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Abstract: Hydrological connectivity has significant effects on the functions of estuarine wetland ecosystem. This study aimed to exam-
ine the dynamics of hydrological connectivity and its impact on soil carbon pool in the Yellow River Delta, China. We calculated the
hydrological connectivity based on the hydraulic resistance and graph theory, and measured soil total carbon and organic carbon under
four different hydrological connectivity gradients ( I 0-0.03, II 0.03-0.06, I1I 0.06-0.12, IV 0.12-0.39). The results showed that hydro-
logical connectivity increased in the north shore of the Yellow River and the south tidal flat from 2007 to 2018, which concentrated in
the mainstream of the Yellow River and the tidal creek. High hydrological connectivity was maintained in the wetland restoration area.
The soil total carbon storage and organic carbon storage significantly increased with increasing hydrological connectivity from 1 to III
gradient and decreased in 1V gradient. The highest soil total carbon storage of 0-30 cm depth was 5172.34 g/m?, and organic carbon
storage 2764.31 g/m” in III gradient. The hydrological connectivity changed with temporal and spatial change during 2007—2018 and
had a noticeable impact on soil carbon storage in the Yellow River Delta. The results indicated that appropriate hydrological connectiv-
ity, i.e. 0.08, could effectively promote soil carbon storage.
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1 Introduction

Estuary wetland in river-marine ecotone has important
ecological environment effects serving as corridor, fil-
ter and barrier (Cao et al., 2018). In recent years, cli-
mate change and anthropogenic activities such as re-
duced freshwater inputs, reclamation, dam construction
and over-exploitation have caused wetland shrinking
and severe damage to the ecological functions ( Deng et
al., 2018; Zhang et al., 2018a; Xu et al., 2019).

Studies have shown that the essence of wetlands
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growth and decline is the destruction of the hydrologic-
al cycle with human activities and climate change (Dou
et al., 2016; Ala-aho et al., 2018; Higley and Conroy,
2019). The concept of hydrological connectivity has
been proposed and evaluated worldwide to describe the
process of the hydrological cycle and the relationship
between the hydrological and ecological processes
(Bracken et al., 2013; Harvey et al., 2019; Liu et al.,
2019). The hydrological connectivity refers to the pro-
cess of transporting water-mediated mass, energy and
organisms within or between elements of the hydrolo-
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gical cycle (Kaller et al., 2015; Thorslund et al., 2018;
Conte and Ferro, 2020). Effective hydrological con-
nectivity can preserve the balance of biodiversity, im-
prove water quality, and promote nutrient biogeochem-
ical cycles which especially reflected in enhancing soil
carbon storage potential (Karim et al., 2014; Cui et al.,
2016a).

Being one of the essential ecological functions of the
estuary wetland ecosystem, carbon storage maintains the
material circulation and energy flow (Li et al., 2014;
Zhang et al., 2016a). Soil organic carbon (SOC) and soil
inorganic carbon (SIC) play essential roles in the global
carbon cycle, their accumulation and decomposition can
directly influence global carbon budget and greenhouse
gases (Yu et al., 2013; Zhang et al., 2018b). Studies
concluded that soil chemical properties were affected by
hydrological connectivity changes during the develop-
ment of the hydrological process (Bai et al., 2012).
Therefore, assessing the relationship between hydrolo-
gical connectivity and carbon storage function in the es-
tuary wetland ecosystem is crucial to establish a sci-
entific base for restoration and reconstruction of wet-
lands (Lu and Jiang, 2004). At present, there are many
studies on the mechanism and application of the hydro-
logical connectivity around the world (Covino, 2017;
Singh and Sinha, 2019). Attention has been given to the
evaluation method, spatialtemporal scale assessment,
application in habitat restoration and management
(Thorslund et al., 2018; Liu et al., 2019). The research
on mechanism between hydrological connectivity and
the biochemical cycle is on early stage, and the relation-
ship between hydrological connectivity and carbon stor-
age is still unclear (Cui et al., 2016a; Zhang et al.,
2019).

The Yellow River Delta is one of the most active re-
gions among the worldwide large river deltas (Zhao et
al., 2017). It is the youngest wetland ecosystem in the
warm temperate zone of China and plays a significant
role in biodiversity conservation and carbon storage (Yu
et al., 2016; Zhao et al., 2017). However, owing to cli-
mate change and human activities, the hydrological and
biological connectivity in estuaries have changed and
have even been interrupted in the past recent years (Dou
et al., 2016). The Yellow River Delta has been suffer-
ing from different degree of degradation, soil salinity
and reduction in biodiversity, leading to the recession of
the ecosystem structure and function (Song et al., 2018;
Cong et al., 2019). With various types of wetland such

as tidal creeks and tidal flats, the interaction between
freshwater and saltwater is fierce under the double influ-
ence of upper reaches and upstream tidal (Cui et al.,
2016b; Sun et al., 2020). Driven by natural factors and
human activities, the hydrological connectivity in the
Yellow River Delta is more complicated and shows a
visible change in long-term development (Gao et al.,
2017). Researches on soil carbon in the Yellow River
Delta are relatively comprehensive, and mainly include
the exploration of carbon cycle and mechanism
(Lucchese, 2010), the influence of hydrology and veget-
ation on soil carbon storage (Cao et al., 2013; Zhang et
al., 2016b; Schillaci et al., 2017), the estimation meth-
ods of carbon storage (Cui et al., 2012). However, little
information is available on the response of soil carbon
storage function to hydrological connectivity changes
over time.

In this study, we calculated the hydrological con-
nectivity from 2007 to 2018 based on the hydraulic res-
istance and graph theory, and measured soil carbon data
inthe Yellow River Delta. Specifically, we aimed to: 1) ex-
plore how the hydrological connectivity changes in the
Yellow River Delta from 2007 to 2018; and 2) examine
the relationship between hydrological connectivity and
carbon storage in the Yellow River Delta. The results
will provide the basis for estuarine wetland restoration
and the promotion of carbon storage function.

2 Materials and Methods

2.1 Study area

The study area is located in the Yellow River Delta
(37°43'N-37°50'N, 119°03'E-119°13'E), near the south
coast of the Bohai Bay and the west coast of the La-
izhou Bay (Fig. 1). The Yellow River Delta is one of the
most complete, extensive and representative wetland
ecosystems in China (Yu et al, 2016). With river
changes, upper reaches and erosion of seawater, the
Yellow River Delta has become a common interaction
area of freshwater and saltwater (Wang et al., 2019a).
This region has a warm temperate continental monsoon
climate with distinct seasons and contemporary condi-
tions for rain and heat (Zhao et al., 2017). The annual
average temperature is 12.1°C, and the annual precipita-
tion is 551.6 mm, 70% of which occurs in July and Au-
gust. The Yellow River Delta is flat with complex eco-
logical patterns, and its natural slope ranges from
1/8000 to 1/12 000 (Yu et al., 2016). The soil type is
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Fig. 1 Location of the Yellow River Delta and sampling sites

mainly saline soil. The dominant species are Phrag-
mites australis, Suaeda glauca and Tamarix chinensis
(Bai et al., 2012).

2.2 Hydrological connectivity calculation

According to the historical data of soil carbon and the
available data of the river network and channels in the
Yellow River Delta in published articles (https://www.
cnki.net/), the times and sites of studies were listed in
Microsoft Excel 2000. The longitude and latitude of
each sampling sites were marked in ArcGIS 10. 2. Based
on the study period of these available data, remote sens-
ing images of 2007, 2010, 2015 and 2018 in the Yellow
River Delta from Google-Earth with 2.5 m spatial resol-
ution were selected to calculate the hydrological con-
nectivity. Landsat TM/ETM+/OLI (Thematic Mapper/
Enhanced Thematic Mapper+/Operational Land Imager)
images from the United State Geological Survey
(USGS) with 30 m spatial resolution were applied as
auxiliary references.

The hydrological connectivity was calculated based
on the hydraulic resistance and the graph theory ap-
proach, considering the connectivity between the indi-
vidual sites and the entire network (Xu et al., 2012; Zhu
et al., 2017). River network maps in different years were
manually interpreted using the spatial analysis method
of ArcGIS 10. 2, based on the remote sensing images
obtained from Google-earth. Images from USGS were
used as auxiliary river identification (Zuecco et al.,
2019). Fifty river nodes were chosen to verify the accur-
acy of river map by field investigation from October 1st
to October 7th in 2018. The accuracy of river network
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maps derived from Google-earth images was over 90%.
River channels and tidal creeks could be regarded as
edges, and their junctions and sources were considered
as nodes (Herrera et al., 2016; Connor-Streich et al.,
2018). The river network could be modelled as a math-
ematical graph (Zhu et al., 2017), W = (w;;),,x,, where W
is a weighted adjacency matrix; p; and p; correspond to
nodes, and wy; is the relationship between the adjacent
nodes—that is the edge weight. When p; and p; are the
same node, w; = 0; when p; and p; are connected by
multiple edges, w;; represents the sum of the edge weights
between the two nodes. The edge weights could be cal-
culated based on the flow resistance.

The flow velocity is represented with the Manning
formula (Xu et al., 2012):

y= %R%S]% (1)
where v is the average flow velocity of the cross-sec-
tion (m/s), n is the Manning roughness coefficient, R is
the hydraulic radius, Sy is the friction slope. In the case
of unidirectional flow, S; can be represented with the
channel gradient, and the river flow is determined by the
channel gradient or the water head between the nodes.
In the case of bidirectional flow, rivers are obstructed by
the stream shape and friction (Chen et al., 2016). The
Yellow River Delta is flat, which is valid for bidirec-
tional flow. The flow velocity can be written as follows
(Xu et al., 2012):

1
v —R3 2)
n
The hydraulic radius R can be written as (Xu et al.,

2012):
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where A is the longitudinal section area of the channel,
X is the wetted perimeter, b is the width measured by
the rulers in Google-earth, /4 is the water depth obtained
from existing nautical chart, and m is the slope coefti-

R=A/X = 3)

cient. The Manning roughness coefficient and the slope
coefficient are obtained by referring to the river design
specification and the related studies. Acted by friction,
long flowing distance reduces flow velocity (Chen et al.,
2016), and the minimal channel gradient in the Yellow
River Delta can be ignored. The flow resistance H can
be written as:

Wi

(b +mh)h
b+2hV1+m?

The weighted adjacency matrix is obtained using the
inverse of the flow resistance H between adjacent nodes
as weight (Xu et al., 2012; Zhu et al., 2017):

H=1n 4

Wi =4 (%)

The flow fluency matrix F = (f}), « , can be estab-
lished, where f;; is the maximum of the flow fluency
between adjacent nodes that is f; = maxw;. The flow
fluency D; of any node is represented with the average
of f;. The weighted hydrological connectivity D of one
sample can average D, of the surrounding nodes:

D= B ©

i=1 j=

1 n
D:—ZDi,izl,Z,---,n 7)
n
i=1

According to the flow fluency D;, the spline interpol-
ation method was used to express the distribution of the
hydrological connectivity in the Yellow River Delta,
and the gradients were performed by the natural breaks
method (Wang et al., 2019b). Four hydrological con-
nectivity gradients were determined, namely: 1 (0-0.03),
IT (0.03-0.06), III (0.06-0.12) and IV (0.12-0.39).

2.3 Sample collection and analysis

A total of 18 plots were chosen based on the literature
and the calculation results of the hydrological
nectivity, including the typical plots under different hy-
drological connectivity gradients and the plots with sig-

con-

nificant changes in hydrological connectivity during
2007-2018 (Appendix Table 1). Soil carbon data of 18

plots during 2007-2015 was extracted from literature
and the data of 2018 was measured. In 2018, soil
samples with four replicates were collected at each
depth of 0-10, 10-20, 20-30 cm at each plot in July and
October 2018. There were in total 216 samples. Plant
species were investigated at the same time. The plant
coverage of [ (0-0.03) was 25%, II (0.03-0.06) 45%,
IIT (0.06-0.12) 62%, and IV (0.12-0.39) 91%. The dom-
inant species in the Yellow River Delta were P. austral-
is, S. glauca and T. chinensis. P. australis was widely
distributed in the four gradients, while S. glauca and T.
chinensis were not recorded in IV (0.12-0.39) gradient.
As the hydrological connectivity increases, typical spe-
cies such as Triarrhena lutarioriparia, Scirpus validu
appeared in the plots, as well as vines and woody plants
(e.g., Humulus scandens, Sophora japonica).

The soil samples were placed in polyethene bags,
kept on ice and stored in the laboratory until subsequent
processing. One part of the soil samples was air-dried at
room temperature for three weeks, while another part
was kept in cold storage. Plant litters, roots and the
stone were removed before analysis. After pre-treat-
ment, two samples of 100 mg soil with and without 10%
hydrochloric acid were dried at 105°C for at least 4.0 h,
and measured for SOC and TC by Multi N/C 3100 ana-
lyzer. Five gram soil sample with distilled water was ex-
tracted for 1.5 h and then filtered to measure dissolved
organic carbon (DOC) using Multi N/C 3100 analyzer.
The soil inorganic carbon (TIC) is TC minus TOC. The
physical properties (soil bulk density and moisture con-
tent) were measured at the same time.

Soil carbon storage at certain layers of each sampling
site was calculated by the following equation (Zhao et
al., 2016):

TCS =BD;xXTC;xh (8)

SOCS = BD;xSOC;xh )

where TCS is the carbon storage (g/m?), SOCS is the or-
ganic carbon storage (g/m?), BD; is the soil bulk density
of soil layer i (g/cm®), & is the layer thickness (m), TC;
and SOC; are TC and SOC contents of the soil layer i

(mg/kg).

2.4 Statistical analyses and graphing

Repeated measures analysis of variance (ANOVA) was
used to test the effects of soil depth and hydrological
connectivity on soil carbon storage. Linear regression
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analysis was performed to identify the relationship
between TCS, SOCS and the hydrological connectivity.
The differences were considered significant when P <
0.05. Statistical analyses were carried out using SPSS
20.0 software package. The graphs were created with
Sigmaplot 12.5 package.

3 Results

3.1 The change of hydrological connectivity

The pattern of hydrological connectivity in the Yellow
River Delta showed an increasing trend from margin to
centre during 2007-2018 (Fig. 2). In 2007, high hydro-
logical connectivity concentrated in the wetland restora-

tion area in south shore of the Yellow River and was
maintained for long-term. Since 2010, the north shore
where rivers were dense reached IV (0.12-0.39) gradi-

ent, and many high hydrological connectivity centres
scattered in the nouth shore. In 2015, high hydrological
connectivity areas showed a connecting trend and exten-
ded to the Old Yellow River. In 2018, high hydrologic-
al connectivity areas widely distributed in the north
shore of the Yellow River and the south tidal flats, con-
centrating in both sides of the Yellow River and the tid-
al creeks. Hydrological connectivity in the South shore
decreased, but the value remained relatively high (IV
0.12-0.39).

The proportion of high hydrological connectivity
areas in the Yellow River Delta increased gradually dur-
ing 2007-2018 (Fig. 3). The proportion of low hydrolo-
gical connectivity area ( [ 0-0.03) was the highest dur-
ing 2007-2018, and decreased obviously since 2010,
from 69.92% to 53.73% in 2018. The proportion of I
(0.03-0.06) and III (0.06-0.12) gradient increased signi-
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, 0-0.03
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I 0.06-0.12
I 0.12-0.39
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W 0.12-0.39

Fig. 3 The area percentages of different hydrological connectivity gradients in the Yellow River Delta in 2007 (a), 2010 (b), 2015 (c),

2018 (d)
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ficantly, and the highest values were 30.30% and
13.67%, respectively in 2018, increasing by 8.79% and
7.54% compared with those in 2007. The proportion of
high hydrological connectivity area (IV 0.12-0.39) was
the lowest during 2007-2018 and exhibited no notice-
able change.

3.2 Soil carbon storage with different hydrological

connectivity
3.2.1 Soil carbon content with different hydrological
connectivity

Hydrological connectivity had significant effects on TC,
SOC and DOC in 2018 (P < 0.001; Table 1). With in-
creasing hydrological connectivity, TC, SOC and TIC
contents firstly increased, then subsequently decreased

(Fig. 4). The peak average content of TC was 11.64—
12.90 g/kg, and SOC 5.02-6.60 g/kg in III (0.06-0.12)
gradient. The average contents of TC and SOC de-
creased in [V (0.12-0.39) gradient, which were 8.30—
10.31 g/kg and 2.99-4.89 g/kg, respectively. TIC showed
a consistent tendency with TC and SOC while exhibited
no significant difference in the four gradients (P > 0.05).
DOC content was significantly higher in 1 (0-0.03)
gradient, which was 491.49-509.62 mg/kg, showing a
different trend compared to TC, SOC and TIC. SOC,
TIC and DOC showed no significant differences with
the variation of depths (P>0.05). The upper soil (0—10 cm)
had higher contents of TC than the deeper layer (10—
20 cm) in IV (0.12-0.39) gradient. There was an interac-
tion effect between the hydrological connectivity and

Table 1 Effects of hydrological connectivity on soil total carbon (TC), organic carbon (SOC), inorganic carbon (TIC) and dissolved
organic carbon (DOC) content at different depths in the Yellow River Delta

Hydrological connectivity Depths Hydrological connectivity X Depths
Parameter
F P F P F P
TC 10.88 0.000"" 3.30 0.040" 1.73 0.118
ele 16.36 0.000"" 2.66 0.074 2.28 0.039"
TIC 2.62 0.058 0.34 0.712 1.19 0.315
DOC 21.50 0.000"" 0.15 0.858 1.82 0.103

Notes: The given are F and P of ANOVA. " P < 0.05,”" P<0.01,"™ P <0.001. the F values with P <0.05 are in bold
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Fig. 4 The contents of total carbon (TC), organic carbon (SOC), total inorganic carbon (TIC) and dissolved organic carbon (DOC) in
different hydrological connectivity gradients in the Yellow River Delta in 2018
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soil depths on SOC, but not on TC, TIC and DOC.

3.2.2 Soil carbon storage with different hydrological
connectivity

With increasing hydrological connectivity, TCS and
SOCS firstly increased, and subsequently decreased
(Fig. 5). The peak of TCS and SOCS in 0-30 cm layer
were 5172.34 g/m” and 2764.31 g/m” respectively in III
(0.06-0.12) gradient. The lowest TCS and SOCS in
0-30 cm layer were 3184.77 g/m” and 694.19 g/m” re-
spectively in I (0-0.03) gradient.

There was a noticeable non-linear relationship betw-
een the hydrological connectivity and carbon storage in
the spatial and temporal distribution (Figs. 6 and 7).
When the hydrological connectivity was below 0.08,
there was a significant positive correlation between TCS
and hydrological connectivity, as well as between SOCS
and hydrological connectivity (P < 0.001, Fig. 6). When
the hydrological connectivity was around 0.08, TCS and
SOCS reached the peak (Fig. 6). There was a significant

negative correlation between TCS and hydrological con-
nectivity, as well as between SOCS and hydrological
connectivity when the hydrological connectivity was abo-
ve 0.08 (P <0.001, Fig. 6). The temporal change showed
a consistent trend with spatial characteristics (Fig. 7).

4 Discussion

4.1 Hydrological connectivity

Our results showed that high hydrological connectivity
concentrated in the mainstream of the Yellow River and
tidal creeks during 2007-2018. South wetland restora-
tion area has kept high hydrological connectivity for the
long-term. This implied hydrological connectivity was
closely related to the river distribution and the number
of nodes. Water patches were centralised in the south
shore of the Yellow River but scattered in other areas.
So the number of nodes was fewer, and the average
number of rivers connected by nodes was more substan-
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Fig. 5 Total carbon storage (TCS) and organic carbon storage (SOCS) in different hydrological connectivity gradients in the Yellow

River Delta in 2018. Different lowercase letters indicate significant differences among the whole columns in different hydrological con-

nectivity gradients (P < 0.05)
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low River Delta in 2018
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Fig. 7 Relationship between hydrological connectivity and or-
ganic carbon storage (SOCS) during 2007-2018 in the Yellow
River Delta
tial in the south shore, maintaining high hydrological
connectivity for long-term. This was consistent with
previous results (Yu et al., 2019; Wang et al., 2019a).
The results showed that the hydrological connectivity in
the north tidal flat was always higher than that in the
South. This was because more loop connection in the
north shaped more complicated river network (Yu et al.,
2019). The deltas worldwide showed same features on
their forked river nets (Tejedor et al., 2015; Herrera et
al., 2016). Sedimentation and fork control the fractal di-
mension of delta river network, which is about 1.2—1.3
(Edmonds et al., 2011). More complicated forked rivers
could have more loops, leading to higher hydrology
connectivity (Liu et al., 2019). Besides, tidal plays an
important role in deltas. Researches in the Ganges Delta
and Wax Lake Delta showed that tidal-affected area had
higher hydrological connectivity (Passalacqua et al.,
2013; Hiatt and Passalacqua, 2015). Tidal flow restora-
tion could improve the inputs and accumulation of soil
organic matter, which could be a measure to enhance
hydrological connectivity and soil carbon storage (Gao
et al., 2014; Zhao et al., 2018; Wang et al., 2019a).
Apart from natural factors, human activities such as
water-sediment regulation projects also have essential
impacts on natural hydrological connectivity (Deng et
al., 2018). Diversion channels were built to replenish
freshwater in both the north and south shores. However,
there were embankments at every 600 m to retain and
distribute water in the north shore, thereby blocking hy-
drological connectivity (Wang et al., 2011). The south
shore is in the core area of the Yellow River Delta, so
there was little human disturbance. The large area of
surface water formed closed flow paths with the main-

stream of the Yellow River, contributing to high hydro-
logical connectivity (Guo et al., 2019). Meanwhile, wa-
ter-sediment regulation contributed to the increase of the
third-level tidal creeks. This promoted a linear connec-
tion and enhanced the overall hydrological connectivity
( Wang et al., 2019a; Yu et al., 2019). Research showed
that deltas had self-organized ability to settle species
and deal with climate change, so the I and IV gradi-
ents had little increasing degree to avoid negative im-
pacts (Edmonds et al., 2011; Liu et al., 2019).

4.2 Effect of hydrological connectivity on soil car-
bon storage
With increasing hydrological connectivity, TC and SOC
firstly increased from I (0-0.03) gradient to III (0.06—
0.12) gradient and then decreased in [V (0.12-0.39)
gradient. TCS and SOCS exhibited very similar trends.
This might be due to the change in plant coverage and
species. Appropriate hydrological connectivity could in-
crease the plant species richness, coverage as well as the
productivity, and finally promoted organic matter accu-
mulation (Bai et al., 2016; Zhang et al., 2019). At the
same time, S. glauca existed in I, II and III gradients,
but not in IV gradient. Compared with other species, S.
glauca can quickly wither and return to the soil to sup-
ply the organic matter. This finding agrees with the res-
ult reported in Jia et al. (2015). DOC was significantly
lower in high hydrological connectivity than in low hy-
drological connectivity. This may be because the sol-
uble soil materials mostly transferred into water and
were taken away (Osburn et al., 2017; Senar et al., 2018).
Previous researches showed that the increase of the
hydrological connectivity could affect water, plants,
soils, etc. to promote the circulation of the nutrients
(Means et al., 2016; Reid et al., 2016; Xia et al., 2017).
Hydrological connectivity controlled the existence pat-
tern of plant and was conversely supported by plant di-
versity through microtopographic variation (Cui et al.,
2016a). The results showed that plant coverage was pos-
itively related to hydrological connectivity, which was
consistent with previous studies (Liu et al., 2020). Be-
sides, a previous study showed that perennial species
could effectively accumulate carbon over time because
of their biomass storage ability (Means et al., 2016).
This means that the co-work of hydrological connectiv-
ity and plant diversity could enhance the soil carbon
storage capacity (Xia et al., 2017; Zhang et al., 2019).
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4.3 Relationship between hydrological connectivity
and soil carbon storage

Our results showed that the soil carbon storage was the
highest when the hydrological connectivity was 0.08,
whether in temporal or spatial scale. This indicated that
the appropriate hydrological connectivity could pro-
mote organic matter input and enhance the circulation of
nutrients in wetlands (Bai et al., 2012; Zhao et al.,
2016). Water conservancy projects such as dams could
hinder the longitudinal water flow and sediment trans-
port (Winemiller et al., 2016). This could lead to low
hydrological connectivity and reduce the natural capa-
city of nutrient retain (Covino et al., 2012; Covino,
2017). Conversely, ditches could boost the connection
of flow and lead to high hydrological connectivity
(Schmidt and Wilcock, 2008). High hydrological con-
nectivity could reduce retention time of flow and make
nutrients difficult to retain (Osburn et al., 2017; Senar et
al., 2018). Natural rivers are in between. Due to human
activities and climate change, the natural state of wet-
land could change and affect nutrients retention capa-
city (Covino et al., 2017). In this research, when hydro-
logical connectivity was exceeded 0.08, it could drive
soil dissolved materials into water and perhaps hinder
soil carbon storage (Osburn et al., 2017; Senar et al.,
2018). Previous studies showed that appropriate hydro-
logical connectivity could contribute to high carbon in-

put and accumulation rate (Suir et al., 2019). Excessive
hydrological connectivity could deteriorate the ecologic-
al function and habitat stability (Myers and Harms,
2009; Dou et al., 2016). Although our results reflected
the spatial pattern between hydrological connectivity
and soil carbon storage, it can be further expanded of
the sites and samples for further investigation, and the
mechanisms are still worth exploring.

5 Conclusions

The results showed that hydrological connectivity signi-
ficantly changed with temporal and spatial change dur-
ing 2007-2018, and thereby had an impact on soil car-
bon pool in the Yellow River Delta. High hydrological
connectivity concentrated in the mainstream of the Yel-
low River and tidal creeks during 2007-2018. The soil
total carbon storage and organic carbon storage signific-
antly increased with increasing hydrological connectiv-
ity from 0 to 0.12 and decreased in 0.12—0.39. Suitable
hydrological connectivity, i.e., 0.08, could promote soil
carbon storage effectively in temporal and spatial scale.
Further studies are still needed to examine the influen-
cing mechanisms of the hydrological connectivity on the
soil carbon storage in the Yellow River Delta, especi-
ally with regards to the long-term and seasonal effects to
propose a scientific base for estuary wetland restoration.

Appendix
Table 1 The information of sources and locations about the 18 plots used in this study
Number Longitude Latitude References Flooding condition Human activities Land type Vegetations

1 119°12'36"E 37°43'48"N Xiaetal., 2015 Tidal flooding None Tidal flat Reed salty swamp
2 119°9'36"E 37°46'12"N Yuetal., 2010 Seasonal flooding None Salt marsh Suaeda community
3 119°7'48"E 37°4724"N Luo et al., 2010 Tidal flooding None Tidal flat Bare land
4 119°7'12"E 37°46'48"N Luo et al., 2010 Long term flooding None Clear water Water
5 119°7'12"E 37°46'12"N Luo et al., 2010 Seasonal flooding Traffic impact Grass land Reed meadow
6 119°14"24"E 37°43'12"N Jiaetal., 2015 Tidal flooding None Tidal flat Suaeda community
7 119°1424"E 37°43'48"N Jiaetal., 2015 Tidal flooding None Tidal flat Reed salty swamp
8 119°13'48"E 37°43'12"N Jiaetal., 2015 Tidal flooding None Tidal flat Reed salty swamp
9 119°13'12"E 37°43'12"N Jiaetal., 2015 Tidal flooding None Tidal flat Reed salty swamp
10 119°12'36"E 37°43'12"N Jiaetal., 2015 Tidal flooding None Tidal flat Reed salty swamp
11 119°7'12"E 37°45'00"N Yin, 2011 Seasonal flooding Traffic impact Grass land Reed meadow
12 119°6'36"E 37°45'00"N Yin, 2011 Seasonal flooding Traffic impact Grass land Reed meadow
13 119°10'12"E 37°46'12"N Yin, 2011 Seasonal flooding None Tidal flat Tamarix community
14 119°10"12"E 37°4424"N Zou et al., 2015 Seasonal flooding None Grass land Reed meadow
15 119°10'48"E 37°44"24"N Zouetal., 2015 Seasonal flooding None Built up Reed meadow
16 119°12'00"E 37°43'48"N Zou et al., 2015 Seasonal flooding Oil operation Grass land Reed meadow
17 119°13'48"E 37°42'00"N Zou et al., 2015 Tidal flooding Oil operation Tidal flat Suaeda community
18 119°14"24"E 37°42'00"N Zouetal., 2015 Tidal flooding Oil operation Tidal flat Suaeda community
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