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Abstract
This study was conducted June 2011 at Gamo Lagoon, after tsunami of March 2011, to estimate food sources and utilization. The 

results show that the tsunami affected the sediment properties by changing the physical environmental alterations. The fatty acids of 
the gut content of Nuttallia olivacea mostly comprised the same organic matter found in the sediment. Fatty acids in the tissues showed 
mainly diatoms, bacteria, and dinoflagellates. That is, most of the food sources (i.e., diatoms, bacteria, dinoflagellates, macroalgae, and 
terrestrial organic matter) probably pass through the digestive system unharmed; however, terrestrial organic matter, which is refrac-
tory to biochemical degradation, indicated a different assimilation trend between the gut content and the tissue. This result suggests 
that input of labile organic matter from the sediment may control selective metabolism in N. olivacea. From these results, although the 
physical environment of sediment characteristics by tsunami changed, the food utilization of N. olivacea suggested a better assimilation 
of selected components from the gut content, irrespective of physical alteration.

Keywords: Fatty acid, Food utilization, Macroinvertebrate, Physical alteration, Tsunami

1. Introduction

Bivalves are not only secondary producers for fish and birds 
but are also useful bioindicators of environmental changes. In 
addition, bivalves have water purification abilities, such as re-
tention and removal of particulate organic matter in the water 
column. This may be particularly important in nutrient and car-
bon cycling in shallow estuarine areas [1-3]. Some studies have 
reported on the life history and physiological aspects of Nuttallia 
olivacea [2, 4, 5]. The infaunal surface-deposit feeder N. olivacea 
is broadly distributed from Japan, where the water freezes in the 
winter, to China, which remains warm [6]. This species grows up 
to 50 mm in shell length and shows a wide range of body sizes 
[5]. N. olivacea extends a siphon to take in the water column and 
sediments containing organic materials [6, 7]. In contrast, re-
ports on the ecological characteristics (e.g., food behavior, food 
utilization) of N. olivacea are rare. 

 Surface-deposit feeders, such as N. olivacea, may use various 
organic matters from the water column and sediment, since the 
particulate organic matter in estuarine tidal flat contains vari-
ous matters. Previous studies have shown that microbenthic al-
gae and marine phytoplankton are important food sources for 
bivalves in estuarine ecosystems, because the former are highly 
productive and nutritious [8-10]. Especially, the food sources of 
N. olivacea reported mainly benthic diatoms, bacteria, and sus-

pended solids in the Nanakita estuary, Japan [7, 9]. These results 
suggest that the feeding activity of N. olivacea depends on the 
habitat. Therefore, the physical environmental alterations (e.g., 
tsunami and earthquake) can strongly influence the food utiliza-
tion of N. olivacea. However, the relationship between the food 
availability of N. olivacea and sediment properties remains un-
clear. 

A tsunami is a rare disturbance within marine communities 
[11], but it has a high intensity and/or energy [12, 13]. In addi-
tion, tsunami waves can resuspend, transport, and redeposit 
sediments on the sea floor, as a result of repeated incoming and 
outgoing flows [14]. These processes have great potential to af-
fect coastal benthic communities and the physical environment. 
In particular, the biological environment is directly or indirectly 
modified by tsunami in that alters the local abundance of refug-
es, food, or nutrients available to resident species or others that 
interact with them [11]. On March 11, 2011, an earthquake with 
a moment magnitude (Mw) of 9.0 occurred off the coast of Japan 
(142°51ʹ E, 38°06ʹ N) at a depth of 24 km. The Gamo Lagoon (Fig. 
1) is an area located in Sendai Bay. Thus this study area was in-
fluenced by tsunami waves. As a result, flooding occurred along a 
stretch of coastline from Sendai Bay to the city of Sendai.

After observing this event we hypothesized that a tsunami 
had the potential to negatively affect the benthic environment 
and would result in changes to food sources for macrobenthos 
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mean densities (531 ind/m2) of N. olivacea in the Gamo lagoon 
were high compared to Ruditapes philippinarum (105 ind/m2) 
and Macoma contabulata (183 ind/m2) [9]. This is a good tool to 
discuss its role in the biogeochemical cycle in the study area. 

 Tissue and gut contents of N. olivacea, SOM were used fol-
lowing the method of Abdulkadir and Tsuchiya [15] for lipid ex-
traction. The samples were mixed with 8 mL of hexane and then 
1 mL of internal standard solution in a 50 mL centrifuge tube. 
The centrifuge tube was flushed with nitrogen gas and then 
closed tightly with a screw cap after 2 mL of BF3 in methanol was 
added and stirred using a mixer. The centrifuge tube was heated 
in a water bath at 100°C for 120 min. After being cooled to room 
temperature, 1 mL of hexane was added, followed by 2 mL of dis-
tilled water. The centrifuge tube was then shaken vigorously for 
1 min using a mixer and centrifuged for 3 min at 2,500 rpm. The 
upper phase of the two phases that formed was the hexane layer 
containing fatty acid methyl esters (FAMEs). Finally, 1 mL of the 
hexane layer was transferred using a Pasteur pipette into a clean 
sample vial to be injected into the gas chromatograph (GC) for 
FAME analysis. The FAMEs were separated and quantified using 
a GC (GC-2014; Shimadzu, Kyoto, Japan) equipped with a flame 
ionization detector. A free fatty acid phase (FFAP)-polar capillary 
column (100 m × 0.25 mm internal diameter) was used for the 
separation with a helium carrier gas. After injection at 150°C, the 

(i.e., N. olivacea). Thus, the main objective of this study was to 
evaluate the immediate effect of the tsunami on food sources of 
N. olivacea located at Gamo Lagoon of the Nanakita River estu-
ary, Japan. The utilization of the food sources for N. olivacea is 
discussed in relation to the change of sediment environment in 
a brackish Gamo Lagoon on the basis of the fatty acid analysis.

2. Materials and Methods

This study was conducted in a tidal flat system of the brack-
ish Gamo Lagoon (0.11 km2) of the Nanakita River estuary on the 
northeastern coast of Honshu Island, Japan (Fig. 1). The mini-
mum water depth at station B was 10 cm at mean low water. 
Three sampling stations, A–C, were established in the intertidal 
zones of the tidal flat system. All samples were collected on June 
6, 2011. Surface sediments were collected using acrylic core 
samples (10 cm in diameter and 20 cm in depth). The sediment 
at 0–1 cm depth was analyzed in the laboratory, for fatty acids, 
chlorophyll α (Chl α), carbon-to-nitrogen (C/N) ratio, silt-clay 
content, and total organic carbon (TOC) content. All sediment 
organic matter (SOM) samples were immediately freeze-dried 
in the laboratory and then ground into powder using a mortar 
and pestle prior to analysis. Sampling of the N. olivacea was 
conducted at station A–C (i.e., nine points, Fig. 1). Three sedi-
ment cores from the surface to a depth of 20 cm were collected 
using an acrylic core at each station. N. olivacea samples were 
washed with distilled water to remove extraneous matter from 
the tissues prior to analysis. Then, all of the body tissues of N. 
olivacea were used for the fatty acid analyses. The gut sections of 
N. olivacea in each station were placed in clean glass Petri dishes 
in a refrigerator until fully thawed, after which the gut content 
was sucked up with a sterile pipette and transferred to sterile vi-
als. Maximum care was given to avoid extracting any gut tissue 
during dissection and removal of the gut content. Separate gut 
contents were used for the fatty acid analyses. The N. olivacea is 
a dominant species and shows wide distribution within differ-
ent environments in Nanakita estuary and Gamo Lagoon [6]. The 
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; Low water line at spring tide
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Sendai, Japan

(38º11'N,140º56'E)

Station A, B, and C:  sampling site after the tsunami; 
sediment and macrobenthos sampling
Station b: sampling site before the tsunami; sediment, Shin et 
al. 2012b [30]
Station D : sampling site before the tsunami; 
sediment and macrobenthos sampling, Shin et al. [7]

Fig. 1. The study site and sampling stations in the brackish Gamo Lagoon. 

Table 1. Fatty acids used as trophic marker for different food sources

                         Trophic marker* Source

20:5ω3 Diatoms

15:0 iso, 15:0 anteiso, 17:0 iso, 
   17:0 anteiso, 18:1ω7

Bacteria

18:2ω6, 18:3ω3 Macroalgae

18:4ω3, 22:6ω3 Dinoflagellates

Long chain fatty acids (fatty acids with 
   more than 24 carbons)

Terrestrial plants

*By Napolitano et al. [16] and Alfaro et al. [17].
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tsunami was lower than before (station b). Meanwhile, the C/N 
ratios of the surface sediment were not significantly different be-
tween stations A, B, and C (Table 2). These C/N ratios (6.7–8.2) 
of SOM in between stations provide an indication of the quality 
of organic matter. The C/N ratio for marine-produced organic 
matter was 6.0 ± 0.36 [20]. The main component of SOM in the 
present study is regarded as microalgae or its detritus, because 
this value is comparable to that the C/N ratio of microalgae 
ranges from 3 to 8 in general [21]. These results revealed that the 
amount and origin of organic matter in the surface sediment. 
Chl α concentrations in the SOM were 2.98 μg/g (station A), 7.48 
μg/g (station B), and 8.40 μg/g (station C), respectively (Table 2). 
The spatial distributions (about 3–8.4 μg/g) of Chl α indicated 
that its concentration increased with increase the in sediment 
mud content (r2 = 0.617, p < 0.1). However, these results indicated 
different sediment characteristics in the Gamo Lagoon, com-
parison to the previous study [9]. According to Kanaya et al. [9], 
the silt-clay, TOC, Chl α, and C/N ratio of sediments indicated 
3%–4.5%, 1.2%–2.2%, 3.5–7.5 μg/g, and 8–9.5, respectively. From 
these results, the surface sediment of Gamo Lagoon before the 
tsunami had a higher contribution of terrestrial organic matter 
compared to after the tsunami (June 2011). Conversely fatty acid 
biomarker analysis is generally able to provide an insight into the 
specific sources of organic matter in estuarine environments [17, 
22]. In the present study, the strong representation of diatoms in 
the SOM was determined by the high contribution of biomarker 
20:5ω3, which is considered to be an indicator of benthic dia-
toms [23]. The distribution of diatoms was higher from station 
A toward station C of the Gamo Lagoon in Fig. 2(a). In general, 
the benthic diatoms biomass in sandy habitats is lower than in 
muddy habitats due to limited nutrients [24, 25]. Moreover, Fatty 
acid contents of microalgae (e.g., diatom and dinoflagellates) in 
the sediment closely correlated with those of Chl α, suggesting 
that benthic microalgae and marine phytoplankton might be the 
main contributor of fatty acids in the SOM. Fatty acid biomarkers 
of bacteria showed a trend similar to that of microalgae (Table 3). 
A similar trend was observed in Altamaha estuarine sediments 
[26]. The effect of LCFAs was different at all the stations. This re-
sult suggested the importance of terrestrial plants as one of the 
main sources of organic matter in estuarine tidal flats, with great 
potential for export to adjacent habitats [27]. 

Our results show that the soft bottom sediment of the study 
site has been affected by the disturbance produced by an earth-
quake and subsequent tsunami. The tsunami event produced 
changes in sediment granularity, enhancing silt sediments, indi-
cating their recent transport [28].

oven temperature was raised to 150°C at a rate of 1°C per min, 
then to 220°C at 5°C per min, and was finally held constant for 50 
min. The flame ionization was held at 250°C. Most FAME peaks 
were identified by comparing their retention times with those 
of authentic standards (Supelco Inc., Bellefonte, PA, USA). Fatty 
acid peaks were identified using GC-mass spectrometry for some 
samples. Our assessment focused primarily on fatty acid mark-
ers representing five major organic sources for SOM: diatoms, 
bacteria, green algae, dinoflagellates, and fatty acids with more 
than 24 carbons (long chain fatty acids [LCFAs]) from terrestrial 
plants (Table 1) [16, 17]. The fatty acid biomarkers of these major 
organic sources were identified in SOM by comparison to a stan-
dard (Supelco 37 component FAME). The relative abundances of 
the major organic sources were calculated (percent of total).

Samples for TOC and C/N ratio analysis were dried (105°C, 
24 hr), homogenized, and then treated with 10% HCl to remove 
carbonate. The TOC and C/N ratios were determined using a 
Heraeus vario-EL CHN-analyzer (vario-EL III; Elementar Analy-
sensysteme GmbH, Hanau, Germany). Chl α in the SOM samples 
was extracted using 90% acetone, and their concentrations were 
determined by spectrophotometric measurement according to 
the method of Lorenzer and Jeffrey [18]. Sediment types were 
determined, according to a classification scheme based on sedi-
ment mud content (i.e., the percentage of the sediment fraction 
<63 μm to total sediment dry weight) [19].

TOC content, Chl α, total fatty acid, and major organic mat-
ter fatty acids in sediment collected from different stations were 
compared using one-way analysis of variance (ANOVA) with 
spatial sampling occasions as factors. Correlation analyses were 
conducted to examine the relationships among major organic 
sources of SOM, gut content, and tissue. The Statistical Package 
for the Social Sciences ver. 17.0 (SPSS Inc., Chicago, IL, USA) was 
used for the statistical analyses. 

3. Results and Discussion

3.1. Changes of Sediment Organic Matter by Tsunami 

The TOC (0.05%–0.38%) and silt-clay (0.04%–1.97%) results 
indicated a changing trend from station A toward station C in 
Gamo Lagoon (Table 2). Sediments of the Gamo Lagoon (Sta-
tions A, B, and C) were characterized as pure sand with low mud 
content (sediment fraction <63 μm was less than 2%) according 
to the sediment classification of Flemming and Delafontaine 
[19]. The percentage of silt-clay and TOC content (Station B) after 

Table 2. Sediment characteristics of the three stations investigated in the Gamo Lagoon 

No.
After tsunami Before tsunami

Station A Station B Station C Station b*, D**

Silt-clay (%) 3 0.04 ± 0.03a 0.45 ± 0.20a 1.97 ± 0.70b 0.90 ± 0.26*

TOC (%) 3 0.05 ± 0.02a  0.22 ± 0.10b 0.38 ± 0.05b 0.26 ± 0.13*

C/N ratio 3 6.70 ± 0.97a 7.14 ± 0.98a          8.20 ± 0.76a                         -
Chlorophyll α (μgg-1) 3 2.98 ± 0.03a  7.48 ± 1.82b 8.40 ± 1.10b 6.60 ± 3.68*

Total FA (μgg-1) 3          57.1 ± 7.3a        155.3 ± 31.7b       279.1 ± 57.0c 28.8**

Values are presented as mean ± standard deviation. 
Different letters indicate significant (p < 0.05) difference between those values. 
TOC: total organic carbon, C/N: carbon-to nitrogen, FA: fatty acid.
*By Shin et al. [30], **Shin et al. [7].
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olivacea (except for station C; Table 4). In the present study, we 
observed that fatty acid biomarker distributions in tissues of N. 
olivacea collected from different stations in the Gamo Lagoon 
estuarine area varied in a similar manner to those in gut con-
tent and sediments, suggesting that input of labile organic mat-
ter from the sediment may control selective metabolism [29]. 
Thus, fatty acid biomarkers of food sources in the gut content 
of N. olivacea were highly correlated with sediment (Table 3). N. 
olivacea obtain potential food particles via filtration, by holding 
their inhalant opening or siphon above the surface sediment. 
However, they may not always inhale water. In fact, they live in 

3.2. Selective Assimilation of Food Sources by N. olivacea

Compared to other fatty acids, fatty acids specific for diatoms 
and dinoflagellates were more abundant in N. olivacea collected 
at the study stations in Fig. 2(b) and (c). Although the concentra-
tions of dinoflagellate fatty acids from the gut significantly dif-
fered between stations A and C (Fig. 2(b); p > 0.05), analysis in 
the tissues did not significantly differ between stations. LCFAs, 
terrestrial plant-derived organic matter, were detected in the gut 
content (Fig. 2(b)). However, fatty acids of LCFAs (e.g., terrestrial 
plant-derived organic matter) were not detected in tissues of N. 

Fig. 2. Spatial variations of food sources of sediments and Nuttallia olivacea in Gamo Lagoon: (a) sediment, (b) gut content, and (c) tissue. 
Graphs show the mean with the standard deviation (n = 3). Different letters indicate significant (p < 0.05) differences between those values.  
*By Shin et al. [7].
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Table 3. Correlation coefficient between each potential organic matter on sediment, gut content, and tissue in Gamo Lagoon 

Correlation

Diatom Bacteria Green algae Dinoflagellates Terrestrial plant

Sediment vs. gut content 0.871** 0.587** 0.613** 0.925** 0.497*

Gut content vs. tissue 0.697** 0.693**                    0.378              0.551*                        0.412
*p < 0.1, **p < 0.05.
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