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Abstract: The COVID-19 pandemic, with increased home cooking and decreased restaurant dining,
significantly altered seafood consumption patterns. By applying an ordered logit model to identify
factors affecting seafood consumption during the pandemic, this study found that the shift in seafood
consumption was driven by factors such as changes in meal preparation methods, more time spent at
home, and shifts in financial situations. While take-out consumption boosted overall seafood intake,
popular varieties saw a rise in home consumption, while high-end seafood suffered from decreased
demand as consumers focused more on home dining. This study underscores the importance of
supporting suppliers, restaurants, and retailers dealing with high-end seafood, as they face economic
challenges due to reduced consumption. In summary, pandemic-induced restrictions on mobility led
to a notable transition from restaurant-prepared seafood to home-cooked options, highlighting the
need for targeted policies to aid affected sectors.

Keywords: COVID-19 pandemic; popular seafood; high-end seafood; human mobility

JEL Classification: D12; Q13; Q22

1. Introduction

Studies have revealed that confinement measures implemented during the COVID-19
era to restrict human mobility have shocked various agricultural markets [1-4]. This shock
is known to have affected consumers’ food consumption behaviors. After the COVID-19
pandemic, many studies have investigated how the pandemic influenced food consumption
behavior [5,6]. Seafood was no exception, and studies have indicated that a reduction in
demand, related to human mobility restriction, decreased seafood prices during periods
where confinement measures were taken to prevent the spread of the coronavirus [7-10].

Most previous studies analyzing the effects of the pandemic on seafood consumption
use secondary market data, such as wholesale price and trade volume [4,9], or media
reporting [7]. There is still limited research employing survey data to capture the manner in
which people’s daily consumption behavior was affected during COVID-19. The research of
Engel et al. [11] is one of the few studies surveying US consumers to investigate the changes
in seafood consumption during the COVID-19 pandemic. They found that although overall
seafood consumption did not increase during the COVID-19 era, consumers tended to
buy seafood for at-home consumption rather than for dining out purposes. De la Iglesia
etal. [12] also demonstrated from a Spanish sample that a general rise in all types of seafood
consumption occurred in the year 2020 compared to 2019, which is related to more seafood
being prepared at home.

Aruga et al. [10] found that the effects on high-end and popular seafood prices resulting
from changes in human mobility during the COVID-19 pandemic varied. Their results
indicated that high-end seafood, typically consumed more frequently outside the home,
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was significantly impacted by the decline in human mobility during the state of emergency
(SOE) from April to May 2020. Umino and Matsui [13] similarly propose that sales of
high-end marine products through e-commerce (EC) platforms have surged as a result
of more individuals staying at home during the COVID-19 era. They anticipate that this
rise in EC sales may be linked to a decreased expenditure for dining out. Ito et al. [14]
examined food demand in the Tokyo metropolitan area between 2019 and 2020 using
home scan data. They observed that the rise in expenditure on food consumption in 2020
was predominantly associated with home consumption, whereas spending on dining out
decreased significantly. Their analysis of own-price elasticity and the expenditure elasticity
of demand indicated that ingredients for home cooking, including seafood, became more
interchangeable with dining-out options and more complementary with other ingredients
in 2020. However, they grouped seafood into a single category, overlooking the diverse
seafood consumption patterns inherent in the Japanese fish-eating culture, thus suggesting
the need for further comprehensive analysis.

While per-capita consumption of seafood in Japan has been decreasing over the past
two decades [15], Toyosu, Japan’s largest wholesale seafood outlet, continues to be the
world’s largest wholesale fish market [16]. Japan is known for its rich biodiversity regarding
the types of fish caught around the surrounding sea, and around 400 to 500 types of species
are consumed for eating purposes in Japan [17]. Thus, the Japanese seafood market is
highly liquid, with a wide variety of products, and it is imperative to understand how
changes in consumer behavior during the COVID-19 pandemic might have impacted this
seafood market.

With this background in mind, the primary objective of this study is to examine
the impact of changes in eating habits among residents of the Tokyo metropolitan area
during the pandemic in regards to the frequency of their seafood purchases. The Tokyo
metropolitan area was selected for this study due to its status as the most densely populated
region in Japan, rendering it the area most severely affected by COVID-19. More specifically,
we investigate how alterations in meal preparation methods, increased hours spent at
home, and shifts in household financial situations have impacted the frequency of seafood
consumption. The second objective is to assess whether there were disparities in the shifts
in seafood consumption between high-end and popular varieties; high-end seafood is
typically consumed more frequently in restaurants, at higher prices, whereas popular
varieties are commonly prepared at home and are available at lower prices. The hours
spent at home increased following the announcement of the first SOE in the Tokyo area in
April 2020, leading to fewer people dining out and more individuals preparing meals at
home [18]. Consequently, we anticipate that these changes in eating habits have affected the
frequency of seafood consumption, resulting in a preference for seafood more commonly
consumed at home during the pandemic.

The current study is one of the first studies to survey Japanese households to un-
derstand their consumption of seafood during the pandemic era. Examining consumer
behavior concerning seafood to furnish insights into how shifts in eating habits impacted
seafood consumption during a pandemic will aid policymakers and stakeholders in for-
tifying the seafood industry amid future pandemics. Furthermore, acquiring a deeper
understanding of how consumers might shift from dining out to eating at home will pro-
vide a valuable contribution to consumer behavior research. The second contribution of
the study is to deepen the understanding of how changes in human mobility affected
consumption behavior using primary source data, since most previous studies only relied
on secondary data. Lastly, since the Japanese seafood market encompasses a wide array of
species, identifying variations in consumption patterns among different types of marine
products provides valuable insights for mitigating adverse impacts on the seafood market
related to future pandemics.
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2. About the Survey Sample

An online survey was conducted between 31 July and 19 August 2023, using the
platform of an online survey company, iBRIDGE Corp. A total of 2000 participants, aged
between 20 and 80, and residing in the Tokyo metropolitan area at the time of the survey,
were selected from the pool of 13 million individuals using iBRIDGE Corp. The samples
were chosen based on the 2022 population estimates of Japan. From this initial 2000 samples,
a second round of screening was conducted, based on specific criteria. First, we aimed
to include respondents who purchase seafood in the Tokyo metropolitan area. Thus, we
screened out individuals who had been away from the area during the past month. Second,
we sought respondents who resided in the Tokyo metropolitan area during the initial SOE
in May 2020. Third, we screened the respondents to include those who purchase seafood
products several times a year or more. Finally, to ensure respondents were knowledgeable
about their household’s seafood expenses, we screened for individuals who were the
primary grocery shoppers in their households. After applying these screening criteria to
conduct stratified sampling, a total of 850 respondents were obtained for analysis purposes.

Table 1 summarizes the distribution of the survey sample. Since Japan is one of the
countries with the highest aging population, it is noticeable that over half of the survey
sample were aged 55 or above. It is also evident that nearly 70% of the respondents were
female. In Japan, household chores are predominantly undertaken by women, and this
corresponds with the results of a household survey regarding chore distribution, indicating
that in nearly 70% of participating households, it is the wife who decides the daily menu [19].
As we screened the respondents based on their awareness of their household seafood
expenses, we believe that the higher percentage of female respondents in our sample is
linked to women primarily being responsible for household meals in Japan.

Table 1. Description of the demographic variables.

Variable Description Percentage
1. Under 35 11.88%
2. 35 to 45 13.29%
age 3. 45-55 21.29%
4. 55-65 22.82%
5. Above 65 30.71%
‘ 1 1. female 69.41%
emate 0. male 30.59%
hild 1. Have a child or children 53.41%
e 0. Do not have a child 46.59%
ed 1. Married 62.71%
marrie 0. Not married 37.29%
h 1. Own a house or an apartment 66.35%
own house 0. Do not own a house or an apartment 33.65%
1. Total household income is less than JPY 2 million 15.18%
2. Total household income is JPY 2 to 4 million 25.65%
. 3. Total household income is JPY 4 to 6 million 21.18%
mecome 4. Total household income is JPY 6 to 8 million 13.29%
5. Total household income is JPY 8 to 10 million 13.06%
6. Total household income is above JPY 10 million 11.65%

3. Methods

The econometric analysis is structured around Equation (1), which outlines the random
utility model.
Ujj = Vij + & 1)
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Here, U;; denotes the utility derived by the ith survey respondent selecting choice
J. Vij signifies the deterministic utility, expressed as a linear combination of observable
random factors.

Following the methods of Adibfar et al. [20], the random utility is assumed to be the
frequency of seafood purchases of interest, defined as Y;. With this assumption, Y* repre-
sents the underlying latent variable, and ] is the highest rank order such that Y;e{1,...,]}.
Then, Y; is defined as:

Yi=]iff)\j,1SY*<)\]‘j=1,...,] (2)

Here, Ao, ..., Aj represent the threshold parameters such that \g = —coand A; = +c0.
Then, the ordered logit model can be expressed as:

Y* = B'X + e 3)

where X;; and B are k x 1 vectors of observed explanatory variables and unknown parame-
ters, and €jj is a random error term, with a mean 0 and a variance Ul-z. Besides this ordered
logit model, we also estimated the heteroskedastic ordered logit (HOL) model by extending
the model by taking into account the heteroskedasticity in the error term, as follows:

0; = exp(Y'z) (4)

where z; denotes the vector of explanatory variables affecting the variance of the ith
observation, and vy is its unknown coefficients. For estimating the HOL model, we assumed
all the demographic variables presented in Table 1 to be heteroskedastic.

Based on the above theoretical foundation, the factors affecting seafood consumption
during the COVID-19 pandemic are analyzed using Equation (5):

6 . 3 . 4 . . 3
Y, = ﬁfiZj:l demographzc]-l- + 'BkiZkzl cooking; + 13“21:1 preparation; + B, mobility, . + 'B”ianl monetary,,; +¢€; (5)

For the dependent variable Y;, we applied the frequency of buying high-end and
popular seafood during the COVID-19 era. The details of the dependent variables are
summarized in Table 2. “High-end COVID-19” and “popular COVID-19” denote the
frequency of purchasing high-end and popular seafood during the pandemic. The lowest
order, “never bought”, in the table represents those who did not purchase any high-end or
popular seafood during the pandemic. High-end seafood is seafood with an average weekly
price that is equal to or higher than JPY 800 (USD 5.4) per 100 g, such as bluefin tuna (kuro
maguro), Japanese tiger prawn (kuruma ebi), and sea urchin (uni). Popular seafood is seafood
with an average weekly price that is equal to or less than JPY 400 (USD 2.7) per 100 g,
such as horse mackerel (aji) and sardine (iwashi) We differentiate between high-end and
popular seafood as separate entities due to their distinctions in each consumption setting.
Moreover, we rule out the notion that meat acts as a substitute for seafood in this study.
This is supported by Ito et al. [14], who demonstrated, through their analysis conducted in
2020, that meat did not substitute for seafood. Table 2 shows that the percentage of people
who did not buy seafood during the COVID-19 era was much higher for high-end seafood
compared to popular seafood. This suggests there might have been a shift from high-end
seafood to popular seafood during the pandemic.

To ensure the reliability of the findings from consumption models during the pandemic
era, we conducted additional analyses on models regarding the frequency of seafood
consumption around the month when the survey was conducted, between 31 July and
19 August 2023. For this analysis, we utilized the dependent variables “high-end now” and
“popular now”, each also comprising four ordinal categories.
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Table 2. Description of the dependent variables.

Variable Description %
1. Did not buy any seafood during the
. 61.88
pandemic era.
2 Purchased smaller amounts than
before the pandemic era 10.82
. Frequency of purchasing high-end seafood durin :
High-End COVID-19 the%OVI}]]D—Hp era. i & 3. Purchased near the same amount as 2400
before the pandemic era. ’
4. Purchased larger amounts than
. 3.29
before the pandemic era.
1. Did not buy seafood during the
month in which the survey 60.59
. . . was conducted.
High-End now f;equen;}: thpurf}}: asing high-end silafotoili during 2. Purchased seafood once a month. 21.18
€ month when the survey was conducted. 3. Purchased seafood once a week. 11.41
4. Purchased seafood at least more than 6.82
two to three times a week. ’
1. Did not buy any seafood during the
. 27.76
pandemic era.
2 Purchased smaller amounts than 11.76
Popular COVID-19 Frequency of purchasing popular seafood during the ~before the pandemic era. '
COVID-19 era. 3. Purchased near the same amount as 5404
before the pandemic era. '
4. Purchased larger amounts than
. 5.53
before the pandemic era.
1. Did not buy seafood during the
month when the survey 26.12
F ¢ hasi 1 food | was conducted.
Popular now drequen}cly ° pul}rlc aﬁmg E opuiar sealoo re;ent Zi 2. Purchased seafood once in a month.  32.35
uring the month when the survey was conducted. 3. Purchased seafood once in a week. 26.35
4. Purchased seafood at least more than 15.18
two to three times a week. ’
Having purchased bluefin tuna at least more than 1. Yes 29.18
Tuna once a month during the COVID-19 era. 0. No 70.82
Eel Having purchased eel at least more than once a 1. Yes 10.59
€ month during the COVID-19 era. 0. No 89.41
Shrim Having purchased Japanese tiger shrimp at least 1. Yes 3.29
p more than once a month during the COVID-19 era. 0. No 96.71
| Having purchased horse mackerel at least more than 1. Yes 28.00
Horse mackere once a month during the COVID-19 era. 0. No 72.00
Kerel Having purchased mackerel at least more than once 1. Yes 29.18
Mackere in a month during the COVID-19 era. 0. No 70.82
I Having purchased salmon at least more than oncea 1. Yes 38.59
Salmon month during the COVID-19 era. 0. No 61.41

To account for the heterogeneity of demographic backgrounds among respondents, we
included demographic variables, encompassing age, gender, and parental status, denoted
as demographics. As it is known that the cooking and shopping behaviors of consumers have
changed during the pandemic [20,21], we also consider the changes in these aspects during
the pandemic. Cooking includes whether the purchased seafood was consumed raw, boiled,
or grilled. Preparation comprises the frequency of eating outside the home, using a delivery
service, buying take-out meals, and cooking at home. Additionally, we examine how
alterations in human mobility during the pandemic have influenced seafood consumption,
as indicated by previous studies demonstrating that extended hours of remaining home
have affected seafood prices [10,13]. To integrate this effect into our model, we incorporate
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mobility as a variable to account for the fluctuations in hours spent at home during the
pandemic. Lastly, the monetary component encompasses changes in income, expenditures
on food consumed at home, and expenditures for dining out, as COVID-19 is recognized to
have impacted individuals’ income and consumption patterns [21,22]. The description of
these variables is provided in Table 3.

Table 3. Description of the control variables.

Category Variable Description %
Raw Assigned 1 if seafood consumption for sashimi increased during the 47
COVID-19 era and 0 otherwise. '
Cooking method Boiling aAs;i%r:)et(}:llelr‘ifl i‘t;(e)iled seafood consumption increased during the COVID-19 era 31
Grilling Assigned 1 if grilled seafood consumption increased during the COVID-19 era i1
and 0 otherwise.
1. Frequency of eating out was lower than before the COVID-19 era. 59.1
Eating out 2. Frequency of eating out was the same as before COVID-19 era. 35.2
3. Frequency of eating out was higher than before COVID-19 era. 5.8
1. Frequency of delivery service use was lower than before the COVID-19 era. 30.0
Delivery 2. Frequency of delivery service use was the same as before COVID-19 era. 62.7
Preparation 3. Frequency of delivery service use was higher than before COVID-19 era. 7.3
method 1. Frequency of buying take-out food was lower than before the COVID-19 era. 19.3
Takeout 2. Frequency of buying take-out food was same as before COVID-19 era. 67.5
3. Frequency of buying take-out food was higher than before COVID-19 era. 13.2
. 1. Frequency of cooking at home was lower than before the COVID-19 era. 49
Cooking at 2. Frequency of cooking at home was the same as before COVID-19 era. 57.4
home 3. Frequency of cooking at home was higher than before COVID-19 era. 37.7
H o 1. Length of hours staying at home was shorter than before the COVID-19 era. 3.5
uman mobility gy, ing h 2. Length of h ing at h before COVID-19 482
change aying home . Length of hours stay%ng at home was same as betore era. .
3. Length of hours staying at home was longer than before COVID-19 era. 48.2
1. Income level became lower than before the COVID-19 era. 20.7
Income change 2. Income level was the same as before the COVID-19 era. 75.3
3. Income level became higher than before the COVID-19 era. 4.0
1. Amount spent on food products for eating at home became lower than 85
before the COVID-19 era. :
Eating athome 2. Amount spent on food products for eating at home was the same as before 544
expense the COVID-19 era. ’
Monetary aspect 3. Amount spent on food products for eating at home became higher than 370
before the COVID-19 era. '
1. Amount of money spent for eating out became lower than before the 50.0
eat out expense COVID-19 era. '
2. Amount of money spent for eating out was the same as before the 417
COVID-19 era. ’
3. Amount of money spent for eating out became higher than before the 8.4

COVID-19 era.

Table 3 shows that the percentage of people who ate out decreased during the COVID-
19 era, suggesting that fewer people dined out during the pandemic. Meanwhile, more
people cooked at home, and spending on home-cooked meals tended to increase during
this period.

Finally, as a robustness test, we also estimated binary logit models for high-end and
popular seafood products to examine the impact of the pandemic on the specific types
of seafood consumption. The same independent variables were included in this binary
model as those included in Equation (5), with the dependent variable indicating whether
the individual purchased that type of seafood during the pandemic era. For high-end
seafood, we analyzed non-frozen bluefin tuna, eel, and Japanese tiger shrimp within the
high-end seafood category. Similarly, we tested the model for non-frozen horse mackerel,
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mackerel, and salmon to ascertain how each specific type of seafood within the popular
seafood category was affected during the pandemic. These three seafood products ranked
as the top three in terms of the percentage of respondents who reported in the survey that
they had purchased them during the COVID-19 pandemic.

Before finalizing the estimation models, we estimated the variance inflation factor
(VIF) among the independent variables. The VIFs ranged between 1.10 to 2.05, ruling out
the possibility of multicollinearity.

4. Results
4.1. Ordered Logit Model Estimation

We surveyed 850 respondents residing in the Tokyo metropolitan area during the first
SOE period, which occurred between April and May 2020. An ordered probit model was
applied to examine the potential effects of demographic background, cooking methods,
meal preparation, hours spent at home, and financial conditions on seafood consumption
frequency during the COVID-19 pandemic. The estimation results are presented in Table 4.

Table 4. Ordered logit estimation.

High-End Covid High-End Now  Popular Covid Popular Now

Age a 0.106 % 0.0493 0.111 **
(2.58) (1.73) (0.84) (2.03)
Female 0409 ** 0356 ** —0.383 ** ~0.166
(~2.53) (~2.29) (—2.45) (-1.17)
Children ~0.201 ~0.0967 ~0.206 ~0.00161
(~1.10) (~0.55) (—1.20) (—=0.01)
Married 0.476 ** 0.300 0.368 ** 0.259
(2.54) (1.64) (2.13) (1.62)
Own house 0225 0.0771 0.104 ~0132
(1.31) (0.46) (0.66) (~0.89)
Income 0.0692 0.0762 0.128 *** 0.146 ***
(141) (157) (2.74) (3.41)
Raw 2.637 **+ 1612 0.943 1.034 **
(6.25) (4.80) (2.20) (2.93)
Boiling 0.609 1505 %+ 0.243 0.676
(1.26) (3.44) (0.45) (1.41)
Grilling 1440 ** 0.836 ** 2.160 *** 0.794 *
(2.97) (2.00) (4.05) (176)
Eating out 0.0376 —0.0798 —0.0424 ~0.129
0.25) (~0.54) (~0.30) (~0.97)
Delivery 0.101 ~0.0948 0.119 ~0.0970
(0.75) (~0.72) (0.95) (—0.84)
Takeout 0314 * 0.417 **+ 0.239 * 0.307 ***
(237) (3.18) (192) (2.65)
Cooking athome  —0.140 —0.164 0.147 0.145
(~0.98) (~1.13) (1.12) (1.15)
Stayinghome 0171 0.0360 0.276 ** 0.0946
(1.15) (0.25) (2.01) (0.73)
Income change -0.127 0.00739 0.0807 0.0675
(—~0.79) (0.05) (053) 0.48)
Eating athome ) 577« —0.267 % ~0.111 ~0.111
expenses
(~2.16) (~2.16) (—0.95) (~1.02)
Eating out 0.0811 0.142 ~0.205 —0.282 %
expenses
0.61) (1.08) (—1.61) (~2.39)
Observations 850 850 850 850

Note: *** p < 0.01; ** p < 0.05; * p < 0.1. The parentheses denote the t-statistics.
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First, among the demographic variables, age exerted a positive impact on high-end
seafood consumption, suggesting that older individuals tended to purchase more high-
end seafood during the COVID-19 pandemic. This finding aligns with the tendency for
older people, particularly those aged over 60, to have a higher rate of seafood purchases
compared to the younger generation in Japan [23]. Female respondents expressed a lower
rate of seafood consumption during the pandemic. This might be attributed to the higher
incidence of part-time female workers compared to males losing their jobs during the
pandemic [24], leading them to reduce seafood consumption to save money. Table 4 also
suggests that respondents who were married showed a higher rate of seafood consumption.
This observation may imply that during the pandemic, individuals living within a family
unit spent more time together and shared seafood meals, possibly due to the stay-at-
home restrictions.

Second, the table illustrates that both high-end and popular seafood were more likely
to be prepared either raw or grilled, with less spending on boiled seafood during the
COVID-19 pandemic. This trend could be attributed to changes in meal preparation habits
during the COVID-19 era. Individuals purchasing seafood for takeout purposes exhibited
a higher consumption rate for high-end seafood, and since seafood for take-out purposes is
more commonly prepared raw or grilled, it suggests that more people tended to opt for
take-out meals during the COVID-19 pandemic.

Third, the hours spent at home had a positive effect on the frequency of popular
seafood consumption during the pandemic. This suggests that people consumed seafood
more frequently at home rather than dining out during the state of emergency (SOE) period.
This is likely related to the impact of the SOE request, which imposed restrictions on the
operating hours of restaurants and bars, prompting people to return home earlier than they
would have during periods before the SOE was announced.

Fourth, Table 4 also shows that individuals’ changes in their financial situation during
the pandemic influenced seafood consumption. Those who allocated more of their expenses
to eating at home experienced a decrease in the frequency of consuming high-end seafood.
This outcome likely reflects a transition from dining out to eating at home, as high-end
seafood is typically consumed at restaurants.

The estimation of the average marginal effects of the ordered logit model presented
in Table 5. Table 6 further validates the aforementioned findings, indicating that older
and married individuals increased their consumption of high-end seafood, while a greater
preference was observed for raw and grilled seafood compared to boiled seafood during
the pandemic. It is discernible that people who bought take-out food more frequently
during the pandemic exhibited a higher frequency of seafood purchases. The impact of
an increase in stay-at-home hours on popular seafood consumption shifted from negative
to positive when individual purchase frequency remained the same or increased when
compared to the pandemic era. Lastly, an increase in expenses spent on meals eaten at
home had a negative effect on the frequency of popular seafood consumption.

Table 5. Average marginal effects for the high-end seafood.

High-End Covid High-End Now
Prob. 1 Prob. 2 Prob. 3 Prob. 4 Prob. 1 Prob. 2 Prob. 3 Prob. 4
Never Less Same More Never Less Same More
Age —0.0342 ***  0.00610 ** 0.0237 *** 0.00445 ** —0.0230 * 0.00933 * 0.00783 * 0.00582 *
(—2.61) (2.54) (2.59) (2.39) (—1.74) (1.73) 1.72 (1.7)
Female 0.0848 ** —0.0151 ** —0.0587 ** —0.0110 ** 0.0769 ** —0.0312 ** —0.0262 ** —0.0195 **
(—2.56) (—2.50) (—2.54) (—2.35) (—2.31) (—2.30) (—2.26) (—2.22)
Children 0.0417 —0.00744 —0.0289 —0.00543 0.0209 —0.00847 —0.00711 —0.00529
(—1.1) (—1.09) (—1.10) (—1.08) (—0.55) (—0.55) (—0.55) (—0.55)
Married —0.0989 ** 0.0176 ** 0.0684 ** 0.0129 ** —0.0647 * 0.0262 * 0.022 0.0164

(—2.57)

(2.52) (2.55) (2.37) (—1.65) (1.65) (1.64) (1.61)
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Table 5. Cont.
High-End Covid High-End Now
Prob. 1 Prob. 2 Prob. 3 Prob. 4 Prob. 1 Prob. 2 Prob. 3 Prob. 4
Never Less Same More Never Less Same More
Own house —0.0466 0.00831 0.0322 0.00606 —0.0166 0.00675 0.00567 0.00421
(—1.32) (1.31) (1.31) (1.3) (—0.46) (0.46) (0.46) (0.46)
Income —0.0144 0.00256 0.00994 0.00187 —0.0164 0.00668 0.0056 0.00417
(—1.41) (1.4) (1.41) (1.38) (-1.57) (1.57) (1.56) (1.54)
Raw —0.547 *** 0.0975 *** 0.378 *** 0.0712 *** —0.348 *** 0.141 *** 0.119 *** 0.0882 ***
(—6.42) 4.73) (6.26) (4.97) (—4.91) (4.44) (4.66) (4.45)
Boiling —0.126 0.0225 0.0873 0.0164 —0.344 *** 0.140 *** 0.117 *** 0.0872 ***
(—1.26) (1.24) (1.26) (1.23) (—3.47) (3.30) (3.34) (3.35)
Grilling —0.299 *** 0.0533 *** 0.207 *** 0.0389 *** —0.181 ** 0.0733 ** 0.0615 ** 0.0457 **
(—2.99) (2.81) (2.94) (2.85) (—2.01) (1.97) (1.99) (1.98)
Eating out —0.00780 0.00139 0.00540 0.00101 0.0172 —0.00699 —0.00587 —0.00436
(—0.75) (0.75) (0.74) (0.74) 0.72) (—0.72) (—0.72) (—0.72)
Delivery —0.0209 0.00372 0.0144 0.00272 0.0205 —0.00831 —0.00697 —0.00519
(—0.75) (0.75) (0.74) (0.74) 0.72) (—0.72) (—0.72) (—0.72)
Takeout —0.0652 ** 0.0116 ** 0.0451 ** 0.00848 ** —0.0899 ***  0.0365 *** 0.0306 *** 0.0228 ***
(—2.40) (2.34) (2.38) (2.22) (—3.24) (3.22) (3.11) (3.00)
}Clé’;tmg A 0.0291 —0.00518  —0.0201 ~0.00378  0.0353 —0.0143 ~0.0120 —0.00895
(0.98) (—0.98) (—0.98) (—0.97) (1.13) (~1.13) (-1.12) (-1.12)
}S&gg —0.0354 0.00631 0.0245 0.00461 —0.00778 0.00316 0.00265 0.00197
(—1.15) (1.15) (1.15) (1.13) (—0.25) (0.25) (0.25) (0.25)
ii‘;‘r’g: 0.0264 —0.00471  —0.0183 —0.00343  —0.00159  0.000647  0.000543  0.000404
(0.79) (—0.79) (—0.79) (—0.79) (—0.05) (0.05) (0.05) (0.05)
Eating at
home 0.0562 ** —0.0100 ** —0.0389 ** —0.00731 **  0.0576 ** —0.0234 ** —0.0196 ** —0.0146 **
expense
(2.17) (—2.13) (—2.16) (—2.05) (2.17) (—2.17) (—2.13) (—2.10)
Eating out 4168 000300 0.0116 0.00219 ~0.0306 00124 0.0104 0.00775
expense
(—0.61) (0.61) (0.61) (0.61) (—1.08) (1.08) (1.07) (1.07)
Note: **p < 0.01; ** p < 0.05; * p < 0.1. The parentheses denote the t-statistics.
Table 6. Average marginal effects for the popular seafood.
Popular Covid Popular Now
Prob. 1 Prob. 2 Prob. 3 Prob. 4 Prob. 1 Prob. 2 Prob. 3 Prob. 4
Never Less Same More Never Less Same More
Age —0.00934 —0.00158 0.00862 0.0023 —0.0204 ** —0.00433*  0.0116 ** 0.0131 **
(—0.84) (—0.84) (0.84) (0.83) (—2.04) (—1.88) (2.04) (2.02)
Female 0.0726 ** 0.0123 ** —0.0670 ** —0.0179 ** 0.0306 0.0065 —0.0174 —0.0197
(2.47) (2.38) (—2.48) (—2.34) (-1.17) (-1.15) (—1.18) (-1.17)
Children 0.039 0.0066 —0.036 —0.0096 0.000296 0.0000628 —0.000168 —0.000191
1.2) (1.19) (—1.20) (—1.18) (—0.01) (—0.01) (—0.01) (—0.01)
Married —0.0697 ** —0.0118 ** 0.0643 ** 0.0171 ** —0.0476 —0.0101 0.027 0.0306
(—2.14) (—2.08) (2.15) (2.06) (—1.62) (—1.55) (—1.62) (—1.61)
Own house —0.0197 —0.00333 0.0182 0.00484 0.0244 0.00517 —0.0138 —0.0157
(—0.66) (—0.66) (0.66) (0.66) (—0.89) (—0.88) (—0.89) (—0.89)
Income —0.0242 *** ;,?'00410 0.0224 *** 0.00596 ***  —0.0269 *** ;9'00570 0.0153 *** 0.0173 ***
(—2.76) (—2.66) 2.78) (2.59) (—3.44) (—2.87) (3.45) (3.35)
Raw —0.179 ** —0.0302 ** 0.165 ** 0.0439 ** —0.190 *** —0.0404 **  0.108 *** 0.123 ***
(—2.20) (—2.15) (2.19) (2.17) (—2.91) (—2.63) (2.87) (2.95)
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Table 6. Cont.
Popular Covid Popular Now
Prob. 1 Prob. 2 Prob. 3 Prob. 4 Prob. 1 Prob. 2 Prob. 3 Prob. 4
Never Less Same More Never Less Same More
Boiling —0.0460 —0.00778  0.0425 0.0113 —0.124 —0.0264 0.0707 0.0801
(—0.45) (—0.45) (0.45) (0.45) (—141) (~1.37) (1.41) (1.41)
Grilling 0409 **  —0.0692 **  (.378 **+ 0.101 *** —0.146 * —0.0310*  0.0831* 0.0941 *
(—4.01) (—3.59) (3.88) (3.97) (—1.76) (~1.68) (1.75) (1.76)
Eating out  0.00803 0.00136 ~0.00741 ~0.00197  0.0237 0.00504 ~0.0135 ~0.0153
(—0.95) (—0.94) (0.95) (0.94) (0.85) (0.83) (—0.85) (—0.84)
Delivery —0.0225 ~0.00380  0.0208 0.00553 0.0178 0.00379 ~0.0101 —0.0115
(—0.95) (—0.94) (0.95) (0.94) (0.85) (0.83) (—0.85) (—0.84)
Takeout —0.0452*%  —0.00765*  0.0418* 0.0111 * —0.0565**  —0.0120*  0.0321**  0.0364 ***
(—1.93) (—1.88) (1.93) (1.86) (—2.66) (—2.38) (2.66) (2.63)
}fgg‘emg at 00279 ~0.00472  0.0258 0.00686 —0.0267 ~0.00566  0.0152 0.0172
(~1.12) (~1.11) 1.12) (1.10) (—1.15) (-1.12) (1.15) (1.15)
iﬁg‘g ~0.0523*  —0.00884 **  0.0483 ** 0.0129 * —0.0174 ~0.00369  0.00989 0.0112
(—2.01) (~1.97) (2.02) (1.95) (—0.73) (~0.73) (0.73) (0.73)
ii‘;‘r’f;: ~0.0153 ~0.00258  0.0141 0.00376 —0.0124 ~0.00263  0.00706 0.00800
(—0.54) (—0.53) (0.54) (0.53) (—0.48) (—0.47) (0.48) (0.48)
Eating at
home 0.0210 0.00355 ~0.0194 —0.00516  0.0204 0.00432 —0.0116 ~0.0131
expense
(0.95) (0.95) (—0.95) (—0.95) (1.02) (1.00) (—1.02) (—1.02)
Eating out
expense 0.0388 0.00656 ~0.0358 —0.00954  0.0520 ** 0.0110 ** Z0.0295*  —0.0335 **
(1.62) (1.60) (—1.62) (—1.58) (2.40) (2.17) (—2.40) (—2.37)

Note: **p < 0.01; ** p < 0.05; * p < 0.1. The parentheses denote the t-statistics.

4.2. Robustness Tests

We also tested the same model using the heteroskedastic ordered logit model, as
illustrated in Table 7. Here, the direction of the coefficient mostly aligned with that of
the ordered logit model, while the eating out expense became significant at the 10% level
for the popular seafood model during the pandemic. This negative sign for the eating out
expense coefficient regarding popular seafood consumption indicates that when individual
spending on eating out increased, the frequency of consuming popular seafood decreased.
This could suggest that when people allocate more money to eating out, the frequency of
purchasing popular seafood declines.

Finally, Table 8 shows the result of the robustness test to examine how factors in-
vestigated in this study affected the high-end and popular seafood consumption by type
of product. It is evident from the tuna and eel models that older individuals tended to
purchase high-end seafood, while females consumed less during the pandemic. Meanwhile,
it can be observed from the mackerel and salmon models that individuals with higher
incomes tended to purchase popular seafood during the pandemic. The table also reveals
that individuals preferred raw or grilled over boiled seafood when purchasing high-end
seafood. An increase in takeout consumption was only significant at the 10% level, but it
had a positive effect on high-end seafood consumption. Changes in the hours of staying
at home did not become significant in any of the models. Based on the horse mackerel
and mackerel models, it appears that there was an increase in popular seafood consump-
tion among individuals whose income rose during the pandemic. Finally, similar to the
results of the ordered logit model, an increase in expenditure on dining at home tended
to have a decreasing effect on tuna and Japanese tiger shrimp consumption, indicating
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that the shift from dining out to eating at home during the pandemic reduced high-end
seafood consumption.

Finally, to test the goodness of fit of the binary logit models presented in Table 8, we
conducted a calibration test developed by Nattino et al. [25]. The results of the calibration
test in Figure 1 show that the null hypothesis of good calibration was not rejected at the 5%
significance level, suggesting that all the linear logit models applied to the different types
of fish were robust.
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Figure 1. Calibration test for internal validation.
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Table 7. Heteroskedastic ordered logit model estimation.
High-End Covid High-End Now  Popular Covid Popular Now
Age 0.200 *** 0.181 ** 0.0297 0.119 **
(4.02) (2.47) (0.62) (2.07)
Female —0.227 % —0.438 ** —0.309 ** —0.160
(—1.84) (—2.14) (—2.53) (-1.17)
Children —0.180 —0.116 —0.168 —0.0173
(—1.47) (—0.56) (—1.27) (—0.11)
Married 0.307 ** 0.413 0.300 ** 0.241
(1.99) (1.64) (2.16) (1.46)
Own house 0.144 0.0311 0.0796 —0.170
(1.14) (0.16) (0.68) (—1.13)
Income 0.0393 0.0415 0.0795 ** 0.149 ***
(1.27) (0.73) (2.02) (3.01)
Raw 1.733 *** 1.709 *** 0.769 ** 0.941 **
(3.93) (3.50) (2.31) (2.53)
Boiling 0.334 1.596 *** 0.196 0.713
(1.08) (2.63) (0.48) (1.46)
Grilling 0.883 ** 0.969 * 1.539 *** 0.708
(2.42) (1.95) (3.00) (1.56)
Eating out —0.0178 —0.0941 —0.0550 —0.123
(—0.20) (—0.61) (—0.52) (—0.95)
Delivery 0.0680 —0.0829 0.0850 —0.0943
(0.85) (—0.60) (0.89) (—0.84)
Takeout 0.179 ** 0.423 *** 0.181* 0.311 **
(2.13) (2.63) (1.87) (2.51)
Cooking at home —0.0744 —0.166 0.0910 0.157
(—0.89) (—1.08) (0.92) (1.25)
Staying home 0.0866 0.0116 0.186 * 0.0875
(1.02) (0.08) (1.72) (0.68)
Income change —0.0509 0.0244 0.0645 0.0640
(—0.52) (0.15) (0.57) (0.46)
Eating athome —0.164 ** ~0269 % ~0.0801 ~0.114
expense
(—2.04) (—1.94) (—0.89) (—1.01)
Eating out expense 0.0585 0.136 —0.162 * —0.268 **
(0.77) (0.99) (—1.66) (—2.21)
Observations 850 850 850 850
Note: ***p < 0.01; ** p < 0.05; * p < 0.1. The parentheses denote the t-statistics.
Table 8. Logit model estimation for the type of seafood purchased.
High-End Seafood Popular Seafood
Tuna Eel Shrimp Horse Mackerel Mackerel Salmon
Constant —1.757 ** —3.660 *** —4.474 ** —1.059 —1.085 —2.024 **
(—1.98) (—2.79) (—2.03) (—1.21) (—1.26) (—2.46)
Age 0.215 *** 0.0703 0.0602 0.0663 0.0791 —0.0439
(2.99) (0.68) (0.35) (0.96) (1.18) (—0.70)
Female —0.473 *** —0.644 ** 0.137 —0.317 % —0.291* 0.0620
(—2.68) (—2.56) (0.30) (—1.79) (—1.68) (0.37)
Children —0.130 0.618 ** —0.257 0.00119 —0.330 * 0.310 *
(—0.64) (1.96) (—0.50) (0.01) (—1.70) (1.67)
Married 0.425 ** —0.337 —0.315 0.271 0.258 —0.0848
(2.05) (—1.10) (—0.61) (1.32) (1.30) (—0.45)
Own house 0.0250 0.523 * 0.666 0.0400 0.386 ** —0.0426
(0.13) (1.75) (1.33) (0.22) (2.10) (—0.25)
Income 0.0346 —0.0746 0.197 0.0739 0.0996 * 0.133 ***
(0.64) (—0.92) (1.43) (1.37) (1.90) (2.67)
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Table 8. Cont.

High-End Seafood Popular Seafood
Tuna Eel Shrimp Horse Mackerel Mackerel Salmon
Raw 2.558 *** —0.0194 —1.180 0.669 —0.146 0.0152
(5.17) (—0.03) (—1.21) (1.62) (—0.33) (0.04)
Boiling 0.912 0.524 —1.263 0.254 —0.496 0.387
(1.54) (0.85) (—1.22) (0.46) (—0.86) (0.73)
Grilling —0.238 2.121 *** 3.295 *** 0.931* 1.047 ** 0.654
(—0.40) (3.50) (3.71) (1.79) (1.96) (1.28)
Eating out —0.0411 0.211 —0.361 —0.227 —0.288 * —0.0710
(—0.24) (0.87) (—0.83) (—1.33) (—1.72) (—0.46)
Delivery —0.0316 0.234 0.535 —0.0594 —0.0752 —0.100
(—0.21) (1.07) (1.41) (—0.41) (—0.52) (—0.75)
Takeout 0.287* 0.290 0.108 —0.0720 —0.0379 0.218
(1.91) (1.37) (0.31) (—0.50) (—0.27) (1.64)
Cooking at home —0.0844 —0.324 —0.0805 0.0333 —0.121 0.278 *
(—0.52) (—1.41) (—0.20) (0.21) (—0.78) (1.89)
Staying home 0.216 0.310 0.0242 0.214 0.0924 0.219
(1.30) (1.24) (0.06) (1.31) (0.57) (1.45)
Income change —0.0674 0.0705 0.139 0.316 * 0.401 ** —0.00743
(—0.37) (0.28) (0.32) (1.75) (2.25) (—0.05)
Eating at home expense —0.362 *** 0.0579 —0.600 * —0.377 *** —0.164 0.0221
(—2.58) (0.28) (—1.75) (—2.75) (—1.22) (0.18)
Eating out expense 0.0656 —0.239 0.192 —0.123 —0.108 —0.163
(0.44) (—1.10) (0.52) (—0.82) (—0.74) (—1.20)
Observations 850 850 850 850 850 850

Note: **p < 0.01; ** p < 0.05; * p < 0.1. The parentheses denote the t-statistics.

5. Discussion and Conclusions

The COVID-19 pandemic caused shockwaves in the food market, and the seafood
market was no exception. Particularly, shutdowns and restrictions on restaurant operating
hours had a detrimental impact on food consumed outside the home. The current study
also detected traces of the influence of pandemic-related restrictions on human mobility on
seafood consumption.

First, our findings indicated that an increase in individuals’ consumption of seafood
for take-out purposes positively affected the frequency of seafood consumption during the
pandemic. This result contrasts with that of Engle et al. [11], who observed a decrease in
the frequency of take-out orders for seafood among US consumers during the pandemic.
They noted that the decline was attributed to concerns regarding the quality, freshness, and
safety of consuming seafood through take-out services. Given the widespread practice of
purchasing sashimi (sliced raw fish) and sushi in Japan, ordering take-out seafood is more
common and frequent compared to this practice in the US. Consequently, we conjecture
that concerns regarding the quality or freshness of seafood for takeout did not significantly
affect the consumption of take-out food in Japan. Another reason for the gap is that the
Japan’s stay-at-home policy was a voluntary request made by the government, unlike the
legally binding lockdowns implemented in other countries. Thus, it is suggested that this
policy did not disrupt the food distribution system in Japan [26].

Second, the study confirmed that increased stay-at-home hours during the pandemic
resulted in a higher frequency of popular seafood consumption. This finding is consistent
with that of de la Iglesia et al. [12], who showed an overall increase in seafood consump-
tion during the COVID-19 pandemic in Spain. Since popular seafood is more regularly
consumed at home, this result indicates a shift in consumption from high-end seafood
enjoyed outside the home to popular seafood being consumed at home due to more people
remaining in their homes during the pandemic.
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Finally, this study made it evident that as more people directed their spending towards
dining at home, the frequency of consuming high-end seafood declined. This suggests that
as fewer people dined at restaurants due to confinement measures, more people allocated
their money towards home dining. This result is aligned with that of Aruga et al. [10], in
which increased stay-at-home hours caused a sharp decline in luxury seafood prices.

Overall, the study results indicate that when human mobility is restricted during a
pandemic, there is a shift in consumption from seafood prepared in restaurants to seafood
consumed at home. Therefore, policies should be implemented to support suppliers,
restaurants, and retailers dealing with high-end seafood, as they are likely to face economic
challenges due to stagnant consumption. Additionally, policies should aim to help stabilize
the seafood market and support the development of infrastructure to offer more takeout
options for seafood. This is crucial, as there is likely to be an increase in seafood consumed
at home during pandemics.
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