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Abstract: This study on Platnnthern zothecina (alcove bog orchid) was initiated by the Nation- 
al Park Service after a recent threatened and endangered species survey at Navajo National 
Monument. It is listed as Category 2 (species of special concern) by the U.S. Fish and Wild- 
life Service, and Category 3 (likely to become endangered) by the Navajo Nation. Because P. 
zothecina is a fairly new taxon, and little is known about its ecology, this baseline study 
documents population size, number of basal leaves, flowering plant height, number of 
flowers, and fruit set rates for a 2-year period (1999 and 2000) at Betatakin Canyon. Popula- 
tion size dropped from 1,944 to 1,151 plants by the second year. Average number of basal 
leaves was three. Flowering plant height averaged 23 cm with the tallest measuring 60 cm. 
Number of flowers per spike averaged 5 with a high of 20. The flowering rate declined from 
33 to 22 percent by the second year. Average number of seed capsules was four. Fruit set 
rate decreased from 81 to 61 percent in the plants that flowered. The proportion of the popu- 
lation to set fruit was down from 9 to 7 percent by the second year. Herbivory was quite 
high and appeared to affect fruit set rates and possibly long-term recruitment. 

Platanthera zothecina (Higgens and Welsh) Kartesz 
& Gandhi (Orchidaceae; alcove bog orchid) is in a 
group of species that have been placed in three 
different genera over time: Habenaria, Limnorchis, 
and Platanthera (Colorado Native Plant Society 
1997, Atwood et al. 1991). At Navajo National 
Monument, the first collection was made in 1935 
by John Wetherill in Betatakin Canyon (Rothman 
1991). Welsh et al. (1987) described and named P. 
zothecina based on a specimen from Grand County, 
Utah. Before their description, it had been consid- 
ered a variant of P. sparsij7ora (Hevly 1961). 

Platanthera zothecina is easily distinguished 
from P. sparsflora based on several morphological 
characteristics (Figure 1). Leaves are dimorphic on 
P. zothecina with basal leaves more oval with 
obtuse leaf tips and the leaves are more clustered 
near the bottom of the stem than on P. sparsiflora 
(Spackman et al. 1997). The lip of P. zothecina is 
usually linear elliptic, whereas the lip of P. sparsif- 
lora is linear. The most distinctive feature of P. 
zothecina is the long spur that protrudes stiffly out 
the back of the flower. Its length is 1.5-2.5 times 
the length of the lip (Spackman et al. 1997). In P. 
sparsiflora, the spur ranges from slightly shorter 
than the lip to 1.5 times as long. 

The germination ecology of P. zothecina is 
unknown, but is assumed to be similar to other 
orchids. Germination requires a symbiotic rela- 
tionship with mycorrhizal fungi in the soil (Cron- 
quist 1981). The fungus Rhizoctonia sp. has been 
associated with several orchid species (Bjugstad- 

Porter 1993). Pollination is required for seed pro- 
duction and seed establishment is required for 
recruitment of new individuals (Bowles 1983). 
Platanthera individuals regenerate vegetatively 
during the growing season by forming a new 
tuber and perennating bud, which then gives rise 
to a new shoot the following season (Dressler 
198 1). 

Orchids generally have two distinct life states, 
vegetative and flowering, but the length of time in 
each of these states appears dependent on environ- 
mental conditions (Mehrhoff 1989). Exposure to 
environmental stressors can influence not only 
first-year survival, but subsequent years as well 
(Lesica and Steele 1994). For Platanthera, flowering 
may be related to precipitation (Bowles et al. 1992). 
In one study, the most significant factor influenc- 
ing the number of Platanthera praeclara (western 
fringed prairie orchid) was soil moisture (Hull- 
Sieg 1997). At Betatakin Canyon, P. zothecina was 
found only in areas with moist soils. 

Orchids are also considered to be long-lived 
species with erratic flowering patterns and periods 
of dormancy (Bowles 1983). However, when Hull- 
Sieg and Wolken (1997) excavated orchids from 
their plots that appeared to be dormant, they 
found that P. praeclara had very high mortality and 
a shorter life span than previously thought. Furth- 
ermore, after an orchid disappeared, it rarely re- 
appeared (Hull-Sieg and King 1995). For many 
orchid species, a dormancy period of 3-4 years 
may be the upper limit (Falb and Leopold 1993). It 
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Figure 1. Diagram of Platanthera zothecina, the alcove bog orchid. 

is unknown whether P. zothecina also displays 
episodic aboveground growth due to dormancy, 
drought, flooding, or death. 

Despite some general information on orchids, 
and specifically Platanthera, we still do not know 
much about the biology or phenology of P. zothe- 
cina. In addition, because it is listed as Category 2 
(species of special concern) by the U.S. Fish and 
Wildlife Service, and Category 3 (likely to become 
endangered) by the Navajo Nation, the National 
Park Service initiated this study to gather baseline 
data to better understand the status of this orchid 
species. This study documents P. zothecina popula- 
tion size, number of basal leaves, flowering plant 
height, number of flowers, and fruit set rates for a 
2-year period in Betatakin Canyon. 

Area Description 
Platanthera zothecina appears to be confined 

mostly to the upper Colorado River watershed in 
sou theas tern Utah, nor theastern Arizona, and 
extreme western Colorado (Colorado Native Plant 
Society 1997). Data from herbarium collections and 
other publications from Arizona, Colorado, and 
Utah suggest that P. zothecina is restricted to an 
elevational range between 1300 and 2700 m (Drost 

2000, Spackman et al. 1997, Welsh et al. 1987). At 
Navajo National Monument, the orchids are 
located within this elevational range at Betatakin 
Canyon (2056 m). 

The geology of Betatakin Canyon generally 
consists of Navajo Sandstone, which is porous and 
allows percolation into the Kayenta Formation, 
where seeps occur. Exfoliation of the sandstone 
above the seeps causes the formation of alcoves 
(Holiday 1998). Vegetation assemblages around 
the alcoves in Betatakin Canyon consist of Quercus 
gnmbelii, Ribes cereum, and Prunus virginiana (Holi- 
day 1998). The alcove seeps in Betatakin Canyon 
are unique communities dominated by Aguilegia 
micrantha and Mimulus eastwoodine (Holiday 1998). 
P. zothecina was found in Betatakin Canyon along 
alcove seeps and in the oak terrace community 
only where moisture was present. 

Climatic conditions around Betatakin Canyon 
are classified as arid with cold winters and hot 
summers (Holiday 1998). Weather data analyzed 
by Holiday (1998) from 1978 to 1995 showed that 
the daily average temperature was 10" C; tempera- 
tures varied from highs of 34-38" C in July to lows 
of -23 to 13" C in the winters. The frost-free season 
averaged about 155 days. Precipitation in the 



canyon was variable with a range of 17.347.7 cm 
annually. Most of the precipitation was during 
infrequent monsoon rain events. It appeared that 
the 2 years of this study (1999 and 2000) were 
relatively dry at Betatakin Canyon, with most of 
the precipitation occurring in the month of August 
(R. Best, personal communication). 

Methods 
In the first-year survey, five workers systemat- 

ically surveyed one small alcove drainage within 
Betatakin Canyon. A second survey was done by 
the author and another biological technician to 
verify total population size and locations. The 
entire drainage is approximately 76 m wide (west 
to east) and 152 m long (north to south). We 
started the survey inside the alcove, working our 
way downhill, including a survey of both east and 
west side slopes. We identified four main popula- 
tions, marked study site parameters with rebar, 
described habitat type, slope, aspect, elevation, 
and microsite vegetation, and photographed study 
sites (Table 1). 

Sites 1 and 2 are located on two separate seeps 
inside Betatakin Canyon alcove. Site 1, the highest 
seep, is 4.6 m long. Site 2 is along a seep below Site 
1 and is 6.9 m long. Site 3 is along the eastern side- 
slope starting just outside the alcove, on the uphill 
side of a maintained hiking trail. Site 3 has one sec- 
tion where a small spring flows downhill, disap- 
pears underground, and reappears again at Site 4. 
Due to the size of this population, Site 3 was 
subdivided into 5 m sections with a total length of 
55 m. Each square subsection included all visible 
orchids uphill from the trail (5 m long x 1.5 m 
wide). Site 4 is south and downhill from the alcove 

in an accumulation zone where debris is left after 
major rain or rockfall events. Site 4 is 12 m long 
and is directly on the spring that reappears after 
going underground near Site 3. Site 4 included all 
visible orchids along both sides of the spring in 
squares 12 m long x 0.5 m wide. 

On 24 June 1999 and 15 July 2000, we counted 
the total number of plants of Platanthera zothecina 
on all four study sites. Other data collected con- 
sisted of the number of basal leaves, flowering 
plant height, and number of flowers. During the 
fall survey, 6 September 1999 and 15 September 
2000, we counted the number of seed capsules 
with seeds present or obviously released (fruit set). 
Navajo National Monument personnel were con- 
tacted throughout the summer to determine when 
certain life stages (green-up, spike growth, flower- 
ing, seed capsule development, seed dispersal, 
and dormancy) were occurring. Averages were 
calculated for each year for the number of basal 
leaves, flowering plant height, and number of 
flowers. Proportion of plants to flower, proportion 
of flowering plants that set fruit, and fruit set rate 
for the entire population was determined. We also 
documented any disturbances for each study site, 
such as herbivory, trampling, flooding, and rock- 
fall. 

Results 
In approximately mid-May, the orchids began 

their growing season. A complete count of all 
orchids on all four sites totaled 1,944 individuals 
for 1999 and 1,151 for 2000 (Table 2). On average, 
there were three basal leaves per plant for both 
years. Spike growth occurred throughout May and 
June. Average flowering plant height was 23 cm 

Table 1. Study site description for Platanthera zothecina at Navajo National Monument. 

Slope ratio, 
Study Location and aspect, and 
site habitat type elevation Microsite vegetation (in order o f  dominance) 

1 Sandstone wall; 1:l SE Aguilegia micran tha, Mimulus eastwoodiae, Carex spp., 
alcove seep 2056 m Pznus edulus 

2 Sandstone wall; 1:l SE Aguilegia micrantha, Mimulus eastwoodiae, Carex spp., 
alcove seep 2054 m Pznus edulus, Quercus gambelii 

3 Outside of alcove; 1:2 E Oenothera elata, Rosa woodsii, She herdia rotundifolia, 
vertical side canyon 2042 m Acer negundo, Taxicodendron ryd&er ii, Elymus canadensis, 

Phragmites australis, Pensternon bar i tus ,  Iuncus arcticus, 
Astragalus ceramicus, Quercus gambelii, Pinus edulus 

4 Below alcove; Quercus 1:4 S Heterotheca vilIosa, Geranium caespitosum, Cornus sericea, 
gambelii/Juniperus 1962 m Onopordum acanthium (Scotch thistle), Elymus canadensis, 
osteosperma; sides of Elymus elymoides, Acer negundo 
year-round spring 



Table 2. Two-year population data on Platanthera zothecina at Navajo National Monument. 

Site 1 Site 2 Site 3 Site 4 
........................... ........................... ........................... ........................... 

1999 2000 1999 2000 1999 2000 1999 2000 

Number of ramets 

Mean number of basal 
leaves (SD) 

Mean s ike height 
in cm ({D) 

Mean number of 
flowers (SD) 

No. of plants to flower 

Mean number of seed 
capsules per plant (SD) 

Percent of flowering 
plants that set fruit (SD) 

Percent of total plants to 
set fruit 

*Rockfall covered a small section of Site 2 in the winter of 1999. 
**Flood debris covered Site 4 in August of 1999. 

for both years with a high of 60 cm on Site 3. Flow- 
ering began approximately in early July and lasted 
into mid-August. The average number of flowers 
per plant was 5, with a high of 20 on Site 4. Flow- 
ering for 1999 was quite variable and ranged from 
74 percent on Site 3 to 9 percent on Site 4. This 
variability was still evident for 2000 with 48 per- 
cent on Site 1 and 2 percent on Site 2. The average 
for flowering on all sites went down from 33 per- 
cent in the first year to 22 percent for the second 
year. 

Fruit set began in mid-August and extended 
into early September; seeds finished dispersing 
generally by mid-september. The average number 
of seed capsules was four for both years, with a 
high of nine. Of the plants that did flower in 1999, 
81 percent successfully set fruit (excluding Site 4, 
see below) with 61 percent success for 2000 (includ- 
ing Site 4). The proportion of the total number of 
plants to actually set fruit was 9 percent for 1999 
and 7 percent for 2000. Dormancy was observed to 
occur in mid to late September (yellowing of 
leaves). In both years, we documented herbivory 
and some trampling for all four sites. About 85 
percent of the spikes were eaten or broken in both 
years of the study. In addition, in August of 1999, 
flood debris and sediment buried Site 4 and no 
further data were collected. By the second year, Site 

4 appeared to have recovered well, but it had about 
half of the original population of orchids. On Site 2, 
a large rock came down some time during the 
winter of 1999 and covered a small section of the 
study area. 

Discussion 
During the first year of data collection, one of 

the most important observations we made in the 
field was the extensive herbivory of spikes and 
flowers. Intense disturbances that remove seed 
heads are detrimental to long-term recruitment 
(Bowles 1983). Damage to flowering in just one 
year may revert a plant back to a vegetative state 
or even cause mortality (Falb and Leopold 1993). 
Rabbit herbivory explained much of the long-term 
demographic fluctuations found in a study on the 
small white ladyslipper (Falb and Leopold 1993). 
The sites at Betatakin Canyon had several pack-rat 
dens in the vicinity, as well as evidence of deer, 
squirrels, and rabbits near the study sites. When 
considering the proportion of plants that flowered 
(33% down to 22%), the proportion of those that 
flowered and then set fruit (81% down to 6l0/0), 
and the proportion of the total population to set 
fruit (9% down to 7%), it appears that herbivory 
may play an important role in flowering, fruit set, 
and long-term recruitment. 



Total population size was lower in 2000 (down 
from 1,944 to 1,151 plants), which may have been 
caused by the previous year's disturbances (her- 
bivory, trampling, flooding, and rockfall). Yet, 
certain disturbances such as grazing, flooding, and 
fires can provide open microsites or regeneration 
niches for orchids (Bowles 1983). Increased light 
and decreased competition could stimulate growth 
and flowering in terrestrial orchids, assuming that 
the appropriate amount of moisture is available 
(Stoutamire 1974). If this were the case at Betatakin 
Canyon, we would expect to see an increase of 
orchids on Site 4, which flooded in August of 1999. 
However, there was not an increase, but a decrease 
in population size from 563 plants in 1999 to 237 
on this site in 2000. Other vegetation, such as Het- 
erotheca villosa and Onopordum acanthium, quickly 
dominated Site 4 in the spring of 2000, possibly 
outcompeting the orchids for light, growing space, 
and moisture. 

Annual climate patterns, such as several dry 
years in a row, may have also been a factor in the 
decline of this orchid population, but recent 
weather records were not analyzed for this study. 
Soil moisture is considered another determining 
factor in orchid numbers (Hull-Sieg 1997). Al- 
though soil moisture was not measured directly 
for this study, it was observed that all four sites 
were moist throughout both years. It is possible 
that this decline in population size might also 
involve the unknown amount of dormancy that is 
common to most orchids (Bowles 1983), but indi- 
vidual plants were not tagged nor excavated, so 
we were not able to track this phenomenon. 
Another issue altogether is whether we accurately 
counted individual plants. Hull-Sieg and King 
(1995) found that there can be two or three ramets 
arising from one individual Platanthera praeclara 
plant. It is unknown if this is a characteristic of 
Platanthera zothecina . 

Due to its unknown distribution and low 
numbers in northern Arizona, the National Park 
Service and the Navajo Nation are concerned 
about the alcove bog orchid population. Because 
its habitat appears to be limited to seeps and 
springs, it is important to continue surveying for 
other populations where water is found and to 
monitor the sites already identified. The results 
from this 2-year study suggest a need to better 
quantify the impacts of herbivory and to deter- 
mine whether dormancy is an issue with this spe- 
cies. Future monitoring should include tagging 
individual plants to provide more detailed pheno- 

logic and demographic data to better understand 
recruitment over the long term. It would also be 
helpful to identify pollinators and determine seed 
viability and the number of viable seeds that are 
incorporated into the seed bank. The addition of 
measurable hydrologic variables, with annual 
climate patterns and soil moisture being the most 
logical, is extremely important in this arid environ- 
ment where seasonal moisture fluctuations may 
determine the long- term stability of these orchids. 
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