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Abstract: Burrows produced by marine invertebrates often harbor other small commensal invertebrates. The mud 
shrimp Upogebia is known to coexist with the myid bivalve Cryptomya in a burrow produced by the shrimp. Both 
species are filter-feeders, and thus interspecific competition or trophic niche segregation may occur in the burrow. 
Samples for carbon and nitrogen stable isotope analysis were collected from a tidal flat near the tidal inlet of Akkeshi 
Lake, Hokkaido, northern Japan in April 2013. In addition, stratified benthos sampling was conducted on the tidal flat 
in August 2018, to clarify the interspecific relationship between U. major and C. busoensis in the burrow. The stratified 
benthos sampling showed the vertical distribution of these species, and indicated that both species filter water from 
the same part of the burrow for feeding. The stable carbon and nitrogen isotope analysis showed that important food 
sources for both U. major and C. busoensis are marine phytoplankton and microphytobenthos. In addition, C. busoensis 
is likely to consume terrestrial organic matter whereas U. major is unable to utilize it. The partial trophic segregation 
between the species increases the potential benthic filtering because it allows the Upogebia burrow complex to con-
sume a wide variety of organic matter, and it might reduce interspecific competition between the filter-feeding host and 
its commensal species. These results demonstrate how ecologically similar macrobenthos can coexist in a burrow.
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Introduction

Filter-feeding benthic invertebrates are particularly im-
portant in seafloor ecosystems because they reduce the 
abundance of primary producers and alter the nutrient dy-
namics in the water column (Officer et al. 1982, Newell 
2004, D’Andrea & DeWitt 2009, Seike et al. 2020). The 
burrows produced by filter-feeding invertebrates also in-
crease the biodiversity in a benthic ecosystem because they 
often harbor other small commensal invertebrates (Anker 
et al. 2005, Dworschak et al. 2012). Burrowers (burrow 
hosts) and the small commensal invertebrates in the bur-
row (burrow associates) both affect the biogeochemistry 
of the overlying water (Griffen et al. 2004), as the removal 
of a large proportion of the suspended organic particles by 

benthic filtering indirectly regulates the nutrient dynamics 
in the overlying water. Moreover, high species richness in 
a burrow might reflect the high level of ecological func-
tions of the burrow because it allows a burrow system to 
filter a wide variety of organic matter from the seawater. 
Therefore, determining the ecological functions of both 
the burrowers and burrow associates is essential to under-
standing the biogeochemical cycles in marine ecosystems.

Upogebiid shrimps are a representative group of ecosys-
tem engineers on tidal flats and shallow-marine sea bot-
toms that can feed by filtering suspended organic particles 
from overlying seawater that circulates through their bur-
rows (Fig. 1C) (Dworschak 1981, 1987, Nickell & Atkin-
son 1995, Dworschak et al. 2012, Seike et al. 2020). The 
upogebiid shrimp irrigates the burrow with water, which 
is filtered during suspension feeding. The burrow of U. 
major consists of two sections, an upper U-shaped part and * Corresponding author: Koji Seike; E-mail, seike-k@aist.go.jp
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221Trophic segregation in a mud shrimp burrow

a lower I-shaped part (Fig. 1C; Kinoshita 2002). The over-
lying water is pumped through the U-shaped part of the 
burrow (Dworschak 1981), which is less than ∼50 cm deep 
(Kinoshita 2002). Because U. major juveniles (∼0.5 cm in 
carapace length) also produce U-shaped sections in their 
burrows (Kinoshita 2002), these shrimps are consistently 
filter-feeders without relation to their body or burrow size.

The myid bivalve Cryptomya, which is also a filter-feed-
er, lives in the Upogebia burrow wall with its siphon ex-
tending into the open tube (Itani & Kato 2002, Nara et al. 
2008) and The filter-feeding activities of the shrimp and 
the commensal bivalve, and the particle settlement within 
the burrow could remove suspended organic particles from 
the seawater drawn into the shrimp burrow. The filter-feed-
ing activities of these animals and the particle settlement 
are collectively referred to as the ‘burrow complex’ (Griffen 

et al. 2004). An aquarium experiment revealed that ∼40% 
of the total suspended particles in Upogebia pugettensis 
burrows were removed by the commensal bivalve Crypto-
mya californica (Griffen et al. 2004).

In some cases, the feeding habist and food sources differ 
among burrowing hosts and their associates (Kneer et al. 
2008), suggesting that they play different roles in consum-
ing organic matter from seafloor ecosystems. However, the 
food sources of Upogebia and Cryptomya have not been 
compared in in situ and thus remain unclear, suggesting 
that the trophic relationships between them (trophic com-
petition or segregation) are also unknown.

The stable isotopes of carbon (δ13C) and nitrogen (δ15N) 
provide powerful tools for estimating food sources in a 
natural community (Post 2002). The food sources of the 
upogebiid shrimps have been estimated using stable iso-

Fig. 1. Study site and Upogebia major burrow. A: Map of the tidal flat studied at Akkeshi Lake, Hokkaido, northern Japan. The meshed 
area represents marshes. AMS: Akkeshi Marine Station, Hokkaido University. Sampling points for terrestrial organic matter and marine phy-
toplankton are also shown. B: Photograph of the studied tidal flat surface. Note the abundant burrow openings produced by the mud shrimp 
U. major. C: Schematic diagram of the U. major burrow and living position of the commensal bivalve Cryptomya busoensis. The morphology 
of the U. major burrow is based on Kinoshita (2002). D: Photograph of the site of habitation of the Cryptomya bivalve, which attaches to the 
wall of the U. major’s burrow.
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topes (e.g., Yokoyama et al. 2005b, Kanana et al. 2007, 
2008, Antonio & Richoux 2014, Bosley et al. 2017), and 
were revealed to be mainly marine phytoplankton. In con-
trast, the stable carbon and nitrogen isotope ratios of Cryp-
tomya have rarely been investigated, except for one study 
in which Park et al. (2020) found that C. busoensis also 
consumes marine phytoplankton. The burrow host and as-
sociate having the same feeding habits suggests the occur-
rence of interspecific competition or trophic niche segre-
gation in the burrow, but this possibility has not yet been 
tested by comparing food sources of the upogebiid shrimp 
and its commensal bivalve in a tidal flat. We therefore 
measured the stable carbon and nitrogen isotope ratios to 
compare the food sources of the burrow producer (U. ma-
jor) and the burrow associate (C. busoensis). In addition, 
we measured population density of both species to discuss 
the trophic competition among them and the effect of their 
benthic feeding on the overlying water because filtering 
by a dense population of the upogebiid shrimp can reduce 
primary producers in a water column (Griffen et al. 2004, 
Seike et al. 2020). We also investigated the vertical distri-
bution of the two species using a stratified sampling meth-
od to clarify where the burrow host and burrow associate 
filter seawater within the burrow complex. By analyzing 
the stable isotope ratios and the commensal relationship, 
we show that the effects of the host animal and burrow 
associate on benthic filtering in a seafloor ecosystem dif-
fer, even within a single burrow complex. Determining the 
food sources of burrow hosts and their associates might 
clarify how so many invertebrate species coexist in the 
limited spaces of burrows.

Materials and Methods

Study site

Field observation and collection of the samples for the 
stable isotope analysis were conducted on a small tidal flat 
(∼1500 m2) near the tidal inlet of Akkeshi Lake, Hokkaido, 
northern Japan (Fig. 1; 43°03.05′N, 144°51.44′E). The mud 
shrimp U. major is the dominant species in this tidal flat 
while there are some intertidal molluscan species includ-
ing Mya arenaria oonogai, Macoma contabulata, and Ru-
ditapes philippinarum. The U. major burrow harbors other 
small commensal invertebrates including the myid bivalve 
Cryptomya busoensis, the scale worm Hesperonoe hwang-
haiensis, and the gobiid fish Gymnogobius macrognathos 
(Sato et al. 2016, Henmi et al. 2018). The burrows of U. 
major are seen throughout the tidal flat surface.

Benthos sampling

The vertical distribution of U. major and C. busoen-
sis was measured by stratified sampling as a part of field 
courses for undergraduate and graduate students orga-
nized by Akkeshi Marine Station, Hokkaido University in 
August 2018. A plastic pipe, 20 cm in diameter (covering 

∼0.03 m2) and 55 cm long, was inserted into the substrate 
of the tidal flat. The sediment within the pipe was excavat-
ed with a shovel, and was collected at 5 cm intervals. The 
collected sediments were then washed through a 1.0 mm 
mesh sieve. All U. major and C. busoensis individuals re-
maining on the screen were counted to calculate popula-
tion density in each layer. Three replicates of the strati-
fied sampling procedure were conducted, and a total of 30 
layers (10 layers for each sampling pipe×three replicates) 
were investigated.

Burrow density measurements

Field counts of burrow-producing invertebrates, such 
as upogebiid shrimps, can be used to determine popula-
tion densities because the abundance of burrow open-
ings reflects the population density (Butler & Bird 2007, 
D’Andrea & DeWitt 2009). Prior to the stratified benthos 
sampling, we measured the burrow density to estimate 
the population density of U. major using the same sam-
pling pipe. Because U. major burrows show a Y- or U-
shape morphology with 2 openings on the seafloor sur-
face (Kinoshita 2002), the number of burrows divided by 
2 equals population density of the shrimp. The burrow 
density was determined by counting the number of bur-
row openings within a plastic pipe 20 cm in diameter (cov-
ering ∼0.03 m2). The smallest burrow opening measured 
in this study was ∼5 mm. Three replicate measurements 
were made for the burrow counts. Also, the number of C. 
busoensis per single U. major burrow was calculated as the 
measured total number of the bivalve divided by the mea-
sured population density of U. major.

Stable isotope analysis

Stable isotope samples of Upogebia major and C. bu-
soensis were collected from the same tidal flat in April 
2013. The collected U. major (carapace length: 5.6–
24.4 mm) were stored immediately after collection at 
−20°C while C. busoensis (shell length: 6.4–13.9 mm) 

Fig. 2. Vertical distribution of Upogebia major (left) and Cryp-
tomya busoensis (right). Error bars represent mean + standard 
deviation.
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were placed in clean seawater for 12 h to evacuate gut 
contents before storage at −20°C. The muscle tissues of 
U. major and all tissues of C. busoensis were used for 
the stable isotope analysis. Because the C. busoensis indi-
viduals had a small amount of muscle tissue, we analyzed 
whole soft tissue of the bivalve. Previous studies showed 
that there are no clear differences in carbon and nitrogen 
isotope values between muscle and whole soft tissues of 
bivalves (Yokoyama & Ishihi 2006).

We examined the marine phytoplankton, microphyto-
benthos, and terrestrial organic matter, as potential food 
sources. Marine phytoplankton was collected from surface 
water sample at an offshore station located 3 km south of 
Akkeshi Marine Station, Hokkaido University. Microphy-
tobenthos was collected at the tidal flat (Fig. 1). Terres-
trial organic matter was collected from riverine water at a 
freshwater channel located 5 km from the mouth of Bekan-
beushi River (Fig. 1; 43°06.45′N, 144°53.51′E). In addition 
to the potential food sources described above, other envi-
ronmental materials, such as the burrow wall of U. major 
and estuarine particulate organic matter (estuarine POM) 
were collected from the tidal flat to support the isotope 
analysis. Water samples for estuarine POM was collected 
at a flood tide. All samples for the stable isotope analysis 
were collected in April 2013 except for terrestrial organic 
matter, which was collected in August 2014.

Marine phytoplankton, terrestrial organic matter, and 
estuarine POM were filtered from the water samples and 
retained on 47 mm Whatman GF−F glass filters filtered 
from the water samples. Microphytobenthos on the tidal 
flat surface was extracted by a modified method reported 
by Kuwae et al. (2008): approximately 1 mm depth tidal 
flat sediment samples were retrieved using a spatula, and 
spread on a tray to a depth of ∼5 mm, a 65-µm mesh nylon 
screen was laid over the sediment, and precombusted glass 
wool was placed over the screen; the tray was kept moist 
by applications of sprayed filtered seawater and in the 
dark, overnight at ambient temperatures (∼10°C); then the 
glass wool containing microphytobenthos was removed.

All isotope samples were stored at −20°C prior to acidi-
fication in 1 N HCl to remove inorganic carbon and dried 
at 60°C. Lipids were not removed from the samples be-
cause lipid removal raises not only the δ13C fractionation 
by 0.4–1.5‰ but also the δ15N fractionation by 0–0.8‰, 
resulting in large fractionation values outside of the range 
of currently accepted δ13C and δ15N trophic enrichment 
(Yokoyama and Ishihi 2006). The isotope samples were 
analyzed using a Delta V Advantage isotope ratio mass 
spectrometer (Thermo Fisher Scientific, Massachusetts, 
USA) coupled to an elemental analyzer (Flash 2000, 
Thermo Fisher Scientific) installed at the Atmosphere and 
Ocean Research Institute, The University of Tokyo, Ja-
pan or using an IsoPrime mass spectrometer (Elementar, 
Langenselbold, Germany) coupled to a vario MICRO cube 
combustion device (Elementar), which was also installed at 
the Atmosphere and Ocean Research Institute. Stable iso-

tope ratios are expressed in the δ notation as the deviation 
from a standard, in parts per thousand (‰), according to 
the following equation: 

 13 15 3
sample standardC, N ‰ R /R 1 10 ,( ) ( )δ δ = − ×   

where R is 13C/12C or 15N/14N. Vienna PeeDee Belemnite 
(VPDB) and atmospheric nitrogen (N2) were used as the 
isotope standards for carbon and nitrogen, respectively. 
The analytical precision of the mass spectrometry systems, 
based on the standard deviation of internal reference repli-
cates, was <0.2 ‰ for both δ13C and δ15N.

We used the Bayesian stable isotope mixing model in 
the Stable Isotope Analysis R (SIAR) package (Parnell 
et al. 2010) to estimate the proportional contributions of 
U. major and C. busoensis food sources based on their 
δ13C and δ15N signatures. The SIAR model determines the 
probability distributions of the sources that contribute to 
the observed mixed signal, while accounting for the uncer-
tainty in the signatures of the sources and for isotopic frac-
tionation. The Bayesian mixing models can yield robust 
estimates of diet and quantify trophic competition arising 
in overlapping niches (Parnell et al. 2010); therefore, they 
have been widely used in recent marine ecological stud-
ies (e.g., Higgs et al. 2016, Bosley et al. 2017, Kanaya et al. 
2018). We defined three sources (marine phytoplankton, 
microphytobenthos, and terrestrial organic matter) as the 
end-members for the isotopic mixing model because they 
constitute the main organic matter sources in the tidal flat. 
Widely accepted values for the trophic enrichment factors 
(0.4 ± 1.3‰ for δ13C and 3.4 ± 1.0‰ for δ15N per trophic 
step: Post 2002) were used. In addition, taxon-specific 
trophic enrichment factors were also used. The trophic 
enrichment factors for muscle tissue of the ghost shrimp 
Nihonotrypaea harmandi (2.0‰ for carbon and 3.9‰ for 
nitrogen: Yokoyama et al. 2005a) was used for U. major. 
The trophic enrichment factors for whole soft tissue of 
Ruditapes philippinarum juveniles (0.6‰ for carbon and 
3.4‰ for nitrogen: Yokoyama et al. 2005a) was used for C. 
busoensis.

Results

Benthos sampling

Stratified sampling showed the vertical distribution 
ranges and abundances of U. major and C. busoensis. The 
mud shrimp U. major occurred at depths of >10 cm, and 
its density per layer ranged from 11 to 21 individuals m−2. 
The total number of the shrimp (the sum of all layers) was 
85 individuals m−2. The myid bivalve C. busoensis oc-
curred at depths of 0–50 cm from the seafloor surface. The 
density of the bivalve per layer ranged from 11 to 944 indi-
viduals m−2. The total number of the bivalve (the sum of all 
layers) was 3629 individuals m−2.



K. Seike & R. Goto224

Burrow density
Average U. major burrow opening density was 361 bur-

row openings m−2, indicating the shrimp density was 180 
individuals m−2. Calculated number of the bivalve per sin-
gle U. major burrow was 20 individuals.

Stable isotope

The carbon and nitrogen isotope values differed be-
tween the species (Fig. 3 and Table ES1). The aver-
age δ13C and δ15N ratios in U. major (−16.1 ± 1.9‰ and 
11.8 ± 0.2‰, respectively) were greater than in C. bu-
soensis (−18.5 ± 0.6‰ and 2.0 ± 1.0‰, respectively). 
Average ratios of δ13C and δ15N in marine phytoplankton 
(−19.2 ± 0.2‰ and 6.9 ± 0.4‰, respectively), and tidal 
flat sediment (−22.9 ± 0.2‰ and 4.9 ± 0.3‰, respectively) 
were progressively less than in U. major and C. busoensis. 
The average δ13C and δ15N ratios in microphytobenthos 
were respectively −11.8 ± 0.2‰ and 7.0 ± 0.2‰, respec-
tively, which was greater than in U. major and C. busoen-
sis although the δ15N ratio in the former was less than in 
the benthic organisms. Terrestrial organic matter showed 
the lowest values for both δ13C and δ15N values (Fig. 3). 
The burrow-wall signatures were closest to those of the 
tidal flat sediments, with extensive overlap, as expected, 
as the wall material is mostly composed of tidal flat sedi-
ments (Supplementary Table S1). In addition, estuarine 
POM showed almost the same values with marine phyto-
plankton (Supplementary Table S1).

We used the SIAR model of isotope signatures to in-
fer the main food sources of U. major and C. busoensis 
(Figs. 4 and 5). The SIAR models based on the both tro-
phic enrichment factors showed similar patterns. Results 
based on the widely accepted values for the trophic en-
richment factor were as follows: For U. major, the me-
dian percentage contributions and 95% confidence inter-
vals for marine phytoplankton, microphytobenthos, and 
terrestrial organic matter were 48.0% and 12.1%–74.8%, 
45.8% and 22.0%–71.0%, 5.2% and 0.3%–22.8%, respec-

tively (Fig. 4). For C. busoensis the equivalent values were 
47.2% and 16.0%–82.3%, 32.6% and 11.0%–50.8%, 20.0% 
and 4.8%–34.4%, respectively (Fig. 4). Results based on 
the taxon-specific values for the trophic enrichment fac-
tor were as follows: For U. major the inferred the median 
percentage contributions and 95% confidence intervals for 
marine phytoplankton, microphytobenthos, and terrestrial 
organic matter were 59.1% and 19.2%–91.2%, 32.8% and 
5.9%–59.8%, 6.6% and 0.3%–29.2%, respectively (Fig. 5). 
For C. busoensis the equivalent values were 62.2% and 
19.0%–94.6%, 22.8% and 2.7%–47.8%, 14.9% and 1.5%–

Fig. 3. Isotopic values for Upogebia major (n = 5), Cryptomya 
busoensis (n = 5), and the potential food sources. Error bars repre-
sent mean ± standard deviation. Fig. 4. Contributions of food sources, including marine phyto-

plankton, microphytobenthos, and terrestrial organic matter to the 
diets of Upogebia major (left) and Cryptomya busoensis (right), 
based on the SIAR model using the widely accepted values for the 
trophic enrichment factor (Post 2002) and stable isotope composi-
tions.

Fig. 5. Contributions of food sources, including marine phyto-
plankton, microphytobenthos, and terrestrial organic matter to the 
diets of Upogebia major (left) and Cryptomya busoensis (right), 
based on the SIAR model using the taxon-specific values for the 
trophic enrichment factor (Yokoyama et al. 2005a) and stable iso-
tope compositions.
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34.4%, respectively (Fig. 5).

Discussion

The higher estimated shrimp density from the burrow 
opening counts (180.4 shrimp individuals m−2) than from 
the stratified benthos sampling (84.9 shrimp individuals 
m−2) was expected because the U. major burrows can be 
>2 m deep from the tidal flat surface (Kinoshita 2002) that 
would be deeper than the maximum depth of the strati-
fied sampling (50 cm). Because almost all burrows of U. 
major have 2 burrow openings (Kinoshita 2002), our bur-
row aperture counts thus are likely to yield relatively ac-
curate estimates of the density of deep-burrowing shrimps, 
such as U. major and perhaps other upogebiid shrimps. 
However, some upogebiid shrimps are known to produce 
their burrows with more or less than 2 burrow openings 
(Dworschak et al. 2012), suggesting pre-investigation on 
numbers of burrow openings for each shrimp species is es-
sential if we are to utilize burrow opening counts for popu-
lation density estimation.

As for U. major, the measured population density of 
C. busoensis is likely to be underestimated with stratified 
samples. Although the highest densities of C. busoensis 
occurred at depths of 40–45 cm where horizontal tubes 
of the U-shaped part of the U. major burrow are dominant 
(Fig. 1C), their vertical distribution continued to depths of 
>45 cm (Fig. 2). The sampling depth was probably insuf-
ficient to include the total bivalve individuals, especially 
those inhabiting deeper layers (>45 cm). Peterson (1977) 
reported that Cryptomya californiensis, which inhabits 
burrows produced by the callianassid shrimp Neotrypaea 
californiensis, occurs >50 cm below the seafloor surface. 
The vertical shaft of the U. major burrow can extend to 
depths of >2 m (Kinoshita 2002). To improve the assess-
ment of C. busoensis density, deeper (>2 m) stratified sam-
pling with a longer core is needed.

As described in the introduction, the burrow of U. ma-
jor consists of two sections, an upper U-shaped part and a 
lower I-shaped part (Fig. 1C; Kinoshita 2002). The depth 
of the U-shaped part of the U. major burrow is less than 
∼50 cm (Kinoshita 2002). The stratified benthos sampling 
showed the maximum density of C. busoensis was at a 
depth of 40–45 cm, indicating that the majority of the bi-
valve population attaches to near the bottom of the U-
shaped part in the burrow. The upogebiid shrimp irrigates 
and filters the water within the U-shaped part (Dworschak 
1981). Hence, both species must feed on suspended organic 
matters arriving from the U-shaped part of the burrow.

The sympatric and dense occurrence of both filter-feed-
ing species in a single burrow implies potential competi-
tion between U. major and C. busoensis for food. However, 
the SIAR model based on stable isotope signatures showed 
that food sources of the two species partially differ. Al-
though we used the SIAR model based on the two different 
trophic enrichment factors, the tendency of the food source 

contributions was almost same for both species. The im-
portant contributions to the food sources of U. major and 
C. busoensis are marine phytoplankton and microphytob-
enthos (Figs. 4 and 5). On the other hand, terrestrial organ-
ic matters are unlikely to be utilized by U. major whereas 
it is consumed by C. busoensis.

The rationale for the occurrence of the partial trophic 
segregation between U. major and C. busoensis can be 
explained as follows: Mechanism of filter-feeding for the 
species provides clues to this phenomenon. The Upogebia 
shrimps gather suspended particulate organic matters from 
seawater within a burrow using long setae attached to their 
appendage (Dworschak et al. 2012). On the other hand, 
bivalves including Cryptomya spp. filter the suspended 
particles inside their body using gills (Jørgensen 1990). 
This indicates that size of filtered particulate matters may 
differ substantially depending on the filtering mechanism, 
i.e., external or internal filtering by the invertebrates. The 
commensal bivalve C. busoensis is, therefore, able to con-
sume finely fragmented terrestrial organic matters. Some 
bivalves are known to have a cellulase and can directly 
assimilate terrestrial organic matters such as land plant 
detritus (Brock & Kennedy 1992, Kanaya et al. 2008). The 
low δ13C and δ15N ratios of C. busoensis also imply direct 
assimilation of terrestrial organic matters (plant detritus) 
using cellulase.

The trophic dynamics occurring in the upogebiid bur-
row complex (the upogebiid shrimp, its burrow, and bur-
row associates, such as Cryptomya bivalves) can poten-
tially affect the nutrient dynamics of entire ecosystems 
(Dworschak 1981, Griffen et al. 2004, D’Andrea & De-
Witt 2009). The combination of food sources of the burrow 
host (U. major) and the burrow associate (C. busoensis) are 
likely to differ and alter their impacts on ecosystems. Al-
though symbiotic relationships of C. busoensis have only 
been reported in U. major burrows to date, other species 
of Cryptomya are known to live symbiotically with hosts 
from various taxonomic groups with a range of feeding 
habits, including upogebiid shrimp, callianassid shrimp, 
and echiuran and annelid worms (Itani & Kato 2002, Nara 
et al. 2008). For example, C. truncata occurs in the bur-
rows of both filter-feeding shrimps of the genus Upogebia 
and the deposit-feeding shrimp Nihonotrypaea japonica in 
the tidal flats of Japan (Itani & Kato 2002, Nara et al. 
2008). On the Pacific coast of North America, C. califor-
nica also occurs in the burrows of the filter-feeding shrimp 
U. pugettensis (Griffen et al. 2004), the deposit-feeding 
shrimp N. californiensis (Peterson 1977), and the filter-
feeding echiuran worm Urechis caupo (Julian et al. 2001).

The results of the present study show that the food 
sources of the burrow host (U. major) and the burrow as-
sociate (C. busoensis) partially differ. The U. major burrow 
complex can actively consume terrestrial organic matter 
only if the burrow contains C. busoensis, although some of 
the suspended sediment containing terrestrial organic mat-
ter might be passively trapped in the burrow. Therefore, 
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the faunal composition within a burrow affects the nature 
of the filtering performed by the burrow complex, not only 
regarding the efficiency of the benthic filtering but also the 
type of organic matter filtered by the benthos. High spe-
cies richness in a burrow increases its potential benthic 
filtering because it allows the burrow complex to consume 
a wide variety of organic matter. Therefore, a diversity 
of burrow associates is important for the functions of a 
burrow complex in the biogeochemical cycles of seafloor 
ecosystems.
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