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Abstract

Understanding the factors that determine species’ resistance to environmental change is of
utmost importance for biodiversity conservation. Here we investigated how the abundances of
marshland species are determined by niche properties and functional traits. We re-surveyed
150 vegetation plots that were first surveyed in 1973 in order to explore species abundance
changes over time. We found that the mean water level in the habitats of most studied species
decreased significantly from 1973 to 2012. Nine of 17 target species were identified as
abundance decreasing species and the other eight as abundance increasing species. The
comparisons of seven plant characteristics (niche position water level, plant height, and five
leaf traits) showed that the decreasing species had a significantly higher value of optimum
water level and marginally significantly lower leaf N contents and specific leaf area (SLA)
than those in increasing species. The stepwise regression analysis showed that optimum water
level and leaf N were the best predictors of abundance changes of marsh plant species, as well
as that the effect of optimum water level was stronger than that of leaf N. Our findings
demonstrated that niche properties may be important for forecasting changes in wetland plant

communities over time.

Keywords: species abundance; environmental change; optimum water level; leaf traits;

vegetation resurvey; wetland.
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Introduction

Environmental changes are altering both the geographical distributions and the abundances of
plants worldwide (Beckage et al., 2008; Hughes, 2000; Sturm et al., 2001; Sala et al., 2000;
Walther et al., 2002). However, it is difficult to predict how plant communities will respond to
these changes because of the species-specific responses which occur among taxa (Grime,
1998; Lavorel & Garnier, 2002). Therefore, understanding which particular plant
characteristics determine the performance of species under environmental change is of utmost
importance for biodiversity conservation as well as for predicting future changes in species

distributions under climate change.

The responses of species to habitat change primarily depends on their biological and
ecological characteristics (Joan et al., 2009; Broennimann et al., 2006). Biological
characteristics, e.g., establish new populations, are determined by morphological and
physiological traits (e.g., individual size, root depth, mycorrhizae) related to resource
acquisition or competitiveness (Lavergne et al., 2004; Van der Veken et al., 2007). Ecological
characteristics, such as niche properties, may also be shaped by environmental drivers (e.g.,
water availability, temperature) (Devictor et al., 2010; Swihart et al., 2006; Williams et al.,
2007; Alarcon & Cavieres, 2018). There is a growing interest in the use of functional traits
and niche properties of species as indicators of their response capacities in the assessment of
the impacts of environment change on plant communities (Foden et al., 2013; Trivifio et al.,
2013; Garcia et al., 2014; Pearson et al., 2014). However, whether these characteristics are

predictors of the performance responses of species to temporal environmental changes has
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rarely been experimentally tested in the field.

Several key properties or traits have been proposed as determinants of species responses to
environmental change (Soudzilovskaia et al., 2013; Alarcon & Cavieres, 2018; Estrada et al.,
2015; Broennimann et al., 2006), including niche position, leaf N contents and specific leaf
area et al.. Meanwhile, many hypotheses have been proposed, for example (1) species with
marginal niche position is more sensitive to environmental change than those with middle
niche position (Johnson, 1998); (2) species with higher leaf N contents (nitrogen-demanding
species) are often comparably winner species (Diekmann et al., 1999); (3) species with higher
specific leaf area tended to be loser species compared to winner species (Naaf and Wolf,
2011). However, these hypotheses remain poorly explored under other conditions of

environmental changes besides climate warming.

Over the last several decades, the Sanjiang Plain in Northeast China has undergone
pronounced temperature increases and unprecedented land use changes with marked
decreases in wetland areas (Liu & Ma, 2002). These changes caused significant changes in
species composition and richness (Lou et al. 2015). Moreover, our previous studies have
identified a significant impact of habitat change on niche properties (Lou et al, 2018) and
functional traits (Lou et al., 2012; 2016) of dominant marsh plants. However, these studies
mainly focused on either community-level changes or differences in functional traits of
individual species. It is not known how the abundance of individual species has responded to
habitat change over the recent decades. The studies by Lou et al. (2012; 2015; 2016; 2018)

provide the basis for exploring how abundance changes of marsh plant species to be related

4
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with functional traits and niche properties.

This study aimed to investigate the influence of functional traits, niche properties and
environmental changes on abundance changes of marsh plant species in Northeast China.
Firstly, we identified increasing and decreasing species by comparing abundance of the
dominant marshland species between the sampling year 1973 and 2012. Secondly, we tested
whether the increasing and decreasing species differed in niche and trait attributes. Thirdly,
we quantified the relative importance of niche properties, functional traits and environmental

changes.

Materials and methods

Study area

The Sanjiang Plain in Northeast China is the alluvial plain of the Heilongjiang, Songhua, and
Wusuli Rivers. It encompasses a total area of 108,829 km? and has an altitude of mostly <200
m a.s.l. (Fig. 1). The climate type of the area is temperate humid and sub-humid continental
monsoon climate, with mean annual precipitation of 510-620 mm and mean annual
temperature of 2.1-45 °C. The vegetation is dominated by four plant communities:
permanently flooded emergent marshes (dominant species: Phragmites australis, Carex
lasiocarpa, and Carex pseudocuraica), seasonally flooded tussock marshes (Carex
appendiculata or C. meyeriana), occasionally flooded marsh meadows (C. appendiculata and
Calamagrostis angustifolia), and shrub marsh meadows (Betula fruticosa, Alnus sibirica,

Salix brachypoda, and C. angustifolia). The soil types include Luvisols, Phaeozems,
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Cambisols, and Histosols.

The study area includes the Sanjiang Plain Marsh Ecological Experimental Station (CERN)
and the International Long Term Ecological Research Network (ILTER, http://
data.iter-europe.net/deims/site/iter-eap-cn-29). In recent decades, this area has undergone
significant climate warming and human reclamation activities (Liu & Ma, 2002) which
resulted in drying of the wetland habitats and drastic decreases in marsh areas from more than

50,000 km? in the 1940s to 9,100 km? in 2000 (Lou et al., 2015).

Vegetation survey

In July and August of 1973, when the water level was the lowest in the whole growing season
(Lou et al., 2016), the first vegetation survey of the Sanjiang Plain was conducted by Zhao
Kuiyi, Li Chonghao, Yi Fuke et al. (Changchun Institute of Geography, CAS) with the aim of
mapping vegetation and describing vegetation types. In this historical study, vegetation was
surveyed using sampling plots of 1 mx1 m. For each vascular plant species in each plot, the
percentage cover (0-100% vertical projection) was estimated. Furthermore, water level in
each plot was measured using a meter stick above the soil surface. In the above-mentioned
historical surveys, vegetation plots were not permanently marked, but the positions of the

plots were described in great detail so that they could be located again.

In July and August of 2012, we resurveyed 70 plots of Carex lasiocarpa formations and 80
plots of Carex appendiculata formations (a total of 150 plots) following the sampling

protocols described in Zhao et al (1999). The descriptions of the sites and plot locations from
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the previous surveys (e.g., landform, proximity to river) were carefully studied and all
available information was taken into account when we were relocating plots within similar
vegetation types. Plots were placed as close as possible to their supposed original locations in
each wetland site (estimated spatial errors <10 m). All the plots were located in national or
provincial nature reserves, and no human disturbance (such as fire) occurred from 1973 to
2012. In 2012, the geographic position of every studied plot was determined using a GPS.

Plant nomenclature followed Fu (1995).

Data analyses

Species abundance changes

Species abundance indicates the percentage cover on average for all plots where the plant
species was present. We calculated species abundance for both 1973 and 2012. If the changes
in abundance of a species from 1973 to 2012 were positive, the species was regarded as
‘increasing species’, in the opposite case, the species was regarded as ‘decreasing species’.
Only species occurring in at least 15 plots in whether the original sampling or resampling
were considered for statistical analyses of species cover (n = 17). For each of the 17 species,
paired t-test was used to test the significance of the differences in species cover between the

two sampling years.

Analysis of the drivers of species abundance changes

In order to explain the observed differences in abundance between the two periods, we

assembled the data on environmental changes and species traits according to their ecology
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As Lou et al. (2015) found that hydrology is the main factor controlling the changes along the
marsh zonation in the study area, we used the change in water level as the indicator of
environmental change. For each species in each sampling year, we calculated the average
water level in all plots where the species occurred. For each species, the significance of the
differences in the water level between the two sampling years was tested by paired t-test, and
the change in the water level between the two sampling years was calculated by subtracting

the water level value in 1973 from the water level value in 2012.

We used niche optimum along the water level gradient as an ecological property. For all the
selected species, the responses of each species to water level gradient were fitted by
Generalized Additive Models (GAM, Hastie and Tibshirani, 1990). In which, water level and
abundance data (represented by percent cover, 0-100%, as a continuous variable) from the
field survey in 1973 were used as the explanatory and dependent variable, and the identity and
Gaussian were selected as the link function and error term, respectively. The optimum of each
species was identified as the value of water level at which abundance of a species had its

maximum.

For the analysis of biological traits, we measured plant height, leaf area (LA), specific leaf
area (SLA), leaf N, P, and N:P ratios from the samples collected in the ten field sites during
vegetation surveys in 2012. In each marsh site, aboveground parts of ca. 10 to 20 individuals

or ramets per studied species were harvested and taken back to the laboratory. Plant height
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was measured by ruler. Three healthy mature leaves were obtained from each individual and
measured by a leaf area meter (L13000C). Leaf samples were further dried in a drying oven
for 24 h at 70 °C, and their dry weights were measured by analytical balance with the
accuracy of 0.0001 g. Phosphorus and Nitrogen concentrations were determined using the
molybdenum blue method and the indophenol blue method, respectively, using Skalar
Auto-Analyzer. Boxplots were used to remove outliers, following which the mean values of
each trait in each studied species were calculated. We evaluated whether decreasing and
increasing species differed in their trait attributes using the t-test. We also tried to collect the
information on root traits of the studied species, but this task was not completed because of
sampling difficulties resulted from the clonality of the studied species in the field. For this

reason, root traits were not included in the analysis of biological traits.

Finally, we assessed how much of the variation in abundance could be explained by
environmental changes and plant ecological and biological properties using a linear model.
We conducted a stepwise regression analysis of the changes in abundance, and only
significant variables were selected as the predictors. Meanwhile, in order to clearly assess the
relationship between each trait or niche parameter and abundance changes, we also conducted
a linear regression analysis for each trait or niche parameter with change in cover as the
response variable. In addition, we also tested the effect of phylogeny on species abundance
changes and the selected significant variables, and found no correlation between them
(supporting information ). So the effect of phylogeny was excluded, and phylogeny was not

included as an driving factor of species abundance changes.



183  All independent variables were standardized prior to the regression analysis. The statistical
184  analyses were conducted in R version 3.4.1 (R Development Core Team 2010) with the R

185  package mgcv (Wood, 2006).
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Results

Changes in water level in the investigated habitats

General climate conditions during the two sampling years were comparable. Mean daily air
temperature and monthly precipitation from January to December in 1973 were similar to
those in 2012 (Fig. 2) and were not significantly different (t test: F=0.481, p=0.495 for mean
air temperature; F=0.072, p=0.792 for monthly precipitation). Mean water level in the 150
plots decreased significantly from 9.7+0.69 cm (mean+SE) in 1973 to 5.3+0.41 cm in 2012
(paired t-test: t=5.477, p<0.001). Out of the 17 common species, 11 species experienced a
significant decline in the mean water level of their habitats of at least 4.5 cm from 1973 to
2012, and two species (Stachys baicalensis and Scutellaria baicalensis) experienced an

increase, but it was not significant (Table 1).

Changes in species abundance

The 17 dominant marsh species are all perennials. Of which, nine species decreased in their
abundance from 1973 to 2012 and were identified as decreasing species, and eight species
increased in their abundance and were identified as increasing species. Average abundance
changes between the sampling year 1973 and 2012 among decreasing and increasing species
ranged from -12.2% (Carex pseudocuraica) to +7.3% (Carex appendiculata). Two of the
decreasing species (Menyanthes trifoliata and Sanguisorba tenuifolia) and five of the
increasing species (Lysimachia thyrsiflora, Glyceria spiculosa, Equisetum fluviatile, Iris

laevigata, and Carex pseudocuraica) were significant (Fig. 3). The group of decreasing and

11
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increasing species were both heterogeneous and were comprised of seven and five families,

respectively (supporting information I).

Drivers of species abundance changes

The comparison of seven tested traits between the increasing and decreasing species showed
that only the difference in optimum water level was significant (Fig. 4, t-test: t=3.811,
p=0.002). The differences in leaf N and SLA between the increasing and decreasing species
were marginally significant (t-test: t=-1.891, p=0.078; t=-2.095, p=0.054, respectively; Fig. 4).
No significant differences were observed in the other traits (plant height, leaf P, N:P ratios and

leaf area) between the increasing and decreasing species (Fig. 4).

Optimum water level and leaf N were good individual predictors of abundance change and
they were negatively and positively correlated with abundance changes, respectively (Table 2).
The best model based on multiple traits explained 68% of the variance and included only
optimum water level and leaf N. However, R? only marginally increased when leaf N was

added as a predictor in the model with niche position water level (Table 2, Fig. 5).

12
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Discussion

In this study, we conducted a novel analysis of the driving factors of species abundance
change over time at the local scale. Out of all tested factors, the most important factor for
explaining changes in marsh plant abundance was the relative realized optimum position
along the water level gradient, and leaf N also had a minor impact. i.e. species with a higher
water level optimum and, at the same time, lower leaf N content decreased more dramatically

in abundance between 1973 and 2012.

The two traits included into the best model (optimum water level and leaf N) represent the
environmental tolerance and resource capture capacity of a species, respectively, and these
traits explained more than half of the variation in cover change. The explanatory power of the
relative realized optimum position along the water level gradient was much greater than that
of leaf N. On the one hand, this indicates that the influence of environmental tolerance on
species sensitivity is greater than that of biological traits. On the other hand, this is a relatively
high value in comparison with those obtained in other studies on abundance dynamics
(Soudzilovskaia et al., 2013). This is likely because of the fact that the water level gradient
represents a complex gradients (correlation with the other environmental factors, e.g. soil
nutrient, Lou et al., 2013) and the effects of the other substrates on species abundance may be

integrated into that of water level.

The univariate negative correlation between species abundance change and optimum water

level (Table 1) indicates that the species with high optimum water level increase their
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dominance, while the species with low optimum water level decrease their dominance as a
consequence of habitats drying. This is consistent with the niche position (or habitat
availability) hypothesis and with other studies which assumed that the closer the niche is to
the margins of the environmental gradient, the more sensitive the species are to habitat change
(Heino & Mendoza, 2016; Williams et al., 2007; Broennimann et al., 2006). This suggests
that the potential sensitivity of species to habitat change can, at least partly, be estimated a
priori from their niche characteristics along key environmental gradients, and this was

confirmed in another study as well (Thuiller et al., 2005).

In the present study, biological traits seemed to play a relatively minor role in the prediction
of marsh species abundance changes. Out of the investigated traits, there was a relatively big
difference only in leaf N and SLA between the decreasing and increasing species. Leaf N of
the increasing species was higher than that of the decreasing species. On the one hand, leaf N
is related to leaf growth, and species with high leaf N have generally a rapid growth rate
(Reich et al., 2008). Laliberte et al (2012) found that species associated with a rapid growth
rate become dominant under soil resource addition, and this supports our result based on the
fact that the N deposition is serious in study area (Lou et al., 2015). On the other hand, this
suggests that the minor importance of leaf N may be a result of its correlation with the
optimum water level which was stronger than that of all the other tested traits (supporting
information I1), i.e., its contribution may be a result of its covariance with the optimum water
level. Similarly, SLA of the increasing species was larger than that of the decreasing species,

and this is also consistent with the result of Laliberte et al. (2012). Moreover, SLA has been
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proved to impact abundance dynamics in the studies by Soudzilovskaia et al. (2013) and
Estrada et al. (2015). However, this trait had very low explanatory power for abundance
changes in our study, most likely because the capacity for rapid growth and competition
conferred by SLA is possibly not useful to new ramets regeneration, which is the main way to

increase species dominance in wetland communities dominated by colonization.

The exclusion of a variety of reproductive traits along with population dispersal may also
impact the relationships between biological traits and species abundance changes. The role of
reproductive traits in species persistence and colonization has been highlighted by many
researchers (Thuiller et al., 2012; Estrada et al., 2015; Pacifici et al., 2017; MacLean &
Beissinger, 2017). Most wetland vascular plant species feature clonal reproduction and their
clonal growth traits (e.g., tiller number, rhizome biomass, root depth, etc.) were shown to be
important for species distribution dynamics at small scales (Purcell et al., 2019; Moor et al.,
2015; 2017). For example, species with deeper roots are more able to resist habitat changes
than shallower-rooted species (Willis, 2017). In the present study, the increased abundance of
Menyanthes trifoliata may be related to its deep roots. In addition, our approach did not
consider intra-specific plasticity or variation of traits, which can be substantial since species
traits depend on hydrological heterogeneity (e.g., Kostikova et al., 2013) and are well
documented as key mechanisms affecting species resistance to habitat change (Valladares et

al., 2014; Liancourt et al., 2015).

The correlation between niche properties and functional traits (especially life history traits)

may interfere with our results. The study carried out by Thuiller et al. (2004) confirmed that
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niche position was related to leaf and flowering traits. In the present study, niche position
water level may have been determined by the traits related with flooding conditions, by other
adaptations to anoxia, and perhaps by the presence of mycorrhiza at the dry side of the
gradient. For example, Purcell et al. (2019) demonstrated that fine root traits (such as
aerenchyma and dry matter content of fine root) are correlated with flooding duration in
ephemeral wetlands. Such traits were not included in this study because of the difficulty in
collecting data on these traits. In the follow-up studies, the correlation analysis of niche

properties and life history traits related to flooding conditions needs to be carried out.

Finally, water level changes was not showed as the variable response for species dominance
change in this study, but its role was third next to that of leaf N and optimum water level
(Table 2). This demonstrates that water level change is still an important driving factor of
vegetation change, and should be strengthened in the future research. As for the driving
factors of water level decrease, besides climate warming and drainage mentioned in our
previous study (Lou et al., 2015), the impact of land use change needs to be reemphasized
here. The area of paddy field in this region increased from 3,200 ha in 1990 to 91,300 ha in
2005, and much more groundwater was extracted for irrigation, with the result that the buried

depth of groundwater level in this area decreased by 3 m on average (Li et al., 2007).

Conclusions

This study highlighted that the response of species abundance to habitat change depends more

on their niche position water level than on their functional traits. It is well known that local
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abundances of species are related to the extent of their geographical distribution (Brown,
1984); thus, niche position water level, and possibly leaf N, should be considered for
integration into species distribution models for predicting regional distribution of wetland
plants. This study suggested at least three perspectives for further research, concerning: a)
disentangling the relative contribution of soil nutrient availability in the complex gradient
represented by water level; b) including reproductive and life history traits related with
flooding conditions into the driving mechanism of abundance changes of marsh plant species,
and c) acquiring a better understanding of site hydrology as it is an important controlling

factor of vegetation changes in marsh ecosystems.
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469
Table 1. Mean water level for 17 dominant species in Sanjiang Plain marsh in the two
sampling years. p-value was obtained from paired t-test. Species are sorted by their
presence in the plots 1973.

Species Number of plots Mean water level (cm) (mean + SE)
1973 2012 1973 2012 p
Carex lasiocarpa 109 101 116+£0.83 6.6+0.53 0.000
Glyceria spiculosa 84 50 13.2+117 6.1+£0.64 0.000
Carex pseudocuraica 58 93 108+125 6.3+£0.63 0.003
Lysimachia thyrsiflora 57 70 96+102 54+048 0.000
Caltha palustris 56 80 86+083 3.8%0.53 0.000
Equisetum fluviatile 52 57 103+111 56061 0.001
Menyanthes trifoliata 50 48 104+106 6.4+0.55 0.005
Iris laevigata 47 38 76086 59%0.54 0.066
Salix myrtilloides 47 47 103+1.06 5.2+0.72 0.000
Comarum palustre 44 80 8.4+0.93 7.2 +0.67 0.442
Carex meyeriana 40 44 8210 5.7+ 0.86 0.075
Carex appendiculata 38 43 6.9 +£0.96 1.4+0.27 0.000
Calamagrostis angustifolia 31 46 55+090 3.1+042 0.025
Sanguisorba tenuifolia 28 22 49+077 3.6x+0.59 0.186
Lycopus lucidus 21 51 41+095 1.7+048 0.019
Stachys baicalensis 9 19 29+101 43%0.64 0.158
Scutellaria baicalensis 4 20 33+£088 4.7+1.00 0.608
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Table 2. Results of the regression analyses of abundance changes and plant functional traits. The
ecological trait was the optimum water level, and the biological traits were individual height, leaf N, P,
and N:P, specific leaf area (SLA) and leaf area (LA). Only the variables strongly related to change in
species abundance are shown. OWL, optimum water level; WLC, water level change; N, number of
species; B, regression coefficient.

Response Significant
P Model gn' B AIC F Ry  p
variable predictors
multiple OWL + Leaf N 87.160 17.82 0.68 <0.001
stepwise
; OWL -3.54 < 0.001
regression
(n=17) Leaf N 1.02 0.200
OWL -3.98 87.222 32.12 066 <0.001
Cover
Leaf N 2.55 101.111 5.814 0.23 0.029
change individual
. WLC 1.50 104951 1.606 0.036 0.224
predictor
(n=17 for each Leaf N:P ratio 091 106.061 0556 <0 0.468
predictor) SLA 0.80 106.205 043 <0 0524
Leaf P 0.58 106.436 0.216 <O 0.648
Leaf area 0.40 106.56 0.11 <0 0.749
Height -0.11 106.67 0.01 <0 0.93
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Figure legends
Fig. 1 Distribution of the investigated sampling plots in the wetlands of the Sanjiang Plain,

Northeast China.

Fig. 2 The comparison of monthly mean air temperature (a) and monthly precipitation (b) of
five national meteorological stations (Fujin, Jiamusi, Baoging, Hulin and Hegang Station) in

study area for the sampling year 1973 and 2012.

Fig. 3 Abundance changes of the 17 most common wetland species in Sanjiang Plain between

the sampling year 1973 and 2012.

Fig. 4 Comparison of niche property and functional traits between the decreasing and

increasing species. DS: decreasing species; IS: increasing species.

Fig. 5 The relationship between optimum water level, leaf N, and species abundance changes.
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Fig. 1 Distribution of the investigated sampling plots in the wetlands

28



488

30 - 800

20 -

489

600 -

400 -

Meanair temperature (°C)
Precipitation (mm)

200 -

Month Month

Fig. 2 Monthly mean air temperature (a) and accumulated rainfall in January-December
(b) of five national meteorological stations (Fujin, Jiamusi, Baoging, Hulin and Hegang
Station) in study area for the sampling year 1973 and 2012.
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Fig. 3 Abundance changes of the 17 most common wetland species in Sanjiang Plain
between the sampling year 1973 and 2012. * indicates significant abundance change
based on the paired-t test.
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