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Abstract: The decomposition of plant litter is a key process in the flows of energy and nutrients in ecosystems. However, the response 

of litter decomposition to global climate warming in plateau wetlands remains largely unknown. In this study, we conducted a one-year 

litter decomposition experiment along an elevation gradient from 1891 m to 3260 m on the Yunnan Plateau of Southwest China, using 

different litter types to determine the influences of climate change, litter quality and microenvironment on the decomposition rate. The 

results showed that the average decomposition rate (K) increased from 0.608 to 1.152, and the temperature sensitivity of litter mass 

losses was approximately 4.98%/℃ along the declining elevation gradient. Based on a correlation analysis, N concentrations and C︰N 

ratios in the litter were the best predictors of the decomposition rate, with significantly positive and negative correlations, respectively. 

Additionally, the cumulative effects of decomposition were clearly observed in the mixtures of Scirpus tabernaemontani and Zizania 

caduciflora. Moreover, the litter decomposition rate in the water was higher than that in the sediment, especially in high-elevation areas 

where the microenvironment was significantly affected by temperature. These results suggest that future climate warming will have 

significant impacts on plateau wetlands, which have important functions in biogeochemical cycling in cold highland ecosystems. 
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1  Introduction 

Global climate warming and the associated environ-
mental changes are predicted to affect most regions of 
the Northern Hemisphere, and climate change will likely 
cause longer and more frequent heat waves by the end 
of the 21st century (IPCC, 2014). Additionally, climate 
warming will likely lead to increased litter decomposi-
tion rates and higher fluxes of carbon dioxide into the 
atmosphere. These effects are predicted to be greater in 

cold biomes (high-latitude and high-elevation sites) be-
cause warming is predicted to be greatest in these areas, 
and the litter decomposition in these regions is strongly 
limited by temperature (Meentemeyer, 1978; Hobbie, 
2000; Robinson, 2002; Aerts, 2006). 

The decomposition of plant litter is a key ecosystem 
process that plays an important role in the carbon cycle 
(Coûteaux et al., 1995; Robinson, 2002; Berg and 
McClaughtery, 2008). Litter decomposition involves the 
physical and chemical processes that reduce litter to its 
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elemental chemical constituents (Swift et al., 1979; 
Aerts, 2006). Litter decomposition rates are mainly con-
trolled by environmental conditions, litter quality and 
decomposer organisms (Coûteaux et al., 1995; Cadish 
and Giller, 1997; Gavazov, 2010). Among these factors, 
climate is considered the most important because it acts 
at global and regional scales (Aerts, 1997; Bonanomi et 
al., 2013). 

Environmental gradient studies can be used to ana-
lyze and quantify the influences of environmental con-
ditions on ecosystem processes (Dunne et al., 2004; 
Malhi et al., 2010). Elevation gradient studies represent 
a natural approach to evaluating the impacts of climatic 
parameters on ecological processes (KÖrner, 2007; Ga-
vazov et al., 2014). Therefore, these studies can poten-
tially provide information regarding the sensitivity of 
ecosystem processes to temperature, although the co-
variance of temperature with other elevation-dependent 
variables necessitates caution in such interpretations 
(Salinas et al., 2011). Furthermore, ecological field ex-
periments along elevation gradients can be performed to 
identify direct environmental factors and other 
site-dependent factors, such as species traits and com-
positions (van de Weg et al., 2009; Pellissier et al., 
2010; Averill and Finzi, 2011). 

Plateau wetlands play an important function in the 
carbon balance of China (Fan et al., 2008; Pei et al., 
2009). Compared to other ecosystems, plateau wetland 
ecosystems are more severely impacted by climate 
change because the wetland organisms in cold and 
high-elevation environments are more sensitive to tem-
perature (Beniston et al., 1997; Kusler, 2007; Xue et al., 
2014). In most temperate aquatic ecosystems, litter de-
composition occurs mainly in winter because the de-
composer community is synchronized with the pulse of 
organic matter entering the aquatic ecosystems in au-
tumn (Giller and Twomey, 1993; Haapala and Muotka, 
1998). However, this pattern is different for plateau 
wetland ecosystems because low temperatures limit the 
litter decomposition process during winter (Rief et al., 
2012). Despite the importance of aquatic ecosystems in 
this region, little is known about the effects of global 
warming on litter decomposition, which could in turn 
affect carbon storage in plateau wetlands. In this study, 
we conducted a litter decomposition experiment using 
plateau wetland plants along an elevation gradient from 
1891 m to 3260 m on the Yunnan Plateau of Southwest 

China. In this study, we address four questions. How do 
the decomposition rate and mean residence time of litter 
vary with elevation? Does litter quality influence the 
decomposition rate? How sensitive is the litter decom-
position of plateau wetland plants to temperature? How 
much does the microenvironment influence litter de-
composition? 

2  Materials and Methods 

2.1  Study area 
We established a litter decomposition experiment along 
an elevation gradient on the Yunnan Plateau of South-
west China. The Yunnan Plateau (23°N–27°N, 100°E– 
110°E) is on the southeast of the Qinghai-Tibet Plateau, 
with elevations ranging from 5000 m in the northwest to 
less than 1000 m in the southeast. The plateau was the 
result of the uplift of the Himalayas and Qinghai-Tibet 
Plateau due to the collision of the Indian subcontinent 
with the Eurasian Plate. The plateau is characterized by 
a low-relief upland landscape (relict landscape), and this 
topography extends from the southeastern margin of the 
Qinghai-Tibet Plateau toward the South China Sea 
(Schoenbohm et al., 2004; Clark et al., 2005). Numer-
ous wetlands are located on this plateau, and they were 
formed by the long-term solution of calcareous strata. 
Surrounded by mountains, these wetlands have no 
channels connecting them to the outside environment, 
and the surface water in these wetlands only flows un-
derground via funnels; thus, these typical closed and 
half-closed wetlands are very fragile (Tian et al., 2015; 
Liu et al., 2017). 

In this study, three sites along an elevation gradient, 
at 3260 m, 2437 m, and 1891 m above sea level (a.s.l.), 
were selected to represent a climate gradient (Fig. 1 and 
Table 1). The first site, at an elevation of 3260 m, is lo-
cated at the Napahai Wetland Research Station. The 

mean annual temperature at this site is 6.15℃. The Na-

pahai wetland supports approximately 115 species of 
wetland plants that belong to 38 families and 82 genera, 
and it is an important over-wintering and breeding site 
for migrating birds in China; more than 60 wintering 
water bird species are found in this area (Liu et al., 
2016). The second site is located at the Lashihai Wet-
land Reserve, with an elevation of 2437 m and a mean 

annual temperature of approximately 12.50℃. The third 

site with the lowest elevation is located at the Dianchi  
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Fig. 1  Locations of study sites along elevation gradient on Yunnan Plateau, China 

 
Table 1  Site characteristics at three sites along elevation gradient 

Experimental site Latitude Longitude Elevation (m) Mean annual precipitation (mm) Mean annual temperature (℃)

NP 27°52N 99°41E 3260 619.9 6.15 

LS 26°53N 100°08E 2437 1000.0 12.50 

DC 25°02N 102°42E 1891 584.0 15.80 

Notes: NP is Napahai wetland; LS is Lashihai wetland; and DC is Dianchi watershed 

 
Watershed Research Station, with an elevation of 

1891 m and a mean annual temperature 15.80℃. 

2.2  Experimental design  
The study was conducted using a plant-sediment trans-
plant experiment at the three sites: the Napahai wetland 
(NP), the Lashihai wetland (LS) and the Dianchi water-
shed (DC). At each experimental site, six identical pools 
were set up, and each pool was 3.0 m long, 1.5 m wide, 
and 1.0 m deep. In May 2011, the dominant emergent 
plants in the Napahai wetland, Scirpus tabernaemontani 
and Zizania caduciflora, together with the in situ sedi-
ment, were transplanted into the pools of the three sites. 
Each species of plant was transplanted into three pools, 
and the depth of sediment in each pool was approxi-
mately 50 cm. Each pool was irrigated with tap water, 
and the depth of water above the sediment was main-
tained at approximately 25 cm year round. S. tabernae-
montani and Z. caduciflora are both perennial world-

wide plants, and therefore, after two years of growth, 
they adapted to the local climate. 

In October 2013, litter samples from these two emer-
gent plants were collected from the pools of the three 

sites, oven dried (65℃ until a constant weight was 

reached) and stored at room temperature. Litter samples 
(single and mixed species treatments) of 8.0 g were 
placed in 10 cm × 15 cm litterbags of 1.5 mm nylon 
mesh cloth, and the species mixtures included 4.0 g of 
each species. In total, 324 litterbags were prepared, with 
108 bags from each of the three sites. In November 
2013, these litterbags were placed in the original pools 
of the three sites where the litter samples were collected. 
Specifically, 162 litterbags were suspended in the water 
at a depth of 10 cm, and the other 162 litterbags were 
buried in the sediment at a depth of 5 cm. In addition, all 
of these litterbags were attached to wooden poles fixed 
in the sediment using fishing line. Eighteen litterbags 
were collected from each of the three sites every tow 
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months from January to November 2014. Nine litterbags 
(3 replicates × 3 litter types) from the water and nine 
litterbags (3 replicates × 3 litter types) from the sedi-
ment were removed during each collection. The re-
trieved litter was gently cleaned under flowing tap water 

in the laboratory, oven dried at 65℃ and weighed to 

determine the remaining litter mass. 

2.3  Data calculation and analyses 
2.3.1  Sample analyses 
The total carbon and total nitrogen of the litter were de-
termined using a Vario EL elemental analyzer. At each 
of the three sites, the air temperature was measured at 
5-min intervals with a Rain Wise Portable Weather 
Logger (PORTLOG, New York, USA). Meanwhile, the 
temperatures of the microenvironment in the sediment 
and water were measured hourly with data loggers (On-
set Computer, Pocasset, MA, USA) placed 5 cm below 
the sediment surface and 10 cm below the water surface. 
2.3.2  Calculation of decomposition 
A comparison of litter decay rates was performed using 
the decomposition rate constant (K value) from a nega-
tive exponential model: Mt = M0e

–Kt (Olson, 1963), 
where Mt is the mass in the litter bags at time t, M0 is the 
initial mass in the litterbags and K is the decay constant. 
The temperature sensitivity of litter mass loss was de-
fined as the relative difference between the litter mass 
losses (%) at different elevations divided by the annual 
average temperature difference between the corre-
sponding elevations.  
2.3.3  Statistical analyses  
The significant differences in the litter decomposition 
based on the different elevations, species and microen-
vironments were analyzed using a three-way ANOVA 
model. Linear regression analysis was performed to test 
the dependence of the annual average percentage of lit-
ter mass losses on the differences in the annual average 
sediment temperature at 5 cm depth and water tempera-
ture at 10 cm depth at different elevations. The relation-
ships between the litter mass losses and chemical con-
tents were tested using a Pearson correlation analysis. 
All tests discussed in the text were significant at the 
0.05 level. 

3  Results 

3.1  Climatic gradient 
As the elevation decreased, the mean annual water tem-

perature at a depth of 10 cm and the mean annual sedi-

ment temperature at a depth of 5 cm increased from 8.6℃ 

and 6.1℃ at the NP site (3260 m a.s.l.) to 13.8℃ and 

12.2℃ at the LS site (2437 m a.s.l.) and then to 16.2℃ 

and 15.6℃ at the DC site (1891 m a.s.l) (Fig. 2). In 

general, there were significant differences between ele-

vations (F2,69﹦50.3, P﹦0.002), and the difference be-

tween the water temperature and sediment temperature 

was significant (F1,69﹦37.8, P﹦0.027), especially at 

the NP site (F1,22﹦85.8, P < 0.001). The observed gra-

dients in the water temperature and sediment tempera-
ture at the different sites were mainly due to the varia-
tions in the air temperature along the elevation gradient. 

3.2  Litter mass remaining and decomposition 
rates 
The decomposition of the three types of litter was signifi-
cantly different at the NP, LS and DC sites (Fig. 3). The 
mean mass remaining of the litter were 61.9%, 52.3% and 
39.0% for S. tabernaemontani, Z. caduciflora and mixed 
species treatments, respectively, at the NP site; 52.6%, 
48.6% and 34.1% at the LS site; and 42.4%, 29.9% and 
25.0% at the DC site. Overall, the mixed species treatment 
decomposed more rapidly compared to the S. tabernae-
montani (F1,34 = 26.1, P < 0.001) and Z. caduciflora (F1,34 = 
97.3, P = 0.012) treatments at each of the three sites. In 
addition, the litter mass loss along the elevation gradient 
was positively correlated with the water temperature (R2 = 
0.9538, P < 0.001) and sediment temperature (R2 = 0.9078, 
P = 0.007) (Fig. 4). 

 
Fig. 2  Changes in mean annual temperature in water at a depth of 
10 cm and in sediment at a depth of 5 cm along elevation gradient 
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Fig. 3  Changes in litter masses remaining of S. tabernaemontani (a), Z. caduciflora (b) and mixed species treatments (c) in litterbags. 
W represents water; S represents sediment; and NP (3260 m), LS (2437 m) and DC (1891 m) represent three experimental sites  

 

Fig. 4  Temperature sensitivities of litter mass losses (%/℃) in water (a) and sediment (b) along elevation gradient 

 

The variation in the decomposition rate (K) for all litter 
types at each elevation site is shown in Fig. 5 over the 
one-year decomposition period. In our study, the average 
rate of decomposition was lowest (K = 0.608) at NP 
(3260 m a.s.l.), intermediate (K = 0.888) at LS (2437 m 
a.s.l.), and highest (K = 1.152) at DC (1891 m a.s.l.), and 
significant differences were observed between different 

elevations (F2,51﹦13.6, P﹦0.003), species (F 2,51﹦50.6, 

P < 0.001) and microenvironments (F 1,52﹦21.3, P ﹦

0.025) (three-way ANOVA, Table 2). The mean value of 
K increased by 100.1% for S. tabernaemontani, 64.1% 
for Z. caduciflora and 120.8% for the mixed species 
treatment, and this result was consistent with the mass 
loss rates of the three types of litter. In addition, the litter 
in the sediment decomposed more slowly than that in the 

water, especially at the NP site (F1,16﹦47.3, P < 0.001).  
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Fig. 5  Litter decomposition rates (K values) of different species (a) and mean decomposition rates (K values) of the three types of litter 
in different microenvironments (b) along the elevation gradient. Sct, Zic and Mix represent the three types of litter: S. tabernaemontani, 
Z. caduciflora and mixed species treatment, respectively; a.s.l. represent above sea level. 

 

Table 2  Results of three-way ANOVA: effects of elevations (E), species (S), microenvironments (M) and their interactions on litter 
decomposition rate (K value) 

Sources of deviation E S M E × S E × M S × M E × S × M 

df 2 2 1 4 3 3 5 

F 13.6 50.6 21.3 16.5 24.0 33.4 14.7 

P 0.003 ＜0.001 0.025 0.009 0.032 0.014 0.063 
 

3.3  Litter chemistry 
Overall, after litter decomposition, the C concentration 

and C︰N ratio decreased significantly, with the de-

creases of 22.8% (F 1,106 = 23.5, P = 0.018) and 52.7% 
(F 1,106 = 112.3, P = 0.006), respectively; however, the 
concentration of N increased significantly by 64.7% 

(F 1,106 = 23.5, P < 0.001) (Fig. 6). In addition, the C︰

N ratio of the litter in the water was slightly lower than 
that in the sediment during decomposition, and the dif-
ference was not significant (F 1,52 = 45.5, P = 0.079), but 
the N concentration in the water was significantly higher 
than that in the sediment (F 1,52 = 18.1, P = 0.002). 

After one year of decomposition, the C︰N ratio of 

the mixed species treatment at the NP site was 19.7, 
which was lower than those of S. tabernaemontani 
(35.2) and Z. caduciflora (25.3) (F 1,34 = 11.2, P = 
0.003). Meanwhile, as the elevation decreased, the dif-

ference in the C︰N ratio between the mixed species 

treatment and the other two species increased. In general, 
all three types of litter at low elevations had low C con-

centrations, low C︰N ratios and high N concentrations.  

4  Discussion 

4.1  Climatic gradient effects 
Elevation gradients can be considered natural, long-term  

analogues for climate change, and the loss of litter mass 
as mediated by temperature has been corroborated by 
natural gradient studies (Berg et al., 1993; Vitousek et 
al., 1994; Murphy et al., 1998; Aerts, 2006). As the ele-
vation decreased, the mean values of K ranged from 
0.608 to 1.152 (Fig. 5), indicating the strong influence 
of elevation on the decomposition rate. In our study, the 
temperature change explained approximately 93% of the 
variation in the losses of litter mass, and the temperature 
sensitivity of the litter mass losses was approximately 

4.98%/℃ (Fig. 4), which was close to the study result 

(6%/℃) of Luo et al. (2010) on the Qinghai-Tibet Pla-

teau. Litter decomposition is an ecological process gov-
erned by decomposer organisms, and therefore, an in-
crease in temperature will likely stimulate litter decom-
position by creating conditions favorable for decom-
poser populations and activity (Davidson and Janssens, 
2006; Chacon and Dezzeo, 2007; Cusack et al., 2009). 

The decomposition of plant litter, especially in cold 
biomes, is hierarchically controlled by the following 
factors: climate > litter quality > sediment organisms 
(Aerts, 2006). Meanwhile, temperature and moisture in 
combination are the most important climatic controls 
that affect litter decomposition rates, and litter mass loss 
will increase in a warming environment if the sediment 
moisture is sufficiently high (Berg et al., 1993; Murphy  
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Fig. 6  Concentrations of C and N and C︰N ratio in S. tabernaemontani (a, d, g), Z. caduciflora (b, e, h) and mixed species treatment 

(c, f, i) at three sites during decomposition process. W represents water; S represents sediment; and NP (3260 m), LS (2437 m) and DC 
(1891 m) represent three experimental sites 

 
et al., 1998; Gholz et al., 2000). Because the decompo-
sition of aquatic plants in plateau wetlands mainly oc-
curs in the water or in the sediment, where moisture is 
sufficient, the litter mass loss in plateau wetlands will 
likely increase with future climate warming. This find-
ing was confirmed by Guo et al. (2013), who found that 
the decomposition rates of S. tabernaemontani and Z. 
caduciflora in the Napahai plateau wetland increased 
with increasing monthly mean temperature. Recently, 
Boyero et al. (2011) conducted a global litter decompo-
sition experiment using a latitudinal temperature gradi-
ent in streams. Although the interpretation of latitudinal 
gradients is complex, they found that climate warming 
will reduce carbon sequestration in streams because CO2 
production through litter decomposition will increase 
with climate warming (Seastedt, 1984; Baldy et al., 
2007), while the generation and sequestration of recalci-
trant organic particles could be reduced (Yoshimura et 
al., 2008).  

4.2  Litter chemistry effects  

The N concentration and C︰N ratio of the litter have 

been identified as the most reliable predictors of litter 
decomposition (Berg et al., 1982; Taylor et al., 1989; 
Blair et al., 1990; Aerts and De Caluwe, 1997; Shaw 
and Harte, 2001). Generally, good litter quality, with a 
high initial N concentration (Bosatta and Staaf, 1982) 

and low initial C︰N ratio (Swift et al., 1979; Holub et 

al., 2001) yields a fast decomposition rate. In our study, 

the litter of Z. caduciflora, which had a low initial C︰N 

ratio, lost mass more quickly than did the litter of S. 
tabernaemontani, and this effect has been observed in 
other mesic systems (Taylor et al., 1989; Luo et al., 
2010). Litter decomposition can be divided into two 
phases. The early phase (before 20% to 40% of the mass 
loss) is mainly determined by the litter chemistry, while 
the later phase (after 20% to 40% of the mass loss) is 
mainly controlled by the decomposition of lignin and 
the microbial community (Berg and McClaughtery, 
2008; Bray et al., 2012; Gavazov et al., 2014). There-
fore, in the early phase, the litter of S. tabernaemontani, 

which had a high C︰N ratio and poor litter quality, de-

composed slower than the other two types of litter.  
In our study, litter decomposition could be described 
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as seasonal. Notably, decay generally occurs from win-
ter to the late growing season, as a majority of the labile 
material is decomposed by freezing and thawing events 
during the winter (Hobbie and Chapin, 1996). This 
variation in the decomposition rate, which shifts from 

low to high, was consistent with the change in the C︰N 

ratio in the early phase, which increased slightly and 
then decreased (Fig. 6). These findings have been con-
firmed by the studies of Coûteaux et al. (1995) and 
Duboc et al. (2012), who found that in addition to litter 
chemistry, climate might also influence the decomposi-
tion rate in the early phase of decomposition. Mean-
while, in our study, the litter quality was highly corre-
lated with the decomposition rates at the high-elevation 

site (NP), especially the N concentration and C︰N ratio 

(Table 3). Theoretically, the low temperatures in high- 
elevation regions seriously limit the processes involved 
in organic matter cycling; however, the physical and 
chemical losses of organic compounds from leaching 
and other processes related to the duration of freezing 
and thawing may change the litter quality and contribute 
to litter decomposition (Taylor et al. 1989; Hobbie and 
Chapin, 1996; Edwards et al., 2007). Therefore, the lit-
ter quality plays an important role in controlling de-
composition and determining decomposer activity in 
high-elevation regions (Moorhead and Sinsabaugh, 
2006; Bray et al., 2012; Liu et al., 2017).  

During the one-year decomposition period, litter mass 
losses were significantly positively correlated with the 
N concentration but were significantly negatively corre-

lated with the C︰N ratio, which is broadly consistent 

with the results of other studies of litter decomposition 
(Aerts, 2006; Jacob et al., 2010; Gavazov et al., 2014) 
(Table 3). Meanwhile, the correlation between the litter 
mass loss and litter chemistry of the mixed species 

treatment was higher than those of S. tabernaemontani 
and Z. caduciflora because the decomposition rate of the 
mixed species treatment was significantly higher than 
those of the other two species. Mixed litters have dif-
ferent chemical and physical properties that alter the 
resource quality and physical habitat complexity within 
leaf packs, resulting in changes in decomposition rates 
and decomposer abundance and activity (Hector et al., 
2000; Kominoski et al., 2007). Mass loss often increases 
when litters of different species are mixed, mainly due 
to nutrient transfer between the decomposing species, 
which is mediated by fungal mycelia (Gartner and 
Cardon, 2004; Quested et al., 2005). Therefore, in addi-
tion to litter decomposition, the nutrient transfers in the 
mixed litter became more frequent and more convenient, 
and the synergistic effects of the decomposition rates 
became more significant in the mixed litter than in the 
treatments of the other two species (Williamsa and Al-
exandera, 1991; Antoine and Bill, 2015). In addition, in 
the studied cold-region plateau wetlands, future climate 
warming may increase the carbon losses from the litter 
of aquatic plants, especially from mixed litter.  

4.3  Microenvironment effects  
Climate and litter quality are considered the most im-
portant controls of litter decomposition rates at global 
and regional scales (Aerts, 2006; Gavazov, 2010), while 
at the local scale, with nearly uniform climate and litter 
quality, the effects of the microenvironment are more 
important (Belyea, 1996; Hector et al., 2000). The 
microenvironment affects litter decomposition mainly 
through changes in physical environmental variables 
such as temperature, moisture and pH (Hobbie et al., 
1999) or through changes in the decomposer com-
munity, which includes bacteria, fungi and arthropods 

 
Table 3  The relationship coefficients (r values) between litter mass loss and chemical contents during one year of litter decomposition 

C N C︰N Experimental 
site (evelvation) 

Microenvironment 
Sct Zic Mix Sct Zic Mix 

 
Sct Zic Mix 

Water –0.694 –0.461 –0.654*  0.868* 0.838* 0.930**  –0.871* –0.814* –0.936**

NP (3260 m) 
Sediment –0.646 –0.461 –0.647  0.801** 0.766* 0.846*  –0.863** –0.760* –0.906* 

Water –0.430* –0.251 –0.548*  0.728** 0.819** 0.886*  –0.754* –0.838** –0.886* 
LS (2437 m) 

Sediment –0.280 –0.429 –0.588  0.395 0.716 0.740  –0.570 –0.801** –0.810* 

Water –0.632 –0.766* –0.815*  0.678 0.701 0.690  –0.698* –0.707 –0.748* 
DC (1891 m) 

Sediment –0.665* –0.625* –0.533*  0.392 0.761 0.703  –0.813 –0.668* –0.732* 

Notes: NP, LS and DC represent three experimental sites, and Sct, Zic and Mix represent three types of litter: S. tabernaemontani, Z. caduciflora and mixed spe-
cies. * and ** represent significance at 0.05 and 0.01 levels, respectively  
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(Blair et al., 1990; Wardle and Lavelle, 1997; Wardle et 
al., 1997). 

In our study, the litter decomposition rate in the water 
was generally higher than that in the sediment, espe-
cially in cold biomes (Fig. 5b). The first reason for this 
result is that mass loss is dominated by leaching and the 
decomposition of carbohydrates in the early decomposi-
tion phase, and the transfer of soluble compounds is a 
major driver (Berg and McClaugherty, 2008). Therefore, 
although the moisture in the sediment at a depth of 5 cm 
is sufficient, the leaching, decomposition and transfer 
were still slightly weaker than in the water, and this dif-
ference affected the litter decomposition rate in the two 
microenvironments. Second, the late decomposition 
phase is mainly driven by the composition of the micro-
bial community (Bray et al., 2012; Gavazov et al., 
2014), and the redox potential of saturated environments 
generally decreases from the surface downward. There-
fore, the oxidation of carbon substrates shifts from aero-
bic processes to sulfate reduction and, finally, to 
methanogenesis, with a consequent decrease in the de-
composition rate (Belyea, 1996). Third, the temperature 
of the water at a depth of 10 cm was higher than that of 
the sediment at a depth of 5 cm, and this difference di-
rectly affected the microbial communities and litter 
chemistry, which improved the decomposition rate 
(Cusack et al., 2009; Bray et al., 2012). Therefore, in 
addition to the large difference in temperature in the two 
microenvironments at the site with the highest elevation 
(Fig. 2), the difference in the decomposition rate was 
more significant (Fig. 5b). This result suggests that litter 
decomposition in cold biomes is sensitive to changes in 
the microenvironment and further confirms that the in-
fluence of elevated temperature will be more pro-
nounced in high-elevation areas that are additionally 
stressed by extreme climatic conditions (Aerts, 2006). 

4.4  Uncertainties and future work 
The decomposition of plant litter is a key and complex 
ecosystem process that is controlled by many factors 
(Robinson, 2002; Berg and McClaughtery, 2008). In 
addition to the above-mentioned factors, the decom-
poser communities (such as microbial decomposers and 
shredders), water quality and sediment nutrients can 
affect the decomposition of litter. For example, envi-
ronmental temperature changes can directly affect de-
composer communities and their activities (Cusack et 

al., 2009; Bray et al., 2012); however, Gavazov et al. 
(2014) suggested that the functional composition of de-
composer microbial communities (fungal/bacterial ratio) 
was insensitive to elevation. Therefore, in future studies, 
we will consider all these factors to more thoroughly 
and comprehensively understand the influences of 
global climate warming on litter decomposition in pla-
teau wetlands.  

5  Conclusions 

Our study showed that temperature increases along a 
declining elevation gradient can significantly increase 
litter mass losses, which suggests that global warming 
will increase litter decomposition in plateau wetlands. 
The variations in the litter chemistry at different eleva-
tions and between different litter types were used to de-

termine that the N concentrations and C︰N ratios in the 

litter were the best predictors of the decomposition rate. 
In addition to the climate and litter quality, the microen-
vironment can also affect litter decomposition, espe-
cially in high-elevation areas. Moreover, our results may 
have important implications for addressing biogeo-
chemical nutrient cycling in cold highland ecosystems. 
Although the approach based on natural climate gradi-
ents cannot separate the effects of temperature on litter 
mass losses from those of other factors, the relative 
comparison between the temperature sensitivity and 
litter mass losses should be credible. Therefore, our 
study may have important implications for predictions 
of future changes in litter decomposition in plateau wet-
lands and possibly other cold regions under global 
warming scenarios. 
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