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Abstract
Anthropogenic activities and natural environmental stressors have accelerated
habitat loss for Malus sieversii (Ledeb.) Roem. populations in Central Asia,
leading to declining population size and viability. This study systematically
investigated the current status of wild apple populations through field surveys,
comparing age structure and fruit yield between populations in Yili, Xinjiang
and Kazakhstan, and analyzed population dynamics in both regions. Results
indicate that the age structure of current Yili populations and Kazakhstan pop-
ulations from the 1970s is dominated by middle-aged trees (15–50 cm), with
relatively few young (0–15 cm) and old (50–75 cm) individuals. In 1969–1970,
Kazakhstan populations exhibited the weakest viability, representing a declining
population (Deevey III), yet with relatively high fruit yield; in 2016–2017, Yili
populations showed relatively weak viability, trending toward decline (Deevey
III) with low yield; in 2013, Kazakhstan populations displayed the strongest
viability and greatest stability (Deevey II). The deficiency of young individuals
is the critical factor driving population decline. Currently, moderate grazing
disturbance within Kazakhstan’s wild apple reserves is needed to enhance seed
dispersal and germination; in Xinjiang, priority should be given to establishing
protected areas, prohibiting wild apple harvesting, and reducing mowing inten-
sity in wild fruit forests to protect seedling survival, increase the seed bank, and
accelerate population regeneration.
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Abstract
Environmental and human-induced stresses are accelerating the loss of wild
apple habitats in Central Asia, causing population decline and reduced viability
of wild apple species. This study investigated the population dynamics of the
tertiary relict plant Malus sieversii (Ledeb.) Roem. through systematic surveys
comparing the age structure, fruit yield, and population dynamics of wild apple
populations in the Ili River Valley of Xinjiang, China, and Kazakhstan.

The results revealed that both populations were dominated by middle-aged trees
(15–50 cm DBH) in the 1970s and currently, with low proportions of young (0–
15 cm) and old (50–75 cm) individuals. Compared to the Xinjiang population,
the Kazakhstan population exhibited weaker vitality but relatively higher fruit
yield and was in severe decline (Devey-III type) from 1969–1970. By 2013, how-
ever, the Kazakhstan population showed strong vitality and a stable population
structure (Devey-II type). The key factor driving wild apple population decline
was the lack of young individuals.

Detailed conservation and regeneration recommendations are proposed. For
Kazakhstan, appropriate grazing levels should be maintained to enhance seed
dispersal and germination. For the Ili region of Xinjiang, protected areas should
be established, and wild apple fruit collection and mowing in wild apple forests
should be prohibited or strictly controlled to protect seedlings and the natural
seed bank.
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2. Methods
2.1 Data Collection

Field surveys were conducted using 20 m × 20 m sample plots covering a total
area of 0.755 hm². Forty-two plots were established, within which 545 individual
trees were measured for diameter at breast height (DBH), height, and crown
width.

2.2 Data Processing

In 2013, seven sample plots (0.25 hm² total area) were surveyed in the Ili Na-
tional Natural Park (77.68°E, 43.38°N), established in 1996 with an area of
19,967.5 hm². One hundred fifty-eight individuals were measured for height,
crown width, and DBH. For historical comparison, data from 130 individuals
measured in 1969–1970 were obtained from the literature [?].

Static life tables were constructed following standard methods [?]. DBH values
were used to estimate age structure, with regression analysis performed using
Origin 9.0 software. The regression equation between DBH and age was estab-
lished as:

𝐷𝐵𝐻𝑖 = 𝑎 ⋅ 𝐷𝐵𝑖 + 𝑏

where 𝐷𝐵𝐻𝑖 is the diameter at breast height, 𝐷𝐵𝑖 is the age, and 𝑎 and 𝑏 are
regression coefficients.

2.3 Age Structure Classification

Age structure was classified based on DBH classes following established methods
[?, ?, ?]. According to the size-class method [?], individuals with DBH � 5 cm
were counted as trees. The population was divided into 15 DBH classes: Class
I (0 cm < DBH � 5 cm), Class II (5 cm < DBH � 10 cm), ⋯, Class XIV (65 cm
< DBH � 70 cm), and Class XV (DBH > 70 cm). The number of individuals in
each class was counted, survival curves plotted, and analysis performed using
Origin 9.0.

chinarxiv.org/items/chinaxiv-201909.00066 Machine Translation

https://chinarxiv.org/items/chinaxiv-201909.00066


3. Results
3.1 Age Structure and Life Table Analysis

The Devey curve analysis revealed the population survival pattern. The regres-
sion equation between DBH and age for the 1969–1970 population was:

𝐷𝐵𝐻𝑖 = 0.63 ⋅ 𝐷𝐵𝑖 + 4.45 (𝑅2 = 0.74, 𝑃 < 0.05)

where 𝐷𝐵𝐻𝑖 is diameter at breast height (cm) and 𝐷𝐵𝑖 is age (years). This
regression was used to construct the static life table for the 1969–1970 wild apple
population.
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