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Bioturbation of infauna plays an important role in the biogeochemical processing of
sediments. Infaunal animals build burrows and enlarge the sediment-water interface by
their activities and so bioturbation is closely related with burrow structure and animal
behavior in the sediment. The purpose of this study is to explore the characteristics of
Perinereis aibuhitensis burrow structures with the factors of months and animal sizes
(0-1g, 1-2g, 2-3g, 3-4g, and >4g), which would also provide useful knowledge of infauna
behavioral ecology. The dimension and complexity of the burrows of P aibuhitensis were
measured by dissecting sediments. The results showed that there were three burrow
shapes of R aibuhitensis, i.e., |, Y and U shapes. Overall, the order of abundance of each
of the three burrow shapes were | > Y > U. Larger P aibuhitensis are inclined to build
Y- and U-shaped burrows in June and August. There were significant differences in the
tunnel diameter, burrow depth and burrow length separately between different polychaete
size classes (P< 0.001). In February and August, the burrow depths and burrow lengths of
P aibuhitensis individuals with body weights of 1-2 g and 2-3 g were significantly greater
than in other months (P< 0.001). P aibuhitensis individuals of 1-2 g and 3-4 g body
weight had significantly more burrow openings and branches in August than in February
(P< 0.001). Within the same month, the burrow HEindex increased with increasing
polychaete size, and when the sizes were 1-2 g, 2-3 g and 3-4 g, the complexity in
August was higher than that in other months. This study suggests that I-shaped burrow
dominants the burrow architecture of P aibuhitensis. The polychaete with large size has
a higher HEindex (burrow complexity) indicating a strong bioturbation ability. Y-shaped
burrows are more conducive to the survival of P aibuhitensis in hot weather. In order to
adapt to environmental stresses outside, P aibuhitensis usually builds deeper burrows.

Keywords: benthos, infauna, tidal zone, burrow architecture, burrow complexity

INTRODUCTION

The ecological functions of bioturbation have been well studied (Yazdani-Foshtomi et al., 2018;
Mustajérvi et al., 2019). Bioturbation can promote biogeochemical processes (Fang et al., 2016; Hu
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et al,, 2021). The biological, chemical, and physical properties of
sediment were changed by bioturbation. It could also accelerate
substance exchange at the sediment-water interface including
the flux of dissolved oxygen in the sediment (Forster and Graf,
1995; Duport et al., 2006; Turek and Hoellein, 2015). During the
processes of bioturbation, the infauna plays very important role
through building burrows, foraging, pumping water and other
behaviors (Duport et al., 2006; Mustajarvi et al., 2019). However,
little is currently known about the behavior of infauna in the
burrow, mainly due to the difficulty of direct observation and
the lack of knowledge of aspects such as burrow architecture and
food sources.

In previous studies, transparent tubes have been used to
observe the behavior of infauna (Kristensen, 1983; Miron and
Kristensen, 1993). However, the burrow structure of infauna is
diverse (Miron et al., 1991; Kristensen and Kostka, 2005). There
are many infauna species which have many different burrow
shapes (Miron et al., 1991; Kristensen and Kostka, 2005), and
it is difficult to explore the complexity of every species. As with
the burrow shapes, the burrow complexity of the infauna varied
across species and sediment types. There were only some general
descriptions about burrow complexity or some descriptions only
with several structural parameters (Correia and Ferreira, 1995;
Baird, 2014; Wang et al.,, 2014). The integration of structural
parameters and the use of suitable methods to quantify burrow
complexity can promote the research of the infauna biology.
Until now, the burrow structure of many dominant species in the
sediment are still unknown. Additionally, the composition of the
substrate of infauna burrow structure is diverse, including soft
mud, sand, and gravel. Suitable sampling methods are helpful to
reveal the burrow structure of different substrata and increase the
reliability of data. In this study, dissecting is suitable for soft mud.

Polychaetes are common infauna of the coastal intertidal zone
and contribute to the remediation of sediment and ecological
recovery in natural waters (Koo and Seo, 2017; Chouikh et al.,
2020; Gopal et al., 2020; Fang et al., 2021b). Many studies have
been conducted on the relationship between sediment and
polychaete from several aspects, such as sediment selectivity,
irrigation, burrowing, dissolved oxygen and microbial community
(Papaspyrou et al., 2006; Shull et al., 2009; Crane and Merz, 2017;
Fang et al., 2021a). However, burrow architecture is still not
clearly understood. Much of the morphological description is not
clear and it is common practice to name burrow shapes based on
the similarity between burrow architecture and English-language
letter shapes (Davey, 1994; Liu and Hsieh, 2000). Understanding
burrow architecture is needed in order to understand the process
of polychaetes adapting to the sediment. Burrow architecture
may be closely linked to the season, density and species of
polychaete (Miron et al., 1991; Kristensen and Kostka, 2005; Koo
et al,, 2007). In addition, the size of polychaete individuals may
also have an influence on the burrow architecture (Davey, 1994).

Perinereis aibuhitensis (Grube, 1878), as one of the important
aquaculture species widely distributed in estuarine and tidal zones
along the west coast of the Pacific Ocean (Sun and Yang, 2004),
has a significant disturbance effect on sediments by burrowing
(Fang et al.,, 2017). After inhabiting for a period of time, there are

many openings and branches left by P. aibuhitensis in sediments
(Lee and Koh, 1994). These structures can significantly increase
the surface area of sediment-water interface, and then increase
the occurring of biogeochemical processes and the total content
of dissolved oxygen in the burrow (Koo et al., 2005). Different
burrow shapes could induce different bioturbation function and
biogeochemical processes. In this study, factors influencing P
aibuhitensis burrow architectures were explored, which could
provide useful method and data support for the study of infauna
behavioral ecology and expand the knowledge of polychaete
biology.

METHODS
Experiment Set-Up

The experiment was conducted in an outdoor rectangular cement
pool (2.0 mx1.4 mx0.8 m). A flexible detachable wooden frame
(1.0 mx0.5 mx0.5 m) was placed in one corner of the pool as
an experimental operating space. Sediment (clayey silt) obtained
from the natural polychaete habitat was placed into the pool to a
depth of 50 cm, then mixed with appropriate amounts of seawater.
The pool was then left to settle for 1 month with continuous
flowing sea water passing through it. The pool was about 50m
away from the seashore. The sediment, water situation, and tide
were simulated similar with the natural habitat.

P. aibuhitensis were collected from a polychaete farm in
Shandong Province, China (36°50'52" N, 121°28'31" E) on 1%,
August, 2020. Active animals with different sizes (0.01g - 4.0g)
were selected and separated to three groups (>3 g, 1-3 g, and
0.01-1 g) according to the wet weight. The ranges of the animal
size covered most sizes of the natural P. aibuhitensis (Choi and
Lee, 1997). Then, they were placed on the sediment surface
(the flowing water was stopped in advance) in a fan-shaped
distribution along the edge of the operating space in the order
of wet weight (Figure 1). Fan-shaped placement enabled us to
get P. aibuhitensis with different weights more easily. There were
about 300 animals in each group. When all P. aibuhitensis had
drilled into the sediment, the flowing natural seawater (pumped
from seashore, 1.5 - 3 L/min) was restarted, maintaining a water
depth of 4-5 cm over the sediment. During the experiment, the
flowing seawater was stopped in the morning for six hours then
continued in the afternoon every day. The polychaete were fed
with 50g artificial shrimp feed (size Imm) every two days.

Sampling Methods

Sampling was conducted every two months: October and
December in 2020 and February, April, June and August in 2021.
About 30 burrows were investigated each time. The temperature
was measured with a glass thermometer (0.1°C). Then, the flowing
seawater in the pool was stopped one hour before sampling.
Each sampling was randomly carried out from the edge of the
operating frame to further area of the pool. In order to well track
a burrow in the soft sediment, edible pigment solution (China,
FleurCouleur, main ingredients: water, sorbitol, carmine, brilliant
blue, tartrazine, glycerol) with a specific color was injected into the
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FIGURE 1| The layout of experiment and the placing of P. aibuhitensis. The inlet of water tap was immersed on the bottom of the operating frame.

opening of a burrow. Within one minute, the color would be well
spread through the whole burrow. Then, the sediment around the
burrow was gently removed using a spoon tracking the pigment
color, until all the burrow and its branches were exposed. The
adjacent burrows were colored with different pigments (green,
purple, blue and red) to avoid burrow confusion. Half of burrow
along the burrow axis was left in the original sediment, and the
other half was removed. During this process, the tunnel diameter
(W mm) and depth (D cm) of the burrow was measured with a
vernier caliper and a steel ruler, respectively. The length (L cm) of
the burrow was traced with a soft cord, which was then measured
using a steel ruler. The polychaete in the measured burrow was
taken out and weighed using an electronic balance (m, 0.01g) and
they were not putted back to the experimental pool. The side view
of the burrow architecture was recorded by being hand drawn on
paper. At the same time, the number of burrow openings (N,)

TABLE 1 | Definitions of burrow shapes and burrow architectural parameters
(Lee and Koh, 1994; Davey, 1994; Kristensen and Kostka, 2005).

Burrow architecture Definition

Main tunnel The longest tunnel from burrow opening to the
end of the burrow.

Where burrow length is more than a quarter of the
main tunnel length.

There is no long branch along the main tunnel.

A burrow with one or more long branches.

A burrow with only one long branch. The length
below the connection between the long branch
and the main tunnel is less than one quarter of the
main tunnel.

The number of burrow branches except for the
main tunnel.

The average tunnel diameter of the polychaete
burrow. Measuring three times at three points
(2-3cm depth, middle position and bottom) of the
burrow.

The vertical height from the sediment surface to
the end of the burrow.

The sum of the main tunnel and the longest long
branch.

Long branch
|-shaped burrow

Y-shaped burrow
U-shaped burrow

Number of burrow branches

Tunnel diameter

Burrow depth

Burrow length

and burrow branches (N,) were recorded. After each sampling, all
the sediment was backfilled. The definitions of burrow shape and
burrow architectural parameters are presented in Table 1.

Burrow Complexity Index

In order to quantify the complexity of an animal’s burrow
inside the sediment, the burrow complexity index (HEindex)
was designed. In this study, HEindex integrated both burrow
dimension (burrow depth, burrow length) and complexity
parameters (number of openings and number of branches) of P
aibuhitensis. The burrow structures of infauna may differ from
species (Kristensen and Kostka, 2005). Therefore, the parameters
used to calculate the HEindex of infauna could be adjusted. A
general HEindex is calculated as follows:

* * * *
X, * X, * X, X,
* * * *
1max XZmux XSmax i Xnmax

— H;X"
Hi:lXim‘”‘

HEindex =

Where X, is the value of the n parameter, and X, is the

maximum value of the n parameter in samples. X; is the X, .
According to the burrow structure of P aibuhitensis, the

HEindex’s formula for P. aibuhitensis burrows is calculated as

follows in the present study:

N,*N,*D*L
*N, *D, *L

1max 2max max max

HEindex =

Where N,, N,, D and L represent the number of burrow openings,
the number of burrow branches, the burrow depth, and the
burrow length, respectively; Ny« Nona Diax @and L. are the

maximum value of burrow openings, the number of burrow
branches, the burrow depth, and the burrow length, respectively.
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Statistics

Structural parameters, including tunnel diameters, burrow
depths, burrow lengths, number of burrow openings, number
of burrow branches and HEindex, were subjected to two-way
analyses of variance (ANOVA) to compare the interaction
between size classes and sampling time (two factors). The size
classes were ranged as 0-1g, 1-2g, 2-3g, 3-4g, and >4g (five
classes) according to the collected wet weight data of polychaete.
Performing a log transformation for some data was necessary,
which were found not to exhibit normal distributions with
homogeneous variance. Subsequently, means with significant
difference from each other in the ANOVA tests were determined
by least significant differences (LSD) comparisons. A Bonferroni
adjustment was used to all structural parameters to avoid the
magnification of statistical errors resulting from the repeated
uses of ANOVA. Regression analysis was used to analyze the
relationship between P aibuhitensiss wet weight and tunnel
diameter, depth and length. The proportions of different burrow
shapes were calculated in different size classes and months,
respectively. All analyses were performed using the software
language R (Version 3.6.3). Differences were considered
statistically significant if P< 0.05.

RESULTS

The average temperature of the overlying water in February,
April, June, August, October, and December were 4.7°C, 17.0°C,
22.6°C, 27.2°C, 23.1°C, and 8.3°C, respectively.

Burrow Shape

The three burrow shapes (I, Y and U) found in this study are
shown in Figure 2. The abundances of each of the three burrow
shapes were in the order I > Y > U. The proportion of I-shaped
burrows was 52%, which was the dominant burrow shape of
P aibuhitensis. The number of I-shaped burrows decreased
gradually with increasing polychaete size class, while the number
of Y-shaped burrows and U-shaped burrows increased with
increasing polychaete size class (Figure 3A). The proportion of

I-shaped burrows in February, April, October and December was
more than 60%. The Y-shaped burrows and U-shaped burrows
accounted for the largest proportions in August, accounting for
53% and 30%, respectively (Figure 3B).

Burrow Dimensions

Two-way ANOVA tests showed that tunnel diameters were
significantly affected by the size class of the P. aibuhitensis and
the sampling month (size class: F = 153.901, P< 0.001; sampling
month: F = 7.208, P< 0.001). The interaction between size class
and sampling month was not significant (F = 1.851, P = 0.0261).
There was a significant difference in the tunnel diameters
of worms between different size classes in the same month
(P< 0.001, Figure 4A). The tunnel diameter increased with
increasing polychaete size class. However, there was no significant
difference between different sampling months in the same size.
The regression equation of the relationship between the mass and
the tunnel diameter of P. aibuhitensis was obtained by regression
analysis: W = 4.601m°>! (R, = 0.8245, P< 0.001, Figure 5A).

Two-way ANOVA showed that the burrow depth was
significantly affected by size class, sampling month and their
interaction (size class: F = 442.3, P< 0.001; sampling month:
F = 35.95, P< 0.001; interaction: F = 4.041, P< 0.001). There was
a significant difference in the burrow depth of worms between
different size classes in the same month (P< 0.001). The burrow
depth increased with increasing size class. The burrow depths of
February and August were significantly deeper than other months
with the same size class (P< 0.001), including 1-2 g, 2-3g,3-4 ¢
(Figure 4B). The regression equation of the relationship between
the mass and the burrow depth of P. aibuhitensis was obtained
by regression analysis: D = 17.986m**** (R?4; = 0.7139, P< 0.001,
Figure 5B).

Two-way ANOVA showed that the burrow length was
significantly affected by size class, sampling month and their
interaction (size: F = 88.138, P< 0.001; month: F = 15.535, P<
0.001; interaction: F = 2.964, P< 0.001). There was a significant
difference in the burrow length of worms between different
size classes in the same month (P< 0.001). The burrow length
increased with increasing size class. The burrow length in both

Faeces —

Burrow

Perinereis
aibuhitensis

Sediment

FIGURE 2 | The three burrow shapes of P aibuhitensis observed in this study.
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L B
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13%
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Jun.

FIGURE 3 | The proportions of the three burrow shapes of P, aibuhitensis created by polychaete of different size classes (A) and at different sampling months

(B). The compositions of all burrow shapes are shown in the first pie chart in (A).

June and August was longer than those in February and December
in the 1-2 g, 2-3 g, 3-4 g and >4 g size classes (Figure 4C). The
regression equation of the relationship between the mass and
the burrow length of P. aibuhitensis was obtained by regression
analysis: 1L=33.223m®** (R*4; = 0.5786, P< 0.001, Figure 5C).

Burrow Complexity

Two-way ANOVA showed that sampling month significantly
affected the number of burrow openings (N, month: F = 8.476, P<
0.001), but the size class and interaction were not significant (size
class: F = 3.083, P = 0.0186; interaction: F = 0.649, P = 0.8456).
The number of burrow openings in February and December were
significantly less than that in August (P< 0.001), including in the
1-2 g,2-3 g and 3-4 g size classes (Table 2), and tended to decrease
compared with those in other months.

Two-way ANOVA showed that sampling month significantly
affected the number of burrow branches (N, F = 8.653, P< 0.001),
but the size class did not (F = 1.68, P = 0.159). There was no
significant interaction with size class (F = 1.179, P = 0.292). The
number of burrow branches in August was significantly higher
than in February and October (P< 0.001), including in the 1-2 g
and 3-4 g size classes (Table 2). With the same size class, the
number of burrow branches in February and December tended
to decrease compared with those in other months (Table 2). The
number of burrow branches in the 0-1 g size class was significantly
lower than in the 1-2 g, 3-4 g and > 4g size classes (P< 0.001) in
August.

The mean values of the HEindex were lower than 0.2. Two-way
ANOVA showed that the HEindex was significantly affected by size
class, sampling month and their interaction (size class: F = 4.442,
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P = 0.00236; sampling month: F = 9.216, P< 0.001; interaction: F =
2.663, P=0.00124). There was a significant difference in the HEindex
between different size classes including in February and April (P<
0.001, Figure 6). The HEindex increased with the increasing size

class. In April, the HEindex in 2-3 g, 3-4 g and >4 g was significantly
higher than in 0-1 g and 1-2 g (P< 0.001). The HEindex tended to
increase with the increasing size class in October. In the size class
1-2 g, the HEindex in August was significantly higher than other
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squares linear regression of the filled symbols according to the inset equations.

sampling months (P< 0.001). In the size class >4 g, the HEindex in
June was significantly higher than in December (P< 0.001).

DISCUSSION

Burrow Shapes of Infauna
We specifically defined burrow shapes for P. aibuhitensis according
to the length of the burrow branch. This definition may also be

suitable for burrows of other benthic invertebrates. Kristensen
and Kostka (2005) provided definitions of I-, J-, U- and Y-shaped
burrows for benthic invertebrates based on the number of
burrow openings and of horizontal and vertical axes. Kristensen’s
classifications of I- and Y-shaped burrows were consistent with
those used in this study if the burrow had 1-2 openings, but
were not completely consistent when there were more than two
openings and branches in a burrow. Burrow characteristics, such

TABLE 2 | The number of P, aibuhitensis burrow openings (N,) and burrow branc

hes (N,) for different size classes and sampling months (mean + S.E).

Parameter Size class (g) Oct. Dec. Feb. Apr. Jun. Aug.

N, 0-1 1.7+£0.3 3.0+1.0° 1.3+0.32 22+042 3.1+1.52 23+0.3
1-2 20+02° 2.7 +0.7% 1.0+0.0° 3.2+ 0.7% 43+1.2° 7.3+0.9°
2-3 2.3+0.5% 2.8 +0.5% 1.6+0.3° 4.0 +0.8%® 3.6 +0.9%® 4.8+ 1.0°
3-4 NA 2.8+0.3° 2.0 +0.4° 3.9 +0.8%® 4.0+1.2%® 6.8+1.7°
>4 NA 1.7£0.72 NA 2.7+0.70 50=+20° 4.7 +1.12

N, 0-1 w1.0 +0.6° 3.7+1.22 1.7+0.9° 4.6 0.6 7.3+4.12 0.7 +0.3%
1-2 22+05° 2.7 +1.2¢ 1.0+0.0° 42+ 1.1° 8.1=+17° 12.5 + 1.4
2-3 1.7+1.2° 4.8+ 1.3%® 2.6+0.8° 5.8 + 1.0%® 56+ 1.8® 7.9+ 1.418a
3-4 NA 3.5+1.0° 2.3 +0.5° 6.7 +2.1% 43 +1.2%® 12.9 £ 3.3%
>4 NA 1.3£0.3° NA 4.0 +0.6% 9.3+242 7.3 = 1.4%8

Different capital letters represent significant differences between size classes with the same month (P< 0.05). Different lowercase letters represent significant differences
between sampling months within the same size class (P< 0.05). NA indicates that there is no data in this group.
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as burrow depth, number of openings, number of branches, vary
by species (Kristensen and Kostka, 2005). Species specificity
is one of reasons for the discrepancy between this study and
Kristensen’s classification of burrow shapes.

In this study, we divided the burrow shapes into three classes:
L, Y, and U shapes. Building complex biogenic structures is an
expression of animal adaptation to the environment. From the
perspective of structural composition, the early construction and
later maintenance of the I-shaped burrow is easier than that of
Y- and U-shaped burrows. The Y- and U-shaped burrows have
a wide range of space extension and more complex structures.
The characteristics of Y- and U-shaped burrows may contribute
to cooling and storing water (Koo et al., 2005). Thus, Y- and
U-shaped burrows may have a survival advantage over I-shaped
burrows in the face of extreme environments.

In our first four samplings, more than 60% of burrows were
I-shaped. In the last sampling montbh, i.e. in August, the I-shaped
burrows lost dominance and the proportion occupied by Y- and
U-shaped burrows was at a maximum. The shapes of Nereis
diversicolor burrows often changed from the simpler I- and
U-shapes to the more complex Y-shapes (Davey, 1994) over
periods of weeks. Michaud et al. (2010) suggested that the burrow
structure of polychaetes tends to stabilize over time. These results
were obtained by X-ray photography in the laboratory and
their experiment was carried out for a few days to one month.

Therefore, P. aibuhitensis’s burrow shape would change from
I-shaped burrow to more complex shapes over time. In addition,
the natural in situ environment is complex, and there may be
many conditions affecting the evolution of burrow architecture.
The average temperature of the overlying water was maximum
in August, minimum in February. This result indicates that the
behavior of building Y- and U-shaped burrows of P. aibuhitensis
may be triggered by certain environmental conditions. However,
more research on an extensive thermal profile is needed before
inferring on the role of temperature.

We found that there were differences in burrow shapes and
the burrow dimensions among the different size classes of P
aibuhitensis. The activities of foraging, building burrows and
water exchange in the sediments of infauna constantly change
the structure of the burrow (Hertweck et al., 2007). The change
of burrow structure can reflect the intensity of this activity. This
activity intensity may be affected by animal size, temperature,
tide level and vegetation density (Zheng and Fan, 1986; Davey,
1994; Koo et al., 2005; Koo et al., 2007). In this study, when the
animal mass was less than 2 g, I-shaped burrows dominated.
More than half of burrows built by animals over 2 g were Y- and
U-shaped burrows. Within the same month, the HEindex had a
trend of increasing with increase of animal size class. In addition,
the tunnel diameter, depth and length of the burrows increased
with the increase of animal size. It is a common ecological
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phenomenon that living space increases with increasing animal
size (e.g., Davey, 1994). Reise (1979) found that polychaetes
present size stratification, and the habitat depth of adults is
greater than that of juveniles. Thus, the bigger polychaete
requires a larger living space. Moreover, Kristensen and Kostka
(2005) inferred that only organisms with greater muscle capacity
could effectively build deep burrows. The larger the size of P
aibuhitensis, the stronger the capability of bioturbation in the
burrow. This capability is often of great importance in burrowing
progress. As the size of P aibuhitensis increases, the burrows
will be more complex. Driven by need, it will be an inevitable
result that burrow dimension of P. aibuhitensis increases with the
increase of body size.

Parameters of Burrow Structure

The tunnel diameters of P. aibuhitensis’s burrows tended to increase
in the winter months such as February and December for the large
size classes, i.e., 2-3 g, 3-4 g, >4 g. It is now known that the tunnel
diameter of benthos is closely related to body width (Nickell and
Atkinson, 1995). When we sampled in February and December,
many worms stayed in the burrows in a curled-up position with thin
mucus and responded slowly to being disturbed. The tunnel diameter
of curled-up position was enlarged. This behavior is similar to the
sea cucumber (Apostichopus japonicus) during hibernation (Yu and
Chang, 2008). Curling in thin mucus might keep be moist, which
might be a manifestation of benthos adapting to a low temperature
environment.

According to our result, in the size classes 1-2 g, 2-3 gand 3-4 g,
the burrow depths in both February and August were significantly
greater than those in other months (P< 0.001). In winter months,
polychaete burrows were generally deeper (Zheng and Fan, 1986;
Esselink and Zwarts, 1989; Hertweck et al., 2007). In addition, Koo
et al. (2007) found that the burrow depths of large polychaetes,
such as Periserrula leucophryna and P. aibuhitensis, in summer were
significantly greater than those in spring when they conducted
the sampling in the upper intertidal zone. The same time, they
also observed that the sediment temperature in summer generally
decreased with increasing depth. Our measurements showed that
the sediment temperature increased with depth in cold months.
An inversion of temperature-depth patterns happens in summer
and winter. The polychaetes could choose a suitable habitat
temperature by burrowing to avoid extreme temperature outside of
the sediment, which is an adaptive behavior of polychaetes to the
external environment. Hence, our observations suggest that the P
aibuhitensis adapts to extreme ambient temperature conditions by
building deeper burrows.

Most P, aibuhitensis inhabit the upper layers of the tidal zone.
In order to obtain more food and renew water when the tide
comes, they build burrows with very complex structures (Lee and
Koh, 1994). In addition to the dense openings on the sediment
surface, they also build many branches beneath the sediment. As
a subsurface deposit-feeder, the burrow opening is its window to
the outside world, and its complex branches are the result of the
animal crawling and devouring sediments (Lee and Koh, 1994;
Hertweck et al., 2007). Burrows openings and burrow branches can
facilitate the ability of the P. aibuhitensis to forage, evade predators,

and exchange water in the burrow and are good indicators of
the complexity of burrows. Moreover, the HEindex, integrating
both dimension and complexity parameters, was used to make a
quantitative description for complexity of P. aibuhitensis burrow.
The same applies to intraspecific comparisons of burrow complexity
among other infauna. This study found that the number of burrow
opening, branches and HEindex were mostly higher in August than
in other months. Some researchers found that the high temperature
in summer promotes the growth of benthic algae, and the abundance
of food increases the feeding intensity of P. aibuhitensis. Nevertheless,
in summer, the lower concentration of dissolved oxygen in the water
can restrict the growth of polychaetes (Forbes and Lopez, 1990) and
change the bacteria in the burrow from aerobic to anaerobic (Guo et
al.,, 2022). Therefore, frequent activity of polychaete induced more
openings and branches in summer.

Experimental Methods for Exploring
Burrow Structure

Shinn (1968) developed a resin casting method to study the
burrow structure of benthos. Following that study, many
researchers carried out a series of behavioral ecological studies
using the same method. Katz (1980) found that plaster of paris
can also be used to cast burrows, which was rarely applied. Davey
(1994) used resin castings with X-rays to study the behavior and
burrow structure of Nereis diversicolor. Hertweck et al. (2007) not
only used resin casts but also dissected dried deposit cores. This
study draws on Hertweck’s experimental method. Compared with
fixing with chemical materials, the burrow directly excavated
on site can better reflect its real appearance, as site excavation
can examine a burrow without being affected by the nature of
the sediment. Moreover, resin and plaster of paris may not be
able to enter every space of a burrow after pouring due to the
viscosity of the material as well as the burrow contents. Some
researchers have suggested that resin casting is difficult to relate
an individual animal to an individual burrow (Davey, 1994). We
can ensure the matching of burrow to animal in the method used
here, and obtain enough samples to be statistically meaningful.
However, some shortcomings are present in the live dissection
method used here. For example, all data were collected in one
single experimental pool (no replication), which might induce
a pseudo-replication issue. Furthermore, the surface area of the
burrow wall cannot be measured, nor the three-dimensional
burrow shape. The sediment in this experiment primarily
consisted of clayey silt, so handling required special care.

CONCLUSIONS

There are many burrow shapes of P, aibuhitensis, which were classified
into three types of I, U, Y in the present study. The I-shaped burrow
is the dominant burrow shape of P aibuhitensis. The Y-shaped
burrows accounted for a large proportion in summer or in larger
individuals of P aibuhitensis. The bioturbation ability of large P
aibuhitensis was strong as their burrows were more complex showing
higher HEindex which could well reflex the burrow complexity of
infauna. The changes of burrow dimension could also reflect the
ecological habits of worms. The burrow depth of P. aibuhitensis was
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significantly greater in February and August than in other months,
which indicated that increasing burrow depth may be a way to adapt
to outside environmental stresses for P. aibuhitensis. Therefore, it
should increase the sediment depth for P, aibuhitensis aquaculture as
they were cultured in about 20cm depth sediment. In addition, in
winter, the tunnel diameter of P, aibuhitensis’s burrow was large and
P, aibuhitensis mostly curled up in the burrow. Hence, P, aibuhitensis
might exhibit hibernation, but further research is needed to
confirm this.
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