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Abstract: An old-field chronosequence in the subalpine region of the Tibetan Plateau were used as a model system to test a 
hypothesis that forbs drive pathways of successional trajectories in earlier stages of succession and grasses drive the 
development of vegetation in later successional stages. All old fields were dominated by forbs, which accounted for 65-85% of 
species richness and abundance. Species richness and total plant abundance significantly increased with time since 
abandonment. This is in disagreement with ‘humped-back model’. Although no consistent changes in seed size in the different 
functional groups found over time, however, there was a significant decline for the forbs, legumes, and annuals, except for the 
1-year old field. In this species-rich subalpine ecosystem, forbs rather than grasses and sedges were identified as key factors 
affecting community structure and plant assemblages, whenever in the earlier successional stages or in the later successional 
stages. These indicated that grassland managers and policy makers should recognize potential role of forbs in biodiversity 
conservation and ecosystem functioning. 
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1. Introduction 

Old-field succession is often seed limited and plant 
community assembly can be controlled by soil seed bank, and 
seed dispersal [1, 2]. Many ecological restorations made many 
efforts by seeding [3-5] to accelerate the restoration of native 
vegetation or create semi-natural communities on degraded 
agricultural fields [6]. However, if cultivation intensity has 
been low, or in cases where old fields are small and placed 
within a regional vegetation dominated by native plant 
communities, there may remain a soil seed bank and dispersal 
from the surrounding vegetation might be high [7]. Under 

these conditions, spontaneous colonization processes can have 
the potential to be sufficient to restore degraded ecosystems [8-
10]. A common observation in grasslands restoration 
worldwide is that large changes occur in plant community 
structure, dynamics, and function during succession [11], and 
that late successional plant communities are dominated by one 
to three grass species [12], which often account for more than 
60% of the total plant cover in temperate ecosystems [13, 14]. 
The majority of the diversity is comprised of sub-dominants 
forbs and legumes which account often for less than 5% of the 
total plant cover [15]. In contrast to temperate ecosystems, 
many alpine types of grassland are dominated not only in 
species number, but also in abundance and biomass by forb 
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species [16-18]. Therefore, predictions based on temperate 
vegetation succession may not be [19] valid for alpine 
ecosystems because they are characterized by harsh conditions, 
a short growing season, low productivity, and only episodic 
seed production [20]. This leads to slow plant growth rates and 
a slow recovery after disturbances [21-24]. These conditions 
may also lead to multiple different vegetation development 
pathways as a result of different initial circumstances [25], 
slow rates of changes, and infrequent establishment of new 
species. However, this slow recovery does not always occur 
and some studies have shown fast succession in alpine 
ecosystems [16]. 

In subalpine and alpine meadows of the Qinghai-Tibetan 
Plateau, previous studies of soil seed bank have shown that the 
abandoned agricultural fields have abundant soil seed banks 
[26, 27] and the soil seed bank can play a significant role in 
initial stages of succession, but not throughout the entire 
process [28]. In contrast, restoration of less-disturbed, later 
succession stage and natural meadows does not rely on seed 
banks, but is driven by seed dispersal from the surrounding 
vegetation and after initial establishment by vegetative 
reproduction [29, 30]. Clonal spread is the dominant mode of 
reproduction for many alpine plant species [29]. The 
establishment of seed is often episodic and only occurs in 
particularly favorable years, whereas clonal reproduction 
occurs continuously [31]. However, only a few studies on 
spontaneous secondary succession of old-fields in alpine 
ecosystems exist [32, 33]. Studies conducted in temperate 
grasslands suggest that small-seeded species with high seed 
production are good colonists but poor competitors. In 
contrast, large seeded species are good competitors but have 
low dispersal and are poor colonists [11]. Larger seed sizes are 
more common for late-successional species and have been 
shown to be advantageous for germination and establishment 
under shaded conditions and beneath litter layer. 

Here succession dynamics were studied in an old-field 
chronosequence of 1, 3, 5, 15 and 30 yrs of abandonment on 
the eastern of the Tibet plateau. Changes in species richness 
and composition were analyzed in order to address the 
following questions: (i) How species richness and species 
abundances in the different functional groups change during 
succession (ii) How the index of species seed size in the 
different functional groups change during succession? 

In our ecosystem, which is characterized by small disturbed 
fields with many clonal plant species, we hypothesize that (1) a 
weighted index of seed size increases over successional time; 
(2) forbs drive successional trajectories in earlier stages of 
succession and grasses drive the development of vegetation in 
later successional stages; (3) the vegetation restoration may 
also be fast and within a timescale of decades even with 
spontaneous succession without seed additions [6, 34, 35]. 

2. Study Area 

A chronosequence of abandoned fields was established at 
the Research Station of Alpine Meadow and Wetland 
Ecosystems of Lanzhou University in the eastern part of the 

Qing- Hai Tibetan Plateau, China (N34°55', E102°53') in 
2003. This region has an elevation of 2,900-3,000 m. The 
annual mean temperature is 3.2°C. The mean annual 
precipitation from 2000 to 2008 was 540 mm, with 85% of 
the precipitation during the growing season from June 
through September [33]. The soil classified as a sub-alpine 
meadow soil. Many parts of the subalpine meadow in Hezuo 
were used for agriculture before the 1960s. Afterwards the 
government has aimed to restore those intensively used 
agricultural meadows towards a more natural species-rich 
meadow [29]. The agricultural practices in this region are a 
rain-fed oat (Avena sativa) – fallow – rape (Brassica napus) 
rotation [17]. 

3. Materials and Methods 

3.1. Sampling and Species Survey 

Here we used space-for-time substitutions approach and 
the time since abandonment as an indicator of the 
successional gradient [36]. In this study these fields were 
set aside from agriculture in 2002, 2000, 1998, 1988 and 
1973. In addition, A natural, never-cultivated meadow was 
used as a control site. Here abandonment is defined as the 
cessation of agricultural practice such as ploughing [37]. 
The Hezuo Municipal Archives and personal interviews 
with landowners and managers were consulted to determine 
the age of abandonment of each site in 2003. All fields size 
were 0.1ha approximately, which were at least 300 m apart, 
located within an area of 10 km2, and had the same south 
facing orientation with a slope of 15°-25°. All fields were 
fenced to exclude large domestic herbivores (mainly sheep 
and cattle) in 1998 because the Chinese government 
implemented the cropland conversion to forest and 
grassland projects in 1998. All fields were surrounded by a 
mixture of natural never-cultivated grazed meadows and 
other abandoned fields. Within each field, 10 (50 × 50 cm) 
permanent sampling plots were placed using a systematic 
sampling design along two 20m transects with 10m interval. 
Plots in each field were 3.5 m apart and about 5 m from the 
edge. We sampled annually in permanent plots at the peak 
of the growing season in August from 2003 to 2008 (2005, 
no sampling due to the others field work). Plants were 
identified to species. Species richness is the total number of 
species presents within each plot and plant abundances 
were estimated as the total number of stem individual 
present within each plot. For clonal plants, we counted 
apparent clusters of stems as an individual (a ramet in most 
cases). We cut all aboveground biomass, sorted it by species 
and recorded the weight of each plant species after drying 
to constant weight at 80°C. To examine the changes in the 
different functional groups during succession, plants 
recorded in your study were classified into four functional 
groups: grasses and sedges, legumes and forbs (included all 
other species except for grasses, sedges and legumes), as is 
often done in grassland studies [38, 39]. 

Seed mass (SM) 



82 Wenjin Li et al.:  Forbs Rather Than Grasses as Key Factors Affecting Succession of Abandoned Fields -   
A Case Study from a Subalpine Region of the Eastern Tibet Plateau 

SM� 	= (∑p� 	Sz�)/N 

Where SM is seed mass of species i; pi is the proportion of 
individuals of species i in the plot; Sz is the weight of 100 
seeds of species i from the previous paper [40]; N is the 
number of all plant individuals in the plot. 

Seed mass of functional groups is the sum of seed mass of 
same functional group species in the plot. 

3.2. Analysis 

Statistical analysis was conducted with SPSS for Windows 
18.0. We performed a test (e.g. Levene) for homoscedasticity 
of variance, and if necessary, transform the data. Differences 
in all variables between a natural never-cultivated meadow 
and old fields were examined using one-way ANOVA (ns 
P>0.05; *P<0.05;**P<0.01;***P<0.001) and letters represent 
significant differences from post hoc Tukey tests (P<0.05). 
To avoid effects of pseudo-replicates (the sites of different 
successional age were not independently replicated, but only 
10 replicates within each site were studied), all data represent 
mean value (n=10, ±1 S. E for each field) from 2003 year to 
2008 year. 

 

4. Results 

4.1. Species Richness and Abundance in the Different 

Functional Groups During Succession 

Over a period of 6 years, in total we encountered a total of 
205 species from 29 plant families, 94 genera, consisting of 
170 forbs, 20 grasses, 5 sedges and 10 legumes. All fields 
were dominated by forbs, which accounted for 65-85% of 
species richness and abundance. The forbs richness and 
abundance also increased faster than the other functional 
groups. The perennials relative to the annuals accounted for 
70-83% of species richness and abundance in all fields, and 
increased relatively faster than the annuals (Figure 1 and 2). 
Species richness and plant abundance in the perennial forbs 
were increasing quickly during the succession and the 
maximum value was found at the control site. The others 
functional groups did not varied strongly along the 
succession compared with the perennial forbs. Although 
there were significant increases in the species richness and 
plant abundance along the secondary succession, the total 
species richness and plant abundance was lower significantly 
at the different old fields sites than the control site (Figure 1 
and 2). Thus, perennial forbs dominated both the early and 
late successional communities, and the grasses and sedges 
increased over time, but did not dominate in any of fields. 

 

Figure 1. Changes in species richness of different life forms in different functional groups in the successive years since field abandonment and a natural, 

never-cultivated meadow as a control site (c). (A) annual forbs richness; (B) perennial forbs richness; (C) total forbs richness; (D) annual legumes richness; 

(E) perennial legumes richness; (F) total legumes richness; (G) total graminoid richness; (H) total sedges richness and (I) total species. Data represent mean 

(n=10, ±1 S. E for each field) from 2003 to 2008. All variables were examined using one-way ANOVA (ns – no significant P>0.05; 

*P<0.05;**P<0.01;***P<0.001) and letters represent significant differences from post hoc Tukey tests (P < 0.056). 
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Figure 2. Changes in abundance of different life forms in the different functional groups in the successive years since field abandonment and a natural never-

cultivated meadow as a control site (c). (A) annual forbs abundance; (B) perennial forbs abundance; (C) total forbs abundance; (D) annual legumes 

abundance; (E) perennial legumes abundance; (F) total legumes abundance; (G) total graminoid abundance and (H) total sedges abundance and ( I ) total 

species. Data represent mean (n=10, ±1 S. E for each field) from 2003 to 2008. All variables were examined using one-way ANOVA (ns – no significant 

P>0.05; *P<0.05;**P<0.01;***P<0.001) and letters represent significant differences from post hoc Tukey tests (P < 0.05). 

4.2. Seed Size Index in the Different Functional Groups During Succession 

No consistent changes in seed size index SM in the different functional groups were found over time. However, there 
was a significant decline in the forbs (annual and perennial) and annual legumes. The perennial legumes showed a hump-
shaped pattern. Interestingly, the sedges did show a consistent increase in SM index over time. Compared to all the old 
fields, SM index within the natural and never-cultivated meadow was the lowest (Figure 3). 
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Figure 3. Changes in seed mass of different life forms in the different functional groups in the successive years since field abandonment and a natural never-

cultivated meadow as a control site (c). (A) annual forbs; (B) perennial forbs; (C) total forbs; (D) for annual legumes; (E) perennial legumes; (F) total 

legumes; (G) total grasses; (H) total sedges and (I) entire community. Data represent mean (n=10, ±1 S. E for each field) from 2003 to 2008 (not include 

2005). All variables were examined using one-way ANOVA (ns – no significant P>0.05; *P<0.05;**P<0.01;***P<0.001) and letters represent significant 

differences from post hoc Tukey tests (P < 0.05). 

5. Discussion 

Our findings are consistent with most of the literature [41-
43] claimed a significant increase in the total species 
richness, plant abundance during succession. Species 
richness increased quickly during the first decade of 
abandonment and the maximum total richness was found at 
18 years following abandonment, with decreasing species 
richness after that age. Our findings also indicate that with 
the increase in fallow years, the greatest changes take place 
in plant communities’ structure. The perennials increased 
relatively faster than the annuals over time, while most of the 
annuals showed a decreasing trend or a non-significant 
change. This suggests that even in harsh climates, the 

vegetation successional pattern follows the commonly 
observed pattern of early dominance by annuals, then an 
increase in abundance of biennials, and, finally, perennials 
replacing other life forms and dominating late successional 
vegetation [44-48]. The finding also showed that that forb 
diversity increased faster than the other functional groups 
over time, and the forbs dominate species richness, 
abundance and aboveground biomass in all fields, including 
the natural never-cultivated meadow. This is consistent with 
a recent study of Arctic vegetation dynamics [49], which 
investigated temporal changes in the relative abundance of 
different growth forms over 5 kyr time intervals and has 
revealed that forbs (non-graminoid herbaceous vascular 
plants) dominated Arctic vegetation. These findings question 
the predominance of a Late Quaternary graminoid-dominated 
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Arctic steppe [49]. The few other studies in grasslands have 
also shown that in the absence of shrubs, plant community is 
dominated by forb species [16-18]. This is in contrast to most 
of the temperate ecosystem studies, in which late 
successional plant communities are dominated by grass 
species [12, 13, 50]. 

In contrast to most successional studies, in which seed size 
increases over time [11], we found generally declining seed 
size over successional time. The exceptions to this general 
pattern were the legume functional group and the annual 
plant species. Our data suggests that seed dispersal 
influenced by seed size is not a key factor driving succession 
in the subalpine ecosystem. Previous studies of succession of 
degraded, overgrazed meadows in the subalpine and alpine 
region of the Qinghai-Tibetan Plateau have shown that 
secondary succession is driven by abundant soil seed banks 
[28]. In contrast, succession of abandoned agricultural fields 
which have reduced their soil seed bank, are driven by seed 
dispersal from the surrounding vegetation and vegetative 
reproduction [29, 30]. After establishment, clonal spread is 
the dominant reproductive pathway for many alpine or 
subalpine plant species [29]. We hypothesize that seed 
dispersal is rapid, regardless of seed size, because these 
relatively small abandoned fields are located in a matrix of 
native vegetation. On the other hand, late succession stages 
are dominated by forbs and sedges, and clonal reproduction 
may be driving their abundance increase. 

The early stages of succession, up to an abandonment age 
of 6 years, show fast species turnover and rapid change in 
species composition, combined with rapid increases in plant 
abundance and aboveground biomass in our system, with no 
seed additions, similar to many other successional studies [6, 
34, 35]. However, there were significant differences in 
species richness and abundance between the 30-years-old 
field and the never-cultivated meadow. The most pronounced 
differences are higher legume abundance in the old fields, 
and higher sedge abundance in the control field. This 
suggests that the subalpine ecosystem recovery by succession 
under harsh conditions over 30 years does not completely 
restore the original vegetation, and may result in a different 
alternative stable vegetation state. This is supported by the 
species turnover rate, following 15 years of succession, in 
which both the immigration rate and the extinction rate 
decline and converge, resulting in a stable vegetation 
structure. This also may be caused by depleted soil fertility 
and less available nutrient in the later succession, due to the 
harsh environment [17, 38], resulting in an increased 
importance of the nitrogen-fixing legume functional group. 
Soil fertility might require a much longer time to restore. 
Sedges mainly increase in abundance through clonal 
reproduction, and may only have episodic establishment in 
this harsh climate with a short growing season, low 
productivity, and episodic seed production [20]. Sedge 
establishment might also be limited by a replacement of other 
functional groups, especially the perennial forbs, and this 
community might stay at a different alternative stable state, 
typified by higher forb and lower sedge dominance. 

A few studies in similar high altitude ecosystems have 
shown that the regeneration of vegetation can be much faster 
[16], however, most studies have shown slow recovery of 
vegetation after disturbances, similar to what we observed 
[22-24]. 

6. Conclusion 

Taken together, in this subalpine ecosystem, forbs are the 
most important functional group driving the plant diversity 
and ecosystem productivity. Plant communities can recover 
plant diversity and ecosystem functioning of old fields 
without seed additions within a timescale of decades in the 
eastern Tibet Plateau. However, it is unclear if these old 
fields reach a different alternative stable vegetation state 
characterized by higher legume and lower sedge abundance, 
if soil fertility requires a much longer time to be restored, and 
if a decrease in soil fertility causes the increase in legume 
abundance and decrease in sedge abundance. However, in 
contrast with most herbaceous vegetation, these meadows are 
not “grasslands”, as grasses comprise less than 20% of a total 
plant species richness, abundance and biomass. Forbs, as a 
dominant vegetation group in meadow vegetation, have not 
been given much attention, but in these alpine ecosystems, 
forbs play a vital role in succession and ecosystem function. 
Therefore, these suggest that land managers and policy-
makers need to recognize forb species richness in grassland 
classifications [51] and study the potential role of forbs in 
biodiversity conservation and ecosystem functioning such as 
productivity and nutrient cycling. 
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