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Abstract
The effects of chironomid larval (Propsilocerus akamusi) bioturbation on sediment phosphorus (P) mobility were studied over the
course of 34 days using the indoor larval cultivation method on in situ sediment cores. High-resolution dialysis (HR-Peeper) and
diffusive gradients in thin films (DGT) techniques were used to record fine-scale changes of soluble and DGT-labile P and iron (Fe)
concentrations in the sediment. The larval-driven irrigation of the overlying water into their burrows significantly increased the oxygen
penetration depth (OPD) and redox state (Eh) in sediments. In addition, the soluble and DGT-labile P and Fe decreased with the
increase of OPD andEh in larval-bioturbated sediments. The greatest decrease in themean concentration of SRP, soluble Fe, andDGT-
labile P in the Propsilocerus group was observed on Day 15 of the experiment, with a decrease by over half of the mean concentration
of the control group. Furthermore, two-dimensional measurements of DGT-labile P concentration showed notable reductions of DGT-
labile P around larval burrows. TheDGT-induced fluxes in sediments (DIFS)model also exhibited amuch longer response time (420 s)
and a much higher rate of P adsorption (0.002 s−1) in the bioturbation sediments than those in the control sediments (116 s and
0.009 s−1, respectively). A significant correlation was shown for DGT-labile P and DGT-labile Fe. We conclude that Fe(II) oxidation
and its enhanced adsorption were the major mechanisms responsible for the decrease of soluble and DGT-labile P in sediments.
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Introduction

Phosphorus (P) is the key nutrient causing lake eutrophication.
An increased accumulation of P in lakes from farm runoff, in-
dustrial effluents, and sewage dramatically impairs lake ecosys-
tems and can cause widespread eutrophication of lake water

(Elser and Bennett 2011; Stone 2011). Some studies have report-
ed that controlling P has succeeded in reducing eutrophication in
many lakes (Carpenter 2008; Schindler et al. 2008). However,
reducing P inputs has also been shown to be unsuccessful in
controlling the eutrophication in some lakes (Michalak et al.
2013; Paerl et al. 2014). High internal loading of P from lake
sediments is the major reason for most of these unsuccessful
cases (Conley et al. 2009). High internal loading of P maintains
the eutrophication of the lake, causing ecosystem recovery to be
delayed by 10–15 years (Chen et al. 2018). Phosphorus mobility
in sediments can be affected by the change of environmental
factors in sediments including pH, dissolved oxygen (DO), redox
state (Eh), temperature, hydrodynamic disturbance, and faunal
bioturbation (Chen et al. 2015; Jiang et al. 2008).

Faunal bioturbation includes all transport processes by
macrobenthos in sediments including burrow building and
particle reworking (Kristensen et al. 2012). Chironomid larvae
(e.g., Propsilocerus akamusi) build U-shaped burrows in sed-
iments and introduce oxygen-rich overlying water into these
holes. The Fe(II) in sediment around the burrow is oxidized to
Fe(III) oxyhydroxides and adsorbs P with the increase of
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oxygen in sediments (Chen et al. 2015; Lewandowski et al.
2007). This hypothesis has been supported by the decrease of
dissolved Fe(II) and soluble reactive phosphorus (SRP) in
pore water in the larval bioturbation sediments and lowers
the release flux of P from sediment to the overlying water
(Lewandowski and Hupfer 2005; Lewandowski et al. 2002,
2005; Reitzel et al. 2013; Schaller 2014; Zhang et al. 2010). In
addition, some studies have shown that larval bioturbation can
accelerate the mineralization and degradation of organic mat-
ter, further promoting the release of P (Andersson et al. 1988;
Gallepp 1979). However, Meysman et al. (2006) found that
the effect of larvae on P release was not significant. Thus,
debate remains regarding the effect that larval bioturbation
has on the release of P in sediments, which hinders our under-
standing of the role of lake sediment in geochemical process-
es. Furthermore, small-sized larvae are roughly 1 mm in size,
and their burrow entrances have a diameter of 2 mm.
Therefore, a high-resolution sampling method is required to
reflect the changes of P surrounding the larval burrow.

In recent years, high-resolution (mm level) in situ
passive sampling techniques, such as the diffusive gra-
dients in thin films (DGT) technique and high-resolution
dialysis (HR-Peeper), have solved this problem. This is
particularly true with respect to the high resolution of
the DGT technique using zirconium oxide (Zr-oxide)
binding gel to measure the P reaching the micrometer
level (Ding et al. 2013, 2015). These techniques allow
for a more microcosmic, in situ, and multidimensional
description of interface characteristics. Based on Fick’s
first law, the DGT technique uses the concentration gra-
dient formed between the diffusion layer and the liquid
phase. The concentration of available elements measured
by DGT is interpreted as its mean concentration at the
surface of the DGT device over the deployment time,
which is calculated from the accumulated mass
(Davlson and Zhang 1994). The HR-Peeper technique
was based on traditional peeper techniques and on pore
water dialysis. The HR-Peeper technique uses a dialysis
membrane to separate the deionized water from the pore
water. After diffusion equilibrium, the water samples in
each chamber are collected and analyzed to determine
the SRP and soluble Fe(II) (Teasdale et al. 1995).
Recently, Lewandowski and Hupfer (2005) and Xu
et al. (2012) improved the existing peeper technique,
increasing the resolution from cm to mm scale and
shortening the equilibration time to 48 h.

This study used DGT and HR-Peeper techniques to exam-
ine the effect of larval bioturbation on Pmobility in sediments.
High-resolution concentration profiles (one- and two-
dimensional profiles of P and one-dimensional profiles of
Fe) were obtained from our sediments, and their relationships
were analyzed to reveal the bioturbation mechanisms of P
mobility within sediments.

Materials and methods

Sampling area

Lake Dazong, China (119°43′11′′–119°50′34′′E, 33°7′54′′–
33°13′36′′N), was selected as our research area (Fig. 1).
Lake Dazong has an average depth of 1.02 m and is 5.5 km
wide and 6 km long. The lakeshore is mainly composed of
mud and sand, while bottom material consists of soft muddy
clay in the west and solid silt clay in the east. The majority of
the lake has been designated as an aquacultural area, which
primarily cultivates fish, shrimp, and crab. As a result of these
practices, the water body of Lake Dazong has experienced
intense eutrophication. During our field investigation, a total
of 12 species of zoobenthos were collected from the sampling
site location in the center of the lake (Fig. 1), including 2
oligochaetes (134 ind. m−2), 7 larval P. akamusi (470 ind.
m−2), and 3 molluscs (201 ind. m−2). The total density of the
zoobenthos was found to be 805 ind. m−2 in the sampling site,
with larval P. akamusi (470 ind. m−2) accounting for 58% of
the zoobenthos. Thus, larval P. akamusi dominated in the
sampling site and were consequently selected as research sub-
jects for this study, which investigated the effects of bioturba-
tion on P mobility in sediments.

Experiment design

In total, 12 sediment cores were collected from one sampling
site location in the center of Lake Dazong (Fig. 1), using a
gravity corer (length × internal diameter = 50 cm × 9 cm) in
sediments at depths of at least 30 cm. The oxygen, Eh, soluble
Fe(II), and SRP values in the sampling site were 6 mg L−1,
300 mV, 0.06 mg L−1, and 0.03 mg L−1 in the overlying water,
respectively, whereas they were 1.5 mg L−1, 250 mV,
0.2 mg L−1, and 0.07 mg L−1 in the pore water at the upper
10 mm of the sediments, respectively. The overlying water at
the sampling site was collected using a 50-ml polyethylene
barrel. A Petersen grab was used to sample the laboratory
cultivation of P. akamusi larvae at the sampling site.
Samples were delivered to the laboratory within 3 h.
Subsequently, sediment cores were divided into 2-cm inter-
vals. The same layer sediments were put together and filtered
(0.6 mm diameter) to remove the zoobenthos. About 12 layers
(24 cm high) were filled into 12 cores (length × internal diam-
eter = 30 × 9 cm) according to their original depth. Sediment
made up the bottom 24 cm of the cores, while the remaining
6 cm were filled with the overlying water. Twelve sediment
cores were divided evenly into two tanks (45 cm high) and
submerge-cultured using a siphon on the collected overlying
water. Cultivation conditions were simulated in the two tanks
by creating a 12:12 light/dark cycle at 15 °C. In addition, the
tanks were pumped with air at a rate of 5 min/h to maintain
oxygen saturation in the water column during incubation.
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After 14 days of cultivation, larval P. akamusi (12 larvae per
core, approaching the population density of 470 ind. m−2

found at the sampling site) were introduced to six sediment
cores in one tank and labeled as the Propsilocerus group. No
zoobenthos were added into the other tank, which was set as
the control group. The oxygen penetration depth (OPD) in
sediments was 2.4 mm after 14 days of cultivation (Fig. 2).
This value was similar to the mean OPD of 12 months from
February 2016 to January 2017 at 2.28mm in the sediments of
Lake Taihu reported by Ding et al. (2018). Therefore, after
14 days of cultivation, the oxygen level in sediments was
similar to that in situ.

Sampling and analysis

Samples were collected on Days 5, 15, 26, and 34 following
Propsilocerus introduction. There was no survival of larval
P. akamusi after 34 days. For each time point, microelectrodes
were used to measure the dissolved oxygen (DO), Eh, and pH
in the Propsilocerus and control group sediments. Next, the
HR-Peeper device was installed, and, after 24 h, the DGT
(equipped with Zr-oxides and ZrO-Chelex binding gel, re-
spectively) was added. The system was kept at equilibrium
for another 24 h, followed by the simultaneous removal of
the HR-Peeper and DGT devices. Three cores were selected
from each group, and the five P forms were measured, includ-
ing total P (TP; concentrated HCl-extractable P), inorganic P
(IP), organic P (OP), non-apatite inorganic P (NAIP; indicat-
ing P bound to Fe, Mn, and Al oxides and hydroxides), and
apatite P (AP; indicating P bound to Ca). These were mea-
sured in every other 2-cm layer, using the Standards
Measurements and Testing Program of the European
Commission (SMT) method (Ruban et al. 2001). The HR-
Peeper measured the SRP and soluble Fe(II) in pore water,

and DGT measured the labile P and labile Fe in the sediment.
SRP and labile P were measured using molybdenum blue
colorimetry (Murphy and Riley 1962), while soluble Fe(II)
and labile Fe were measured using the phenanthroline color-
imetric method (Tamura et al. 1974).

Data analyses

The concentrations of labile P and labile Fe measured by DGT
(CDGT) were calculated using the following formula (1):

CDGT ¼ MΔg=DAt ð1Þ

where Δg is the thickness of the diffusive layer, D is the
diffusion coefficient of P (Dp) and Fe (II) (DFe) in the diffusion
layer, A is the contact area (1.8 mm2) of the DGT measure-
ment window and sediments, t is the deployment time (24 h),
and M is the P and Fe (II) accumulation in the binding gel
during 24 h (Davison and Zhang 2012; Ding et al. 2013; Xu
et al. 2013).

The DGT-induced fluxes in sediments (DIFS) model were
used to calculate the kinetics of P remobilization from sedi-
ment solids (Harper et al. 2000). After obtaining the input
index R (ratio of labile P to SRP) and Kd (distribution coeffi-
cient) values, TC (exchange process response time) was calcu-
lated using the DIFS model to represent the time needed for
the perturbed system to reach 63% equilibrium. The rate con-
stants k1 (the rate constant of P adsorption) and k—1 (the rate
constant of P desorption) were then calculated using Formulas
2–3.

k—1 ¼ 1=T c 1þ KdPcð Þ ð2Þ
k1 ¼ k—1=KdPc ð3Þ

Fig. 1 Sampling site in Lake
Dazong
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The DO, pH, Eh, P flux, pore water soluble P and Fe,
sediment labile P and Fe, and P fractionation between differ-
ent treatments were compared using one-way repeated
ANOVA. Where a significant difference existed between the
two groups (p < 0.05), Tukey’s post hoc test was used to ana-
lyze the level of the significant difference between the two
groups at each time point. All significant differences are
marked in the respective figures as *(p < 0.05), **(p < 0.01),
and ***(p < 0.001). All statistical analyses were performed
using SPSS17.0 (SPSS, USA).

Results

The changes of DO, pH, and Eh in sediments

As shown in Fig. 2, larval P. akamusi in our tanks built U-
shaped burrows in the bottom sediments, introduced oxygen-
rich overlying water to the burrows, and changed the redox
conditions nearby. Furthermore, larval bioturbation signifi-
cantly increased the OPD in sediment (p < 0.05). On Days 5,
15, 26, and 34, OPD in the Propsilocerus group (4.0, 6.6, 9.0,
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Fig. 2 DO, Eh, and pH profiles in sediments of control and Propsilocerus group for Days 5, 15, 26, and 34 (The data of DO, Eh, and pH on Days 5 and
15 are from Yang et al. 2016 and Yan et al. 2017)
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and 6.0 mm, respectively) was significantly deeper than in the
control group (2.4, 2.0, 2.0, and 3.2 mm, respectively). From
Day 5 onward, OPD in the Propsilocerus group deepened
successively. Furthermore, the greatest bioturbation occurred
on Day 26 (Tukey’s HSD test, p < 0.001) and then gradually
decreased (Fig. 2). These results were in accordance with pre-
vious reports (Peter and Dirk 2006; Zhang et al. 2010). Thus,
larvae increased the OPD by building U- or J-shaped burrows
in the sediments and adding oxygen-rich overlying water for
respiration (Chen et al. 2015).

Larval bioturbation significantly increased the redox poten-
tial (Eh) (p < 0.05). On Days 5, 15, 26, and 34, the average Eh
in the Propsilocerus group (388, 356, 320, and 312 mV, re-
spectively) was higher than that in the control group (318,
309, 252, and 273 mV, respectively) by a respective 22%,
15%, 27%, and 14%. Furthermore, the largest increment oc-
curred on Day 26 (Tukey’s HSD test, p < 0.001; indicating the
strongest larval bioturbation during this period) and then grad-
ually decreased (Fig. 2). Thus, Propsilocerus introduced a
continuous supply of oxygen-rich overlying water into the
burrows, which caused an Eh increase in the pore water. The
resultant variation of Eh was consistent with that of the DO.

Larval bioturbation slightly increased the pH of sediments
(p < 0.05) (Fig. 2). On Days 15 and 26, the sediment pH
values (7.46 and 7.44, respectively) in the Propsilocerus
group were higher than those in the control group (7.23 and
7.13, respectively). Furthermore, on Days 5 and 34, the sedi-
ment pH in the Propsilocerus group showed no significant
difference (when comparing the pH values at each depth)
(p > 0.05) from that of the control group.

Phosphorus mobility in sediments with larval
bioturbation

As shown in Fig. 3, P fluxes in the four sampling time points
of the control group were positive, indicating the release of P

from the cultivated sediment into the overlying water. In con-
trast, P fluxes in the first three sampling time points of the
Propsilocerus group were negative, indicating the adsorption
of dissolved P by sediments. On Day 34, the P fluxes of the
two groups showed a significant difference (p < 0.01), indicat-
ing that larval bioturbation also had an effect on the P flux in
the overlying water at this time point.

In the first three sampling time points, larval bioturbation
significantly decreased the pore water SRP and labile P con-
centrations (p < 0.05) (Fig. 4). The biggest SRP decrease
(57%) occurred on Day 15 (Tukey’s HSD test, p < 0.001),
while the effective depth occurred from the sediment-
overlying interface to 100 mm below the surface. Following
Day 15, the effects of larval bioturbation gradually decreased,
and on Day 34, the SRP between the two groups was virtually
the same (p > 0.05). The largest labile P decrease (68%) oc-
curred on Day 15 (Tukey’s HSD test, p < 0.001), while the
effective depth was from the sediment-overlying interface to
80 mm below the surface. Following Day 26, the effects of
larval bioturbation gradually decreased to a reduction ratio of
57% on Day 34. Thus, larval bioturbation increased the pore
water OPD and Eh (Fig. 2), changed the sediment redox
conditions, and directly affected the pore water SRP and
labile P concentrations. Furthermore, the variations of SRP
and labile P were consistent with those of DO and Eh. These
results were in accordance with those of Lewandowski et al.
(2007) and Zhang et al. (2010).

The two-dimensional spatial distribution of labile P
concentrations showed that labile P concentrations in the
control group were low from the sediment–water interface
to a depth of −10 mm, increased steadily from −10 to
−30 mm (maximum 0.25 mg L−1), then remained stable
until a depth of −80 mm, and decreased gradually from
−80 to −100 mm (minimum 0.10 mg L−1) (Fig. 5a).
Labile P concentrations in the Propsilocerus group were
generally lower than those of the control group. This in-
dicates that larval bioturbation significantly affected the
two-dimensional distribution of sediment labile P, with a
larger reduction from the sediment–water interface to
−70 mm. The two-dimensional labile P distribution in
the Propsilocerus group showed an obvious U-shaped re-
gion on the left side—from the sediment–water interface
to −70 mm (Fig. 5a). Labile P within this region was
generally lower than both the surrounding area and in
the center of this U-shaped region. The similarity between
the shape of this region and the U-shaped Propsilocerus
burrows indicates that this U-shaped region might have
been larval bioturbation tracks. These results show that
the high-resolution two-dimensional DGT technique, with
Zr-oxide as the binding gel, accurately described the af-
fected labile P during bioturbation.

The relative standard deviation (RSD) of the labile P con-
centration in the horizontal direction was calculated to reflect
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the heterogeneity index of the horizontal labile P concentra-
tion distribution (Fig. 5b). Larval bioturbation significantly
increased the heterogeneity index of labile P, with the three
most significant bioturbation depths from 0 to −40 mm, from
−49 to −76mm, and from 79 to −111 mm. From 0 to −40mm,
the average horizontal heterogeneity index of sediment within
the Propsilocerus group (0.38) was higher than those in the
control group (0.16) by 138%, the highest impact detected.
Furthermore, from −49 to −76mm and from −79 to −111 mm,
the average horizontal heterogeneity indexes of sediment in
the Propsilocerus group (0.28 and 0.22, respectively) were
higher than those in the control group (0.13 and 0.17, respec-
tively) by a 115% and 29%, respectively.

After Days 15, 26, and 34 of Propsilocerus incubation,
sediments were collected from a depth of 6 cm to the deposi-
tion column surface (in two columns from each group) and
used for P classification experiments (Fig. 6). As shown in the
figure, NAIP of the Propsilocerus group increased significant-
ly (p < 0.05), while TP, IP, OP, and AP showed no significant
changes (p > 0.05). The sediment NAIP represents the P
bound to Fe, Mn, and Al oxides and hydroxides. The increase
in NAIP concentration indicated that more P was bound to Fe,
Mn, and Al oxides and hydroxides in the Propsilocerus bio-
turbation sediments. These results were consistent with those
from the literature (Chen et al. 2015; Granéli 1979; Matisoff
et al. 1985).

Iron mobility in sediments with larval bioturbation

The effects of larval bioturbation on soluble Fe(II) in sediment
pore water were similar to those observed for SRP. In the first
three sampling time points, larval bioturbation significantly
decreased the soluble Fe(II) concentrations (p < 0.05)
(Fig. 7). The greatest reduction (49%) occurred on Day 15
(Tukey’s HSD test, p < 0.001), with the affected depth ranging
from the sediment–water surface to −60 mm. Following Day
15, the effects of larval bioturbation decreased gradually, and
on Day 34, the soluble Fe(II) between the two groups was
virtually equivalent (p > 0.05). Thus, larval bioturbation
showed no long-term effects on soluble Fe(II). These results
were consistent with those of Zhang et al. (2010). In addition,
the variation of soluble Fe(II) was consistent with that of DO
and Eh (Fig. 2).

On Days 5, 15, and 26, larval bioturbation significantly
decreased the labile Fe concentrations (p < 0.05) by 78%,
56%, and 71%, respectively. The largest reduction occurred
on Day 5 (Tukey’s HSD test, p < 0.001), with the affected
depth ranging from the sediment–water surface to −60 mm,
and on Days 15 and 26, the affected depth reached −90 mm.
Furthermore, on Day 26, the effects of larval bioturbation
diminished, and on Day 34, the reduction of the labile Fe
concentration reached 39%. These findings were consistent
with those of DO and Eh (Fig. 2).
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The relationship between P and Fe

Pearson correlation analysis showed that on Days 5, 15, 26,
and 34, labile P and labile Fe were positively correlated
(p < 0.01; Table 1). SRP and soluble Fe(II) were positively
correlated in the first two and three sampling time points of
the Propsilocerus group and control group, respectively.

Kinetics of P mobility in the sediments

The DIFS model was used to simulate the supplemental dy-
namic capabilities of surface (0–4 cm) sediment P (from the
solid phase to the liquid phase) on Day 15 in the control and
Propsilocerus groups. The inputs and outputs of the DIFS
model are shown in Table 2. The R, k1, and k—1 values in
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the Propsilocerus group were lower than those in the control
group. The R, k1, and k—1 values in the control group were
1.2, 4.5, and 10 times those of the Propsilocerus group, re-
spectively. In contrast, the values of Kd and Tc in the

Propsilocerus group were 3.5 and 3.6 times higher than those
in the control group, respectively.

Discussion

To facilitate respiration and the filtering of phytoplankton
from the overlying water, Propsilocerus irrigated the
oxygen-rich overlying water into their U-shaped burrows,
which increased the oxygen penetration depth in the sedi-
ments (Lewandowski and Hupfer 2005; Lewandowski et al.
2007; Zhang et al. 2010) (Fig. 2). Oxygen irrigated into these
burrows subsequently diffused, forming an oxidized layer
around the burrow. Within this oxidized layer, the oxidation
of Fe(II) into Fe(III) oxyhydroxides turned the surroundings
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Fig. 7 Effects of larval bioturbation on soluble Fe(II) and labile Fe concentrations in sediment profiles (The data of soluble Fe(II) on Day 15 are from
Yang et al. 2016)

Table 1 Correlation analyses between soluble/labile P and Fe

Groups Days r p

SRP vs. soluble Fe(II) Propsilocerus 5 0.529*** < 0.001

15 0.801*** < 0.001

26 0.076 0.527

34 −0.411*** < 0.001

Control 5 0.649*** < 0.001

15 0.915*** < 0.001

26 0.399*** < 0.001

34 0.033 0.787

Labile P vs. labile Fe Propsilocerus 5 0.511*** < 0.001

15 0.618*** < 0.001

26 0.239** < 0.01

34 0.435*** < 0.001

Control 5 0.377*** < 0.001

15 0.705*** < 0.001

26 0.564*** < 0.001

34 0.763*** < 0.001

Table 2 DIFS model input and output parameters

DIFS Parameters Unit Propsilocerus Control

Input R – 0.248 0.287

Kd cm3 g−1 3.59 × 103 1.04 × 103

Output Tc s 420 116

k1 s−1 0.002 0.009

k—1 s−1 2.57 × 10−6 2.62 × 10−5
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brown (Einsele 1936; Mortimer 1941) and thus decreased the
labile Fe and soluble Fe(II) concentrations in sediments
around the burrows (Fig. 7). The newly formed Fe(III)
oxyhydroxides, with support from the significant positive cor-
relation between soluble and labile P and Fe (Table 1), then
adsorbed pore water SRP and labile P near the burrows
(Mortimer 1941; Chen et al. 2019; Ding et al. 2016;
Søndergaard et al. 2003). The adsorption of Fe(III) decreased
the sediment labile P and SRP concentrations around the bur-
rows (Fig. 4, 5a), increased the horizontal heterogeneity of
sediment labile P (Fig. 5b), and allowed the fixing of the
adsorbed SRP and labile P in the sediment particles.
Furthermore, this increased the sediment non-apatite inorgan-
ic phosphorus (NAIP; Fig. 6) while decreasing the ability of
sediment solid particle P to supplement SRP. Finally, it
inhibited the release of sediment labile P and SRP and de-
creased the overlying water P flux (Chen et al. 2015;
Lewandowski and Hupfer 2005; Lewandowski et al. 2007;
Zhang et al. 2010) (Fig. 3). In the sampling site, the release
of SRP to the water column was 30.6 mg m−2 (SRP concen-
tration × water depth). The mean fluxes of P on Days 5 and 15
were 0.079 and − 0.027 mg m−2 h−1 in the control and
Propsilocerus treatments, respectively (Fig. 3). In the control
treatment, the release of SRP to the water column was
30.34 mg m−2 after 16 days, which was similar to that in situ.
In the Propsilocerus treatment, the release of SRP to the water
column was −10.37 mg m−2 after 16 days of bioturbation.
This indicates that the SRP was absorbed at 10.37 mg m−2

after 16 days of Propsilocerus bioturbation. Therefore, the
Propsilocerus bioturbation could decrease SRP release from
sediments to the water column by 34% after 16 days.

The DIFS model results further demonstrated that the
Propsilocerus bioturbation inhibited the release of sediment
labile P and SRP. The R value reflects the supplemental capa-
bility of sediment particle-adsorbed P to pore water (Harper
et al. 2000). The R value in the Propsilocerus group was lower
than that in the control group (Table 2), indicating that the P
supplemental capability (of sediment particle-adsorbed P to
pore water) was slower in the Propsilocerus group than that
in the control group. The Kd values indicated the P mainte-
nance capability of the sediment system under equilibrium
conditions (Zhou et al. 2005). Kd in the Propsilocerus group
was found to be higher than that in the control group, which
indicated the stronger P maintenance capability of the sedi-
ment in the Propsilocerus group. Tc was used to describe the
equilibration time of the sediment system (Harper et al. 1998),
and this value was higher in the Propsilocerus group than that
in the control group. This shows that Propsilocerus bioturba-
tion caused an increase in the equilibration time of the sedi-
ment system. Furthermore, the k1 and k—1 values in the con-
trol group were higher than those in the Propsilocerus group.
Thus, Propsilocerus bioturbation increased the system equil-
ibration time by slowing the P adsorption and desorption rates

of sediment solid particles (Chen et al. 2016). Overall, these
results indicate that Propsilocerus bioturbation inhibited the
sediment particle P release into pore water.

Conclusions

Using indoor-cultivated in situ sediment cores, combined with
high-resolution DGTand HR-Peeper techniques, the P mobil-
ity in the bioturbated sediments was explored in the micro-
scale. Results showed that P changes were primarily con-
trolled by Fe oxidation adsorption. Respiration by larval
P. akamusi introduced oxygen-rich overlying water to the U-
shaped burrows and increased the OPD and Eh in the sedi-
ment. Furthermore, this oxidized Fe(II) around the burrows
into Fe(III) oxyhydroxides, increased the SRP and labile P
adsorption capability of sediments around the burrow, and
inhibited the supplemental abilities of P from sediment solids.
This decreased the labile P and SRP concentrations in the
sediment.
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