VEGETATION AND DIVERSITY OF THE GROUND FLORA
IN A DECIDUOUS DIPTEROCARP-OAK  FOREST,
NORTHERN THAILAND
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ABSTRACT

Mai Muang Nao is a unique arboretum, located in a deciduous dipterocarp-oak forest in
Northern Thailand. A floristic survey was carried out during March 2001 — February 2002 in
three main habitats: 1) open, fire-damaged, degraded areas (DF), 2) open bog/marsh areas
(OB), and 3) shaded areas with bamboo thickets along a seasonal stream (SS). A total of 340
vascular plants were found. including of which 262 species were herbaceous ground flora, 67
tree species, 5 woody climbers, and 6 aquatics. The most abundant tree species was Dipterocarpus
obtusifolius var. obtusifolius (Dipterocarpaceae). The vascular ground flora were in 59 families
and 180 genera, including 2 families of monocotyledons, 37 of dicotyledons, and 10 of
pteridophytes. The ground flora was collected with notes on phenology. habitat, and abundance
for each species. Sixty-five percent of herbs were deciduous and 25 percent were annuals.
Flowering peaked in October, with 94 species. The most common ground flora family was
Compositae with 30 species. Twenty-one species of terrestrial orchids had medium or rare
abundances and some species were represented by only a few individuals. Due to the high
species richness and relative rarity of some species found here, this area is clearly worthy of
protection and it would be an excellent site to promote nature education.
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INTRODUCTION

Mai Muang Nao Arboretum was established in 1995, and is part of the Mae Toh
National Park. It is located in Baw Salee Subdistrict, Hod District, Chiang Mai Province,
Northern Thailand (18° 8' N latitude, 89° 23' E longitude), and has an area of approximately
80 ha. General topographic features include small hills alternating with gullies at elevations
of 900-1125 m along Highway 108 (Hod—Mae Sariang) (Fig. 1).

The bedrock consists of plutonic, Paleozoic and Precambrian granite which is at least
570 million years old. This bedrock includes some of the oldest rocks found in Thailand
(BRAUN ET AL., 1982). Due to forest destruction, the soil is generally eroded with little
organic matter and much gravel.
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Figure 1. Mai Muang Nao Arboretum, the study area located in Hod district of Chiang Mai Province of northern
Thailand. % indicates the highest peak in the study area (1125 m). See text for site description details.

There are three seasons in northern Thailand: cool-dry (November—February), hot-dry
(March—April), and rainy (May—October). The average annual rainfall from two stations
(1993-2000), Hod (¢. 300 m elevation) and Mae Sariang (211 m elevation), is approximately
1,044 mm. The highest monthly rainfall is in August with about 185 mm. The mean
maximum temperature at Mae Sariang (1993-2000) is 33°C and mean minimum 20°C.

Continuous forest destruction has resulted in decreased biodiversity over much of
Thailand. The vegetation has suffered, especially the two species of Pinus (SANTISUK,
1997; MAXWELL ET AL., 1995) and orchids (ELLIOTT, 2001). Since forest cover in Thailand
has been rapidly decreasing, plant and animal populations have been disrupted and with
serious consequence for ecological functions, especially a reduction in animal-dispersed
plant species (ELLIOTT, 2001). In addition, it is not known how many species have
disappeared. how many species still remain, and in what abundance. Vegetation surveys
can help enumerate the number of species, their distribution, abundance, and ecology. so
that conservation measures can be affected. Most Thai forests are in need of proper
restoration, which can be done if detailed vegetation information of both trees and ground
flora is done first. This study involved surveying the vegetation and collecting the vascular
ground flora to provide regional information for further botanical studies, and a computerized
botanical database.



VEGETATION AND DIVERSITY OF THE GROUND FLORA 29

METHODS

Fieldwork was done twice a month from March 2001 to February 2002, for 2-3 days
at a time, while identification was done at CMU Herbarium. The vascular ground flora,
including all herbs. vines. and woody species with flowers, fruits, or sporangia up to about
1.5 m tall, were collected. Some grasses and vines, which were slightly higher or longer,
as well as aquatic plants, were collected. Other trees and climbers were listed with their
abundances and habitats.

RESULTS

A total of 340 species (in 107 families) of vascular plants were recorded (Appendices)
including 67 tree species (39 families), 5 woody climbers (5 families), 6 aquatics (4
families), and 262 herbaceous (59 families). The most common tree family was
Dipterocarpaceae with 5 species, while the largest herbaceous family was Compositae with
30 species.

Vegetation

According to MAXWELL (2001), the forest in the study area was originally evergreen
forest with pine (EG/Pine) and became degraded to deciduous diperocarp-oak forest (DOF),
since it is dominated by Dipterocarpus obtusifolius var. obtusifolius (Dipterocarpaceae)
and Quercus kerrii var. kerrii (Fagaceae). D. tuberculatus was mostly present as coppices,
with very few mature trees in the area. It was usually found on lower slopes than the
dominant D. obtusifolius. Two species of Pinaceae, Pinus kesiva and P. merkusii, were
found here. They are now usually found at higher elevations in northern Thail EG/Pine
forests, thus could be classified as Dipterocarp-oak + pine forest (DOF) (MAXWELL, 1995,
1997, 1998, 2001). The ground flora of this area included many species, restricted to other
EG/Pine forests in the region, including Doi Suthep_Pui National Park and Doi Chiang
Dao Wildlife Sanctuary (both in Chiang Mai Province) (MAXWELL, 1998, 2001;
SMITHINAND. 1966; CMU Botanical Database), e.g. Delphinium siamensis (Ranunculaceae),
Smithia ciliata (Leguminosae, Papilionoideae), Rubia siamensis (Rubiaceae), and in
particular, several species of Compositae: Anaphalis adnata, Crepis lignea, Inula nervosa,
Inula wissmanniana forma wissmanniana, Laggera alata, Piloselloides hirsuta, and
Saussurea peguensis. The forest structure consisted of 2 main layers: the tree canopy
(approximately 8-15 m high) and ground flora (up to 1.5 m high). The study area was
separated into three main habitats as follows:

Open, fire-damaged, degraded area (DF).—This habitat covered more than 90% of
the study area. The most common trees were Dipterocarpus obtusifolius var. obtusifolius
and Shorea obtusa (both Dipterocarpaceae); Quercus kerrii var. kerrii, Q. brandisiana,
Castanopsis acuminatissima, and C. argyrophylla (all Fagaceae). Most Fagaceae were
evergreen except the most common oak, Q. kerrii which is deciduous. Referring to species
abundances in the Appendix, the other common trees found included Gluta usirata
(Anacardiaceae), Tristaniopsis burmanica var. rufescens (Myrtaceae), Craibiodendron
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stellatum and Vaccinium sprengelii (both Ericaceae). Some tree species were rare, such as
Cassine glauca var. cochinchinensis (Celastraceae), Schoepfia fragrans (Olacaceae), Xantolis
cambodiana (Sapotaceae), and both Pinus species. Ochna integerrima (Ochnaceae) grows
as a treelet usually taller than 2 m, but all those found were less than 1 m tall, due to forest
fires and animals grazing. No woody climbers were found in this habitat and only a few
common shrubs higher than 2 m, e.g. Indigofera caloneura, I. colutea (both Leguminosae,
Papilionoideae), Melastoma malabathricum ssp. malabathricum (Melastomataceae), and
Grewia abutilifolia (Tiliaceae).

Since this forest is fire-damaged, and deciduous, the canopy is open, light is not
limiting, and trees are short (< 20 m tall). Consequently the ground flora was found to be
well developed, especially Gramineae (grasses). There were 130 perennial deciduous herbs
(50% of the total ground flora and 67% of deciduous herbs found in is the habitat).
Common grasses included Arundinella setosa var. setosa, Capillipedium parviflorum,
Themeda triandra, and Pseudopogonatherum contortum. Cyperaceae (sedges) were also
widely distributed with Frimbistylis thomsonii, F. yunnanensis, Carex continua, and C.
cruciata. Although Cyperaceae and Gramineae were most obvious, there was a high diversity
of other ground flora. Abundant species, easily seen in the dry season, included the perennial
evergreen palm, Phoenix loureiri var. loureiri (Palmae), which was common, restricted to
fire-prone places, and is recognized as an indicator of this forest type (STOTT, 1984). Forty-
two species of annual herbs (64% of the total annual herb flora) were found and most were
common in open places, e.g. Blumeopsis flava and Blumea fistulosa (both Compositae),
Rungia parviflora and Justicia procumbens (both Acanthaceae), and Isodon lophanthoides
var. lophantoides (Labiatae).

Most of the monocots were deciduous and abundant or common in the hot-dry season.
Some of these included Curcuma zedoaria, Kaempferia rotunda, Globba reflexa, Zingiber
sp. (all Zingiberaceae). and Murdannia edulis (Commelinaceae). Common herbaceous dicots,
flowering in the hot-dry season, were Scutellaria glandulosa (Labiatae), Premna herbacea
(Labiatae), and Piloselloides hirsuta (Compositae).

In the early rainy season, a tiny insectivorous herb, Drosera peltata (Droseraceae) was
commonly seen, especially in very open areas with eroded soils. It is an indicator of poor
soils, especially nitrogen-deficient ones (SCHULZE ET AL., 1997). The most common
dicotyledon also found at higher elevations in other EG/PINE forests was Pimpinella
cambodgiana (Umbelliferae) (MAXWELL, 1998, 2001). Deciduous herbs such as Pouzolzia
pentandra (Urticaceae), Abelmoschus moschatus ssp. tuberosus (Malvaceae) and Clitoria
macrophylla (Leguminosae-Papilionoideae) are good indicators of burnt areas since they
have large underground storage organs. Most of the Commelinaceae flower in the rainy
season; common species included Murdannia macrocarpa, M. divergens, M. simplex,
Cyanotis cristata, and C. barbata.

In the late rainy season to cool-dry season (October-January), many species of
Compositae flowered synchronously, e.g. /nula nervosa (Fig. 3), I. indica, I. Cappa forma
cappa, Anaphalis adnata, Laggera alata, Pluchea polygonata, and Vernonia squarrosa
var. orientalis. Most Leguminosae—Papilionoideae species also flowered in the same period,
e.g. 10 species of the most common genus Crotalaria, Codariocalyx motorius, Desmodium
oblongum, D. heterocarpon, and Flemingia sootepensis. A herbaceous vine known by
villagers for it edible inflorescence, Dunbaria bella, was abundant here. Isodon lophanthoides
var. lophantoides (Labiatae) also bloomed at this time and was very common over the
whole area, especially in very open places.
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Figure 2. Inula nervosa Wall. ex DC. (Compositae), Figure 3. Curcuma cedoaria (Berg.) Rosc.
one of the commonest species in this (Zingiberaceae). deciduous. perennial.
family. Photo: Wangworn Sankamethawee aromatic herb which is edible and very
15 November 2001. common during the dry season. flowers when

leafless. Photo: Wangworn Sankamethawee
4 May 2001.

Figure 4. Gentiana timida Kerr. (Genlianaceae), a Figure 5. Arundina graminifolia (D. Don) Hochr.
deciduous ground herb with dimorphic (Orchidaceae). perennial. deciduous, ground
leaves. corolla closes in mid-afternoon. orchid, which is found more often than other
Photo: Wangworn Sankamethawee 4 May orchids. Photo: Wangworn Sankamethawee

2001. 10 August 2001
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Two saprophytic/parasitic leafless Orobanchaceae were less abundant, i.e. Aeginetia
pedunculata was rare and mostly found in very open places near the top of the hill, in grass
clumps, usually covered by matted leaves. Aeginetia indica was also found in this habitat.
but was easily seen on bare ground, and more common near the stream (SS). The type
material of Inula wissmanniana forma disciformia (Compositae) was collected from this
area, but our voucher specimen was forma wissmanniana, which grows both in DF and SS.
It may be that forma disciformia is not a distinct taxon.

Open bog/marshy areas (OB).—This occurred in five small, seasonally moist gullies
in shaded areas and three open, perennial marshes scattered over the study site, covering
an area of ¢. 200 m°. There were fewer tree species in this habitat: Quercus brandisiana
(Fagaceae). Vaccinium sprengelii (Ericaceae). Glochidion sphaerogynum (Euphorbiaceae),
and Shorea obrusa (Dipterocarpaceae). were mostly scattered at the edges of the bogs.
Along these moist gullies, Pinus kesiya was scarce. Most Cyperaceae (sedges) were common,
e.g. Fimbristylis miliacea, Cyperus pilosus, Fuierena ciliaris, and Scirpus mucronatus.
Common evergreen species restricted to this habitat included Pogostemon pentagonus
(Labiatae), Rotala rotundifolia (Lythraceae). Impatiens chinensis (Balsaminaceae), and
Limnophila villifera ssp. gracilipes (Scrophulariaceae). Some deciduous species often
occurred in seasonally drier soil, e.g. Viola betonaetifolia (Violaceae), Pogostemon
auricularius (Labiatae), Osbeckia chinensis var. chinensis (Melastomataceae), and
Centranthera cochinchinensis ssp. cochinchinensis (Scrophulariaceae). The ecotone of this
habitat and DF included common species such as Aeschenomene americana a naturalized
herb, Desmodium microphyllum (both Leguminosae, Papilionoideae). Urena lobata ssp.
lobata var. lobata (Malvaceae). Melastoma malabathricum ssp. malabathricum
(Melastomataceae), and Justicia procumbens (Acanthaceae). Although Curcuma zedoaria
(Zingiberaceae) (Fig. 3) grows best in arid soils, it was also found here, as well as Scutellaria
glandulosa (Labiatae) and Murdannia edulis (Commelinaceae) which were abundant in
DF.

Within this habitat, the ground flora mostly flowered during the rainy season. Eight
species had long flowering periods (> 5 months). e.g. Hygrophila phomoides (Acanthaceae),
Impatiens chinensis (Balsaminaceae), Lobelia zeylanica (Campanulaceae), and
Crassocephalum crepidioides (Compositae), and Ranunculus siamensis (Ranunculaceae).
Three species flowered all year round, viz. Spilanthes iabadicensis (Compositae), Hypericum
Jjaponicum (Guttiferae), and Polygonum persicaria (Polygonaceae).

Annual species flowered for 1-3 months during the latter part of and after the rainy
season, e.g. Eriocaulon gracile. E. oryzetorum (Eriocaulaceae), Xyris capensis (Xyridaceae),
Burmannia coelestis (Burmanniaceae), Drosera burmannii (Droseraceae), Utricularia
scandens. U. minutissima, and U. hirta (Lentibulariaceae). All these species were restricted
to. but common in this habitat and preferred the non-flooded zones.

Many pteridophytes were found along moist gullies, e.g. Equisetum debile
(Equisetaceae), Thelypteris dentata, T. xyloides, T. valida (all Thelypteridaceae), and
Onychium siliculosum (Parkeriaceae). Six aquatic plants were collected in the rainy season,
e.g Alisma plantago and Sagirtaria sagittifolia ssp. leucopetala (both Alismataceae),
Monochoria vaginalis (Pontederiaceae), Blyxa aubertii, Ottelia alismoides (both
Hydrocharitaceae), and Hydrolea zeylanica (Hydrophyllaceae). Rorala rotundifolia
(Lythraceae) was considered as ground flora here. since it was more common in the non-
flooded and drier zones.



L8]
(%)

VEGETATION AND DIVERSITY OF THE GROUND FLORA

Three invasive alien species were found here and are starting to encroach up hills, such
as Mimosa diplotricha var. diplotricha (Leguminosae, Mimosoideae), Eupatorium
adenophorum, and Tithonia diversifolia (both Compositae).

Shaded areas along the seasonal stream (SS).—These form the northern boundary of
the study area with bamboo thickets (Bambusa tulda) scattered along the stream banks.
The stream dried out from December to June. The vegetation along the stream banks was
similar to that of BB/DF and MXF types in the other forests, e.g. Doi Suthep—Pui, Doi
Chiang Dao, Jae Sawn, and Doi Luang (MAXWELL, 1992, 1998, 2001; MAXWELL ET. AL.,
1997: CMU botanical database). It was dominated by Bambusa tulda (Gramineae,
Bambusoideae). Many trees were evergreen, with the canopy dense and higher than in DF
and OB (estimated canopy cover 90%). Several trees were restricted to this habitat and
sparsely distributed, e.g. Pirtosporum nepaulense (Pittosporaceae), Protium serratum
(Burseracece), Aglaia lawii (Meliaceae), Eriobotrya bengalensis forma bengalensis and
Stranvaesia nussia (both Rosaceae), Syzygium albiflorum (Myrtaceae), Nyssa javanica
(Nyssaceae), Diospyros winitii (Ebenaceae), Olea salicifolia (Oleaceae), Ficus semicordata
var. semicordata (Moraceae), Lithocarpus elegans (Fagaceae), and Salix tetrasperma
(Salicaceae).

Another reason for the dense canopy was due to woody climbers, viz. Spatholobus
parviflorus (Leguminosae, Papilionoideae), Amalocalyx microlobus (Apocynaceae),
Celastrus paniculatus (Celastraceae), Connarus semidecandrus (Connaraceae), and Gnetum
montanum (Gnetaceae).

The ground flora was quite similar to that of other habitats. It consisted of widely
distributed individuals of Curcuma ecomata, Kaempferia rotunda, and Zingiber sp. (all
Zingiberaceae), Scutellaria glandulosa (Labiatae), Justicia procumbens (Acanthaceae), and
Ophiopogon longifolia (Liliaceae). Common annual species restricted to the streambed in
the dry season at SS were Canscora diffusa (Gentianaceae), Blumea mollis, and Cyathocline
purpurea (both Compositae). Some common species along the steep banks were: Selaginella
ostenfeldii, S. kurzii (Selaginellaceae), Zingiber parishii, Globba sp. (both Zingiberaceae),
and Pilea trinervia (Urticaceae). Some common evergreen species were Hygrophila
intermedia, Sericocalyx parviflora, and Strobilanthes rex (all Acanthaceae). Deciduous
herbs were often found away from the stream in bamboo thickets and sometimes in burnt
places, e.g. Gomphostemma strobilinum var. acualis (Labiatae), Peliosanthes teta ssp.
humilis (Liliaceae), Desmodium laxiflorum ssp. laxiflorum, D. pulchellum (Leguminosae.
Papilionoideae), and the saprophytic/parasitic, leafless Aeginetia indica (Orobanchaceae).
Some common annuals found in moist shaded areas included Blumea napifolia (Compositae)
and Drymaria diandra (Caryophyllaceae). Rare deciduous species included Paris polyphylla
(Liliaceae) and Begonia integrifolia (Begoniaceae). Ground pteridophytes (ferns) appeared
here, as well as along the gullies with Thelypteris parasitica, T. dentata (Thelypteridaceae),
Pteris venusta, P. ensiformis (Pteridaceae), and Dryopteris cochleata (Dryopteridaceae)
being common examples.

Habitat variation was found in some species. Observed individuals of Isodon
lophanthoides (Labiatae) in DF and SS, had different sized leaf blades, flowers, as well as
indumentum. The specimen from DF had entire bracts with the stamens included in the
corolla lobes, while the specimen from SS had serrate or lobed bracts with the stamens
distinctly exserted. Murdannia simplex (Commelinaceae) was also found in these two
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habitats, but the specimen from SS was much larger and flowered almost three months
later. Pouzolzia pentandra (Urticaceae) was common in DF and OB, but had different:
sizes of leaf blades, height, inflorescence features, and root systems. It grew densely in
flooded places without swollen storage roots, while the specimen from DF had large
swollen storage roots and the leaves were more than four times larger than in OB.

DISCUSSION

The number of ground flora species at Mai Muang Nao is similar to that in DOF in
Doi Suthep-Pui National Park (MAXWELL, 2001; CMU database 2002). The ground flora
at Mai Muang Nao appeared to be approximately twice as rich as the whole flora in similar
deciduous forest (DOF) (132 species) at Jae Sawn National Park (MAXWELL ET AL., 1997),
which is located at a lower (300-800 m) elevation. Compared to other forests in the north
(MAXWELL, 1992, 1998, 2001; MAXWELL ET AL., 1995, 1997, OGAWA ET AL., 1961; STOTT,
1984) the vegetation at Mai Muang Nao is a typically northern association, especially the
ground flora.

Many of the ground flora species have become rare (Appendix 1) due to disturbance,
encroachment, commercial collecting, animal grazing, and especially forest fires. There
were two rice fields in the moist gullies at the boundaries of the arboretum and the farmers
have been expanding their farmlands and cutting trees for firewood, fences, house
construction, efc. During 2001-2002, agricultural fields expanded up the hill and now
included about 1.9 ha or about 2.4% of the total area. Although villagers have made an
agreement regarding land usage with the Department of Parks, Wildlife and Plant
Conservation (DPWP), they have not honored this agreement and DPWP has not controlled
them. In July 2002, another cleared area was found between the arboretum and the Pine
Improvement Center for rice cultivation, which will probably expand in the future. Some
local people have been collecting rare plants for sale, including both terrestrial and epiphytic
orchids. Apart from these basic problems, the use of insecticides on crops, and especially
planting ornamentals and orchards around the villages, could pollute streams and create
health hazards to people downstream.

Three fires occurred during the dry season (February—March) in 2001 and twice in
February 2002, mostly in the western and southern parts of the study site and bordered by
Highway 108. All fires were started by local people, especially for clearing land and the
questionable belief that fire stimulates wild mushroom growth before the rainy season,
especially for the edible and commercially valuable earthstar mushroom Astraeus
hygrometricus (Pers) Morg. (Astracaceae). As the workers at the arboretum usually do not
work on weekends, fires started during this time are not extinguished. Cattle are also a
cause for concern since the villagers allow them to graze throughout the entire area. These
animals trample and eat vegetation as well as compact the soil.

From field observations at the local market and interviews with villagers about wild
product utilization, this forest is a prime place to find mushrooms, pine wood, pine resin,
as well as bamboo shoots for consumption and culms for construction. Some common
edible mushrooms are Russula spp., Lactarius spp. (both Russulaceae), and Amanita spp.
(Amanitaceae). Some edible vascular plants, including those sold as vegetables, are the
inflorescences of Curcuma zedoaria (Zingiberaceae), flowers of Dunbaria bella
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(Leguminosae, Papilionoideae); leaves, stems, and inflorescences of Crassocephalum
crepidioides and Spilanthes iabadicensis (both Compositae), and young stems of Selaginella
ostenfeldii (Selaginellaceae).

Some unidentified species, viz. Zingiber sp., Globba sp. (both Zingiberaceae), and
Laggera sp. (Compositae) have been sent other herbaria including MO (Missouri Botanical
Garden), L (Rijksherbarium-Leiden), A (Arnold Arboretum, Harvard University). CAS
(California Academy of Science), and BKF (Royal Forest Department) where they may be
eventually identified.

RECOMMENDATIONS

The Arboretum has done some basic scientific work by having some tree names
displayed around cleared areas and a nature trail. A new station of Mae Toh National Park
has been established in the study area. which could be more effective at promoting ecotourism
and conservation education, if scientific knowledge of all local plants were complied with
plant names, habitat information, ecology, specific plant uses, and other notes concerning
biodiversity management.

Although there are three Parks Department units in the area—Mae Toh National Park,
the Pine Improvement Center, and Mai Muang Nao Arboretum—there is a lack of
cooperation on conservation. These three units could be organized for conservation purposes,
and provide vegetation information from the arboretum and for forest restoration at the
Pine Improvement Center. All this information should be available for education exhibitions,
forestry training programs, and ecotourism. Some policies should be changed. especially
since the Pine Improvement Center is now no longer working with pine plantations. This
place would be appropriate for a reforestation nursery and for forest research. The original
nursery facilities for pine improvement could be used for germination and growth of native
plants, especially rare species and native trees, and improving research to re-establish
deforested places in the area. Furthermore, park workers should be trained in nursery
techniques, seed collection. seed selection, forest restoration planting, and forest protection/
conservation. In addition, staff will also have to eradicate the invasive species (Mimosa
diplotricha, Eupatorium adenophorum, and Tithonia diversifolia) that have been rapidly
expanding and inhibiting the diversity of native flora.
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Appendices. Abbreviations used.

Abundance Month Habitat

1 only few individuals Ja  January DF degraded, fire-damaged areas
2 rare Fb  February OB marshes

3 medium Mr March SS  shaded areas. near streams
+ common Ap April Life mode

5 abundant My May a annual

Habit Jn  June pe  perennial evergreen

h herb 1 July pd  perennial deciduous

S shrub Ag  August aqu aquatic

1 treelet Sp  September amp amphibious

v vine Oc  October epl epilithic

sc  scandent Nv  November gro ground

par parasitic Dc  December nat naturalized. not native
wee weed par parasitic

wee weed
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