
The Persian ironwood (Parrotia persica) 
has a well-deserved reputation as a beau-
tiful garden plant—mainly because of its 

exfoliating bark and gorgeous fall color—but 
also as a tough species that tolerates drought, 
heat, wind, and cold (Dirr 1998). Less well 
known is the fact that Persian ironwood has 
a sister species, the Chinese ironwood (Parro-
tia subaequalis) (Figure 1), growing about 5600 
kilometers (3500 miles) away in eastern China. 
Remarkably, this species was correctly identi-
fied only sixteen years ago (Deng et al. 1992a).
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The Persian and Chinese ironwoods are 
members of the witch hazel family (Hama-
melidaceae), and in order to appreciate their 
uniqueness and evolutionary history we need 
to first examine one of their more familiar rela-
tives, the witch hazels (Hamamelis). There are 
five species of witch hazel distributed through-
out the temperate regions: H. mollis in eastern 
China, H. japonica in Japan, and H. virginiana, 
H. vernalis, H. mexicana in North America. 
The genus shows the intercontinental disjunct 
distribution between eastern Asia and North 

Figure 1. Geographic distribution of Parrotia persica (in green) and P. subaequalis (in red). Note that the scale bar is 
400 kilometers.



America that has fascinated many scientists 
since the time of Asa Gray (Gray 1846).

Witch hazels have four ribbonlike petals 
(Figure 2) that come in a variety of colors from 
yellow to reddish copper. Six other genera in 
the witch hazel family have similar ribbon-
like petals and occur in Southeast Asia, Africa, 
Madagascar, and northeastern Australia. These 

genera have traditionally been considered 
closely related to one another and to Hama-
melis because they have the same number of 
similarly shaped petals.

But recent DNA analysis has determined that 
the genera with four ribbonlike petals do not 
form a closely related natural group because 
they are positioned on different branches in the 

Figure 2. Evolutionary relationships of Hamamelis and petalless genera, showing shift (the arrow) from insect to 
wind pollination. Black dot indicates the fossil calibration point and the red dot shows the divergence time of the 
two Parrotia species.

The scale bar represents ten changes in nucleotide composition as measured along the horizontal branches of this 
phylogenetic tree. Changes in nucleotide composition indicate genetic evolution over time.

The numbers that appear over several of the branches indicate the percentages of statistical support for those group-
ings. Higher numbers indicate stronger evidence of support.
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witch hazel family tree. Interestingly, in each 
branch of this family tree the most advanced 
genera are those that have lost their petals, a 
trait that is generally believed to correlate with 
the transition from insect to wind pollination 
(Li et al. 1999). During this evolutionary transi-
tion period, a few genera in the Hamamelis—
Parrotia lineage developed showy parts other 
than petals with which to attract insect pol-
linators. For example, Parrotiopsis of the west-
ern Himalayas possesses showy leaflike bracts 
beneath the inflorescences, while Fothergilla 
species in the eastern U.S. have conspicuous 
white stamen filaments (Figure 2). In contrast, 
Parrotia flowers lack not only petals but also 
showy bracts and stamen filaments. Instead, 
their anthers are elongated, a characteristic 
common to wind-pollinated species including 
the most advanced genera in Hamamelidaceae. 
Thus, the shift from insect to wind pollination 
is complete in the evolutionary branch leading 
to Parrotia, Sycopsis, Distyliopsis, and Disty-
lium (Figure 2).

Taxonomic History of the Chinese Parrotia

The first recorded species of Parrotia—P.  
persica—was described by C. A. Meyer in 1831 
and named in honor of F. W. Parrot, a German 
naturalist and traveler. For a long time it was 

the only known species in the 
genus. In 1960 Professor H. T. 
Chang of Sun Yat-sen Univer-
sity described a new species of 
Hamamelis—H. subaequalis—
based on a fruiting specimen 
that had been collected twenty-
five years earlier from Yixing 
county of Jiangsu province, 
China. Its main distinguishing 
feature was that it produced 
much smaller leaves than the 
Chinese witch hazel (H. mol-
lis) (Figure 3) (Chang 1960). The 
fact that the plant described 
as H. subaequalis was not re- 
collected until 1988—some 
53 years after its initial collec-
tion—led to speculation that 
the plant had gone extinct in 
the intervening years.

In the fall of 1988, Miaobin Deng and col-
leagues at Jiangsu Institute of Botany dis-
covered a natural fruiting population of H. 
subaequalis in the town of Yixing. After three 
years of continually monitoring the population, 
their patience was rewarded when the plants 
finally flowered again (Deng et al. 1992b). At 
that point it became clear that H. subaequalis 
lacked petals, making it dramatically different 
from H. mollis (Figure 4). They proposed a new 
genus—Shaniodendron—to accommodate the 
species which they named S. subaequale (Deng 
et al. 1992a). Dr. Riming Hao, who studied the 
floral morphology of Shaniodendron, pointed 
out that Shaniodendron subaequale was quite 
similar to Parrotia persica, but he did not place 
it within the genus Parrotia (Hao et al. 1996). In 
1996, Dr. Yinlong Qiu sent some DNA of Sha-
niodendron to Jianhua Li, then a PhD candidate 
at the University of New Hampshire working 
on the systematics of the witch hazel family. 
He obtained nuclear DNA sequence data from 
the sample and, after comparing it with other 
genera of the family, determined that Sha-
niodendron was a sibling species to Parrotia 
persica (Li et al. 1997). After seeing the DNA 
results, Hao used this evidence to propose the 
merger of Shaniodendron with Parrotia (Hao 
and Wei 1998). Nevertheless, it seems that this 

Figure 3. The foliage of a specimen of Parrotia subaequalis growing at the Nanjing 
Botanical Garden.
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treatment may take some time for people to 
accept since recent studies continue to use the 
name Shaniodendron subaequale (Fang et al. 
2004; Huang et al. 2005), despite the fact that 
the plant is listed as Parrotia subaequalis in the 
Flora of China.

Parrotia persica and P. subaequalis are very 
similar from growth habit to morphology. Both 
trees display exfoliating bark, have obovate 
leaves with bluntly toothed margins, and grow 
in moist habitats along streams. They bear four 
to seven flowers clustered in a head inflores-
cence subtended by broadly ovate, brownish 
bracts. Each flower has five sepals but no petals 
and four to fifteen stamens with long anthers 
(Figure 4). Their fruits are woody capsules con-
sisting of two chambers, each with two brown 
seeds (Figure 5). Parrotia subaequalis can be 
easily distinguished from P. persica by its lan-
ceolate stipules and sepals fused into a shallow 
saucer-shaped calyx (Hao et al. 1996).

When did Parrotia persica and  
P. subaequalis diverge?
Recent DNA work in Jianhua Li’s laboratory has 
shown that witch hazels (Hamamelis) are more 
primitive than the petalless genera in Hamame-
lidaceae. The evolutionary sequence of the pet-
alless genera appears in the order of Fothergilla, 
Parrotiopsis, Parrotia, Sycopsis, and Distyliopsis 
plus Distylium, and the two species of Parrotia 
are grouped together (Figure 2).

Fossils can provide evidence for the minimum 
age of the lineage to which they belong. Unfor-
tunately, fossil information is often unavailable 

for a specific taxon. Nevertheless, if DNA mol-
ecules evolve at a constant rate, that is, a cer-
tain number of nucleotide changes per million 
years, we can use the total number of changes 
between the two species to estimate how long 
ago they diverged. Our statistical tests indicated 
that the evolution of the nuclear genes we have 
used to reconstruct the evolutionary history 
of these genera followed a clockwise manner. 
The next thing we needed was to calibrate the 
ticking rate of the molecular clock using one or 
more known fossil dates. Luckily, Radtke et al. 
(2005) found a fossil leaf that could be unequiv-
ocally assigned to Fothergilla, specifically F. 
malloryi. This fossil leaf is part of the Republic 
Flora of northeastern Washington State, dating 
to the late Eocene (about 50 million years ago), 
and thus provides a minimum separation age 
of Fothergilla from the branch leading to other 
genera (Figure 2). Based on the molecular clock 
calibrated using the fossil, our estimates suggest 
that the two species of Parrotia diverged around 
7.5 million (plus or minus 3.8 million) years 
ago, during the Lower Miocene. This divergence 
time is consistent with the geological evidence 

Figure 4. The flowers of Parrotia subaequalis as shown on 
a sign posted at the Yixing Caves Scenic Area.

Figure 5. Fruit and seed of Parrotia subaequalis.
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that the cooling temperature in the Lower Mio-
cene plus the uplifting of the Himalayas and 
the mountains of western China from 55 mil-
lion years ago to the Middle Miocene may have 
restricted biological exchanges between central 
Asia and eastern China (Yin and Harrison 2000; 
Sun and Wang 2005).

Forests in the Caspian region of central Asia 
and those in eastern Asia are both relicts of the 
widespread Tertiary vegetation (Wolfe 1975; 
Hosseini 2003; Sun and Wang 2005). Besides 
Parrotia, the two regions share many other 
woody plant genera including Acer, Albizia, 
Buxus, Castanea, Carpinus, Diospyros, Fagus, 
Pterocarya, Quercus, Sorbus, Taxus, and Zel-
kova. From an evolutionary and biogeographical 
standpoint it would be interesting to determine 
whether central Asian species within these gen-
era are siblings of the eastern Asian species, and 
if so, whether their separation time agrees with 
that between the two Parrotia species.

Parrotia subaequalis in China
According to Chengxin Fu, Riming Hao, and 
various accounts in the literature, there are five 
populations of Parrotia subaequalis in east-
ern China: two each in Jiangsu and Zhejiang 
provinces (Huang et al. 2005) and one in Anhui 
(Shao and Fang 2004). Professor Fu’s team is 
currently conducting a survey to determine the 
levels and patterns of the genetic diversity in 
Chinese Parrotia populations. The results will 
provide a scientific foundation for designing 
conservation strategies. Regeneration of Par-
rotia subaequalis populations will be challeng-
ing because of the species’ alternate-year fruit 

production, serious habitat competition from 
bamboos, and increasing human activities. It is 
essential to take immediate action and institute 
stricter measures to protect the species.

Peter Del Tredici first saw two plants of Par-
rotia subaequalis on October 8, 1994. They 
were being cultivated in containers as penjing 
(bonsai) in a lath-house at the Nanjing Botani-
cal Garden. At that time, the foliage had turned 
a beautiful, rich, deep red (Figure 6). Accord-
ing to the Director of the Garden, Professor 
Shan-an He, the plants had been collected in 
Jiangsu province at the Yixing Caves Scenic 
Area, which is located about 120 kilometers (75 

Figure 6. Parrotia subaequalis cultivated as penjing at the Nan-
jing Botanical Garden.

Figure 7. Dr. Hao Riming of the Nanjing Botanical  
Garden with a plant of Parrotia subaequalis grown from 
a cutting.
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miles) southwest of Nanjing on the east side of 
Tai Lake. Both specimens had massive trunks 
and the larger of the two was about 50 centi-
meters (20 inches) tall by 70 centimeters (28 
inches) across. The form of their trunks, along 
with their extensive yet well-healed wounds, 
suggested that both plants were very old. When 
Peter returned to the Nanjing Botanical Garden 
in September of 1997, he didn’t see the penjing 
specimens but saw one young plant—recently 
propagated from a cutting and about 2 meters 
(6.6 feet) tall—growing out on the grounds of 
the garden (Figure 7).

On September 1, 2004, we [Del Tredici and 
Li] had the good fortune to be able to visit the 
Yixing Caves Scenic Area (known as Shan Juan 
Park) with Professor Cheng-xin Fu and Ying-
xiong Qiu of Zhejiang University. Upon entering 
the park, the group immediately encountered a 
large specimen of Parrotia subaequalis grow-
ing on a steep slope above a small pond at the 
mouth of the largest of the karst caves. The 
plant was hard to miss because it was identified 
with a large sign with a close-up color photo-
graph of the plant in bloom (Figure 4). The tree, 
which was about 6 meters (20 feet) tall, had 
two main trunks, the largest of which was 24 
centimeters (9.4 inches) in diameter (Figure 8). 
The bark appeared to be at the peak of its exfo-
liation, with patches of fresh greenish white 
bark showing where sections of the old bark 
had sloughed off. There were no fruits on the 
plant—the species typically flowers only every 
other year—but there were numerous seedlings 
growing beneath it.

A second large specimen was spotted about 
30 meters (100 feet) away, on a slope in a mixed 
woodland with bamboo and other trees. We 
observed at least two cases where the exposed 
roots of this plant were producing vigorous 
young suckers, a phenomenon which had not 
been reported in the literature (Figure 9). Inter-
estingly, sprouting from the base of the trunk 
was not observed on any of the trees.

Later that afternoon, the group drove to 
Longwang Shan in Anji Xian, in northern Zhe-
jiang Province, about 90 kilometers (56 miles) 
south of the Yixing Caves. This relatively small 
mountain is considered part of the larger Tian 
Mu Shan range that forms the border with 

Figure 8. The trunk and foliage of a Parrotia subaequalis 
specimen growing at the Yixing Caves Scenic Area.

Figure 9. Root suckers from a mature specimen of Parro-
tia subaequalis at the Yixing Caves Scenic Area.
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Anhui Province. After spending the night in 
comfortable accommodations at the research 
station, we hiked partway up the mountain 
to about 650 meters (2,130 feet) elevation and 
located two specimens of Parrotia subaequa-
lis growing near the side of a stream, amidst a 
pile of boulders. The larger of the two trees was  
about 9.5 meters (31 feet) tall with a trunk 
diameter at breast height of 38 centimeters (15 
inches) (Figure 10). Its bark was exfoliating in a 
dramatic way—shedding jigsaw-puzzle-shaped 
plates of old, blackish brown bark to expose con-
spicuous patches of greenish white bark below 
(Figure 11). The second specimen had a double 
trunk, was about 8 meters (26 feet) tall, and its  

bark was not exfoliating as dramatically as the 
larger plant. Neither was producing any sprouts 
from the base of its trunk or any root suckers. 
Unfortunately there were no fruits on either 
plant, although there were curious hard, round, 
gall-like structures about a centimeter or so in 
diameter on many of the leaves of the smaller, 
double-trunked plant. Some of the notable asso-
ciates growing with Parrotia subaequalis on 
Longwang Shan were Fortunearia fortunei, Sty-
rax confusus, Pterostyrax corymbosum, Cornus 
controversa, Stewartia rostrata, and Stewartia 
sinensis. We were told that the Parrotia subae-
qualis population at Longwang Shan consisted 
of about twenty individuals at that time.

Figure 10. Parrotia subaequalis on Longwan Shan, 9.5 meters 
(31 feet) tall with a diameter at breast height of 38 centimeters 
(15 inches).

Figure 11. This specimen of Parrotia subaequalis (same 
plant seen in Figure 10) shows a very knobby trunk, indi-
cating that it has lost many lower branches over time.
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Parrotia subaequalis at the  
Arnold Arboretum
The Arnold Arboretum has two established 
plants of Parrotia subequalis. So far, both of 
them have survived two winters outdoors and 
they are now about 1.5 meters (5 feet) tall. On 
June 23, 2005, during their first growing season 
at the Arboretum, seven cuttings between 5 and 
10 centimeters (2 to 4 inches) long were taken 
from the two plants. A month later, on July 
25, another nine cuttings were taken from the 
plants. All sixteen cuttings were treated with a 
five-second dip in an aqueous solution of 5,000 
parts per million KIBA, stuck in flats filled with 
a mix consisting of half sand and half perlite, 
and placed in the high-humidity greenhouse 
under intermittent mist and fog. Remarkably, 
all sixteen of the cuttings rooted and three of 
them are planted in the nursery.

With five plants now growing outdoors, the 
Arboretum is in a position to begin evaluating 
the horticultural potential of Parrotia subequa-
lis. Successful establishment at the Arbore-
tum also facilitates continued research on the 
genetics, physiology, reproductive biology, and 
conservation of this rare and evolutionarily 
important species.
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