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Biodiversity Ecosystem Question 4 - Rare Plants  
 

Goal:  Maintain ecosystems capable of supporting the full range of native and desired non-native species 
and ecological processes. Maintain a mix of representative habitats at different spatial and temporal 
scales.  

Objective:  The management objective is to prevent species from becoming listed as threatened, 
endangered, or sensitive.  

Background:  According to the Alaska Natural Heritage Program database of rare plants, the Tongass 
National Forest is home to ninety-nine rare vascular plant species, including fifteen species listed on the 
Alaska Regional Forester’s 2009 sensitive species list. One lichen species that occurs on the Tongass is 
also listed as sensitive.  

 

Biodiversity Ecosystem Question 4:  What are the cumulative effects 
of changes to habitats that sustain rare plants? 
To answer the monitoring question according to these goals and objectives, rare plant population 
monitoring has been implemented on the Tongass National Forest. 2012 marked the second year of a pilot 
monitoring study of sensitive plant populations on Prince of Wales Island, and a continuation of 
monitoring of two sensitive species (mountain lady’s slipper orchid and dune tansy) which have only one 
population each that is known to occur on the Tongass. 

 

Monitoring Results  
Prince of Wales Island Sensitive Plant Population Monitoring 
One of the management goals for rare plant species that occur on the Tongass National Forest is to 
maintain the viability of populations of these species. To help support this goal, a pilot monitoring project 
was established on Prince of Wales Island, which includes both the Craig and Thorne Bay Ranger 
Districts (picture 1). Monitoring is currently focused on three species designated by the US Forest Service 
Alaska Region as sensitive: lesser roundleaf orchid (Planthera orbiculata), lung lichen (Lobaria 
amplissima), and yellow lady’s slipper orchid (Cypripedium parviflora var. pubescens). Another sensitive 
species, Alaska rein orchid (Piperia unalascensis), was also included in the pilot study. However, 
specimens from the sampled populations that were previously identified as Alaska rein orchid (P. 
unalascensis) were confirmed by a taxonomic expert to be whiteflower rein orchid (P. candida), a closely 
related species occurring in similar habitat. Whiteflower rein orchid is also considered to be rare on the 
Forest.  

Methods 

For species with greater than five or more known populations in the study area (lesser roundleaf orchid, 
whiteflower rein orchid, and lung lichen), permanent 500 m2 sample plots were installed in a randomly 
chosen subset of the populations. Since yellow lady’s slipper orchid occurs on only two sites, the 
populations were measured by full census rather than sampling.  Monitoring attributes that were measured 
include presence or absence of the species, density (number of individuals per unit area), area occupied, 
and percent canopy cover. In 2012, these plots were re-measured to obtain data on the change of these 
attributes over time.  
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The data from the permanent sample plots were summarized to determine the percent change in the above 
parameters for each species (table 1). A one-tailed, paired sample t-test was applied to the lesser roundleaf 
orchid and whiteflower rein orchid data to test the null hypothesis of no decrease in density (number of 
individuals per ha), area occupied (m2 per ha), or percent canopy cover. The presence or absence of a 
species within the sample plots was also recorded, and a McNemar’s test for proportions (with continuity 
correction) was applied to the frequency of occurrence (for lesser roundleaf orchid only). A post hoc 
power analysis of the significance tests was applied using ‘pwr.t.test’ in the R software program. For a 
description of the statistical analyses relative to the monitoring objectives, see the biodiversity - rare plant 
monitoring protocol in the Tongass National Forest Monitoring and Evaluation Guidebook (USDA Forest 
Service 2010). 

. 

 
According to the protocol, the sampling objective for rare plant population monitoring is to 
detect a statistically significant decrease in frequency of occurrence, density, area occupied, or 
percent canopy cover of plant populations, by species, with a confidence level of eighty percent 
and a false-change error rate (alpha level) of 0.20. If a twenty percent or more decrease in 
frequency of occurrence, density, area occupied, or percent canopy cover is detected within a 
five year sampling period, then the Forest will initiate actions to determine the cause of decline 
and prevent further decreases. This sampling objective is being evaluated during the current pilot 
sampling period, and the above parameters may be modified if necessary to achieve sampling 
objectives within current and projected budget and personnel constraints 
 

Biodiversity Ecosystem 4 Picture 1.   Botanists record rare plant monitoring data on Prince of 
Wales Island, Tongass National Forest. Photo by Rick Turner 
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Biodiversity Ecosystem 4 Table 1.   Sample means and standard deviations of monitoring data for 
lesser roundleaf orchid (P. orbiculata) and whiteflower rein orchid (P. candida) 

  2011 2012 

Species Attribute 

Mean  

(M) 

Standard 

Deviation 
(SD) 

Mean  

(M) 

Standard 

Deviation  

(SD) 

P. orbiculata 

Density (#indiv/ha) 375 895 218 472 

Area (m2/ha) 1670.5 5454.2 1345.9 4236.2 

Percent cover 0.2 0.3 0.7 0.5 

P. candida 

Density (#indiv/ha) 1220 1856 1136 1414 

Area (m2/ha) 2697.8 6014.6 2947.9 6199.0 

Percent cover 0.1 0 1.0 0 

 

Results 

Lesser Roundleaf Orchid 

In 2011, eleven permanent sample plots were 
established in populations of lesser roundleaf orchid 
(picture 2). The plots were re-measured in 2012. 
Results indicate a significant decrease in density 
(individuals/ha) from the 2011 growing season (M = 
375, SD = 895) to the 2012 growing season (M = 
218, SD = 472); t (10) = 1.2127, p = 0.1266. The 
mean difference between the two years indicates a 42 
percent decrease in population density. No significant 
decreases were detected in area occupied (t(10) = 
0.8784, p = 0.2002) or percent cover (t(10) = 3.6719, 
p = 0.9978). In 2011, the species was present in all 
permanent sample plots. In the 2012 re-measurement, 
individuals were absent in three (27 percent) of the 
sample plots. McNemar's test (with continuity 
correction) indicates that the difference in presence 
and absence between the sample years is not 
significant (chi-squared = 1.3333, df = 1, p = 
0.2482). 

Whiteflower Rein Orchid 

Five permanent sample plots were established in 
populations of this species in 2011. Paired-sample t-
tests showed no significant decrease in density (t(4) = 
0.2496, p = 0.4076) or area occupied (t(4) = 1.8653, 
p = 0.9322). However, due to the very small sample 
size the power of the tests (the probability of 
detecting a change when it in fact has occurred) is 
low. A significance test for percent cover was not 

Biodiversity Ecosystem 4 Picture 2.  Lesser 
roundleaved orchid, Prince of Wales 
Island, Tongass National Forest.  

 Photo by Rick Turner 
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performed due to the lack of variation in the sample means. Since the species was present in all plots 
initially and no absences were observed in 2012, a significance test for presence/absence was also not 
performed.  

Lung Lichen 

Since only one sample plot was established in 2011, statistical inferences concerning population change 
cannot be made at this time. The single plot contained one individual lichen mat, occupying an area 0.1 
m2 and with 0.1 percent relative cover. This plot was re-measured in 2012; density and area values were 
unchanged, but relative cover increased to one percent, which is unlikely to have occurred in such a short 
time period in a slow-growing species such as lung lichen. The difference probably reflects difficulty in 
avoiding observer error when estimating cover of these lichens which are often found high on the bole of 
large trees and must be measured from a distance. An additional five plots were established and measured 
in 2012. All plots will be re-measured in 2013 to provide data for analysis. 

Yellow Lady’s Slipper Orchid 

Yellow lady’s slipper orchid (picture 3) occurs on only two known sites on the Tongass National Forest, 
both of which are on Prince of Wales Island. A third potential site with difficult access needs to be 
verified. No data were collected for this species in 2011. Due to the low number of known populations, a 
full census was conducted at the two known sites rather than sampling in 2012. The populations contained 
fifteen individuals each, occupying a total of 0.2 m2, or 4 m2/ha. Average canopy cover was 0.55 percent. 
The populations will be measured annually to assess changes over time. 

Species Assessments 

Pilot monitoring results indicate that the density 
of lesser roundleaf orchid individuals 
significantly decreased from 2011 to 2012. 
However, the cause of the decrease is currently 
unknown. According to 2012 sample plot 
records, one plot was directly impacted by a 
management activity (timber harvest), and that 
plot (containing one individual) showed no 
decrease. The decrease in density may be related 
to the periodic dormancy of individuals in the 
populations. Substantial numbers of this species 
can become dormant for one or more years, and 
then continue growth in subsequent years 
(Hornbeck et al. 2003). The causes of dormancy 
in this species are not well understood. A 
possible explanation for dormancy is that it is a 
natural response to climate variation. Area 
occupied and percent cover showed no 
significant decrease. 

The paired t-tests of the whiteflower rein orchid 
pilot monitoring data showed no significant 
decrease in density, area occupied, or percent 
cover. However, the results are likely to be 
unreliable since the sample size is very small, 
which can result in high variance in the data set 
and low statistical power of the significance test 
(see Power Analysis section). 

Biodiversity Ecosystem 4 Picture 3.  Yellow 
lady’s slipper orchid, Prince of Wales 
Island, Tongass National Forest.  

 Photo by Mike Ausman 
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Because the majority of sampling for lung lichen and yellow lady’s slipper orchid did not begin until 
2012, additional field data must be collected before determining trends in the populations. The lung lichen 
sample plots will be re-measured in 2013 to provide data for statistical analysis, and the two yellow lady’s 
slipper orchid populations will also be re-measured by census in 2013. 

Power Analysis 

Statistical power is the probability that a study will detect an effect when there is in fact an effect to be 
detected. If statistical power is high, the probability of making a Type II error (i.e., concluding there is no 
change when, in fact, a change has occurred) is low. For example, with a sample size of eleven, an effect 
size of 0.20, and a significance level of 0.20, the probability of correctly detecting a decrease in the lesser 
roundleaf orchid population when it has in fact occurred is low (42 percent). Using the same parameters 
for whiteflower rein orchid, except substituting a sample size of five, the statistical power was calculated 
to be thirty-four percent, which is also quite low. 

There are three ways to increase statistical power to an acceptable level are: 1) increase the effect size to 
be detected, 2) increase the significance level, or 3) increase the sample size. Increasing the effect size 
could run the risk of only detecting very large decreases in the species, which might otherwise have been 
detected earlier so that management actions could be implemented to protect species viability. Since the 
significance (alpha) level of 0.20 is already set quite high, it would be inadvisable to increase it further 
and increase the chance of a false positive result (Type I error); in other words, it would increase the 
chance of concluding that a significant change has 
occurred when in fact it actually has not.  

Increasing sample size is the easiest way to increase 
power, because the larger the sample size, the more 
likely a hypothesis test will detect a small difference. 
For example, seventy-two sample plots are estimated 
to be needed to achieve a power of eighty percent, 
with effect size at 0.20 and significance level at 0.20. 
Funding or personnel constraints may prevent the 
implementation of a very large sample size. In 
addition, large numbers of sample plots may not be 
practical for some species that occupy a limited area, 
so compromises may need to be made when 
designating the desired power. 

Mountain Lady's Slipper Population 
Monitoring 
Mountain lady’s slipper orchid (Cypripedium 
montanum) is designated as a sensitive species by the 
Forest Service Alaska Region. The only population of 
this species known to occur on national forest lands in 
Alaska grows on Etolin Island on the Tongass 
National Forest (picture 4). It is located in a meadow 
near a small stream that is surrounded by muskeg and 
mixed conifer forest. In 2012 the population was 
visited, and 412 individual stems were counted, 
compared with counts of 75 to 100 in 2006, 359 in 
2007, and 188 in 2011. These numbers indicate that 
this population may be exhibiting a large variation between growing seasons, possibly due to periodic 
dormancy of individuals in response to climatic conditions. However, the timing of visits may also 
influence the counts, as flowering stems are much easier to recognize and count than vegetative stems.  

Biodiversity Ecosystem Picture 4.  Mountain 
lady’s slipper orchid, Etolin Island, 
Tongass National Forest.  

 Photo by Rick Turner 
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Signs of herbivory and trampling of plants by ungulates (which includes Sitka black tailed deer and 
introduced elk) have been observed at the site during past monitoring visits. Due to concerns that animal 
damage is affecting the population’s long-term viability, the number of stems exhibiting signs of 
trampling or herbivory was recorded during the 2012 site visit.  

A total of thirty-five stems (eight percent of the total stem count) showed some type of animal damage. 
Fourteen of the stems showed signs of ungulate herbivory, in which the top of the stem was cropped, and 
16 stems had partial damage to one or more leaves, indicating insect herbivory. Five stems were 
determined to have been trampled. This amount of damage to the population is not likely to be a cause of 
immediate concern for population viability. However, since the site visit occurred near the end of the 
flowering, some damage such as herbivory on flowers could have been missed. Several well-traveled 
wildlife trails were found on the site, and scattered old deer tracks, scat, and daybeds were also noted. 
During the visit, deer were sighted in the muskegs near the site. No elk scat or tracks were observed in the 
area.  

Dune Tansy Population Monitoring 
Kruzof Island is home to the only known population of dune tansy (Tanacetum bipinnatum) on national 
forest lands in Alaska. This population was discovered in 2003 and occupies an area of about 40 feet by 
60 feet. Dune tansy is designated as a sensitive species by the Forest Service Alaska Region due to its 
rarity, and because natural and human caused erosion threaten its beach meadow habitat.  The population 
has been monitored by Forest Service personnel through informal observation almost every year since 
discovery, because the area is popular for recreation use and is also designated as an off-highway (OHV) 
riding area.  

In 2006, a stream near the dune tansy habitat abruptly changed course and began undercutting the beach 
meadow. Winter storms have contributed to more severe erosion of this habitat.  By 2011 the beach 

meadow had been eroded to within 
100 feet of the dune tansy 
population. Currently the edge of the 
beach meadow is an abrupt ten foot 
drop to the active beach below. By 
early spring of 2012 the dune tansy 
population was right on the edge of 
the eroding beach front. About half 
of the meadow has been lost over 
the last five years. The loss of beach 
meadow also caused a change in the 
OHV access and traffic patterns on 
the beach. A new OHV trail now 
runs right through the dune tansy 
population (picture 5). In May 2012, 
signs were posted to help keep OHV 
traffic off the population. 

 

 

 
Evaluation of Results  
The majority of monitoring data from the last five years has consisted of summaries of rare plant surveys 
conducted and the species found, numbers of project biological evaluations completed for sensitive 
plants, and descriptions of projects such as species conservation assessments and habitat models. This 

Biodiversity Ecosystem Picture 5.  Eroding beach meadow at 
the dune tansy population on Kruzof Island. A new OHV 
trail runs through the middle of the population.  

 Photo by Brad Krieckhaus 
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information is important for the management of rare plants and their habitat. Additional information 
specific to status and trends of rare plant populations and habitat may be collected in future monitoring 
efforts.   

In 2010, a new forest-wide monitoring protocol for rare plants was developed which includes three 
components: 1) rare plant populations, 2) rare plant habitats, and 3) implementation of project mitigation 
actions. Since the original monitoring question does not contain specific criteria by which to evaluate 
cumulative effects on rare plants and habitat, the protocol refined the question by relating it to Forest Plan 
goals and objectives for rare plants and developing the following specific monitoring criteria: 1) all 
mitigation measures from biological evaluations and other botanical reports are incorporated into 
environmental assessments/impact statements, decisions, and permits, and are implemented as scheduled; 
2) the current areal extent and condition of habitat for all sensitive species and selected rare species, by 
species and in aggregate, is maintained annually for five years; and 3) the percent cover and density of all 
sensitive and selected rare species populations is maintained annually for five years. These criteria should 
be included in the monitoring question to maintain a consistent standard for future evaluations of the 
monitoring design and results. 

A pilot project to implement the population monitoring protocol was initiated in 2011 on Prince of Wales 
Island. Permanent sample plots were established and measured in a subset of populations of lesser 
roundleaf orchid, whiteflower rein orchid, and lung lichen, with re-measurement occurring in 2012. 
Inferences about population trends from the pilot project can only be made for the sampled landscape 
(Prince of Wales Island). Forest-wide population trends for the three sampled species would require 
revising the sample design to include populations across the Tongass. At this time, the rare plant habitat 
and project mitigation monitoring protocols have not been implemented on the Tongass. 

The results of the pilot sampling indicate that meeting sampling objectives would require an increase in 
the number of sample plots to reduce sample variance and increase statistical power. The difficulty in 
obtaining consistent and precise field measurements of area occupied suggests that it is not a reliable 
measure of population condition. Similarly, precisely measuring relative canopy cover of often small 
numbers of individuals in a large sample plot has proven difficult; substituting absolute cover would 
probably provide a more reliable measurement. Beginning in 2012, the only two known populations of 
yellow lady’s slipper orchid were measured by census rather than statistical sampling. A third site with 
difficult access also needs to be visited, and if it is verified it should be added to ensure a complete 
census.   

Monitoring of the mountain lady’s slipper population on Etolin Island occurred in 2011 and 2012. 
Counted individuals increased over 100 percent between the two growing seasons. Continued annual 
census monitoring, including data on animal-caused damage, will be needed to evaluate population trends 
and natural variability. The dune tansy population on Kruzof Island has been monitored informally for 
most of the last several years. Site evaluations indicate habitat loss is occurring due to beach erosion and 
off-highway vehicle use. Since the current threats to the population and habitat could potentially result in 
extirpation, annual monitoring of the population should continue, including the collection of additional 
quantitative population and habitat data. Other sensitive species with few known populations on the 
Tongass, such as Henderson’s checkermallow (Sidalcea hendersonii) and Unalaska mistmaid 
(Romanzoffia unalaschcensis), should also be considered for annual census monitoring to establish trends 
in the populations and ensure their continued viability.  

 

Action Plan  
The Prince of Wales rare plant monitoring will be continued in 2013 as funding allows. The established 
permanent sample plots will be re-measured in 2013, and additional plots may be established to meet 
sampling objectives. The yellow lady’s slipper population will continue to be monitored by census. After 
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sufficient yearly data are collected (approximately five years) a trend analysis will be conducted for the 
monitored species. Continued monitoring of the dune tansy population on Kruzof Island is also planned 
for 2013 to provide more specific information on population status and habitat loss. If erosion or OHV 
damage is continuing at the site, additional management actions may be taken to protect the population’s 
long-term viability. 
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