi and the reapplication of the pigments directly on to wood, therefore getting 
around the long incubation period from inoculating wood (1).  
 
Chlorociboria Research: 18th to Late 19th Century 
In 1728 Geoffroy le Jeune was the first to mention Chlorociboria, discussing his 
encounter with the fungus at the Academy of Sciences in Paris (15). The initial belief 
during the 18th century was that the blue-green pigmentation was caused over time 
when left on damp ground (1). The Chlorociboria itself was described as well, given 
the scientific name Peziza aeruginosa by Christiaan Hendrik Persoon, but the fungus 
itself was not associated with the pigmentation of wood (1).  
 
Originally, Chlorociboria species were under the genus Peziza, created by Elias M. 
Fries (1). The species Peziza aeruginosa and Peziza aeruginascens were also 
separated by Louis René And Charles Tulasne, who also determined that they were 
the cause of the blue-green pigmentation of wood (15). Chlorociboria species were 
then changed to the genus Chlorosplenium by Fries in 1849, though the genus was 
considered to be inconsistent (16). The blue-green pigment produced by these species, 
xylindein, was also studied during this time (1, 17-18). While the pigmentation was 
originally thought to be from the decomposition of wood, it was later discovered that 
the fungus itself was producing it (1). It was isolated as a crystal in 1874 by 
dissolving xylindein in alcohol and recrystallizing it with phenol (19).  
 
Chlorociboria Research: Late 19th to late 20th Century 
Attempts to culture Chlorociboria were first recorded in 1883 in which sound wood 
was exposed to wood colonized by Chlorociboria to cause cross-contamination (20). 
Cultivation of Chlorociboria in 1887 allowed Hugo Zakal to determine that the 
pigmentation in the wood was produced by Chlorociboria and not a result of decay 



 

 

(1). Further attempts to culture Chlorociboria were made by Frederick Tom Brooks 
in 1913, who used spores to inoculate sterilized wood (1). He also filed a patent that 
involved Chlorociboria species, which at the time were referred to as Chlorosplenium 
aeruginosum and Peziza aeruginosa, and how to inoculate them (1). Research 
involving Chlorociboria began to die out in the 1920s, with the exception of 
determining its classification and what species fall under it (1).  
 
Fred J. Seaver made a proposal in 1936 to rename several Chlorosplenium species 
because of how distinct they were in comparison to the fungus Chlorosplenium 
schweinitzii (21). This proposal moved several species into this new genus, which 
included Chlorociboria aeruginosa, Chlorociboria versiformis, and Chlorociboria 
strobilina (21). However, this nomenclature was unofficial until a revision in 1957 
that formally created the genus Chlorociboria and additionally separated the species 
Chlorociboria aeruginosa and Chlorociboria aeruginascens, which had previously 
been used interchangeably (22). The interest in working with Chlorociboria started to 
come back due to culture work by Berthet in 1964 (1). Laboratory cultures were also 
made by Dixon in 1975, who attempted to distinguish Chlorociboria species from 
Chlorosplenium (23). He also furthered the distinction between Chlorociboria 
aeruginosa and Chlorociboria aeruginascens by using the size of the ascospores as 
the main difference between species (24). Around this time scientists also proposed a 
chemical structure for xylindein (25).  
 
 
Chlorociboria Research: Late 20th Century to Present 
Beginning in 1979, researchers began further research to confirm the structure of 
xylindein and possible precursors (26-28).  Culturing of Chlorociboria continued in 
1993 with G.A. Fenwick, who was able to culture Chlorociboria on agar plates but 
had difficulty getting the fungus to produce pigments (29). In 1997, Chlorociboria 
was also excluded from the family Sclerotiniaceae after a study analyzing the nuclear 
rRNA sequences of various genera under Sclerotiniaceae at the time led to a revision 
of what genera were considered to be in that family (30). Sequencing done in 2005 
placed Chlorociboria with the class Helotiales, and though a previous paper 
suggested its placement in the family Helotiaceae, its family classification has not yet 
been determined using molecular techniques (8, 21). 
 
As xylindein is what gives Chlorociboria spalted wood its characteristic blue-green 
pigmentation, there have been attempts to synthesize it in 2012, but the full structure 
has not yet been synthesized (31). In regards to natural production, the Robinson 
laboratory has been able to induce xylindein production in Chlorociboria cultures 
(32-33). The pigment can be extracted from the fungi using harsh solvents, with 
dichloromethane being the most effective (34). Experiments have also been done with 
using centrifugal partition chromatography to isolate and purify xylindein (35). The 
extracted pigment has been used directly on wood to test its effectiveness at causing 
internal coloration to mimic the effects of Chlorociboria growth (36). 
 



 

 

Laboratory studies were done in 2009 to test the wood preferences of North American 
Chlorociboria species. When grown in vermiculite jars containing a single 14mm 
cube of wood for eight weeks under controlled conditions, Chlorociboria had the 
most colonization on aspen (Populus tremuloides), with some colonization on sugar 
maple (Acer saccharum) and paper birch (Betula alleghaniensis) but none on 
basswood (Tilia americana) (17). In 2012, an experiment was done to test an agar-
based system that combined malt agar and wood additives. This showed that 
Chlorociboria would grow and produce pigments on all woods tested when combined 
with agar. However, Acer saccharum (sugar maple) stimulated Chlorociboria the 
most, with spalted Populus tremuloides (aspen) having a strong effect as well. The 
study suggests that the sugar content, specifically sucrose and glucose, influence the 
rate of colonization and pigment production (37). To date there have been no tests 
done to determine the host preference of Chlorociboria aeruginascens or 
Chlorociboria aeruginosa outside of laboratory conditions.  
 

Materials and Methods 
 

Samples of Chlorociboria-stained wood were collected in the Benton County area of 
Oregon, USA, where sightings of blue-green stained wood had been previously 
reported. Within Benton County, creeks from Mary’s Peak and the McDonald-Dunn 
Forest were sampled. From Mary’s Peak both Dinner Creek and Woods Creek were 
used, and from the McDonald-Dunn Forest Soap Creek, Jackson Creek, and Oak 
Creek were used for a total of five sample areas. Sampling was done in riparian areas 
due to the fact that Chlorociboria spp. grows best in wet environments (1). Sampling 
area was chosen due to drivability, accessibility, and terrain. 
 
Samples were collected from late November to early March due to the higher 
likelihood of encountering Chlorociboria spp. fruiting forms during rainier seasons 
(1). All sampling was done along the streambeds of the creeks being sampled using a 
line-intercept method along 0.4 kilometer transects on both sides of the stream. 
Transects were run parallel to the stream, 7.62 meters from the edge of the creek. A 
Spencer® Model 950 logger’s tape was used to determine distance from the stream, 
being re-measured approximately every 15.24 meters to account for bends in the 
stream. All downed deadwood with a diameter of at least 5.08 centimeters 
encountered along the transects was sampled, using a ruler to determine whether the 
deadwood met this requirement. The starting location of the transects was determined 
by choosing the closest point of the stream from the entry site using Google Maps as 
a reference. The entry site was defined as the closest area to the creeks accessible by 
car. 
 
All downed wood along the transects was opened using a machete to determine if 
Chlorociboria spp. was present. The wood was cut 1.27 centimeters deep along a 
7.62 centimeters segment on the top side of the log, with repeats every 5.08 
centimeters along the length of the log. Presence of the blue-green pigment produced 
by Chlorociboria spp. was the primary method of determining whether the fungus 
was present or not. The presence of fruiting bodies was also used in the cases where 



 

 

fruiting bodies occurred. Only downed wood was used due to Chlorociboria spp. 
preferring to colonize dead wood (2). If no pigmentation was found after going 
approximately 1.27 centimeters deep into the wood, it was considered to not contain 
Chlorociboria spp. If pigmentation was present, the GPS location was determined 
using the Easy GPS app made by Kraus und Karnath GbR.  
 
The species of wood inhabited by Chlorociboria spp. was also identified. Samples 
were taken from downed wood determined to be or have been colonized by 
Chlorociboria spp. that was not decayed to the point where identification would have 
been too difficult. This is defined as too soft to obtain a solid piece of wood that is 
approximately 2.54 centimeters long and 1.27 centimeters wide. All samples taken 
from the downed wood were at least 2.54 centimeters in width and length and 0.3175 
centimeters thick. These samples were prepared using a Spencer Lens Company 
microtome to create uniform sections of each orientation plane, which were then 
examined using a Nikon Eclipse Ni-U light microscope and photographed using a 
Nikon DS-Ri2 microscope camera. 
 
The coordinates were mapped out using ArcMap from ERSI. 
 
The density of the Chlorociboria species at each location was calculated by dividing 
the number of samples found in a transect by the area of the transect. These values 
were then used to find the average density in the Benton County riparian forests. This 
was compared to the density found in riparian zones of the rainforests of Tambopata, 
Peru (from a different study) using an independent two-tailed t-test (3). The sampling 
in Tambopata was done similarly to what was done in the Benton County area. 
Sampling was done linearly along a manmade path, going no more than 6.1 meters 
off of the path in either direction. All downed wood in this area was cut open in the 
same manner as the College Forest and Mary’s Peak samples (3). Samples sites in 
Peru were chosen based upon accessibility and safety. 
 

Results 
 

Density 
Each area of the locations sampled in the Benton County area was 0.00613161 km2. 
The coordinates of the samples found in these locations as well as the Chlorociboria 
species density of each location are located in Figure 1, and the maps plotting the 
locations are located in Figure 2-6. The average Chlorociboria species density over 
all sites sampled was 489 samples/km2.  
 
Wood Species 
A total of eight wood samples were collected (Figure 1). Of these samples, seven 
were found to be Acer macrophyllum Pursh (bigleaf maple). The samples had only 
procumbent rays, which were multiseriate (Figure 7). There was also helical 
thickening of the cell walls present, a common identifying feature for maple species 
(Figure 8) (1). The samples were compared to cross-sections of a non-spalted Acer 



 

 

macrophyllum sample as well as the University of North Carolina Inside Wood 
database to confirm the results (2). 
 
One was identified as Salix spp. (willow). The sample had both procumbent and 
upright rays, was exclusively uniseriate, and had alternate ray pitting, which are all 
features of Salix spp. (Figure 9-10) (1). The sample was cross-referenced with the 
University of North Carolina Inside Wood database to confirm the results (2). 
 

Discussion 
 
The average density of Chlorociboria species in the Benton County area was 489 
samples/km2.  This density could be an indicator of the historical density of the region 
due to a lack of harvesting of Chlorociboria species in the Pacific Northwest. There is 
no recorded use of blue-green wood from this region, either by colonists or Native 
peoples. However, there is still the possibility of disturbance based on the logging 
industry as well as land development, which has cut down many old growth forests 
(1). Changes in the compositions of forests where Chlorociboria species grow could 
affect its density, so this may not be representative of its historical density. Another 
thing to consider is that the locations were all riparian areas, so the density is only 
representative for these environments in Benton County rather than the whole. 
 
Even in regions where Chlorociboria sp. use was prevalent, this is the first time this 
type of density measurement for Chlorociboria has been done. This makes 
comparisons difficult to make. While Chlorociboria species has been recorded in 
Europe and are currently under investigation, it cannot be considered an accurate 
representation of the historical density because harvesting during the Renaissance era 
most likely changed the natural distribution (2). Other locations such as Canada and 
Australia also have recorded samples, but since the area sampled is not known the 
average density cannot be calculated (3-4). 
 
In order to make a comparison between different environments for Chlorociboria 
species, the data gathered from the Benton County area were compared to data from 
riparian zones in the rainforests in Peru. The data were gathered by Claudia Andersen, 
who did similar work in riparian areas in Tambopata, Peru. Unlike this study, a path 
was followed rather than a stream, but both involved going out a certain distance 
from either the path or the stream and sampling dead wood for spalting fungi. 
Andersen’s work involved searching for spalting fungi in general rather than only 
Chlorociboria in order to not only understand the distribution of spalting fungi in 
Peru but also attempt to discover new spalting fungi as well (5). In addition, the blue-
green fungi found have not yet been confirmed to be Chlorociboria. For the purpose 
of this comparison, only the blue-green fungi samples from Andersen’s data were 
used under the assumption that they are Chlorociboria species, as no other genus is 
known to make the distinct blue-green color. 
 
The average Chlorociboria density for the riparian areas of the rainforests in 
Tambopata, Peru was 321 samples/km2 (5). The results for the independent two-tailed 



 

 

t-test showed no significant difference in size between the densities of the Benton 
County area and the Peruvian forests (P = 0.405), but it is difficult to determine how 
accurate this actually is. The sample area is very small for both Benton County and 
Tambopata (n=5 and n=2 respectively), so it does not hold enough power to fully 
determine any difference between them. In order to improve the accuracy of the 
density of Chlorociboria, further research should be done with more sampling areas 
and longer transects. The increased sample area would improve our understanding of 
the distribution. 

 
Chlorociboria species were found to grow on bigleaf maple in the majority of the 
samples, with J1 being the exception with willow. Both of these species have 
previously been found to be compatible with Chlorociboria species (2-3). Historically, 
it has been known to grow on poplar (Populus sp.) and European beech (Fagus 
sylvatica) in Europe, based on use in artwork (2). However, the poplar species 
Chlorociboria species was found on, Populus tremula and Populus nigra, are not 
native to the Pacific Northwest (2, 6). In addition, European beech is native to Central 
and Western Europe, so finding it in Oregon forests is highly unlikely (7). Blue-green 
stained spalted maple was generally not used in historic artwork, though spalted 
willow was (2). 
 
The unique blue-green color produced by Chlorociboria species has been found on a 
variety of woods. These include birch, willow, spruce, grey alder, poplar, sugar maple, 
and eucalyptus (3-4, 8). While this is a very large range of species, what is notable is 
that the majority are hardwoods. Out of these species, only sugar maple and 
eucalyptus are not native to Oregon. In addition, native birch and spruce species are 
not known to grow in the Benton County area, and grey alder is uncommon (6). Both 
willow and poplar species grow in this area, but out of the eight samples examined 
only one was willow, with none on poplar. Bigleaf maple was the most prolific, and 
was not recorded in any database. It’s possible that this is because all samples of 
Chlorociboria up until this point have been from areas where bigleaf maple does not 
grow. Different climates may also affect the wood preference of Chlorociboria 
species. 
 
Another reason for bigleaf maple being the most common wood species might be due 
to the composition of the forests. Both the McDonald-Dunn Forest and Mary’s Peak 
have bigleaf maple as one of the dominant species (9-10). This might affect what 
Chlorociboria is likely to be found on compared to other forests with different 
dominant species. Non-riparian areas also have a different forest composition, which 
would also affect what the preferred wood species would be. The short transect 
distance means there is less variation for each creek as well, so longer transects along 
same creek might show different results.  
 
Interestingly, in a 2011 study using wood cubes in vermiculite jars, Chlorociboria 
species had been shown to grow well on quaking aspen (Populus tremuloides), a 
poplar species native to the Pacific Northwest, and actually had more colonization 
that sugar maple (Acer saccharum) (11). This was later contradicted by a later study 



 

 

in which sugar maple stimulated Chlorociboria growth more than quaking aspen 
when grown in a malt agar based system (12), although it should be noted that these 
two tests are not truly comparable, as one was on wood blocks and the other, malt-
saturated growth media. It’s possible that Chlorociboria species prefers different 
species of wood depending on its environment and the sugar content available.  
 
In addition, a laboratory environment is much more controlled and does not include 
factors a natural environment may have, such as weather or other organisms. These 
factors could influence not only wood preference, but also growth rate and pigment 
production as well. Experimenting with these could possibly provide insight on what 
affects Chlorociboria species development and pigment production, and whether 
combining these factors creates a greater effect. 
 
Knowing the distribution of Chlorociboria spp. helps with locating and harvesting it. 
The density is important because it provides an understanding of how likely it is to be 
found in certain areas. The wood preference also would assist in finding 
Chlorociboria spp. by searching in locations known to have maple or willow present. 
The wood preference can also be applied to a laboratory setting, with the preferred 
species being used as a substrate to improve xylindein production. Xylindein has been 
studied for use in wood stains and solar cells, making the production of xylindein 
important (13-14). Having increased production would make more xylindein 
available to be used in testing for potential uses like these. 
 

Conclusions 
 
The true density of Chlorociboria in the Benton County area cannot fully be 
concluded based of the results of this research. The sample size was not large enough 
to confidently state that the density was accurate, and the research only takes riparian 
areas into account. It is also difficult to make comparisons to the Tambopata, Peru 
forests as well for the same reasons. The wood preference seemed to be bigleaf maple, 
with supporting evidence from laboratory studies, but the forest types could have had 
an affect on whether this is true due to bigleaf maple being a dominant species. 
However, this research provides foundation for future research into Chlorociboria 
distribution. By expanding on this by increasing the number of transects as well as 
choosing a larger variety of forest types, the density and wood preference of 
Chlorociboria can be more accurately determined. 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 

Figures 
 

Location Sample 
Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Density 
(Chlorociboria/

km2) 
Wood Species 

Oak 
Creek 

O1 44.60565 -123.33231 
326 

Acer macrophyllum 

O2 44.60805 -123.33216  

Soap 
Creek 

S1 44.64328 -123.32298 

815 

 

S2 44.64355 -123.32475 Acer macrophyllum 

S3 44.64348 -123.32486  

S4 44.64348 -123.3233  

S5 44.64366 -123.3233  

Woods 
Creek 

W1 44.54433 -123.45474 

979 

Acer macrophyllum 

W2 44.54446 -123.45468 Acer macrophyllum 

W3 44.54446 -123.45468 Acer macrophyllum 

W4 44.54446 -123.45088  

W5 44.54446 -123.45048 Acer macrophyllum 

W6 44.54448 -123.44968  

Dinner 
Creek D1 44.47248 -123.4909 163 Acer macrophyllum 

Jackson 
Creek J1 44.6134 -123.29206 163 Salix spp. 

 
Figure 1. Table of Chlorociboria locations, average density, and wood species found 
on. 
 
 
 
 
 
 
 
 



 

 

 
Figure 2. Map showing coordinate locations of Chlorociboria near Oak Creek in the 
McDonald-Dunn Forest.  



 

 

 
Figure 3. Map showing coordinate locations of Chlorociboria near Soap Creek in the 
McDonald-Dunn Forest.  
 



 

 

 
Figure 4. Map showing coordinate locations of Chlorociboria near Woods Creek on 
Mary’s Peak.  

 



 

 

 
Figure 5. Map showing coordinate locations of Chlorociboria near Dinner Creek on 
Mary’s Peak.  

 



 

 

 
Figure 6. Map showing coordinate locations of Chlorociboria near Jackson Creek in 
the McDonald-Dunn Forest.  

 



 

 

 
Figure 7. Radial cross-section of sample W1 showing the procumbent rays. 
Magnification 1000X. 

 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 8. Radial cross-section of sample W1. The arrows point to the helical 
thickenings in the cell walls. Magnification 1000X. 

 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 9. Tangential cross-section of sample J1. The arrows point to the upright rays. 
All rays are uniseriate. Magnification 1000X. 

 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure 10. Radial cross-section of sample J1 showing the alternate ray pitting. 
Magnification 1000X. 
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