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Abstract
Investigations were conducted on the modular characteristics, population age
structure, dynamic features, and spatial distribution patterns of ramet popula-
tions of Phragmites australis naturally distributed in two sandy habitats (saline
sandy land and ordinary sandy land) on the southern margin of the Badain Jaran
Desert. The research indicates that: (1) Both soil water content and salinity in
saline sandy land were significantly higher than those in ordinary sandy land;
plant height, total biomass, and biomass of each module of P. australis in or-
dinary sandy land were generally higher than those in saline sandy land; soil
water content and salinity are important driving factors for the morphological
characteristic differences of P. australis in this region. (2) Due to differences in
soil conditions and interspecific competition intensity among different habitat
plots, P. australis populations exhibited different age structures and quantita-
tive dynamic changes; the P. australis population in ordinary sandy land tended
to be declining, while that in saline sandy land showed a growth trend. (3) The
spatial distribution pattern of P. australis populations in ordinary sandy land
exhibited clumped distribution at scales of 0–4 m and random distribution at
scales greater than 4 m; the function values in saline sandy land were basically
between the two envelope lines, showing random distribution within the scale
range of 0–10 m.
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Abstract

The modular characteristics, population age structure, dynamic features, and
spatial distribution patterns of Phragmites australis ramet populations were in-
vestigated in two types of sandy habitats (saline sandy land and common sandy
land) naturally distributed on the southern margin of the Badain Jaran Desert.
The results demonstrated that: (1) Soil water content and salinity in saline
sandy land were significantly greater than those in common sandy land. The
plant height, biomass, and component biomass of P. australis in common sandy
land were generally higher than those in saline sandy land, indicating that soil
water and salt content are important driving factors for morphological differ-
ences in P. australis in this region. (2) Due to variations in soil conditions
and interspecific competition intensity among different habitats, P. australis
populations exhibited distinct age structures and quantitative dynamics. The
population in common sandy land tended toward a declining type, whereas the
population in saline sandy land showed an increasing trend. (3) The spatial
distribution pattern of P. australis populations in common sandy land was ag-
gregated at scales of 0–4 m and random at scales greater than 4 m. In saline
sandy land, the K-function values generally fell between the two envelope traces,
showing random distribution at scales of 0–4 m and random distribution across
all scales from 0 to 10 m.

Keywords: Badain Jaran Desert; sandy land; Phragmites australis population;
modular characteristics; age structure; quantitative dynamics; spatial distribu-
tion pattern

Introduction
The southern margin of the Badain Jaran Desert, located in the central-northern
part of the Hexi Corridor, represents the frontier of interaction between oasis and
desert ecosystems and is therefore termed the oasis-desert ecotone. The growth
status and population dynamics of vegetation in this transition zone determine
the retreat or expansion of oases. Under inland desert climate conditions, soil
moisture and salinity conditions are the primary driving factors affecting the
stability of the ecotone and vegetation changes. Over recent decades, driven by
both human activities and regional climate change, the groundwater level in this
area has declined year by year, soil aridification and salinization have intensified,
and vegetation growth has been restricted. This situation urgently requires
strengthened vegetation protection efforts to maintain ecological security.
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Phragmites australis is a widely distributed perennial grass species of the genus
Phragmites, with typical habitats along rivers, lakesides, and marshes. Due
to its strong adaptability, P. australis can survive and form different ecotypes
even under poor environmental conditions. Naturally growing P. australis is
one of the dominant species in the study area. As a typical clonal plant, P. aus-
tralis has strong sprouting ability, and its clone system connected by numerous
rhizomes increases surface roughness, reduces wind-sand hazards, fixes drifting
sand, effectively curbs desert expansion, protects oases, and facilitates vegeta-
tion restoration and reconstruction, giving it important ecological status in the
oasis-desert ecotone of the Hexi Corridor.

Previous research on P. australis has mainly focused on aquatic reeds in humid
and semi-humid regions, with numerous studies on reeds in arid areas in re-
cent years. However, reports on the population ecology of psammophytic reeds
remain rare. This study investigates naturally distributed P. australis popu-
lations in saline sandy and common sandy habitats on the southern margin
of the Badain Jaran Desert, analyzing their growth characteristics, population
dynamics, and spatial distribution patterns to reveal the survival status and
population quantitative dynamic patterns of reeds in the oasis-desert ecotone,
thereby providing theoretical support for vegetation protection, environmental
management, and ecosystem stability in this region.

1. Materials and Methods
1.1 Study Area Overview

The survey plots were established in sandy land at Guazhai Village, Yannuan
Town, Linze County, Zhangye City, located on the southern margin of the
Badain Jaran Desert (99°51�–100°30�E, 38°57�–38°85�N). The two habitat plots
are distributed within the same geographic coordinates and are therefore con-
sidered to have identical climatic conditions, both characterized by typical arid
desert climate. Annual precipitation is 118 mm, mainly distributed from June
to September, with annual evaporation of 2238 mm. Wind-sand is strong, water
distribution is extremely uneven, soil desertification and secondary salinization
are serious, and plant growth environments are harsh. Phragmites australis is
the dominant species in this area, with main associated species including Haloxy-
lon ammodendron, Peganum harmala, and Tamarix chinensis. The reeds in this
area originated from marsh habitats along the Heihe River banks, and during
long-term adaptation to salinized soil and dune habitats, their morphological
structures have undergone significant changes adapted to specific environments.

1.2 Sample Plot Setup

In late August, after thorough reconnaissance, relatively concentrated P. aus-
tralis distribution areas were selected in both saline sandy land and common
sandy land habitats. In each habitat, three 20 m × 20 m sample plots were
established using a “Z”pattern. In each plot, 30 reproductive ramets of P.
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australis were randomly selected and cut at ground level. Each habitat yielded
90 samples for measurement of ramet height, base diameter, and inflorescence
length, after which samples were taken back to the laboratory.

For investigating the spatial distribution pattern of P. australis ramet popula-
tions, the adjacent grid method was used. Three sample plots were randomly
selected in each habitat, and each 20 m × 20 m plot was divided into 1 m ×
1 m subplots. Using the southwest corner of each subplot as the origin, the
two-dimensional spatial position of each P. australis plant relative to the origin
was measured and recorded.

1.3 Ramet Component Biomass Measurement

Each P. australis plant was separated into component parts (stem, leaf, leaf
sheath, and inflorescence), which were placed in labeled aluminum foil packets
and dried in an oven at 80°C for 48 hours. An analytical balance was used to
weigh the dry mass of stems, leaves, leaf sheaths, and inflorescences. The sum
of component dry masses was calculated as aboveground biomass.

1.4 Population Age Structure and Life Table Analysis

1.4.1 Population Age Structure and Static Life Table Population age
structure is crucial for population dynamics research. While diameter at breast
height or plant height are commonly used for woody plants, these methods are
unsuitable for perennial clonal herbs like P. australis. Following Jiao Dezhi
et al., this study used the number of leaves on base plants to determine age
classes, with 2 leaves as the basic age class (I level) and increments of 2 leaves
for each subsequent level, totaling 8 age classes. The number of plants in each
age class was counted in sample plots, and population age structure diagrams
were plotted with age class representing relative age on the vertical axis and
number of individuals in each age class on the horizontal axis.

The static life table was constructed using the “space-for-time”substitution
method to analyze population dynamics. Parameters in the life table and their
meanings follow those detailed in the literature. The four survival functions
introduced in survival analysis were used to further analyze population quanti-
tative dynamics in the two sandy habitats and elucidate survival patterns.

1.4.2 Survival and Mortality Curves With age class as the horizontal
coordinate and mortality rate and standardized survival number from the static
life table as vertical coordinates, mortality curves and survival curves for P.
australis populations were plotted.

1.4.3 Survival Analysis Four survival analysis functions were calculated:

• Survival function: 𝑆(𝑡𝑥) = ∏𝑥−1
𝑖=1 𝑆𝑖 (for 𝑥 = 1, 2, 3, 4, ⋯ , 𝑛)

• Cumulative mortality function: 𝐹(𝑡𝑥) = 1 − 𝑆(𝑡𝑥)
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• Mortality density function: 𝑓(𝑡𝑥) = 𝑆𝑥−1−𝑆𝑥
ℎ𝑥

• Hazard rate function: 𝜆(𝑡𝑥) = 2(1−𝑆𝑥)
ℎ𝑥(1+𝑆𝑥)

Where 𝑆𝑥 is survival rate and ℎ𝑥 is interval length (age class width). Corre-
sponding curves were plotted based on calculated function values.

1.4.4 Spatial Point Pattern Analysis Ripley’s 𝐾 function was used to
analyze population spatial patterns. The function equation is:

𝐾(𝑑) = 𝐴
𝑛2 ∑

𝑖≠𝑗

𝐼𝑑(𝑢𝑖𝑗)
𝑤𝑖𝑗

Where 𝐴 is sample plot area, 𝑛 is number of individuals, 𝑑 is distance scale, 𝑢𝑖𝑗
is distance between points 𝑖 and 𝑗, 𝐼𝑑 is an indicator function (equal to 1 when
𝑢𝑖𝑗 ≤ 𝑑, otherwise 0), and 𝑤𝑖𝑗 is a weight for edge correction. Spatial patterns
often show different distribution types at different scales.

1.5 Soil Factor Measurements

Since P. australis roots are mainly distributed within the 0–40 cm soil layer, soil
samples were taken from each habitat plot at 20 cm intervals (0–20 cm and 20–
40 cm) with three replicates, mixed evenly, and taken back to the laboratory.
Soil water content was determined by the drying method, salt content by the
mass method, and organic matter content by the potassium dichromate heating
method.

1.6 Data Processing

Data collation and processing were performed in Excel 2010 and SPSS 26.0
using one-way ANOVA. Point pattern analysis was conducted using Programita
(Wiegand edition) software, with figures prepared using Origin software.

2. Results
2.1 Soil Factors in Different Sandy Habitats

Significant differences were observed in soil water content and salt content be-
tween the two sandy habitats (𝑃 < 0.05). Both water and salt content decreased
from saline sandy land to common sandy land, while organic matter content
showed no significant difference between habitats and was less than 1 g・kg−1

(Table 1).

Table 1 Soil factors in two habitats
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Habitat
Soil water
content (%)

Soil salt content
(g・kg−1)

Soil organic matter
(g・kg−1) pH

Saline
sandy
land

16.02$±0.83𝑎|2.13±0.33𝑎|0.73±0.02𝑎|8.66±0.08𝑎||𝐶𝑜𝑚𝑚𝑜𝑛𝑠𝑎𝑛𝑑𝑦𝑙𝑎𝑛𝑑|9.15±0.77𝑏|0.70±0.06𝑏|0.69±0.03𝑎|7.53±$0.13b

Note: Different lowercase letters in the same column indicate significant differ-
ences between plots (𝑃 < 0.05). The same below.

2.2 Ramet Component Characteristics and Biomass

The height, base diameter, and inflorescence length of P. australis in saline
sandy land were significantly smaller than those in common sandy land, while
tiller number was greater in saline sandy land (Table 2). This indicates that
higher soil salinity inhibited growth while promoting more tillers. Leaf, stem,
inflorescence, and aboveground biomass in saline sandy land were significantly
lower than in common sandy land, with aboveground biomass in saline habitat
accounting for only 60.55% of that in common sandy land. Leaf sheath biomass
showed no significant difference between habitats, though values were higher in
saline sandy land (Table 3).

Table 2 Component characteristics of Phragmites australis ramets in two habi-
tats

Habitat
Height
(cm)

Base diameter
(mm)

Inflorescence length
(cm)

Tiller
number

Saline
sandy
land

63.33$±18.06𝑏|2.70±1.21𝑏|14.30±7.65𝑏|7.54±3.56𝑎||𝐶𝑜𝑚𝑚𝑜𝑛𝑠𝑎𝑛𝑑𝑦𝑙𝑎𝑛𝑑|115.12±47.4𝑎|4.90±3.96𝑎|21.88±4.23𝑎|4.25±$0.44b

Table 3 Aboveground biomass of Phragmites australis ramets in two habitats
(g)

Habitat
Leaf
biomass

Stem
biomass

Leaf sheath
biomass

Inflorescence
biomass

Aboveground
biomass

Saline
sandy
land

1.43$±0.17𝑎|1.85±0.21𝑏|1.06±0.25𝑎|0.84±0.03𝑏|6.2±3.11𝑏||𝐶𝑜𝑚𝑚𝑜𝑛𝑠𝑎𝑛𝑑𝑦𝑙𝑎𝑛𝑑|2.46±0.44𝑎|5.28±0.32𝑎|0.96±0.06𝑎|1.37±0.25𝑎|10.24±$4.34a

2.3 Population Age Structure and Dynamics

2.3.1 Age Structure and Static Life Table Analysis Based on counts
of P. australis individuals in each age class, age structure diagrams were plot-
ted for different habitats (Fig. 2). The saline sandy land plot contained 1,368
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ramets, with individuals having 12–14 leaves accounting for 49.86% of the total
population. The age structure showed a pyramid shape, typical of an increasing
population, indicating that P. australis can adapt well to these conditions and
maintain stable development. The common sandy land plot contained 1,062
ramets, with a spindle-shaped age structure (large middle and small ends), in-
dicating that middle-aged individuals dominated while seedlings were scarce.
This population is currently stable but may become declining because seedling
growth cannot balance the senescence of adult plants.

Table 4 Static life table of Phragmites australis population in two habitats

Age
class
(x)

Saline
sandy
land

Common
sandy
land

𝑎𝑥 𝑙𝑥 𝑑𝑥 𝑞𝑥 𝐿𝑥 𝑇𝑥 𝑒𝑥 𝑆𝑥 𝐾𝑥 𝑎𝑥 𝑙𝑥 𝑑𝑥 𝑞𝑥 𝐿𝑥 𝑇𝑥 𝑒𝑥 𝑆𝑥
I 682 10002940.29485321002.1000.7060.346 53 1000-

377
-
0.377

68818631.8631.377

II 482 7061180.16764712471.7670.8330.182 73 1377-
411

-
0.298

108211750.8531.298

III 402 5881470.2505156001.0200.7500.288 1031788-
534

-
0.298

138293 0.0521.298

IV 301 4411620.36836085 0.1930.6320.459 134232211620.5001741-
1289

-
0.555

0.500

V 190 2791180.421220 -
275

-
0.985

0.5790.545 67 11603130.2701004-
3030

-
2.613

0.730

VI 110 16181 0.500121 -
495

-
3.074

0.5000.693 49 8493580.422670 -
4034

-
4.752

0.578

VII 55 81 41 0.50060 -
555

-
6.852

0.5000.693 28 4913020.615340 -
4704

-
9.580

0.385

VIII 27 40
— — — — — —

— 11 189
— — — — — —

Note: 𝑥 = age class, 𝑎𝑥 = number of individuals in age class 𝑥, 𝑙𝑥 = standardized
number of survivors, 𝑑𝑥 = standardized number of deaths, 𝑞𝑥 = mortality rate,
𝐿𝑥 = number of individuals alive during age interval 𝑥, 𝑇𝑥 = total number of
individuals in age class 𝑥, 𝑒𝑥 = life expectancy of individuals entering age class
𝑥, 𝑆𝑥 = survival rate, 𝐾𝑥 = killing power. The same below.

2.3.3 Survival Analysis Based on calculated survival function values, sur-
vival rate curves, cumulative mortality curves, mortality density curves, and
hazard rate curves were plotted (Figs. 3–5). The survival number of P. aus-
tralis in saline sandy land showed a gradually decreasing trend with age class,
indicating that population survival decreased with age. In common sandy land,
survival number initially increased then decreased, reaching a maximum at age
class III. Mortality rates in both habitats peaked at age class I, indicating strong
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interference during transition from age class I to II. Life expectancy (𝑒𝑥) showed
a declining trend in both habitats, consistent with biological characteristics as
populations approach physiological longevity.

The survival rate of P. australis populations in saline sandy land gradually de-
creased with age class, while cumulative mortality increased complementarily.
The mortality density curve increased initially then remained stable, and the
hazard rate curve increased gradually. In common sandy land, the survival rate
increased initially, reaching a maximum at age class III before decreasing, with
complementary cumulative mortality. The mortality density curve increased
slowly, and the hazard rate curve decreased initially then increased. Combined
analysis of the four survival functions revealed that the saline sandy land popu-
lation showed overall stable development, while the common sandy land popula-
tion was stable in early and middle stages but declined in later stages. Scientific
protection and tending could restore population growth within a certain time-
frame.

2.4 Spatial Distribution Patterns in Two Sandy Habitats

Spatial distribution scatter plots (Fig. 6) showed that P. australis individuals
were far more densely distributed in saline sandy land than in common sandy
land, with random distribution dominant in saline sandy land and aggregated
distribution dominant in common sandy land. Point pattern analysis using
Programita (Wiegand edition) software generated the results shown in Fig. 7.
In common sandy land, the 𝐾 function values were above the upper envelope
at 0–4 m scales and within the envelope at scales >4 m, indicating aggregated
distribution at 0–4 m scales and random distribution at larger scales. In saline
sandy land, 𝐾 function values were generally within the envelope traces, showing
random distribution across all scales from 0 to 10 m.

3. Discussion
Phragmites australis distributed on the southern margin of the Badain Jaran
Desert is affected by the interactive influences of drought and salinity. The abil-
ity of reeds to absorb nutrients changes under different salinity irrigation levels,
and plant height, stem diameter, and biomass all decrease with increasing salin-
ity. These results are consistent with Saydigul Haxim’s research on P. australis
in the Keriya Oasis, which found that reed ecological indicators were affected by
soil salt content to varying degrees. Tiller number was greater in saline sandy
land, reflecting that under severe saline-alkali stress, reed growth is inhibited,
leading to more lateral tillers to maintain its position in the community. The
different quantitative characteristics of lateral tillers in the two habitats indicate
that when habitats change, P. australis populations can adjust tiller structure
and number to ensure adequate fitness.

Studying population structure and life table characteristics is important for
deeply analyzing population status, dynamics, and future predictions. The pop-
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ulation structure in saline sandy land showed an increasing type. Although
seedling mortality was high, the large base number was sufficient to maintain
seedling renewal. Plant populations lacking seedlings are generally considered
declining; the common sandy land population had few seedlings and a spindle-
shaped age structure with more middle-aged and adult individuals, indicating
a stable-to-declining population type consistent with survival analysis results.
Mortality curves, survival curves, and survival analysis can intuitively describe
population status and reveal adaptation mechanisms between populations and
environments. The saline sandy land population showed decreasing survival
and increasing mortality, but survival analysis indicated a stable type, consis-
tent with population structure analysis. The fundamental reason was the large
number of seedlings and relatively low disturbance. The common sandy land
population showed increasing survival in early stages, but low growth potential
combined with survival analysis indicated a stable type following early-stage de-
cline. Although plant populations have unique renewal methods, environmental
changes affect individual numbers in specific age classes, causing age structure
to deviate from its original shape and influencing natural regeneration.

Population spatial distribution patterns are formed through long-term interac-
tions between plants and between plants and their environment, holding im-
portant ecological significance. Phragmites australis populations can adapt to
heterogeneous environments through changes in spatial distribution patterns.
Transitioning from common sandy land to saline sandy land with increasing
environmental stress, the distribution pattern shifted from aggregated distribu-
tion supplemented by uniform and random distributions to random distribution
supplemented by uniform and aggregated distributions. This pattern ensures
that under favorable conditions, the population can occupy larger horizontal
space and reduce intraspecific competition, while under harsh conditions, it can
successfully“escape”unfavorable patches to improve survival fitness, reflecting
the ecological adaptation strategy of P. australis populations developing toward
more favorable expansion and reproduction under heterogeneous conditions.

4. Conclusion
Based on the natural distribution of Phragmites australis on the southern margin
of the Badain Jaran Desert, this study investigated populations in common
sandy land and saline sandy land as the dominant species. The main conclusions
are:

1. Under two different sandy habitats, P. australis exhibited significant dif-
ferences in ramet configuration, morphological characteristics of resource
absorption organs, and aboveground biomass allocation through ecological
plasticity to maximize environmental resource utilization.

2. The common sandy land P. australis population lacked seedlings and faced
high risk of declining succession. Therefore, improving survival environ-
ments, protecting existing plants, and promoting seedling establishment
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and survival are key to population restoration and growth.

3. Phragmites australis populations showed markedly different spatial dis-
tribution patterns between habitats, representing the result of habitat
heterogeneity, regeneration limitation, and ecological adaptation.

4. Soil moisture and salt content are important driving factors causing dif-
ferences in ramet modular characteristics, dynamic features, and spatial
distribution patterns of P. australis populations between the two sandy
habitats.
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