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ABSTRACT

In this paper an overview of the range of variations that occur in the genus Quercus (oaks) 
of the family Fagaceae is given. Oaks are one of the most important groups of flowering 
plants and dominate large regions of the Northern Hemisphere. We considered oaks from all 
regions of the world, while focusing on Himalayan oaks. These have not been studied as much 
by Western workers or by Indian botanists and foresters. With more than 600 species, Quercus 
is possibly the greatest natural ecosystem-forming genus of the world. Oaks are known for 
their great variety of growth forms, leaf shape and size, and for their nutrient-rich acorns. 
Many other trees might exceed the commercial value of oaks, but with regard to biodiversity, 
they have few parallels in the living world. Outside tropical rainforests, oaks are the greatest 
biodiversity-centric plants on the planet.

Keywords: acorns, biodiversity, Himalayan oaks, Quercus, leaf morphology, oak 
ecology
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Introduction

Oaks (Quercus), a genus of the family 
Fagaceae, contains the largest and the 
most important hardwoods distributed in 
the Northern Temperate Zone, Subtropical 
and Tropical Asia and in the Andes of 
South America. Oaks occupy a wide range 
of sites as members of several vegetation 
types (Munz and Keck, 1959) and they are 
intimately linked with a large number of 
other organisms ranging from fungi to ferns, 
birds to bears and wasps to ants. According 
to Keator and Bazell (1998), the oak has 
been a symbol of permanence, strength 
and courage. Due to their high degree of 
specialization, oaks are regarded as the 
most advanced member of the Fagaceae 
(Kaul, 1986), and occupy latitudes from the 
Southern Hemisphere close to the equator 
up to the 65th parallel. This genus is anemophilous (wind pollinated), and likely to have 
evolved in a seasonal climate that favored anemophily in the early part of the growing 
season, when there is a paucity of insect pollinators. Oaks are considered to be early- to 
mid-successional trees (Abrams, 1992). But the Himalayan oaks are generally regarded 
as late-successional trees (Singh and Singh, 1987; Bargali et al., 2005). Generally oaks 
are outcompeted by more shade-tolerant species under intact oak canopies. However, 
some species, such as the Himalayan Q. floribunda Lindl. are tolerant of deep shade in 
the regeneration phase (Singh and Singh, 1992). Many oaks are well adapted to xeric 
conditions (Abrams, 1990), a characteristic that has helped oaks occupy large areas not 
available to more mesic species. Oaks possess many morphological characteristic that 
help them endure severe drought conditions (Zobel et al., 1995). They are among the 
deepest-rooted trees and therefore are able to extract water from great depths. In the 
Himalayas, Q. leucotrichophora A. Camus is known for its massive root system.

Quercus is the largest genus of the Fagaceae with an estimated 300 (Lawrence, 1951) 
to 600 species (Soepadmo, 1972) from all over the world. In the Himalayan region oaks 
are mostly gregarious, medium- to large-sized evergreen trees distributed between 800 
and 3,800 m/2,625 and 12,467 ft above sea level. Negi and Naithani (1995) reported 
more than 35 species from this region. The exact number of oak species is an unresolved 
and dynamic debate. The considerable variation in morphology among species (Negi 
and Naithani, 1995), parallelism in leaf form (Tucker, 1974) and the ability of many oak 
species to hybridize (Burns and Honkala, 1990; Parker, 1939) are some of the issues that 
fuel this debate. 

This article summarizes the diversity the genus Quercus exhibits in growth forms, 
leaves, acorns, and ecosystems. While so doing we have considered all of the major oak 
regions of the world, trying where possible to include what is known about Himalayan 
oaks for two reasons: 

1. Oaks show ecological dominance over a large area in Himalayan ranges, (easily 

1/ Quercus floribunda in Pakistan.



2/ Quercus brantii Lindl. in Iran.
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encompassing about 20 million 
hectares/49 million acres). 

2. The Himalayan oaks are crucial for 
the biodiversity associated with them and 
for the services their ecosystems generate. 

What are oaks? 

Characteristic features of true oaks are: 
1. pendulous male catkins that release 
their pollen to the wind; 2. inconspicuous 
female flowers with three stigmas; 3. the 
male and female flowers are separated 
from one another both in time and space; 4. 
they bear an acorn that sits in a distinctive 
scale-covered cup. Although different 
authors of oak classification systems have 
divided the genus in various ways, they 
roughly recognize the same major groups. 
These are: White Oaks (Quercus), Black 
Oaks (Erythrobalanus), Golden Oaks 
(Protobalanus), and Ring-Cupped Oaks 
(Cyclobalanopsis). A comparative account 
of these groups is given in Table 1. Among 
oaks, Q. glauca Thunb., Q. lamellosa Sm. 
and Q. semiserrata A. Camus come under 
Cyclobalanopsis, while Q. semecarpifolia 
Sm., Q. lanata Sm., and Q. serrata 
Murray come under Quercus. White 
Oaks are abundant in Temperate and 
Mediterranean regions and absent from 
the Tropics. Black Oaks occur in North 
and Central America, Golden Oaks in 
California and Mexico and Ring-Cupped 
Oaks are mostly tropical and subtropical. 
All four groups have many features in 
common, and very few of these features 
can single out any one particular group. 
For example, whether acorns ripen in one 
or two years is a feature shared by at least 
two different groups. The only trait that 
seems confined to one group alone is the 
unique ring-like arrangement of the cup 
scales in the Cyclobalanopsis group (that 
also has very distinctive leaves). In many 
cases, there are exceptions to the general 
characters described for distinguishing 
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between  the four groups. For example not all White Oaks ripen their acorns in a year; 
the Turkey oak (Q. cerris L.) that has many White-Oak features, matures its acorns in two 
years. The only relatively consistent difference between White Oaks and Black Oaks is 
the presence or absence of bristles on the leaf lobes and tips, and even that has exceptions. 
Free exchange of genes among different species account for the sharing of characters.  

Parameters Quercus Erythrobalanus Protobalanus Cyclobalanopsis

Common name The White Oaks The Black or Red 
Oaks

The Golden Oaks The Ring-Cupped 
Oaks

No. of species 100 200 6 40

Distribution Abundant in 
Europe and the 
Mediterranean 
region, prolific 
in Temperate 
mountainous Asia, 
rich and varied 
across North and 
Central America 
from the Pacific 
Coast to the 
Atlantic Seaboard, 
absent from 
Tropical Southeast 
Asia

Restricted entirely 
to North and 
Central America, 
diverse in the 
mountains of 
Mexico

Restricted to 
Western North 
America occurring 
chiefly in 
California, the 
Southwestern 
United States and 
Northern Mexico

Tropical, centered 
in Southeast Asia 
and adjacent island 
such as Borneo 
and New Guinea, 
also extended into 
India, China and 
Japan

Bark Pale whitish, 
shallowly flaky

Dark grey to near 
black, deeply 
fissured

Pale grey Pale grey, flaky

Leaves Usually have 
rounded or blunt 
lobes for the 
deciduous species, 
tapered tips for the 
evergreen ones

Often have bristle-
tipped lobes for the 
deciduous species 
and spine-tipped 
teeth along the leaf 
margins for the 
evergreen kinds

Evergreen leaves, 
spiny- toothed leaf 
margins or sharply 
tipped

Leaves are 
characterized 
by the drip tips, 
allowing water to 
roll off the leaf 
surface instead of 
accumulating

No. of stamens 7-9 6 8-10 6

Stigmas Short, broad, 
horizontal

Long, curved styles 
that gradually taper 
into spoon- shaped 
stigmas

Short, broad Head-shaped, 
attached to slender 
styles

Acorn maturation 
time

One year Usually two 
years, but in mild 
climates one year

Two years One or two years

Acorn shell/cap Inner shell smooth 
and hairless

Inner shell lined 
with woolly hairs

Inner shell with 
woolly hairs

Inner shell lined 
with woolly hairs

Table 1/  A comparative account of the four major groups of the genus Quercus (adapted from Keator and 
Bazell, 1998).
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There are many trees and shrubs that carry the word oak as a part of their common name 
but that are not related to true oaks. For example, silk oak (Grevillea robusta A. Cunn ex 
R. Br.), a member of the family Proteaceae, she oak (Casuarina spp.) belonging to the 
family Casuarinaceae and poison oak (Toxicodendron diversilobum (Torr. & A. Gray) 
Greene), a member of the family Anacardiaceae. However, some so-called oaks outside 
the genus Quercus are related to them. Tanbark oaks (Notholithocarpus) and stone oaks 
(Lithocarpus) are among such trees. Lithocarps resemble oaks in many characters such as 
appearing to bear acorns that sit in distinctive bract-covered cups. The two genera appear 
to be very closely related, even though they consistently differ in their arrangement of 
flowers and mode of pollination (Table 2). Lithocarpus acorn cups can resemble the 
acorn cups of the oak subgenus Cyclobalanopsis as well as the scaly cups of the White 
Oaks. The evergreen chestnut Castanopsis also looks exactly like a tropical oak, except 
for its fruits. This chestnut produces spiny burrs enclosing the shiny nuts. Individual 
seeds looks just like glossy acorns, but they are flat-faced on one side (Keator and Bazell, 
1998).

Oaks Lithocarps

1. Pendulous male catkins that are wind 
pollinated.

1. Stiff, upright, male catkins that attract insects.

2. Male and female flowers are separated both in 
time and space.

2. Female flowers are at the base of the male 
catkins

3. Belong to subfamily Quercoideae of family 
Fagaceae.

3. Belong to subfamily Castanoideae of family 
Fagaceae.

Oak ecosystems

Oak forest
Oak species form pure as well as mixed forests in different parts of the world. They 

form a part of the rainforests of Malaysia, the dense mixed hardwood forests of China, 
Japan, and the Eastern United States and low to mid-montane hemi-sclerophyllous 
broadleaf forests of the Indian Himalayas. In China oaks occupy various habitats and 
can be found from Tropical and Subtropical to Temperate Zones and from sea level 
to very high mountain altitudes. They generally form four forest types: evergreen oak 
forest, evergreen sclerophyllous oak forest, semi-evergreen oak forest and deciduous oak 
forest. Q. gilliana Rehder & Wilson, Q. longispica (Hand.-Mazz.) A. Camus, Q. pannosa 
Hand.-Mazz., Q. monimotricha (Hand.-Mazz.) Hand.-Mazz. are some oaks which form 
pure evergreen sclerophyllous oak forests or occur mixed with pines. This is a dominant 
forest type in the Hengduan mountain areas of northwest Yunnan and the western part 
of southwest Sichuan, and is a very important forest type of  high-mountain ecosystems. 
Q. baronii Skan, Q. acrodonta Seemen and Q. phillyreoides A. Gray form evergreen oak 
forests in subtropical areas of China. They can grow from sea level to 2,800 m/9,186 ft 
above sea level, but are best represented at 200 m/656 ft above sea level. Some deciduous 
oaks like Q. acutissima Carruth., Q. chenii Nakai, Q. variabilis Blume form pure oak 
forests in temperate areas of China. Q. schottkyana Rehder & Wilson is endemic to 

Table 2/ Differences between oaks and lithocarps.
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central Yunnan, where it forms pure or mixed Schottky oak forest.
Oaks, lithocarps and evergreen chestnuts form a part of the rainforests of Malaysia. 

Deciduous oaks such as Q. coccinea Münchh., Q. marilandica (L.) Münchh., Q. alba 
L., Q. rubra L., etc., form temperate hardwood forests in the Appalachian Mountains of 
the Southeastern United States. Due to shifts in rainfall pattern and heavy logging, only 
patches of oak forest are left in North America. Some shrubby oaks such as Q. garryana 
var. breweri (Engelm.) Jepson, Q. vacciniifolia Kellogg, and Q. sadleriana R. Br. ter 
grow in the Siskiyou Mountains between California and Oregon.

In the Indian Central Himalayas, generally one or two species of oak dominate oak 
forests; hence dominant types are easily recognizable (Bargali et al., 2013). These are Q. 
leucotrichophora forest which covers extensive areas in lower elevations (1,000-2,100 
m/3,281-6,890 ft), Q. lanata forest which forms pure stands in some pockets at 1,800-
2,200m/5,906 and 7,218 ft, Q. floribunda forest distributed in limited areas between 1,800 
and 2,400 m/5,906 and 7,874 ft, and Q. semecarpifolia forest between 2,400 and 3,200 
m/7,874 and 10,499 ft, often forming timberlines. Rhododendron arboreum Sm., Lyonia 
ovalifolia (Wall.) Drude, and Ilex dipyrena Wall. are the commonly associated species.   

Oak woodland
Oak-woodland canopies are generally formed by Quercus spp. with an understory of 

exotic annual grasses and forbs, and occasionally native perennial grasses (Holmes, 1990; 
Allen et al., 1991). In California oak woodlands cover about 4.1 million hectares/10 
million acres (10% area of the state) (Pacific Meridian Resources, 1994). These areas 
have the richest species abundance, with over 300 vertebrate species, 5,000 invertebrate 

3/ Quercus pannosa



4/ Quercus floribunda in Iran.
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species and about 2,000 plant species (Barret, 1980; Garrison, 1996). Oak woodlands also 
provide water and preserve its quality, outdoor recreation and aesthetics. In California, 
the five major oak species occurring in oak woodlands include three deciduous White 
Oak species (Q. douglasii Hook. & Arn., Q. lobata Née, Q. engelmannii  Greene), and 
two evergreen oaks (Q. agrifolia Née, Q. wislizeni A. DC.). Landscape factors affecting 
oak-woodland distribution include long-term climatic factors, and, more recently, human-
caused events. Recently some oak woodlands have decreased due to human-induced 
factors such as urban expansion (Doak, 1989), firewood harvesting (Standiford et al., 
1996), range improvement (Bolsinger, 1988), and conversion to intensive agriculture 
(Mayer et al., 1985).

Oak savannah
An oak savannah is an area covered by grasses and dotted with widely spaced oak 

trees. The foothills that ring California’s great Central Valley represent one of the best 
oak savannahs. In this region one part of the year is hot and dry and the other part is cool 
and wet. The oak species present in savannah vary according to slope and latitude. On 
steep hills, deciduous blue oaks (Q. douglasii) dominate or associate with interior oak (Q. 
wislizeni). The valley oak (Q. lobata) generally dominates on the hill base. California’s 
savannahs are a habitat for herds of browsing mammals such as elk and deer, which are 
hunted by mountain lions and other predators.

Man-made oak scrub of the Himalayas
In an oak scrub, the oaks and associated species are reduced to low, stunted trees. In 

the Himalayan region, all the oak forests are subjected to heavy grazing and to heavy 
lopping. The older trees usually succumb but the smaller tend to become coppice scrub. 
All oak species as well as most of the associated species are easily exploited, but some 
unpalatable or poor fuelwood species like Rhododendron arboreum and Lyonia ovalifolia 
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are generally left. Q. floribunda tends to be lopped to the main stem and stands in 
columnar form till it is killed, so most of the scrub is of Q. leucotrichophora and locally 
Q. semecarpifolia. With oaks are bushes of Berberis spp., Crataegus spp., Prinsepia 
spp. etc. (all thorny) and sometimes Spiraea, Indigofera, Wikstroemia, etc. Short grasses 
cover the soil with some ferns like Pteridium aquilinum (L.) Kuhn in the deeper pockets, 
where it is not completely exposed by trampling.    

Diversity within the genus

In growth form and leaf longevity
Differences in growth form, (tree or shrub) and leaf longevity (evergreen or deciduous) 

(Table 3) are very significant in the adaptation of individual species to their environments. 
These differences are responses to environmental stress including climatic, edaphic and/ 
or biotic factors such as fire and lopping. Groups of adaptive characters result in the 
evolutionary selection of the genotypes most adapted to these stresses. 

Growth form Examples
Deciduous tree Q. kelloggii, Q. garryana
Deciduous shrub Q. ilicifolia, Q. garryana var. breweri
Evergreen tree Q. agrifolia, Q. chrysolepis, Q.leucotrichophora, Q. floribunda, Q. 

semecarpifolia, Q. lanata
Evergreen shrub Q. vacciniifolia, Q. sadleriana
Stoloniferous shrub Q. monimotricha

Oaks have various habits. They can be evergreen, semi-evergreen or deciduous 
trees, shrubs and stoloniferous shrubs (Table 3). In general, shrubby growth forms are 
associated with conditions of high environmental stress. Common forms of stress, which 
may promote dominance of shrub species, are arid conditions, high fire frequency, cold 
temperatures with a short growing season, low nutrient availability and heavy grazing. 
Mountain tops relentlessly swept by drying winds or covered by heavy snows, places that 
receive little rainfall and experience boiling hot summers also favor shrubs. Oak shrubs 
also thrive in the understory of dense forests. In such condition, shading and vigorous 
competition for water result in shrub growth forms. Q. monimotricha is a stoloniferous 
shrub only 0.2 to 1 m/0.66 to 3.2 ft tall, mostly in open areas or on mountain tops, usually 
occupying a large area.  

In the Himalayas where there are nutrient soils and adequate moisture, the tree growth 
form is favored, producing trees with umbrella-like, wide crowns and extensive root 
systems. All the Himalayan oaks are evergreen with leaf lifespan of about one year. 
Among the Himalayan oaks, Q. floribunda is the tallest and largest forming up to 40- 
m-/131-ft-tall trees despite a very dense wood (Table 4). Q. leucotrichophora forms a 
large canopy, and its main stem may fork generally at 3-6 m/9.8-19.7 ft from the ground. 
We recorded that about 40% of these trees have bifurcated stems compared to 13.5% 
of Q. floribunda trees. Q. floribunda and Q. semecarpifolia have generally clean boles. 
On hill bases along watercourses, even Q. leucotrichophora may have clean boles. All 
Himalayan oaks have extremely dense wood, so much so that they do not produce good 
timber. However, many European and American oaks are well known for their timber. 

Table 3/ Different growth forms.



Table 4/ Comparative heights of Himalayan oaks (developed from Troup, 1921, and from personal 
observation).
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Species Height (m) Girth (m)
Q. leucotrichophora 30 4
Q. floribunda 40 6
Q. semecarpifolia 36 4,5
Q. lanata 25 3,3
Q. glauca 18 1,7
Q. lamellosa 35 12
Q. serrata 8 -

Q. baloot Griff., which generally occurs in arid regions like Afghanistan is the only 
Himalayan oak that can approach a shrubby habit.* Some other oak species of other 
regions are small or large trees (7 to 30 m/23 to 98 ft) in undisturbed forest, but they 
become shrubs, even stoloniferous shrubs, under excessive human activity when they are 
frequently cut for their wood and foliage. For example, Garry oak, Q. garryana Douglas 
ex Hook. var. garryana is a tree, while Brewer’s oak, Q. garryana var. breweri is a 
shrub, although they are alike in their leaf design, bark color and patterns, and acorns. 
The Rocky Mountain Gambel’s oak (Q. 
gambelii Nutt.) is also capable of changing 
form. On well-watered sites it sends up 
a few stout trunks and a dense rounded 
canopy; on a rock stream slope or where 
it is subjected to frequent browsing, it 
quickly forms groves of miniature trees 
with slender trunks. When it takes root on 
steep rock shelves, it changes once again 
forming sprawling woody mats only a few 
feet high.

These growth forms, shrub and tree, differ 
in their ecological responses. For example, 
patterns of biomass allocation differ 
considerably between shrub or tree growth 
forms. Shrubs lack a central trunk and have 
much smaller structural requirements for 
woody tissue than do trees and therefore 
aboveground biomass allocation is greater 
to the leaves. Root:shoot ratios are also 
greater in shrubs than in trees.

Evergreen and deciduous leaves have 
different characteristics that influence 
their physiological behavior. Selective 
pressures for evergreen or deciduous 
leaves are a response to the seasonality of 
the environment. In some environments 

* Editor's note: Eike Jablonski reports that when left undisturbed it will grow as a small, single-stemmed tree.

5/ Quercus lanata in Bhutan.
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because of seasonal drought or cold, photosynthesis cannot take place at specific times. 
In such environments, the metabolic cost of maintaining leaves during the stress period is 
greater than the cost of producing new leaves in the following season. In such conditions, 
natural selection promotes deciduous leaves. Where stress periods are variable in length 
and intensity, favorable conditions for photosynthetic production can occur at any time 
during the year and therefore evergreen leaves are better adapted. The metabolic cost of 
producing evergreen leaves is lower than that for deciduous leaves. Evergreen leaves 
are also better adapted to nutrient-poor environments because long leaf-life allows for 
greater net photosynthesis per unit of leaf nutrient and thus a more efficient use of these 
nutrients. In addition, evergreen leaves are able to store nutrients during the winter for 
future growth, and further since they drop old leaves slowly there is a better return of 
nutrients to the soil through decomposition.

Deciduousness is an effective way to deal with excessive winter cold, when frigid air 
dehydrates leaves and water is frozen solid in soil. Thus, deciduous oaks are widespread 
in colder temperate climates such as those found in Eastern and Midwestern North 
America, in Central and Northern China, throughout Japan, and in Central and Northern 
Europe. Deciduousness also helps in climates with long, hot, dry summers, such as those 
in the foothills of California and mountains of Texas and Arizona. Evergreen oaks are 
generally distributed in tropical, subtropical and Mediterranean climates. In places with 
summer drought, some oaks simply make tough leaves that resist water loss and keep 
them throughout the year. The proof of the effectiveness of both strategies is seen in 
Texas, Arizona and California, where deciduous and evergreen oaks grow side by side, or 
at least within a short distance. Most Himalayan oaks are evergreen, even those growing 
in subalpine belts. The monsoon period provides conditions almost as favorable as the 

6/ Quercus leucotrichophora



Figure 1/ Diversity in oak leaves. Non-Himalayan 
oaks: A. Quercus crassifolia; B. Q. gambelii; C. Q. 
stellata; D. Q. rugosa; E. Q. marilandica (source: 
Keator and Bazell, 1998). Oaks from the Indian 
Himalayas: F. Q leucotrichophora; G. Q. glauca; H. Q 
semecarpifolia; I. Q. floribunda; J. Q. lanata (source: 
Troup, 1921).
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tropical rain forest region does, and winters 
are relatively mild for the altitudes because 
of the tropical location and the controlling 
effects of the unusually massive mountain 
ranges. In such conditions, species that 
maximize their growth period have a 
competitive advantage.    

In leaves
The color, shape, size, vein pattern, 

margins and leaf hairs vary from species to 
species, and within a species the leaf size 
varies in accordance with environmental 
conditions, age of the tree, and position of 
the leaf on the tree. For example, Thadani 
(1997) reported that in Q. floribunda the 
shade leaves were larger in size than leaves 
that were exposed to direct sunlight even on 
the same tree. The shape of the leaf blade 
varies from a extremely narrow to a broad 
oval with a pointed tip to a wide ellipse 
(Figure 1). The leaf margin may be flat 
or concave and revolute. It can be smooth 
and entire, serrate or dentate, shallowly 
to deeply lobed (Figure 1). Among the 
Central Himalayan oaks, Q. floribunda and 
Q. semecarpifolia have spinose leaves and 
Q. leucotrichophora leaves have dentate 
margins in the upper half and entire in 
the lower half (Bargali and Bargali, 2000; 
Singh et al., 2005). However, even within a 
species leaf margin varies, depending upon 
the position of the leaves in the tree. For 
example, in Q. floribunda leaves in the upper crown have completely entire margins, 
while those borne close to the ground have spinose margins. The latter is considered an 
adaptation to mammal herbivory. The veins are arranged in a pinnate, featherlike pattern, 
which branches from a substantial and obvious central midrib. These veins themselves 
branch into complex patterns that vary from one oak group to another.

Oaks employ various strategies to change leaf size and shape. For example, surface 
area is reduced when leaf margins are revolute. In some oaks large surfaces are broken up 
into many parts or they are lobed. Lobing is a feature that has evolved in many unrelated 
oak species from similar habitats and provides maximum leaf area to utilize sunlight. 
Indentation between lobes also allows bits of light to pass through and be absorbed by a 
lobe on the leaf just below, like a jigsaw puzzle. These lobed leaves also lose large amounts 
of water to evaporation, which cool the leaf surface in fierce summer temperatures.

Most oak leaves are green, but in some oaks in addition to chlorophyll, accessory 
pigments are present which are responsible for colored leaves. The exact kind and amount 
of these pigments are specific to each kind of oak. These accessory pigments absorb light 
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from the orange, yellow, green, and blue-
green parts of the spectrum at wavelengths 
chlorophyll does not absorb. The leaves of 
California black oak (Q. kelloggii Newb.) 
contain a lot of carotenoids (yellow or 
orange pigments) which result in yellow, 
gold or yellow-brown leaves in the 
autumn. The leaves of the scarlet oak (Q. 
coccinea) are rich in xanthophylls (reddish 
or brownish pigments) resulting in scarlet-
red leaves. 

Himalayan oaks also vary in leaf color 
and size. Leaves of Q. floribunda are 
green on both dorsal and ventral surfaces. 
The other species have different colors on 
their ventral surface: silvery white in Q. 
leucotrichophora, yellowish brown in Q. 
lanata and brown in Q. semecarpifolia. 
The latter two may have xanthophylls 
and also carotenes. Himalayan oak leaves 
also change color with age. For example, 
leaves of Q. leucotrichophora are reddish 
brown when young, and turn green when 
mature. In contrast, the young leaves of 
Q. floribunda do not contain any of the 
abovementioned pigments when young. 
Oak leaves from drought-prone habitats 
may take on a blue color like California 
blue oak (Q. douglasii) Engelmann oak (Q. 
engelmannii) and Mexican blue oak (Q. 
oblongifolia Torr.). The distinctive blue-

green color that these leaves exhibit comes from the extra thick wax coating that protects 
them by reflecting the highly energetic wavelengths of the blue end of the spectrum that 
would otherwise heat up and dry out the leaf. The California black oak (Q. kelloggii) 
produces new leaves that wear a velvety frosting of pink hairs. These hairs are soon 
shed as leaves mature and begin to manufacture more chlorophyll. The pink hair deludes 
potential browsers into believing that these leaves may be bitter and distasteful. The 
Himalayan banj oak (Q. leucotrichophora) has a thick wax layer when young to check 
transpirational loss because stomatal control is not yet developed.

Leaf hairs may be simple and straight, wavy, interlaced, cobwebbed, multirayed 
starbursts, or have enlarged, rounded, glandular tips. Different hairs offer different kinds 
of protection: white hairs reflect hot sun to cool the leaf surfaces, and densely matted 
hairs retard water loss from the leaf surface. On the other hand, sticky hairs protect leaves 
from tiny chewing insects. Some hair patterns are unique to oaks, while some are also 
present in other genera. 

The Central Himalayan oaks are sclerophyllous with specific leaf mass (SLM) 
exceeding 130 g/m2, and their size class varies from microphyll to mesophyll.

Figure 2/ Diversity in oak acorns. Non-Himalayan 
oaks: A. Quercus lyrata; B. Q. cerris; C. Q. agrifolia 
var. oxyadenia; D. Q. suber (source: Keator and 
Bazell, 1998). Oaks from the Indian Himalayas: 
E. Q. kerangasensis Soepadmo; F. Q glauca; G. Q. 
lanata, H. Q. floribunda; I. Q. leucotrichophora; J. Q. 
semecarpifolia (source: Troup, 1921).



Table 5/ Number of months from pollination to seed maturation in some Himalayan oaks (developed from 
Troup, 1921).
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 Diversity Within Oaks 

In acorns
In botanical terms, the acorn consists of two components: a nut and a cupule. The nut 

is derived from the ovary of the female flower and the cupule is derived from a series of 
scales or bracts present at the base of the female flower. Oak acorns are a characteristic 
feature for species identification because size, shape, color pattern, and nature of cup 
vary from species to species (Figure 2). Acorns can be small (Q. phellos L.) or large 
(Q. gemelliflora Blume), pencil thin (Q. agrifolia var. oxyadenia (Torr.) J.T. Howell) or 
plump (Q. kingiana Craig), solid tan or bronze (Q. suber L.) or striped with dark lines 
(Q. lamellosa). Acorns can be more broad than long (Q. phellos) or taper elegantly from 
base to tip (Q. lobata). Acorn-cup design differs mainly in the shape and arrangement 
of the scales (bracts) and is an important criterion in distinguishing between subgenera, 
sections and series (Keator and Bazell, 1998). Acorn cups can have thin shingle-like 
pointed scales or thick, warty scales. These scales can be brown or tan or powdered with 
gold and may sometimes be spiny or fused into concentric rings. 

Oaks differ in the time needed from pollination to seed ripening (Table 5) and in 
their pattern of seed production. Some oaks demonstrate the periodic and synchronous 
production of large seed crops, a phenomenon known as mast seeding or masting (Janzen, 
1971). Mast seeding is hypothesized to satiate seed predators, as more seeds are produced 
than can be consumed (Janzen, 1971; Koenig et al., 1994). Among the Himalayan oaks 
(Photo 5), Q. floribunda and Q. semecarpifolia are known for seed masting, producing 
extraordinarily large crops in some years. Negi et al., (1996) have reported 2.6 t/ha acorn 
production in a Q. floribunda forest of Nainital. Acorn production by oak trees is highly 
variable from tree to tree, year to year and species to species (Koenig et al., 1994). Annual 
crop size correlates strongly with conditions during spring pollination and fertilization.

Species Time taken (months)
Q. leucotrichophora 19-21
Q. floribunda 14-18
Q. semecarpifolia 13-15
Q. lanata 8
Q. glauca 7

Photographers. Title page: Béatrice Chassé (Quercus monimotricha (Hand.-Mazz.) Hand.-Mazz.) 
Photos 1, 5: Shaun Haddock. Photos 2, 4: Daud Rafiqpoor. Photo 3: Charles Snyers d'Attenhoven. Photo 
6: Béatrice Chassé.  

Works cited

Abrams, M.D. 1990. Adaptation and responses to drought in Quercus species of North America. Tree Physiology 7: 227-238.
Abrams, M.D. 1992. Fire and the development of Oak forest. Bioscience 42: 346-353. 
Allen, B.H., B.A. Halzman, and R.R. Evett. 1991. A Classification system for California is hardwood rangelands prepared for 

strategic planning program, California Dept of Forestry and fire protection unpublished report. 
Bargali, K., P. Bisht, A. Khan, and Y.S. Rawat. 2013. Diversity and regeneration status of tree species at Nainital catchment, 

Uttarakhand,India. International Journal of Biological Conservation 5(5): 270-280.
Bargali, K., and S.S. Bargali. 2000. Nutrient utilization efficiencies of two Central Himalayan species. Journal of Tropical Forest 

Science 12(3): 450-458.
Bargali, K., S.S. Bargali, and S.P. Singh. 2005. Growth and Competition between Pinus roxburghii  and Quercus leucotrichophora 

Seedlings as Affected by Nutrient and Moisture availability. Bulletin of National Institute of Ecology 15: 181-190.



70

Barrett, R.H. 1980. Mammals of California Oak habitats - Management implication in proceedings of the symposium on the 
Ecology, Management, and Utilization of California Oaks, June 26-28, 979. USD Forest Service General Technical Report 
PSW-44: 275-291.

Bolsinger, C.L. 1988. The hardwood of California is timber lands, woodlands, and savannas USDA. Forest Service Pacific 
Northwest Research station. Resource Bulletin PNW-RB-148.

Burns, R.M., and B.H. Honkala. 1990. Silvics of North America. Vol.2, Hardwood. USDA Forest Service Agriculture Handbook 
654.

Doak, S.C. 1989. Modeling patterns of land use and ownership. Final report to California Department of Forestry and Fire 
Protection. Contract no. 8CA63967.

Elias, T.S. 1971. The genera of Fagaceae in the south-eastern United States. Journal of the Arnold Arboretum 52: 154-195. 
Garrison, B. 1996. Vertebrate wildlife species and habitat associations in Standiford, R.B. and P. Tinnin 1996. Guidelines for 

managing California’ s hardwood rangelands. U.C. Division of Agriculture and Natural Resources Publication. 
Holmes, T. H. 1990. Botanical Trends in Northern California Oak Woodland. Rangelands 12: 3-7. 
Janzen, D.H. 1971. Seed predation by animals. Annual Review of Ecology and Systematics 2: 465-492.
Kaul, R.B. 1986. Evolution and reproduction Biology of inflorescences in Lithocarpus, Castanopsis, Castanea and Quercus 

(Fagaceae). Annals of Botany 73: 284-296. 

Keator, G., and S. Bazell. 1998. The life of an Oak: An intimate portrait. Berkley: Heyday Books and Oakland: California Oak 
foundation.. 256 pp. 

Koenig, W.D., R.L. Mumme, W.J. Carmen, and M.T. Stanback. 1994. Acorn production by oaks in Central Coastal California: 
variation in and among years. Ecology 75: 99-109.

Lawrence, G.H.M. 1951. Taxonomy of vascular plants. New York: Mac Million Co.,
Mayer, K.E., P.C. Passof, C. Bolsinger, W.W. Grenfall, and H. Slack 1985. Status of the hardwood resource of California : A 

report  to the Board of Forest California. Dept. of Forestry and Fire Protection, Sacramento. CA 126 pp.

Munz, PA., and D.D. Keck. 1959. A California flora. Berkeley: Univ. Calif.  Press. 1681 p.      
Negi, A.S., G.C.S. Negi, and S.P. Singh. 1996. Establishment and growth of Quercus floribunda seedling after a mast year. 

Journal of  Vegetation Science 7:559-564.

Negi, S.S., and H.B. Naithani. 1995. Oaks of India, Nepal and Bhutan. Dehradun: International Book Distributors.
Pacific Meridian Resources. 1994. California Hardwood Rangeland Monitoring. Final report prepared for strategic Planning 

Program. California Dep. of Forestry and Fire Protection. unpublished report.

Parker, R.N. 1939. Two natural hybrids, The Indian Forester 65: 585-586.
Singh, J.S., and S.P. Singh. 1987. Forest vegetation of the Himalaya. Botanical Review 53: 80-192. 
Singh, J.S., and S.P. Singh. 1992. Forests of Himalaya: Structure, Functioning, and Impact of Man. Nainital, India: Gyanodaya 

Prakashan, 294.

Singh, S.P., Kiran Bargali, A Joshi, and S. Chaudhry. 2005. Nitrogen resorption in leaves of tree and shrub seedlings in response 
to increasing soil fertility. Current Science 89(2): 389-396.

Soepadmo, E. 1972. Florae Malesianae, I. Reinwardtia 7: 265-403. 
Standiford, R.B., D. McCreary, S. Gaerture, and L. Forero. 1996. Sustainability of firewood harvesting on hardwood rangelands 

accepted for publication in California Agriculture. 

Thadani, R. 1999. Disturbance, microclimate and the competitive dynamics of tree seedlings in banj oak (Quercus leucotrichophora) 
forests of the Central Himalaya, India. Ph.D. Thesis, Yale University, Yale.

Troup, R.S. 1921. The Silviculture of Indian Trees. London: Oxford University Press. 

Tucker, J.M. 1974. Patterns of Parallel evolution of leaf forms in new world Oaks. Taxon 23: 129-154.
Zobel, D.B., Jeet Ram ,and S.S. Bargali. 1995. Structural and physiological changes in Quercus leucotrchophora and Pinus 

roxburghii associated with stand disturbance in the Kumaun Himalaya, India. International Journal of Ecology and 
Environmental Sciences 21: 45-66.




