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CHAPTER ONE
INTRODUCTION

With an estimated 30,000 species in 800 geneeaDtkbhidaceae are often considered
to be the largest family of flowering plants (Steish1981, Gentry 1988, Gravendetdhl.
2004). Orchids are highly variable and can rap@&iglve into new species, with some
developing into different species within the pastesal hundred years (Hirtz 2005).
Hybridization is a common mechanism of new spefoasation within the Orchidaceae
(Hollick et al. 2005), and individual species appear to be maiathby being pollinator
specific (Christenson 2003). One of the more curchecklists (Dressler 2005) contains
24,500 species of orchids, with still more to bernfd. For example, Luer and Dalstrém
(2006) described six neMlasdevallia species recently discovered in Peru.

The diversity of orchid species in cloud forestthe Andes Mountains of South
America has been recognized and explored for ydar$911, Hiram Bingham discovered
Machu Picchu in the Andes Mountains of south-céfesu and commented on orchids he
observed there (Christenson 2003), and these $oaestknown for their high diversity of
epiphytes (Ingranat al. 1996). The high diversity of orchids in Andeaoud forests is due
to a moist, cool climate that is favorable to egtels and to isolation and diversification on
mountain ranges where genetic drift may lead tth&rrgenetic and morphological variation
(Tremblayet al. 2005). Orchids require specific pollinators inlerto reproduce and
mycorrhizal fungi in order to germinate (Holliekal. 2005, Oteraet al. 2005, Sheffersoat
al. 2007). Because of these relationships, orchidsmimately intertwined with the ecology
of their habitat. They have been shown to be éeweindicators of the overall biodiversity

and health of habitats in an area (Christenson)2003



There exists limited quantitative knowledge abbwet diversity and spatial
distribution of orchid species between geograpis @nd along elevation gradients in the
Peruvian Andes. There are only a few detailedistuaf orchid diversity and distribution at
cloud forest elevations (e.g. Zambrast@l. 2003a and 2003b). More is known about all
epiphytes in general. Cloud forests, or neotrdpigantane, forests feature abundant and
diverse epiphytic plant species (Grudtlal. 1963, Cornelissen and Ter Steege 1989, Ingram
et al. 1996,). The highest diversity of epiphytes ocauithin an elevation range of several
hundred meters (2200 to 3700 m above sea leveliphkte diversity is generally greatest in
wet aseasonal forests on fertile soils at "midédeations” (Gentry and Dodson 1987).
Epiphyte diversity in montane forest appears tafiected by the tree diversity and the
climate in the forests (Kromer and Gradstein 2@0&]jersohn 2004), and also by the heights
and diameters of the epiphyte hosts (Arévalo artdi®@eir 2006).

Besides the limited number of studies, the assessofi®@rchid diversity and
distributions is further limited by potential prelbhs in nomenclature that are difficult to
resolve because of the lack of access to refergpeeimens, digital imagery, and detailed
collection data. Even more complications arisenftbe timing of many studies. Generally,
studies have been limited to only a few monthdefytear, and may overlook species
flowering at other times. Due to the difficultietravel and field work during the rainy
season, it is often a challenge for researchevsitoor work in cloud forests throughout the
year.

One of the difficulties facing conservationistghat without more extensive data, it is
difficult to know the size and number of areasftot@gct. Would a few large areas protect the

orchid diversity of a region? Or would it take tiple smaller areas to conserve their



habitat? The issues for orchid conservation azeséime that are being asked of lowland
neotropical rainforests where there has been arerephasis on quantitative studies to
evaluate the best strategies for conserving tlassts (Phillips and Raven 1996).

The purpose of this study was to initiate quatitsanalyses of the Orchidaceae in a
Peruvian cloud forest habitat. This was accomptisby beginning a systematic collection
of orchids across the field site and establishiaigranent plots within the study site that
were monitored monthly for one year. Data weréectéd from the plots to accomplish the
objectives of (1) having a more expansive undedst@nof the local distribution and
abundance of orchids and (2) addressing the questibow the relatively unknown
flowering phenologies of the orchid community méfeet assessments of orchid diversity
over time and space. Some of the results of thidysare described and discussed in the
following three chapters.

The second chapter reports on the biodiversithefarchid family at Waygechas
Biological Field Station (WBFS) and compares thehat diversity of WBFS to that reported
for other Andean cloud forests. The third chaptgorts on the phenology of the orchid
family at WBFS. The last chapter summarizes tkalte of Chapters 2 and 3 to develop a
potential protocol for the conservation of orchiddiversity in Andean cloud forests. It
illustrates the potential importance of numeroualsoonservation areas and discusses
methods that may be both sufficient and efficienassess the orchid diversity of these

reserves.



CHAPTER TWO
DIVERSITY AND ABUNDANCE OF ORCHIDS IN A PERUVIAN COUD FOREST

The Orchidaceae is often argued to be the largestyf of flowering plants with an
estimated 30,000 species in 800 genera and appaitedynv0 percent occurring as epiphytes
(Stebbins 1981, Gentry 1988, Gravend#el. 2004). Orchid species diversity in cloud
forests of the Andes Mountains of South Americalleen recognized and explored for
years. A common orchid from the Peruvian Andgsdendrum secundum, was first
characterized in 1760 (Rolfe 1916). In 1911, Hidimgham discovered Machu Picchu in
the Andes Mountains of south-central Peru and combeaeon orchids he observed there
(Christenson 2003). The high diversity of orchid#&\ndean cloud forests is due to a moist,
cool climate that is favorable to epiphytes, isolatand diversification into different
ecological niches on mountain ranges, and thetybifiorchids to hybridize easily. While
there are few genetic barriers to hybridizatiowhat species remain diverse by having very
specific pollinators (Christenson 2003).

There is limited quantitative knowledge of the spscichness and spatial
distribution of orchids between geographic sited along elevation gradients in the Peruvian
Andes. More is known about all epiphytes in gehe@ioud forests or neotropical montane
forests feature abundant and diverse epiphytict giaecies (Grubbt al. 1963, Cornelissen
and Ter Steege 1989). Most epiphytes occur wihielevation range of several hundred
meters (2200 to 3700 m above sea level). Epipthytrsity is generally greatest in wet
aseasonal forests on fertile soils at "middle g¢lems” (Gentry and Dodson 1987). Detailed
studies of orchid diversity and distribution atudoforest elevations are limited to a 12-

month study in a 143.5-hectare section of the Mdbahu Historical Sanctuary (MPHS;



Zambrancet al. 2003a) and inventory of nine 10 plots in the Manu National Park (MNP;
Zambranoet al. 2003b). Both studies report high diversity andradance of orchid species,
but there is limited overlap with the more complgpecies list compiled for MPHS
(Christenson 2003). These studies demonstratéitkese orchid flora of Andean cloud
forests of southeastern Peru with numerous spetiestentially limited distribution.
However, because of the general paucity of suahietuthe available information is clearly
not sufficient to quantify the extent of orchid drgity across the range of the Peruvian
Andes. Besides the limited number of studiesadsessment of orchid diversity and
distributions is further limited by potential prelbhs in nomenclature that are difficult to
resolve because of the lack of access to refergpeeimens, digital imagery, and detailed
collection data.

Orchids have also been shown to be excellent italis®f overall biodiversity in an
area (Nadkarni 1992, Christenson 2003). Orchidshahly evolved with their pollinators
and require a specific relationship with mycorrhizagi to germinate (Oteret al. 2005,
Sheffersoret al. 2007), therefore they are intimately intertwineithvthe ecology of their
habitat. The conservation of orchids requiresctheservation of their habitat. One of the
difficulties facing conservationists is that witlionore extensive data, it is difficult to know
the size and number of areas to protect. Wouhaldrge areas protect the orchid diversity
of a region? Or would it take multiple smalleraseo conserve their habitat? The issues for
orchid conservation are the same that are beingdasklowland neotropical rainforests
where there has been a recent emphasis on quiaetitidies to evaluate the best strategies

for conserving these forests (Phillips and Ravest).9



The purpose of this study was to initiate a singjaantitative study of orchid
diversity at a small cloud forest site in southeasPeru, to compare the results to other
Andean sites where orchids have been well-docurdeate to use these data and
comparisons to assess the potential conservatiplications in order to maintain orchid

diversity.

MATERIALSAND METHODS

The design of this study is in accordance withpgieocol recommended by Phillips
and Raven (1996) for assessing tree biodiversitii@nNeotropics. This protocol was
designed to establish a basic procedure for qyamgibiodiversity on a local scale by
obtaining: (1) a more complete inventory of plapécies composition, (2) an assessment of
the spatial distribution of species, and (3) basienological information. These objectives
are accomplished by conducting surveys to docuthenspecies composition (= florula,
sensu Phillips and Raven 1996) and monitoring of pernmipdots for species distribution
and phenology. These objectives were addressedghr (1) systematic collection of the
orchid species present and (2) monitoring of 4Tnaeent plots over a 12-month interval to

study orchid distributions and phenology.

STUDY SITE

All field research was carried out at the 560-haytféghas Biological Field Station
(WBFS, 13°10'40” S, 71°36°20” W), which borders tbeutheast margin of the Manu
National Park in the Department of Cusco in sowtteza Peru (Fig. 1). The field station is

owned and operated by the Amazon Conservation Aasmt (ACA) of Washington, DC,



and its sister organization in Peru, the Asociagiéra la Conservacion de la Cuenca
Amazonica (ACCA). The elevation of the field statranges from 2200-3200 m. The
natural vegetation consists of upper montane fghsting and Ledn 2000), which is
continually saturated with rain and fog. Tempemrdiaverage 11°C with little seasonal
variation. Precipitation ranges from < 0.01 mhe tmonths of June and July to > 0.10 min

the months of January, February, and March.
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SYSTEMATIC PLANT COLLECTION

To identify and document the orchid species ocagrat WBFS, approximately 10
days of each month from September 2005 to Augu3t 2Ere devoted to collecting,
photographing, and preserving specimens of botbdeial and epiphytic orchid species.
The majority of the WBFS was explored to includdadal vegetation types. Epiphytes
occurred up to heights of 20 m in the host treésllections were carried out on a regular
basis along existing trails and in off-trail ared4.least one voucher specimen was collected
for each potentially new orchid species encounteriéaup to six voucher specimens when
individuals were abundant. The first specimen deysosited in the herbarium of the Museo
Nacional Mayor de Historia Natural (USM) in Limagm. The second specimen was
deposited in the herbarium of the Botanical Resehrstitute of Texas (BRIT) in Fort
Worth, Texas. The third specimens are being dégueto orchid experts at different
herbaria. All additional duplicate specimens @& duchid collections made on this project
were deposited at USM in Peru. Auxiliary colleasovere made in the form of flowers
preserved in a solution of 80 percent alcohol ahg&cent glycerine. Each potential new
species, or morphospecies, for the project wagm@adia unique identification number, and
relevant data were recorded including: (1) dateodlection, (2) location as determined by a
Garmin Map76C global positioning unit, (3) desadptof relative location, (4) relative
flower size (1 to 5, 5 being the largest), (5) h@l@rrestrial or epiphytic), (6) color of the
flower (particularly lip and column colors), ang feight of the individual from its base to
the top of the stem or the flower, whichever wdleita In addition, the habitat was recorded
as one of the following types: (1) tall cloud fstravith multiple tree species with heights >

15 m, (2) short cloud forest with multiple tree sips with heights < 15 m, and (3) grass



areas with few or no trees with heights < 3 m. a&ref grass most likely originated from
human disturbance, such as logging, landslidestaaction, grazing, or fire (Young and
Ledn 2000, Lozanet al. 2006). Digital photographs 8&Mpixels) were taken of all
collections to aid in species identification andtaimentation. Every orchid with unique
vegetative and reproductive morphological charasties was considered to be a potential
new species to the project, unless it could beilsemiEntified in the field as belonging to a
previously collected morphological type. Thosehais in vegetative growth states that were
considered potential new species to the colleatiere marked and revisited in following
months until their point of flower production.

Upon completion of the plant collection, the morgbecies identified in the field
were compared and either considered unique spec@snbined with other similar
morphospecies to form one species. |dentificatiweie made by Dr. Eric Christenson of
Florida. Collected materials and data for all nimrpgical types were placed in appropriate
repositories. Specimens were documented with tthentification number, transported, and
mounted for processing and identification. Digitadges, preserved flowers, and collection
data are retained by BRIT. Collection data and@ated digital images are accessible
through the Atrium Biodiversity Information Systenonitored by BRIT

(http://atrium.andesamazon.jrg

QUANTITATIVE DATA COLLECTION
To measure the effects of elevation and habitémihces on species diversity,
distribution, and phenology, 47 5 m x 5 m plots evestablished across elevation and habitat

gradients within the Waygechas. Because of stesgients and dense vegetation, the plots



were established at random locations along pretegitrails that were strategically designed
to allow access to the forest and grassland halatatracteristic of the area. Each plot was

labeled and its latitude, longitude, and elevati@ne determined by GPS. The habitat was

classified as tall cloud forest, short cloud forestgrass areas, as described above.

During a period of 12 months from September 2006ugh August 2006, each of the
47 plots was monitored between theaid the 18 of each month for orchids that were
flowering and fruiting. Orchid species in floweere observed in every month. For the first
occurrence of a species flowering in a plot, thecsgs was catalogued using its identification
number in the general collection. The number dividuals with flowers, total number of
flowers, total number of fruits, the height of tladlest plant, and the height of occurrence
relative to ground level were recorded. To preveisidentification of species, fruits were
only noted if the species had been previously efeskto flower in that plot. A height of
occurrence of 0 m indicated a terrestrial planeigHts > 0 m indicated an epiphyte.

If a potential new species was first encounterethénplots instead of the general
collection, it was added to the general collectising the previously described procedures
using suitable specimens located outside of thie pidhe orchid was encountered only in
the plot, it was not collected as a voucher spegini@igital images were taken to assist in
species identification. If the species could r@identified from the digital images, it
remains an undetermined species.

For subsequent observations of a species in atpohumber of individuals with
flowers and the total number of flowers and fruntshe plot were recorded. If fruits were
present without flowers, the total number of frwitss recorded and the number of

individuals and flowers were defined as zero. @Ga&lmear model tests of the effects of

10



elevation and habitat type on the species richardslensity of orchids were performed
using the Statistical Analysis System (SAS; Der Budritt 2001).

Certain limitations to the project were imposeddyain and field conditions.
Because these limitations prevented each indiviglaait being tagged, it is possible that the
individuals counted as flowering in one month wals® counted in subsequent months. For
this reason, the term density used in subsequsctigiions is a minimum estimate of density

taken as the maximum number of individuals obsemetat plot in any one month.

RAREFACTION ANALYSIS

To evaluate how well the plot data can estimatesgeeies richness of the orchid
flora, rarefaction curves (Gotelli and Colwell 20@tlere computed using the non-parametric
species richness estimators Chao 1 (Chao,1984y Zf@hao 1984, 1987), Jack 1
(Burnham and Overton 1978, 1979), Jack 2 (BurnhaanQverton 1978, 1979), Abundance-
based Coverage Estimator (ACE; Chao and Lee 19920 & al. 1993), and Incidence-
based Coverage Estimator (ICE; Lee and Chao, 19Pd@se non-parametric estimators use
the occurrence of rarer species in the sampledjtstahe number of observed species for
the number of species that were likely missed ensdampling. The Chao 1, Jack 1, and ACE
estimators define rareness as being representediypyw few individuals. The Chao 2, Jack
2, and ICE define rareness as being observed yneofdw plots. Confidence intervals (CI)
are available for Chaol and Chao 2, but not theratktimators. Estimators and their 95%
Cl were computed from 10,000 randomizations of pémjuences using the software
EstimateS 8.0 (Colwell 2006). Chao 1 and Chao i2wemputed using the classic rather

than the bias-corrected methods as recommended loxe(C(2006).
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RESULTS
SYSTEMATIC COLLECTIONS

A total of 239 orchid species were collected frddngénera. The final list of species
was compiled from a set of voucher specimens far@stential morphospecies. Over 134
species have been identified as previously destspecies, three species are considered
new species to science (Christenson, 2@6& comm.), and 102 species remain as
verifiable morphospecies to be identified with poessly named species or described as new
species. The number of species per genera rang@dohe in genera such Agensteinia to
42 for Selis. Thirty-one genera were represented by only arievo species. It is important
to note that species separations in the curreqgirare based on structural characteristics
which may not be supported by subsequent genatiysis. However, it is also possible that
subsequent genetic analyses may separate appaiemthr flowers into distinct species. A

complete species list organized by genera is ptedem Appendix A.

PLOT CHARACTERISTICS

The elevation range of plots was from 2496 to 2993When grouped into equal
elevation intervals of 175 m, there were similamivers of plots in each interval (Fig. 2;
Appendix B) and all three habitats were presemaich interval. The proportion of plots in
grass habitats tended to increase with increasevgon, possibly due to human
interference such as logging and road constru¢¥@ung and Ledn 2000). There was no

apparent trend in the relative proportions ofaaltl short cloud forest with elevations.

12
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Figure 2. The total number of plots in each habitat andatlen interval in the study area.

ORCHID ABUNDANCE

The minimum number of individuals recorded in tHeo&the plots for the duration
of the study was 2565, which is the sum of the maxn number recorded in any month for
a species in each plot. The maximum number o¥iddals, 5591, was computed by
summing the number of individuals across monthsaflspecies. The minimum number is a
more realistic estimate of species abundance be¢hasmaximum number assumes that
there was a new set of individuals in each ploefgary species in every month with no
overlap between months.

The minimum numbers of individuals per plot shovil variation with elevation

or habitat typeK = 0.33; df = 5, 41P > 0.10; Appendix B). Densities were approximately

13



normally distributed (Kolmogorov-Smirnov test ofrnmlity; Conover 1971 and Field
2005). Mean (iStandard Deviation; SD) densities for grass argas;t cloud forest, and tall
cloud forest were 2.2 (%.1), 2.4 (+1.2), and 1.9 (®.1) individuals per fy respectively.

The rate of change of density with elevation, whas not significantly different from zero,

was a decline of 0.14 individuals pef far every 100 m increase in elevation.

DISTRIBUTION OFORCHID SPECIES AMONGPLOTS

A total of 128 species were observed across dlsplooughout the course of the 12-
month study period. The number of species perrplaged from three to twenty-five (Fig.
3), with a median of nine species per plot. Tweg orchid species were found in only a
single plot. Almost all orchid individuals obsedvim the plots flowered during the 12-month
period of the study. It is possible that additissecies occurred in the plots and never
flowered, but the number of these species is asgumiee minimal. Most of the orchid
species (72 %) occurred as epiphytes. Thirty-sepeies occurred as both terrestrial and
epiphytic forms.

There were significant differences in the numbeteafestrial species per plot among
habitats F = 6.15; df = 2, 43P < 0.01) and elevatiori-(= 14.09; df = 1, 432 < 0.01). The
mean (+SD) number of terrestrial species per plot fordiud forest was 1.8 (2.5). This
was significantly P < 0.05) less than the means of 4.(®(#) species per plot in short cloud
forest and 3.4 (2.6) species per plot in grassland. There wasceedse of 0.81 (Standard
Error = 0.22) terrestrial species per plot for ed@A m increase in elevation. The two
terrestrial orchids with the highest frequency oéurrenceEpidendrum secundum and

Elleanthus sp., occurred in 17 of the 47 plots.

14
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Figure 3. The frequency of species counts for individuatslo

For epiphytic species, there were also significhiférences in the number of species
per plot among habitat& & 7.29; df = 2, 43P < 0.01) and in elevatior-(= 19.12; df = 1,
43;P < 0.01). The number of epiphytic species per fopshort cloud forest (10.14.5)
was significantly greater than that for the tatiwa forest (6.3 8.7) and the grass areas (6.2
+4.0). For each 100 m increase in elevation, thexea decrease of 1.4 (SE =0.3)
epiphytic species per plot. The epiphytic orchithwhe highest frequency of occurrence, 20
plots, wasPleurothallis acuminata.

The mean (D) heights (m) above ground level for epiphytehats were 1.0 (+
0.8), 1.4 (+1.0), and 2.1 (4..6) for grass areas, short cloud forest, anckalld forest,
respectively. The maximum observed height waswfor Pleurothallis coriacardia in a tall
cloud forest plot at 2778 m elevation.

There was considerable variation among specieBundances and frequencies of

occurrence. The range of abundance of orchid epegas from one to 335 for

15



Pachyphyllum sp., with a median of six. There were 27 species aittabundance of one
individual and 12 species with an abundance of tWiee majority of orchid species had
abundances of < 100 individuals. Only eight spebeed minimum numbers > 100. The
next four most abundant species aRachyphyllum sp., in order of decreasing abundance,
werePleurothallis vestigipetala aff., Stelis breviracema, Elleanthus sp., andSelis

grandibracteatum.
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Figure4. The number of species occurrences per plot.

The frequencies of occurrence in plots ranged foom to twenty-nine with a median
of two (Fig. 4). Most species were observed inpidis. Forty-nine species were found in
only one plot, and 22 species occurred in only pheds. Thirteen species were observed in

> 10 plots. AgainPachyphyllum sp. was the species with the highest frequency of

16



occurrence. The next four most frequent speciee Rleurothallis acuminata, Stelis

breviracema, Epidendrum secundum, andElleanthus sp.

RAREFACTION ANALYSIS

All of the species richness estimators underesgidhehe number of species observed
in the general collection (Table 1). Higher estieseof richness were produced by the ICE,
Chao 2, and Jack 2 procedures that define rardrasssl on frequencies of occurrence than
for the ACE, Chao 1, and Jack 1 procedures that@ledreness based on the number of
individuals sampled. Only the 95 % CI for the Cl2ag@stimator included the number of

species observed in the general collection.

Tablel. The mean and 95 % Cls for estimators of spe@basess from plot sampling. NA

indicates not applicable.

Estimator Mean Estimated 95 % Comfatelnterval
Number of Species Lower Bound Upper Bound
ACE 148 NA NA
Chao 1 158 140 206
Jack 1 176 NA NA
Chao 2 183 155 240
ICE 183 NA NA
Jack 2 202 NA NA

17



A plot of the Chao 2 estimator (Fig. 5) as a fumctof the number of individuals
sampled indicates a continuous and nearly lineaease in the estimated richness as the
number of individuals increases beyond 1500. Réaat the number of individuals is a
minimum estimate of the actual number of individuadntributing to the samples. The
transient peak at approximately 100 individualsicliltorresponds to the randomization of

two plots, is a product of the rather patchy disper of orchid species.
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Figure5. The rarefaction curve showing the estimated ggaiachness for the Chao 2

estimator with 95 % CI at approximate interval$00 individuals sampled.
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DISCUSSION

Other similar compilations of orchid species ricésén Peru have been done for the
MPHS (Christenson 2003), a 143.5-ha subsectioheoMPHS (Zambranet al. 2003a), and
a portion of the Manu National Park (MNP; Zambrahal. 2003b). Machu Picchu is
located about 100 km to the west of Wayqgechas. Idd¢sions sampled in MNP are
approximately 30 km north of Waygechas. A complisteof observed species has only
been published for the MPHS. All of these stuthetuded orchid species from cloud forest
and lower elevation plant communities, complicatognparisons to the species observed at
WBFS. Comparisons of species among sites arecalsplicated by variations in the use of
nomenclature and taxonomic classification. Coitexs over a number of years have found
252 orchid species at MPHS, which is a similar nerib the 239 species found at WBFS
during the 12-month period at Waygechas. BecauBE$is larger (32,592 ha) than
Wayqgechas (560 ha), it may be expected to contaie ispecies due to more variation in
habitats and variety of niches for orchids. Howetle degree to which collections at
MPHS have extended from readily accessible areéaghe larger, more remote areas of
MPHS is unclear. Inthe subsection of MPHS stuthgdambrancet al. (2003a), 179
species were found including 16 species not preloeollected at MPHS.

The studies at MNP also report large numbers ofispdrom relatively small areas
with limited overlap with MPHS. In two separatedy areas encompassing an elevation
range from 1500 to 3000 m, Zambraat@l. (2003b) observed 212 species of orchids. Of
these, 149 species had not been reported from MPHSalso remarkable that there was
almost no overlap in orchid species between th#ystvea that ranged from 1500 to 2100 m

with the area that ranged from 2200 to 3000 m.
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There are also differences in species compositietseen Waygechas and the
MPHS. At Waygechas, 49 genera were documentedhwhiless than the 75 genera
collected at the MPHS. A total of 79 genera hasenbcollected from both sites, but only 43
are common to both sites. Thirty genera colleetethe MPHS were not found at
Wayqgechas, includinga, Bletia, andBrassia. Twenty-five of the genera that occur at both
Wayqgechas and the MPHS were represented at Waysjbgtasingle species. The other
five genera were represented by less than fouiespatthe MPHS. Six of the genera found
at Wayqgechas were not found at the MPHS and dliexfe were represented by only one
species at Waygechas. For those genera that emesented by numerous species at both
Wayqgechas and the MPHS, there wereEgmdendrum species, 181axillaria species, and
six Pleurothallis species that were only collected at Waygechaser@énera found at both
sites had species collected only at WBFS, and sjeeeies may be found to be unique to
WBFS as more progress is made on accurate spdem#fication of current morphospecies
for difficult genera such dsepanthes andStelis. There are a number of species from
Wayqgechas that are new additions to the flora afi,Rand three species from Waygechas
with proposed name&ellilabium cuscoense, Telipogon bettymooreana, and Telipogon
gordonmooreana have apparently never been previously described.

The species observed in plots represent lesBihg@ercent of the number observed
in the general collection. This difference refiettie spatial distribution of species, with
some apparently very rare or infrequently flowerapgcies that were recorded only once
during the course of study. Forty-nine of the $@8cies present in the plots were only found
in one plot. Examples includétpidendrum laxicaule, Pachyphyllum gracillimum, and

Maxillaria divaricata. The monthly sampling intervals and nearly congftowering of all
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orchid individuals in a plot ensures that the lowember of species in plots is not due to
missing species that were present in the plotsobkain a more complete sampling of the
orchid flora using plots, there needs to be a laagea covered by the plots being monitored.
Because of the continuous flowering throughoutydéer and the inability to identify orchids
that are not in flower (Chapter 3), the plots s&bjuire visitation throughout the year to
identify all of the species.

Attempts to determine the species richness obtbkeid flora from only the plot data
clearly underestimated the biodiversity observethéngeneral collection. Because both sets
of data were the result of extensive field samptimgughout the year, this difference cannot
be attributed to seasonal variation in effort.teéasl, the results suggest that the differences
are due to the infrequent spatial occurrence ofynaachid species in the cloud forest. This
is consistent with the estimators that define rassrusing the frequencies of occurrence in
plots producing greater estimates of richness. eMloan 50 percent of the species occurring
in the plots only were found in only one or twotgloand almost 50 percent of the species in
the general collection did not occur in the ploBecause of the slow increase in estimated
richness with increasing numbers of individuals gk for Chao 2 (Fig. 5) and the other
estimators, it may require at least 70 plots orentorachieve an estimate of richness from
that is comparable to that from the general cabecsampling methods. But even this
number of plots may fail to include all the spedrethe sampled area.

At present, the orchid species lists compiled ftbmvarious sites are analogous to
the early tree species lists for the Amazonianfoagsts, which suggested a small-scaled and
relatively unpredictable structure to the forestbese quantitative studies indicated that

despite the biodiversity of Amazonian rainforest$gw common species were abundant over

21



broad regions (Pitmagt al. 2001). As Pitmaet al. (2001) demonstrated, this unpredictable
structure became predictable once mere speciesiete replaced by quantitative measures
of abundances across locations for the variousepe@t present quantitative measures of
orchid abundance are only available for WBFS, aimlunclear whether the abundant and
commonly occurring orchids at WBFS suchPascuminata, P. vestigipetala, S.
breviracema, andS. grandibracteatum are regionally or merely locally abundant. Future
studies of orchid communities must include at lsashi-quantitative assessments of orchid
abundances to achieve a level of understandingabidfloras that is commensurate with
that developing for neotropical rainforests.

Currently, only a fraction of the Peruvian cloudefsts are protected in a few national
parks and sanctuaries scattered along 1200 kneddnikes range (Young and Leén 1999).
Only the southwestern corner of the MNP proteasdliforest. Large expanses of Peruvian
cloud forests and their orchids remain unprotectBais study and those of Zambragial.
(2003a, 2003b) have demonstrated that a larger euaflspecies can be found in relatively
small areas of Andean vegetation (< 1000 ha). vBn&ation among these small sites may be
due to the species ranges, forest structure, matd, but the main factor that causes these
differences is still unknown. The results of comipg these sites points to the need to
establish numerous relatively small and manageaikerves to conserve orchid biodiversity,
even though the reserves may be too small for ceingetree species or mobile fauna.

There are important factors to consider when detengn not only the size but
especially the structure of these reserves. Hestause orchids have evolved highly specific
relationships with their pollinators, the areas nhesof a sufficient size to preserve the

habitat resources required by pollinators (Dick 2O0The reserves must also have sufficient

22



variation among them in forest structure in casplgpe-host specific relations prove
important (Watthanat al. 2006, Burns 2007). Similar recommendations haenbnade for
the conservation of orchid biodiversity in Ecua@deisel and Woodward 2005) and on
Reunion Island (Jacquemyhal. 2007).

The extent to which these small reserves may expandly duplicate the
conservation potential of large reserves will regumore complex analyses of orchid
occurrences and abundances (Boecklen 1997). ltlendesign of this study to acquire the
guantitative information needed to assess the itapoe of small reserves may require
excessive time and effort. Instead, it may suff@ebtain semi-quantitative data using a
simplified design. In this simplified design, egabt would be in a linear arrangement of
contiguous 2 m x 2 m subplots. The linear arrareggrand size of the subplots limits the
potential damage that may be done to the habitagdhycing the need for intrusion into the
plots. Monthly observations of relative abundaoteach species in each subplot would
evaluate the abundance and species compositidovedring individuals. The abundance
would be recorded in an ordinal scale of zero (alviduals) to five (350) individuals, and
the median number of orchids in each of the subpl@tuld be used to estimate the
abundance in the full plot. This design would thish the invasiveness and effort to
inventory and monitor the plots over time and spdeetentially 150 of these 2 m x 2 m
plots could be monitored per month with less eftban was required for the 47 plots of this
project. The data from these linear plots candsgluo estimate total species richness using
the Chao 2 estimator, which requires only presamckabsence data to assess species

rareness and predict the number of unsampled specie
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CHAPTER THREE
THE FLOWERING PHENOLOGY OF AN ORCHID COMMUNITY IN A2ERUVIAN
CLOUD FOREST, WITH IMPLICATIONS FOR THE ASSESSMENJF LOCAL
SPECIES DIVERSITY

The diversity of orchids in cloud forests of thed®s Mountains of South America
has been recognized and explored for years. Tdisciversity of orchids is due to a moist,
cool climate that is favorable to epiphytes, isolatand diversification into different
ecological niches on mountain ranges where gedefiomay lead to further differentiation
(Tremblayet al. 2005), and the ability of orchids to hybridize iBa@Hollick et al. 2005). A
complete assessment of the species diversity atidiorest orchids in the Andes Mountains
of Peru is currently limited by two main factorSirst, there have been only a few intensively
studied sites (e.g. Zambraabal. 2003a, 2003b). Second, orchid species can beaebu
identified only during periods of flowering, andiMestudies have been long-term and
intensive enough to carry out systematic invensmnpss all orchid flowering phenologies in
a given area. Moreover, it is not clear that thees when sampling has occurred are the
times of maximum flowering.

Orchids are generally pollination limited (Trembktyal. 2005) and pollinator
specific (Tremblay 1992, Christenson 2003), theeetbe flowering phenology of orchid
species may be determined by these limitationswdyer, even closely related orchid
species that do not have specific pollinators cdnibét different flowering patterns
(Lehnebach and Robertson 2004).

Some Andean orchids, suchEsdendrum secundum, flower for most of the year

(Zambrancet al. 2003a), but others flower for only brief perioddambrancet al. (2003a)
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report maximum flowering during times of maximuneg@pitation in February and March

for an assemblage of 179 orchid species in soureaBeru. These authors also report that
few species flower in other months, but they doprowide details about potential overlap in
species compositions between successive monthhoMYithis information, it is not possible
to decide if monthly sampling is required or ifes$ frequent sampling schedule would be
sufficient to accurately assess diversity. If éhrlittle overlap, then monthly sampling may
be necessary. If considerable overlap occurs, timanthly sampling may suffice.

The purpose of this study, conducted in conjumctiith an assessment of local
orchid abundance and diversity, was to documentidiaeering phenology of an Andean
cloud forest orchid community in southeastern Rerough an annual climatic cycle. The
objectives of the study were to: (1) determinegiegportion of the orchid species flowering
in each month, (2) analyze the length and pattefrflswering for each species, and (3)
assess whether collections to document orchid epeliversity in an area over time must be

carried out on a monthly basis or if a less-freqsampling schedule is possible.

MATERIALSAND METHODS

All field research was carried out at the 560-haytf¢ghas Biological Field Station
(WBFS, 13°10'40” S, 71°36°20” W), which borders tbeutheast margin of the Manu
National Park in the Department of Cusco in sougteza Peru. The field station is owned
and operated by the Amazon Conservation Associgf@A) of Washington, DC, and its
sister organization in Peru, the Asociacion pai@daservacion de la Cuenca Amazédnica
(ACCA). The elevation of the field station randesm 2200-3200 m. The natural

vegetation consists of upper montane forest (YamjLedn 2000), which is continually
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saturated with rain and fog. Temperatures at WB#3age 11°C with little seasonal
variation, and precipitation ranges from < 0.01nnthe months of June and July to > 0.10 m

in the months of January, February, and Mahttp(//atrium.andesamazon.grg

Orchid Plots

o Phenology plots
|| esperanza
sunchubamba

Matars
i 255 B0 1.020 1.530 2.040

Figure 6. The location of plots at Waygechas Biological FiStation.

Monthly assessments from September 2005 to Al were conducted to
document flowering phenology patterns of 128 orcidlcies occurring in forty-seven 25 m
plots (Fig. 6) established across an elevationignbdrom 2200 to 3200 m within the WBFS
(Chapter 2). Because of steep gradients and dexgstation, the plots were established at

random locations along pre-existing trails. Ealdt was labeled, and its latitude, longitude,

26



and elevation were determined by Garmin Map76Cajlpbsitioning system. The plot’s
habitat was recorded as one of the following tyg&stall cloud forest with multiple tree
species with heights > 15 m; (2) short cloud foregh multiple tree species with heights <
15 m; and (3) grass areas with few or no trees mgights < 3 m. Areas of grass most likely
originated from human disturbance, such as logdamgislides, cattle grazing, construction,
or fire (Young and Ledn 2000, Lozagbal. 2006).

A total 128 orchid species occurred in the plots diese were a subset of 239 species
documented during simultaneous, general colle@stiyities in all habitats of the WBFS
(Chapter 2) from September 2005 to August 2006 reMioan 130 of these were previously
described species, and the rest are verifiable Imsgecies whose voucher specimens have
been deposited at the herbarium of the Museo Nat@mHistoria Natural (USM) in Lima,
Peru, with duplicates deposited at the BotanicaeRech Institute of Texas in Fort Worth,
Texas (BRIT). Orchid identifications were madeByyc Christenson using herbarium
specimens in the department of Cusco. Digital esagf orchid species, flowers preserved
in 80% alcohol and 20% glycerin, and collectionadaere deposited at BRIT. All digital
images and appropriate collection data are availebihe Atrium Biodiversity Information

System at BRIT, at the following URLhttp://atrium.andesamazon.org/

RESULTS
During each of the 12 months of the study, the tmtenber of flowers was counted
for each species and expressed as a density oérioper . For each species, the flowers

counted in subsequent months were presumed tovbbdowers. However, a total number
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of flowers produced by a species in a plot caneatdmputed because numerous flowers
may have formed and senesced in the weeks bet\aegrling.

Plots ranged in elevation between 2496 to 2993NMhen grouped into equal
elevation intervals of 175 m, there were similamivers of plots in each interval and all

three habitats were present in each interval (Gnaht

60 -

PERCENT FLOWERING
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MONTHS

Figure7. The percentage of species flowering in each month

There were species flowering in every month (IFjgand the percent of species in
flower ranged from 13 percent in September to 5tque in February. The density of orchid
flowers was greatest during the months of JanuadyFabruary 2006 (Fig 8). The mean (+
SD) density of orchid flowers in the plots alsogad from a minimum of 0.647 (%.06) per

m? in September to a maximum of 25.73#.6) per rhin February. Flowering density
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decreased rapidly after February. There were fiff@rences in flowering phenologies

among the three habitat types or across elevations.
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Figure8. The mean and standard deviation of flower disssjier rfii across months.

The median duration of flowering exhibited by tt#8rchid species was three
months. Over 80 percent of the species floweredeks than six months (Fig. 9). No
species were observed to flower during all 12 mewffithe study, but six species flowered
for at least ten months. These species incligedendrum secundum, Cyrtochilum

cimiciferum, andPleurothallis vestigipetala.
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Figure 9. The frequency distribution of the number of menti flowering per species.

The proportion of flowering species shared betwaetessive months ranged from
0.31to 0.40 (Fig. 10). The pattern of variatitwwed little relation to the time of peak
flowering. The proportion of orchid species flowgy in successive months was similar
during the months of limited flowering (i.e. JulgdaAugust) and maximum flowering (i.e.

January and February).
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Figure 10. The proportions of flowering species that wereshme in successive months.

DISCUSSION

The results indicated that to assess the orche&tsity of areas similar to WBFS, it is
crucial to collect specimens and data in each mohthe year, if not multiple times per
month and over multiple years. Cloud forest orsHidwer at different times of the year, but
these data showed February to be the month of niemiftower densities and proportion of
species flowering. While most flowering occurradhe months of January and February,
there was continuous flowering of the orchid comityutiroughout the entire year. Most
species flowered for three months or less, and roaftiye species flowering in one month

were not flowering in the following month. Therere no peaks in Fig. 11, indicating that
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there were no major subsets of orchid species gxiglsynchronous flowering phenology.
Had such peaks occurred, they may have been tifrggiomum sampling. The lack of these
peaks indicates that research must be conductedghout the annual climatic cycle to
assess the true diversity of an area like the WBFS.

While February was the peak month of floweringhis study, another study
conducted at a similar site in MPHS showed the fleakering time to be in March. At both
MPHS and WBFS, peak flowering occurred during mentith > 0.25 m of rainfall, and
minimum flowering occurred in months with < 0.0%ofrainfall. There was also a
difference in the flowering patterns. Zambrasal. (2003a) reported at MPHS in March
there was a sharp peak in the number of flowenregies, 45 percent with less than 16
percent of species were flowering in all other rhentAt WBFS there were five months of
the year when > 30 percent of the species wereefloyy. The only species that flowered >
10 months at both sites wipidendrum secundum. The greater concentration of flowering
in a single month at MPHS may be related to a leoeahge of elevations at MPHS or a
difference in the amount and timing of precipitatlzetween the sites. Whatever the cause of
the differences, the Zambraabal. (2003a) study indicates that the period of maximum
flowering can be shorter and more intense than wiastobserved at WBFS.

Orchid species exhibit significant variations ioviler longevity. For instance, in the
genusLepanthes, the duration of each flower can be on the ordé&-8 days (Tremblagt al.
2005). With the design of this study, it is nosgible to determine the longevity of each
orchid flower, but the flowering of more than 2@loid species in this study was restricted to
only one month. The potential for species to bowver for only a week or so in a year

suggests that even more frequent sampling thanhtyomiay be required.
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From the general collection of 239 species at WBE®apter Two), more than 100
species were not present in the plots but did flodvging at least one month during the year.
Because once one of these a species flowered amdddad to the general collection, it was
not collected again. Thus, there are only recofdshen flowering was first noticed but no
further records to indicate how long flowering ntegve continued. Data from these orchids
would have enhanced the results of this study.

The data from WBFS and the results of Zambretrad. (2003a) suggest that a
complete assessment of orchid diversity in thesed:forests will require numerous periods
of sampling within the year. At least monthly sdimgp may be required, but certain orchid

floras may require more frequent sampling.
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CHAPTER FOUR
CONSERVING CLOUD FOREST ORCHID BIODIVERSITY: THEXAENTIAL
VALUE OF NUMEROUS SMALL RESERVES

In a 2004 address to the International Orchid Caagi®n Congress, Stuart Pimm
(Pimm 2005) asked, “Do you know where your orclads?” It was a question asked to raise
the issues of how well orchid diversity is knowrdawvhat is being done to conserve them.
This question may be especially relevant to Anddand forest orchids. New species
continue to be discovered in all of the Andean ¢oes, including Peru (Luer and Dalstrom
2006). New surveys are also uncovering more datatsspecies that remain poorly known
or poorly studied (Zambrano 2003a, 2003b, Chaptei2hile all of these discoveries
increase our knowledge of orchid diversity, thaedsity is facing increased threats to its
survival. Deforestation is one of the major thsdatorchid diversity, with as much as 75
percent of montane forests in Ecuador (Meisel amdd¥rd 2005) and approximately 14
percent in Peru having been lost (Koopowtal. 1994, Young and Ledn 2000). Global
climate change poses another threat, with potdosalof habitat especially at lower
elevations where species densities are greatep{@ha). Commercial harvesting to obtain
more marketable hybrids is a considerable thretta@xistence of wild orchids (Fernandez
2005). Few preserves have been created to padbent forests, and those that do exist may
not contain a wide diversity of orchid species (Mgwand Ledn 2000, Meisel and Woodard
2005). Currently, only 15 percent of the orchatd of Ecuador is protected in reserves
(Meisel and Woodard 2005), and only a fractionhef tloud forests of Peru are protected in

national parks and sanctuaries (Young and Leon)1999
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Unless rapid action is taken, Pimm’s question magolme, “Do you know where
your orchids were?” As the habitats shrink or piEear at the current rates, many orchids
may become extinct without ever having been deedriOthers may only exist as
herbarium specimens, having disappeared from tiagirral environments. Some orchids
may be found as commercialized hybrids havingtlesit original genetic structure in their
native habitats. Artificially created orchid gande such as the one developed at Machu
Picchu, may represent the only continuing outde@tence for many species (Rolando
2005).

Recent intensive investigations of small area&rafean cloud forests have all
demonstrated high orchid species diversity. Thejude investigations in Manu National
Park and the Machu Picchu Historical Sanctuary &ymérano (2003a, 2003b), and
investigations reported here for Waygechas Biollditeld Station (Chapter 2). The
number of orchid species documented in these sthally areas of less than 1000 hectares
ranges from 179 to 239. Despite this local spediessity, there was often little overlap in
species compositions between these areas. ThesatdVINP reported few species in
common with MPHS. Even within MNP, there wasdittiverlap between two different
study sites with different elevation ranges.

The results from these intensive orchid inventofiezused on small areas suggest
that the establishment of small reserves could afaymportant role in orchid conservation
(Young and Ledn 2000, Meisel and Woodard 2005)e dnership of these reserves could
be private, government, or community-based. Thd®&/i5 owned and operated by the
Amazon Conservation Association (ACA) of WashingtD&, and its sister organization in

Peru, the Asociacion para la Conservacion de lam€uémazonica (ACCA). Similar
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reserves for the conservation of orchids have degrloped in East Nepal (Shakya and
Bajracharya 2005), in Ecuador (Meisel and Wood#&@52, and have been proposed for
Réunion Island (Jacquemyhal. 2007). A 1305-ha reserve in Brazil has proteeteldast
88 orchid species (Sadetial. 2005).

Several considerations are important in the desighese reserves. The size of a
reserve should be large enough to encompass séaet@is. First of all, it needs to contain
the natural habitats of the orchid pollinators (D2001). Because orchids may distributed in
patches of only a few reproductive individuals,a@ped by 200 meters or more (Tremblay
1997), the reserves must be large enough to cosgaeral such patches of a given species.
A general size limit would need to be > 500 ha preferably about 1000 ha. Itis also
crucial that the area consists of the range oftaebknown for the region. Studies at WBFS
have shown that different numbers of species oiccdifferent habitats, such as short or tall
cloud forest, grasslands, and at different elevatamges (Chapter 2, Gentry and Dodson
1987). Some studies have shown specificity betvepguhytes and their host trees, so
reserves should contain variation in tree speoci@nsure the proper host trees are present
(Watthanaet al. 2006, Burns 2007). Tree sizes and growth formg afso be important, as
these factors have been demonstrated to the distriband abundance of epiphytes on their
host trees (Kromer and Gradsetein 2003, ArévaloBetencur 2006).

The relative importance of a single large or sevarall (SLOSS) reserves has been
an area of considerable theoretical debate amariggsts (Diamond 1975, Simberloff and
Abele 1982, Patterson and Atmar 1986, Fischer amdelhmayer 2005, Moore and Swihart
2007). Smaller and more fragmented reserves ssutiogae being described here may

experience greater rates of species loss and megdbedant if their species composition is
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merely a subset of that in a larger reserve. Despese theoretical debates, two practical
factors remain. First, small reserves are beltien ho reserves at all. Second, in a number
of studies, several small reserves have been stwweantain species that are absent from or
underrepresented in larger reserves (McNeill andMéather 1993, Boecklen 1997,
Virolainen et al. 1998, Benedick et al. 2006).

Once reserves are established, a uniform samptiotggnl should be implemented to
assess species composition, overlap with otherveseand future needs. To assess the
diversity of a reserve, a semi-quantitative sangpprotocol should be implemented to allow
the collection of sufficient data to document andhpare orchid communities among
reserves (Chapter Two). The protocol should inelsa@mpling of numerous permanent plots
dispersed throughout the reserve and it shouldebgyded to minimize within-plot
disturbances such as trampling. A potential, stng@sign suggested by intensive
guantitative sampling of orchids (Chapter 2) ccadda linear arrangement of five contiguous
2 m x 2 m subplots. The size and arrangementeo$dlbplots limits the potential damage by
reducing the need for intrusion. With this sizeedes presence could be readily observed,
and species abundances could be recorded in ambsdale of 0 (no individuals) to 5 69)
individuals, with the median of the subplots estingathe abundance in the full plot. It
would be possible to monitor 150 or more of thege22m plots per month (Chapter 2).
These plots should be inventoried monthly to entheealiscovery of orchids with different
and sometimes brief flowering periods (Chapter@pntinued long-term monitoring of the
plots in subsequent years would also contribuntanderstanding of population dynamics
and climatic impacts (Light and MacConaill 20053 assessment of the stability of orchid

populations in the reserve.
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The results and problems, especially taxonomic lprog, of these separate reserves
should be linked in a commonly available websibggital images of flowers, fruits, and
structures would enable researchers to resolvdiidations, allow uniform morphospecies
designations across sites, and permit remote abgdsxonomic specialists to resolve
similar nomenclatures. This imaged database calatdassist in the recognition of orchid
species by local authorities and the enforcemeldaafl laws and regulations (Fernandez
2005). Recognition of rare or potential endemiecsps at reserves could focus attention on
their scientific description and preservation.

These small reserves may be a sub-optimal soltdionchid conservation but may
prove to be a more readily implemented, inventoaed managed solution, that may be
integrated efficiently and effectively with local egional, community-based conservation

programs.
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Appendix A. A list of orchid species collected at Waygechad®jaal Field Station
between September 2005 and August 2006. Spestied ks unidentified either remain to be
classified as a previously described species arribesl as a potential new species.
Additional information including date of collectipflower description, habit, habitat, digital

images is located &ttp://atrium.andesamazon.org/

Genera Named Species No. of as yet UnidentifiediBpe

1 Altengteinia A. boliviensis

2 Barbosdlla B. cucullata

3 Baskervilla B. machupicchuensis

4 Brachionidium 1
5 Cranichis . ciliata 3
. engelii

6 Cyclopogon
7 Cyrtidiorchis
8 Cyrtochilum

. rhomboglossa

. cimiciferum 1
minax

9 Dichea 1
10 Elleanthus . aurantiacus 3
. capitatus

kermesinus

weberbauerianus

. Macrostachym aff. 6
ander ssonii

farinosa

. fimbriatum

funcii

goodspeedianum

. gracillium

haenkeanum

E. jajense

. laxicaule

mar capatense

mesomicron

renzi

roncanum

. saxicola

. schlimii

. scutella

000 00

11 Epidendrum

mmmmmmimimimmmm

mmmmmmim/[m
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12 Erythrodes
13 Frondaria
14 Gomphichis
15 Habenaria

16 Hapalorchis
17 Hofmeisterella
18 Lepanthes

19 Lepanthopsis
20 Liparis

21 Lycaste

22 Malaxis
23 Masdevallia

24 Maxillaria

T mmmm

rrrrr M ITITITITXI

- r

I LL

. secundum

. subliberum

. syringothyrsus
. trachysepalum

. caulesceus

. corydophora

. dentifera

. uncatiloba

. pumilus

. eumicroscopica
. dictyota aff. 12
. falcata

. mesochlora

. ptyxis

. pumila

. tracheia cf.

. elegantula
. retusa

. cobbriana
. gigantea

. picturata

. antonii

. alpestris aff. 3
. brevifolia

. brunnea

. christobalensis aff.
. Cuzcoensis

. deniseae

. divaricata

. floribunda

. gigantea

. graminifolia

. haemathodes

. meridensis

. mungoschraderi aff.
. notylioglossa

. hubigena

. hutans

. procurrens

. quitensis

. rotunilabia

. trigona
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25 Moretzia
26 Myoxanthes

27 Neodraya
28 Odontoglossum

29 Oncidum
30 Pachyphyllum

31 Pityphyllum
32 Pleurothallis

33 Ponthieva

34 Prescottia

35 Prosthechea
36 Pterichis

37 Rusbyella

38 Sauroglossum
39 Scaphyglottis

40 Solenidiopsis

. peruviana

. frutex

. gyas

. hirsuticaulis aff.
rhodoneura

. digitatum

mystacinum
. subuligerum
. tetraplasum
retusum

. breviconnatum
. crystallinum
. gracillimum
. hispidulum

. pectinatum
laricinum

. acuminata

. angustilabia
cassidis

. cordata

. coriacardia
. cyathioflora
imrael
lamellaris
melanostele
. mesochlora
. quadrata

. rubens

. ruberrina

P. vargasi

P. vestigipetala aff.
P. cornuta

P. diptera

P. garayana

P. petiolaris

P. stachyodes
P. farfanii

P. fusca

000000z LL
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R. caespitosa

S punctulata
S summersii
S galianoi
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41 Selis S antennata 41
S breviracema
S grandibracteatum

S tricaridium
S uninervia
42 Sellilabium (1 ined.)
43 Senoptera S acuta
S ciliaris
44 Telipogon T. salinasii 3 (2 ined.)
T. vargadii
45 Trichoceros T. armillatus
46 Trichosal pinx T. arbuscula 1
T. chamael epanthes
T. intricata
T. teagueii
47 Vargasella V. peruviana
48 Xylobium X. elatum
X. squalens
49 Unknown genus 1
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Appendix B. The elevation, habitat type, minimum number dfividuals and number of

species for 5 m x 5 m plots at the Wayqgechas Bio&ddrield Station.

Plot Elevation above Habi Minimum Number Number of
Number Mean Sea Level (m) Type of Individuals per Plot Species
1 2612 Short Cloud Forest 23 8
2 2609 Short Cloud Forest 48 12
3 2575 Tall Cloud Forest 9 3
4 2557 Tall Cloud Forest 52 15
5 2530 Tall Cloud Forest 107 17
6 2508 Tall Cloud Forest 67 13
7 2496 Tall Cloud Forest 28 11
8 2517 Short Cloud Forest 43 15
9 2501 Grass Areas 30 12
10 2524 Short Cloud Forest 66 22

11 2538 Tall Cloud Forest 19 9
12 2526 Short Cloud Forest 127 25
13 2808 Tall Cloud Forest 5 3
14 2787 Short Cloud Forest 35 5
15 2760 Tall Cloud Forest 62 5
16 2686 Short Cloud Forest 63 15
17 2662 Grass Areas 101 19
18 2666 Short Cloud Forest 68 19
19 2666 Short Cloud Forest 78 19
20 2665 Short Cloud Forest 83 24
21 2661 Short Cloud Forest 32 14
22 2606 Short Cloud Forest 63 20
23 2982 Short Cloud Forest 43 9
24 2993 Short Cloud Forest 102 14
25 2969 Grass Areas 59 6
26 2973 Grass Areas 50 7
27 2966 Grass Areas 21 3
28 2970 Grass Areas 32 3
29 2968 Short Cloud Forest 33 6
30 2946 Short Cloud Forest 16 5
31 2945 Short Cloud Forest 52 10
32 2954 Short Cloud Forest 31 9
33 2917 Tall Cloud Forest 202 3
34 2915 Tall Cloud Forest 11 7
35 2849 Short Cloud Forest 34 8
36 2820 Tall Cloud Forest 11 7
37 2844 Tall Cloud Forest 120 7
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38
39
40
41
42
43
44
45
46
a7

2839
2831
2819
2817
2802
2817
2801
2778
2845
2932

Tall Cloud Forest
Tall Cloud Forest
Short Cloud Forest
Short Cloud Forest
Grass Areas

Short Cloud Forest
Tall Cloud Forest
Tall Cloud Forest
Tall Cloud Forest
Grass Areas
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15
17
90
68
82
103
12
45
37
70

17
12
15
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ABSTRACT
DIVERSITY AND PHENOLOGY OF ORCHIDACEAE IN AN UPPERIONTANE
FOREST, DEPARTMENT OF CUSCO, PERU
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A study of orchids was carried out in a cloud foiasoutheastern Peru, in the department of
Cusco, between September 2005 and August 200§stAreatic collection found 239
different morphospecies of orchids which was commgao those found at two similar areas,
Manu National Park and Machu Picchu Historical 8tci A set of 47 plots were set up and
monitored for orchid diversity, abundance, and jpiagy of the area. Based on habit
(epiphytic or terrestrial), the number of speciased among habitats. Orchids were shown
to be flowering at all times of the year with sospecies being rarer. Flowering times of the
orchids were maximized in times of high precipdgatievels (February). Recommendations
are made for future research, including study lergid design. A potential protocol for
orchid conservation is also described, with attento size of a reserve to include multiple

variables.



