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INTRODUCTION

Monotropa uniflora, known commonly as Indian-pipe or ghost-pipe, 
is an herbaceous perennial  with circumboreal distribution.  Its global 
range includes temperate and boreal forests of North America, Asia, 
European Russia and northern South America.  In North America, the 
species is known to occur in 11 Canadian provinces and 44 states 
within the continental U.S. including California, Oregon, Washington 
and Idaho (Figure 1).  The California Natural Diversity Database 
global ranking, which is a reflection of the overall status of a species 
throughout its global range, is G5 or “demonstrably secure”; 
however, the state ranking is S2 or “imperiled” due to the restricted 
range within the state border.  The California Native Plant Society 
currently classifies the species as a California Rare Plant Rank 2B.2; 
this status acknowledges that the M. uniflora has a limited 
geographic range in the State, but is (globally) common elsewhere.  
This species is neither State nor Federally Listed as Endangered, 
Threatened or Rare. 

MONOTROPA UNIFLORA ON GREEN DIAMOND PROPERTY

Green Diamond Resource Company (GDRCo) is committed to 
managing sensitive plant species across their ownership.  To this end, 
all proposed timber harvest areas undergo extensive botanical 
surveys focusing on rare and sensitive plants which are either ‘State 
and Federally Listed Endangered, Threatened, and Rare Plants of 
California’ or included in the ‘California Rare Plant Ranking’ (CRPR) 
system maintained by the California Native Plant Society (CNPS).

SPECIES DISTRIBUTION MODELING WITH MAXENT

Maxent is a maximum entropy based modeling approach that utilizes occurrence-only 
data with raster covariates to predict habitat suitability for a target species.  As a 
thoroughly proven, well recognized, and robust species distribution modeling method, 
Maxent is particularly suited for small sample sizes and data sets with occurrence-only 
records.  The Maxent program was developed by Steven J. Phillips, Miroslav Dudik, and 
Robert Schapire and presented in ‘A Maximum Entropy Approach to Species Distribution 
Modeling’, Proceedings of the Twenty-First International Conference on Machine 
Learning, pages 655-662, 2004.

Maximum Entropy

In ordinary language, the principle of maximum entropy can be said to express a claim of 
epistemic modesty, or of maximum ignorance.  The selected distribution is the one that 
makes the least claim to being informed beyond the stated prior data.
By choosing to use the distribution with the maximum entropy allowed by our 
information, the argument goes; we are choosing the most uninformative distribution 
possible.  To choose a distribution with lower entropy would be to assume information we 
do not possess.  Thus the maximum entropy distribution is the only reasonable 
distribution. (Unnamed source)

Modeling of habitat suitability for Monotropa uniflora was constrained to Del Norte and 
Humboldt Counties.  While occurrence records are located primarily on GDRCo property 
in Del Norte and Northern Humboldt County, it was deemed important to assess the 
possible suitability of habitats outside its known range.

Within the two county area of interest GDRCo has developed over 30, 5-meter 
resolution, raster based predictor variable data sets.  These include topographical 
(elevation, slope, aspect), climatological (precipitation and temperature) and physical 
(solar radiation, soils, and zone of coastal influence) variables to mention a few. 

To guard against the effects of multicollinearity, Intra-variable correlation was assessed 
using Pearson’s r for continuous variables and Cramér's V for categorical variables. When 
two or more variables were found to have high intra-variable correlation the most 
biologically relevant variable was retained and the other(s) discarded. A list of the post-
correlation assessed variable suite is found in Table 1.

Variable 
Name Description

elev_5m Elevation in meters above mean sea level

slope_p_5m Slope in percent measured as the first derivative of elevation

aspect_5m Downslope direction of the maximum rate of elevation change

sp2000_5m Position on slope between valley bottom (0) and ridge above (100)

tpi2000_5m
Topographic position index, scale dependent measure of ridge/valley/flat 
association

tmean_5m Mean annual temperature, based on PRISM 30-yr normal (1981 - 2010)

tmin_5m Minimum annual temperature, based on PRISM 30-yr normal (1981 - 2010)

gdd_5m Growing degree-days (base 50 deg. F), based on PRISM 30-yr  (1981 - 2010)

ppt_5m Mean annual precipitation, based on PRISM 30-yr normal (1981 - 2010)

zci_5m
Zone of Coastal Influence, binomial representation of the coastally influenced 
temperature zone

taxorder_5m Taxonomic order of the dominant soil within the mapping unit

areasoldif_5m Diffuse incoming solar radiation

areasoldir_5m Direct incoming solar radiation

Table 1.  Post correlation predictive variables assessed for inclusion in final model

A bias file was constructed from the polygonal surveyed areas dataset.  The 
bias file represents the sampling intensity of specific areas within the greater 
area of interest where Maxent draws background information from each 
predictor variable dataset. 

An initial Maxent run with all 13 retained variables was used to assess 
variable contribution. Five predictor variables (elev_5m, tmean_5m, gdd_5m, 
taxorder_5m, and ppt_5m) with a contribution percentage of 3.0% or more 
were retained for additional analyses.  Examination of the individual predictor 
variable response curves and the lambdas output file suggested a high degree 
of complexity commonly associated with over-fitting.  A tuning method based 
on manipulation of the regularization parameter (beta) and the Akaike 
information criterion adjusted for small sample size (AICc) was devised.

A series of five Maxent runs were conducted where the regularization 
parameter was altered between 1 (default) and 5 in steps of 1. Increasing the 
regularization parameter will simplify model complexity and generalize the 
response curves.  Results from these runs were assessed and model selection 
carried out using AICc with results found in Table 2.

Beta Value k lnL n AIC AICc Delta AICc
2.0 34 -5022.13 294 10112.25 10121.44
1.0 53 -4998.85 294 10103.69 10127.54 6.10
3.0 29 -5052.29 294 10162.58 10169.17 47.73
4.0 22 -5074.22 294 10192.44 10196.17 74.73
5.0 22 -5095.47 294 10234.94 10238.68 117.24

where

Beta value: the Regularization value
k: the number of model parameters
lnL: log liklihood
AIC: Akaike Information Criterion
AICc: Akaike Information Criterion, adjusted for small sample size
Delta AICc: is a measure of each model relative to the best model

Table 2. Model selection rankings using AICc results based on manipulation of the 
Regularization Parameter (beta).

Post tuning, a final Maxent run was conducted with regularization set at 2 and 
a random test percentage of 20%. Receiver operating characteristic (ROC) 
curve results suggests a high degree of sensitivity (TPR) and specificity (FPR) 
for both the training (AUC = 0.902) and test data (AUC = 0.883) (Figure 7.)

Figure 7.  Graph of model Specificity VS Sensitivity 

The Relative rank of predictor variables, as seen in Table 3, calculated as 
percent contribution and permutation importance and quantified by 
measuring the increase or decrease in regularized gain or the variables effect 
on AUC. 

Variable Percent contribution Permutation importance

ppt_5m 31.8 58.7

taxorder_5m 28.9 10.6

gdd_5m 26.5 14.7

elev_5m 8.7 12

tmean_5m 4.2 3.9

Marginal response curves illustrate the effect of 
each predictor variable within the model (Figures 8 
– 12). In general, M. uniflora prefers lower 
elevations, higher precipitation, mean 
temperatures above 11.2 C°, a maximum number 
of growing degree-days, and a preference for the 
soil taxonomic order dominated by Utisols.

A map of the final model output can be seen in Figure 14.  Also shown are ninety two 
of the 2015 harvest units surveyed for M. uniflora.  Harvest units from 2015 were 
coded as detection or non-detection for M. uniflora and mean model HSI values were 
extracted for each polygon. Differences in mean HSI values were assessed using 
ANOVA. Results indicate a statistically significant difference between means (α=0.05) 
and can be seen in the box plot below (Figure 15). 

Mean HSI value within 2015 Harvest Units
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In California, M. uniflora occurs in Del Norte and northern Humboldt 
counties in mixed coniferous stands where Douglas-fir (Pseudotsuga
menziesii) is the dominant overstory species.  Similar to other 
members of the Monotropoideae, M. uniflora is mycoheterotrophic, 
which is defined as plants with the ability to obtain carbon resources 
from associated mycorrhizal fungi which are linked to autotrophic 
plants.  Unlike green (photosynthetic/autotrophic)  plants, M. uniflora  
is distinguished by its bright white pigmentation (achlorophyllus), 
solitary terminal flower and a propensity to occur in the dark 
understory of northern temperate forests.  Like most 
mycoheterotrophic plants, M. uniflora associates with a small range 
of fungal hosts: all of them members of Russulaceae. 

Figure 5.  Reproduction is 
facilitated by small, dust-like seeds 
that are wind-dispersed. 

Figure 3.  As the species name 
suggests, the stems bear only a 
single flower which is 10–15 mm 
long with 5 (3-8) free sepals which 
are more or less identical to the 5 
(3-8) free petals. 

Figure 4.  Reproductive stems often 
reach heights of 10–30 centimeters 
(cm) with small scale-like leaves 5–
10 millimeters (mm) long. 

Figure 2.  Flowers typically emerge 
from the ground in a nodding 
position then become upright 
when fertilized.

During pre-harvest botanical surveys (2001 - 2014), M. uniflora was found at 453 
locations on current GDRCo property and 3 locations adjacent to GDRCo property.  In 
addition, the California Natural Diversity Data Base (CNDDB) contains 52 current 
records within Del Norte and Humboldt Counties, 35 of which are of GDRCo origin.  Of 
the remaining 17 records, 14 were considered to be of high enough quality for this 
study (Figure 6).

M. uniflora is commonly found in patches of one to several hundred plants distributed 
throughout a timber harvest unit.  While these groupings are mapped as unique 
locations, their close proximity to one-another poses a modeling risk known as spatial 
autocorrelation and therefor, may not be independent samples.  To reduce this 
potential bias, a minimum separation distance of 100 meters was used to subsample 
the occurrence data set; this resulted in a sample size of 294 records. 

In addition to entering multiple botanical species into the GDRCo GIS, all areas where 
botanical surveys are conducted are mapped in detail.  These ‘Project Surveys Areas’ 
(PSA) become important within the Maxent modeling process.

Table 3.  Relative rankings of predictor variables within the final model.

Figure 13.  Typical forest habitat associated with 
Monotropa uniflora

Figure 15.  Box plot showing differences in mean HSI model values
extracted from 2015 harvest units.

Figure 1.  Distribution and State Ranking for M. uniflora (NatureServe 2016).

Figure 8.  M. uniflora response to precipitation (mm)

Figure 9.  M. uniflora response to soil order

Figure 10.  M. uniflora response to growing degree-days

Figure 11.  M. uniflora response to elevation (meters)

Figure 12.  M. uniflora response to temperature (C°)


