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Abstract. Detailed habitat information for the holomycotrophic
orchids, Corallorhiza maculata, C. striata, and C. wisteriana, was recorded from multiple sites in the Santa Catalina Mountains, southeastern Arizona. This study was initiated to see if there are predictable associations with host trees. Over 1,400 flowering stems
were observed from 244 microsites at 10 localities across a 305 m
elevational gradient, and within an area of 7 km2 (700 hectares).
While C. maculata showed a preference for southwestern white pine
(Pinus strobiformis), C. striata associated with white fir (Abies concolor)
and bigtooth maple (Acer grandidentatum). White fir and Douglas-fir
(Pseudotsuga menzesii var. glauca) were the preferred associates of C.
wisteriana. Orchids were found at microsites along lower slopes at
up to 45% inclinations and generally 3-24 m above the slope base.
Nearly all sites were north facing with moderate to thick leaf litter.
A third of all microsites had no forbs or graminoids associated
with orchid clusters, confirming the obligate association with primarily conifers. The local distribution showed a pattern of niche
partitioning, with the three species occurring in similar habitats
but depending on different host trees. Although C. striata and C.
wisteriana associated mainly with white fir, C. striata favored habitat
with more nutrient-rich soils.

Introduction
Mycoheterotrophy is extremely rare in plant species. While global totals are typically estimated at more than 400 species (Leake
1994), Merckx et al. (2013) described 880 species. The Orchidaceae has the largest number of fungal parasites of any plant
family (Merckx & Freudenstein 2010) with 232 holomycotrophic
(fully-mycoheterotrophic) taxa (Govaerts et al. 2017). Corallorhiza
is the third largest genera of holomycotrophic orchids with 12 species and 20 taxa, and the most diverse mycoheterotrophic orchid
genus in the United States (Campbell 2014). Freudenstein & Senyo
(2008) described four clades within this genus: 1) C. trifida group,
2) C. maculata group, 3) C. striata group, and 4) C. odontorhiza/wisteriana group. The latter three clades occur sympatrically within the
Santa Catalina Mountains.
The complete dependence of these parasites on specialized families and genera of fungal hosts leads to rarity and increased environmental vulnerability (Swarts et al. 2010). All three species of

Figure 1. A cluster of four stems emerging from
a rhizome colony of C. maculata.

coralroot orchids in this sky island utilize species within the fungal
families Russulaceae and Thelephoraceae. Taylor & Bruns (1999)
determined that sampled populations of C. maculata were associated with 20 different species within Russulaceae, which favored different host trees and varied with elevation. At least six genotypes
of C. maculata have been identified by Taylor et al. (2003), although
all Arizona specimens examined were the same genotype and associated with Russula brevipes or R. xerampelina. Both of these fungal
species are known to occur within the Santa Catalina Mountains
and are symbiotic with Pinus, Abies, and Pseudotsuga (Kernaghan et
al. 1997; Bergemann & Miller 2002). Freudenstein & Barrett (2014)
determined that while populations of C. wisteriana in the eastern
United States utilized Russulaceae, Thelephoraceae was preferred
in western U.S states. Six collections of C. wisteriana from Arizona
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associated exclusively with the fungal genus Tomentella (T. ferruginea,
T. laterita/T. terrestris, and T. stuposa/T. coerulea/T. terrestris).
Determining predictable tree associations may indicate localized
symbiont(s) for the orchid’s endophytes. Prior personal observations suggested that specific trees were typically found in proximity
of each species.

Study Area
The Santa Catalina Mountains are located at the northwest
edge of the sky island complex of southeastern Arizona at the
northern edge of the Tucson Basin. The range is the 5th tallest
in the region, rising to 2,791 m (9,157 ft). A total of 11 species of
orchids and five fully mycoheterotrophic plants are known from
these mountains, including three in the Orchidaceae and two in the
Ericaceae. Whittaker & Niering (1964) reported an additional holomycotrophic orchid species from the southern/central portion
of the range, but this has not been seen since and no herbarium
collections exist.
Ten different localities were selected for rich orchid populations,
each covering approximately 2–4 acres (0.8–1.6 hectares). A majority of the populations were located in a 5 km2 area, although a
locality at the lowest elevation was 6 km to the southeast. All localities were in mixed conifer forest and ranged between 2,240–2,576
m (7,350–8,450 ft). Localities found below 2,286 m (7,500 ft) typically had Douglas-fir (Pseudotsuga menzesii var. glauca), Arizona pine
(Pinus arizonica), ponderosa pine (Pinus ponderosa), and silverleaf oak
(Quercus hypoleucoides). Those at or above 2,286 m were comprised

Figure 3. A robust rhizome colony of C. maculata blooming in heavy pine leaf litter.

of white fir (Abies concolor), Douglas-fir, southwestern white pine
(Pinus strobiformis), and Gambel oak (Quercus gambelii). The two upper elevation localities were mixed conifer forests dominated by
white fir and bigtooth maple.

Methods

Figure 2. C. striata growing in heavy maple-fir
leaf litter.

Orchid microsites are defined here as clusters of flowering
stems within an approximate 3 m diameter area, estimating the
possible size of a rhizome colony. Detailed habitat information
for 244 microsites was collected from 10 localities within an 11 km
range. Field work was conducted between 2013–2017 for C. striata,
between 2016–2017 for C. maculata and in 2017 for C. wisteriana.
Habitat information at each microsite was recorded and included
primary tree associations within 3 m of orchid clusters, secondary
tree associations found within 4–6 m of orchid clusters, all tree associations within 6 m of orchids, quantity of leaf litter, quality of
leaf litter, site aspect, slope inclination, distance above slope base,
approximate quantity of associated forb/graminoid cover, and
species composition of associated forb/graminoid cover. Quantity of leaf litter was assessed as heavy when thick enough to completely obscure view of the soil, moderate when it nearly obscured
the view of the soil, and light when patches of soil were periodically visible. Associated plant cover was considered light when six or
less individual associated forbs/graminoids were found within 2 m
of orchid clusters, and moderate when approximately 10 individual
associated forbs/graminoids were within 2 m of orchids.
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Corallorhiza maculata. Only 32 microsites were located in 7
localities for this taxa, with a total of 250 flowering stems or an
average of 7.9 stems per microsite. Primary associated trees found
within 3 m of orchid clusters were 1) pine (71.9%), 2) fir (34.4%),
and 3) maple (3.1%). Secondary trees associated 3–6 m from microsites were 1) pine (56.2%), 2) fir (40.6%), and 3) maple (6.2%).
Trees located within 6 m of microsites in primary or secondary
associations included 1) pine (87.5%), 2) fir (71.9%), and 3) maple
(12.5%). Trees most frequently associated within 6 m of orchid
clusters included 1) southwestern white pine (71.9%), 2) white fir

Corallorhiza striata. Striped coralroot orchids were found at
89 microsites in two localities. A total of 212 flowering stems were
observed, or an average of 2.4 flowering stems per microsite. Less
than 5% of microsites were located as high as 24 m above the
slope base. Primary tree associates found in close proximity to orchid microsites were 1) fir (64%), 2) maple (37.1%), and 3) pine
(2.2%). Secondary trees associated with orchid populations included 1) fir (76.4%), 2) maple (34.8%), and 3) pine (3.4%). Trees located within 6 m of microsites in primary or secondary associations
included 1) fir (98.9%), 2) maple (70.8%), and 3) pine (5.6%). Tree
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A total of 1,431 flowering stems were observed at 244 microsites
from 10 localities within the range. All species were found in close
proximity and in similar habitat, but different species were seldom
found within a meter of each other. Favored habitat was partially shaded, mixed conifer forest on primarily north-facing slopes
with copious leaf litter. Only two localities had east-northeast and
west-northwest aspects, but were in old-growth forest with similar
shade aspects as the north-facing sites. All microsites were located
along lower slopes above the slope base at inclinations of up to
40% (C. striata) or 45% (C. maculata and C. wisteriana). Both C. maculata and C. striata were typically found 3–18 m above the slope base,
while C. wisteriana occurred as high as 24 m above the slope base.

(50%), 3) ponderosa pine (31.2%), 4) Douglas-fir (21.9%), 5) bigtooth maple (12.5%), and 6) Arizona pine (6.2%).
Most microsites had no associated vegetation (46.9%) or light
associated forb/graminoid cover (40.6%), while a small number of
sites had moderate associated cover (12.5%). Plants occurring at
microsites with associated vegetation included 1) grasses (58.8%),
2) western brackenfern — Pteridium aquilinum var. pubescens (23.5%),
3) Wooton’s ragwort — Senecio wootonii (23.5%), 4) Mexican bedstraw — Galium mexicanum subsp. asperrimum (11.8%), and 5) Fendler’s meadow-rue — Thalictrum fendleri (11.8%).
Heavy leaf litter dominated sites (71.9%), while a quarter of
microsites had medium (21.9%) and light (6.2%) leaf litter. Leaf
litter quality was primarily pine (90.6%), then fir (62.5%) and maple (9.4%).
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species found within 6 m of orchids in either primary or secondary
associations observed included 1) white fir (92.1%), 2) bigtooth
maple (69.7%), 3) Douglas-fir (27%), 4) southwestern white pine
(5.6%), and 5) New Mexico maple — Acer glabrum var. neomexicanum (2.2%). Rhizome or colony-forming trees like aspen (Populus
tremuloides) and New Mexico locust (Robinia neomexicana) were only
associated at 2 microsites (2.2%), both as a result of disturbance.
Aspen seedlings were entering one site near a cleared forest area,
and New Mexico locust was associated with a different site where
a large tree fell allowing more sunlight on the forest floor.
A majority of microsites had light (43.9%) to moderate (45.4%)
associated forb/graminoid cover, and 10.6% of sites had no associated cover. Species most frequently associated at surveyed sites
included 1) western brackenfern (58.7%), 2) grasses — Bromus carinatus var. carinatus, Festuca arizonica and Muhlenbergia straminea, etc.
(34.9%), and 3) Fendler’s meadow-rue (28.6%), 4) grayleaf red
raspberry — Rubus idaeus subsp. strigosus (9.5%), 5) sedges — Carex spp. (9.5%), and 6) false Solomon’s seal — Maianthemum racemosum subsp. ampexicaule (7.9%).
Leaf litter is an important component of desired habitat. Medium (28.1%) or heavy quantities (71.9%) of leaf litter were found
at all microsites. Maple-fir (85.4%), fir (13.5%), and maple-pine
(1.1%-1) leaf litter was associated with orchid clusters. Fir leaf litter was associated at 98.9% of surveyed microsites, and maple leaf
litter was found at 86.5% of all sites. Small amounts of tree-loving

lichens (Usnea spp., etc) sporadically litter the ground in preferred
habitat.
Corallorhiza wisteriana. This species is the most abundant
coralroot orchid in the study area and was found at all 10 localities.
A total of 969 flowering stems were observed from 123 microsites,
an average of 7.8 stems per microsite. Primary associated trees
found within 3 m of orchid clusters were 1) fir (80.5%), 2) pine
(25.5%), and 3) maple (1.6%). Secondary trees associated 3–6 m
from microsites were 1) fir (81.3%), 2) pine (35.8%), and 3) maple
(2.4%). Trees located within 6 m of microsites in primary or secondary associations included 1) fir (96.7%), 2) pine (51.2%), and 3)
maple (4.1%). The most commonly associated trees found within
6 m of microsites were 1) white fir (61%), 2) Douglas-fir (47.1%),
3) southwestern white pine (31.7%), 4) ponderosa pine (15.4%),
and 5) Arizona pine (5.7%).
Nearly half of all C. wisteriana sites had no associated forb/
graminoid cover (48%), while 30.9% had light associated vegetation and 21.1% had moderate associated cover. The most common plant species found at microsites with associated vegetation
were 1) grasses — Festuca arizonica, Bromus carinatus, Muhlenbergia
straminea, etc. (33%), 2) western brackenfern (30.9%), 3) Fendler’s
meadow-rue (7.2%), 4) Mexican bedstraw (7.2%), 5) sedges (6.2%),
6) Gambel oak seedlings (6.2%), and 7) Wooton’s ragwort (5.1%).
Associated leaf litter quantity was nearly identical to that ob-
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served with C. maculata. A majority of microsites had heavy (74.8%)
and moderate (20.3%) leaf litter, while only four microsites were
found with light leaf litter (3.2%). The quality of associated leaf
litter was 1) fir (91.9%), 2) pine (61.8%), 3) maple (7.3%), and 4)
oak (1.6%).

Discussion
Orchid clusters were found in primary forest, favoring slightly sunny openings in an old-growth canopy. The association of
nearly all microsites with moderate to heavy amounts of leaf litter
and north-facing aspects probably correlates with reduced evapotranspiration and improved fungal habitat. Personal observations
of all five holomycotrophs in this sky island (including Monotropa hipopitys and Pterospora andromedea) were observed mainly along
north-facing aspects. Multiple species of regional Hexalectris are
found in variable aspects, so it is unclear if local fungal genotypes
of these coralroot orchids favor north-facing aspects. These mycoheterotrophs seem to exist within a specific timeline in the cycle
of natural forest succession. As mature trees fall and more sunlight
penetrates through the forest canopy, pioneer species move in and
desired habitat for the orchid/endophyte disappears.
Both C. striata and C. wisteriana are known to exclusively utilize
fungal partners in the genus Tomentella, and it is interesting that
these species strongly favored the company of fir trees — espe-
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cially white fir. Corallorhiza maculata exploits the ectomycorrhizal
genus Russula that is typically known to associate with firs in other
regions, but the data collected in this study suggests a local affinity
to pines. Variations in mycorrhizal genotypes have been shown to
favor different host plants regionally and locally (Croll et al. 2008).
This display of niche differentiation benefits coexistence of these
three sympatric holomycotrophs.
While immediate and nearby tree associations were documented
in this study, it is uncertain as to which tree roots the orchid’s endophyte was growing on. Tree roots can extend 6 m laterally, which
questions the relevance of primary (within 3 m) vs. secondary tree
associations (within 4–6 m). Perhaps the most useful measure of
mycorrhiza-tree association is obtained by evaluating all tree associations within 6 m of orchid clusters, rather than attempting
to qualify a primary tree association (within 3 m) with a greater
chance of being the presumed fungal symbiont. Predictable tree
associations were determined for all three coralroot species by utilizing this approach.
Nearly 95% of all orchid clusters observed occurred along lower
slopes typically 3–24 m above the slope base. This habitat niche
may provide an important nutrient component desirable to these
holomycotrophs. The fungal genera Russula and Tomentella are both
found in forest conditions with rich soil, and Tomentella spp. are
known to require higher levels of carbon and nitrogen (Lilleskov et
al. 2002; Kranabetter et al. 2015). Variations in these nutrient levels
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can result in dynamic changes in EcM (ectomycorrhizal) species
composition (Lilleskov & Bruns 2001; Cox et al. 2013; Churchland
& Grayston 2014). Previous studies have shown upper slopes to
be more nutrient deficient than lower slopes (Enoki et al. 1997; St.
Clair et al. 2005), with reduced hydraulic conductivity and less carbon, nitrogen and phosphorus (Schimel et al. 1985; Aguilar & Heil
1988; Raoof 2014). Lower slopes concentrate higher amounts of
nitrogen, phosphorus, calcium and organic material, as leaf-litter,
branches and fine sediment migrate downslope (Brubaker et al.
1993). These areas also support increased microbial biomass (Gallardo & Schlesinger 1992). This nutrient-slope dynamic may explain the consistent location of orchid clusters along lower slopes
and the near absence of orchid microsites on slopes 30 m above
the slope base.
Corallorhiza maculata. This is the smallest sampling set of the
group, and clusters of this species appear more limited because fir
trees are the dominant component in north-facing mixed conifer
forests in the study area. While 87.5% of microsites were found
within 6 m of pines, the strong secondary association with firs
(71.9%) may be explained by fir-dominance in these forest communities. The most commonly associated tree species, southwestern white pine, is the primary pine species in mixed conifer forests
in observed localities. A larger sampling set or fungal DNA sequencing is necessary to confirm a local preference with pines, or
if both pines and firs are utilized by the endophyte.
Corallorhiza striata. While white fir may be the preferred symbiont for the endophyte or endophyte-orchid combination in this
locality, bigtooth maple was associated with 69.7% of sites and
maple leaf litter was at 87.6% of all sites. The orchid’s fungal host
is known to associate with conifers, but a possible symbiosis with
maples has not been previously reported. A long-term study of
C. striata by Reddoch & Reddoch (1979) also occurred in a maple
forest. It is uncertain whether the maple is a valued symbiont for
the fungus or if it plays an important role in the preferred nutrient
cycle for the orchid, or both.
Corallorhiza striata prefers nutrient rich soils. Nearly 95% of the
total population at both localities are located on lower slopes just
above the groundwater reserves of a riparian canyon, buffering
adjacent trees from the effects of drought. Although a spring is
located at the highest elevational gradient of localities observed,
few orchids were found there.
Corallorhiza striata has been reported to have a preference for
calcium-rich substrates (Fernald 1946; Scoggan 1950; Larsen 1967;
Luer 1975). The nearest known calcareous substrates are a mile to
the west of both localities, so foliar nutrition of associated trees
could contribute significant amounts of calcium to the soil. Leaf
litter quality can influence EcM community composition, and tree
species can contain high levels of calcium in their leaf litter, encouraging growth of some species of the Basidiomycotic genera
Tomentella and Russula (Aponte et al. 2010). Foliar calcium of sugar
maple (Acer saccharum) is the primary calcium source in leaf litter horizons and the top 20 cm of soils in maple forests of the
northeast United States (Blum et al. 2008). Although the nutrition-

Figure 10. Corallorhiza maculata

Figure 11. Corallorhiza striata

Figure 12. Corallorhiza striata forma flavida
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al composition of bigtooth maple is unknown, other maple species
have high levels of this secondary macronutrient (calcium). Nutritional tests for leaf litter of four maple species averaged 1) 60%
higher foliar calcium than two species of fir, 2) 78% more foliar
calcium than Douglas-fir, and 3) 328% more foliar calcium than
three species of pines tested including ponderosa pine (Valachovic
et al. 2004; Reich et al. 2005). Maple also has significantly higher levels of nitrogen (+22–50%) and phosphorus (+179–346%)
than Douglas-fir and ponderosa pine. Nitrogen is crucial to plant
growth and encourages microbial activity (Gallardo & Schlesinger
1992). Foliar testing of bigtooth maple from this locality is necessary to quantify these macronutrients, as many variables influence
the results of soil tests — including pH (Lucas & Davis 1961),
nitrogen deposition (Bobbinck et al. 2010), plant litter legacies
on nutrient cycle (Carrillo et al. 2012), pollution (Johnson & Ball
1990), and species quality.
Microsites were observed to fluctuate in response to changes in
forest canopy and associated vegetation. Two large colonies disappeared after fallen trees allowed more light through the canopy.
Similar rhizome colony decline was observed by Ames (1921) after
forest thinning. One of the biggest microsites in the study area
gradually failed as a dense colony of western brackenfern overtook
the area, even though this fern was the most commonly associated
understory plant with the orchid. Encroaching pioneer species like
quaking aspen and New Mexico locust were not positively associated with microsites, and the only sites in proximity with these
aggressive invaders are expected to fail in a few years as understory
vegetation increases. Another species that was observed to displace orchid colonies was the fivepetal cliffbush (Jamesia americana),
which resulted in the demise of four microsites as this shrub volunteered near existing orchids. At the end of this study, only one
site was located within 2 m of a mature cliffbush plant.
While the negative association with pioneer plant species is
explained by alteration of preferred forest habitat, it is unclear
whether certain plants are incompatible due to root competition
for moisture or possible allelopathy. Soil chemistry can be directly
altered by plants and create positive, negative or neutral feedback
for fungal and microbial members of the rhizosphere (Bonanomi et al. 2005; Shukla et al. 2011; Badri & Vivanco 2009). This is
typically done by dropping leaf litter and organic material and by
releasing chemical root exudates. Up to 20% of available carbon
reserves in plant roots can be spent on root exudates (Huang et al.
2014). These chemical exudates determine the compatibility of the
soil microbiome with affiliated plant species. Competition for soil
moisture could alter EcM community composition.
Corallorhiza wisteriana. The large dataset collected for this
species strongly associates this taxon with fir trees. Both Douglas-fir and white fir were found within close proximity of orchid
clusters, with nearly similar occurrence at microsites. While white
fir was more frequently associated with C. wisteriana, this may
be due to the orchid’s preference for cooler, high-elevation sites
where white fir is more dominant than Douglas-fir.
This species is the most prolific coralroot orchid in the range
and appears to utilize a broader habitat preference than the other
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two species. This coralroot is much more versatile in habitat requirements than its sister taxon, C. striata, including its ability to
occur at greater slope inclinations and its capacity to utilize multiple host species of Tomentella — as opposed to the reliance of C.
striata on a single fungal partner, T. fuscocinerea (Barrett et al. 2010).

Conclusion
Predictable tree associations were determined for all three sympatric orchids. Observations from this study suggest that the local
endophyte of C. maculata utilizes pines as a tree symbiont, in contrast to its reliance on firs in other regions. Southwestern white
pine was the most commonly associated tree species with C. maculata. White fir appears to be the preferred tree symbiont for the
local fungal genotype associated with C. striata, although a strong
secondary association was shared with bigtooth maple. Firs were
affiliated with C. wisteriana, with a near equal occurrence of white
fir and Douglas-fir.
The presence of EcM hosts is more widespread than originally believed, but parasitic orchids only associate with certain colonies of fungus (McCormick et al. 2009). This indicates that these
orchids do not share the same habitat preferences as their EcM
hosts. I suspect that nutrient availability at microsites contributes
to the suitability of desired orchid habitat. The strong maple association with C. striata microsites may be due to its influence on
the nutrient cycle. This could explain why this orchid species is the
least frequent in the range, as this species appears to prefer colonies of fungal hosts with access to greater availability of nutrients.
The unique tree associations observed for each orchid species
demonstrate a pattern of niche partitioning, allowing successful
coexistence in overlapping habitat and range. As tree genotypes influence EcM community composition and host preferences (Lamit
et al. 2016), similar studies in adjacent Arizona sky islands would
help determine whether there are multiple genotypes of orchid
endophytes in the region with different host tree associations.
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