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Introduction

It is said that resource management is important, because in the case of biological resources,
if reproduction is carried out smoothly, the same amount of resources can be used
permanently. Resource management is a variety of measures to make this possible.

In general, overfishing is pointed out when fishery resources deteriorate. However, those
who manage resources need to understand well that fishery resources originally have the
characteristic that the amount of resources fluctuates. In other words, stocks fluctuate with or
without fishing pressure. In addition, since one female lays tens of thousands of eggs, if the
survival rate is improved by a few percent, resources that have once deteriorated can be
restored. On the other hand, if the survival rate is even a little poor, the resources will
deteriorate in a short period of time even if the resources are in good condition. This high
fluctuation system can be said to be a common feature of marine resources. And since the
survival rate, which has a great influence on this resource state, is greatly affected by changes
in the environment, it is necessary for humans to control changes in marine resources. Very
difficult. At the same time, ownership of fish stocks is established at the time of fishing. For
this reason, it has the characteristic that it is not owned by anyone when it is in the sea, or in
other words, it is shared by everyone (in the case of agricultural crops, it is decided who it
belongs to before harvesting). For this reason, who cares for marine resources in the sea? Who
will preserve the environment? (Even if it is known that it has a great impact on the amount
of fishery resources), it is necessary to carefully reach consensus among the parties concerned,

including the cost burden.

Three major characteristics of marine resources
1. It is a resource that reproduces autonomously.
2. A resource with high volume variability

3. ltis an innocent resource

The most important thing to avoid is to apply excessive fishing pressure and impair the
natural resilience of the stock when the stock is deteriorated due to environmental
deterioration. In order to avoid this, it is necessary to constantly monitor the condition of the
stock and the condition of the environment that supports the stock, and create a system to
prevent overfishing while preserving the environment. To this end, the cooperation and
agreement of those involved in preserving the coastal environment (usually the government),

those involved in fishing (a gathering of fishermen), and those involved in assessing the



environment and resources (scientists / researchers). A mechanism to do it is needed. In many
countries, fishery data on fisheries and catches are collected as fisheries statistics. These
fisheries statistics are analyzed by governments and experts and resource management targets
are set. However, in many cases, changes in the environment that have a large effect on
changes in the amount of resources are rarely included in business statistics. In addition, the
details of the relationship between what environmental changes affect and how fish stocks are
often unclear. In addition, when setting methods and management goals for how to evaluate
stocks, the biological characteristics of the target organism are not taken into consideration,
or inappropriate methods are selected, which is excessive (performed for fishermen).
(Impossible) management goals may be set. In this case, the effort spent collecting, analyzing,
and setting targets for the catch statistics will be wasted. In order to implement efficient and
effective fishery management, it is necessary to understand the scientific basis and the current
situation and set goals that are acceptable to fishermen.

The purpose of this text was created as part of JICA's "Eritrean Coastal Fisheries
Development Strategy Development Project" as a resource for capacity building of Eritrean
Ministry of Marine Resources (MMR) staff. By using this text, MMR staff will understand the
outline of resource and environmental monitoring methods and evaluation methods based on
the latest fishery resource management theory, and establish a fishery resource management
system suitable for the situation in each region. I hope that we will be able to proceed with

discussions on.

Types of fisheries resources

Environmental
Types Life time Fecundity Mobility )
resistance
Highly Migration
Long Many High High
Species
Coastal Migration
Long Many Middle Middle
Species
Rock Fish Middle Many Low Low
Demersal (Benthic)
Long Few Low Low
Species
Shellfish & Mollusca Short Middle Quite Low Low
Seaweeds and
Short Few No Low
Seagrasses




Chapter 1 Concept of Fisheries Resource Management

Traditional fishery resource management has been to estimate stocks and regulate catches
in order to retain the next generation of parental populations. This idea is strongly influenced
by the phenomenon that resources such as whales and cod in the past have been drastically
reduced due to overfishing. To be sure, overfishing is a major factor in resource deterioration
for species with long lifespans and low fertility (small numbers of eggs laid at one time). In
addition, there are cases where the amount of resources such as cod has been restored by
reducing the catch. However, recent research has shown that a large amount of parental
resources does not necessarily mean a large amount of resources for the next generation. On
the contrary, there are many cases where the amount of parental resources is at least large and
the amount of resources for the next generation is large. Is becoming known. In particular, for
species with a short lifespan and species with a large number of eggs laid at one time, such as
tens of thousands, it is said that improving the environment of the spawning ground is more
important for maintaining the stock than the catch regulation.

It should be noted from another point of view that the improvement of the environment is
important for the management of marine resources. This is because the deterioration of the
spawning ground environment leads to a rapid deterioration of resources. And spawning
grounds are greatly affected not only by the marine environment but also by changes in land.
In the past, vast tidal flats spread out in Tokyo Bay, and abundant fish such as bivalves and
kisses that live on the tidal flats were harvested, but during Japan's high economic growth
period, the coast was reclaimed for factories and houses. , The tidal flats have disappeared,
the water quality has deteriorated, and the amount of garbage has increased. In addition to
the disappearance of spawning grounds and habitats due to landfill, the spawning grounds
have been qualitatively destroyed due to deterioration of water quality and inflow of garbage.
As a result, fishery resources in Tokyo Bay have declined sharply since the mid-1970s. This
deterioration of stocks cannot be prevented no matter how the fishery is regulated. In addition
to these artificial and direct changes, changes in the spawning ground environment are also
caused by global warming and extreme weather. When managing marine resources, it is
necessary to consider measures in consideration of the impact on resources from other than

the fishery.



Chapter 2 Three Initiatives for Fisheries Resource Management

Flow chart for Fisheries stock management

Fishery resource management requires 1. Securing parent fish resources, 2. Conserving
the spawning environment, and 3. Conserving the habitat. For that purpose, it would be good
if we could regulate the catch to prevent overfishing, maintain the environment and smoothly
carry out reproduction, but in reality, both fishery regulation and environmental conservation
should be carried out at the same time. Is difficult. Therefore, in order to carry out more
effective stock management, do we understand the characteristics of the target stock well and
give priority to catch regulation? You need to decide whether to prioritize environmental
monitoring and its conservation. Therefore, the first thing to do is to make a list of target
species by fishing gear and fishing ground. On top of that, for species with particularly high
catches, it is necessary to understand the spawning ground and spawning season, the number
of eggs laid, the growth rate, and the stock structure (distribution range of each population)
(each survey method and calculation method is See Chapters 4, 5, and 6). At that time, it is
necessary to make the sea area used as a spawning ground by many species as a protected area
or to establish a system to constantly monitor changes in the environment (see Chapter 3 for
environmental conservation). And the last thing to work on (usually said to be the first thing
to do) is to figure out the abundance of critical fish stocks (see Chapters 7 and 8 for specific
methods). However, it is not always necessary to know the exact number of animals and
tonnage in managing fishery resources, and in some cases (if they have been used

continuously), the amount of resources tends to decrease. Understand that just grasping the
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trend of resource status, such as whether it is present, increasing, or not changing significantly,
may be sufficient for resource management. The belief that resource management is not
possible without a detailed understanding of the amount of resources can waste a lot of time,
effort, and money.

If you do not understand what kind of data is used for what and how when planning fishery
resource management, you will simply collect statistical data and eventually use it for resource
evaluation and fisheries. In some cases, it cannot be used for regulation. In addition, if the
resilience of the stock and the variability of the stock are not well understood, there is a risk
of setting excessive fishery regulations and making the lives of fishermen poor. Living poverty
poses the risk of compromising compliance with fishery regulations and is the most
unavoidable condition. In addition, without an understanding of the importance of
environmental protection, destructive fishing activities can reduce not only the resources but
also the resilience of the resources. Those involved in the fishing industry will always need to

have an interest in the ocean and life.

COLUMN: Stock Enhancement in Hamana Lake, Japan

During Japan’s period of rapid of economic growth in which the nation was fixated on the
growth of heavy industry, much of the seashore was landfilled and reclaimed. With the loss of
spawning and breeding grounds, natural fisheries resources (supply services and
fundamental services provided by coastal ecosystems) deteriorated rapidly. To compensate
for the lost reproductive  capacity of the coastal ecosystem, the government decided to stock
(raise and release) fish species important to the fisheries industry. This was the start of the
aquaculture. Aquaculture research centers were established in each prefecture and began
breeding and releasing hatchery-raised fish. In Shizuoka Prefecture, an aquaculture research
center was established on Lake Hamana, which began stocking tiger prawns in 1980. The tiger
prawn stocking program, which began as a top-down public works project, was not accepted
by the local fishermen and received absolutely no cooperation from the local residents who
did not believed stocking would be effective. Undaunted, the staff of the Shizuoka Prefecture
Aquaculture Research Center persisted in collecting data for resource evaluation, researching
aquaculture technology, conducting environmental surveys to identify suitable stocking sites,
and continued to breed and stock tiger prawns, if only in small quantities. The young people
of Shirasu village, who had watched the center’s efforts in their own community, began to
cooperate. With local support, the stocking of hatchery-raised tiger prawns increased
dramatically. In turn, the increased harvest of small prawns resulting from this mass stocking
opened the eyes of local fishermen to the potential of stocking prawns and led more and more

fishermen to participate in each successive release. This series of changes aptly illustrates the



AC Cycle: the obvious effectiveness of stocking heightened the fishermen’s interest in the
resource and supporting environment and promoted understanding of the importance of
caring for the resource. Thereafter, fishermen in the Lake Hamana area solidified as a
community through the stocking of tiger prawns, and even went on to revise fishing
regulations and improve distribution methods to more effectively use the tiger prawns, which
they themselves had stocked. It is because so many local residents have come to participate

and act of their own accord that the community has succeeded in augmenting its resource.
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Chapter 3 Environmental Conservation Essential for Sustainable Use of Fishery Resources

Former World Bank Chief Economist Herman Edward Daly said that when it comes to
sustainable use of biological resources, "sustainable use of" non-renewable resources "is a
sustainable pace for renewable resources. Do not exceed the speed that can be substituted by
using in. ". In other words, if resources are used without exceeding the amount to be
reproduced, they can be used sustainably. This idea is also basic in fishery resource
management, and the reason for leaving a sufficient number of spawning parent fish is to
maintain high reproductive capacity. However, in the case of general fishery resource
evaluation, it is often assumed that the reproductive capacity is constant, which is far from the
reality. This is because if the environment of the spawning ground deteriorates, the number
of eggs laid will decrease and the survival rate of larvae will also decrease, so the reproductive
capacity will immediately decrease and the amount of resources will deteriorate. is there. For
this reason, environmental conservation of spawning grounds is the most important matter

for sustainable use.



In order to preserve the environment of the spawning ground, the following two points should
be noted. One is the conservation of the environment in the natural state. This is an aspect of
securing water quality, low quality, and a physical spawning ground. Generally speaking,
environmental protection applies to this matter. The second is restrictions on the use of
spawning grounds during the spawning season. Even if the water quality and low quality are
good, the spawning environment is qualitatively disturbed if fishing and tourism are
frequently carried out in the sea area during the spawning season. In the end, it hinders
reproduction. For this reason, it is necessary to address these two issues: regular monitoring
of water quality and low quality at spawning grounds and restrictions on use during the
spawning season.

It is necessary to suppress the biological aspect of the conservation of the spawning ground.
Many fish breed by spawning and spawning, and eggs and larvae spread over a wide area. In
this case, it is necessary to maintain the condition of a wide sea area to some extent. However,
in squid, octopus, crustaceans and some fish species, egg masses are laid on seaweeds and
rocks. In this case, it is necessary to keep not only the target organism but also the state of
seaweed and rocks, which are the spawning substrates, in a state suitable for spawning. In
addition, since the seeds that produce egg masses have a relatively small number of eggs and
are vulnerable to predation pressure, measures (care) to avoid predation are also required.
Consideration should be given to installing an artificial spawning bed.

Although the conservation of spawning grounds is important, it is difficult for the
government to hire people to do so, both in terms of cost and labor. Therefore, environmental
monitoring and conservation activities are required to be carried out in cooperation with the
government and those who use its resources and spawning areas (for example, fishermen and
tourists). Where is the spawning ground? What time is the spawning season? In order to
investigate, it is possible to conduct an efficient survey by interviewing fishermen as much as
possible before conducting a biological survey. In addition, among the landed seafood, records
such as when and where the egg-bearing individual is taken are also information necessary for
identifying the spawning ground. By collecting this information, it is possible to identify the
spawning ground and spawning time to some extent. [t will be necessary to establish a system
for conducting such surveys at the same time as surveying fisheries statistics and landings. At
the end of spawning ground identification, it is also necessary to conduct academic and
scientific research in order to carry out scientific verification (see Chapter 5 for work).

It is natural that the spawning ground and spawning season differ depending on the species.
The attitude of protecting the spawning grounds of all species is impractical. Select a species
that is considered to be an important fishery resource, and start conservation of the spawning

ground from that species' spawning ground. In addition, the stocks of low-egg and slow-
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growing species among the target species are fragile and easily deteriorated by fishing

pressure. Prioritize such species when developing a spawning ground conservation plan.

Chapter 4 Geographical distribution of resources and understanding of population

Of the many target species, which species of resource management is prioritized affects not
only the importance of the target species as a fishery resource, but also how much care is
needed due to the poor condition of the target resource. In that case, it is naturally necessary
to evaluate the resource status. The first thing to be aware of when conducting this resource
assessment is the distribution range of each reproduction group of resource organisms to be
evaluated.

Fisheries statistical data is often used for stock assessment. If you have the catch and effort
of each fish, you can evaluate the stock (see Chapter 8 for details). However, it should be
noted here that one species is not necessarily one population. It is also necessary to understand
that population fluctuations (resource fluctuations) are phenomena that occur in groups. For
example, sardines around Japan are divided into at least five spawning populations. For this
reason, the catch amount and the catch effort amount are also calculated separately for each
group, and the stock evaluation is also performed for each group.

If, in spite of the existence of multiple populations, all data are summed up and resource
evaluation is performed (evaluation as one resource), there is a risk of overestimation of
resource status. There is. In this case, populations with inconvenient reproduction may be
overlooked, causing overfishing in certain areas. In other words, when managing resources,
grasping the collective structure of resources is the first step.

There are several ways to understand the group structure. The first is a population analysis
based on morphological characteristics, the second is a population analysis based on body
length composition, the third is a method based on age and age, and the fourth is information
such as parasites. The method, the fifth is a genetic analysis method, the sixth is a method by
chemical analysis, and the seventh is a method by labeled release. In either case, the catch

must be collected as a sample. Care must also be taken in how to collect the specimens.

Precautions for collecting specimens

The expected population structure and sampling plan differ depending on the ecology of the
target organism. First, in the case of species that form a flock of floating fish (horse mackerel,
mackerel, sardine), it is desirable to collect specimens from as wide a range as possible because

of their high mobility. However, it takes time and effort to analyze by collecting a lot of them
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unnecessarily. For this reason, first, information on the catch time and body size of the target
species is collected from the catch data, and the areas where catches of the same body size are
recognized at the same time are assumed to be the distribution range of each group. If there
is no size data, collect 30 or more specimens from multiple fishing grounds typical of the peak
season, create a histogram of body length, and perform statistical tests (eg, Student T test, P).
Verify the size difference by <0.05). If there is a significant difference, it is assumed to be
another group. In addition to size, measuring body color and pattern, number of fins, number
of gills, etc. will lead to a more detailed understanding of the group structure. Squid and the
like should be considered the same as this floating fish.

In addition, even for floating fish, in the case of highly migratory species (Spanish
mackerel, marlin, tuna, etc.), if the migratory route is too wide than the monitorable area,
resource management through spawning ground conservation may not be possible.

Especially when spawning in the open ocean, it becomes difficult to maintain the
spawning ground. In this case, fishery regulations that always prevent overfishing, mesh
regulations that suppress the catch of small individuals (young individuals) before spawning,
and fishing season regulations are required.

In the case of rocky fish (Red sea-bream, spinefoot, etc.), individuals of different sizes often
inhabit nearby areas. In addition, the spawning ground and the habitat are often the same or
close to each other. For this reason, it is often possible to collect about 30 individuals from
each shore and perform population analysis by measuring their size and morphological
characteristics. Cuttlefish and crabs should be considered in the same way as this rocky fish.

Demersal (Benthic) fish (flatfish, Sole fish, etc.) are not as mobile as floating fish, but may
be widely distributed. However, there are many species in which the distribution area of
individuals in the same population changes depending on the growth stage, and 20 to 30
individuals can be collected in one sample collection at different times and locations several
times during the year. It is desirable to collect. In the larval stage, most species show a
swimming ecology, and many species are morphologically significantly different from adult
fish, so care must be taken in species identification. Also, in morphological analysis,

individuals at different stages of development should not be compared.

About morphological measurement and analysis

After collecting the specimens, give each individual an individual number. It is a good idea to
code the individual number so that you can see the collection date and place (for individuals
collected in Mitsiwa on November 3, 2020, 20201103 MAS 01, how to number and how to
make tags, See FishCollectionManual)

Next, make tissue samples for genetic analysis and stable isotope ratio analysis. Save 70%
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to 90% ethanol, in the case of fish, the right eyeball or muscle, or the right pectoral fin. In the
case of tissue preservation, it is necessary to put each individual in another stool and assign
an individual number using a stool that can be sealed. By the way, the reason for using the
right side is that the morphology measurement of fish basically uses the left side. Place the
photo with your head on the left side. For crustaceans and shellfish, boil once and then
preserve some of the muscle. Care should be taken to avoid inclusion of shells in tissue
specimens as much as possible, as shell components may contain substances that interfere
with scientific analysis (see FishCollectionManual)

It is a morphological measurement. At this time, it is necessary to decide whether to
measure the specimen after immersing it in a preservation solution such as formalin or to
measure it in a raw state. This is because the body expands and contracts due to the
preservation solution, and when immersed in the solution, the physical condition becomes
shorter. Normally, raw specimens are measured. The main measurement parts are body length
(or total length), body height, head length, and weight (in the case of crustaceans, shell length,
weight, body width, weight, and in the case of shellfish, shell length, shell width, shell height. ,
Weight, etc., the measurement site differs depending on the organism, see Fish Experiment
Manual).
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Enter the body length and weight data in one Excel column, along with the individual
number. Find the maximum and minimum values of body length (same for other data), and
determine the number of histogram classes and the range of each class.

After tabulating the number of data contained in each class, draw a histogram using the Excel
option.

Check the histogram to see how many mountains are formed. In future statistical tests
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(comparison with other places), comparisons will be made for each peak. Therefore, when a
plurality of peaks appears, it is necessary to identify which individual is included in which peak
and group the individuals. In addition, data such as body length and weight may be used for
grouping (the body length and weight are numerical values that are highly related, so they are
not mathematically independent variables).

When examining statistical differences between groups, the Student T test (mean test) is
mainly used. There are multiple peaks, but if the number of individuals in each peak is small,
the Mann-Whitney U test can also be used. It can be executed with these statistical software
or R program. When performing rigorous mathematical calculations, it is necessary to verify
the homoscedasticity of the variance of each peak by the F-test and then perform the t-test.
When comparing significant differences between multiple peaks by repeated t-test, correction
for repetition (typically Bonferroni correction) is performed. However, in the case of
verification of population separation in a field survey, the distribution of organisms also
changes every year, so if there is no clear division (there is no difference in numerical values),

one population may be used.

Column Understanding the cohort
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composition of herring, Norway include it in the regular monitoring item.
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Identification of distribution range using scientific analysis (genetic analysis and
stable isotope ratio analysis)

Recently, genetic analysis and elemental analysis have been used for
population analysis. However, in order to perform these analyzes, effective
equipment and reagents are required, and specialists who actually carry out
experiments are required. For this reason, these methods should be used only
when it is difficult to obtain specimens and the resources are economically and
socially important.

Now, even when actually performing these analyses, it is important to collect
sufficient samples for the analysis. Since these analysis methods have strong
judgment powver, it is recommended to start by collecting and analyzing samples
from the two or three points farthest from each other in the catch range. At that
point, if no difference is found between the points, it may be recognized as one
group at all points. By the way, in the case of genetic analysis, 20 to 30
individuals of one species may be collected at each point. On the other hand, for
isotope analysis, 5 to 7 samples are sufficient.

Comparing genetic analysis and isotope analysis, isotope analysis seems to be
more analytical. However, it should be noted that the two analyzes differ in what
can be revealed. In the case of genetic analysis, it is determined whether the
Mendel population is independent or belongs to the same population. In other
words, it identifies the population that is the source of genetic diversity. This
group continues across generations. On the other hand, stable isotope ratio
analysis elucidates the food chain. Food chains and primary production change
easily due to changes in flow and coastal environment. Therefore, it is possible
to recognize the role of habitat on the spot. (See Okamoto et al. 2016 )

Tapi River
99°20'E

Okamoto et al, 2016, They found two food chains without genetic separation

in Bandon Bay, Thailand
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Chapter 5 Understanding the spawning season and spawning ground

Identification of spawning season

Once the population analysis is complete and the number of important species populations
and the distribution range of each population are understood, it is necessary to identify the
spawning ground and spawning season of each population. If a histogram of body length is
created for along period of time, it is possible to estimate how many times a year the spawning
season occurs by observing the time (month) when a new member group is formed. Then, by
collecting specimens from the new recruit group and analyzing scales and otoliths, the
spawning season can be clarified. In the tropics, it is said that annual rings of otoliths and
scales are not formed, but it is becoming known that sun rings are formed. For small
individuals, it is several months (around 200 days) after birth, and spawning can be
sufficiently analyzed even in the sun (see SEAFDEC-Otolith Text for details).

Depending on the species, the age may not be assessed because the ring pattern is not
formed on the otolith or scales or the ring pattern is unclear. For such species, it is necessary
to specify the spawning season by another method. A way to identify the spawning season and
adapt to any species is to check monthly to see if the female has eggs. The spawning season
can be known by dissecting the belly of a female for 10 to 20 individuals of one species every
month to see if there are any eggs. The following two points should be noted when checking
for the presence of eggs. The first is that just because you have an egg does not mean that you
are in the spawning season. Especially in the tropics, there may not be a definite spawning
season, in which case the female is always laying eggs. The second is that not all individuals
lay eggs even if they are laying eggs. Although they have eggs, there are cases where they do
not mature sufficiently. Therefore, if there are egg-bearing individuals, it is important to
investigate how many individuals are laying eggs in all the specimens and the increase in the
laying rate in chronological order. At the same time, it is necessary to take out a part of the
egg and check whether it is sufficiently matured. The shape change with maturation of the
egg varies depending on the species, but in many cases, the size of the yolk, the development
of the oil bulb, and the increase in the number of watered eggs are the confirmation points.
The spawning season is not limited to once a year. In the tropics, many species have a
spawning season twice a year, such as before and after the rainy season.

In addition to these, the accumulation of intraperitoneal fat increases in many fish before
spawning, the fat mass decreases immediately before spawning, and the gonad weight reaches
its maximum just before spawning and decreases sharply after spawning. A certain number of

spawning seasons can be identified by collecting a certain number of specimens (20 to 30
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individuals) each month and capturing changes in gonad weight and intra-abdominal fat
weight. Since the gonad weight and the amount of abdominal fat are affected by the size of
the body, the gonad weight index and the abdominal cavity are obtained by dividing the gonad
weight or the intraperitoneal fat weight by the body weight instead of comparing the
respective weights as they are. It is important to capture the time-series changes in the
internal fat index. Whether to measure gonad weight or intra-abdominal fat weight should
preferably have both values. However, when estimating the spawning season, in the case of a
species that spawns once in one spawning season, it may be estimated based on the weight of
the gonads. However, in species that spawn and fertilize several times during one spawning
season, changes in gonad weight are often not significant, in which case intraperitoneal fat
mass and gonad weight are reduced. The time of synchronization should be the main
spawning season. It is also desirable to refer to changes in intra-abdominal fat even in species

with small gonads.

Identification of spawning ground

For species whose spawning season is known, there are three ways to identify the spawning
ground. One is to collect specimens from a wide range during the spawning season and narrow
down the location of the spawning ground. This method is especially used for spawning and
sperm breeding floating fish. After narrowing down the spawning grounds to a certain extent,
collect larvae and eggs on a survey voyage to identify the spawning grounds. Once the
spawning ground has been identified, it is necessary to measure the environment (water
temperature, salinity, pH, etc.) of the sea area. In addition, since spawning and spawning
breeding often occurs in synchronization with the age of the moon, it is efficient to carry out
the collection voyage of eggs and larvae for about 5 to 7 days with a full moon or a new moon
in between. is there. In addition, the spawning ground is not determined geographically in
many cases, but may be defined by the structure of the water mass and the relationship (tide,
salt front, etc.), so the latitude is determined at each spawning season. The longitude may
change slightly. For this reason, it is necessary to record the environmental conditions of the
spawning ground.

The second method is to regularly look around the seaweeds and rocks used as spawning
substrates during the spawning season to see if eggs are attached. This method is important
for mollusks such as squid and octopus, and for fish that lay sticky deposited eggs such as
herring. In Japan, the resources of sandfish that lay egg masses, so to speak, have been
drastically reduced due to the collapse of the spawning ground. Hatahata (Japanese Sandfish,
Arctoscopus japonicus) was subsequently revived with the conservation of fishermen's eggs.

For such species, the spawning ground and the conservation of eggs laid there are extremely
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important for resource management.

The third is the spawning ground for species that spawn in pairs, such as rocky shore fish,
but in the case of these rocky fish, the habitat and spawning ground are often almost the same
or in neighboring areas. Since spawning behavior often occurs at night, it can be confirmed
by conducting a survey of egg collection at fishing grounds during the spawning season. In
the case of these species, if fishing is carried out during the spawning season, the fishing
activity may hinder spawning. Therefore, prohibition of fishing during the spawning season

is extremely important for sustainable use.

Chapter 6 Cohort Analysis

It is a basic matter to consider sustainable resource use to know the age composition in the
stock by dividing the outbreak group from the histogram of the body length and weight of the
catch caught by the fishery. In addition, the lifespan and growth rate of the target resource
can be inferred from the changes in the histogram over time (see figure).

In the fisheries statistical data, the weight and species of the landed fish are recorded, but
it is important to record the body length data for some landed fish at that time. Alternatively,
for the species subject to resource management, the change in the histogram can be effectively
utilized by academically grasping the relative growth of each part rather than the growth.

However, the cohort analysis can only deal with fish whose body size is the target of catch,
and although it is possible to estimate the time of joining the stock, it is not possible to
estimate the spawning time because it is not possible to catch small sizes. (See Chapter 5 for
spawning season estimation).

In addition, if the growth of the cohort and the change in body size composition following
these size data are continuously captured for 5 years or more, the change in body size
composition of the stock of the target species can be seen. As a sign of deterioration of fishery
resources, there is a phenomenon of shrinking body size in the target resources (Lee effect /
Fishing Down). In order to capture this phenomenon, it is necessary to pay attention to the
proportion of large-sized individuals and the change in the average body length of the large-

sized cohort by cohort analysis.
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Chapter 7 How to grasp the amount of resources

In order to manage fishery resources and continue to use them sustainably, it is of utmost
importance to identify spawning grounds and spawning seasons and not interfere with
reproductive behavior (necessary) for smooth reproduction. The work was described in
Chapters 4 and 5). In addition, it is necessary to prevent overfishing in order to secure the
number of parent resources for breeding. Therefore, it is necessary to grasp the current state
of resources, that is, the number of individuals and the age composition. The age composition
has already been mentioned in Chapter 6. Populations are often estimated from fisheries
statistics such as catch and effort, but they have been collected over the years with reliable
data and resources. It is premised that the resource characteristic values required for
estimation (growth, survival, number of eggs, etc., see Chapter 8 for details) are known. In
addition, the method is not always suitable for rocky fish, which are easily affected by
overfishing and whose resources are depleted in a year or two. Here, we will introduce typical
survey methods that can be used in coastal areas and analysis and evaluation methods of data

obtained from them in order to grasp the population.

1 Grid survey line census method (reef area)
Because the number of parents is drastically reduced due to
overfishing, the habitat is limited in the first place, such as rocky
shore fish, as a species whose resources are likely to deteriorate.
After determining the distribution of these species because they are
also less mobile (see Chapter 4 for understanding the distribution),
grasp the number of individuals living in a certain range such as line
census and grid survey. Based on that, the total number of individuals can be estimated.
In the case of species that do not move at all, such as seaweed, or species that have
extremely low mobility, such as crabs, the total amount of resources can be calculated from

surveys using quadrats.

2 Mark re-capture methods (for movable organisms)

In the case of highly mobile species such as floating fish, the number of individuals cannot be
ascertained by line census. In this case, the population can be examined by the labeled release
method. The label discharge method includes a method of attaching a tag and a method of
cutting a part of the tail and fins. Not only fish but also crustaceans that molt can be used, but

it is necessary to verify how to mark each species.
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Petersen method
N=nxX/a
N : Individual number of a stock
n : Number of caught individuals after release
X : Number of marked individuals for release

a : Number of recaptured individuals with mark

Ex. Released 100 inds with marks, 50 individuals are caught after release, and 5 individuals
have marks. N=50x100/5= 1000

normal !

after cutting | after moulting

Natural food color Left uropod trimmed; 10mm Banuk tags
injected into muscle regenerates uniquely injected laterally
and abdomen through the body

In addition, the recovery rate of the label is considerably low in the species having a wide
migration range and distribution range. For this reason, it is necessary to secure a sufficient
number of individuals for marking (about 1000 individuals should be prepared). Also, when
marking, be careful not to put stress on the fish body so that the survival rate after marking
does not decrease. At the same time, it is necessary to avoid restrictions on behavior. In
addition, it is necessary to prepare to collect tagged individuals from fishermen and residents
(see Chapter 9, Co-management). Therefore, the sign mark needs to be easy for anyone to
understand and find. On top of that, it is important to widely inform fishermen and residents
that they are conducting a tag release survey, and to create an incentive to report such as
providing some benefits if an individual with a sign mark is brought. Yes (in many cases,

creating systems and rules is not enough)
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3 Spawning survey method (fish species spawning along the coast)

In the case of fish species that lay eggs along the coast, such as small floating fish, the stock of
parent fish can be estimated from the number of eggs. Prepare a net for collecting eggs with
a drainage meter (mesh is about 0.1 mm to 0.3 mm), and coefficient the number of eggs per
unit volume at the spawning ground during the spawning season. From the number of eggs
and the size of the spawning ground, the total number of eggs spawned during the spawning
season is calculated. Therefore, the number of female parent fish can be calculated by dividing
the number of eggs laid by the number of eggs contained in one female. If the sex ratio is
known, the number of stocks can be calculated from the number of female parents.
However, in order to estimate the amount of resources in the spawning survey, it is necessary
to understand the spawning season and spawning ground, the number of eggs that one female
holds, the distinction between single and multiple spawning, and the number of days from
spawning to hatch. It is necessary to collect information on spawning ecology in advance, such
as grasping. On top of that, if the spawning ground is wide and it takes a long time to collect
eggs, or if the spawning period is long and different individuals lay eggs on different days,
hatch during the spawning period when calculating the total number of eggs. It is necessary

to consider the individual to do.

Pk = Pe"-zk
P: Total number of Eggs spawned in a day

Pk: Total number of Eggs after k days Eggs ﬂPukm bers

Z : mortality of eggs par day

InPk = InP + In eM-zk | | ?

InPk = Inp — zk 0 1 2 3
Days after Spawn

Total number of eggs spawned is obtained by regression equation.

Chapter 8 Use of Fisheries Statistical Data

If there is a record of catch and effort by type of fishing gear for several years, and if the species
to be evaluated and managed is caught in a particular fishing gear, then the nature of the
target species. If there is biological information such as mortality rate and growth rate, these
data (fishery statistical data) can be used for resource evaluation and management. In addition,

after the stock assessment, the stocks subject to resource management must be in a state of
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being caught only by a specific limited fishing method in order for the measures to prevent
overfishing to function effectively in the fishery regulations. is there. Fisheries along the coasts
of tropical and subtropical regions are often characterized by Multi-gears and Multi-target
species. In this case, the impact of each fishing gear on the target stock (fishing pressure or
catch mortality count) is different, so even if the stock can be evaluated, it is extremely unlikely
that effective fishery regulation can be implemented. Therefore, the construction of a fisheries
statistical data collection system and the statistical data analysis method, which are often used
in resource evaluation and management, are not suitable. This is because these methods
require the collection of a considerable amount of biological information and statistical data
in order to carry out resource assessment, and there are very few situations that can be
practically adapted in tropical and subtropical regions. Therefore, in this book, we will
introduce these methods at the end. Here, we will introduce two methods, VPA and CPUE,

that may be feasible in Eritrea.

1 VPA-Virtual Population Analysis (suppoeted by Prof. Matuishi, Hokkaido Univ.)

VPA is a method of estimating the number of stocks using the number of fish caught by age
(note that it is not weight). It is an internationally standard resource valuation method, and is
also used in the calculation of Total Allowable Catch (TAC) of various international
organizations and Japan. Recently, theoretical development research has been conducted to
estimate more accurate numbers, and complicated VPA calculation methods have been
proposed, but here, basic theories and practical examples are proposed so that they can be

adapted to the circumstances of the land. Introducing.

Theory example

A large number of 1-year-old fish were released into a pond in January of a certain year. The
number of released fish decreases to 25% per year (natural mortality rate of 75% per year).
After the release, the fish were caught every June, and 100 fish were obtained in the first year,
Before catch After catch Before catch

4500 tails 4400 tails | 1100 tails

old fish | >

Release of lyears

Released fish
9000 tails

Fish catch of 1
years old fish
100 tails

Fish catch of 2
years old fish
300 tails




300 fish in the second year (when the fish was 2 years old), and 200 fish in the third year. How
many fish were originally released? (Discharge is only once)

Way of thinking

200 fish were caught in June of the third year. The survival rate of 25% (1/4) means that the
number of individuals will be halved (1/2) in half a year. Therefore, there should have been
400 fish in January of the third year. And in July, the second year, half a year ago, there were
800 fish. Since 300 fish were already caught in June of the second year, there were 300 + 800
= 1100 fish before the fishery was carried out in June of the second year.

Applying the same calculation from January of the third year to June of the second year
from before the June fishing of the second year to before the fishing of June of the first year,
it is January of the second year. Should have inhabited at least 2,200 fish, and six months ago,
in July of the first year, there were 4,400 fish.

In addition, since 100 fish were caught in June of the first year, there must be 4,500 fish
before the fishery in June of the first year. From there, it can be seen that at least 9,000 1-

year-old fish were released when they were released six months ago.

Q0
A A° G'a”\c’\(\@QQ G’o’@\(\&gﬁ
S e e
oy X o X’bg o X'LQ
2 Q * W + X % *(L
N N AR 3 years old fish

Release of lyears

100 tails

old fish

In the pond

Released fish
7700 x 2

= 15400 tails ]
Fish catch of 1

years old fish
100 tails

Fish catch of 2
years old fish
300 tails

Fish catch of 3

years old fish
200 tails

In addition, if there are individuals that have been missed in the fishery in June of the third
year, the number of released fish that became the basis for them must be additionally
calculated. If 100 3-year-old fish survive, the number of 1-year-old fish released must be
15400 or more.

When calculating VPA, if the natural mortality coefficient (survival rate = mortality rate
due to factors other than fisheries) changes, the value will change. This natural mortality
coefficient needs to be calculated in advance by biological research. It should be noted that

the natural mortality coefficient does not change between each age, or the average value of
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the mortality coefficient of several years is often used. Also, the value of the initial amount of
resources changes greatly depending on the number of surviving individuals. Information on
the amount of stock (number of fish) after the end of fishing is also required by acoustic
surveys.

It is necessary to know in advance the number of prey individuals by age, the natural
mortality coefficient M, the estimated stock amount after catching, the relational expression
between body length and weight, the composition of the caught object, and the maximum

individual age.

1st Step
Na+1,t+1 = [Na,t x exp(-M/2) — Ca,t] x exp(-M/2)
Na,t : Individual number in a stock of age a in year t
M: Natural mortality

Ca,t : Individual number caught by Fishery Catch of age a in year t

27 Step
Na,t = Ca,t x exp(M/2) / 1 — exp(-Fa,t)
Fa,t : Fishing coefficient on a most elder cohort

(F=qxX, q: catchability coefficient of a fishing gear, X : Fishing effort,
(N=FxS, N:Fishery Catch, S : Stock size)

Fa,t = -In [1 - (Ca,t x exp(M/2)) / Na,t]
q and F may fluctuate with age, but if the catch is stable, the average value of q and F for several

years can be used.

2 CPUE (DeLury method)

This is a method of estimating the amount of stock
from the decreasing trend of catch per unit effort
(CPUE). The required data are the catch C and the
catch effort X for each fishing season. This method
requires the conditions that 1) CPUE is
proportional to the stock, 2) fishing gear efficiency
q is constant, 3) natural death, increase / decrease

in stock due to movement, and no recruitment due

Sum of Fish Catch
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to reproduction. Since there is no subscription, the stock will decrease from the initial state
due to catch mortality. CPUE will also decrease in response to this (see figure). For this reason,
it can be adapted to rocky fish with a long life span and a limited distribution range and
population. On the other hand, it is not suitable for highly migratory species and floating fish

with a short life span and many spawning seasons.

Formula
CPUEt = qNt = q(NO - Kt) = gNO — qKt
CPUELt : CPUE at fishery season t (Month or season)
q : catchability coefficient of a fishing gear
NO : Stock size before fishing season
Nt : Stock size at beginning of fishing season t

Kt : Sum of fish catch until fishing season t-1

Formula2 Using sum of fishing efforts instead of sum of fish catch
Nt= Nt-1xexp(-gXt-1) = NO x exp(-qEt)
Et : sum of fishing efforts until fishing season t-1
Ln(CPUEt) = In(gqNO0) — qEt

Chapter 9 Creation of Resource Management Law

Chapters 7 and 8 introduced resource evaluation methods such as resource estimation. These
provide important information for resource management. The terms resource assessment and
resource management are often confused. However, there is a clear difference between the
two. Resource evaluation is to obtain the characteristic values of resources (growth and
survival, growth rate, reproductive ecology, etc.) and to estimate the amount of resources.
These are scientific activities carried out by utilizing data such as fisheries statistics and by
biological research. On the other hand, resource management is an activity to prevent people
from destructively using fishery resources and the environment, and is an activity that brings
about sustainable regional development. In other words, it is an act of restricting human
activities based on resource evaluation information. Especially in the case of marine resources,
it is unclear who is responsible for conservation and sustainable use due to their non-physical
properties, and care such as realistic resource monitoring and usage restrictions is provided
by users (= fishermen). It will be carried out as a volunteer act or as a public project by the
government. In addition, the amount of prolific and prolific resources fluctuates on a large

scale due to the weather and environmental changes during the spawning season, even if the
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fishery is not carried out. For this reason, monitoring the resource status is extremely
important, but it is difficult for the government to carry out daily monitoring because of the
labor costs and the budget for survey equipment. For this reason, many countries and regions
have introduced participatory resource management that collects information and data from
users, analyzes them by administrative organizations, and feeds back the results to users. In
this chapter, we will introduce specific examples of this participatory resource management,

as well as the activities and precautions necessary for its introduction.

1 Co-management (Community based set-net fishery and/or stock enhancements)

The state in which a business operator and an administrative agency cooperate to manage
resources is also called co-management. In the case of participatory resource management,
the management rules are decided by the administrative organization, but in the case of Co-
management, the fishermen and the administrative organization exchange opinions and ideas
from both sides, and the management rules and monitoring methods are based on the doctrine.
Is decided. Here, we will introduce the creation of a Co-management system, taking as an
example the set net fishery carried out in the Kingdom of Thailand and the stocking project
carried out in Japan and the Philippines (see Text of Community-based stock enhancement

for details).

Co-management in Thailand Coastal area using community based set-net fishery

In many areas, it is quite difficult to collect enough fishery statistics data for a stock
evaluation, especially in tropical zone due to the high biodiversity and multitype fishing gears
use. However, detailed fisheries statistics data collection using community-based stationary
fishing gear has been conducted in Rayong, Thailand. The Japanese type of set-net, “Otoshi-
ami,” was introduced in the coastal waters off of Mae Rumpheung beach, Rayong Province,
Thailand, in 2003. The Set-net was established by the fisherman community with support
from the Southeast Asian Fisheries Development Center (SEAFDEC) and the Eastern Marine
Fisheries Research and Development Center (EMDEC) of the Department of Fisheries,
Ministry of Agriculture and Cooperatives, Thailand. And the stationary fishing gear has been
operated by the fisherman community from the beginning (SEAFDEC, 2005, 2008).
Additionally, Japanese fishermen of Himi City in Toyama prefecture who are conducting
similar type of stationary fishing, and several researchers of Tokyo University of Marine
Science and Technology (TUMSAT) gave some technical supports to the fishermen
community for their fishing operations and post-harvest treatments, including managing fish
sales under the grass-root program of the JICA. Himi City is very famous in Japan because of

its long history of stationary fishing gear fishery (set-net fishery).
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The International Set-Net Fishing Summit was held in Himi City by the Himi City
government in 2002. One of the SEAFDEC staff members who participated in this summit
obtained the permission of the introduction of a set-net in the coastal zone, because those
type of fishing gears are prohibit in Thailand water by the domestic law. And he conducted a
campaign to introduce set-net in front of Mae Rumpheung beach in 2003. The main members
of the set-net fishermen community were the participants of this campaign. They live in seven
villages along the Mae Rumpheung beach, and they have different jobs, including professional
fishermen, farmers, and factory laborers. All fish caught by the set-net are sold by cooperative
selling; half of the profits are shared by community members as their salary, and the remaining
profits are stored by the community for the management costs of the set-net (Manajit et al.
2011, Mumprasit et al. 2012). After the completion of the JICA project in 2005, set-net
operation and maintenance was conducted by the fishermen community.

In the first year of the project, there were many troubles in the operation and maintenance
of the set net, due to the limited knowledge and understanding of the operation of fishers and
the planner. Design of the set-net was improved based on the suggestion from Himi fishers
and researchers of TUMSAT. And Himi fishers taught how to do the cleaning and
maintenance of nets to the community members, then loads on the community had been
reduced and fish catch had been increased. Besides, some staffs of TUMSAT supported to
build and manage the fish market at the landing site on the beach. Fish catch of the set net
were sold in this fish market under pooling system, so all amounts and prices were recorded
sorted by kinds of fish products through this system. As set-net fishery holds passive fishing
feature, it had been recognized as low impacts on environments and fishery stocks. And the
fish catch by set-net can show the trends of fish stocks, then this fishery activity also has a
function of fish stock monitoring. These features of the set-net attracted some medias
including newspaper and TV programs, and broadcasted through of them. Then, good
reputation of the set-net fishery spread, and prides of the fishers, which the set-net fishery
can contribute to sustainable fishery and conservation of nature, were cultivated.

The case of the set-net in Rayong, Thailand suggests the possibility that community-based
fishery activity can help to create a fishermen community with sustainable management
(SEAFDEC 2005, 2008, Area-Capability concept book 2015). Additionally, collaborative
selling and sharing of profits make it possible to collect detailed fisheries catch data that can
be used for stock trends and trophic level analyses (Seak et al. 2011, 2012, Manajit et al. 2011).
The collaborative management of the set-net fishery can improve management capacity of
fishermen (SEAFDEC 2005, 2008). A similar approach to the set-net introduction in

Thailand could be applicable for other developing countries, including Eretria.
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Community-based Stock Enhancement in Philippines

Community-based Stock Enhancement national project was conducted around Hamana Lake,
Sizuoka prefecture, Japan from 1972. The background of this project lunching, fishermen’s
protest demonstrations against national government of Japan promoted indoctrination of
coastal area under heavy industry priority policy. Due to those indoctrinations, coastal
habitats and nurseries of fishery species had been widely destroyed and those resources were
drastically decreased. Japanese government started the community-based stock enhancement
project as a compensation for fishers and countermeasures to fishery stock reductions. The
stock enhancement project had succeeded especially in Hamana Lake, the resources were
increased and cares on environments by fishers were increased because fishers recognized the
conservation being necessary and important to support the reproductions of their target
species (Area-Capability concept book 2015).

The deterioration of coastal habitats has been evident for many developing countries,
especially. Particularly in the Philippines, rural coastal zones and estuaries are now being
characterized by declining wild fisheries resources and degrading environment. This chapter
presents as an example of the stock enhancement project conducted in the typical rural coastal
town of New Washington, Aklan, Philippines. The project shows us how the concept of
community-based shrimp stock enhancement can provide incentives to restore the
environment and provide sustainable fishing livelihood in the area.

The New Washington Estuary (NWE) in northeast Panay Island, Philippines was a
productive fishing ground that has been suffering from degenerating brackish water fisheries
and estuarine environment. Average daily catch declined from 24 kg on per fishing gear in
1970s to 0.7 kg at present. Shrimp fisheries, the most important livelihood, declined in quality
and quantity. The highly-priced and once very abundant tiger shrimp Penaeus monodon was
replaced with smaller-sized and lower-priced species like the Metapenaeus ensis. These can
be attributed to the conversion of 95% of mangroves to culture ponds in the past 50 years and
more than 400% increase in fishing gears since the 1990s. The need is evident to reduce
fishing structures and rehabilitate mangroves. However, these drastic changes directly affect
fishers’ livelihood. This paper explores the prospects of Tiger shrimp Penaous monodon stock
enhancement as “positive reinforcement” for the NWE rehabilitation. Number of gears per
capita may have to be reduced but shrimp catches will be relatively high-priced.

Some Japanese researchers belonging to Area-Capability project of Research Institute for
Humanity and Nature (RIHN) planned to conduct a stock enhancement project in NEW
aiming to sustainable fishery based on the community activities. The members of RIHN

visited to the municipal office to get permission of the release of small shrimps to the estuary.
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Then the staffs of RIHN held meeting with fishermen association in New Washington to share
the vision, process, activities and the goal of the stock enhancement project. After
coordination and preparation of the project, small shrimps for intermediate aquaculture were
purchased from private hatcheries in the province. Then, intermediate aquaculture was
conducted by the fishermen association, they check the water quality and reared shrimps, and
put tags on shrimps for tracing them after released.

After two- or three-month intermediate aquaculture, shrimps were released to the estuary.
Impacts on resources was evaluated based on the records of fishery catch noted by the
fishermen association. Initially, almost all members of the association did not believe the
positive impacts by the release works, however, after three months from the first release, some
large size shrimps with the tags were caught by fishers, then the attitudes of them were
changed and collaboration between researchers and fishermen was promoted. Improvement
of shrimp catch per capita and the stock enhancement of shrimp was ensured by calculation
of statistics data, then, the mayer of New Washington praised this success.

Through this release works and evaluation on environment, fishers recognized the
important of microhabitats for stock enhancement. Campaigns on mangrove importance
especially as shrimp habitat can encourage locals to reforest the estuary especially in
abandoned ponds. With effective management, law enforcement, and sustained support from
different sectors, shrimp stock enhancement can be a positive strategy in estuarine

rehabilitation and livelihood sustainability in the NWE.

2 Feedback management
The analysis results of fisheries statistical data should not be used only for resource evaluation
and fishery regulation in order to carry out sustainable and effective resource management.
This is because fishermen are not cooperative in collecting fishery statistical data if fishery
statistical data are being collected solely for fishery regulation. As a result, sufficient and
reliable data cannot be collected. Also, no matter how strict the system is, it is impossible to
fully implement the strict system and rules with a top-down approach, because the sea is wide
and the monitoring cost is too high. Therefore, voluntary cooperation of fishermen and
observance of laws and regulations are indispensable for the implementation of practicable
and sustainable resource management measures. In this sense as well, the use of statistical
data that merely imposes restrictions should be avoided.,

Fisheries statistical data need to be used by fishermen to understand the current situation,
in addition to assessing stock status. It is important to show numerically the activities related
to resource management and the expected results, such as what the current state of the stock

is, how much the fishing effort should be reduced, how long and how much the stock can be
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recovered. Is. Around Batan Bay in the Philippines, fishermen believed that sometime
resources would recover, despite mangrove logging drastically reducing catches. Such
excessive expectations for the ability of nature to recover resources pose a major obstacle in
preventing overfishing. Disclosure of analysis results and clarification of expected results are
basic matters in building a cooperative relationship between fishermen and the government.

Participation of fishermen in collecting data also increases the reliability of analysis results.
It should also be noted that mere presentation of scientific analysis results does not provide
that understanding.

For fishery resource evaluation, academically specialized and complicated calculation
formulas have been proposed. These are useful for making more accurate forecasts, but

calculations that are too complicated will not be understood by fishermen.

3 Area capability approach

Coastal areas are more biodiversity than the open ocean and have a large number of useful
biological resources. On the other hand, the amount of individual resources is small. In
addition, it is more volatile and vulnerable than the open ocean because it is affected by the
coastal environment that nurtures these resources and environmental changes in both land
and sea areas. Therefore, in order to carry out sustainable fisheries in coastal areas, it is
necessary to monitor and conserve the habitat and spawning ground environment of these
resources in addition to monitoring the catch resources.

However, both maintenance activities and monitoring activities require cost and labor.
There is a limit to covering this only as a national budget or administrative expenses. In
addition, when carrying out conservation activities and monitoring as a job, the purpose is to
carry out the activities themselves, and the relationship between actions and results, such as
the original purpose of assisting resource proliferation and sustainable resource use, is
weakened. There is a risk that it will end up. The purpose of conservation and monitoring is
the sustainable use of biological resources, and it is necessary to create a mechanism that
directly contributes to the increase of resources and the development of sustainable fisheries
as a result of activities. For that purpose, the participation of fishermen who are direct
resource users is indispensable for both conservation activities and monitoring.

Monitoring of stocks and the environment through fishing activities by fishermen has been
shown to be possible with set nets in Thailand and shrimp stocking projects in the Philippines.
On the other hand, there are many cases in which fishery regulations and conservation
activities carried out only by people without specialized knowledge and skills have caused
deterioration of resources and environmental destruction (phenomenon of sea turtle

population and coral due to artificial hatching of sea turtles). Transplant business, etc.). For
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this reason, cooperation between fishermen and humans with specialized knowledge is
indispensable for conservation activities and resource evaluation.

Coastal and marine areas are not personally owned in many areas and are owned by the
state or government. Also, unlike fields and forests, it is difficult to regulate entry, so in most
cases anyone can come and go. In such an open access state, even if resources increase due to
conservation activities and release activities, there is a high risk that people (free riders) who
do not have management obligations will use (stolen) resources without permission. It is
better to avoid the conflict of fishermen with this free rider because it creates a disturbance
of public order and is highly dangerous. Therefore, when planning the effectiveness of
environmental conservation and resource management in the sea area, it is necessary to set
certain usage restrictions and entry restrictions by the government. At the same time, if
conservation activities are carried out by fishermen, as mentioned in the previous paragraph,
fishermen and experts (scientists) need to cooperate, and administrative cooperation needs
to be added.

Administrative organizations regulate the use of areas where conservation, monitoring, and
resource management are carried out, and fishermen and specialists carry out conservation
and monitoring activities. It is indispensable for sustainable resource use that the data and

results are shared by these three parties and form a cycle leading to the next activity.
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In conclusion

Most of the marine resources live in water and are highly mobile, so it is difficult to accurately
grasp the amount of resources. Moreover, it lays more eggs than terrestrial organisms, which
makes it highly volatile. In particular, the spawning season of aquatic organisms in the tropical
and subtropical regions is generally long and fast growing. For this reason, if it is too important
to accurately grasp the amount of resources, the labor for collecting necessary data becomes
enormous, and there are many cases where resource evaluation and resource management
based on it cannot be reached.

The purpose of resource management is for the sustainable development of fisheries, and
all that is required is regulation of fisheries during the spawning season, prohibition of
fisheries that destroy the environment, setting of appropriate fish prices, and resources.
Protection of exacerbated species. Therefore, it is necessary to grasp the spawning ground
and spawning season, grasp the characteristics of fishing gear, and evaluate the amount of
resources. It is necessary for both the administrative officer in charge of resource management
and the fishermen to fully understand this relationship. It is important to prepare catch
statistics, but it is important not to collect data for stock assessment. Moreover, no matter how
many rules and systems are created, sustainable development cannot be expected unless they
are followed. From this point of view, it can be said that building a good relationship between
fishermen and the government is the most important issue for resource management. At the
same time, only resources should not be protected and the lives of fishermen should not be in
dire straits. Poverty is the number one cause of poor compliance. We sincerely hope that
Eritrean fishermen, surrounded by abundant nature and abundant resources, will have a rich

life. We hope that this book will help you.
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7. Coastal Fisheries Managements under climate changes with

SDGs



Coastal Fisheries Managements
under climate changes with SDGs

® Tokai University,

® Satoshi ISHIKAWA

Stable Environment have fostered human cultures

Pleistocene
10 thousands
90 Thousands Years ago A couple of
years ago 15 4R T\l{\ousands
9SG &R lears ago
T E/

Fig. 1. The last glacial cycle of 180 (an indicator of temperature) and selected events in human history.
The Holocene is the last 10 000 years. Adapted from Young and Steffen (2009).

Back ground of RIHN

Rapid expansion of human activities affected on
the earth systems
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Back ground of RIHN
Earth system has been changed,
and Human cannot stop this change

Impacts of Human Activities already exceeded
Planetary Boundary

Source: Steffen et. al. Planetary Boundaries: Guiding human development on a
changing planet. Science, 16 January 2015.

World's population growth forecast

World Population (Unit: million)

s
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Copyright © 2012, Ministry of Agriculture, Forestry and Fisheries of Japan. All rights reserved.




Food safety has top priority for Mankind

According to the forecast by FAO. To feed the growing world
population, a 60 percent increase in food production will be
required by 2050. Particularly in developing countries, 100%
increase in food production will be required.

Necessity to ncrease Food Production

Necessity to increase Food Production

w50 008 2050

Copyright © 2012, Ministry of Agriculture, Forestry and Fisheries of Japan. All rights reserved.

Protein production is most serious

As a result of the population growing, the demand for
animal protein is also increase. Then, the demand for grain
for protein production will be continuing to rise.

The amount of grain required @-(ﬂcﬁe’ o
3 P

to produce 1kg livestock 3 S—
A L

Cows need 11kg S

Pigs need about 7 kg 2y 2 O O O O
Chickens need 4 kg \“' er
Eggs need 3kg ‘El “;‘::i:‘”""‘:‘::"

Copyright © 2012, Ministry of Agriculture, Forestry and Fisheries of Japan. All rights reserved.

Can we expand agricultural Production?

Same situation was in the past
— Expansion of crop fields

— Invention of artificial fertilizer
— Breeding innovation
— Global trades of foods

We got over food shortage so far. However
The consequence of these countermeasures

Is current global environment

Can we expand agricultural Production?

Unfortunately, it is difficult

— Not be able to increase crop yields as well as it used to,

)

— Long-term decline of public investment,
— Desertification,
— Shortage of fresh water,

— Conversion of agricultural land to non-agricultural
purposes,

— Increasing negative impact of climate change,
— etc.

Copyright © 2012, Ministry of Agriculture, Forestry and Fisheries of Japan. All rights reserved.

How to feed the growing population

e Marine resources have high potential to feed
growing population, because the marine area
covers more than 70% of the earth surface.
(large habitats)

e Marine resources do not need grains in general.

¢ So, Effective marine resource utilization is the
most important subject for our future.

Crisis of Ocean Ecosystem

Fishing Down Marine Food Webs

Fishing down in Global trend...?

5+ sess=e o Empty Net
- = ==-=. . " =" (Emerson, 1994)

£ =75 sese. ~=__Fishing Down

ﬂ 4 T e e (Pauly et.al, 1998 )

- e e Js—

= e e e s Are the Oceans Dying?
—— . e

E %2-:."‘"?;’:':»_ — . (Newsweek, 2002)

? | VLR S P A RS E U | | MATIOMALGEOGRAPHIC




Common Fisheries Resource Management

1995 FAO
Code of Conduct for Responsible Fishery

Statistical Data Stock Regulation Fesaie
Collection Assessment Fishing Activity Management

International Commission of
several important Fish Resources

Data Collection, Stock Evaluation of
Particular Fish

Limits of total catch amount of each
species

Large-scale Commercial Fishery can be applied.

'FISH and FISHERIES

VISH und FISHERIES. 2015, 16, 63164

Examining common assumptions about recruitment: a
meta-analysis of recruitment dynamics for worldwide marine
fisheries

Cinlyy 8 Szrvendskl™ ', Katparar A Vert-Pre™, Anedre & Pinnt, Trever A ironcle’ & Bag Hithorn!

They measured 224 stocks of the world and 85% of stocks did not have
positive linkages between mother stock sizes and next generation
stock sizes. So those stock fluctuation were derived from
environmental factors not by mother stock sizes.

Importance of coastal small scale fishery

Large Scale fishery Coastal small-scale Fishery

Single-Species, Selective Fishery Multi-Species, Multi-Fishery, Mixed Catch

Professional Fishery & landing sites

Data collection relatively easy

Many Fishery and Stakeholders
& many landing sites

Different approach for stock
assessment is required Data collection quite difficult

Importance of coastal small scale fishery

Large Scale fishery Coastal small-scale Fishery

L About 30 million tons Catch <@»{ About 30 million tons Catch

mOver 12 Million Employees
m About 35 million tons Fuels I About 5 million tons Fuels

- ﬂ Discarded fish Very Little

8- 20 million tons Discarded

* About % Million Employees

Jacquet and Pauly 2008

Many issues happen in coastal areas

Destruction of Habitats Over Fishing Destructive action

Natural Disaster Deterioration of

Ecosystem Services

Vicious Spiral

Reduction of Productivity
Reduction of Stocks
Aggravation of Poverty

Poverty Reductions, Economic Improvement, Effective
utilization of resource, Interests on Ecosystems

1960~1980 Rapid economic growth and
urbanization in JAPAN

e Salaries were increased.
¢ nobody concerned the nature around us.

* Population increased in and around
cities,

Coastal habitats were diverted to
industrial and housing zones

Tidal flats and seagrass beds were
disappeared

Air and water were polluted by waste
materials




1960~1980 InJapan
Rapid economic growth and industrialization

Large seagrass beds and tidal flats were
reclaimed for industrial developments.
And many aquatic resources were
deteriorated due to habitat losses.

Fishermen'’s life became worse.

Many fishermen criticized the habitat losses
and protested governmental decisions of
industrialization.

Government started stock-enhancement
project named “Tsukuru-Gyogyo” in local level.
For this project, stock enhancement centers
were established at all prefectures.

Width {x10,000ha)

Seagrass Beds and Tidal flats are
important habitats for reproduction
of coastal organisms

I Sea Grass Bed

1978 1988 2007

In 1940s, 70% of seagrass beds

. From 1940 to 1980, 90% of tidal flats
were destroyed in Set Inland Sea

were reclaimed in Tokyo Bay

These changes gave negative impacts on coastal
resources and ecosystem services.

Habitats (Spawning grounds) losses derived large
impacts on fishery resources.

Fishery Catch in Seto Inland Sea

Land use changes give much impacts on coastal
ecosystems and fisheries resource reproductions than
over fishing.

Population Dynamics of a fisheries resource

Recruitment
to Stock
Critical Period

Natural Mortality
(Environmental Factors) ™

Growth Period

Fished Period
¥ Natural

T And
T Fishing
Mortality

No. of Individuals (Stock Size)

Spawning and growth habitats conservation
should be also taken into account.

Habitats losses have great impacts on coastal
resources more than over fishing.

* Spawning and nursery habitats including wetlands and
Sea grass beds should be conserved for sustainable
resource managements.

* Material flows and linkage between land and ocean
should be taken into account in rural and urbanization
planning.

* Hygiene and waste water treatments are necessary for
coastal fishery resource management, because food
safety is affected by water quality from Lands.

What should we do to save marine resources
and marine ecosystems

“Data collection, Stock evaluation and Set regulation”
is not enough and do not function.

« To Cultivate interests of nature through effective
utilizations of natural resources for poverty reduction

« To Strengthen surveillance of resource and facilitate
conservation of habitats

* To Enhance social capitals and capability of people

At the same timel!!




For our sustainability,
We have to change our system

SOCIALTRANSFORMA“ON
mm nﬁm

But, Unfortunately, No-body Know how we can do it.

| futurerth

1996 - 2014

Trans-disciplinary Approach
f t r?arth CO-design, CO-production

Trans-Disciplinary (TD) approac

e g b st Lissmmto

Area-capability approach

Start from utilization of resource by community

* AN important point is Community building and
cultivate interests on ecosystem of them through
resource utilization

Area-capability Cycle
as a model for rural development Planning

| Desetigrent. |
| 8 ther Group: |,

Tra- i¥ind | Mow Utilization
Local Rpsdure W dbﬂ@.% Wew Mackor |

£
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Institutional Framework
of Area-capability Approach
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Data Governments

Information Legitimacy
Consultation Financial

Supports
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Collaborative
Activity




Area-capability approach is one
solution!

 Existing approach is not enough to change
the world.

» Nobody knows what is the trans-
disciplinary approach toward changing
world.

» S0, we are proposing “ Area-capability
approach” as one model for TD action.

Area-Capability Enhancement in
Southeast Asia

How can we find local
resources with sustainable
utilization ways by local

— communities?

We tested several good
practices with local
governments, local
communities and researchers
in various academic fields, in
Japan and ASEAN contiries.

Eco-tourism siock-Enhanceme]

(=]

Today’s Topic Sites

kS

pmeht *
.= L StotksEnhancernigh]
4 | Com rr{'u nity Develgpment

g Stock enhancement of the
Hamana Lake

LA tiger shrimp in Hamana Lake

Water area = 6,880ha ,  Thare are traditional and modern fisheries, including both
Periphery = 128km

Depth = 5m capture and aquaculture activities.
10t in Japan * Fishermen have been conducted as small scale commercial
fishery

Basic framework and strategy of “Tsukuru Gyogyo” in Japan

Intermediate
Aquaculture at
local sites

Artificial
Breeding
At SE center

Stock
Enhancement

Release of
Juveniles

In many cases,
there were no technology of breeding, and aquaculture,
there were no information about release points and timing,
there were no catch data for impact assessment.

SE Center staffs had to solve many difficulties by themselves.

Around Hamana Like

¢ There were 7 fishermen villages.
i;%c:mmem * They competed for fishery stocks.
Center * Each village had each landing.
Q/ * There were no collaborations.
* There were no exact fishery statistics.
* They did not have a sense of stock
enhancement. (They conducted only
capture fishery)

But, industrialization was affected on this area
and fishery stocks were deteriorated rapidly.
1978 Stock enhancement Center Established and governmental stock
enhancement project was started.

In the beginning, There is no experts, no technology and no
collaborations and no participation from villagers (fishers)

Many fishers believed stocks recover naturally in near future.




Dr Fushimi conducted environmental survey to
decide intermediate aquaculture site and technology
developments of artificial breeding by himself.

And Released 3million larvae in 1980

Dr. Fushimi Young fishermen of Shirasu village locating near
He was a staff of stock  intermediate aquaculture site, started collaboration

enhancement center in . P
chargee of the project. with Dr Fushimi.

1981 30 million larval shrimp were released
Shrimp Catch was increased, Start environmental monitoring
and conservation actions

1983 Fishermen of other villages started collaboration
100million seeds were released
1985 The governmental project was terminated
Fishermen donated money for stoke enhancements
And Fishermen started release by themselves

Changes in the area
Voluntarily Actions of Fishermen

¢ Intermediate aquaculture of larval shrimps enh:;::;em
¢ Environmental monitoring
* Stop fishing of small shrimps
« Set fishery rules by themselves and start

patrolling ‘
¢ Unify the wholesaling system Collaborations
* Donation for stock enhancements Mutual Trusts
Mutual trust among Government, Interests of Ecosystem
Fishermen and Researchers ‘
* Fishery Statistics were collected High Compliance
¢ Stock evaluation was done for regulations High Values of Shrimp
Care of nature create new values of ‘

Sustainable Developments

fishery products in markets

Lessons from community based Stock
enhancements in Hamana Lake

1. Community based stock enhancement project can
cultivate interests of ecosystems and management
minds of fishers.

2. Reliable statistics data facilitate effective utilization and
regulation of fishing

3. Community based trading system provide price making
power to fishers.

4. Rules and regulations decided by users have high
compliance.

5. Good balance between utilization and cares of nature
provide high values of products and cultivate prides of
fishers.

Area-capability cycle

Of the stock enhancement . > |
of Kuruma shrimp ‘ Hi |

in Hamana Lake

Driving er Co

et
- 5 | Forces
Lot Regoerss Lo
ton Hlocg,, - Increase incomes
Increase prawn Stock Hope, Pride Decrease conflicts
kY
Viggers
oo one Fawn et
— 4 iy
Driving Force. ie— Care for Ecosystem Health

Rel i
By governmental Monitoring le] Fishers and
project by Fishers Researchers

Release Juveniles
By Fishermen

v
Community Based Stock Enhancement, Panay Is. Philippines

Fishermen Community
Researchers =
community

[ YoE

Seed Production Technology
Habitat improvement
Disease Inspection
Monitoring after seed release
Environmental Assessment

B Stock Evaluation

Community Based
Mangrove Rehabilitation

Mid-culture of seed
Seed Release
Local Regulation
Report of Catch

Cornmunity Based
Aguaculture

Symposium
Workshop

Government, International ‘t
Organizations, NGOs

Understanding and Supports

Progresses of Stock Enhancement

Stock Enhancement
* Local Government participation
* Local Community Participation
* Implementation Discussion
+ Base Line Survey on Livelihoods

* Build Intermediate Aquaculture Ponds ' "’r'm Q‘ﬁ'\d
* First Trial of Community-based Aquaculture X w
¢ Environmental Assessment to determine the release points :

1. To prepare and evaluate a stock
enhancement protocol for New
Washington

2. To assess impacts of stock
enhancement trials and community
activities




Results: Timeline of rearing and releases
2013 July:  1st rearing (129,000 stocked)
Aug: No release (high mortality)

2014 Feb:  2nd rearing (390,000 stocked)
April: 15,000 released (4%); 100 tagged

2014 June: 3rd rearing (270,000 stocked)
July: 120,000 released (44%); 240 tagged |

2014 Nov: 4th rearing (400,000 stocked)
Dec: Series of typhoons caused mortality |
&1

2015 Apr:  5th rearing (483,000 stocked)
May: 250,000 released (51%); 250 tagged

2015 Jun: 6t rearing (630,000 stocked)
Jul:  high mortality caused by early
prolonged rains and cannibalism

Altamirano et al, 2015 43

Results: Catch monitoring (Trader’s logbook)

Recapture info (5 batch)

Released: May 2015
Total released: 250,000
Shrimp tagged: 250 (0.1%)

Total recovery: 20 pcs  (8%)*

Details: July (8 pcs), 59 (3 %)
Aug (4 pcs), 159 (1.6%)
Sep-Oct (8), 559 (3%)

Estimated total potential harvest:
(4 months after release):
1,100 kg (PhP220,000)

Fishers want to start other release works by themselves.

Altamirano et al, 2015 44

ACC of Community-based Stock Enhancement of Black
Tiger shrimp in Phiippines

| of market accessilty —)
W C —based H ‘

of other sectors |

Driviny anced Capab

Forces Increase incomes

Increase prawn Stock "
2 Decrease conflicts

Hope, Pride

Care for Ecosystems

Release Juveniles Environmental Increase Public
By research project Mo pito g [€]  Awareness of
by Fishers Habitats importance

Release Juveniles
By Fishermen &
government

In cases the stock enhancement projects

e Participation of fisher to intermediate
aquaculture and monitoring of environments
cultivated their interests on nature and minds
of managements.

* Realization of incomes growing and good
evaluation from other sectors (tourism,
education etc.) enhanced their pride on stock
enhancements.

Community based Set-net fishery

By TD/SEAFDEC and DOF/Thailand in Rayong

Set-net (Teichi-ami) Final Chamber

Slope net  Chamber net

Length
80-120m

Fish Court
(Surrounding net)

Depth 15m Width
20m
Entrance
QQ%Q Leader Net
Passive Type of Gear, fixed in costal water 200m

Large-scale trap net with compound design
Waiting for the migrating fish schools,
and entrapping them in the chamber net




Location of Rayong set-net project

Small scale fishery

Commercial fishery

Location of Rayong set-net project

By fisher group

History of Set-net Installation into Thailand

2001  ASEAN-SEAFDEC Millennium Conference
on Sustainable Fisheries for Food Security
in the Region in Bangkok
2002 International Set-Net Fishing Summit in Himi
2003-2005 Rayong Set-Net Project
SEAFDEC- EMDEC-Fishermen Group S
2005-2007 JICA grass-root project by SEAFDEC, TUMSAT and Himi Cit:
2007-Present Operated and Managed by fishers group |
2008 Training course for Practices and Theories
Choko-ami in Chonburi, by Kasetsart Univ.
2010 New challenge in Southern Gulf of Thailand
steered by DOF, Thailand

Got Idea

SEAFDEC: Southeast Asian Fisheries Development Center

JICA: Japan International Cooperation Agency

TUMSAT: Tokyo University of Marine Science and Technology, Japan
EMDEC: Eastern Marine Fisheries Research and Development Center, Department of Fishery, Thailand
Himi city: Located in Toyama Prefecture, in Japan Very famous as Set-net fishery

Mr. Aussanee Munprasit
Senior Officer of SEAFDEC

Problems and Difficulties
in the 1%t year
= Strong current

=Bad Design of Net

= Anchors entangled with net

=Bad Operation of fishing
Fish Catch was not good!

Gear Improvement since 2" year
1. Modified to slimmer style

45 x 140 x 250 m 20 x 155 x 250 m

2. Developed to narrower and lower slope&entrance net
(Unit : m)
ATET
J \E
i | ‘_‘.I\s.es

3.0° |a
25 :

1styear; 5.0x3.0x14 == 2"dyear; 0.7x8.0x8.0 == 3" year; 0.7x9.0x8.0

Fishing Operation
Improvements
= Man-power hauling
=» Morning hauling
= Every 2 days operations
= 3-4 boats, 10-12 fishermen
= 0.5-1.5 hours =»20-30 min




The Catch Daily average catch and value

1200

Most of set-net catch are
pelagic species, variety of the
Variety of catch is an important feature
to the sustainable coastal
fisheries. Not particular
species.
They caught different species by set-net from those they collected by small gears.

mm Average catch (Kg)
mm Average value (x10 THB) 1001
—e—trip

1041

1000

catch

400

Average catch (kg) and value (THB)

High
quality

Management Skill of them was improved through selling and pooling system

Year of Project Implementation

ACC of Community-based set-net fishery in Rayong, Lessons from Set-net Fishery

Thailand.
Tourism Activity 1. New utilization way can create new user group
4 [Community s warke \ o rading e | (=community), not only local resources.
e = ‘ P — 2. Community based pooling system can collect
| byseardec | | Fishers Community enough statistic data automatically.
Homeest Effective Utilization of Resource 3. Good Evaluation from outsides can enhance Users
ecneloay Prides and Care Minds of them.
Resource Local Community i SRS 4. Public awareness of good balance between
Improved Status Di Enhanced Capability . . . .
- Forces s, utilization is necessary to increase market values of

their products.

-a 5, ‘ndes
= 5. One AC cycle can lead another AC cycle.

Care for Ecosystems

- el -
Environmental and Fishery Statistical Cultivate interest
Food Web estimation data collection for Ecosystem

Area-capability approach What is a local resources?
Community based utilization of local resources * Not only fishery resources, fishing gears and
can create new community and improve tourist attractions can be local resources.
incomes with conservation actions on local * In some case historical and traditional foods
ecosystem. and way of life are also used as local resources.

Increase the good balanced utilization with cares . _
leads us to sustainability. * Most important aspect for local resources is it

is shared by local people, it is not own by
particular person and/or company.




Enhance Area-capability

* How we can cultivate users’ interests on Nature in
order to achieve sustainable use of the ecosystems.

e From the utilization of ecosystems for improvement
of users’ lives. It can be acceptable for any where.

* Area-capability cycle comprised of both utilization
and conservation of ecosystems.

Enhancing Area-capability = Increase Area-capability Cycles

Area-capability cycle

Hiw L

o NN o,
_“S

'P%g
é“& %
Impraving Resource Siatu Triggers Enhanced Capabiities
Prmery Pindection (Funs, Possion} el Captal
S Paiasn iy
ARSI s Campiiascs. Autanciy
Sabaenily Driving Force Wastngummet.
{Hopos, Prides) 9

How to increase interests on ecosystem of users

Education is one of the kyes toward area-capability enhancement

_
- Rehabilitation of Coral Reef

Archaeological ruins survey
Biodiversity survey

Socio Economic Survey
Education Programs

| Transportation Technology

Tourism Development
New Markets and jobs

i Improvement
A
Data and Information
11 Community Forum
Ishigaki Government New Human Network
Yaeyama JCI
| Education program with HS

Symposium _ )
Workshop

Government, International
Organizations, NGOs

\—

Understanding and Supports

New Technology can invite many kinds peoples

Underwater Archeological ruins survey
We developed under water ROV

ROV helps to create new tourisms
and education programs

New Technology contribute

Workshop of ROV making as tourism events .
to create new community

Making small robot in education, and then use field
survey under collaboration with schools

High school students participate robot making and field
survey. Their interests of Nature was cultivated through
this program.

Capability of Acoustic Technology in Coastal area

Acoustic Survey Systems, /t can be used in Shallow area,
were developed recently.

Small- PS were also developed.

These systems can help to create new community.

If many small-scale fishers install these equipment and share their
information within community, we can achieve more effective uses of
marine resources in coastal areas.

11



Numbers of AC cycles show
numbers of resources,
local communities,
utilization methods, jobs
and cares on ecosystems.

Increase the number of Area-capability cycle can
be used for the index of rural development, instead
of economic growth.

Making Area-capability cycle

* Find a local resource

* Make new utilization and market

* Create New local user groups (community)

* Set monitoring and regulation points with users
* Decide care activities by users with researchers
¢ Share the interest and information

¢ Make collaboration flame of Government, Users,

and researchers

Making an Area-capability Cycle
We can collaborate local people in management with
high surveillance and compliances

Please Try to use AC approach

e Let's consider a rural development plan in your own
country, using the AC approach as a model.
— What is a local resource?
— How to use the resource?
— Who is a member of user group?
— What are monitoring points?
— How to cultivate the interests on nature?
— What kinds conservation activity is needed?

— How to create collaboration flamework of government, users
and researchers

— How to increase values of their products?
¢ And What are restriction and obstacle?
— How to overcome?
¢ What kinds collaboration with JAPAN are you need?

Area-capability enhancing should be treated as
the target of developments.
For our future!!

Thank you for your attentions!

12



8. Fisheries Management for Rural Community Development



Fisheries managements for
Rural Community Developments

Satoshi ISHIKAWA
JICA Expert/Tokai University, Japan

Topics

« Current situation of Marine Fisheries Resources and Ordinal Fisheries Managements
« Environmental Impacts on Fishery resources

« Required Data and Information for Stock evaluation

 Purpose of Fisheries Management

+ Collaboration with Fishers based on Area-Capability (AC) Approach

Current situation of Marine Fisheries
Resources and Ordinal Fisheries Managements

e Ocean Crisis
« FAO Approach

Crisis of Ocean Ecosystem

Empty Net
(Emerson, 1994)

Fishing Down
(Pauly et.al, 1998 )

Are the Oceans Dying?
(Newsweek, 2002)

Empty Oceans
(Hayden, 2003)

We can not eat fish in 2048
(Worm et.al, 2006)

F1p p rg# Mchulhvi hvrxuth#P dgdihp hgqw

1995 FAO http://www.fao.org/fishery/cerf/L/en

Code of Conduct for Responsible Fishery

Statistical Data Stock Regulation NN
Collection Assessment A Fishing Activity AV

The purpose of resource management research is
to make regulations on fishing activity to avid overshoots

Commercial fishery targeting
particular species can be done!

Data Collection, License based fishery
Cash generation is main target

Outputs (Cap) and Inputs and Control of fisheries

* Output (Cap) Controls * Input Controls

Set some regulations and limits on Set some regulations and limits on the fishing

fisher products to avid over catch efforts to reduce fishing pressures on
fisheries stocks to avid over catch.

> Allowable Biological Catch (ABC) »Mesh size regulation of fishing gears

»Total Allowable Catch (TAC) »Prohibit some fishing gears

>Maximum Sustainable Yields(MSY) »Boat and engine size regulations and limits
>Individual Quota(IQ) > Setting closing seasons and areas
» Limit minimum size of fish

Purpose is to avid over catch
(= remaining enough parents =aiming for good reproduction of stocks)




Environmental Impacts on Fishery resources

¢ Impacts of Environmental Changes on Fisheries Resources
* History of Tokyo Bay Fishery as an example
« Life history and population dynamics of Fishery resources

1960~1980 Rapid economic growth and urbanization
in JAPAN

Salaries were increased.
Nobody concerned the nature around us.

Population increased in and around cities,
Coastal habitats were diverted to industrial
and housing zones

Tidal flats and seagrass beds were disappeared
Air and water were polluted by waste
materials

Seagrass Beds and Tidal flats are important
habitats for reproduction of coastal organisms

Fishing pressers became lower.

From 1940 to 1980, 90% of tidal flats
were reclaimed in Tokyo Bay

These changes gave negative impacts on coastal
resources and ecosystem services.

Habitats (Spawning grounds) losses derived large impacts
on fishery resources.

| I Sea Grass Bed
| I I

1078 1988 2007

Fishery Catch in Seto Inland Sea

Vidth (x10,000ha)

In 1940s, 70% of seagrass beds
were destroyed in Set Inland Sea

Can we avoid these fisheries resource deterioration
by fisheries regulations?

Can we save fisheries resource through fisheries regulations??

Recruitment

” 5 to Stock
Critical Period

T
3
<
]
il
~‘;-1 Natural Mortality
K] (Environmental Factors)
2 Growth Period
2
£ S
G ] Fished Period Natural
z And
Fishing
Mortality
0 1 3
Age

Spawning and growth habitats conservation
should be also taken into account.

Can we save fisheries resource through fisheries regulations??

1995 FAO http://www.fao.org/fishery/ccrf/1/en
Code of Conduct for Responsible Fishery

Statistical Data Stock Regulation AN
Collection Assessment Ml Fishing Activity AN I

The purpose of resource management research is
to make regulations on fishing activity to avid overshoots




Required Data and Information for Stock evaluation

 Trend of World fishery production and Fishing Down

* Flows of fisheries stock evaluation

« Differences between Commercial and Coastal small scale fishery
* Data collection and environmental changes

World Fishery Products

Mishon tuntey

| s rogaction
W Capburn producton

A0 6 w0 1R DD SR WG MRG0

Years

World capture fisheries and a% aculture production Source: The State of World
Fisheries and Aquaculture, FAO, 2014, www.fao.org/3/a-i3720e/index.html| "

Fishing Down Marine Food Webs

o

e

:
£

o

G [ Ll o coccrc |

Fishing down in Global trend...~

Flow chart for Fisheries stock management

Way for set some regulations!
We needs a lot of data.

Differences between commercial fishery and coastal
small-scale fishery
Large Scale fishery Coastal small-scale Fishery

E | About 30 million tons Catch ‘@ About 30 million tons Catch

' About % Million Employees wover 12 Million Employees
m About 35 million tons Fuels

gﬂ 8- 20 million tons Discarded “ Discarded fish Very Little

Jacquet and Paul! 2008

. About 5 million tons Fuels

Data for Stock assessment.

* Fish catch sorted by species
« Size components of fish catch sorted by sepsis Wehcan dra\gl _
* Age component of fish catch sorted by sepsis the reproduction curve

X And then we can evaluate
* Growth rate of a target species the stock status

* Natural mortality of a target species And
¢ Fecundity We can calculate
* Spawning season MSY, ABC etc.

* Migration area

If the envir I drastically ch 1, these parameter will be changed.
So, data needs to be updated
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Climate Change and Global Warming
are serious issues of the World

Can we continue data update
catching up with the global
worming ? Is it possible? Reliable?

Without proper treatments of CO2
emissions, Global warming cannot stop
and sea level will be rise.

Can we save fisheries resource through fisheries regulations??

Recruitment
. N to Stock
Critical Period
T
b
3
S
2z Natural Mortality
3 (Environmental Factors)
2 Growth Period
T
= .
s — 4 Fished Period Natural
E4 And
Fishing
Mortality
0 1 3
Age

Life history of Small Pelagic fish

Critical Period
Recruitment to Stock

= Natural Mortality
(Environmental Factors)

Natural and Fishing Mortality

No. of Individuals (Stock Size)

(~  For Spawning

0 1 2
Age
Envir tal factors in sp ing ground and season
have high impact on reproduction

Purpose of Fisheries Management

« Differences of biological features of fisheries resources
* What is an Important action for each fisheries resource
¢ Purposes of the fisheries managements
* Natural and Social Data and information

Type of fishery resources

Highly Migration Species Long Many High High
Coastal Migration Species Long Many Middle Middle

m o - . .

Demersal (Benthic) Species Long Few Low Low

Shellfish & Mollusca Short Middle Quite Low Low

Seagrasses Short Few No Low

ronmental
stance

Flow chart for Fisheries stock management

Important action is different
according to the target species!




What the purpose of fisheries management?

« Top priority of “fisheries management” is
to achieve “sustainable development of fisheries activities”.

« Sustainability of fisheries resources and fishers’ livelihoods are
necessary. Improve the QoL to keep high incentives of fishers.

@It is not evaluating fishery stock situation.
1t is not making fishery regulations.
@ The stock evaluation and fishery regulations
are some parts of fisheries management.

What are necessary
for sustainable developments of fishery.

Nature Society

Reproduction of resources Income and Safety
»>Spawning groups »Appropriate number of Fishers

»Healthy spawning grounds »Fishery catch
»>Healthy habitats »>Fishing gears
»>Primary production »>Fishing skills
»Normal material flows »>Markets Access

»>Biodiversity »Incentives for sustainable fishing
»>Low pollution situation »>Norms and rules
»Awareness of legal compliance

Natural Science for Fishery managements

« |dentify the spawning grounds and seasons

« |[dentify the area of material flows around spawning grounds
« |dentify the food-web including target species

« Evaluate the stock status and set the limits of catch

« Understand the relationships between environmental data
and fishery stock fluctuations (Temperature, Salinity,
Acidification, Nutrient concentration, Winds conditions etc)

Monitor of theses data and information

How do you collect various kinds of data?

» A wide variety of data is required for fishery management.
» How to collect these data is a big issue.

» Moreover, even if the regulation is based on data, it is
meaningless if the fishermen do not follow it.

» Enough data collection and Make high compliance of fishers are
required at the same time for fishery managements.

Collaboration of fishers and governments are quite important.

Social Science for Fishery managements

« Understand the numbers of fishers and family members

« Understand the fishing gears and target species

« Collect fishery statistics data (Catch, efforts, fishing grounds)

e Understand markets, transportation and prices of fishery products
« Understand resource management awareness of fishers

« Understand the public awareness of fishery managements

« Understand the hopes of fishers

« Understand the problems of fishery

» Monitor of theses data and information
« How we can contribute to improve fishers’ lives is top priority.

Collaboration with Fishers based on AC

« Big-Pie Strategy

» Framework of the collaboration

» Area-Capability Approach

» Set-net fishery in Thailand as an Ex of AC approach

» Stock Enhancements in Japan and Philippines as Exs of AC
» Eco-tourism at Japan as a EX of AC

» Target of AC approach




For make good collaboration with fishers and governments
Big Pie Strategy is important.
Big-Pie Strategy

Ordinal management
Start from making Big Resources

‘w " Stock Enhancement
Expecting unacceptable " or Find New Resources
Natural ‘ MakmgB/g Pie ’,

Recovery of
Resources
Then

‘ Then Expect natural
' Allocation recovery
Strlct regulation
On Particular Species
acceptable

Framework of Implementation and
Evaluation in Area-capability concept

Governments

Data
Information
Consultation

Advice Collaborative
Technical Activity
support

Area-capability approach
Area-Capability Cycle (AC cycle) as a model of collaborative action

Local
Government

Experts, Sci
NPO etc.

Sharing Data and Info.
Collaborative actions

Local user Groups

Community based Set-net fishery

Additional = —— Additional
Values z f‘:z.:y;: ‘\% ' Values
. e o ——
- R
— - c%h,w«a“‘,_ =
= . By TD/SEAFDEC and DOF/Thailand in Rayong
Set-net (Teichi-ami) Final Chamber Location of Rayong set-net project
Slope net  Chamber net
Fish Court Leneth
(Surrounding net) 80-120m small scale fishery
Depth 15m Width
20m

Entrance

;@@%@I Leader Net

Passive Type of Gear, fixed in costal water 200m

Large-scale trap net with compound design
Waiting for the migrating fish schools,

and entrapping them in the chamber net L

S0
]

Commercial fishery




Location of Rayong set-net project

By fisher group

2006

Ny
qé’/u‘% 2003 By researcher
'y

%,
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o7,
™~
|:| /%}’e
[A
%,

710
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History of Set-net Installation into Thailand
| e
2001  ASEAN-SEAFDEC Millennium Conference f
on Sustainable Fisheries for Food Security
in the Region in Bangkok
2002 International Set-Net Fishing Summit in Himi
2003-2005 Rayong Set-Net Project
SEAFDEC- EMDEC-Fishermen Group
2005-2007 JICA grass-root project by SEAFDEC, TUMSAT and Hil it
2007-Present Operated and Managed by fishers group
2008 Training course for Practices and Theories
Choko-ami in Chonburi, by Kasetsart Univ.
2010 New challenge in Southern Gulf of Thailand
steered by DOF, Thailand

Got Idea

SEAFDEC: Southeast Asian Fisheries Development Center Mr. Aussanee Munprasit
JICA: Japan International Cooperation Agency Senior Officer of SEAFDEC
TUMSAT: Tokyo University of Marine Science and Technology, Japan

EMDEC: Eastern Marine Fisheries Research and Development Center, Department of Fishery, Thailand
Himi city: Located in Toyama Prefecture, in Japan Very famous as Set-net fishery

Problems and Difficulties
in the 1% year
= Strong current

=Bad Design of Net

= Anchors entangled with net

=Bad Operation of fishing
Fish Catch was not good!

Gear Improvement since 2"? year AR H 5 X B
1. Modified to slimmer style ~S#IDHHEF

2. Developed to narrower and lower slope& ance net. ¢ o

(unit:m)

1t year; 5.0x3.0x14 == 2"dyear; 0.7x8.0x8.0 =P 3 year; 0.7x9.0x8.0

Fishing Operation in Rayong
= Man-power hauling

= Morning hauling

= Every 2 days

= 3-4 boats, 10-12 fishermen
= 0.5-1.5 hours=» 20-30 min
= September-April

The Catch

Most of set-net catch are
pelagic species, variety of the
Variety of catch showed an important
catch characteristics of the coastal
fisheries resources.

They caught different species by set-net from that they collected by small gears.

High
quality

Management Skill of them was improved through selling and pooling system




Daily average catch and value

1200

mm Average catch (Kg)
= Average value (x10 THB) 1001
—-trip

800

600

400

Average catch (kg) and value (THB)

Year of Project Implementation

DFF#irp #hyharsp howt i)l hdrgvs
F1p p xqi Gedvhgitnen il Aty dl | o Ao

[ Tourism activiy } | involvement of ]

[community Fish market ————>{ improvement of Trading system |
Set-Net Installation Establishment of
by SEAFDEC Fishers Community
post

Harvest Effective Utilization of Resource
Technology

Resource Local Community
Improved Status s 4 Enhanced Capability

New Target Species e et
Decrease conflicts

Environmental and
Food Web estimation

Lessons from Set-net Fishery

1. New utilization way can create new user group
(=community), not only local resources.

2. Community based pooling system can collect
enough statistic data automatically.

3. Good Evaluation from outsides can enhance Users
Prides and Care Minds of them.

4. Public awareness of good balance between
utilization is necessary to increase market values of
their products.

5. One AC cycle can lead another AC cycle.

Stock enhancement of the

Hamana Lake = X R R
tiger shrimp in Hamana Lake

Water area = 6,880ha ,
Periphery = 128km

There are traditional and modern fisheries, including both

Depth = 5m c?pture and aquaculture activities. )
10 in Japan * Fishermen have been conducted as small scale commercial
fishery

1960~1980 InJapan
Rapid economic growth and industrialization

Large seagrass beds and tidal flats were
reclaimed for industrial developments.
And many aquatic resources were
deteriorated due to habitat losses.

Fishermen'’s life became worse.

Many fishermen criticized the habitat losses
and protested governmental decisions of
industrialization.

Government started stock-enhancement

For this project, stock enhancement centers
were established at all prefectures.

project named “Tsukuru-Gyogyo” in local level.

Basic framework and strategy of “Tsukuru Gyogyo” in Japan

Artificial Intermediate
Breeding Aquaculture at
At SE center local sites

Release of Stock
Juveniles Enhancement

Government ishes stock (SE) centers in each prefecture.
SE Center conducts artificial breeding of target species.

SE Center improve aquaculture technology (density, bait, water conditions etc.)
SE Center and local fishermen group conduct intermediate aquaculture

SE Center establish release technology (size of fish, location, timing, number etc.)
SE Center and fishermen release juvenile fish.

SE Center and fishermen collect data of fish catch.

SE Center estimate impacts of release to stock enhancement.

1.
2.
3.
4.
S.
6.
7.
8.

In many cases,
there were no technology of breeding, and aq Iture,
there were no information about release points and timing,
there were no catch data for impact assessment.

SE Center staffs had to solve many difficulties by themselves.




Around Hamana Like

[ w * There were 7 fishermen villages.

s » They competed for fishery stocks.
o o Each village had each landing.
Iride® w * There were no collaborations.
. fuslsh * There were no exact fishery statistics.
Washizu o * They did not have a sense of stock
Al o e enhancement. (They conducted only
PadticOeon capture fishery)

But, industrialization was affected on this area
and fishery stocks were deteriorated rapidly.
1978 Stock enhancement Center Established and governmental stock
enhancement project was started.
In the beginning, There is no experts, no technology and no
collaborations and no participation from villagers (fishers)
Many fishers believed stocks recover naturally in near future.

Dr Fushimi conducted environmental survey to
decide intermediate aquaculture site and technology
developments of artificial breeding by himself.

And Released 3million larvae in 1980

Dr. Fushimi Young fishermen of Shirasu village locating near
He was astaff of stock  intermediate aquaculture site, started collaboration

enhancement center in . P
chargee of the project. W/ th Dr Fushimi.

1981 30 million larval shrimp were released
Shrimp Catch was increased, Start environmental monitoring
and conservation actions

1983 Fishermen of other villages started collaboration
100million seeds were released
1985 The governmental project was terminated
Fishermen donated money for stoke enhancements
And Fishermen started release by themselves

Changes in the area
Voluntarily Actions of Fishermen

Stock

* Intermediate aquaculture of larval shrimps enhancement
* Environmental monitoring
« Stop fishing of small shrimps
* Set fishery rules by themselves and start

patrolling ‘
* Unify the wholesaling system 3

- Collaborations

* Donation for stock enhancements Mutual Trusts
Mutual trust among Government, Interests of Ecosystem
Fishermen and Researchers ‘
* Fishery Statistics were collected High Compliance
* Stock evaluation was done for regulations High Values of Shrimp
Care of nature create new values of ‘

Sustainable Developments

fishery products in markets

Area-capability cycle of stock enhancement
of Kuruma prawn in Hamana Lake

[[improvement of market accessibility |3 involvement of other sectors |

[ stop small prawn catch |—s{ unify Fishermen Associations |

Effective Utilization of the Resource

Resource
Habitat Health

User Community
Capability Enhanced
Increase incomes
Decrease conflicts

Care for Ecosystem Health

‘ Environmental H Collaboration of ‘

Driving
Force

Increase prawn Stock

Release Juveniles
By governmental
project

Release Juveniles
By Fishermen

Monitoring Fishers and
by Fishers Researchers

Lessons from community based Stock
enhancements in Hamana Lake

1. Community based stock enhancement project can
cultivate interests of ecosystems and management
minds of fishers.

2. Reliable statistics data facilitate effective utilization and
regulation of fishing

3. Community based trading system provide price making
power to fishers.

4. Rules and regulations decided by users have high
compliance.

5. Good balance between utilization and cares of nature
provide high values of products and cultivate prides of
fishers.

Community-based stock enhancement of Tiger Prawn,
Batan Bay. Philippines
Users Community

i
Seed Production Technology
Disease Inspection

Monitoring after seed release }
Environmental Assessment

Researchers
community

Community Based
Mangrove Rehabilitation

Aquaculture of juveniles

Local Regulation and Catch dataj
Environmental rehabilitation Community Based

Symposium \ Aquaculture and Release
Workshop
Government NGOs | Understanding and Supports




Project formulation and Information Exchange

Pre-survey and community making

Aquaculture ponds and experiments

-t =
i) e T T T )

Bt ol R B0 ] Bt !

b nnl,

Improve Iture y and collect envir

information

Environmental survey and stock assessments

Monitor actual catch from 20
monitoring zones (right)

The gear to be monitored are corral S
net (tighakoe), the most dominant gear ~
used in the area (below)

.
Monitoring started in January 2013, .
conducted twice monthly ]
'
.

Conduct community based stock enhancement

Results: Timeline of rearing and releases
2013 July:  1st rearing (129,000 stocked)
Aug: No release (high mortality)

2014 Feb:  2nd rearing (390,000 stocked)
April: 15,000 released (4%); 100 tagged

2014 June: 3rd rearing (270,000 stocked)
July: 120,000 released (44%); 240 tagged |

2014 Nov: 4th rearing (400,000 stocked) |
Dec: Series of typhoons caused mortality |
L2}
2015 Apr: 5th rearing (483,000 stocked)
May: 250,000 released (51%); 250 tagged

2015 Jun: 6t rearing (630,000 stocked)
Jul:  high mortality caused by early
prolonged rains and cannibalism

Atamirano et al, 2015 60|
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Results: Catch monitoring (Trader’s logbook)

Recapture info (5t batch)

Released: May 2015
Total released: 250,000
Shrimp tagged: 250 (0.1%)

Total recovery: 20 pcs  (8%)*

Details: July (8 pcs), 59 (3 %)
Aug (4 pcs), 159 (1.6%)
Sep-Oct (8), 55 g (3%)

Estimated total potential harvest:
(4 months after release):
1,100 kg (PhP220,000)

Fishers want to start other release works by themselves.

Like Hamana Lake.
Altamirano et al, 2015 61|

H{shfungbF FHup # 1p p xqb| Gavhoii/wrfrif
Hakdafhp hawr i husulzq

[[improvement of market accessibity |——3{ involvement of other sectors |

[ Community ~based Aquaculture_|—>[ Fishermen Associations |

Effective Utilization of Resource

Resource
Improved Status

Local Community
Enhanced Capability
Increase incomes
Decrease conflicts

Care for Ecosystems
Release Juveniles Environmental Increase Public
By research project Monitoring Awareness of

by Fishers. Habitats importance
Release Juveniles

By Fishermen &
government

Driving
Forces

Increase prawn Stock

s o Dolphin watching in
Amakusa, Kumamoto Japan

10 00k

Contents of Dolphin Watching
Duration: 1 hour

Price:  Adult 2500JPY
Child 1500JPY
Success more than 99%

Using Fishing Boat operated
By Fishermen

History of Dolphin Watching in Amakusa

1986 Mr. Nagaoka moved into Amakusa, he was surprised
Dolphins near coast in Amakusa

1992 Local Government conducted survey of tourism
resources, Mr. Nagaoka proposed Dolphin Watching.
But rejected. Nobody believe the potential of Dolphin

1993 5 Residents in Amakusa including Mr Nagaoka started
Dolphin watching by themselves, in collaboration with
Fishermen

1994 More than 20 thousands tourist came

e Other residents started Dolphin watching.

¢ They make Dolphin watching association by themselves

and make some roles.

* The association started collaboration with researchers
and governments

Tourism and tourists of Dolphin watching in Amakusa

ourism Companies
1992 4 companies
2008 14 companies

Compnay

Tourists
fourists
1993 3219 person
2008 87852 person

BUEBLALCHGET S

Anhat s F S WA (FA

r woamosoe

£ (FR)
Tourist concern the impacts on Dolphin, However,
Results of biological researches ensured low impact on
Dolphin and environment of the eco-tourism

Low impacts provide additional values and cultivate the
prides of tourism company staffs.

Lesson from Dolphin watching in Amakusa

1. Local resource always exist around us. But many
people do not realize the potential of the resource.

2. New utilization methods and New system can create
new user group (=community)

3. Academic evidence cultivate pride of local people of
their activities.

4. Care minds are enhanced through utilization of
resources

5. Rules and regulations decided by users have high
compliance.

Management should start from effective (or
New) utilization of resources.

11



Dolphin Watching in Itsuwa Japan

[ New Shops and hotels |————>]

New Market linkages |

Find local resource
(Dolphin)

Create new
user group

Utilization of local resources

Local Resources

Increase safety

Cares on Nature

Local Community

New Jobs
Increase Income

0f Dolphin | | And Environments

Conservation_| | Monitor ofDalphin«H Cultivate interest on

Dolphin and environments

Area-capability approach

Community based utilization of local resources
can create new community and improve
incomes with conservation actions on local
ecosystem.

Increase the good balanced utilization with cares
leads us to sustainability.

Area-capability cycle

op

Framework of
1. planning of local
collaboration

K 2. evaluation of
% community activity
" Triggers Enhanced Copabilifies
iwery P it {Funs, Pagsiaal sclal Cagitid
s St ‘ Remrs Linsags.
proseletd Diving Forca gmemssiss - AC cycles numbers =
4] Roza TEtopas, Fpies 1. No. resources,
2. No. local communities,
= c‘%’w M@ 0 3. No. utilization (jobs),
e 4. No. cares on ecosystems

Increase of AC cycles at a local site

should be a target for making sustainable future!!

Please find and search a local resource which can

be a trigger of new AC-Cycle.
Post-harvest technology, such

knowledge can be

alocal resource, if there is a new community.

Thank you for your attentions!

Guidebook of Area
Capability

Field Guidebook on Fishing Gears in Thailand
Laboratory Manual for Fish Collection
Several Fish Books in Thailand, Philippines and Indonesia (PDF)

Freely Download




9. Training materials for Fishing Gears and Methods
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Al 999046 PPk @7 NPAN TIPOPOT POhHT HAP +é7 TEAAPI® A0 (éch
Lm-dfh Nt

HKEAC hAN Ah.oT(knotless)

AH. AC AAN HDY 98T ANOT AN £A%A HO<TT NP0, HEhIPE AN AC
aoCNOP A0t HCA THANGE PFhédch AN RACT P50 HAP LASN Tas-2,
LNC=THTS, AH. 981 4t PO NP%E HICA ALnTTETOAT. HO-Lh

MHAGPT oA T&°H aPCON A0t 9°0 TACch O ch-f AR

AW DR+ At HAP TP RAC AAN N9 PCR AAR ha%H 2 hAA: NTHAA
av§pQ, &9 hH, 987t avCO0P A0t THEMC P NAAOT P°%e-CT L@ hle HAP
AN Tl R

% ®4C ahot(knotted net)



Al €AC HAL a0t @7 &k TPI°T TEATT ik HNLL 98 F avCNN (0T Af:
AH. 927 Aot HAL TP7). &9 HtAhAdN @ @7 Adhd HAYA -t HY0PA
AT NPA @7 At 9071 ANLOT NPAN T8 F°I°PNTT IPHCIAT T hAMA A0
AR 1A724% RAC & NP R NNHA 97 & hYAWVh@-Sh SCA=NTOAT. @7
N7 hATIP AD-. Heh PPAAT Ohé HAL TaNA G, AR

KRTNGET TG54-077

AH® DT A4 7087 HAY e ADAT A ADAPL hdd\ G-t 09184 GO
trdut Hhg &

ne'riit GO+t A0 Oché 90 THCOUh PCE AAR TRAYH A H-::1H, ha-7 79°0C
£ AN DR Rt GO+t Al Oché 9°0 THCOUh PCE AAR TRAYH Sl 11,
ho-7 79°90C 297 H1EANE G217 AT08.8 T T4 16T AAD-:1489° €97 AO(
AT0%4 HA7H DR 9PN H2.C aPCNN (purse) ANOT HAYA 99944, G DT Hchh'H
o7 hae:it NARL £97 hASP 170442 he'r 20 Aot HAYA av9d.d, G-t
NHF3hdhH DMO@O7 hoe::ilk DAKL &9 ARG 170442 D'+ °0 At 't HAYH
G-t avo)d &, HINMLIP* O-(+7 PCA. hH NA%GH LchTH::

AH. A71044 Khd A0l AdA. G1 GOk av9d4d H1Mmoer HACh hR:x ARIP
TPPaNI® TL 11t PO M AT PLP4 POk AL HeTCET HO-ECT WD
170442 aoh(é i POt AGAPL B & Got G- a9 d, +1Mm.a HACHh
AR ARIP TPPaved® P T1-F PQ M ATGTPLL4 aPXeIP AP IihAl 0TALTT
gy 6N PCaPH Lchdh @7 SO AN ACHh %2 TANED T900LA:

KALAOT MOST T2 A7944 Rhd
> 918 HEO 7 A0 20AA G2 P0A FhAdke HAPY
> RYAC S8 Nhh2T AC-A hA9T R A+APCTE HAP(9T & HEHE-P)
> ‘vt YA PO HAP F39P0P(+ @7 PALA 90 HADY
> THEMC §hGch @7 ACA FAPCTH HO-TY

KGRIt RINESETT PCRIVY

AMH. AP7’H. 90 67481 HOZA THO/0719.4 HAYA 7L T1C h9° aP(Cch. 7977084
WOk 11T 09° aPACh. LmPIP::

bt Al TAAENE L TIC HTHAChH PHEET WPk @7 he® 9P (buoy)
TPPOON AHGLTRAN PONLHTE 998 FOHLPT HAPAT HEALAT DR SCh=1TA,
OhE €4 MAPTF HAPP AR G a0 Wdd T (& 116 Pivt IHOFC av 4,
HHHIDLT Hrdtoheh T A



C

PCEIF G0 avpadd Nl G0 LEAAN AR=iTh FAAS £ Al 4HLT G0 kit
G-, av9g g, LIPChO=1G Wl AT8(L Rd. §8 aPAdd 91F Al av8e,
AT PPNATNAALTIE AD-M. THPZA TANAT Tl AP HAPT HOA
Aeuhl:  1eT A&7 PCA. G aPdSE  OAIREE  PCXTh(LA
PCAT:VNR PCKT WEIP:

%A Och(OF HOFE AT §L a8 T4 14T AHI® HOO( APL-9°:

cork  0.18 a0 ACh 197 0.24
07288t 0.60 glass bau 0.22-0.24
aong  0.50 styrene resin 0.28
&4 A0 0.4

QAL thit/aom? §8 av308.4 Vem3 A28l DR+ HhH WL+ TIHT ANl ARC
£l Wigram 71d\ ANG=

OAH. HAP G2 9°704& +hade 68 avAdd NAM TPPavy 100 P79 h9PH.
en0oN:

F=W(1/C-1)



ettt 116t §8 h(18-(aP PhA)

hNeH/aophi, HAYA 1T GO-1: av94.4 %A AhNFP HeA. DT PCE HAR NA%YH

Heh“TH T4 T1C AR

A1L0vk mOLT §8 W& F/arphA,

> HA%N Oh0FE ALA HD-77
» 0l %17 &heh? Th@4 T1Ph AP7 ha7h HHAN

> NPAA hOGo HAAAT: h9° P&, aoChP b e+ hiid-ch

> Al P40 NP%F HAL PO @7 NPAN/Tcht PN HTOD7
h0L4+ HehH Tt T PCE7

& e t/aphi. A0 NHHAANE T, 116-F hhdch  2hhA:ANTT
GLC:hRT:8LP ML PPt HehH PCA. L7 OAZ2C:NNC: NP PCA.

HAP? he9IP::
h 217 aPAhd?
A5 h 0Lt A2GP @ALP A0l A4 | T8 A& NCA
ATTPPar
h0e+ Oé-cht | AAGP avdch® 9° TBAN | APt AtFhH aAheP
Ge ngA avO, afl hye 79°h246
77Pavix-

T7Pavie

s HehH 250 13 L ALA §& aPP-hA,
ATLC LA At 2% Oh0TF G2 AL hNL+F HAN? Te'r it ¢nPI° 77 £7
TOI° 71 7 TOAPT P




ALA, N7 ThAad:

0L+ %A OchNFP HLA.
A 1.80 Aaog:  1.50
AL 2.65 neA 2.60-2.70

TAPTP HLA. §& HL avPAhA, (H. HAON P14 AN

S=W(1-1/C)

ANTF:AhNFTP ALA §& hL %4 50kg &0 tavt: 71 & HhH W0+ ne'r:9°

50 Ah0FP heA(c) 11.34 A

S=W(1-1/C) 50KG-50000g

=50000(1-1/11.34)

=45,591g

goBgo GHaY) G-t avolg 4,

KEALTT JPRI0 GPaq GO, Gt avold 4, At HehH 97 GOt avold. &7 NIPh <7
L0480 AN T8 7407 TT00AR °rPOPOT LIPChA=NTOAT., @7 APAN h@Y HAL
TAR £97 &ASA G0 Al GO-1 a9l &7 NIPh @7 PNk I chd i TG L 19087

ao)\hP7 hInPO Thad: Al FPLI° 4GP, G-t a9l 4, (I\hL HtParl h o'k AL
£a9 162 190 NG V4 HNPLA avst 1k (M Hie L8/ 1+ Gt 0PN
oCh NIPINC AR=NGFRIP 99 (\Hch 67O Al £97 NNCES T100A PAME

Part 0 5L AL A HART APCALTY AR=TH, N9°H, HNA AONY



HPP XA TPRARA £99 NHON WA, IR ANLF HIPART APAN

NOYN HAP AR: 9Pk @7 Ak SOF av91d 4 OchCT A HAPON 114 T0Z T

htdhi7: R&AT HOONT? 0L THES 10,20 N1 HAP havheh 2910A. =

% aom’ P°HAC Aot(shortening)

At &t P At 9P 216 1@k Hat 19vL PO it At HCFA &1 a0 Bk
7008 W HP Hie GP7 kvt Hid-h D@7 L0Ah:0AR £99 A% FAhAT HA® T

Aot A28 HUAL=0AR. A AL HCFh G0 Hie 97 Ravt H1Loe kavt G8,
7a08: (T hF P HehH %P7 §8 At HCTeh ANLOT £99 AR h&ét 68 HL JH/ahot

79°CaN (K. HOoN 994 0z

&% = NCFh RavE Lot - Rav| 1a0* 1 00/HCh kvt ot

AT W&t T8 hrt: ANLOF PIPC/CRN: At HEA. P £99 At (ot 600
90,7, 1kavt, ¢avi GR, 1avl: 27 50m ALk &ND<7, At HehH GP7 60 981 &1

15cm A%:

& LT %=HCreh ®av 7+ - ®avi 1av e [HCHeh &av + 41* 100

h& ¢+ = 0.15*600-50/0.15*600*100=90-50/90*100=44%

Nhgd ooCON AT hed& hie bt A100 TPePP=ht; AL At A6
NRLZ Wt NARL L7 1AL A6 NRLA Wi AR

0fe 48t akh N-CTAR PCA. NhH Ade-CA 7hI® 4. aoCNOP ahot Ohévta
TN BGE OT77:-2LT7 A100 T862 LAle::



At HehH NMHch, &6 8 A& (p) 1271(B) @17 Ad-CA (H. HOON P71 LA AT
aACch PPREZ &7 PAA LTD T

Cutting of netting

(p) cut (b) cut
(ch AR Ade-CR) (72 B& OT7 hdi-CR) (52 181)

p cut

1p2b X 1timeIplb X 1time
Formula: p=L-B
b=Bx2

p:NHh, & NRZZ TLAR HA> ANH, D77
b: :NHh, & LK TL4AR HAe ANH, D77
L:ie&d 921 ANt HIOh 4T

B::®&¢ 921 ANt HARL &4



(Example 4)

(A)

p=120-60=60

b=60x2=120

MPAA Hch, HELE A (p) @17 G 4% O17%(b) (H.
AOA A Hie P92 WCRNERIEMC LA AL hak @717 990t

(p) N9k @7 (b) MNch. NELE MHFRAA TPM7 NDhE:
Wt DAkt 0£& PCA. HO-Y7 a0 CNAR Ade-CA NATT &
av 718, hd-ch 2had:

Al @ ACh G2 9° €4-& 0 1p2b hHHI® ehad P20+ At
ANl p Hoe (MHh, R&& 0l §& b HEe (THch, REE HOHAL.
DRr N, R&& T8 b &9 084 4 p her A WTih0 1 L@AL:=AAH. (H.
HAON A70N £97 Lahe:: 1p2b(pbb, pbb- - +) X60 times,.

120H

(A)

60H

™ ANAP 0CGTO PCA. HAP 1 NIECKX AT TTPParh A0 A®-CA TH. A0 Fcht:
Hoe 99 7T PI::

K= %3¢ 007 &ihé aPidch &0 30% (0.3) &4 72 G401,

77+ (1-0.3) +10 = 11 9e.

Prye koo G0 Lt H=V 25 - S 2

Hang-inis 0.3, H=.22x03-0.3=0.6-0.09=0.51 =
0.71414 = 0.7

NHAh. %4 G 921 J is 119+0.7+10 = 17 meshes.

J=119cm a7 9ey o+ 10cm




K=77cml €24 421 58 4+t A1 ] 119cm davt(17 427 AAP)

2.#8¢ ALY G0 &t Al k 77Cm ke +(11 421 A0P)

P=L-B p=17-11 p=6
17me b=B*2 b=11*2  b=22

1 1mesh
1p3b*2 times  1p4b*4times
Source of REFERENCE BOOKS (A2mdh, P& A&
Comprehensible fishery

Basic rope fishing net

Translated and Edited by Dita Amanuel



MmAZFR $A°4 ABCNN ANOTF

Translated and Edited by Dita Amanuel

FhHt

1.0°0Crh, ANOT HEAR M 174+

2.9%7/0ANY, T2 A0t

3.Ah&AP NCYT $a0LT TR ANLTT AYALET ANL0F
4.R1NN A&LCRT AATIST ANOT

ai+P
OATY Gart @944, 44 T9°AH AT NAeshthh Ay NHIRANT £99 N 2
AN AYCA ThAA:
At AR a R NA™AA ANA® AN £+ AME19 NAetAt hARR &0 Nk T$
NAS. Nt ATAe AR
$8M k915 TH, 325 A A IE4 AH, T9PFHINC FONt Tat AR9L L,
IPPaA HAG G257 £t HthhH ODIMMT, AYADS 987 R7NCx
At $899L 13 4t RTINS HhoTH ATN4L A AOAPL héA AT@T hie:
At NAAL £ NNLY 184 Tt NI® FAAN HATH A1) Fh+PL héA
T8 ¢t RAACH NHEN AH, @Y AOAPLYT FhtPLY NéA T8 LH(ANLHT
YA &T) 13 4+ NHINA $CR HAP NTISH BhoH:
AH, T2 MAHT$(gillnet) 3L57F 4+ N3 AINNF ANCHX ENAd=AT $ETHEL
AINN AF £t 0TP&F A7) HENA 1999190 N8 AT8+T1PAPNT AFha-7
hA:AZ NARE+ £09 AN ANAL 92+ HAP AT@T hie: At AANLE

AN FhtPL 09°&F HAP NF ATHCA ATNAT AR=AHT® AdA A AT HMPNTETD
A1INNF NFI° NP 6AT +F A HI® HAQ. GR1-F &CPF Nche FRCHrN NTRIINC
ng® HACAHAI® FoHNC CEA

AFPNACHA NARIRC M HI® HAGL %21 FT &CPT Nche FPC-N NFRNC hT
HACHAT® oHNC PEA:

NAIFC OhNTT 192 TIPONA T2 MhT$ A+ HAT ALY AMTIRFT
A a08L MNT A0L L GAT K& ANGCAHT +Ch 3N, IR HINC HAAF
AeNYYE

@ACh ANO0T HEAR DL 1141

NAALF GATRPARP @) ARt ATAR NA< 9L AN0T>
@mCNN $CR, HAH DR HEMT &Y HAH

ANET NAAOA, AL ALTF ATINN LTAP T 148 HMPAA AR
ATIR YCNN ANOT HEAR M 174-F &h1/ETF dRAA
PMPAA=TNFID B NUCLD LY Sh1T:NN-NCh ATT AAT
IAGREgD:

AHID NUCLE-PY &h) AHARID AN+ T8 290 AP Hmdgok
9R7F A,

A=A NP Mm@ PFT GAN LAY ATIR: AHID A ACH
27 915 GATPAR@DY APT@Y Hhedo Ak DL NCAh® &9
H+RaeZ AN ACA AN AR: TANTH
FRATI7ANTC I 7ARFLATIZATC T RA +NYAT

Ak BRAk:

o mACh ANO0T HEAR B 174T

o NADAZF GATPAHP @2 Doy N9IAR Nie< 3L NN0F>
a0 LR, HAH DR HEM Y L&Y HAH

o ANET NAAOA, AL GLYH AINN LFAR RHhT4& HMPAA AR

o AR9R 3@CNAN ANOT HEAR M 174 &hl/E0F aRAA
PMPAA=TAFID B NUCLM-PY Xh11:NN-NCrh X1 RAT
i balelat

o AH® NUCP@-PY & AHATIR ANt T8 $ LI AP HhdIRA
Q87%F & A,

o ARETANIF IR Mm@ PFT GAN £FAT APIR: AHIR AN NCAH
&h? 95 GATPAR@T APTET HhegoA DL ACHE 99
HtRa2Z A ACAH GAN AR TAN 1T
FRAVIZANTC I 7AAFLATIZATC T LA +N1A9

o AMPrr BNAk:




vVaekT

= MY N&EHT FMPIRIER AN, AR

=GR 9RPMMY PYPAY +hAAR ACA AR

= NIKC AL HITNT &h&h £ASAT ANANT HDYT AR

= NH SAN HACA SO APL L TATS £+ NP AN L+ NTPR @7
& HA@AK AETD

v 7AANC

= YN RN ARNFR ALA ThN AR DY HAP T2 §h&h 3T 1) ML
S84 ARx

= A PJ @7 hN+ hdA 987F GAN HANZ her £Ch1N

= HAP MPI°1F AN AONCH o946 £ AHE Ndh AR

v 7TATCT LA

= HAP M7 mA$H0.91 her AN

= NHAP vt 3399 NG ADRACT :AROAT, 1ARL P PTAIA
A1) G2 $ARAYE O Pa™ AY+ADR § +RPLY+ G, AR
%47/ @AY T 0T
9% ML ®ANYG ATNA NAT TR AL TIC ATFLTTHT AHP Hie 37T NPAFT HIAR
ARzAt TNN0F APNCA, IDPaA 421 A HAH (PARSG AY 27 NHAPLY LIAR
9“:/\fb PEAERIPNACHA CHE, TR ANOT &FA NIAR ) 81PC DL &9 K4
£HNCH

AH, @R0%Y AH AN 1TRAT 20N &AM HIAR DL HAHIPH, £99 NT7AR

YAAA 210D/9 At 210 +N4A HAe 1TLAT HNYA £FAR AN HIAR NAET NAe:AH,
£ HAP @MY NNLY T8+ 4+ 210g AR:At M HP HAe ®I°F 299 9000m

1mesh= A7t 9217 ANOT
0.5mesh=6C® %21 A0t

o HhH €&%< 447 921 T8 N0 NMAT+C LO$T: NH, A20%T, AH,
N0 NAT &9 1t 921 A0t Bhd To91CF 97 WTIONE
LNk

o 1R9R ITRAT N0 HIAR FPARFT NHane 13 NNge

e 9L74F ANOFTT HAPI R180THT

o ANH APT AH SATPATP HNLAN HAe 720NN AN0F aPACH HHhEY
&FAR NN ACA FAN AR=H+HEAAR 427 4T aRCNN ANOF HAHP MNPt
NILL EMNT NPITT AN TP4& TR @F NPAN TTROPNT
TPPART HAP +67 HEAART® A1 Nd-h ROROA:

o« CRB.210D/9 T2 &3 Acssmmmmmmsmmmsmsiy 210R98 TBN ®RE 9 & A,
e 16 RACHAP 9T TL ANOT BL L 20.2mm
v
e 200 YL AT OTOB T ... £9oC 981 #AC AAN ANOF
AN0t 1kat = A0A £ASA £
= NPAN NPY+ HILA LN
= O NHA 97T LA,
= A1HINA $CA HAL HAZH L7+ ANOT AR
= THEMC PPNAAYT TR ALY 2@ N IPNA +AAA K Tt AR
e ®AC ANOT HHEAAR G277 AT &t M 174-F hAOL:

o 921 AN0T NPAN TL FPIOMMT IOHCIAY T hAAR AC-A
AR

o 23CNPRE NNHA 9T 4+ AYAH N4 £Ch

o NATN NATIR ADM, HCh TPART Nthd HAP +RNA AN,
Ng°RE NI° +EAT LCA:

o HAP @MY &h&AT 9N At BRC HAN HDYT 9L25%F ANoT
AlhR A HAGA AR

> ANAN ATN44L1:9PN AR.C ACNA AN.0F(perse sein)
» MAGTP ATNEEL 190N N 1T it HH LS AR

RHT® ANAT AHATI® NGLIFI0 Mo HENFAANPCRI® a7
he-+cd, BAAAR AETP:NTR AN ARA NATELNANTO A O
AAANBAC BCA, A HT® BLAR: RISNTF T2 AHI ANAT £
aOgON Htd AAR B L1 4F FOnt AL & GA BLAAT

YMbaD gy




R1&0t MNPT+ A1N44 AhA

ML HENTT AC-A AAA T£ F°NA +hAk
HAPY

RIRC TR NAh1IT Acd NATIR +8PCI1T
HAP(T9L HPHSP)

Fht YAN PI HAP 3920 P+ @7 pAA 9PN
Hho-Y

THEMC &h&h @Y A0 FAPCIT HE-T7

9 L73t AN FTT PCRINY

o 0788 HNYA DL 11C NI° ARNCh, 10 YNLL HT'F
174+ NP APALh, EMPIe:

v At NN TANENR M 176 HTACAH aT04.4 h
T2 NEHYL FPHEPT HAPAT HEABAT N
2Ch:

vV igN, @NE MNLT HAPIR T2 dPIALL M, 174+
oAt THD-FC 294 4 HHHRLT HtthAhH?

v RN PR AATLLRNNAN PCXT HATAN
PCRFT HET AT PLA TL I &+

8N NNt HO-Fr T2 IAL &L DY

14T
« cork 0.18 NN NCAH I  0.24
e - 07281t 0.60 glass bau 0.22-0.24
AgeN$ 0.50  styrene resin 0.28

&h8 ANTN 0.4

o FhHt MY aIAL4 vem3, ANLT TRHT A
APC

o £ w;gram T4

A7180t MNP+ 5L
ANLT/amAhA,

HAGA AANFR LA HO-TT

N 9oL+ Eh&EAT +h LG TIPh AP
n27h HhAA

NeANx ANTO HHhAAY: 9D &8 doChP L'k
ANE-rh

AN $ZAN NPGT HAPY:PJ -7
NPAN/ Tt TN HHDT

NN+ HhH ThH+T PCRTY

o ANLF/MmAA AN NHTLAAR ML 1741
ANGh ENAANANTT GLC:HRTRLP
N TP At HehH $CR

o M AATLCNNC:1ANE $CA HAPTY APTR:

HhH 28N ANLFR HLA TL OPhHA

-

o A2 1.80

o AMME 1.50

* A9PYL, 2.65

e NEA 2.60-2.70

MAPFP HLA, TL AL kA NH HNON
$aq/ 17N.......S=W(1-1/C)




1.00ALFR FAMT A1 TO-f AR &T NTRA O ION T ARLL
A HHAANC PALFR $TILTY

e PmM7T ININ ATPYF NI 14 &+ 9N
AUGUST 2010
LECTURER : MOTOKI FUJII Tigrigna Translator : Dita Amanuel

Feh it

1. ALFP &AMT YLIFT TL Tt AP,
114+ 9L5% 100 ey

1.2 92 +F YA &+ (TidA)

1.3 9273% hNet

2. MALFP $A9Z 9N GOt AP & HHAANC
2.1 5L 9ARC +9INC/TACH

2.2 @INLET DhAFP HLAT

1.4+ 921+ 100 LY

¢ 1.19L73% £FAFT T e AN NN0TTY 100L7Y

AN 4 DA+ BT L TAFT AAQLE FARIR £:a9 NUCLET AN LA
&FAT 2NY A=k L AH NUCLR £TA MPIRIk O HCh
ATFAPIAE 16 AN HNHA 1918, T8 PLY TP4-.& SA NAN ACH
Atk 20NN

NUCPR LHA - NN hhgPAt HEMACH A T2 4P TAhR
TR HCA AT AT NAM : N T8 ATNA HHAPNCh 1A, & 5L
N8y Y4 9ANY: NRIRE H+NACAH A8 RChN=

AN ACH LFAFT

N R NN [ . p—
»--NTLNAP KA +=POLYAMIDE(PA)
=POLYESTER(PES)
=POLYVINYL ALCHOL(PVAA)
=POLYVINYLLIDENCHLORIDE(PVD)
=POLYVINYL CHLORIDE(PVC)
=POLYETHYLENE(PE)
=POLYPROPLYLENE(PP)

GR1FF AN NCh £HAFT

o A ACH EHAFT-

o 1.NaANY &hA/AININ HNdh &TA

240 HNA A9NIN HENA SR TF LA (TFAT BCNT LA

3. HHaRPPA GLTF L TA

mNe+ NN NCH LFTAFT

o AN ACA &£FA NNTNAR 0L HLLP DL Fo0 NN O hF 5L
AhTPATT ATNAFTT £FAFT TR HAME £FA PTDBEC Nie AH,
AN ACH &FA HAGA +RPLITT £ASAT £a-7Y 7

* RIPNACNN 7 78 NTNAR FBA T2 AN ACH &FA A1 T
Dol &7 7aD LY TP AAM.:




POLYAMIDE......(PA)NYLON

* HAP 9251 hrhNt 1.14

e M FR LASBA (g/d) 4.8-6.4

o TAPLIT TL NATY A1l 2A8A BIEA

< AONT T2 ANRTANNT NRO +RPCIF AAP

¢ AT™E +MSIRTH HAPIR LA FF Al PN Foo4.& AN 9D
N%A AHCLY LHIAPANCNL A THLFLE S

POLYESTER.......PES(TETORON)

* HAP 928.N NNt 1.38

o M FP LABA(g/d) 4.3-6.0(T°M-T GbT)

. 4.3-6.0 (°N MASP)

o YDA (%) :20-32

* HA® TUH® MA.% :0.4- 0.5

e HAP +8PCIT T2 AATH: AN BA8AK 241 184

e NONT T2 ANNT ANTRT: AH, S277F £ FA, Ok NA™ A £ROC

o 18, +MPICTF AH, £TA, A1) FPNCAH o4& A NP NGA 1RY
7008t OB A& (A TMANAL Nhd)

POLYVINYL ALCHOL......PVAA (VINYLON)

* HAP 928.N NNt 1.26-1.30
e MR £A8A (g/d) 3.0-4.0
2.1- 3.2 (wet)

TODAhT% :17-22
HAP FhH® MA, % 3.5-4.5
HAP +RPCIF T2 NAT: AN £ASAR 4N L1824
AN AONT T2 ANNT ANTRY &9 ap i +RPCTT AAP
zzﬁﬂ-mwnﬂ- TR AH A AN 1RAH 10227 1ARRME P L+ h ek

POLYVINYLIDENE CHLORIDE.....PVD

* HAP 928.N ArhNT: 1.70

e >N FP EASA(g/d)=1.5-2.6

. 1.5-2.6

o Y0h %: 18-33

« HA® FHHE MA. -0

¢ T2 AAT HRPCTE £ AN EASA 4N R1&A

o AD™2 +MPIRTF At LA, AN ANt BLE HCDN RRMEP L+

POLYVINYL CHLORIDE ....PVC

« HAP 928N NAhNF : 1.35-1.38

o O PFR BABA (g/d); 2.7-3.7 (FOMT GT)

. 2.7-3.7 (9°h MA®P)

o WOAhh%: 20-25

o HA® FHHF MA% :0

« +RPCIF T2 AT £ AN EASAK P4 LIEA
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» Fishing Technology Textbook (JICA/CFTDI) M. Fujii, J. James, L. Ellis (2001)

» Basic works on Ropes and Fishing Net, (KIFTC/JICA) (1993)
» Basic knowledge and works on rope and fishing net MR motoki fujii (2010)
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FOREWORD

The Government of the State of Eritrea, having noticed the un-
derutilized and undercapitalized marine resources sector of Eri-
trea and its potential to play a major role in food and nutrition
security as well as in boosting the national economy, established
the Ministry of Marine Resources in 1993 through the Legal Notice
14/1993. Ever since its establishment, the Ministry has undertaken
several initiatives to achieve its mission, i.e., to regulate, conserve
and develop the Eritrean marine resources in collaboration with
other partners.

Continuously, by utilizing every opportunity, the Ministry is endeavoring to develop the ma-
rine resources for the wellbeing of the nation and its people. However, this task is not some-
thing that can be done independently, and hence it has sought partnerships with other organi-
zations and institutions that can offer any means of support. One of the long-time development
partners is the Government of Japan through its cooperation agency, i.e., the Japanese Interna-
tional Cooperation Agency (JICA) and whose contribution to Eritrean fishery subsector is remark-
able. And on this occasion, through the project entitled Formulation of Strategies and Practical
Approaches for the Coastal Fisheries Development (FSPAC), this technical guideline is produced,
which is the first of its kind in the sector.

Indeed, the road to achieve this goal had faced a multitude challenges. Among others, the
project was suspended for a period of one year and half due to the impact of the COVID-19 pan-
demic. However, regardless of this and other challenges the Japanese study team along with
their Ministry counterparts have managed to realize this achievement. Thus, the Ministry is in-
debted to all who contributed to this technical guideline in any manner.

On this occasion, | would like to call upon all the Ministry staff and other stakeholders to fol-
low this guideline in developing the coastal fishery for the betterment of the livelihood of the

coastal communities.

Tewelde Kelati

Minister of Marine Resources



INTRODUCTION

The Eritrean Red Sea coastline, which is located in the
southern part of the Red Sea, comprises approximate-
ly 18 % of the Red Sea mainland coastline. This area,
based on surveys done before and after independence
of Eritreq, is confirmed to have diverse ecosystems such
as coral reefs, mangroves, sea grass beds and sandy
and muddy flats, which lay down a basis for potential
economic development activities for the wellbeing of
the coastal communities, in particular and the nation,
as a whole.

To date, more than 600 species of fishes are iden-
tified in these diverse ecosystems. The utilization of
these fish groups has been reported to support thou-
sands of coastal communities from the 1950s until
1970s. Post mid-1970s, fishery collapsed and most of the
fishing operations went in to obscurity until Eritrea’s de
jure independence in 1991. Post-independence, invest-
ment by the Government of the State of Eritrea (GOSE)
was directed both towards meeting the demands of
Artisanal and Subsistence Fisheries fishing inputs and
developing the semi-industrial and industrial fisheries.
However, Artisanal and Subsistence Fisheries were not
supported in @ manner to cope with the ever-changing
socioeconomic situation of the nation and world cli-
matic conditions, while the industrial and semi-indus-
trial fisheries have suffered considerably from several
constraints such as the shortage and high price of fuel,
lack of skilled fishers.

The Artisanal and Subsistence Fisheries are by far the
main sources of fish production to the local market
despite the fact that they encountered challenges sim-

ilar to those faced by the semi-industrial and industrial
fisheries. The current reality is that fishers are not able
to utilize the marine resources to improve their liveli-
hoods although substantial economic gains and profits
can be obtained by introducing adaptive strategies in
their fishing activities. The reason is that most of them
use the same fishing gear types such as gillnets and
handlines which they used to fish decades ago. These
fishing gears and methods used to be effective and
efficient in the earlier years within the given economic
situation. But with the changing circumstances, the
fishing gears became more and more inefficient and
thereby left the fishers victims of the circumstances.

As it was aware of the deteriorating situation of the
Artisanal and Subsistence fishers, the Ministry of Marine
Resources sought practical approaches for the priority
challenges of the coastal fishers. The Ministry was also
aware that this situation can't be handled within the
capacity of its staff and hence sought a reliable devel-
opment partner in this respect. It is this challenging
task that gave rise to the designing of the project, the
Formulation of the Strategies and Practical Approaches
for Coastal Fisheries Development (FSPAC), which lasted
for four years (July 2019 - October 2023) and through
which this technical guideline document came in to
reality.

Thus, the objectives of this technical guideline are
multifaceted in that it has economic, social, environ-
mental and political implications.

The importance of the marine resources and particu-
larly the fishery sector’s role in food and nutrition secu-



rity is not only undeniable but also critical. For this, the
Macro Policy of the GoSE which was published in No-
vember 1994 clearly recognizes this fact. In addition, the
GOSE's Voluntary National Review of Progress towards
the Sustainable Development Goals (July, 2022) high-
lights the direct relationship of the prevailing climate
change in the life of communities and ecosystems.
Hence, this technical guideline is expected to mitigate
the observed economic pressures placed upon the fish-
ers by the changing world economic and climate situ-
ations. It will also enable the Artisanal and Subsistence
fishers to cope with the changes while at the same
time improving their livelihoods. In other words, it will
serve as a platform to develop an economic safety net
that will prevent them from falling into dire poverty.

The GoSE's development pillars are grounded on so-
cial justice, meaning no part of the community should
be left behind from the benefits of national develop-
ment programs.

Thus, the fishing communities have the right to
benefit from the national programs drafted by the Gov-
ernment. Therefore, the coastal communities will have
the opportunities to gain alternative approaches to
improve their livelihoods through the implementation
of this Technical Guidelines.

Not limited to the above, the preparation of this Tech-
nical Guidelines shows the commitment of the GoSE
to international tools set forth by the UN pertaining
to sustainable fishery and in particular the small-scale
fishery. This, of course, will increase the understanding
of all government institutions who have roles to play

in the development of the Artisanal and Subsistence
Fisheries in some manner, i.e., the practical approaches
set forth in this Technical Guidelines will enable the
other institutions to align their regulatory frameworks
in line with it.

Lastly, this Technical Guidelines is prepared in such
a way that each of the five parts builds on the other.
These are: Part 1, which highlights the Ministry of Ma-
rine Resources Strategic Plan objectives upon which this
Technical Guidelines is based; Part 2, which mentions
all the issues, constraints and priority challenges that
are potentially hindering the achievement of the devel-
opment objectives; Part 3, which lists out the solutions
(practical approaches) for both the Artisanal and Sub-
sistence Fisheries sub-sectors; Part 4, which separately
deals with each approach pertaining to each sub-sec-
tor; and Part 5, which presents each development tool
piloted during the project period in summary. Thus,
this Technical Guideline can be said to have laid out
a framed foundation upon which the lessons learned
during implementation of the practical approaches out-
lined herein can be built on and documented for future
expansion and improvement.

Adonay Heruy
Project Director of FSPAC project
Head of Projects and Commissions Coordination Office

Ministry of Marine Resources
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The Ministry of Marine Resources (MMR) was estab-
lished in 1992 as a department and later in the 1994-
2006 period as a ministry focused on marine resources
related tasks. During the establishment period, the
focus of MMR was mainly on the two coastal zobas
(regions), namely, Northern and Southern Red Sea
including the coastal towns and villages. After the
extension of fisheries activities of the ministry towards
fresh water fishes, in 2006, four branches in the high-
land and lowland zones (Maekel, Debub, Anseba and
Gash Barka) have been established.

In 1994, the government of Eritrea established the
Ministry of Marine Resources, with the mission of sus-
tainable management and development of marine
resources. The main objectives of the Ministry at that
time were to:

« Contribute to increasing Gross Domestic Product
+ Enhance the socioeconomic status of the society
and contribute to food security.
« Conserve the natural resources
The main objectives of the MMR Strategic Plan are

The MMR-Strategic Plan will be implemented over
a six-year period and it has clear objectives and goals
that contribute to sustainable socioeconomic devel-
opment. The plan has three strategic goals which are
expected to be achieved within the implementation
period.

Goal 1: To Enhance Contribution of Marine Resource
to Development of the National Economy and
Food Security

Strategic objective “to improve the income and liveli-

hoods of coastal fishers and inland communities”

To achieve this goal the developmental activities
that will be conducted are construction of fisheries
infrastructure operations, efforts to obtain a sufficient
supply of ice, establishment of fish retail market and
workshops, creation of awareness, training and organi-
zation of fisheries cooperative, introduction of modern
technologies of fishing equipment and spare parts
(providing fishing inputs); formulation and revision of
developmental policy and communications based on
research, initiation of required incentives, impression
of aquaculture examination to people and other devel-
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to identify the shortcomings, provide reassurance

and solve the drawbacks of the sector and introduce
sustainable fisheries developmental activities. To solve
the main difficulties of the fisheries sector, construction
of infrastructure (small pelagic fishes drying centers,
engine maintenance and gear rehabilitation centers,
building of accommodation and offices etc.) and estab-
lishment of a new ice machine will be of first priority.
To advance this program, Ministry of Marine Resource is
ready to attaining basic materials of interest, program-
ming training with national and international partners
in organizing budgets. The Strategic Plan of the Ministry
focuses on all six zobas, i.e.is nationwide in scope.

The Ministry of Marine Resource is currently working
for improvement of the livelihoods of fishing commu-
nities through the sustainable use of marine resources,
particularly for the inhabitants of the rural and coastal
areas. The MMR-Strategic Plan was endorsed in 2018
(Amended in December 2021) to measure the above-
mentioned nationwide objectives and cross-cutting
marine resources and fisheries issues.

opmental activities which will create opportunities for
employment and productivity increases in different
sectors. This will result in increasing productivity and
effecting changes in the livelihoods of the communities
and will have an impact on development of national
economy and food security.

Goal 2: To Ensure Sustainable Management of Marine
Resources and the Environment

Parallel to the development strategy, there should
be proper utilization and effective management of
natural resources, in order to secure environmental
well-being and respond to climate changes around
the world. Therefore, in order to ensure that develop-
mental activities are not compromised regarding the
environment and diversity, the following criteria will
be considered. Firstly, it should be ensured that all
planned developmental strategies regarding natural
resources, environment, and climate change should
ensure can be conducted without any causing any
destruction. Secondly, vanishing natural resources and
environments are serious issues that require strategies
for the fastest possible recovery. Thus, conservation and



security of natural resources are considered as major
strategic goals.

Goal 3: To Strengthen Institutional Capacity
Regarding Managerial and Professional Skills
This is a cross-cutting goal related to the two tech-
nical goals. The objective of the goal is two-fold. It
will ensure that the institutions mandated with the
responsibilities of implementing and overseeing the
different implementation processes of the Strategic
Plan have the requisite capacity to effectively execute
their respective duties. Secondly, it makes it possible to
facilitate and manage the Strategic Plan in an efficient
and effective manner by providing overall coordination,
including planning and implementation, financial
management and control, monitoring and evaluation,
knowledge management and sharing, progress report-
ing, and liaison with all relevant institutions. For this
purpose, capacity building of the Ministry and relevant
stakeholders has been given high priority.

To meet the above stated three goals, the Ministry of
Marine Resource has set a number of objectives related
to their respective activities. The MMR expectation
within the duration of time for implementation of the
Strategic Plan is to implement all the goals mentioned.

Construction of fishing infrastructure which has great
influence on growth of fish production, for which the
required infrastructure investment was enormous.
Starting from 1995, the MMR has constructed fish land-
ing sites, processing plants, and established various
plants for preservation and distribution/marketing of
fish in Massawa, Asmara, Gellalo, Tio, Eddi, Berasolle,
Dahlak, Assab and other towns/villages. All these
facilities except fish landing site Twalet (Massawa)
were transferred (reassigned) to the National Fishing
Corporation (NFC), which plays a big role in market
and price decisions management. The National
Development policy strengthens the fishery sector in
general and infrastructure in particular, and the MMR is
going to work with a wide scope with serious attention
placed on the Strategic Plan. MMR has a strong focus
on the construction of solar fish drying facilities at four
landing sites to handle increased volumes of small-pe-

Outline of the MMR-Strategic Plan

The focus of the first goal is putting infrastructure and
technologies in place for effective and sustainable
production of fish and fish products within the coastal
zobas, and achieving inland fisheries development
by introducing community-based aquaculture. In the
strategy there are six objectives which are intended to
address Goal 1, these are:
Objective 1.1; Develop production and increase distri-
bution of fisheries products
Objective 1.2; Increase supply and promote consump-
tion of fisheries products
Objective 1.3; Ensure production and supply of quality
standard salt
Objective 1.4; Improve and strengthen fishing activi-
ties
Objective 1.5; Strengthen the fishing port standard
and capacity improvement
Objective 1.6; Improve the livelihood status of the
fishing communities
Since this technical guideline is designed for coastal
fisheries development, the main contents of Goal 1
related to the purpose of the FSPAC project apply to
certain objectives. For the purpose of this guideline, the
focus is on the abovementioned objectives 1.1, 1.2, 1.4,
1.5 and 1.6 with their respective activities.

lagic fish. Solar fish drying facilities for the small pelagic
fish will be constructed at strategic points along the
coast. These will be established at four landing sites,

of which one site will be in Zoba Northern Red Sea
(ZNRS) and three sites in Zoba Southern Red Sea (ZSRS),
where there is more intensive fishing of small pelagic
fish. Therefore, proper management and exploitation of
these resources can play a great role in improving the
socioeconomic status of people living in coastal areas
and islands. Moreover, there will be a developmental
fisheries addition to the prior investment mentioned
above.

After independence, in 1994 the Ministry of Fisheries
established nutrition department to utilize the fish-
eries product for human consumption. During those
years the focus was on mobilizing and organizing the
community for creation of awareness, to promote con-

11



sumption of fisheries products for improved nutrition.
In 2001, the small pelagic department started with only
one small facility processing the small pelagic fish for
the production of fishmeal destined for the animal
feed industry. the Ministry has also given training to
about 3,469 women on preparation and cooking of fish
products. In addition, in 2008 the Ministry displayed an
exhibition of cooked fishery foods during the Fenkil cel-
ebrations conducted in Massawa and the third national
festival in Sawa. Moreover, in 2016, fish cooking demon-
stration using the already developed fish recipes were
conducted by the development department of MMR

at community levels, especially in Massawa, boarding
schools in Nakfa and in other locations. From these
experiences, the Ministry recognized the importance of
promotion activities of the fisheries product for human
consumption, and proposed to conduct development
and promotion of recipes and sustainable dietary
intake through awareness campaigns.

The Awareness Campaign will aim for sensitization,
behaviour change communication to create awareness,
and explaining and communicating the important
nutritional quality of fish with emphasis on small
pelagic fish consumption. The channels for promotion
will include radio/TV programs, newsletter, magazines,
posters, training and seminars in local languages.

Fish Recipe Development aims to increase dietary
diversity and availability of varied nutritious products.
New improved recipes will be developed by enrich-

ing locally available staples (traditional food). The
recipes will be published in the forms of leaflets and
booklets with translation in different local languages.
Food demonstration using the new recipes will be
conducted by extension workers at community levels.
Sustainable Dietary Intake aims at influencing the
regular availability of fish for sustainable food security.
At the household level, the activities on fish promo-
tion, behaviour change communication and nutrition
education will be implemented using the household
methodology approach. Strengthening capacity of MMR
staff is part of the Strategic Plan. Therefore; training will
be conducted to build capacity for the fish products
development and implementation of the nutrition and
household methodologies for MMR extension staff.

Before independence, the socio-economic activities
of the fisheries sector: especially the Artisanal Fisheries,
had been greatly weakened. The landing infrastruc-
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ture and facilities were destroyed and became out of
service. The artisanal fishers struggled and displaced
to a different place. Initially fishers were organized in
to cooperatives. In each coastal and island village one
fishing cooperative was established.

Fishing gear technology is one of the major disci-
plines in fisheries which play a great role in the devel-
opment of the fisheries sector. Eritrea’s fisheries sector
was highly active in 1950th. During this period different
technologies of fishing gear like beach seine, gillnet,
hand-line, long-line and trawl had been practiced by
artisanal and industrial fishing in an extensive manner,
as confirmed in the previous literature. After 1960, col-
onization caused degradation of fishing activities and
the technology of fishing became weak. Consequently,
the industrial fishing collapsed, but the artisanal fishing
continued at a lower level. After liberation, the govern-
ment of Eritrea launched rehabilitation in the fisheries
sector in both industrial and artisanal fisheries, and sig-
nificant improvement had been registered. The current
level of fishing gear technology for artisanal fisheries
does not correspond to the amount of investment. The
main reason is that the fishers are still using tradition-
ally transferred customs, and do not reach the level of
modern fishing gear technology. Modernization of arti-
sanal fishing gear technology in order to increase fish
harvest is the objective of this plan. The strategic plan
of this objective is to introduce new fishing gears and
fishing equipment. The prioritized plan for introduction
will include increasing the beach seine net, long-line,
casting net, etc. for small pelagic fish, and it is hoped
that similar activities will be added.

Fishing port of Massawa (Twalet) was constructed by
a Chinese company and financed by UNDP in 1995. It is
one of the active fish landing sites which is functional
in giving service to the fishers. Nowadays, this fishing
port have 23 offices and stores, a 220m long jet, 2.5
ton crane, 30m3 capacity fuel tanker; water tanker; fish
landing, storage room for 10 ton of wet fish, laboratory,
and 4 ice machines.

The MMR has a strategic plan to improve this landing
in the coming years. According to the plan, the pro-
duction of ice will increase from 10 to 20 tons per day;
house rent will be collected properly; power restriction
to reduce overconsumption of electricity have already
being introduced; an increased number of fishing ves-
sels will get service; crane services will be increased;



supply cleaning materials will be introduced; 2 new fire
extinguisher materials will be installed; supply of water
and fuel to boats will be increased; and the landing will
be kept clean to improve the quality.

1-3-5 Improve the livelihood status of the fish-
ing communities (1.6)

In addition to the fisheries intervention mentioned
before, three centers (net mending center, motor repair
center, office and accommodation center) and four
solar fish driers will be built in the coming years in both
the coastal zobas, in which some of them are progress-
ing well. For solving the shortage of ice supply, the
Ministry has already procured two new ice machines
which are now in the installation process. Furthermore,
the Ministry is working hard for improving the socioec-
onomic status of the livelihoods of the coastal commu-
nities by forming new cooperatives and empowering
the existing ones.

Outline of the MMR-Strategic Plan

|
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This part overviews the current situation of Eritrea’s
coastal fisheries, issues/constraints for coastal fisheries
development and it identifies the priority challenges
based on the "Technical Report Current Situation, Issues
and Constraints of the Coastal Fisheries in Eritrea” which

2-1 Current situation of coastal fisheries

2-1-1 Eritrean Red Sea coast

Eritrea situated in the horn of Africa is a strategic posi-
tion along the coast of the Red Sea. Eritrea’s Exclusive
Economic Zone (EEZ) covers 120,000kmz2 of the Red Sea
and the mainland and islands coastline is more than
3,300 km in length, stretching from Djibouti in the south
to the Sudanese boarder in the north. Wind direction
and strength vary based on the seasons; from November
to April, south to southern easterly winds are predomi-
nant, and from July to November, frequent sandstorms
are observed which adversely affect the activities of the
artisanal fishers. Climatically, the coastal area is arid or
semi-arid with the temperatures ranging from 320C to
450C during hot months and 220C to 320C during cool
months. The average water temperature is 210C to 260C
in hot months and 180C to 210C in cool months.

2-1-2 Fishing gears and methods
(1) overview of fishing gears and methods in coastal
fisheries

The gillnet fishing is one of the most popular meth-
ods in Eritrea, and other fishing techniques practiced
are use of beach seines, handlines, and to some extent
longline. The artisanal fishers mainly use hook and
line, gillnet or a combination of both types at the same
time. Most of the subsistence fishers operate mainly
with handline and mullet gillnets for fishing.

Artisanal fishers use passive fishing gears to catch
fish. Fishing boats are normally equipped with mul-
ti-purpose fishing gears such as gillnets, which can
stretch up to 1000 meters by distance and 8-12 meters
by depth from the surface of the sea. In addition, the
whole crew carries on the handline fishing until the net
fishing (3-5 hours) is completed. All fishing activities at
sea are done by hand and it requires a very strong labor
force. To drag the wet nets with fish against the drift in
the sea is not an easy task for the fishers. In most cases,
fishers combine two methods of fishing gears like gill-
nets and handlines. The average number of nets in use
in one boat is 10 to 20 pieces; larger boats could use up
to 30. The fishers lack modern supporting fishing tech-
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is an output of FSPAC project. See to the Annex 1 as the
original report for further information.

Also, the identified priority challenges are used to
select practical approaches which are the targets for
coastal fisheries development in the next part.

Gillnets and landings of artisanal fishing boat

nologies, such as Fish Finder, GPS/Map Plotter and radio
Communication, which are vital in facilitating fishing
activities for higher production.

The gillnets are used to catch large pelagic fish
such as sharks, spanish mackerel, queenfish and tuna
whereas hand-lines are used for high value reef fishes
like groupers.

(2) Drift gillnet

Drift gillnets are among the commonly used fishing
nets by the artisanal fishers. It has been the dominant
fishing practice, because it requires low initial invest-
ment and can easily be operated manually. Drift gillnets
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are mainly operated during the cool fishing season.
Drift gillnets used by the fishers are manually operated,
which is labor intensive, and fish catching efficiency is
low. The factors that lower the relative catch efficiency
of the traditional drift gillnet are;

+ The nature of the twine is multifilament which is
thicker, so the probability of fish catch is low

« The color and thicker twine make high visibility
which can easily be detected by the fishes and it
is difficult to use such type of gillnets during full
moon.

« Moreover, traditional drift gillnets are not easy to
operate and a large number of crews are engaged
to operate a small numbers of gillnets.

(3) Encircling gillnet

Surrounding or encircling gillnets are operated at
night during the hot season, by using fish aggregating
lights. The sea depth of the drift gillnet range is from 10
to 20 meters, while the surrounding gillnet is from 20
to 40 meters. However, the surrounding gillnets are not
common compared to drift gillnet. The main catches
using these nets are spanish mackerel, skipjack, tunas,
sharks, barracuda, and queen fish.

For trial purposes, during FSPAC project an encircling
fishing trial was carried out for a period of 11 days in
August, 2021. The engaged fishers are inhabitants of
Dehil Island and there were five participating crews.
Along with the encircling fishing trial fishers were
deployed to another nine pelagic drift gillnets. The
fishing grounds where the trials were conducted were
north of Massawa and east of Dahlak archipelago, and
were mostly in Madeban with a few sites in Derdia,
Mekemera, Umawd and Harat. An average of three
fishing trials were done every night. The dominant fish
catch showed was queen fish, while the remaining
catch was similar quantities of spanish mackerel, silver
grunt, common silver biddy and barracuda. The total
catches and proportion of each species within the
catches was similar between fishing grounds, and dur-
ing the trial days queen fish recorded the highest catch
in all sites.

(4) Semi-industrial Bottom longline

Some of the artisanal fishing boats based in Massawa
sometimes operate the bottom long line fishing when
small fishes are available that could be used as bait.
Although it is known to be cheaper and more efficient
than gillnet fishing, it is not operated consistently due
to the difficulty in obtaining the bait. The National
Fisheries Cooperation (NFC) operates the bottom long

Bottom long line gear appropriated from tuna long line and catches

line fishery as the semi-industrial fishery using 18m
class FRP fishing vessels and reel gear of tuna long line.
The fishery operates year-round catching groupers,
snappers, catfish, giant trevally, sharks, queen fish, and
cobia. The fishing grounds are mainly around islands
near Massawa, and the fishers operate in 20 to 30m
depth during the peak fishing season, and over 30m
depth during the hot season.

In the Red Sea, the sea surface water temperature
rises during the hot season, causing fish populations to
move to deeper waters, making it impossible to oper-
ate the main drift gillnets. During this season, fishers
switch to the surrounding gillnets at deeper waters in
nighttime but catches decline. Bottom long lines are
a promising alternative during this season. In order to
promote the use of bottom long lines among artisanal
fishers in addition to developing appropriate fishing
gears and methods, factors such as the supply of bait
and storage facilities for artisanal fishers seem to be
important.
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(5) Coastal mullet gillnet and handline fishing for
Subsistence Fisheries

There are two types of subsistence fisheries in oper-
ation; the gillnet fishing for mullet and the handline
fishing for indian mackerel and small demersal fish in
shallow waters using polystyrene floats and canoes.
Some fishers (like the fishers in Massawa) rent fishing
gears and boats to operate the fishing activities. The
fishing grounds are around coastal towns/villages and
islands.

Problems commonly claimed by fishers, are that they
need boats and engines for more efficient operations
but could not afford them due to high prices, the qual-
ity of fishing nets and gears is low and the supply is
insufficient, the price of gillnets is high, fishing grounds
are far away, rental fees are high since they don't have
their own fishing gears and/or boats, and there are no
fishing gears and methods that are more efficient to
utilize their fish resources.

Gillnets used in subsistence fishery and fishing line sold at a shop
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2-1-3 Fish distribution and consumption

The fish trade takes place in various stages starting
at the coastal landing sites, local zoba settlements and
inland town markets. Massawa is the port city where
most of the fish trading companies are located. The
products sold at Massawa market are mostly fresh
products, in direct sales from the fish supplier to buying
firms affiliated with NFC. The post-harvest level of the
fish cold chain and market linkages are dominated by
the NFC. Fishers have to sell fish to NFC through one
of its subsidiaries, who then handles the post-harvest
activities, including transportation, distribution, pro-
cessing and marketing across the country. The private
sector fish retailing business has been established in
urban areas, which buy fish at wholesale prices from
NFC and sell to consumers strategically located near
small seafood shops and restaurants.

The problems and constraints in fish distribution and
household consumption in the three typical cities of
Eritrea (Massawa is a coastal city; Asmara is a metro-
politan city and Mendefera is one of the local-highland
cities) have been studied in 2019.

+ Limited fish supply and inconsistent availability

 High fish prices as compared to meat from cattle,

goat, sheep etc.

 Functional fish-retail shops to deliver fish products

are very few in number, and even the existing
retailers require rehabilitation in their facilities and
equipment.

There is only one fish landing site in the Northern
Red Sea region i.e, ERI-FISH in Massawa from which
the fishes are distributed to all towns and villages. In
most of Eritrean households, mothers or daughters
are responsible for cooking, and common fish cooking
methods are frying or making zigni (stew) or soup.
Most fish buyers have high demand to buy fishery
products, and if the prices could be kept down, con-
sumption would further increase.
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2-2 Issues and constraints of the coastal fisheries development

The issues surrounding coastal fisheries and the
constraints hindering coastal fisheries development are
identified from the results of the baseline survey and
the problem analysis workshop, and reflected in two
sides, the Artisanal and Subsistence Fisheries.

2-2-1 Issues of the coastal fisheries
(1) Issues of the Artisanal Fisheries
a) Issues in fishing gears and methods

The Government of Eritrea aims to make effective
use of the abundant fishery resources in the Red Sea
in order to improve the domestic food and nutrition
situations. For achieving this purpose, it is essential
to strengthen the capacity of the MMR staff and those
involved in fisheries, improve the fishing gears and
methods, and increase and stabilize the fishery produc-
tion by disseminating the fishing technology. The fol-
lowing issues in fishing gears and methods for coastal
fisheries development are recognized after considering
the current situations and problems.

i. Insufficient capacity of MMR to support fishers

The MMR staff should understand the actual fisheries
theoretically and practically in order to support the
development of fisheries in Eritrea. For this purpose,
it is necessary to prepare appropriate textbooks and
audio-visual materials for conducting fishery trainings
at the MMR Fisheries Training Center in Massawa.

ii. Engine repair and fishing gear assembly workshop
In order to increase fishery production in Eritrea, it
is necessary not only to improve fishing gears and
methods, but also to obtain modern fishing boats and
high-quality fishing gears. However, catches are declin-
ing due to the poor performance and inefficiencies
of fishing gears currently used in both Artisanal and
Subsistence Fisheries. In addition, it is difficult for fish-
ers to secure appropriate profits because the catches
are purchased at a fixed price. Resolving these issues is
expected to increase fish production. In general, fishers
hesitate to work in the harsh and dangerous condi-
tions in the sea when they are unable to earn enough
income. Aiming to increase the number of new fishers,
it is important to introduce effective fishing gears and
methods, supply adequate and appropriate fishing
equipment, and increase production and income.

iii. Fishing gear used during the hot season

The Red Sea is a closed sea with slow current. Schools
of fish move to deeper waters as sea surface tem-
peratures rise during the hot season. As a result, the
fish catch declines. However, well-capitalized fishers
continue to operate using the surrounding gillnets
with fish aggregating lights during the hot season. To
achieve the goal of increasing fish production even in
the hot season, it is important to introduce new types
of fishing gears and methods that can be used by many
artisanal fishers.

b) Issues of engine maintenance for artisanal fishing
boats

At the time of the baseline survey, it was confirmed
that many non-operating fishing boats were moored
around the port of Massawa. There is a lack of fishery-re-
lated facilities for repairing and maintaining fishing
boats. In addition, it is difficult to obtain spare parts
for fishing boat engines. There are many issues to be
solved for the improvement of fishery status, such as
the provision of available fishery-related services for
fishers and the modernization of the fishing technology.

¢) Issue of fishing port infrastructure and markets

The reasons for the “Lack of fishing infrastructure and
facilities” raised during the problem analysis workshop
were the lack of a pier, desalination equipment, and
a place to maintain fishing boats and engines. Dehil
Island is an island formed by uplifted coral reefs and
relies almost entirely on water for not only for fishing
but also for daily living items transported from the
mainland by fishing fleets of Dehil Island. As the island
is hardly able to produce food for its own consumption,
fishing income is the major means of obtaining daily
necessities, thus, fishing infrastructure and livelihood
infrastructure are almost synonymous. The direct causes
of the lack of fishing boat and engine maintenance
facilities are the inability to maintain engines, lack of
availability of parts, and inadequate structure of fish-
ing boats, and all of these issues are characteristic of
Dehil Island’s reliance on boat fishing. “Lack of supply
of goods necessary for production and maintaining
livelihoods” was directly caused by the lack of water
supply, insufficient number of fish boxes; and inade-
quate supply of fuel, ice, and food. The causes of “Many
constraints due to inadequate institutions” include:
inadequate supply of fishing gear of the right size,
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quality, and quantity; poor marketing environment for
the catch; and inadequate financing system. As for the
poor marketing environment, the respondents in the
problem analysis workshop strongly pointed out their
dissatisfaction with the current marketing systems, such
as the slow supply of ice, fixed fish prices, limited land-
ing time, and limited sales to one company, NFC.

(2) Issues of the Subsistence Fisheries

The main issues of the Subsistence Fishery in the fish-
ing community are briefly described in the following
areas.

a) Main issues of the Subsistence Fisheries

The village of Hirgigo is primarily a community of
small-scale subsistence fishers. The central problem is
“limited fishing activities”, and causes are lack of fishing
boats, inefficient fishing methods, low income due to
low fish prices, and high prices of fishing gears. “Lack of
marketing capacity” resulted from the low purchasing
power of consumers and the lack of ice and fish boxes to
keep fish fresh. The main reason cited for both “Lack of
cooperative capacity” and “Lack of labor skills" is a lack of
opportunities to improve capacity through training.

There are also fishing communities in Zula which
depend on Subsistence Fisheries. Even in Zula village
the fishing technology is inappropriate due to the
absence of suppliers of fishing materials; therefore,
there is no access to appropriate fishing gears. Many
fish caught are discarded due to the long distance to
the fishing grounds, limited opportunities to sell fish
in the market, lack of good roads to transport fish, and
lack of refrigerator freezers. "Lack of income opportu-
nities for women in the fishery business” resulted from
lack of training opportunities in fishing technology, fish
processing and quality control technologies or starting
a retail shop, indicating the need to provide appropri-
ate training opportunities.

b) Fishing gears and methods of Subsistence Fisheries
The gears used for the subsistence fishery along
the coast are low quality handline and gillnets. Also,
there are no fishing boats except floating gears made
of polystyrene, thus the fishing efficiency is very low.
The target species are all small size pelagic fish such
as mullet, indian mackerel, scud and small size span-
ish mackerel, which are thought to be high volume
resources. So, there is a great room for resources to be
exploited. Current fishing gears are neither qualitatively
nor quantitatively sufficient for the utilization of these
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resources. It is necessary to introduce fishing gears and
methods with high catch efficiency to promote the fish-
ery development.

¢) Marketing and distribution

In the coastal villages, there are many fishers
and most of their catches are sold in the market in
Massawa, but the high transportation cost is a cause
of downward pressure on the fishers' income. Efforts
to reduce transportation costs or increase the value
added to raise the price of fish for sale are needed.
On the other hand, most of Zula fishes are sold and
consumed within the village due to the limited catches.
However, since the village is located next to Foro, which
is expected to have a large demand, the village envis-
ages increasing its catches and sales volumes in the
future. However, they are unable to sell their catches
frequently due to limited means of transportation, and
they are unable to keep their catches for long time due
to the lack of storage facilities and means of keeping
them cool in the village. In addition, there is no active
market for fishery products in Foro, so there are limited
opportunities to sell them.

d) Source of income for women

In coastal villages, the fishing net mending and
making cooperatives have been organized to improve
women'’s income, but none of them are functioning.
However, there is a high need for women to improve
theirincome, and it is clear that there is a need to
develop some type of income sources.

2-2-2 Constraints of the coastal fisheries devel-
opment
(1) Constraints of the Artisanal Fisheries development
a) Lack of know-how for improving fishing gear and
method
Artisanal Fisheries face a number of challenges in
improving and developing fishing gears and methods
that are suitable for both the peak/cool season and the
bottom/hot season. However, there is currently a lack of
expertise to develop these technologies.

b) Limited transport links to inland areas

Fish trucks of ERI-FISH are used to transport fresh
fishes from Massawa to Asmara/inland areas, but this
is not sufficient for increased fishery production and
supply in the future. The limited cold chain transport
capacity from Massawa is one of the major constraints
to the development of coastal fisheries.
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¢) Limited fish landing capacity of Massawa

Similarly, the current landing capacity of the Massawa
fishing port is not sufficient in terms of institutional and
facility capacity to increase the supply to the Asmara/
inland area.

d) Controlled fish prices

The price of fishes is perceived by both fishers and
consumers to be inappropriate. Fair pricing can be
a major driver of fisheries development to motivate
fishers to catch and consumers to buy, and it creates
benefits for both. Regarding promotion of this market
environment, the price control currently set by the NFC
is one of the major constraints to the development of
coastal fisheries.

(2) Constraints of the Subsistence Fisheries develop-
ment
a) Lack of fishing technology for small pelagic fish
resources
The development and effective use of small pelagic
fish resources is fundamental to the future develop-
ment of Subsistence Fisheries, but the fishing gears
currently in use are limited to simple gillnets and hand-
line only, making it difficult to further increase catches.
Subsistence fishers' lack of fishing vessels and the diffi-
culty of making large investments to obtain them have
also been constraints to the development and introduc-
tion of efficient small pelagic fisheries technology.

b) Inadequate supply of fishing gears
The stable supply of good quality fishing gears and

materials is essential for the future development of
fisheries, but only limited quantities are currently avail-
able in the villages. Even in Massawa, fishing gears and
materials are sold exclusively by the government and
fishers cannot choose what they want.

¢) No facilities for quality control and logistics

There is no infrastructure or facilities in the villages to
serve as a base for quality control, processing, and dis-
tribution of fishery products. This condition is limiting
means of fish distribution. Infrastructures/facilities such
as cold storage, processing and transport are essential
for improving the distribution of fishery products and
strengthening sales to the large markets of Massawa
and Asmara.

d) Lack of fish processing techniques

A key to the development of Subsistence Fisheries
is the expansion of sales channels for small pelagic
fishes to Asmara/inland areas where people are not
accustomed to eating them. For this reason, the devel-
opment of the market for processed products that
involve new ways of eating fish is a challenge. For vil-
lages where electricity and refrigerators are usually not
available, the development of processed fish products
that can be preserved without cool storage is recom-
mended. MMR has attempted to develop processed
products, but to date there has been no demonstration
of product development for the widespread consump-
tion of processed small pelagic fish and there is a lack
of expertise in these villages.

2-3 Priority challenges for the coastal fisheries development

2-3-1 Challenges for the Artisanal Fisheries
(1) Fishing gears and methods

During the peak fishing season, gillnet fishing (drift
gillnets) is the main fishing method of the artisanal
fishery and is thought to account for a large proportion
of the catch, but fishers have pointed out problems
such as inadequate mesh sizes and the high effort
required to operate them. On the other hand, the
demand for fish in Asmara/inland areas is higher than
the supply, hence there is a need to improve fishery
production and increase the supply. Increasing fishery
production and supply by improving fishing gears and
methods for production efficiency is a high priority for
Eritrean coastal fisheries.

As noted above, supply is not keeping pace with
demand for fish in the Asmara/inland area; this is more
conspicuous in the hotter season when the production
is lower. During the hot season, large pelagic fishes:
which are the target of gillnet fishing, move to deeper
water as the surface temperature of the sea rises dras-
tically. Also, the extreme heat in the hot season makes
working conditions uncomfortable, so fishers switch to
the surrounding gillnets and operate at night, but catch
amounts are lower than that in the peak fishing season.
Many subsistence fishers also engage in bottom hand-
line fishing which is particularly important during the
hot season because it allows them to operate during
the night and early morning. There are still opportuni-
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ties for exploitation of bottom fish resources, thus the
development and introduction of simple and widely
used fishing gears and methods that enable more effi-
cient use of resources are also required. Improvement
of fisheries production in a manner that increases
supply to consumers and fishers’ income during the hot
season is a big challenge.

(2) Market development
a) Sales promotion for market development

As mentioned repeatedly, the fish supply to Asmara
and other inland areas is not keeping pace with the
increasing demands as the fish consumption becomes
more widespread. While it is necessary to increase fish-
ery production to cope with this issue, the challenge is
to improve the environment to ensure a stable supply
of fishery products to inland areas. To achieve this, it
is necessary to strengthen the ERI-FISH fish purchasing
function at Massawa fishing port and the EMPC's fresh
fish transportation capacity, and to activate sales points
in inland cities such as Mendefera.

b) Fish price liberalization

The biggest complaint of fish consumers in Asmara/
inland area is the high prices as well as the lack of
supply. As fish consumption becomes more widespread
and potential demand increases, the supply of fish-
ery products at affordable prices can initiate further
consumption. Conversely, for fishers, the low landing
price is seen as a problem and seems to encourage
many fishers to illegally land catches in neighbouring
countries. It is thought that the official price set by the
NFC based on the government policy is causing this
mismatch in fish prices. In the past, the official pricing
of fishery products was very effective policy to combat
famine and to promote fish consumption. But at pres-
ent time that the famine has passed and fish consump-
tion has become more widespread, it seems that the
role of official pricing is gradually coming to an end.
The challenge is to promote price liberalization in the
seafood trade and to strive to formulate prices that are
appropriate for both fishers and consumers.

(3) Infrastructure and facilities

The artisanal fishers depend on the coastal areas of
the mainland and islands, most of which lack fishing
infrastructure and facilities such as jetties, boats and
engine maintenance facilities. As a result, boats are
anchored offshore of the island and maintenance is
inconveniently carried out in Massawa. As these islands
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are also a place of livelihood for villagers: mainly
fishers, the development of fishing infrastructure and
facilities will also improve the livelihood of the com-
munities. The development of fishery infrastructure and
facilities on those islands are considered to be a neces-
sary issue for the development of Artisanal Fisheries.
Fish landings for Artisanal Fisheries are limited to the
Massawa and Assab fishing ports only. In particular,
the Massawa fishing port is responsible for the supply
of seafood to major inland centers such as Asmara,
but has only one landing facility where ERI-FISH buys
the products. In addition, because the access to the
port is limited to 6 am to 6 pm and the fish landing is
accepted only for a short time in the morning, fishing
boats are sometimes anchored in the harbor for days
waiting for landing. Increasing production to meet
the high demand in Asmara and inland area will be
difficult if the landing capacity of the Massawa fishing
port remains low. Therefore, strengthening the landing
capacity of Massawa fishing port is also an essential
part of coastal fisheries development.

2-3-2 Challenges for the Subsistence Fisheries
(1) Fisheries production
a) Effective use of the small pelagic fish resources

The coastal areas of Eritrea where Subsistence
Fisheries operate are assumed to be less abundant in
fishery resources than offshore areas, and the resources
are not used effectively because of the small number
of fishers. While the accurate fish catch amounts and
Allowable Biological Catch are awaiting specific stud-
ies, the main target species of Subsistence Fisheries,
such as mullet (Mugil cephalus) and indian mackerel
(Rastrellinger kanagurta) are considered to have suf-
ficient potential for exploitation. The effective use of
small pelagic fish resources is a major challenge for
Eritrean coastal fisheries, both in terms of improving
the livelihoods of fishers and supplying food to con-
sumers.

In addition, small sardines such as bluestripe her-
ring (Herklotsichthys quadrimaculatus) and shorthead
anchovy (Encrasicholina heteroloba), which are prolific
small pelagic fishes, are assumed to be more abundant
than mullet and indian mackerel, and their effective
use has long been an issue. These species are caught
by beach seines and their current fishing grounds are
solely in the southern coastal areas around Assab,
Eddie, Korum and Berasole. They are processed by sun
drying and used as a livestock feed. Though various
efforts have been made to make them edible for
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human, this has not yet been established since their
guality deteriorates rapidly due to the fact that they are
caught by seine netting and processed without boiling,
in addition to Eritrean’s food customs in which small
sardines have not been eaten.

b) Increasing fisheries production

According to the results of the baseline survey, sea-
food consumption is traditionally high in coastal areas
such as Massawa, and there is a shortage of supply
in Asmara and inland areas despite high demand for
seafood. The MMR and FAQ's efforts since the 1980s
to promote fish eating in inland areas have been suc-
cessful, and have now entered a stage where a larger
supply chain is required. Increasing production to meet
this high demand is important from the food security
perspective, and also provides an opportunity to fishers
to improve their livelihoods. Together with the issue
of expanding fisheries production of the Artisanal
Fisheries, which will be discussed below, there is a
social need to increase the production of Subsistence
Fisheries based on the development of small pelagic
fish resources described above.

(2) sales and marketing
a) Reducing transport costs

The fishers in Hirgigo village sell many fishery prod-
ucts at the Edaga market in Massawa. But there is a
problem that transport costs are high when transport-
ing fishes to the market in small batches each time the
catch landed. In case of Zula village, transport costs
are not a major issue due to the high demand within
the village, but as mentioned above, distribution to
outside the village is essential if fisheries production is
to be improved through development of small pelagic
fish resources. A promising market is the neighbouring
town of Foro, where ice is essential to maintain the
quality of fish as it has been carried over rough roads
for hours. However, necessary ice has to be ordered
from Massawa as it is not available in the village.
Minimizing these transport costs is a major challenge
to economic management of fishers and its necessity
will become more apparent as fisheries production
improves.

b) Improvement of the distribution environment to
Massawa and other towns
The fishing communities dwelling in the Hirgigo
village needed an improved distribution environment
when the volume of fish production increased. At

present, ice for quality control is not usually used and
transportation is basically only by motorbikes. Also,
there are no sales facilities at the Edaga market, hence
fishes are sold in baskets placed on the street which are
not well shaded. It is not possible to increase the vol-
ume of sales in this environment because it is difficult
to increase the transport volume and to maintain the
quality of fish for an extended period. The improve-
ment of the distribution environment is an essential
task for improving fishery production and sales vol-
umes.

As mentioned above, Foro is the most promising mar-
ket for increasing fisheries production for Zula village.
However, there is no fish market in Foro like Edaga in
Massawa, and the ice required in transport has to come
from Massawa. The improvement of the environment
for the distribution of fresh fish to Foro by ensuring
sales opportunities and means of quality control will be
key issues for the successful development of fishery in
Zula village.

¢) Establishment of distribution methods and promo-

tion of sales to inland areas

As mentioned above, meeting the demand for fish-
ery products in inland areas including Asmara is also
required from the perspective of national food security,
but to date, there has been only limited sales of fish
to inland areas by subsistence fishers, and distribution
methods have not been established. Larger fishes such
as spanish mackerel, queen fish and groupers have
become widely consumed in Asmara and inland area.
However, fish supplied by the subsistence fishers are
mainly small pelagic fishes. As fish is a substitute for
livestock meat for consumers in inland areas, they
favor large portions to be edible and limited ways to
cook. There is a need to establish a way of distributing
the fisheries products of Subsistence Fisheries such as
mullet and indian mackerel, and to promote their con-
sumption.

The Priority Challenges identified as a result of the
above analysis are summarised in the table below.
There are 12 Priority Challenges, categorized into
subject areas by Artisanal Fisheries and Subsistence
Fisheries.
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Table 2-1. The Revealed Priority Challenges for Coastal Fisheries Development

Classification of fisheries

Artisanal fisheries

Subject areas

Fishing gears and methods

Challenges

Improvement of the fishing efficiency by the improvement of fishing
gears and methods

Improvement of the fishing productivity in the hot season

Effective utilization of the demersal fishery resources

Distribution and marketing

Strengthening of landing capacity by fishing port

Strengthening of transportation capacity to the inland area

Preparation of fish market/store in consuming areas

Infrastructure and facilities

Strengthening of landing capacity by fishing port

Preparation of the fishing port in islands

Subsistence fisheries

Fishing production

Effective utilization of the small pelagic fishery resources

Improvement of the fishing productivity

Seles and marketing

Reduction of transportation costs

Preparation of distribution environment

Establishment of distribution system and sales methods for inland area
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This part sets out the approaches to solve the chal-
lenges identified in Part 2, separately for Artisanal and
Subsistence Fisheries. While each approach addresses
a specific issue, the characteristics of the approaches
may refer to several challenges which are grouped

For the Artisanal Fisheries, approaches related to
the "Fishing gears and methods” and “Fish distribu-
tion, marketing and infrastructure” are set out. There
are seven relevant challenges and six approaches to
meet these challenges. Previous parts pointed out
challenges related to "Distribution and marketing” and
“Infrastructures and facilities” separately, and these
were integrated into an approach area, “Fish distri-
bution, marketing and infrastructure”, as they were
strongly related to each other and had common issues.

(1) Approach for fishing efficiency improvement

This approach addresses the challenge "Improvement
of the fishing efficiency by the improvement of fishing
gears and methods".

The challenge is to resolve the fact that several fish-
ing methods of Artisanal Fisheries are inefficient due to
inadequate fishing nets and lack of fishing equipment.
The size of the drift gillnet, commonly used in Artisanal
Fisheries, is large (* one example from the baseline
survey: Mesh size 120mm x 70G x 169m, T10mm x 105G
x 192m), but the strings of the net are thick (*210d/36),
which makes fishing inefficient and reduces working
efficiency as a result of very heavy weight due to sea
water during lifting. Encircling gillnets, another main-
stay of fishery, require nets three to four times the
height of drift gillnet to target fish schools in deeper
water, as well as eight to ten times the weight to
increase sinking speed. This requires more labor to
operate and also increases the danger of on-board
operations.

It is therefore necessary to introduce more efficient
and lighter nets and fishing equipment such as net
haulers, with the aim of improving efficiency and safety
in these existing fisheries. This approach will improve
the efficiency of existing fisheries in Artisanal Fisheries
in order to increase catches and improve working con-
ditions.

In the FSPAC project, Pilot Project 1 (PP1), a drift gillnet
using Japanese-made mono-multifilament netting was
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together to form a single approach. The importance of
the perspective of fishing community development,
particularly with regard to Subsistence Fisheries, makes
it desirable to bring together a number of separate
challenges into a single approach.

developed and its improvement in fishing efficiency
and operational efficiency was verified. In addition,

an electric net hauler was installed on a fishing boat
operating mainly encircling/bottom gillnet to verify the
efficiency of the operation.

(2) Approach for fishing productivity improvement
during the hot season

This approach addresses the challenge “Improvement
of the fishing productivity at the hot season”.

In the Red Sea coast of Eritrea, the sea water tem-
perature rises to extreme levels during the hot season,
which has a significant impact on the fishing envi-
ronment. In particular, in the waters from Massawa to
the Dahlak Islands, surface water temperatures rise to
nearly 30°Cin May and then reach 32°C from August to
October (*State of the Coast Eritrea 2006-2007, Eritrea’s
Coastal Marine and Island Biodiversity Conservation
Project, 2007). For this reason, kingfish and queenfish,
the main target fish of Artisanal Fisheries, avoid the
warmer surface waters and migrate to deeper water
zones under the thermocline. As air temperatures also
rise dramatically and daytime working conditions are
extremely hard, Artisanal Fisheries is dominated dur-
ing this period by encircling gillnets operating during
nighttime with fish aggregating lights for deep-water
fish resources. However, operations are restricted to
nighttime, and the nets should two to three times
deeper (*Mesh size T10mm x 280G in the baseline
study) and two to three times longer (*420m) than nor-
mal drift gillnets to target deeper water, which make
the fishing gear heavier and less efficient.

This has led to requirements to improve operational
efficiency by upgrading the netting to lighter weight,
introducing fishing equipment such as net haulers and
improving the structure of fishing gears. In addition,
it is also necessary to use positively demersal fish
resources such as groupers and snappers, which have
previously been caught by handline fishing and small
number of bottom gillnets/longlines. The aim of this
approach is to efficiently increase hot season catches



through these efforts.

In the aforementioned PP1, the FSPAC project tested
the effectiveness of a prototype depth-adjustable
encircling gillnet using the monofilament net to reduce
the weight by eliminating nets from depth zones
where target species are not distributed. In addition,
the above-mentioned electric net hauler was installed
on a fishing boat to verify its effectiveness for efficient
operation. In order to verify the effective use of bottom
fish resources, an attempt was made to develop small
bottom longline gear, as described in the next section,
within a pilot project (PP2) of the FSPAC project.

(3) Approach for effective utilization of demersal fish-
ery resources

This approach addresses the challenge “Effective utili-
sation of demersal fishery resources”.

The main Artisanal Fisheries fishing methods in
Eritrea are gillnets such as drift gillnet and encircling
gillnet, as mentioned above, and their target species
are mainly large pelagic fishes such as kingfish and
gueenfish. On the other hand, the demersal fishery
resources are only caught in small quantities in net
fishing or by handlines. Semi-industrial fisheries include
small bottom trawling and bottom longline fisheries
using the diverted tuna longline gears, but the number
of vessels is small and the fisheries are not well devel-
oped. The catch of semi-industrial fisheries shows that
large individuals such as groupers, snappers, emperor
and catfish are consistently caught, suggesting that the
stock is also sufficiently abundant.

The approach aims to improve catches by making
effective use of these demersal fishery resources. If
operations with more effective gear than handlines,
such as bottom longline, could be conducted between
drift gillnet and encircling gillnet operations, it would
be possible to increase the catch of demersal fishes in
addition to the catch from the mainstream fisheries.

In the cool season, the gear can be set up at night
when the drift gillnet is not operating, and in the hot
season, during the day when the encircling gillnet is
not operating, so there is no need for a large workload.
This will also lead to shorter fishing trip times, which
will improve working conditions and increase income
through reduced costs.

The FSPAC project has developed and validated the
bottom longline as a pilot project (PP2), and also proto-
typed and trialled the pod fishing gear.

Selection of Practical Approaches

(1) Approach for strengthening landing capacity of
Massawa fishing port

This approach addresses the challenge
“Strengthening of landing capacity by fishing port”.

Massawa fishing port is the largest fishing portin
Eritrea in terms of landings and is also the most impor-
tant fisheries hub for the supply of seafood to Asmara
and otherinland areas. However, as discussed in Part 2,
its facilities are limited in size and their landing time is
restricted to a few hours in the morning, so their land-
ing capacity is not sufficient. During the peak fishing
season, it can take several days for fishing boats calling
in to land their catch and wait for their turn in the port.
In addition, although only two fishing ports, Massawa
and Assab, are able to land fish on a stable basis, Assab
is far from any major consumption centers other than
surrounding areas. Therefore, its fishes are not bought
by fishing companies. There are several fishing villages
on the coastline between Massawa and Assab, where
small fishing ports have been built with the support of
the African Development Bank, but these have not yet
been utilized effectively.

The approach aims to enhance the landing capacity
of the Massawa fishing port to improve the supply of
fish products to Asmara and otherinland areas and
to improve income opportunities and profitability for
fishers.

(2) Approach for strengthening distribution capacity
to the inland area

This approach addresses the issues “Strengthening of
transport capacity to the inland area” and “Preparation
of fish markets/stores in consuming areas".

The current demand for seafood in Asmara and inland
urban areas is high, but there is insufficient supply to
meet it. One factor of this problem is a lack of landing
capacity at the Massawa fishing port mentioned above,
which is compounded by a lack of transport capacity
due to the limited number of ERI-FISH and EMPC refrig-
erated vehicles responsible for buying and transporting
fisheries products for sale. Even if the supply and trans-
port volumes were improved, the lack of sales centers
in the inland areas would still be a problem.

The approach aims to strengthen the fisheries prod-
ucts supply system by increasing the number of refrig-
erated vehicles and the number of inland sales points,
to improve the supply of fisheries products to Asmara
and other inland customers, and to improve fishers'
incomes through increased fish sales.
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(3) Approach for installation of fishery infrastructures
in island villages

This approach responds to the challenge "Preparation
of fishing ports in islands”.

The Dahalak Islands around Massawa are dotted with
many fishing villages, which provide a living base for
artisanal fishers. Fishing is the main industry on these
islands and most of the income is dependent on fish-
ing, while fishing boats are responsible for transporting
water, food and other daily commodities. Namely, fish-
ing is the livelihood of the islanders and at the same
time a lifeline, and promoting fisheries development
is directly linked to improving the living standards of
the population. If the volume of fish caught and sold

Regarding the Subsistence Fisheries, the approaches
related to "fishing production” and “sales and market-
ing” are set out. There are two challenges associated
with “fishing production”, but due to the small scale of
the fishery and limited choice of fishing methods, only
one approach was taken to achieve this. There are also
three challenges related to “sales and marketing”, but
from a fishing village development perspective, they
are so interrelated that it is difficult to separate them
as separate approaches, so it is reasonable to achieve
them with a single approach.

(1) Approach for fishing productivity improvement
for Subsistence Fisheries

This approach addresses the challenges "Effective
utilization of the small pelagic fishery resources” and
“Improvement of the fishing productivity”.

Subsistence fishers do not have fishing vessels and
their main fishing methods are small-scale fixed gillnet
fishing, which uses small nets to catch mullet and oth-
ers on the beach, and handline fishing, which uses rafts
made of styrofoam a canoe to catch pelagic fish such
as indian mackerel and queenfish. All are extremely
small-scale and are also susceptible to natural environ-
mental conditions such as wind and waves. As a result,
the catch in a single operation is small and the oppor-
tunities of fishing operation are limited.

The approach aims to improve catches by devel-
opment of low-use resources, such as small coastal
pelagic and demersal fishes, by small-scale technical
inputs that do not require fishing vessels, complex
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improves through the above-mentioned approaches,
income can be expected to increase. However, fishing
port facilities have not yet been developed in the fish-
ing villages on islands. There are no facilities of landing
sites or fishing gear warehouses, boats are anchored
offshore and fishing nets are piled up on the beach. In
addition, water in barrels and daily commodities trans-
ported from Massawa are transhipped from anchored
fishing boats into small boats and unloaded manually.

This approach aims to improve the maintenance
capacity of fishing gears and engines, as well as the liv-
ing environment of fishing villages, by building landing
sites, fishing gear warehouses and engine maintenance
facilities etc. on the islands.

technology or large investments. Increasing production
of Subsistence Fisheries will also contribute to the food
security at the national level, while also improving the
income of coastal fishing communities. The technology
to be introduced should be more efficient fishing gears
and methods, as well as the creation of fishing grounds
with Fish Aggregating Devices (FAD) to actively attract
and enhance the fisheries resources.

In the FSPAC project, pound net (small setnet) and
small bottom longlines were demonstrated in pilot pro-
jects (PP2 and PP3), and artificial seaweed FAD, which
are being developed in Japan, were installed and their
fish attracting effects were examined.

(1) Approach for income improvement for subsistence
fishing communities

This approach addresses three challenges: "Reduction
of transportation coasts”, “Preparation of the distribu-
tion environment” and "“Establishment of distribution
and sales methods forinland areas”. As these chal-
lenges are strongly dependent on each other in the
"area of sales and marketing” from the fishing commu-
nity development perspective, it is reasonable to take
one approach rather than separate approaches.

Although the sales and marketing problem is not cur-
rently pronounced in subsistence fishing villages due to
high demand for fish within the village as described in
Part 2, the above three challenges need to be resolved
if fisheries production is to be improved by the above
approach. A series of efforts are needed to solve these
challenges, including a stable supply of ice for quality
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control, cold storage facilities for preserving catches to
reduce transport costs, development of marketing facil-
ities in consumption areas, development of processed
small pelagic fish and promotion of consumption in
inland areas such as Asmara, and establishment of
methods for their transport.

In the FSPAC project, the pilot projects (PP4, PP5 and
PP6) included the development of Community Fisheries

Table 3-1 The matrix of the relationship between the Challenges and Approaches

Classification
of fisheries

Artisanal
fisheries

Challenges

Improvement of the fishing efficiency by the
improvement of fishing gears and methods

Improvement of the fishing productivity in the
hot season

Effective utilization of the demersal fishery
resources

Selection of Practical Approaches 3

Centre (CFQ) as a base for ice making, cold storage
and processing, developing processed products such
as dried and smoked fish to increase consumption of
small pelagic fishes, and selling these fish products.

The relationship between the above challenges and
approaches is summarised in the following table.

Area of Approaches

Fishing gears and
methods

Approaches

Approach for fishing efficiency
improvement

Approach for fishing productivity
improvement during the hot season

Approach for effective utilization of
demersal fishery resources

Strengthening of landing capacity by fishing
port

Strengthening of transportation capacity to
theinland area

Preparation of fish market/store in consum-
ing inland areas

Preparation of fishing port in islands

Distribution,
marketing and
infrastructure

Approach for strengthening landing
capacity of Massawa fishing port

Approach for strengthening
distribution capacity to the area

Approach for installation of fishery
infrastructures in island villages

Subsistence
fisheries

Effective utilization of the small pelagic
fishery resources

Improvement of the fishing productivity

Fisheries production

Approach for fishing productivity
improvement for Subsistence
Fisheries

Reduction of transportation costs

Preparation of distribution environment

Establishment of distribution system and
sales methods for inland area

Sales and marketing

Approach for income improvement
for subsistence fishing communities
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Application of Practical Approaches




This part describes application of approaches set out
in the previous part, separately for Artisanal Fisheries
and Subsistence Fisheries. The Coastal Fisheries
Development Tools that are expected to be addressed
in each approach and concrete methods of implemen-
tation are also presented, and the details of which are
given in Part 5.

It should be noted that Development Tools may be
used in more than one approach depending on their
situations. In practising coastal fisheries development

in the future, the choice of the Development Tools
should be based on the characteristics of the fishery,
and the needs of the target communities and the natu-
ral environment, as appropriate. In principle, the effec-
tiveness of the Development Tools has been verified in
pilot projects of the FSPAC project. However, some of
them have not yet been proven, but were considered
effective in the course of the study of the guidelines.
These need to be verified in the future.

4-1 Application of practical approaches for Artisanal Fisheries Development

There are six approaches in Artisanal Fisheries cate-
gorized in two areas as follows: “Area of fishing gears
and method"” and "Area of distribution, marketing and
infrastructure”. Development Tools related to three
approaches in the "Area of distribution, marketing and
infrastructure” have not been validated in the FSPAC
project.

4-1-1 Fishing gears and methods
(1) Approach for fishing efficiency improvement
a) Objectives

Increase the efficiency of Artisanal Fisheries' exist-
ing fishing methods through the improvement of
fishing gear materials and the introduction of fishing
equipment such as net haulers to increase catches and
improve the work environment.

b) Basic factors
Increase catches without increasing effort

Improve the net materials and the structure of currently
used fishing gear to increase fishing efficiency. In
addition, by making the net lighter, the labor required
for the operation can be reduced and also the time
required for lifting operations can be shortened.
Therefore, it leads to increase in the number of oper-
ations per unit of time. This results in the reduction in
the time it takes for the catch to reach the full capacity
of the fish hold of the boat, thereby improving the
catch per operational hour.

Improve working environment and safety

Reduced weight of fishing gears and introduced
fishing equipment/machinery can reduce onboard
labor. A pilot project carried out under the FSPAC pro-
ject showed that the introduction of the electric net
hauler made it possible for two people to lift bottom/
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encircling gillnet, whereas previously 10 people were
required to do the same work. Also, lifting heavy nets
could be dangerous for fishers working onboard, but
lighter nets and the use of net haulers could increase
their safety.

Reduce operation costs
Fishery profits can be increased by improving catch
per operational hour and reducing operational costs

through labor saving onboard operations.

¢) Important notes and lessons

Establishment of a supply system for necessary
materials and equipment

Prepare the materials and equipment supply system in
order to promote new fishing gear.

Conduct surveys to understand fishers’' needs, then
establish a system of procurement and constant supply
for fishing nets which meets fishers' requirements, fish-
ing equipment and spare parts.

Establishment of a maintenance system for fishing
equipment

Train technicians for the installation and maintenance
of fishing equipment on fishing vessels.

Activities for popularization

Organize training sessions and produce and distribute
brochures to actively promote the new fishing gears
and equipment introduction.

d) Expected Development Tools
The Coastal Fisheries Development Tools envisaged in
this approach are as follows.
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Mono-multifilament drift gillnet:

Improve fishing gears to be more efficient and
lighter, for example, by replacing the twine nets
commonly used in Eritrea with nylon monofilament
or mono-multifilament nets and changing the
sinker to a leaded rope with less water resistance.

Electric net hauler:

Install electric net haulers for lifting gillnet fishing
gears that can be easily installed on existing fishing
vessels.

Improved encircling gillnet:

Improve fishing gears to be more efficient and
lighter, for example, by replacing the twine nets
commonly used in Eritrea with nylon monofilament
or mono-multifilament nets and changing the
sinker to a leaded rope with less water resistance.

Depth-adjustable drift gillnet:

Introduce depth adjustable drift gillnets that allow
the net to be adjusted to the depth zones where
the target fish schools are distributed. They are par-
ticularly useful in the hot season.

(2) Approach for fishing productivity improvement
during the hot season

a) Objectives

Improve fishing gears such as encircling gillnet, one
of the main fishing methods in the hot season when
the surface water temperatures rise, and other fishing
methods that can be operated at night to improve
catch in the hot season.

b) Basic factors
Increase catches without increasing fishing effort

Improve the net material and structure of currently
used fishing gear to increase fishing efficiency in night
time period. In addition, by making the net lighter, the
labor required for the operation can be reduced and
also time required for lifting operations can be short-
ened. Thus, this will lead to increasing the number of
operations per unit of time. This will result in a reduc-
tion of the time it takes for the catch to reach the full
capacity of fish hold of the boat, improving the catch
per operational hour.

Application of Practical Approaches 4

Introduce multiple fishing methods to increase
catches

The fishing methods which are mainly operated in the
hot season, such as encircling gillnets, cannot operate
from early morning until sunset. If this time period
could be used to operate other fishing methods, it
could increase the daily catches. However, as the work
cannot be carried out during daytime hours due to the
high temperature, the preferred method is to set the
fishing gear in the evening and catch the fish early in
the morning.

Improve working environment and safety

Reduced weight of fishing gears and introducing
fishing equipment/machinery can reduce onboard
labor. A pilot project carried out under the FSPAC pro-
ject showed that the introduction of the electric net
hauler made it possible for two people to lift bottom/
encircling gillnet, whereas previously 10 people were
required to do the same work. Also, lifting heavy nets
could be dangerous for fishers working onboard, but
lighter nets and the use of net haulers could increase
their safety.

Reduce operation costs

Fishery profits can be increased by improving catch
per operational hour and reducing operational costs
through labor saving onboard operations.

¢) Important notes and lessons

Establishment of a supply system for necessary
materials and equipment

In order to promote new fishing gear, the materials
and equipment supply system needs to be prepared.
Conduct survey to understand fishers' needs, then
establish the system of procurement and constant
supply for fishing nets which meet fishers' requirement,
and for fishing equipment and their spare parts.

Establishment of maintenance system for fishing
equipment

Train technicians for the installation and maintenance
of fishing equipment on fishing vessels.

Activities for popularization

Organize training sessions and produce and distribute
brochures to actively promote the new fishing gears
and equipment introducing.
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d) Expected Development Tools
The Coastal Fisheries Development Tools envisaged in
this approach are as follows.

Improved encircling gillnet:

Improve fishing gears to be more efficient and
lighter, for example, by replacing the twine nets
commonly used in Eritrea with nylon monofilament
or mono-multifilament nets and changing the
sinker to a leaded rope with less resistance of the
water.

Depth-adjustable drift gillnet:

Introduce depth adjustable drift gillnets that allow
the net to be adjusted to the depth zone where
the target fish school is distributed. It is particularly
useful in the hot season.

Electric net hauler:

Install electric net haulers for lifting gillnet fishing
gears that can be easily installed on existing fishing
vessels.

Small-scale bottom longline:

Introduce small-scale bottom longlines targeting
under-exploited demersal fish resources that do not
require large fishing equipment.

Pot fishing:

Introduce pot fishing gear to target demersal fish
resources. It will be placed in shallow water areas
where fishing vessels are anchored during times

when the gillnet fishing are not in operation.

(3) Approach for effective utilization of demersal fish-
ery resources
a) Objectives
Effective utilisation of demersal fish resources:
which are currently under-exploited in coastal areas, to
improve the overall catch of Artisanal Fisheries.

b) Basic factors
Promote the effective use of demersal fish resources

Compared to the offshore areas being developed by
Egyptian bottom trawlers, demersal fish resources in
the Eritrean coastal areas are currently mostly unex-
ploited. Utilization of those resources aimed at sus-
tainable use is necessary. Fishing methods should be
selected that are less likely to lead to overfishing and
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that preferably use current fishing vessels which do not
require large investments.

Increase fishing efficiency through multiple fishing
methods

In parallel with drift gillnet and/or encircling gillnet
operations used within the same day, a fixed fishing
gear targeting demersal fishes will also be installed to
increase the catch per operational day.

Reduce operation costs

Fishery profits can be increased by improving catch per
operational day.

¢) Important notes and lessons

Establishment of a supply system for necessary
materials and equipment

In order to promote new fishing gear, materials and
equipment, supply systems need to be prepared.
Conduct survey to understand fishers’ needs, then
establish a system of procurement and constant supply
for fishing nets which meeting fishers' requirement,
and for fishing equipment and their spare parts.

Activities for popularisation

Organise training sessions and produce and distribute
brochures to actively promote the new fishing gears
and equipment introduced.

d) Expected Development Tools
The Development Tools envisaged in this approacha
are as follows

Small-scale bottom longline:

Introduce small-scale bottom longlines targeting
under-exploited demersal fish resources that do not
require large fishing equipment.

Pot fishing:

Introduce pot fishing gear to target demersal fish
resources. It will be placed in shallow water areas
where fishing vessels are anchored during times

when the gillnet fishing are not in operation.

4-1-2 Distribution, marketing and infrastructure
(1) Approach for strengthening landing capacity of
Massawa fishing port
a) Objectives
Improve facilities and landing procedures at Massawa
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fishing port, the most important fishing port in Eritrea,
to enhance landing capacity and to increase fishers’
income.

b) Basic factors

Strengthen the supply system of fisheries products to
inland areas

Currently, Asmara and other inland cities are unable to
fully meet the growing demand for fisheries products.
On the other hand, there are sometimes many fishing
boats waiting their turn to land at the Massawa fishing
port. Thus, there is a need to strengthen the landing
capacity of the Massawa fishing port to increase the
supply of fisheries products.

Improve income opportunities for fishers

If fishers are able to land their catch and prepare for the
next trip promptly after arrival at port, this will increase
the number of fishing trips and improve income oppor-
tunities.

¢) Important notes and lessons
Review of required infrastructure.

Currently there is only one active landing wharf and
entry point to refrigeration and processing facilities. As
a result, only one fishing boat can land at a time as lim-
its landing capacity. There is a need to review necessary
facilities and equipment, and to consider appropriate
infrastructure development.

Improvement of landing procedures.

The landed catch is measured and recorded by MMR/
ERI-FISH and then packed with ice and delivered to
cold storage, but there is only one recording window
for this. These landing procedures are also limited to a
few hours in the morning. These problems in landing

Application of Practical Approaches 4

procedures limit the landing capacity of the Massawa
fishing port. MMR, NFC, ERI-FISH, EMPC and other fishing
port distribution stakeholders need to consult with
each other to identify and solve this problem in the
workflow and procedures of landing.

d) Expected Development Tools

The Coastal Fisheries Development Tools envisaged
in this approach are as follows. However, they are not
verified and required more consideration to implement
for the future.

Improvement and rehabilitation of the Massawa
fishing port:

Improve the landing wharf at the Massawa fishing
port and rehabilitation of old facilities to improve
the landing function. (*No verification of this Tool
has been carried out)

Improvement of procedures and workflow of fish
landing operation:

Improve procedures and work flow during landing
at the Massawa fishing port to improve the landing
function. (*No verification of this Tool has been
carried out)

(2) Approach for strengthening distribution capacity
to the inland area

a) Objectives

Improve fisheries products supplies to inland areas
by strengthening the transport capacity from Massawa
fishing port to Asmara and otherinland areas, and by
developing sales points in consumption areas. This
also aims to improve the income of fishers through
increased sales of fisheries products.

35



b) Basic factors
Contribute to food security.

Fisheries resources (allowable catches) in the Eritrean
EEZ are considered to be adequate. However, the
current situation does not fully meet the demand of
Asmara and other inland areas. In conjunction with the
aforementioned strengthening of the landing capac-
ity of the Massawa fishing port, the distribution and
marketing capacity in the inland areas will be strength-
ened, thereby contributing to the food security of the
country as a whole.

Improve fishers' incomes

be built on the islands to improve the maintenance
capacity of fishing boats, gear and engines, as well as
to improve the living environment of fishing villages.

b) Basic factors
Improve operational capacity
The construction of jetties, warehouses and mainte-
nance facilities will enable proper maintenance and

storage of fishing boats, fishing gears and engines. This
will lead to improved operational capacities such as
improved fishing efficiency and navigational safety.

Improve living environment in fishing villages

Increased distribution and sales of fisheries products
will also improve the supply opportunities for fishers. It
will contribute to increasing the income of fishers.

¢) Important notes and lessons
Setting goals through marketing research.

Appropriate marketing research should be carried out
to set distribution and sales goals in the inland areas. It
also should also include the number and size of refrig-
erated vehicles and sales points required to achieve
this goal.

d) Expected Development Tools

The Coastal Fisheries Development Tools envisaged in
this approach are as follows. However, they are not ver-
ified and required further consideration to implement
in the future.

Strengthening of cold supply chain by refrigerator
vehicles:

Increase refrigerated vehicles to enhance the
capacity to transport fresh fish to Asmara and other
inland areas. (*No verification of this Tool has been
carried out)

Preparation of fish supply facilities:

Activate and increase sales points for fisheries prod-
ucts in inland areas, such as fish markets and fish
retail shops. (*No verification of this Tool has been
carried out)

(3) Approach for installation of fishery infrastructures
in island villages
a) Objectives
Fishing port facilities such as jetties, fishing gear
warehouses and engine maintenance facilities are to
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Once a jetty is in place, it will facilitate the transport of

food, water and other goods necessary for the inhabit-

ants’ daily life from the mainland, thereby contribute to
improving the living environment of the remote island
communities.

¢) Important notes and lessons
Consideration of appropriate facility sizes
Fishing villages on remote islands differ in terms of

their population size and the number of fishing boats
they have. In designing a facility, sufficient surveys
should be carried out and care should be taken to
ensure that the size of the facility is appropriate for the
island.

Infrastructure development to suit the needs of the
community

Fishing port facilities are the infrastructure which pro-
vide a lifeline not only for fishers but also for the entire
island population. In designing the facilities, there
should be a thorough exchange of views with the com-
munity to ensure that the content of the facilities meets
their needs.

Fish caught by encircling gillnet
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d) Expected Development Tools

The Coastal Fisheries Development Tool envisaged in
this approach is as follows. However, it is not verified
and requires further consideration to implement it in
the future.

Application of Practical Approaches 4

Construction of fishing port and related facilities
in islands:

Develop fishing port infrastructure such as jetties,
fishing gear warehouses and maintenance facilities
in remote fishing villages. (*No verification of this
Tool has been carried out)

4-2 Application of practical approaches for Subsistence Fisheries Development

4-2-1 Basic idea of the Subsistence Fisheries
Development

For Subsistence Fisheries, the following two
approaches are indicated in the two areas, “Area of
fishing production” and “Area of sales and marketing"”.
The fishing production and sales/marketing issues
in the Subsistence Fisheries are strongly dependent
on each other. The Coastal Fisheries Development
Tools included in the two approaches below are also
closely related to each other. Such characteristics of
Subsistence Fisheries development are outlined in the
afollowing figure.

YUOEMIR Fishing productivity improvement for Subsistence Fisheries J

Stock enhancement by artificial seaweeds

Pound net fishing Bottom longline fishing

Increasing fish production

Input budget to maintenances

There is a relationship between "Approach for fishing
productivity improvement for Subsistence Fisheries” to
increase fishing production and “Approach forincome
improvement for subsistence fishing community” in
that both will convert the catches into revenue for the
fishing community. Furthermore, the revenues are used
to purchase and maintain fishing gear to sustain fishing
production.

Each approach should be implemented on the basis
of these relationships in the Subsistence Fisheries
development.

CNUGEMIR  Income improvement for subsistence fishing community J

Community Fishery Center

Fish processing
Value addition &

[ Improvement of fish distributions ] Increase sales
Increase in income

Fig 4-1. The relationship of the approaches in Subsistence Fisheries development

4-2-2 Fisheries production
(1) Approach for fishing productivity improvement
for Subsistence Fisheries

a) Objectives

The aim is to improve catches of under-utilized
resources, such as small coastal pelagic fish and demer-
sal fish resources, with small-scale technological inputs
that do not require fishing vessels, complex technology
or large investments.

b) Basic factors
Introduction of small-scale fishing gears and methods

Subsistence fishers generally do not have large cap-
ital and operate small-scale fishing methods that do

not use fishing vessels. Therefore, the fishing gears and
methods to be introduced do not require large invest-
ments or complex technology, such as fishing vessels
and large fishing gears.

Effective utilisation of low-use and/or unexploited
resources

Exploit under-utilized resources such as mullet
and indian mackerel, which are distributed close to
the coast but have not been exploited as much as
other resources, and which have not been fished
with small fixed gillnets or handline fishing. As these
fisheries resources are expected to be abundant and
can be caught close to the coast, large catches can be
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expected depending on the fishing method and the
labor and costs associated with the operation can be
kept low.

¢) Important notes and lessons
Operation and management by fishing communities

With regard to the implementation of fisheries
management, such as operations of the introduced
fishing methods, management of fishing gears, rules
for resource utilisation, and monitoring systems, a
fishermen's cooperative is established in each fishing
community to act as the implementing body. This is
because each fisher has a very small-scale capacity of
operation and management, so it is rational for them to
organize associations to achieve effective fishing oper-
ation and also to give them more ownership over the
support they receive from the government.

d) Expected Development Tools

The Coastal Fisheries Development Tools envisaged
in this approach are as follows. However, some tools
have not been verified and need to be considered in
the future.

Small-scale purse seine fishing:

Small fishing vessels that can be operated with
outboard motors and small purse seine nets are
introduced to catch small pelagic fishes such as
bluestripe herring and shorthead anchovy.

(*No verification of this Tool has been carried
out. Technological development in the future is
required)

Pound net:

Small Pound net is set up on the foreshore of the
fishing village to catch the migrating fish schools.
This fishing gear is more complex and larger than
subsistence fishers' gill nets, but the MMR provides
guidance on how to make, install and maintain the
gear. Fishermen’s associations in each community
operate and manage pound net on their own initi-
ative.

Small-scale bottom longline:

Introduce small-scale bottom longlines that can be
operated by canoe or raft to develop demersal fish
resources, such as groupers and snappers, in shal-

low coastal waters.

Coastal FAD by Artificial Seaweeds:

Construct FADs with artificial seaweed on sandy
muddy seabed to attract fish schools. This can be
used as a fishing ground and also as a spawning
device. It can also be substituted with other materi-
als such as tree branches.

38

Fish caught by pound net

4-2-3 Sales and marketing
(1) Approach for income improvement for subsistence
fishing community
a) Objectives
Improving the income of fishing communities of
Subsistence Fisheries through a series of activities,
including the provision of ice to preserve the quality
of fresh fish, cold storage facilities to reduce transport
costs, the development of sales facilities in consump-
tion areas and the promotion of sales to inland areas.
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b) Basic factors
Integrated activities from production to sales

Application of Practical Approaches 4

The aim is to obtain highly added value by seam-
lessly implementing a series of activities from quality
control of catches, processing, and transport until sale
the fisheries products to consumers.

Linkages with fishing production

Solar chest freezer:

It is used to keep the catch cool, freeze and produce
ice. Also, it is used as solar power as coastal fishing
villages usually do not have electricity supply.

Fishing production and marketing are inseparably
linked to the realization of community’s income gains.
In other words, this approach is an inextricably linked
activity to the aforementioned, “Approach for improv-
ing fishing productivity for subsistence fishery". It is
assumed that a part of the profits of this approach will
be used to fund the maintenance and purchase of fish-
ing gears to sustain fishing production.

¢) Important notes and lessons
Community-based activities

Cooler box:

It is used to transport fish catches with ice for
maintaining their freshness and adding value for
marketing.

Fish meat bone separator:

A kind of fish processing machine. It is possible to
remove an unnecessary part such as bones and
skin easily from fish to make a material of high
value fish processing products.

This approach is assumed as the government support
for community fisheries centers and necessary equip-
ment. fishermen'’s cooperatives need to be established
in each community to receive this support, and to be
the beneficiary to take the initiative and be the main
implementation body of this approach.

Community Fisheries Center

Fish meat mincer:

It is equipment to make fish minces for high value
fish processing products to contribute to the
income generation of fishing community.

Fish dryer:

It is equipment to make dried fish, value-added fish
product, for contributing to the income generation
of fishing community.

The community fisheries center as a Development
Tool, described below, will be the central hub of the
community for fisheries production and marketing
including ice making, cold storage and processing
functions. Communities/ cooperatives need to take the
initiative in making rules on how to use and manage
this facility, materials and equipment.

d) Expected Development Tools

The Coastal Fisheries Development Tools envisaged
in this approach are as follows. However, some Tools
have not been verified and need to be considered in
the future.

Fish smoker:

It is equipment to make smoked, value-added fish
product, for contributing to the income generation
of fishing community.

Community Fishery Center:

This is the central facility of fishing community
development that provides places for ice making,
cold storage, fish processing, its selling, storing
materials and community meetings.

Solar ice block making machine:

Produce ice to keep the catch cold. The ice is sold to
fishers and any surplus can be sold to other fishing
villages and towns, thus generating income from
other than fisheries products.

Small pelagic fish processing:

Small pelagic fishes such as bluestripe herring and
shorthead anchovy are processed into the products
that meet the consumption needs of the Eritrean
population. (*No verification of this Tool has been
carried out. Technological development in the
future is required)
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Table 4-1. Composition of the Approaches

Classification of
fisheries

Artisanal fisheries

Area of
Approaches

Fishing gears
and methods

Approaches

Approach for fishing
efficiency improvement

objectives

Increase the efficiency of Artisanal Fisheries’
existing fishing methods through the
improvement of fishing gear materials and the
introduction of fishing equipment such as net
haulers to increase catches and improve the work
environment.

Approach for fishing
productivity improvement
during the hot season

Improve fishing gears such as encircling gillnet,
one of the main fishing methods in the hot season
when the surface water temperatures rise, and
other fishing methods that can be operated at
night to improve catch in the hot season.

Approach for effective
utilization of demersal
fishery resources

Effective utilisation of demersal fish resources:
which are currently under-exploited in coastal
areas, to improve the overall catch of Artisanal
Fisheries.

subsistence fishing
communities

Distribution, Approach for strengthening Improve facilities and landing procedures at
marketing and landing capacity of Massawa | Massawa fishing port, the most important fishing
infrastructure fishing port port in Eritrea, to enhance landing capacity and to
increase fishers’ income.
Approach for strengthening Improve fisheries products supplies to inland
distribution capacity to the areas by strengthening the transport capacity
inland area from Massawa fishing port to Asmara and other
inland areas, and by developing sales points in
consumption areas. This also aims to improve
the income of fishers through increased sales of
fisheries products.
Approach for installation of Fishing port facilities such as jetties, fishing gear
fishery infrastructures in warehouses and engine maintenance facilities
island villages are to be built on the islands to improve the
maintenance capacity of fishing boats, gear
and engines, as well as to improve the living
environment of fishing villages.
Subsistence fisheries | Fisheries Approach for fishing The aim is to improve catches of under-utilised
production productivity improvement resources, such as small coastal pelagic fish
for Subsistence Fisheries and demersal fish resources, with small-scale
technological inputs that do not require fishing
vessels, complex technology or large investments.
Sales and Approach for income Improving the income of fishing communities
marketing improvement for of Subsistence Fisheries through a series of

activities, including the provision of ice to preserve
the quality of fresh fish, cold storage facilities to
reduce transport costs, the development of sales
facilities in consumption areas and the promotion
of sales to inland areas.
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Basic factors

e Increase catches without increasing effort
e Improve working environment and safety
¢ Reduce operation costs

Application of Practical Approaches 4

Expected Development Tools

» Mono-multifilament drift gillnet
» Electric net hauler
» Improved encircling gillnet Depth-adjustable drift gillnet

e Increase catches without increasing fishing effort

e Introduce multiple fishing methods to increase catches
e Improve working environment and safety

¢ Reduce operation costs

» Improved encircling gillnet

» Depth-adjustable drift gillnet
» Electric net hauler

» Small-scale bottom longline
» Pot fishing

e Promote the effective use of demersal fish resources
e Increase fishing efficiency through multiple fishing methods
¢ Reduce operation costs

» Small-scale bottom longline
» Pot fishing

* Strengthen the supply system of fisheries products to inland
areas
e Improve income opportunities for fishers

» Improvement and rehabilitation of the Massawa fishing port
» Improvement of procedures and workflow of fish landing
operation

* Contribute to food security
e Improve fishers’ income

» Strengthening of cold supply chain by refrigerator vehicles
» Preparation of fish supply facilities

e Improve operational capacity
e Improve living environment in fishing villages

» Construction of fishing port and related facilities in islands

e Introduction of small-scale fishing gears and methods
e Effective utilisation of low-use and/or unexploited resources

» Pound net

» Small-scale bottom longline

» Coastal FAD by Artificial Seaweeds
» Small-scale purse seine fishing

* Integrated activities from production to sales
e Linkages with fishing production

» Solar ice block making machine
» Solar chest freezer

» Cooler box

» Fish meat bone separator

» Fish meat mincer

» Fish dryer

» Fish smoker

» Community Fishery Center

» Small pelagic fish processing
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This part explains the specific contents of Coastal
Fisheries Development Tools applied in each approach
defined in Part 4. Those Development Tools, mainly
technologies and equipment, had been introduced
and tried to verify effectiveness in the "Project for the
Formulation of the Strategies and Practical Approaches
for Coastal Fisheries Development (FSPAC)" imple-

mented by MMR and JICA. Development Tools were
described in a simple format that is easy to refer to
when planning a coastal fisheries development project
based on the approaches. Also, the Annex 2, 3 and 4 of
these Guidelines should be referred to when it is neces-
sary to know the detailed technical contents.

5-1 Objective and utilization of Development Tools

As mentioned in the preceding part, Development
Tools are specific methods to implement the
approaches, in other words, Development Tools are the
methods to achieve the objectives of the approaches
through their implementation. Even though some
Development Tools are shown in the approaches in
preceding part, they should be selected according to
the needs of fishers/fishing communities and environ-
mental conditions when planning an actual coastal
fisheries development project. It is necessary to care-
fully consider which Development tool to choose by
conducting discussions with the persons concerned.

In the following sections, essential points of the
Development Tools are extracted such as the purpose,
structure, expected effectiveness and important notes,
and information is summarized into a simple format
of one or two pages. This format is suitable to select
appropriate Development Tools for each project of
coastal fisheries development in planning.

For the details of the Development Tools, refer to the
annexed document “Result of the Pilot Projects: Project
for the Formulation of the Strategies and Practical
Approaches for Coastal Fisheries Development (FSPAC)".
There are comprehensive and important sources
of knowledge for using the Development Tools that
include results of the technical verification, notices and
lessons to be introduced to the future projects. It is
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strongly recommended that they be consulted when
planning a project of coastal fisheries development
along with these Guidelines.

The Development Tools verified in the FSPAC project
and introduced in these Guidelines are as follows.

[Development Tools for Artisanal Fisheries]
(1) Mono-multifilament drift gillnet
(2) Improved encircling gillnet
(3) Depth-adjustable drift gillnet
(4) Electric net hauler
(5) Small-scale bottom longline
(6) Pot fishing

[Development Tools for Subsistence Fisheries]
(1) Pound net
(2) Coastal FAD by Artificial Seaweeds
(3) Solar block ice making machine
(4) Solar ice making chest freezer
(5) Solar chest freezer
(6) Cooler box
(7) Fish meat bone separator
(8) Fish meat mincer
(9) Fish dryer
(10) Fish smoker
(11) Community Fishery Center (Type 1)
(12) Community Fishery Center (Type 2)
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5-2 Development Tools for Artisanal Fisheries

(1) Mono-multifilament drift gillnet

Purpose: probability of fish catch being not only enmeshed but
To increase the productivity and production of the instead entangled is increased. The green colour and

existing drift gillnet by developing other techniques thinner twine create low visibility resulting in more

and materials. fish being encountered even if it is used during a full

moon. Moreover, fishers prefer it because it is very light

Outline so they can operate large numbers ff such gillnet by a
This type of gillnet verified in the FSPAC project is a smaller number of crews.

mono-multifilament netting that has 0.3mm thickness

8 filaments, 110mm mesh size, green colour, 100G and Materials and Costs per set:

303meter length. Netting: PA Mono-Multi. 0.3/8 T10mm (Mesh size) x 100G
In the experimental fishing, good results were x 303 meter length* green color.

obtained by Artisanal fishers. From the fishers’ view- Rope for head line: 8mm, 200meter

point the factors contributing to the relatively higher Sinker line; lead core braided sinker of180 g/meter and

catch efficiency of the newly produced gillnet over 70meter length

the existing gillnet might be that the nature of the Float; Y-20x90 pieces

twine is mono-multifilament: which is thinner, so the Total estimated cost: appr.1000 USD

Recommendations

From three experimental fishing and the fishers' indications, the following information was found that the drift
gillnets produced by the FSPAC project were more efficient in catching and workability than the fishers' drift gill-
nets. On the other hand, they also had problems such as weak lines and difficulty in repair.

Based on the information obtained, it is necessary to reconsider the material, line thickness, and mesh size of
the nets. In addition, the buoyancy and sinking force and hang-in ratio should also be recalculated in order to
introduce appropriate fishing nets.

The MMR fishing gear unit has capacity regarding the basic calculations and construction methods of gillnets
and is ready to implement measures to improve the gear.
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(2) Improved encircling gillnet

Purpose:

To develop alternative fishing gear and a method of
Artisanal Fisheries that can be operated during the hot
season to maximize income.

Outline:

Encircling gillnet is a type of gillnet which is practiced
during the hot season when the sea water temperature
is rising. Eventually, the targeted fish of Artisanal fishers
are forced to migrate deeper. This leads the fishers to
not engage actively in this season.

The improved encircling gillnet which is verified in
the FSPAC project has monofilament netting which has
106 mm mesh size, 200 mesh in depth x 151.5meter
length and green color. A total of three sets of 100m
length and 16m net depth were constructed and test
operations were conducted with Artisanal fishers.

In the fishing experiment of the encircling gillnet
the following information was provided from Artisanal
fishers.

(1) The net is lighter and requires less
labor, making it more profitable.

(2) There is a higher catch rate than the
fishers' encircling nets.

(3) The use of lead core sinker makes
less noise when cast into the water,
preventing fish from escaping.

(4) With lead core sinker rope, net
deployment and hauling is smooth
and the rope does not get tangled
in the net during operation.

(5) Fish are easily caught due to less
visibility of the net. On the other
hand, the disadvantages are as
follows:

(6) The netting line is thin and light, so the nets break
easily and are difficult to repair.

(7) The net is too slow to deploy in the sea due to the
lack of sinkers and floats. (Modified by fishers)

(8) The net depth is 16m, which is shorter than the fish-
ers' net depth of 28m.

Materials and Costs per set:

Net: PA monofilament No.10 * 106 mm * 200 G *
151.5meter* green colour

Head rope; PP three stranded 8mmy/dia, 100meter

length
Footrope; PP three stranded 7 mmy/dia, 100meter length
Sinker; braided lead core type sinker 180g/m* 200meter
length
Float; Y-20 100 pieces
Total estimated cost: 650 USD

Recommendations

The selection of materials for monofilament type of encircling gill-
nets also needs to be reconsidered because of the weakness of the
netting line and the difficulty of repairing it. When monofilament net
is used, the size of the netting line should be increased to strengthen
the durability. Although the multifilament twine is slightly more
expensive than the monofilament twine, it is easier to repair and
more durable. In the case of gillnets made of multifilament twine, it
is recommended to use thinner twine (For example: 210D/18-24). In
addition, the buoyancy and sinking force are recalculated as neces-
sary to increase the working efficiency and the catching efficiency.
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(3) Depth-adjustable drift gillnet

Purpose:

Coastal Fisheries Development Tools 5

Materials and Costs per set:

To develop alternative fishing gear and method of
Artisanal Fisheries that can be operated during the hot
season for maximizing income.

Outline:

under the FSPAC project, a new prototype drift gillnet
is designed to sink gradually in the water and has no
floats attached to the head rope.

The unique feature of this gear is that buoys are
attached to the head rope at intervals of 10 to 20m. By
adjusting the length of the buoy rope, the net can be
deployed at any depth of the target fish, which varies
with the seasons and growth of the fish.

Net: PA monofilament No.10*110mm*100G*151.5 meter*
brownish color.

Head rope: 6 mm/dia. x 100 m

Footrope: 6mmy/dia. 100 m

Sinker; Tetron braid rope lead core 50g/meter

Suspension rope; PP film rope 6mm/dia. 60 meter,

Buoy; 5 litre Plastic oil container

Total estimated cost: 650 USD

independently to get comprehensive data.

Recommendations

Spanish mackerel and queen fish, which are the main targets of the Eritrean drift gillnet fishery, are subject to
seasonal changes in seawater temperature and swimming depth during their growth process. However, the fish-
ers' drift gillnet is not suitable for year-round operation because the depth of the net cannot be adjusted. To solve
these problems, a depth-adjustable drift gillnet was designed and test operations were implemented. From this
operation, it was judged that this net was effective in increasing the operating time and improving the produc-
tivity of small-scale fishing boats. However, the fishing gear used in the survey is a prototype and should be opti-
mally improved in terms of gear buoyancy, sinking force, appropriate length of suspension rope, buoy shape and
buoyancy, etc. Moreover, the frequency of operation was very low. Therefore, such experiments should be tested
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(4) Electric net hauler

Purpose:

To minimize the labor cost or manpower and thereby
introduce new fishing technologies to enhance the
income of Artisanal Fisheries.

Outline:

Gillnetting in Eritrea is inefficient because it requires
a large number of fishers due to the thicker line and
heavier net. To address these problems, a feasibility
study on the introduction of a net hauler was initiated
in the FSPAC project. The test operation of the net hauler
for gillnet fishing was conducted on board the Artisanal
fishing boat. Same of the advantages of the net hauling
machine are that it works with 24V/DC so it consumes

less power, it simply generates power from batteries
and the design is simple and easy to monitor it.

Materials and Cost:

Net hauler machine; Koshin, Mag-roller MR-4024\

Drum for Net hauler; Roller MR-360

Battery; GS/Yuasa(MRN-130F571)

Battery charger; Meltec MP-230 25A

Battery charger; Ohashi-sangyo SMART CHARGER 25A

Breaker for DC24V; Fuji electric Intermediate circuit
breaker for 30A

Total estimated cost: 3000USD

From the results of the test operation, it was concluded that the
gillnets used by the Eritrean fishers are heavy and therefore some
modifications to the net hauler are necessary. In addition, this net
hauler was left on the fishing boat for further testing. So far, accord-
ing to the fishers’ opinion, the net hauler was very efficient for
lifting gillnets with minimalized manpower. In addition, the drum
of this net hauler is convenient for the use of bottom gillnet fishing,
since the bottom gillnet fishing is operated as deep as 80 meters,
which is difficult to haul manually. Even this machine could be effec-
tive for long-line fishing if the drum were made bigger to roll longer
main line.

Recommendations
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(5) Small-Scale bottom longline

Purpose:

Coastal Fisheries Development Tools 5

To develop new fishing techniques to increase
catches and diversify fishing methods and to promote
the development of demersal fisheries resources.

Outline

The preparation of this longline is a simple method,
which is produced by using locally available materials.
A type of the small-scale bottom longline which was
verified in the FSPAC project is one full basket (locally
produced hook bin), has 130meter of mainline with
50 branch lines, and each branch line is 60cm long,
attached at 6m intervals. The main parts of the longline
are the main line made of braided rope line number 42,
the monofilament branch line number 50 having one
milli-meter thickness and the circle type hook number
26. The fish caught are mostly coral reef fishes like red

snapper, grouper, emperor, guitarfish, catfish, and shark.

The advantage and disadvantage of small-scale bot-

tom longline fishery, obtained from the experimental
sea-going practice.

Advantage Disadvantage

No sea bottom pollution It requires more bait and fuel

It can cause harm to fish at
the time of operation

Easy to set and retrieve

Catch fresh fish
No ghost fishing
Used in different sea bottom

Materials and costs

Mainline; Lion mark, Deep line No.42 x 500m 4kg

Hook; Mutu type circle hook No. 26 and 28. 100 Pcs.

Branch line; Nylon Monofilament No. 50/Tmm dia. one
coil.

Hook bin; meshed Plastic basket.

Rope for anchor; PP 3 strands Z type 4mm(dia.) x 200m

Total Estimated cost 500 USD

Recommendations
Small bottom longline fishing can operate not only during the full moon but also during stormy weather, in
the shadow of islands, or in bays where the fishers can avoid the effects of wind and waves. If this fishing can
be operated year-round, including during periods of the hot season. It is expected to increase the income of the
fishers and improve their livelihoods by expanding fishery production and providing a stable supply of marine
products to the people of Eritrea. If the fishers can keep their bait fish in cold storage at the Massawa fishing port
facilities, it is likely that the small-scale bottom longline fishing will be quickly promoted.
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(6) Pot Fishing

Purpose:

Materials per set:

To diversify fishery technology to increase catches
by promoting the development of demersal fisheries
resources.

Outline:

Pot fishing (baited traps) is a fishing technology that
typically has lower impacts on the natural environment
than many other industrial fishing gear. Pots are trans-
portable and typically use bait to attract target species,
with retention devices to prevent escape. The benefits
of using pots include lower by-catch rates, minimal
impact on marine habitats, and a reduced contribution
to ghost fishing (when constructed with biodegradable
twine) compared to gill-nets. The benefits also include
easy operation, high efficiency catch and low costs.
Pots have also been classified as Low Impact and Fuel
Efficient (LIFE) gear because they require less fuel to
catch fish than other fishing gear. In the FSPAC project,
the results of the at-sea surveys using two types of pot
fishing gear demonstrated that good gear selection can
reduce gear damage and allow for efficient fishing in
coral reef areas.
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For frame making; Iron rode 8mm 12meter length
Net; PE English knot * 43.3 mm
Total estimated cost: 75 USD

Recommendations

This fishery is easy for even small-scale fishers
to engage in, and will be effective in developing
a variety of fisheries in the future. In addition,
the pots constructed by MMR are designed to be
stacked onboard and occupy little space.

In the future, it is expected that appropriate infor-
mation will be collected through test operations
of the pot fishing gear in order to promote the pot
fishing industry.
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5-3 Development Tools for Subsistence Fisheries

(1) Pound net

Purpose:

Materials and Costs:

To increase catches of Subsistence Fisheries by mak-
ing efficient use of shallow-water resources that can
be operated on foot for fishers who do not own fishing
vessels.

Outline:

Pound net is a type of small-scale setnet that is set
up in shallow water areas such as mudflats and fished
using the ebb and flow of the tides. The design by
FSPAC project is: height of the net is 1.5 meters, the
body net is 6 x 6 meters wide, the three tubular pocket
nets are 1.2 metres in diameter and 4.5 metres long,
and the leader net is 80 metres long. The fish caught
are migratory species along the coastline, mainly
indian mackerel, but also small queen fish, jackfish, gui-
tar fish, catfish and a wide variety of other fish species.
The fishing season is from May to October, excluding
the hot season, but is affected by water temperature
changes from year to year. While it can be set up with-
out a fishing boat and stable catches can be expected,
it also has disadvantages: it cannot be operated during
the hot season because the water temperature along
the coast is very high, and it also cannot be operated
during strong winds and waves because the nets may
be broken. Care must also be taken in the selection of
the installation site, as there is a risk that if the seabed
material is too soft, the piles may come loose and the
nets may be washed away.

Body nets: PE English knot. 200D/24 x 50mm x 40G x
30m

Leader nets: PE English knot, 400D/15x76mmx100G x 50

Pocket nets: PE English knot, 400D/12x43.3mmx100 X

30m

Frame rope: 8 mm/dia. x 90 m

Anchor rope: 6mmy/dia. 140 m

Wood stack: 30-50 mmy/dia. 2.3 m, 27 pieces

Iron tool for setting; 1800mmx35 dia.

Pocket net ring: PE pipe 8mm,

Total estimated cost: 750 USD

nity incomes.

this tool.

It is a very effective fishing gear in shallow coastal waters, especially on
mud flats and muddy, sandy-bottomed beaches. It is suitable for fisheries
development in the small-scale Subsistence Fisheries communities, as it
can be set up and operated without the need for fishing vessels or major
investment. However, as they are strongly affected by wind and waves,
consideration should be given to the location of the installation. It is rec-
ommended that this tool should be used in conjunction with other tools
such as community fisheries centers and ice machines to improve commu-

Preparing a business/management plan is necessary for sustainability of

Recommendations
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(2) Coastal FAD by Artificial Seaweeds

Purpose:

To generate new fishing ground in the coastal area
and increase fishing trip opportunity while improving
biodiversity of the ecosystem and enhancing fisheries
resources.

Outline

Coastal areas of
Eritrea are sparsely
wooded and have
limited nutrient
supply from land.

In addition, there

are few large seaweed beds that provide spawning
and nursery grounds for marine organisms, due to the
sandy and muddy bottom in coastal areas.

Artificial seaweed beds are expected to function as a
spawning bed for fish and marine organisms, especially
in tropical sandy coastal areas as well as fishing ground.
Therefore, the FSPAC project conducted Fish Aggregating
Device (FAD) development examination using artificial
seaweed "C-lant” in the Hirugigo coastal area.

The preparation procedure was (1) for anchorage
and basement of the c-lant belts, 15 sand bags each
weighing 20kg were prepared, (2) then all sandbag were
wrapped by a square mesh net using connectors and (3)

finally six c-lant (arti-
ficial seaweed) were
attached to every
sandbag by using
snaps to the square
meshed net.

In the survey of
the FSPAC project, a time-lapse camera was set up to
take one snapshot every 10 seconds after the installa-
tion of the FAD with C-lant. Taking images using this
time-lapse camera took place for a one week period
every month from May to October 2022. As the result, it
was shown that a number of fish schools and species
were aggregated around the FAD continuously through
the survey period. The main species aggregated are
black-spot snapper, Indian mackerel and barracuda.
Especially, black-spot snapper was dominant.

Materials

Artificial seaweeds (c-lant) (200cm*5cm) 84 pieces.
Plastic net (80cm*100cm) 15 Pieces.

Empty sand bag 15 Pieces

Connectors 84 pieces.

Cutter one piece

Recommendations

could be achieved.

It was found that a new fishing ground for both small pelagic fish and
large fish can be formed by installing artificial seaweed's FAD in relatively
shallow coastal areas in Eritrea. However, in order to ensure the long-term
fish aggregating effect of the FAD, it is necessary to take care (mainte-
nance) such as cleaning the surface of C-lant. In addition, since shallow
water fishing grounds are easily accessible to everyone, there is a danger
of easily overfishing. For this reason, it is considered necessary to impose
some restrictions, in other words, to make some limited entry system, for
the sustainable use of fishing grounds. It is suggested that a community
that contributed to making the fishing grounds and doing the mainte-
nance on the FAD should have exclusive use right of the fishing grounds.
According this strategy, community enhancements and stable fishery catch
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(3) Solar ice block making machine

Purpose:

Coastal Fisheries Development Tools 5

To make block ice for preserving the QUALITY of fish
for distribution. The ice produced will reduce the post-
harvest losses by keeping the quality of fish at sea and
during transport to marketplace. This will increase the
income of the fishing community.

Outline:

It makes block ice automatically using solar power
and supplied water. The capacity of ice making depends
on the number of batteries and solar panels but usually
it is expected to make ice two to three times a day.

An example of the machine introduced by the FSPAC
pilot project in Zula CFC is:

32 pcs of solar panels installed and fenced in
Zula CFC

Ice Block Making Machine in Zula CFC

OMT DOTB10, made in China

(1) Ice block making machine: 30pcs/3hrs. Ice block size
10 x 9.5 x 50cm (4.4kg). Refrigerant HFC R404a. Max.
Ambient temperature 43°C.

(2) Solar power system: Solar panel, 275W x 32 pcs.
Battery, 12v150AH x 16 pcs. MPPT controller, 100A/96V,
input 145V-200VDC. Three-phase inverter, 30KW
DC96V AC380V 50Hz.

(3) Installed in Zula Community Fishery Center (CFQ).

Cost: (526,875: (1) Ice block making machine set, $8,844,

Water cooling tower for condenser cooling, and
water tank (2m2) and tower

Ice blocks came out of the machine

(2) Solar system set, 518,031

Inverter and 16 pcs of solar batteries

Ice blocks ready for distribution

ent temperature.

Recommendations
» Operational in coastal villages that are not connected to the power grid.
» Modern ice block making machine produces 60pcs 264kg (average) per day (7 hour, 2 batch).
* Simple structure, without use of brine water for cooling.
* Solar system is specifically designed for the Eritrean coastal area to operate the ice machine in 43°C max. ambi-

* Preparing a business/management plan is necessary for sustainability of this tool.
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(4) solar ice making chest freezer

Purpose:

To make ice for preserving the QUALITY of fish for dis-
tribution. The ice produced will reduce the postharvest
losses by keeping the quality of fish at sea and during
transport to marketplace and make it possible to store
the remaining fish from initial sale to the next market
day. This will increase the income of the fishing com-
munity.

Outline:

FREECOLD RCSI410L complete kit, made in France,

(maker was liquidated)

(1) Chest Freezer: Capacity 410L. Type SN-T (10°C - 43°C).
800W/h. Refrigerant R134a. Size 88 x 156 x 71cm. Uses
plastic container (1.9L/pc) with lid to form ice.

(2) Solar power system: Solar panel, 330W x 2pcs.

Solar battery, AGM 210Ah x 2pcs (EU origin). MPPT
Controller. Mount frame set.
(3) Installed in Hirgigo Community Fishery Center (CFC).
Cost: $2,920-: (1) + (2)

The refrigerator uses solar power to make ice in plas-
tic containers. It has a more simple structure, utilization
and installation than ice block making machine. The
costs of procurement and maintenance are also low.

An example, the solar chest freezer installed by FSPAC
pilot project in Hirgigo are;

Chest freezers installed in Hirgigo CFC
CFC

Pouring water into plastic containers for ice
making freezer

Solar panels and water tank installed in Hirgigo

Installation of MPPT controller and batteries

Plastic containers with water piled in the chest

Recommendations
» Operational in coastal villages that are not connected to the power grid .

» Simple operation and maintenance, and easy to make ice.

 Possible to make ice in hot coastal areas with max. ambient temperature of 43°C.

 Freezeris convertible into refrigerator.

* Preparing a business/management plan is necessary for sustainability of this tool.
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(5) solar chest freezer

Purpose: FREECOLD RCSI410L complete kit, made in France,

To STORE harvested fish for optimum timing of distri- (same equipment used for ice making in Hirgigo CFQ).
bution. This keeps the fresh fish cool and freezes fish (1) Chest Freezer: Capacity 410L. Type SN-T (10°C - 43°Q).
to reduce the post-harvest losses of caught fish and 800W/h. Refrigerant R134a. Size 88 x 156 x 71cm.
increase the income of the fishing community. Use plastic container (1.9L/pc) with lid to form ice.

(2) Solar power system: Solar panel, 330W x 2pcs.
Outline: Solar battery, AGM 210Ah x 2pcs (EU origin). MPPT

The solar chest freezer uses solar power to store fish Controller. Mount frame set.
in as good quality as fresh or frozen fish. (3) Installed in Hirgigo and Zula Community Fishery

An example, the solar chest freezers installed by the Center (CFQ).

FSPAC pilot project in Hirgigo and Zula are; Cost: $2,920-: (1) + (2)
Chest freezer installed in Zula CFC to store fish 3 Chest freezers Installed in Hirgigo CFC, one is Solar panels installed in Zula CFC

for fish storage and the rest are for ice making

Recommendations
e Freeze and store fish after harvesting for optimum distribution, i.e.
cumulate harvests and distribute at community market days.
» Operational in coastal villages that are not connected to the power grid.
¢ Possible to operate in hot coastal areas with max. ambient tempera-
ture of 43°C.
e Convertible into refrigerator.
Solar panels installed in Hirgigo CFC ¢ Preparing a business/management plan is necessary for sustainability
of this tool.
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(6) Cooler box

Purpose:

To TRANSPORT harvested fish for distribution. This will
help the fishers to transport ice to the sea and to store
and transport the fish from the sea to the CFC and to
the marketplace while keeping the quality of the fish
good. This helps to sell the fish that was thrown out
before and increase fishers’ income.

Outline:

Cooler boxes are used to store fish for a prolonged
time with good quality and to store ice taken out to sea
while keeping the ice from being melted.

An example, the cooler box supplied by FSPAC pilot
project in Hirgigo and Zula are;

Cooler Box delivered to Zula Cooperative,

Cooler Box delivered to Hirgigo covered with hand-made hemp jute cloth for

Cooperative (total 9 pcs) protection (total 9 pcs)

(7) Fish meat bone separator

Purpose:

To extract and collect the fish meat by separating the
fish skin, bones and fins. This will solve the problem of
eating fish with bones, which is not preferred by the

people. Cooperative members will consume all of the
small size fishes which have small bones by producing
fish paste. The produced fish paste will allow the coop-
erative members to prepare value-added products such
as fish cake, fish balls and fish hamburger to increase
theirincome.

Outline:
It separates the fish meat from skin and bones easier

and more quickly than by manual separation. Therefore,
it is suitable for making fish paste as materials of fish
meat products for mass production.

An example, the fish meat bone separator installed
by the FSPAC pilot project in Hirgigo is;
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Coleman, made in USA, Polylight 48QT. Polypropylene.
Capacity 45L. Ice retention 3 days. Size 63 x 33 x 39.5cm.
Weight 4.1kg.

Coleman Cooler Box, out view  Coleman Cooler Box, lid opened (45 liter)

Recommendations

 High cold retention (ice for 3 days) and
easy to carry (weight 4.1 kg).

* Inside space accommodates Zula block
ice (L=50cm).

» Use for fish transport together with ice,
to preserve quality and prolong the
shelf life of fish.

Luohe QT-A11, made in China. Capacity 180kg/h.
Voltage 220V. Power consumption 2.2kw. Belt; thickness
20mm, length 1450mm. Cylinder; diameter 219mm,
length 300mm, thickness 8mm. Mesh diameter 3.4mm.
Size 80 x 55 x 80cm. Weight 180kg. Stainless steel.
Delivered to MMR and Hirgigo Cooperative. Amount of
meat harvested can reach 90%.

=

Fish meat separated
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Recommendations
 Easy to obtain fish flesh to make fish
meat balls and other products.
« Whole machine made of anti-corrosive
stainless steel.
* Improve the utilization rate of raw
materials and save labor cost.

Processing side view, Meat outlet (front) & Back side of machinev
Bone outlet (right)

(8) Fish meat mincer

Purpose:
To mince the fish flesh. This will help the cooperative Ring ~ Plate  Knife Roll MainBody Handle Stopper Screw
members to prepare different value-added fish prod-

ucts to increase theirincome.

Outline:
It is used to prepare minced fish meat manually.
Installation and maintenance are easier than the meat

bone separator. The procurement and maintenance
costs are also low.

An example, the Meat Mincer installed by FSPAC pilot
project in Hirgigo is:

Meat Mincer/Chopper MT-32. Size 32 x 16 x 20.1cm.

Weight 8kg. Mesh diameter 4-5mm. Stainless steel Ring Knife
& wood (handle). Delivered to Hirgigvo and Zula ]
. Main Body
Cooperatives.
Handle
Cost: $130- Roll
Meat Mincer MT-32 Plate Stopper Screw
Recommendations

» Easy to mince fish flesh to make fish meat balls and other products.
¢ Operational without electricity, good in rural setting.
¢ Simple operation and maintenance, easy to dismantle and wash.
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(9) Fish dryer

Purpose:

Outline:

To dry fresh fish for preservation and to prepare dif-
ferent value-added fish products such as fish powder
and fish sauce. This will help the community to prepare
dry fish which can be stored for a long period of time
and prepare fish powder which is important to fight
malnutrition and increase their income.

Cost: $400-

Cabinet dryer, front view Surface of dryer shelf

Fish driers can be prepared in different shape and
size to dry fish. The fish dryer supplied to Hirgigo and
Zula by FSPAC project is Cabinet dryer, made by MMR
Engineering Division. Wood frames with 4 shelves.

Covered with mesh for good ventilation and protection

from insect attack. Size 1.0 x 1.0 x 1.2m. Delivered to
Hirgigo and Zula Cooperatives.

Drying fish

Recommendations
* The most efficient dryer among 6 types tested by MMR.
» Simple to manufacture with locally available materials.
e Easy to transport and install in any place.

Dried fish products

(10) Fish smoker

Purpose:

To smoke fresh fish for preservation and to add fla-
vour to fish to make value-added products. This will
help the cooperative members to produce marketable
smoked products and increase their income.

Outline:

Smoking kiln is prepared from different materials and
in different designs to smoke fish for preservation and

Fish smoker, outer view  Inside view of smoker

of smoker
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Smoked wood at the bottom

value addition. The smoking kiln given to the coopera-
tives in Hirgigo and Zula by FSPAC project is a full size
drum can smoker, made by MMR Engineering Division.
It is a drum can with Injera lid. It has removable 3-lay-
ered metal mesh shelves inside. Delivered to Hirgigo
and Zula Cooperatives.

Cost: $100-

Harvesting smoked fish Smoked fish products
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Recommendations
 Use well-dried wood for making smoke which should be white and thin, and kept for 3 hours.
¢ Simple to manufacture with locally available materials.
» Easy to transport and install in any place.

(11) Community Fishery Center (Type 1)

Purpose: CFC Type 1 that was built in Zula under the pilot project
To provide places for ice making, fish processing of the FSPAC project is a renovated existing building
and selling, storing materials and community meet- (former Arabic school). It has an installed ice making
ings. This will give the community the chance to work machine, fish storage freezer, water supply system. It
together and produce a source of income. has working space (44m?2) for fish processing, training,
workshop, accommodation, storage of equipment.
Outline:
The Community Fishery Center (CFC) is a place where Cost: $10,215-

people can process and sell fish in a central place. The

Zula CFC. Roof, windows and doors were renovated

East-south side view Renovation plan

Recommendations

¢ Place to be a hub of fishery activities in the community.

* Place to foster the vitality which nurtures and expands fishery activi-
ties.

¢ Place to foster the community’s ownership of fishery development
activities though cooperative works and meetings for decision making.

¢ Preparing a business/management plan is necessary for sustainability
of this tool.

3 new windows installed in the west side
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(12) Community Fishery Center (Type 2)

Purpose:

To provide places for ice making, fish processing
and selling, storing materials and community meet-
ings. This will give the community the chance to work
together and produce a source of income.

Outline:

Cost: $11,792-

Community Fishery Center (CFC) is a place where peo-
ple can process and sale fish in a central place. The CFC

Hirgigo CFC. Modified container house with Front view. Entrance and working space

windows, door and roof

Construction plan

Type 2 that built in Hirgigo under the pilot project of the
FSPAC project is an installed modified 20 feet container
with a door, windows, roof, eaves and water supply. It
has work space (27m2) for ice making, fish processing,
training, workshops and storage of equipment.

Installing modified container

Recommendations
Place to be a hub of fishery activities
in the community.
Place to foster the vitality which nur-
tures and expands fishery activities.
Place to foster the community’s
ownership of fishery development
activities though cooperative works
and meetings for decision making.
Preparing a business/management
plan is necessary for sustainability
of this tool.
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