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Abstract: The development of fishery technologies supports food sustainability to achieve a steady
supply of fish and fishery products. However, the priorities for research and development (R&D) in
fishery technologies vary by region due to differences in fish resource availability, environmental
concerns, and consumer preferences for fishery products. This study examines trends in fishery
technology innovations using data on patents granted as an indicator of changing R&D priorities.
To clarify changes in R&D priorities, we apply a decomposition analysis framework that classifies
fishery technologies into three types: harvesting, aquaculture, and new products. This study mainly
focuses on China, Japan, and Korea as the major fishing countries in the north-east Asia region.
The results show that the number of fishery technology patents granted increased between 1993 and
2015; in particular, the number of aquaculture patents granted has grown rapidly since 2012. However,
the trend in Japan was the opposite, as the apparent priority given to aquaculture technology
innovation decreased between 1993 and 2015. The trends and priority changes for fishery technology
inventions vary by country and technology group. This implies that an international policy framework
for fishery technology development should recognize that R&D priorities need to reflect diverse
characteristics across countries and the technologies employed.

Keywords: aquaculture; decomposition analysis; research and development strategy; fisheries
technology; food sustainability; harvesting technology; patent data

1. Introduction

Fish and fishery products are important for maintaining a healthy diet [1] and are a major
source of nutrition for hundreds of millions of people worldwide [2]. Marine fishery resources are
perishable goods dramatically affected by fishing and storage conditions. Furthermore, fishery is
an export-oriented sector, in which information asymmetry plays a fundamental role in relation to
product origins [3]. The demands for fish and fishery products are expected to increase in the future
due to population expansion in developing countries [4] and to increase per capita consumption
driven mainly by developing countries, especially China [5]. This report expects that food fish supply
per capita will increase in China, India, and Brazil by 19.5%, 11.7%, and 32.3%, respectively, by 2025,
which is the target year for the global improvements in maternal, infant and young child nutrition
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outlined in the Rome Declaration on Nutrition [5]. This growth is expected to significantly increase
worldwide demand for fish and fishery products.

The rapid growth in demand for fish and fishery products increases the risk of stock depletion
due to over-exploitation. The Food and Agriculture Organization of the United Nations (FAO) [5]
has pointed out that marine fish stocks declined from 1974 to 2011, and the remainder were
estimated to be fished at a biologically unsustainable level. To move towards solving the problem
of overfishing, recently some indicators of sustainability (e.g., marine ecological footprint, fishprint,
primary production required) have been analysed [6] and several types of tools and management
strategies (e.g., total allowable catches, marine protected areas, and individual transferable quotas)
have been created [7]. Additionally, marine resource management was individually established as goal
14, “Conserve and sustainably use the oceans and marine resources for sustainable development”,
in the sustainable development goals (SDGs) adopted by the United Nations [8].

Technology development is another important factor in satisfying the future demand for fish
and fishery products by improving the catchability of the harvesting sector and preventing resource
depletion [9]. Additionally, new aquaculture technology can boost production, supply high-quality fish
products, and contribute to the protection of fragile aquatic environments [10]. In addition to fishing
and aquaculture technology, new fish product technologies contribute to economic development,
e.g., through value-adding processing such as surimi technology [11]. Therefore, fishery technology
development plays an important role in achieving sustainable fishery resource management [12].

However, the priority for research and development (R&D) differs based on the type of fishery
technology due to differences in the incentives for technology development (e.g., expected profit, policy
and regulation, availability of financing). Additionally, R&D strategies for fishery technology differ
between countries due to varying dietary cultures and available fish resources. Understanding the
diversity of fishery resources and fishery technologies available or under development is an essential
step towards obtaining international agreements for fishery resource conservation [13].

To consider the characteristics of fishery technologies, we applied patent data with the fishery
technology classification used by the Organisation for Economic Co-operation and Development [14].
By following this classification, we can separate fishery technologies into three types: harvesting technology,
aquaculture technology, and new products technology. A description of each technology is provided in
Table 1, and a list of patent classifications is introduced in Table S1 in the supplementary material.

Table 1. Description of the aquaculture technology patent groups.

Patent Group Description of Patent Group

Harvesting technology

Harvesting technologies, such as more effective ways to find or harvest fish; these are
typically associated with improvements in catch per unit of effort. The main categories
of this patent group are IPC = A01K69 (Stationary catching devices), IPC = A01K77
(Landing-nets; Landing-spoons), and IPC = B63B35/14 (Fishing vessels).

Aquaculture technology

Aquaculture technologies, such as methods to more effectively grow fish in captivity
(innovation in feeds, ingredients that improve the health of aquaculture animals, etc.).
The main categories of this patent group are IPC = A01K61 (Culture of fish, mussels,
crayfish, lobsters, sponges, pearls and the like) and IPC = A01K63 (Receptacles for live
fish, e.g., aquaria).

New products technology

New products technologies, such as the development of new fish products (food
technologies/processing, such as the development of surimi as a crabmeat substitute)
and improvement in processing lines. The main categories of this patent group are
IPC = A22C25 (Processing fish; curing of fish; stunning of fish by electric current;
investigating fish by optical means) and IPC = A22C29 (Processing shellfish or bivalves
and devices therefor; processing lines).

Source: OECD [14].

Patent data analyses are widely applied to evaluate R&D activities in the fields of engineering,
economics, and corporate management [15]. Nicol et al. [16] explained the technological development
of Antarctic krill products using krill-related patents-granted data. Popp [17] analysed the effect of
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energy prices on R&D activities using patent data. He considered the share of energy-related patents
granted of total patents granted as the proxy variable of R&D priority for energy technology. Fujii [18]
uses this R&D priority idea to develop the framework of patent decomposition analysis.

Previous studies on fishery technology innovations do not clearly consider the diversity of
countries and technological characteristics (e.g., Ninan et al. [19], Ninan and Sharma [20]). The objective
of this study is to clarify R&D strategy changes for fishery technology development using patent
data categorized by country and technology type. The novelty of this study is that it is the first to
analyse R&D strategy through the use of fishery technology patent innovations and the application of
a decomposition analysis framework. By using decomposition analysis, we can identify the factors
affecting fishery technology patents, which is key information needed to support an effective R&D
development policy.

According to Fujii and Managi [21], technology innovation is induced by future business market
expansion. Additionally, fishery technology development is driven by fish resource conservation
and environmental protection [22]. As explained above, demand for fish and fishery products will
significantly increase, especially in developing countries. Additionally, international treaties and
agreements for marine resource management become stricter every year [23]. Under strict harvesting
rules for marine resources, fishery companies will need to invest in fishing gear and geographic
information systems for marine resource conservation, which will decrease the incentive to continue
harvesting activities [2]. Meanwhile, the opportunity for aquaculture business will increase, especially
in China [2]. The demand for technology will directly affect the technological development strategy,
which is a key factor in R&D activities [21].

To investigate the research objective more clearly, we established two research hypotheses.

Hypothesis 1. The R&D priority for fishery technology development increased in fishing countries.

Hypothesis 2. The R&D priority placed on aquaculture technology development in fishing countries increased
more than that placed on harvesting technology development.

2. Materials and Methods

We employed a decomposition analysis framework to identify changes in the factors involved in
fishery technological patents granted. In a decomposition analysis, we use three specific technology
groups: harvesting technology, aquaculture technology, and new products technology. To decompose
patents granted in the field of fisheries technology, we used three indicators: the priority of the
specific fisheries technology (PRIORITY), the importance of fisheries technology in all patents granted
(FISHERY), and the scale of R&D activity (SCALE).

We define the PRIORITY indicator as the number of each specific group of fishery technology
patents granted divided by the total number of fishery technology patents granted, which gives us the
share of specific fishery technology patents granted within the total. This indicator will increase if the
number of specific fishery technology patents granted increases more quickly than the total number of
fishery technology patents granted, indicating that inventors are concentrating their research resources
on these specific technology areas.

Similarly, the FISHERY indicator is defined as the total number of fishery technology patents
granted divided by the total number of all patents granted, which gives the share of total fishery
technology patents granted within the total. This indicator will increase if the number of total
fishery technology patents granted increases more quickly than the number of all patents granted,
thus indicating that inventors are concentrating their research resources on fishery technology innovations.

Finally, the SCALE indicator is defined as the total number of all patents granted, which represents
the scale of R&D activities. SCALE increases if the total number of all patents granted increases. The
number of patents granted for fishery technologies increases due to an increase in overall R&D activities
if the SCALE score increases.
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Here, we introduce the decomposition approach using the harvesting technology patent group as
the specific fisheries technology patents granted (see Table 1). This follows the methodology introduced
by Ang et al. [24] to calculate a logarithmic mean divisia index (LMDI). The number of harvesting
technology patents granted (HARVEST) is decomposed using the total fisheries technology patents
granted (FTECH) and total patents granted (TOTAL), as in Equation (1).

HARVEST =
HARVEST

FTECH
× FTECH

TOTAL
× TOTAL = PRIORITY × FISHERY × SCALE (1)

Following Ang et al. [24], we obtained Equation (2) by using logarithmic function.
where ωt

i =
(

HARVESTt − HARVESTt−1
)

/
(

lnHARVESTt − lnHARVESTt−1
)

.

HARVESTt − HARVESTt−1 = ∆HARVESTt,t−1

= ωt
i ln

(
PRIORITYt

PRIORITYt−1

)
+ωt

i ln
(

FISHERYt

FISHERYt−1

)
+ωt

i ln
(

SCALEt

SCALEt−1

) (2)

Therefore, the changes in the number of patents granted for harvesting technologies (∆HARVEST)
are decomposed by changes in PRIORITY (first term), FISHERY (second term) and SCALE (third
term). The term ωt

i operates as an additive weight for the estimated number of patents granted for
harvesting technologies.

In this study, we apply a further transformation of the LMDI to clarify the change ratio of
patents granted. We define this ratio as the percentage of change in the number of patents granted in
comparison with the base year (t0). To decompose the change ratio, we transform Equation (2) to (3).

Change ratiot,t0
HARVEST = HARVESTt−HARVESTt0

HARVESTt0
= ∆HARVESTt,t0

HARVESTt0

= ωt
i ln

(
PRIORITYt

PRIORITYt−1

)
× 1

HARVESTt0

+ωt
i ln

(
FISHERYt

FISHERYt−1

)
× 1

HARVESTt0

+ωt
i ln

(
SCALEt

SCALEt−1

)
× 1

HARVESTt0

(3)

One advantage of using the change ratio is that decomposition analysis results can reveal the
relative change in different time periods. In this study, we propose a patent decomposition framework
to distinguish the change in the priority placed on specific fishery technology innovations from that
placed on total fishery technology innovations.

3. Data

We used patents granted data from PATENTSCOPE provided by the World Intellectual Property
Organization (WIPO). The PATENTSCOPE database covers more than 56 million patents granted from
1978 to 2015. Data coverage by country and period is shown in Table S2 in the supplementary materials.
We specified fishery technology patents based on the Organisation for Economic Co-operation and
Development (OECD) [14] classification.

Since PATENTSCOPE data coverage for Japan, which is a major fishery technology innovator,
started after 1993, we used a patent dataset from 1993 to 2015 (see Table S2). Following Fujii [18]
and Fujii and Managi [21], we used only the primary international patent classification (IPC) code to
categorize the technology group to avoid the double counting of patent data in each technology group.
The limitations of patent data availability should be noted. Patent data are available only if the target
country has constructed a patent registration system, which is not the case for all developing countries.
Patent data analysis will therefore not be an appropriate methodology to evaluate the technology
development in these countries.
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4. Results and Discussion

4.1. Trend in Fishery Technology Patents Granted

In China, 50,914 fishery technology patents were granted by the state intellectual property office
of the People’s Republic of China (see Table 2). China, Korea, and Japan represent 67.75% of fishery
technology patents granted worldwide, and China in particular has a large share (42%). Country
characteristics strongly affected the patents granted trend. The share of harvesting patents is greater
than 50% in Korea and Japan, while China has a large share of aquaculture technology patents.

Table 2. Fishery technology patents granted in north-east Asian countries from 1993 to 2015.

Country and Region
Fisheries Technology Patents Breakdown by Technology Type (%)

Number of Patent
Granted (Item) Share (%) Harvesting Aquaculture Products

China 50,914 42.06% 22% 74% 3%
Korea, Republic of 15,879 13.12% 56% 40% 4%

Japan 15,212 12.57% 50% 46% 4%
World 1 121,059 100.00% 35% 61% 4%

Note: 1 “World” indicates the summation of patents granted in all countries and regions listed in Table S2.

The number of fishery technology patents granted increased rapidly in all three technological groups
(See Table 3). This rapid growth was caused by an increase in patents granted in China; in particular,
aquaculture patents granted have significantly increased in the last decade. One interpretation of this
result is that Chinese patent application law was revised in 2001 and 2009, making patent applications
easier for Chinese companies through a subsidised programme. Additionally, the Chinese government
tried to increase international market competitiveness though patents granted after China became a
World Trade Organization (WTO) member in 2001 [25]. Hu et al. [26] investigated the relationship
between patent applications and two economic indicators (labour productivity and R&D expenditure).
They concluded that there is no significant relationship between the applicant’s internal factors and
patent application behaviour, which means that a rapid increase in patent applications is mainly caused
by external factors, such as a revision of patent law and a new subsidy system. Based on these points,
the revision of the Chinese patent application system contributed by increasing all patent applications
in China, which affected the growth of fishery technology patents.

Table 3. Trend in fishery technology patents granted by industry type.

Technology Country 1993–1997 1998–2002 2003–2007 2008–2012 2013–2015

Harvest

China 184 929 1801 3363 5293
Korea 759 2977 2317 1786 1463
Japan 845 1056 2690 2166 1156
World 3427 6207 8552 8167 10,336

Aquaculture

China 525 1180 3149 10,635 22,690
Korea 376 1485 1648 1713 1353
Japan 1083 1214 2522 1396 1124
World 3472 5942 11,735 14,945 28,321

Product

China 27 37 105 552 912
Korea 38 140 183 124 123
Japan 247 134 129 81 87
World 536 519 611 774 1384

4.2. Results of Decomposition Analysis

The results of a decomposition analysis for specific fishery technology patents granted are
described in Figures 1–3. The figures show the differences in the factors driving patents granted
according to the type of fishery technology. In Figures 1–3, the vertical axis represents the change
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ratios of harvesting technology patents granted based on the year 1993. The plotted line shows the
change ratio of harvesting technology patents granted, and the bar chart shows the effects of three
decomposed factors on the change ratio of patents granted for harvesting technologies. The sum of the
bars is equivalent to the value of the plotted line.

The results of the decomposition analysis by country are described in Tables 4–6. Additionally,
the patent portfolios are represented in Figures S1–S3 in the supplementary material. This study then
examined whether the pattern of technology development varied across the countries and time periods.

4.2.1. Harvesting Technology

The results of a decomposition analysis of patents granted for harvesting technologies are
described in Figure 1. Harvest patents increased from 1997 to 2004, were relatively stable until 2011,
and then increased rapidly afterwards. The decomposition analysis indicates that the main driver of
the increase in harvest patents from 1997 to 2004 was an increase in the priority of fishery technologies
and the scaling up of R&D activity (see bar chart in Figure 1). During this period, harvest patents
increased rapidly in Korea (see Table 3). Meanwhile, the priority of harvesting technologies was
relatively unchanged compared with the other two decomposed factors. This result suggests that
the patents granted for harvesting technologies show a similar trend to the total fisheries technology
patents granted (i.e., HARVEST/FTECH is relatively stable).

From 2004 to 2012, the change ratio is stable, while the driving factors of harvest technology
patent invention fluctuate, especially from 2009 to 2011. After 2009, the priority placed on harvesting
technology decreased, while the priority placed on fishery technologies increased, which indicates that
R&D priorities shifted from harvesting technologies to other fishery technologies. This trend became
stronger after 2012. It should be noted that these structural changes in the priority and scale factors
can be observed using a decomposition approach.
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Figure 1. Decomposition analysis of patents granted for harvesting technologies.

The results for China and the world in Table 4 show that summing the priority of harvesting
technology and the priority of fishery technology gives a value close to zero. This indicates that the rate
of growth for harvest patents granted is similar to that for all patents granted. Therefore, the increase
in harvest patents granted was most likely due to the expansion in the scale of R&D in China and
the world.



Sustainability 2018, 10, 59 7 of 12

Table 4. Decomposition analysis of harvesting patents granted from 1993 to 2015.

Change in
Harvesting

Tech.

Decomposed Factors

Most Increased Patent Technology (IPC)Priority of
Harvesting

Tech.

Priority of
Fisheries

Tech.
Scale

China 1841 −1201 1125 1917 Accessories for angling (A01K97)
Korea 115 −214 −102 431 Accessories for angling (A01K97)
Japan 97 128 163 −194 Reels (A01K89)
World 2327 −2477 2516 2287 Systems using the reflection of acoustic waves (G01S15)

Another finding is that opposite trends of decomposition factors can be observed between Korea
and Japan. Harvest patents granted in Japan increased due to priority growth and the shrinking scale
of R&D contributed to the decrease. Meanwhile, Korea increased its harvest patents granted due to an
R&D scale expansion, and both priorities decreased.

These results can be interpreted by focusing on the economic situation in other industries. R&D
activity in Japan continued to shrink after 1990 with persistent economic sluggishness [21], while Korea
achieved rapid economic growth in the 1990s and 2000s due to increasing product competitiveness
in the electronics and semi-conductor markets [27]. In this period, patent activity in Korea increased,
especially for technologies from large electronics companies (e.g., Samsung and LG electronics) [28].
Therefore, active innovation, as captured by patents in other technologies, decreased the relative R&D
priority for harvest and fishery technologies in Korea.

It can be seen that the patent portfolios in world were largely unchanged, while the patent portfolios
for China increased the share of accessories for angling and reel technology (see Figure S1). In Japan,
the patent share of reels increased and accessories for angling was declined. Finally, Korea increased
other catching devices and systems using the reflection more than the other two technologies.

4.2.2. Aquaculture Technology

The number of patents granted for aquaculture technology increased starting in 2009 and showed
particularly rapid growth from 2014 to 2015 due to an increase in priority for both aquaculture
technology and fishery technology (see Figure 2). The number of patents granted for aquaculture
technology increased dramatically starting in 2008. Most of this increase was attributable to China,
particularly from 2009 (see Table 5).

It should be noted that approximately half of the aquaculture technology patents granted in China
were attained by Chinese universities. This characteristic is unique to China, as private companies are
the main patent applicants in other countries. This trend is observed in other technology fields as well
(e.g., nanotechnology (see Huang and Wu [29]). Fong et al. [30] note that “China’s National Medium
and Long Term Science and Technology Development Planning (2006–2020)” significantly promoted
technology transfer for Chinese universities. Furthermore, they conclude that royalties and economic
incentives are key factors increasing patenting by Chinese universities.

Additionally, the Chinese government set a high priority on aquaculture technology development
in the 13th Five Year Plan (2016–2020) for national progress. This plan promotes the development of
new aquaculture technologies among research institutes and universities. Furthermore, technology
development for preventing water pollution caused by feed for aquaculture was promoted for
environmental protection in China’s 12th Five-Year Plan (2011–2015). These governmental targets can
be noted as key factors in the increased priority of aquaculture technology in China starting in 2010.
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Table 5. Decomposition analysis of aquaculture patents granted from 1993 to 2015.

Change in
Aquaculture

Tech.

Decomposed Factors

Most Increased Patent Technology (IPC)Priority of
Aquaculture

Tech.

Priority of
Fisheries

Tech.
Scale

China 11,736 1441 4949 5346 Animal feeding stuffs for aquatic animals (A23K1)

Korea 231 192 −164 202 Culture of fish, mussels, crayfish, lobsters, sponges,
pearls or the like (A01K61)

Japan 82 −46 278 −149 Rearing or breeding animals not otherwise provided
for (A01K67)

World 12,769 2884 6262 3623 Animal feeding stuffs for aquatic animals (A23K1)

A total of 90% of the increase in aquaculture technology patents in the world from 1993 to 2015
was due to patents granted in the Chinese patent office (see Table 5). Japan is unique, as it was the
only country to decrease the priority of aquaculture technology. This trend is completely opposite to
the trend in the other two major fishing countries.

One interpretation of this result is the biased structure of the aquaculture industry in Japan.
According to the Ministry of Agriculture, Forestry and Fisheries [31], 75% of inland water aquaculture
entities were individually operated in Japan in 2013. Additionally, the average number of workers
per entity is 3.3 persons in the inland aquaculture industry, and most of these entities target domestic
markets. This type of management entity offers an interpretation for the decrease of R&D priority in
Japan, because R&D expenditure and the maintenance of patent protection is costly for small-scale fish
farmers [32].

Another reason is that Japanese consumers view aquaculture fish products negatively relative
to wild-caught products. Uchida et al. [33], using 3370 questionnaires, found that wild-caught fish
products are significantly preferred over farmed fish products by Japanese consumers. Meanwhile,
the FAO [34] notes that market competitiveness between farmed and wild fish products is more
variable in the U.S. and EU regions. Therefore, the relative market competitiveness of farmed fish
products is lower in the Japanese market than in other countries, which decreases the incentive for
aquaculture technology patents granted in Japan.

Finally, the share of rearing or breeding animals expanded and that of animal feedstuffs decreased
from the 1990s to the 2000s in three countries (see Figure S2). Meanwhile, the share of culture and
receptacle technologies is diverse across countries.
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4.2.3. New Products Technology

New fishery product technologies largely did not change from 1993 to 2008, in contrast with
the trends for harvest and aquaculture technology (Figure 3). In this period, the priority of product
technologies steadily decreased. However, this negative effect was cancelled out by an increase in both
the priority of fishery technologies and R&D scale factors.
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Figure 3. Decomposition analysis of patents granted for new product technology.

From 2009, patents granted in product technologies increased due to the growth in both the
priority of fishery technology and the scale of R&D activities. This trend is similar to that of harvesting
technology (see Figure 1). One interpretation of this result is that developing technology to maintain
the freshness of fish caught by marine harvesting directly contributes to an increase in market
competitiveness [35]. The multilateralization of harvesting technology under the pressure of marine
resource conservation provides an incentive to develop new technologies for appropriate quality
maintenance and value-added processing.

Two countries, except Korea, decreased the priority of product technologies from 1993 to 2015
(see Table 6). Additionally, Japan decreased the number of patents granted for both fish and shellfish
processing technologies. One interpretation of this result is changing dietary habits in Japan. According
to the Fisheries Agency of Japan [36], the annual per capita consumption volume of fish and fishery
products declined from 37.5 kilograms per capita in 1993 to 27.0 kilograms per capita in 2013. Fisheries
of Japan [36] also noted that fish consumption is decreasing due to the difficulty of educating children
about diet at home. The shrinking fish products market thus decreases new product innovation by
private companies in Japan.

Meanwhile, fish meal consumption is predicted to increase in Korea and China [2]. Therefore,
private companies in these countries are strongly motivated to develop fish product technologies to
gain market competitiveness in an expanded fish meal market. These dramatically changed the patent
portfolio in China from the 1990s to the 2000s (see Figure S3). One reason for this change is that fish
meal became more popular in China [37]. From the 2000s to the 2010s, the patent share of processing
for shellfish or bivalves increased in China, Korea, and Japan.
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Table 6. Decomposition analysis of product innovation patents granted from 1993 to 2015.

Change in
Products

Technology

Decomposed Factors

Most Increased Patent Technology (IPC)Priority of
Products

Technology

Priority of
Fisheries

Technology
Scale

China 345 −116 213 248 Processing fish (A22C25)
Korea 26 16 −10 20 Processing fish (A22C25)
Japan −57 −77 33 −12 Both technology groups decreased
World 318 −247 332 232 Processing shellfish or bivalves (A22C29)

4.3. Investigation of Research Hypotheses

Based on the above analysis, we consider the two research hypotheses explained in the introduction.
From the results of the decomposition analysis, we identified that the main contributor to fishery
technology patent growth is the expansion of patents granted in China due to a scaling up of R&D
activity. Additionally, China and Japan increased the relative priority of fishery technology innovations.
However, we observe that in the Korea, the relative priority of fishery technologies declined from
1993 to 2015. Thus, we can partially support Hypothesis 1: “The R&D priority for fishery technology
development increased in fishing countries”.

For Hypothesis 2, surprisingly, we observed that the priority of aquaculture technologies declined
in Japan from 1993 to 2015, even though the priority of harvesting technologies increased. By contrast,
aquaculture technologies had greater priority than harvesting technologies in the other two fishing
countries. Therefore, we can partially support Hypothesis 2: “The R&D priority placed on aquaculture
technology development increased in fishing countries more than that placed on harvesting technology
development”.

5. Conclusions

This study examined the trend and priority changes in fishery technologies using patents granted
data from 1993 to 2015. We focused on the following three technologies: (1) harvesting technologies,
(2) aquaculture technologies, and (3) new products technologies. We clarified priority shifts, as reflected
in the patents covering innovations in these three technologies, by applying the LMDI decomposition
analysis. We obtained the following results.

First, the number of fishery technology patents granted increased from 1993 to 2015; in particular,
there was rapid growth in aquaculture patents granted starting in 2012. The main driver of this
growth was expansion in the scale of R&D activity and an increase in the priority of fishery technology
innovation in China. The revision of the patent application law and subsidy system in China are noted
as external factors promoting R&D activity among Chinese innovators.

Second, the priority placed on aquaculture technology innovation decreased only in Japan from
1993 to 2015. This result for the R&D strategy of fishery technologies is unexpected, because Japan is
one of the major fish consuming countries [38]. This information sends a key message to the Japanese
government to recognize the necessity of promoting aquaculture technology development in Japan.

Finally, we observe that the priority change for fishery technology innovation is diverse across
countries and technology groups. This result has important implications for fishery technology
development strategy by inter-governmental activities. For example, the target set in the SDGs
was to “Increase scientific knowledge, develop research capacities and transfer marine technology
taking into account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the
Transfer of Marine Technology” (target 14.a., United Nations [8]). The differences in fishery technology
characteristics provide useful information for clarifying the technological advantage and high-priority
technology type in each country, which is key information for promoting inter-governmental agreement
to achieve SDG targets.
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