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Supplement 1. Oysters used in the mesocosm  

 
Table S1. The mass and dimensions of oysters introduced into the mesocosms (mean 
± SD). The numbers of oyster individuals sampled from each oyster age were 9 and 
21 for the measurements of soft tissue mass and dimensions, respectively. 

 

Oyster age treatment 
(month) 

Oys-3 Oys-15 Oys-27 

Total oysters introduced    
Individual numbers 220 ± 20 20 ± 0 10 ± 0 

Total wet mass 
including shells (kg) 

1.29 ± 0.12 1.46 ± 0.05 1.68 ± 0.01 

    
Soft tissues (g ind−1)    

Wet mass 0.9 ± 0.5 10.1 ± 2.3 21.6 ± 4.7 
Dry mass 0.09 ± 0.03 1.41 ± 0.38 2.86 ± 0.69 

    
Shell dimensions (cm)    

Length 3.4 ± 0.4 8.5 ± 2.1 15.0 ± 1.7 
Width 2.1 ± 0.3 4.8 ± 0.4 5.7 ± 0.5 

Thickness 0.9 ± 0.4 2.8 ± 1.3 3.0 ± 0.3 
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Supplement 2. Fatty acids analysed in the present study 

For data analysis in the present study, we selected fatty acids that are recognised as 
nutritionally important for animals or that are commonly used as biomarkers (Table 1 in the 
main text). The 18:2ω6 and 18:3ω3 fatty acids are considered to be essential because animals 
cannot synthesise them (Glencross 2009). Although the nutritional roles of these two fatty 
acids in marine animals are not well understood, they are the precursors of nutritionally 
important fatty acids, such as 20:4ω6, 20:5ω3, and 22:6ω3 (Glencross 2009), which are 
known to be necessary for the growth, survival, and stress resistance of aquatic animals 
(Parrish et al. 2000, Parrish 2013 and references therein). These fatty acids can be synthesised 
by animals but only in the presence of certain enzymes. However, most animals, especially 
marine animals and predators, are limited in their ability to convert 18:2ω6 and 18:3ω3 to 
these nutritionally important fatty acids to meet their requirements. In turn, 20:4ω6, 20:5ω3, 
and 22:6ω3 are also considered to be essential fatty acids (Kainz et al. 2004).  

Essential fatty acids are also used as biomarkers. For instance, 18:2ω6 and 18:3ω3 are 
abundant in green algae, vascular plants, and cyanobacteria (Cobelas & Lechado 1989, 
Napolitano 1999, Kelly & Scheibling 2012). As these fatty acids are mainly produced in 
terrestrial ecosystems, >2.5% detection from marine samples (e.g. suspended particulate 
matter, sediments) is assumed to indicate a significant input of terrestrial origin organic matter 
(Budge et al. 2001). The 18:4ω3 fatty acid has been used as a marker for dinoflagellates 
(Napolitano et al. 1997). The 20:5ω3, 22:6ω3, and 20:4ω6 fatty acids have been considered as 
and used as biomarkers for diatoms, dinoflagellates, and macroalgae, respectively (Napolitano 
1999, Graeve et al. 2001, 2002).  

The 16:1ω7 fatty acid is also one of the major fatty acids produced by diatoms (Cobelas & 
Lechado 1989, Kelly & Scheibling 2012). Although 16:1ω7 has also been detected from 
bacteria (Kelly & Scheibling 2012), the ratio of 16:1ω7 to 16:0 being greater than 1 is 
considered an indication of dominance of diatoms (Budge et al. 2001). Branched fatty acids 
and 18:1ω7 are contained in bacteria (Kaneda 1991, Napolitano 1999), in turn these fatty 
acids have been used as bacterial markers in ecological studies (e.g. Mfilinge et al. 2005). The 
18:1ω7 fatty acid is also contained in cyanobacteria (Napolitano 1999). Long-chain fatty acids 
(LCFAs), which are ≥24 carbons in length, are used as biomarkers of terrestrial plants 
(Colombo et al. 1996, Wang et al. 2013, Derrien et al. 2017). Furthermore, 20:1 and 22ω1 
have been used as zooplankton biomarkers (Parrish et al. 2000, Kelly & Scheibling 2012).  
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Supplement 3. Estimation of chemical properties of POM processed by oysters 

3.1. Estimation methods 
The chemical properties (i.e., the contents of C, N and fatty acids, the stable isotopic ratios 
[δ13C and δ15N], and the oxygen consumption rate) of the oyster biodeposit fraction in the 
settled particulate matter (PM) of the oyster mesocosms were estimated excluding the effects 
of settled PM via gravitational deposition. The estimation was based on the assumption that 
the same amounts of settled PM obtained from the control mesocosms deposited in the oyster 
mesocosms. Each property of oyster biodeposits (!!") was estimated using the following 
equations; 

!!" = !!"# − !!"#$ ∙ !!"#$ !!" 
!!" = 1− !!"#$ = 1− !"#!"#$ !"#!"# 

where !!"# is the mean of the property of settled PM obtained from the oyster mesocosms of 
each age treatment, !!"#$ is the property of settled PM from the control mesocosms, !!"#$ is 
the fraction of settled PM due to the gravitational deposition, !!" is the fraction of oysters’ 
biodeposits in the settled PM of the oyster mesocosms, !"#!"#$ is the amount of the settled 
PM in the control mesocosms, and !"#!"# is the amount of the settled PM in the oyster 
mesocosms. The upper bars indicate the mean of triplicate mesocosms of each treatment. 
!"#!"#$ and !"#!"# were at the C or N mass for the estimations of the stable isotopic 
signatures, and at the dry mass for the other estimations (i.e., the contents of C, N, and fatty 
acids, and the oxygen consumption rate). The variance around !!" was estimated by the 
error propagation law. 

Likewise, the contents of the chemical constituents and the stable isotopic signatures of the 
POM fraction fed by oysters in the water columns of the oyster mesocosms (YFed) were 
estimated. Assuming that the difference in the concentration of suspended PM between the 
control and oyster mesocosms was all due to the suspension-feeding by the oysters, YFed was 
estimated using the following equations; 

!!"# = !!"#$ − !!"# ∙ !!"# !!"# 
!!"# = 1− !!"! = 1− !"#!"# !"#!"#$ 

where !!"#$ is the property of suspended POM obtained in the control mesocosms, !!"# is 
the property of suspended POM obtained in the oyster mesocosms, !!"# is the fraction of 
suspended POM fed by the oysters in the oyster mesocosms, !!"#  is the fraction of 
suspended POM remaining in the water column of the oyster mesocosms, !"#!"# is the 
concentration of POM in the oyster mesocosms, and !"#!"#! is the concentration of POM in 
the control mesocosms. The upper bar indicates the mean of triplicate mesocosms of each 
treatment. !"#!"# and !"#!"#$ were at the carbon or nitrogen mass for the estimations of 
the stable isotopic signatures, and at the dry mass for the other estimations. The variance 
around !!"# was estimated by the error propagation law. 
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3.2. Results 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S1. The estimated 
contents (per dry mass) of 
carbon, nitrogen, and fatty 
acids in (a) suspended 
particulate matter (PM) 
ingested by oysters and (b) 
biodeposits produced by 
oysters. For comparison, 
the contents of those 
chemical constituents of 
suspended PM and 
biodeposits in the control 
with no oyster are also 
shown. The values in italic 
show the ratio of the 
estimated contents of the 
chemical constituents to the 
contents in (a) suspended 
PM and (b) settled PM 
sampled from the oyster 
mesocosms. Data are mean 
± SE (n = 3 mesocosms 
treatment–1). BSFAs: 
branched-chain saturated 
fatty acids, LCFAs: 
long-chain fatty acids. 
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Fig. S2. The correlations between the contents of fatty acids and the characteristics of fatty 
acid composition of suspended particulate matter (ssp), settled particulate matter (stl), and 
oyster soft tissues (oys) at the end of the mesocosm operation, as revealed by the PCA. The 
analysis includes estimated fatty acid compositions for the suspended particulate matter 
ingested by oysters (f-) and biodeposits produced by oysters (b-), which are additional to 
Fig.4 in the main text. In the sample labels, “3”, “15”, “27”: oyster age (months), C: control 
with no oyster, H: inflow seawater from the head tank. 
 
 
Table S2 Estimated δ13C and δ15N of (a) suspended particulate matter (PM) ingested by 
oysters and (b) biodeposits produced by oysters (mean ± SE, n = 3). The results from sample 
analyses of suspended PM and settled PM are also shown for the purpose of comparison.  

Run Data type 
(a) Suspended PM  (b) Biodeposits 

δ13C (‰) δ15N (‰)  δ13C (‰) δ15N (‰) 
Oys-3 Estimated −23.0 ± 4.6 0.6 ± 1.1  −18.6 ± 5.0 5.7 ± 1.5 

 Sample −23.7 ± 0.1 2.9 ± 0.4  −18.8 ± 1.3 5.7 ± 0.1 
Oys-15 Estimated −23.0 ± 5.0 −0.2 ± 1.4  −19.4 ± 7.5 6.4 ± 2.5 

 Sample −23.6 ± 0.0 3.1 ± 0.4  −19.6 ± 0.2 6.3 ± 0.5 
Oys-27 Estimated −22.5 ± 7.0 −0.6 ± 2.0  −18.1 ± 4.7 6.3 ± 1.8 

 Sample −23.7 ± 0.1 2.6 ± 0.3  −18.5 ± 2.0 6.2 ± 0.6 
Control Sample −23.3 ± 0.1 1.9 ± 0.4  −22.4 ± 0.2 5.0 ± 0.0 
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Table S3. The estimated oxygen consumption rate and organic carbon content of 
biodeposits produced by oysters (mean ± SE, n = 3). The results from the sample analysis of 
settled particulate matter retrieved from the experimental mesocosms were also shown for 
the purpose of comparison. 

 

Run Data type Oxygen consumption rate  Carbon content 
mg-O2 g-DM−1 h−1  mg-C g-DM−1 

Oys-3 Estimated 0.15 ± 0.06  56.6 ± 21.5 
 Sample 0.16 ± 0.04  56.8 ± 2.0 

Oys-15 Estimated 0.31 ± 0.12  61.3 ± 34.1 
 Sample 0.31 ± 0.01  61.2 ± 1.6 

Oys-27 Estimated 0.45 ± 0.13  67.0 ± 24.8 
 Sample 0.43 ± 0.07  66.4 ± 1.4 

Control Sample 0.29 ± 0.16  60.4 ± 3.6 
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Supplement 4. Rates of removal of particulate matter from the water column and biodeposit 
production by oysters during the mesocosm experiments 

4.1. Calculation methods 

The rate of suspended particulate matter removal from the water column (RW) by individual 
oysters in the mesocosms was estimated as ∆C·V/I/T, where ∆C is the difference in the 
concentration of each chemical constituent between the oyster-introduced and control 
mesocosms, V is the water volume of the mesocosms (130 L), I is the number of oyster 
individuals introduced in each mesocosm, and T is the duration time of the mesocosm 
experiment (22 h). The rate of biodeposit production (BP) by individual oysters was estimated 
as (DO-DC)/I/T, where D is the settled amount of each chemical constituent in the oyster 
treatments (O) and the control with no oyster (C) at the end of the mesocosm experiment. The 
variance around the mean of the estimates were calculated following the error propagation 
law.  

4.2. Results 

Table S4. Estimates for the rates of removal of suspended particulate matter from the water 
column (RW) and biodeposit production (BP) by individual oysters of three age classes 
during the mesocosm experiment. Data are mean ± SE (n = 3 mesocosms treatment–1). For 
18:1ω7 in the treatment with 27-month old oysters, the negative estimates of RW were due to 
a higher concentration of this specific fatty acid in the water column compared with the 
control; BP/RW was not estimated for this case (n.e.). Units: mg ind−1 h−1 for total solids, 
organic C, and organic N; and µg ind−1 h−1 for fatty acids. BSFAs: the sum of branched-chain 
saturated fatty acids, i15:0, ai15:0, i17:0, and ai17:0. LCFAs: the sum of long-chain fatty 
acids, 24:0, 25:0, 26:0, 27:0, 28:0, 30:0, and 31:0. 

Constituents Oyster age 
(months) RW BP BP/RW 

Total solids 3 1.13 ± 0.10 0.80 ± 0.15 0.70 ± 0.15 
 15 17.18 ± 3.31 15.40 ± 4.28 0.90 ± 0.30 
 27 24.80 ± 7.70 15.55 ± 2.88 0.63 ± 0.23 
     

Organic C 3 0.05 ± 0.01 0.05 ± 0.01 0.83 ± 0.22 
 15 0.87 ± 0.17 0.94 ± 0.26 1.09 ± 0.37 
 27 1.24 ± 0.33 1.04 ± 0.19 0.84 ± 0.27 
     

Organic N 3 0.01 ± 0.00 0.00 ± 0.00 0.53 ± 0.13 
 15 0.11 ± 0.02 0.09 ± 0.02 0.79 ± 0.26 
 27 0.14 ± 0.03 0.09 ± 0.02 0.64 ± 0.19 
     

BSFAs 3 0.04 ± 0.00 0.03 ± 0.01 0.65 ± 0.13 
 15 0.79 ± 0.08 0.73 ± 0.22 0.92 ± 0.29 
 27 0.58 ± 0.52 0.83 ± 0.17 1.45±1.33 
     

16:1ω7 3 0.08 ± 0.05 0.03 ± 0.01 0.40 ± 0.28 
 15 1.17 ± 0.45 1.36 ± 0.51 1.17 ± 0.63 
 27 0.35 ± 1.04 1.33 ± 0.31 3.84 ± 11.54 
     

18:1ω7 3 0.07 ± 0.01 0.03 ± 0.01 0.37 ± 0.13 
 15 0.16 ± 0.53 1.50 ± 0.71 9.61 ± 33.17 
 27 -1.87 ± 0.59 1.10 ± 0.30 n.e. 

(table continued from the last page) 
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Constituents Oyster age 

(months) RW  BP BP/RW 

     
18:2ω6 3 0.05 ± 0.01 0.00 ± 0.01 0.04 ± 0.14 

 15 0.88 ± 0.13 0.41 ± 0.23 0.46 ± 0.27 
 27 1.40 ± 0.24 0.41 ± 0.30 0.30 ± 0.22 
     

18:3ω3 3 0.04 ± 0.01 0.01 ± 0.00 0.15 ± 0.08 
 15 0.71 ± 0.05 0.33 ± 0.12 0.47 ± 0.17 
 27 0.89 ± 0.14 0.41 ± 0.09 0.46 ± 0.12 
     

18:4ω3 3 0.05 ± 0.01 0.01 ± 0.00 0.11 ± 0.05 
 15 0.62 ± 0.09 0.40 ± 0.16 0.65 ± 0.28 
 27 1.06 ± 0.24 0.40 ± 0.09 0.37 ± 0.12 

     
20:1ω9 3 0.00 ± 0.00 0.00 ± 0.00 0.69 ± 0.69 

 15 0.09 ± 0.04 0.37 ± 0.25 3.97 ± 3.25 
 27 0.18 ± 0.09 0.13 ± 0.05 0.69 ± 0.41 
  

   20:4ω6 3 0.03 ± 0.01 0.01 ± 0.01 0.34 ± 0.22 
 15 0.40 ± 0.12 0.85 ± 0.46 2.11 ± 1.32 
 27 0.97 ± 0.23 0.66 ± 0.21 0.68 ± 0.27 
  

   20:5ω3 3 0.09 ± 0.01 0.03 ± 0.02 0.35 ± 0.24 
 15 1.50 ± 0.15 3.24 ± 1.73 2.17 ± 1.17 
 27 2.38 ± 0.48 1.78 ± 0.71 0.75 ± 0.33 
  

   22:6ω3 3 0.03 ± 0.01 0.01 ± 0.01 0.52 ± 0.47 
 15 0.59 ± 0.13 2.05 ± 1.30 3.45 ± 2.30 
 27 0.60 ± 0.17 0.79 ± 0.33 1.33 ± 0.68 
  

   LCFAs 3 0.15 ± 0.08 0.05 ± 0.01 0.33 ± 0.19 
 15 3.42 ± 1.38 1.29 ± 0.38 0.38 ± 0.19 
 27 2.12 ± 3.70 1.32 ± 0.30 0.62 ± 1.10 
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Supplement 5. Size-fractionated concentrations of the chemical constituents of 
suspended particulate organic matter 

 

 
Fig. S3. Size-fractionated concentrations of particulate organic carbon (POC) and fatty acid 
markers as well as C/N ratio of suspended particulate organic matter in the control and 
Oys-15 (with 15-month-old oysters) mesocosms at the end of the 22 h experiment. Data are 
mean ± SE (n = 3 mesocosms treatment–1). Due to analytical failure, SE for fatty acid 
concentrations of the 2–20 µm and 20–75 µm fraction in Oys-15 was not calculated. Data are 
not available (n.a.) for the POC and C/N of the 75–250 µm fraction due to analytical failure. 
The F-values for each factor, obtained from a two-way ANOVA testing effects of particle size 
and oyster presence, are shown in the panels. The DFs in the F-value calculations (numerator, 
denominator) were generally (1, 14), (3, 14), and (3, 14) for the experimental treatments (with 
or without oyster), size fraction of POM, and their interaction, respectively; but the DFs for 
POC and C/N were (1, 13), (3, 13), and (2, 13). The asterisks indicate significant differences 
associated with the factors, as follows, ***: p < 0.001, **: p < 0.01, *: p < 0.05. BSFAs: the 
sum of branched-chain saturated fatty acids, i15:0, ai15:0, i17:0, and ai17:0. LCFAs: the sum 
of long-chain fatty acids, 24:0, 25:0, 26:0, 27:0, 28:0, 30:0, and 31:0. 
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