creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= F R0l 86tH HFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICh

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE olSXAt2 Heles 212 WS0ll 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Thesis for the Degree of Master of Fisheries Science

Ecosystem-based resource assessment
and management system for Red Sea

fisheries off Egypt

by
Mohammed Abdelaty Mahdy

KOICA-PKNU International Graduate Program-of Fisheries Science
Graduate School of Global Fisheries

Pukyong National University

February 2015

@ pknu



Ecosystem-based resource assessment
and management system for Red Sea

fisheries off Egypt
olHE Fafo] el AefA 7N AFA

7} % e A 2

Advisor: Prof. Zhang Chang-lk
by
Mohammed Abdelaty Mahdy
A thesis submitted in partial fulfillment of the requirements for the degree of
Master of Fisheries Science
in KOICA-PKNU International Graduate Program of Fisheries Science,
Graduate School of Global Fisheries

Pukyong National University

February, 2015

Collection @ pknu



Ecosystem-based resource assessment
and management system for Red Sea
fisheries off Egypt
A dissertation

by

Mohammed Abdelaty Mahdy

Approved by :

(Chairman).-Dr. Yoon Sang Chul

(Member) Dr. Park Hee Won

(Member) Prof. Chang Ik Zhang

February 21, 2015

Collection @ pknu



Table of contents

Table of CONteNts  -«-ererererererr e i
LiSt OF FIQUIES =sresmremmrme e ii
List Of Tables - -eremmremmrmen e vi
ADSEFACT = rereremmere e viii
L. INErOQUCTION = e s mrem e e 1
1.1. Overview of Red Sea fiSheries --=-----cermesmrerrimimnneeee, 5
1.2. Characteristics of Red Sea fisheries --«exreeveramammininnennnnnne. 7
1.2.1. Purse seine fiShery -sss--seermiiimneine e 7
1.2.2. Travel Tishiery -- i - SSSEECSees . W .S58 ... L. werd |........ 8
1.2.3. Longling fisShery «--seeseeem i 8
1.3. EBFM\ - gmp-s -t ----- - SNSRI B .. f ... 10
I1. Materials and Methods. ==« === xererekmmmmererrne e e 13
2.1. Data SOUICES - -« == -mssmmae e s st eee e st e s s s e s e 13
2.2. MEtNOOS - --mrmremrrm e 14

2.2.1. Target and limit reference points for indicators of sustainability

2.2.2. Target and limit reference points for indicators of biodiversity 23

Collection @ pknu



2.2.3. Target and limit reference points for indicators of habitat quality

3.2. Assessment for the seven species of the Egypt Red Sea ecosystem by
Tier 2 approach |--««--dss.seemmeeeenane it e 35
3.3. Species Risk Indices of each fishery in Egypt Red Sea fisheries
assessed DY Tier 2 aPPrOAChES. ««sssrxxxssssusrerersrsasanrerasassannneees 64

3.4. Fisheries Risk Indices and Ecosystem Risk Index for the Egypt Red

oV, W . S - . | o 71
IV . DISCUSSION =+ rnrermsmrmmmsmrarnrneamanemrnraraeanananensnranananananensn 75
REFEIEIICES - +-r=rnrmrmemrmrmrneemamam s ranaenanam e s s e e namamenrnneananns 84
ACKNOWIEAGEMENT «resesmmeeesensmmesrimmmmsemmmmeiiiiisesiinnesssnnaeasennas 89
ADPENTICES eeeerrrrrrrosmmmuusesinnisiiiimisssmmueesiimieesiinnsssamaaesenias 90

ii

Collection @ pknu



List of Figures

Fig. 1.1. Map of Egypt and the Red Sea --=-=--=xrmemrmrerernniiennnns 2
Fig. 1.2. Total marine landings of the Red Sea fisheries in Egypt --------- 6
Fig. 1.3. Identification of objectives and attributes for the ecosystem-based
fisheries assessment appProach ««-«-«-xxerererermmmmmmmn e 12
Fig. 2.1. Nested structure of risk indices used in the ecosystem-based
fisheries assessment appProach --=-s--s-sxererereremmreimen e 21
Fig. 3.1. Objective risk diagram for three target species by the purse seine
fishery in Egypt Red Seain 2002 -««---ssrsassecmssermunieionmranedsannnnn. 40
Fig. 3.2. Number of species by risk zone diagram for four objectives by the
purse seine fishery of Egypt Red Sea in 2002 -----=----xxerereeneranennne. 40
Fig. 3.3. Objective risk diagram for two target species by the trawl fishery in
Egypt Red Sea in 2002 -+ -smrsrrreanrrassmnusion e danianiennn e enannen 43
Fig. 3.4. Number of species by risk zone diagram for four objectives by the
trawl fishery of Egypt Red Sea in 2002 «---«xxesrrmurrmmaremmunenannnan. 43
Fig. 3.5. Objective risk diagram for two target species by the long line

fishery in Egypt Red Sea in 2002 ---«-c-aremammmaiaiiaicicaiceianceanana 46

Collection @ pknu



Fig. 3.6. Number of species by risk zone diagram for four objectives by the
long line fishery of Egypt Red Sea in 2002 «++++++sxxxsssssssreeerrsaannnes 46
Fig. 3.7. Number of species by risk zone diagram for four objectives in
Egypt Red Sea fisheries in 2002 ««--xsssrrrmmurmmmmnsnmminiieeaas 48
Fig. 3.8. Objective risk diagram for three target species by the purse seine
fishery in Egypt Red Sea in 2012 «««--xreesrmmmmmrrmmmuiniieeneaes 54
Fig. 3.9. Number of species by risk zone diagram for four objectives by the
purse seine fishery of Egypt Red Sea in 2012 «---emserermemerenerannnane. 54
Fig. 3.10. Objective risk diagram for two target species by the trawl fishery
in Egypt Red Sea in 2012, 488 aemaeneescieatins it e 57
Fig. 3.11. Number of species by risk zone diagram for four objectives by the
trawl fishery of Egypt Red Sea in 2012 «--xavarerereremnnniiiiinn e, 57
Fig. 3.12. Objective risk diagram for two target species by the long line
fishery in Egypt Red Sea@'in-2012 --------ueererine e tocdotinatunnnnnnnnnnne, 60
Fig. 3.13. Number of species by risk zone diagram for four objectives by the
long line fishery of Egypt Red Sea in 2012 ---««sxreusrmmmnsrmmnnnnnnnns 60
Fig. 3.14. Number of species by risk zone diagram for four objectives in

Egypt Red Sea fisheries in 2012 -«-«-=«-s-ascsmasasamasasasaamasmsnanannan- 62

Collection @ pknu



Fig. 3.15. Species Risk diagrams by fishery assessed by the Tier 2 approach
in the Egypt Red Sea in 2002 «---««+xxxsssrermusmmmmuniniae e 66
Fig. 3.16. Species Risk diagrams by fishery assessed by the Tier 2 approach
in the Egypt Red Sea in 2012 «---««xxxressrmrmurmmmmnreine e 69
Fig. 3.17. Fishery and Ecosystem Risk diagram assessed by the Tier 2
approach for the Egypt Red Sea in 2002 «««««x-rsessrrrmussrmmmnnnennannne. 72
Fig. 3.18. Fishery and Ecosystem Risk diagram assessed by the Tier 2
approach for the Egypt Red Sea in 2012 «-««-+s-ssmssemanrrrmnnnnnnannne. 74
Fig. 4.1. Relative positions of objective risk indices (ORI). for seven target
SPECIES 2002 »2xvuessnererme sl siiinnnnn il i e 77
Fig. 4.2. Relative positions of objective risk indices (ORI) for seven target
SPECIES 2012 e vireveesonmsb s ermmauunsseubimeeiiiii e e 78
Fig. 4.3. Fishery risk index diagram to the three target fisheries for the
Egypt Red Sea in-2002:8Nd-2012 -+ ---esvremevine e ottbnst'nnnnnninnene, 82

Fig. 4.4. Ecosystem risk index diagram for the Egypt Red Sea in 2002 and

Collection @ pknu



List of Tables

Table 2.1. Survey for fishermen for the management of coastal fishery
FESOUFCES == -==x=x s smssmrm s s et s et 14
Table 2.2. Objectives and indicators for Tier 2 survey questionnaire by Red
Sea fISNermen ««-exeemrmrerer e 28
Table 3.1. Major fisheries and fish species by fishing gear in marine water

the Red Sea in EQypt 2002 - -« x-xevumsmmmcarrremn i 32
Table 3.2. Major fisheries and fish species by fishing gear in marine water
the Red Sea in EQYpt 2012 ---«xreeereeeermmmasiemunieeenisineran e 34
Table 3.3. Risk zone by number of indicators for four objectives in Egypt
Red Sea target fisheries 2002 «--««---sserassemasemauimnniiinienieienann. 37
Table 3.4. Objective risk index (ORI) for purse seine fishery of Egypt Red
Seq iN 2002 - et PN T e Tl - B e e e 39

Table 3.5. Objective risk index (ORI) for trawl fishery of Egypt Red Sea in

Table 3.6. Objective risk index (ORI) for long line fishery of Egypt Red Sea

02010 72 PP 45

Vi

Collection @ pknu



Table 3.7. Number of species by risk zones for four objectives for Egypt
Red Sea fiSheries in 2002 «--«««-«=ncrearraarmarmamraamraaneaneeanraaneananens 48

Table 3.8. Risk zone by number of indicators for four objectives in Egypt
Red Sea target fisheries 2012 ««««««+-reesrrrmunsrmmmurriiieeeeeeee 51

Table 3.9. Objective risk index (ORI) for purse seine fishery of Egypt Red
Y=Y 11 4 70 1 7S 53

Table 3.10. Objective risk index (ORI) for trawl fishery of Egypt Red Sea in

Table 3.11. Obijective risk index (ORI) for long line fishery of Egypt Red
Seain 201 -acte- -/l . W M. ... 8T N L 59
Table 3.12. Number of species by risk zones for four objectives for Egypt
Red Sea fISNEries in 2012 ««-««--x«ncxummsaaseamtanmraammaameanneasaantannnn 62
Table 3.13. Species Risk Indices by fishery assessed by the Tier 2 approach
in the Egypt Red*SeaiiZ002.-«x-x++-c-eusrenmvine e atbnst'nnnnnnnnee. 65
Table 3.14. Species Risk Indices by fishery assessed by the Tier 2 approach

in the Egypt Red Seain 2012 -«-«-=scmamaemmmaiaanaiaanaiaanaacsnanaanaanans 68

vii

Collection @ pknu



Ecosystem-based resource assessment and management system

for Red Sea fisheries off Egypt
Mohammed Abdelaty Mahdy

KOICA-PKNU International Graduate Program of Fisheries Science,
Graduate School of Global Fisheries

Pukyong National University

Abstract

Fish landings in the Egyption waters of the Red Sea have declined substantially from
82,400 metric ton in the 1999s to 44,000 metric ton in 2010 due to overfishing. Fish habitat
quality in the Red Sea has been degraded by anthropogenic activities including tourism
activities and' coastal pollution. In this study an ecosystem-based fisheries assessment
(EBFA) approach Tier 2 developed by Zhang et al. (2011) have been used to assess the Red
Sea fisheries. Nested risk indices, such as objectives risk index (ORI), species risk index
(SRI), fishery risk index (FRI),-and-ecosystem risk index (ERI), were estimated status of
the two years. The results of the status of the two years were compared. Management status
indices for 2012 have shown significant negative change compared to condition 2002 with
respect to sustainability, biodiversity, ecosystem habitat quality and socio-economy. From
the assessment of seven fish species risk index by the Tier 2 approach, the Egypt Red Sea

had 80% of indicators in the green zone, 18.1% in the yellow zone and 1.9% in the red zone

viii
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in 2002. But in 2012 had 27.6% of indicators in the desirable green zone, 48.6% in yellow
zone and 23.8% in red zone. Three fisheries namely; Purse seine, trawl and longline in
2002 had risk index 0.44, 0.79 and 0.46 respectively and fall in desirable green zone. But in
2012 they had risk index 1.78, 1.85 and 1.24 respectively and fall in yellow zone. The
Egypt Red Sea ecosystem has risk index 0.70 in 2002 and fall in desirable green zone but in
2012 had 1.69 and fall in yellow zone. Recent 2012 management status indices have shown
significant negative change compared to condition 2002 with respect to sustainability of the
stock and fishery and with regards to biodiversity and ecosystem habitat quality and socio-
economy. Therefore, the Red Sea fisheries management system need to be established
considering four management objectives suggested in the study in-order to improve the Red

Sea marine ecosystem by reducing risk indices for each management objective.
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l. Introduction

The Red Sea is a semi-enclosed tropical body of water. The Red Sea is
located between the Mediterranean Sea from the north and the Indian Ocean
from the south and is bordered by Egypt, Sudan, Eritrea and Djibouti on the
west, and Yemen and Saudi Arabia on the east (Fig. 1.1). It has a surface
area of 480,385 km?, of which 2.33% is protected and includes 7.8 % of the
world’s coral reefs and Shelf area 141,005 km? and inshore fishing area
(IFA) 190,695 km? (Sea Around Us, 2011). It is also an important shipping
route for the oil tankers and other ships like shipping and military travelling
through the Suez Canal. Bab-el-Mandeb' Strait is separating the continents
of Asia Yemen on the Arabian Peninsula and Africa Djibouti, north of
Somalia on the Horn of Africa, connecting the Red Sea to the Indian Ocean
Gulf of Aden. The Red Sea is connected to the Gulf of Aden, and hence to
the Arabian Sea, via the Strait of Bab-EI-Mandab, which is only about 20
km wide and 300 m deep. The shallowest part of the passage, however, lies
about 140 km further basin-inward, near greater Hanish Island. Passage is
only 137 m deep, while the channel deeper than 120 m is only 11 km wide

(Rohling and Zachariassef, 1996).
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Fig. 1.1. Map of Egypt and the Red Sea including Suez and Agaba Gulfs.
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The northern end of the Red Sea is bifurcated by the Sinai Peninsula,
creating the Gulf of Suez In the west and to the east the Gulf of Agaba. The
Gulf of Agaba stretches some 120 miles north from the Straits of Tiran,
ending where the southern border of Israel meets the borders of Egypt and
Jordan. The Red Sea is considered a Class I, highly productive ecosystem
(Baars et al., 1998). Describe the seasonal fluctuations in plankton biomass
and productivity in the southern Red Sea, based on research cruise data the
phytoplankton, zooplankton and fish fauna bear more similarity to the
Indian Ocean biota than Mediterranean Sea. Its complex reefs, together with
extensive mangroves, seagrass and macro-algal beds form highly productive
habitats for unique species assemblages. Endemism is very high, especially
among reef fishes and invertebrates, the latter including a number of
dinoflagellates and euphausiids (Roberts et al., 1992; Getahun, 1998).
About 1,200 species of fish are known to occur in the Red Sea large marine
ecosystem (Ormond and Edwards, 1987). Marked differences occur in fish
species richness, assemblage compositions and species abundance in
different parts of the Red Sea, reflecting the heterogeneous nature of its
environment (Sheppard et al.,, 1992). Fishing occurs mainly at the

subsistence or artisanal levels, although commercial trawling and purse
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seining are also carried out in Egypt, Saudi Arabia and Yemen (FAO 2005).
The fisheries of the Red Sea are of considerable socio-economic importance
to the coastal nations of the region in terms of national food security and
income generation for rural communities, with the exception of Jordan,
which has minimal fisheries in the Red Sea.

The purpose of this study the management system for the Red Sea fisheries
in Egyptian waters, application of the ecosystem based fishery assessment
approach developed by Zhang et al. (2009, 2010) and evaluation of both the
strengths and weaknesses of this approach. To compare the status of these
fisheries in two time periods: in the year 2002 and in 2012. To achieve stock
assessment for the ecosystem and facilitate develop the current management
of these fisheries. This study was undertaken to address the declining trend
of Red Sea fisheries, lost biodiversity, habitat degradation and solve socio-

economic considerations for the Egyption Red Sea ecosystem.
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1.1. Overview of Red Sea fisheries

The fish production developed dramatically in Egypt through the last ten
years until 2012 to reach to 1,371,975 tons from capture fisheries and
aquaculture. There are more than 354,237 metric ton of fish taken from
Egyptian marine waters every year, and they are harvested by about 26,354
fishing vessels using 39 gear types (GAFRD, 2013). The total fish capture
from the Mediterranean Sea in that year was 69,332 tons, representing
5.05% from the total fish production in Egypt; also.the total fish capture
from the Red Sea was 44,866 tons at same year, representing 3.27% from
the total fish production in Egypt (GAFRD, 2013). With the extreme
attention to the fisheries stock assessment of marine fisheries where
working to find a proper management plan and sustainable fisheries
management to maintain the depletion of fish stocks and reduce the catch
effort from overfishing. So the Red Sea had.chosen as study site where is
playing an important role in contributing to the fish production in Egypt
dramatically. Since 1997 the Red Sea total fish production recorded a
significant increase (Fig. 1.2). These increases have come from significant
increases in fishing fleet capacity, including increase in vessel numbers as

well as the upgrading of fishing efficiency of existing vessels.
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Fig. 1.2. Total marine landings for the Red Sea in Egypt.
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1.2. Characteristics of Red Sea fisheries

1.2.1. Purse seine fishery in the Red Sea

Purse seine is one of the most important fishing gears in the Red Sea
fishery of Egypt. A purse seine is made of a long wall of netting frame with
float line and lead line usually, of equal or longer length than the former and
having purse rings hanging from the lower edge of the gear, through which
runs a purse line made from steel wire or rope which allow the pursing of
the net. For most of the situation, it is the most efficient gear for catching
large and small pelagic species that is shallow (FAO, 2013). Purse seine is a
preferred technique for capturing fish species which aggregate, close to the
surface: such as sardines, mackerel, anchovies, herring, certain species of
tuna and others. There is no impact on the bottom habitat except when the
water depth is less than the height of purse seine during the fishing
operations and that the lower edge of the gear wipes the sea bottom (FAO,
2013). However purse seine fishing can have negative impacts on fish
stocks because it can involve the bycatch of non-target species and it can put
too much pressure on fish stocks. More than 46% of the total Egyption Red

Sea catch is taken from the Purse seine fishery, and more than 87% of the
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total purse seine fishery catch are round scad, sardinella and anchovy
(GAFRD, 2011).
1.2.2. Trawl fishery in the Red Sea

Trawl systems are playing very important role in commercial fishery and
in resources survey. The trawl consists of the warp, otter boards, ropes and
trawl net. The mid-water trawl system on a commercial fishing vessel can
be managed efficiently by the crew (Park, 2007). Trawl nets that are towed
behind a boat to collect organisms have been used by fishers for centuries.
Trawls can be divided into three categories based on where they sample the
water column: surface, midwater, and bottom. More than 24% of total
Egyption Red Sea catch is taken from the trawl fishery, and more than 62%
of total trawl fishery catch are brushtooth lizardfish and trieadin breams
(GAFRD, 2011).
1.2.3. Longline fishery in the Red Sea

Longline fisheries are a commercial fishing-technique. It uses a long line,
called the main line, with baited hooks attached at intervals by means of
branch lines called Snoods or Gangions (Method and Apparatus, 2008). A
snood is a short length of line, attached to the main line using a clip or

swivel, with the hook at the other end. Longlines are classified mainly by
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where they are placed in the water column. This can be at the surface or at
the bottom. Lines can also be set by means of an anchor, or left to drift.
Hundreds or even thousands of baited hooks can hang from a single line. In
some unstable fisheries, such as the Patagonian Toothfish, fishermen may
be limited to as few as 25 hooks per line. In contrast, commercial longliners
in certain robust fisheries of the Bering Sea and North Pacific generally run
over 2,500 hand-baited hooks on a single series of connected lines many
miles in length (Rice et al., 2006). More than 16% of total Egyption Red Sea
catch is taken from the longline fishery, and more than 79% of total longline

fishery catch are groupers and emperors or scavengers (GAFRD, 2011).
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1.3. Ecosystem-based fisheries management (EBFM)

The past decade has seen a gradual evolution in fisheries management
from a primary focus on sustainability of target species and resources to a
much wider focus on ecosystems, and the impacts of fisheries on them. This
new approach has come to be called ecosystem-based fisheries management
(EBFM), or alternatively the ecosystem approach to fisheries (Garcia et al.,
2003; Pikkitch et al., 2004). However ecosystem approach to fisheries
(EAF) is defined as “an extension of conventional fisheries management
recognizing more explicitly the interdependence between human well-being
and ecosystem health and the need to maintain ecosystems productivity for
present and future generations, e.g. conserving critical habitats, reducing
pollution and degradation, minimizing waste, protecting endangered
species” (Ward et al., 2002). But the concern is growing over how
ecosystems are being affected by fishing. Fisheries are managed within a
setting that lacks full information on, for instance, fish population dynamics,
interactions among species, effects of environmental factors, and the effects
of human activity on fish and their ecosystem (Zhang and Marasco, 2003).
Recently, fisheries have begun to be managed through comprehensive,

interrelated ecosystem-based regulations designed to sustain fisheries in an

10
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ecosystem context (Anonymous, 2006; FAO, 2003, 2007; Garcia et al.,
2003; Zhang et al., 2009). Ecosystem based fisheries assessment
methodologies and management have been common themes in discussions
of fishery policy world-wide in recent years (e.g. Jamieson et al., 2010).
(Zhang et al., 2009) developed a tool for assessing fishing impacts in an
ecosystem, using relevant indicators and reference points (Fig. 1.3). The
method involved a comprehensive ecosystem-based assessment of a fishery,
including ecological interactions among target species, prey, predators and
competitors; interactions with their habitats; and the effect of fishing on

these processes (Zhang et al., 2009, 2010).

11
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Il. Materials and Methods

2.1. Data sources

The study site was the Red Sea of Egypt is located between (Lat. 29.85,
Lon. 32.54) from the north and (Lat. 22.06, Lon. 37.83) from the south
including Suez Gulf and Agaba Gulf (Fig. 1.1). The fishery data include
time-series of annual catch and fishing effort from the most seven target
species for purse seine, trawl and longline fisheries in the Red Sea round
scad (Decapterus macrosoma), sardinella (Amblygaster sirm), anchovy
(Stolephorus indicus), brushtooth lizardfish (Saurida tumbil), trieadin
breams (Nemipterus japonicus), groupers (Epinephelus malabaricus),
emperors (Lethrinus harak). These fishery data were collected from fishing
ports located along the Egyption west coast of the Red Sea (GAFRD, 2003,
2013) and data from interviews and questionnaires with Egyptian fishermen
in the Red Sea. Size composition data were extracted from unpublished
GAFRD data, which collected from the Hurgada fish market, the main port
for purse seine, trawl and longline fisheries landings and one of the largest

fishery landing ports in Egypt Red Sea.

13
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2.2. Methods

Qualitative data by questionnaire survey from the Red Sea fishermen for
the management of coastal fishery resources Table 2.1 (Yoon, 2014).
Number of fishermen, was 30 fishermen (10 purse seine fisheries, 10 trawl
fisheries and 10 longline fisheries) in the Egypt Red Sea.

Table 2.1. Survey for fishermen for the management of coastal fishery

resources
Gear

Area : Name : Phone # : )
type :

Species

Vessel Vessel Vessel horse

name : tonnage : power :

1. Production
1-1. What is the trend of catch during recent five years?

(D Extremely'small @ Small Moderately small @Average
(5 Moderately large ®)-Large (D Extremely large

2. Fishing intensity
2-1. What is the trend of fishing effort during recent five years?

(D Extremely small @2 Small (3Moderately small @Average
(® Moderately large ® Large (D Extremely large

2--2. Did your organization conduct any activity of fisheries management (such as
the closed fishing season or closed fishing ground) or self-regulations around your

14
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fishing ground?
DYes @No

If yes, what is the activity?
@ Extremely small @ Small 3Moderately small @Considerable
(5 Moderately large ® Large (7 Extremely large

3. Size of fish
3-1. What are body lengths of the fish caught?

(1) Target Species : Body length : cm
(2) Bycatch Species : Body length : cm
(3) Bycatch Species : Body length : cm

3-2. Do you have a regulation for the limited body length of fish from fishing?
DYes @No

If yes, what is'the condition?

(D Extremely strong @ Strong (3Moderately strong @Considerable

(5 Moderately week ©® Week (@ Extremely week

4. Reproductive potential

4-1. When is the main fishing period for major fish species and what is the
proportion of them?

(1) Target species: Period(month) : - (+ % of annual catch)
(2) Bycatch species: Period(month)-; - (% of annual catch)
(3) Bycatch species: Period(month) : - (% of annual catch)

4-2. Are there matured fishes in your catch?
DYes @No
If yes, what is the amount?
(D Extremely small (2 Small 3Moderately small @Considerable
(® Moderately large ® Large (D Extremely large

15
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4-3. Do you have a closed season during the spawning period?
DYes @No
If yes, what is the condition?
(D Extremely Strong @ Strong (3Moderately strong @Considerable
(5 Moderately week ® Week (@ Extremely week

5. Genetic structure

5-1. Has the release of fry or juvenile fish been made before in your fishing
ground?

(D Extremely small @2 Small 3Moderately small @Considerable
(® Moderately large ©)-Large () Extremely large

5-2. If yes, what kind of fish species was released and how many-years?

(1) Species : Period(year) :

(2) Species : Period(year) :

(3) Species': Period(year) :
6. By-catch

6-1. What is the percentage of by-catch in your harvest?

(D More than 95% @2.80~95% 3 60~80% @ 40~ 60% (B 20 ~ 40%
® 5~ 20% (@) Less than 5%

7. Discards

7-1. What is the percentage of discards in your harvest?

(D Morethan 95% 2 80~95% @ 60~80% @ 40~60% 20~ 40%
® 5~ 20% (@) Less than 5%

16
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8. Diversity

8-1. What is the trend of the number of fish species caught during recent five
years?

(D Extremely small 2 Small (®Moderately small @Average
(5 Moderately large ® Large (D Extremely large

9. Fishing gear usage

9-1. How many fishing gears do you have? and what are the amounts?

(1) Fishing gear : Quantity : width / number
(2) Fishing gear : Quantity : width / number
(3) Fishing gear : Quantity : width / number

9-2. How many fishing gears do you use per unit fishing operation?
( width / number )
9-3. How long.(hours) does it take to install the gear?
( hours)
9-4. What is the loss rate of your fishing gear per unit fishing operation?

@ Morethan 95% (2 80~95% @ 60~80% @ 40~60% (5 20 ~40%
® 5~20% (@ Less than 5%

9-5. How many-days do you conduct your fishing operation in a month?
( day 7/ month )

10. Pollution

10-1. How do you handle wastes (cigarette butts, waste fishing gear , etc.) during
the fishing operation?

(D Dumping in the sea (2 Bring to the land (3 Both
10-2. Are there any spawning or nursery grounds around your fishing ground?
@ Yes @ No 3 Do not know
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If yes, how do you conduct fishing operations?

@ No difference
@ Careful fishing operation to avoid destruction and/or pollution

10-3. Recently, is there any oil spill accident in your fishing ground?
@ Yes @ No 3 Do not know

If yes, when did it occur? And what was the magnitude?
(Year: )

(D Extremely small @2 Small 3Moderately small @Considerable
(® Moderately large ® Large (@ Extremely large

11. Income
11-1. What is your annual income?
( uUSD)

11-2. What is the trend of your income during recent five years?

@ 95% increase (2 80~95% (3 60~80% @ 40~60% (5 20~ 40%
® 5~ 20%. (0 5% increase
95% decrease (9 80 ~95% @0 60 ~80% @D 40~60% 12 20~ 40%
@3 5~20% @4 5% decrease

11-3. What is the percentage of your monthly income compared to the lowest cost
of living (about 200 USD) during recent five years?

( %)
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12. Cost of fishing operation
12-1. What is the trend of your annual fishing cost during recent five years?

@ 95% increase (2 80~95% (360 ~80% @ 40~60% (B 20~ 40%
® 5~20% (@) 5% increase
95% decrease (9 80 ~95% @0 60 ~80% @D 40~60% @2 20 ~ 40%
@3 5~20% @4 5% decrease

13. Employment
13-1. How many people are working on your fishing vessel?
( Number : )
13-2. What is the trend of the number of fishermen on your fishing vessel?

@ Increase ( %) (@ Nochanges (3 Decrease ( %)
14. IUU

14-1. Has 1UU been occurred in your fishing ground recently?

DYes @No

If yes, what is the condition?
D Extremely small 2 Small )Moderately small @Considerable

(5 Moderately large ®) Large (7) Extremely large

If yes, please describe specifically on-the lUU-fishing.

( )
( )
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A pragmatic ecosystem-based fisheries assessment approach (EBFA)
developed by Zhang et al. (2009, 2010) and MOMAF (2007) was applied to
assess the Egyption fisheries stock and seven target species for purse seine,
trawl and longline fisheries in the Red Sea. The assessment by a qualitative
data analysis on Tier 2 ecosystem-based fisheries assessment approach
(Zhang et al., 2009). Tier 2 is used when available information permits only
a semi-quantitative or qualitative assessment. A total of 15 Tier 2 indicators
(Appendices 1 and 2) were developed by Park (2013) for the assessment of
ecosystem status in this study. Both target desirable and limit undesirable
reference points were assigned for each indicator to assess the status of
objectives, species, and fisheries, and the indicators were then weighted by
an assigned priority for each objective. Relative weights for each indicator
were the same as used by Zhang et al. (2009). Nested risk indices, an
objective risk index (ORI), species risk index (SRI), and fishery risk index
(FRI), Ecosystem Risk Index (ERI), were-also estimated to assess the
fishery and ecosystem status (Fig. 2.1) (MOMAF, 2007; Zhang et al., 20009,

2010).
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Ecosystem
Fisheryv A
Species 1

Objective S . _ =
Objective B ... ORI
Objective H ... ORI ™
Objective E ... ORI
4
Species 2 ™
Objective S ... ORI
Objective B ... ORI RI
Objective H ... ORI _
Objective E ... ORI _J
Species 3
Objective S ... ORI )
Objective B ... ORI
Objective H ... ORI -
Objective E ... ORI _/

Fishery B
Species 1
Objective S ... ORI )

Objective B ... ORI
Objective H ... ORI

ObjectiveE ... ORI _/

Species 2
Objective S .__ ORI
Objective B ... ORI SRI
Objective H ... ORI -
ObjectiveE ... ORI

Fishery C
Species 1
Objective S ... ORI
Objective B ... ORI SRI
Objective H ... ORI -
Objective E ... ORI -

vy
Species 2

Objective S ORI )
Objective B .. ORI

SRI
Objeetive H - ORI -
ObjectiveE (.. ORI _/

Fig. 2.1. Nested structure of risk indices used in the ecosystem-based
fisheries assessment approach. ORI denotes objectives risk index,
SR, species risk index, FRI, fishery risk index, ERI, ecosystem risk

index (Zhang et al., 2009, 2010).
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2.2.1. Target and limit reference points for indicators of sustainability
Appendix 2.1 shows the target and limit reference points of sustainability
for the Tier 2 assessment. Tier 2 approach requires quantitative data for
indicators assessment. The ecosystem-based fisheries assessment (EBFA)
identifies several critical indicators catch per unit effort (CPUE) or fishing
mortality. Assessment is divided into seven categories as following; for
‘Better than target’, two reference points (‘0’ and ‘0.5”), for ‘Between target
and limit’, three reference points (‘1.0°, ‘1.5’ and-‘2’), for ‘Beyond limit’,
two reference points (‘2.5° and “3.0°).
Catch per unit effort (CPUE) is assessed based on factors of data availability,
standardization and catch trends of CPUE ‘Fishing mortality or Fishing
effort’ is assessed based on factors of effort (number of F/V, horsepower
etc.) trends. ‘Age or length at first capture’ is assessed based on factors
Average length of various fish species in catch. ‘Rate of mature fish’ is
assessed based on factors of the fishery occurs during the spawning season.
‘Ratio of (release stock abundance) / (wild stock abundance) in catch’ is

assessed based on factors of release fish species in the area.
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2.2.2. Target and limit reference points for indicators of biodiversity
Appendix 2.2 shows the target and limit reference points of biodiversity
for the Tier 2 assessment. Biodiversity is one of most important objectives
in Tier 2 assessment is divided into seven categories as follows; for ‘Better
than target’, two reference points (‘0’ and ‘0.5”), for ‘Between target and
limit’, three reference points (‘1.0’, <1.5* and ‘2’), for ‘Beyond limit’, two
reference points (‘2.5 and ‘3.0”). Indicators that are used in the ecosystem-
based fisheries assessment (EBFA) for biodiversity in the Tier 2 include;
‘Bycatch rate (BC/C)’ is assessed based on factors of weight ratio of non
target (except top X species in catch) species in catch. ‘Discards rate’ is
assessed based on factors of ratio of discarded fish in catch. ‘Diversity
index’ is assessed based on factors of existence of species composition data
by scientific survey or catch data and change of species number in catch of

the Red Sea fishery.
2.2.3. Target and limit reference points for indicators of habitat quality
Appendix 2.3 shows the target and limit reference points of habitat quality

for the Tier 2 assessment. Habitat quality also is very important objectives

in Tier 2 assessment same as sustainability and biodiversity and divided into
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seven categories as follows; for ‘Better than target’, two reference points
(‘0 and °0.5”), for ‘Between target and limit’, three reference points (‘1.0,
‘1.5” and ‘2’), for ‘Beyond limit’, two reference points (‘2.5” and ‘3.0°).
Indicators that are used in the ecosystem-based fisheries assessment (EBFA)
for habitat quality in the Tier 2 include; 'Critical habitat damage rate' is
assessed based on characteristics of fishing gear and operating period of
fishing gear in the habitat. ‘Pollution rate of spawning and nursery ground’
is assessed based on factors of information on the pollution (oil spillage) by
the target fishery and pollution level on the spawning and nursery grounds.
‘Lost fishing gears’ is assessed based on factors of extent of potential loss of
fishing gear that is operated by target fishery and setting period of fishing
gear. ‘Discarded wastes’ 1s assessed based on factors of discard amount of
wastes by target fishery and discard existence of fatal fishing wastes (Dry

cell, fishing weight, fishing lead etc.).
2.2.4. Target and limit reference points for indicators of socio-economy
Appendix 2.4 shows the target and limit reference points of socio-economy

for the Tier 2 assessment. Socio-economy management objective in Tier 2

assessment like sustainability, biodiversity and habitat quality and has
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always been very sensitive to costal fishing communities. Socio-economy is
divided into seven categories in the same manner with sustainability,
biodiversity and habitat quality objectives. Indicators that are used in the
ecosystem-based fisheries assessment (EBFA) for socio-economy in the
Tier 2 include; ‘Income per fisherman (IPF)’ is assessed based on factors of
change tendency of income for recent x years or difference with minimum
living cost. ‘Ratio of profit to cost (RPC)’ is assessed based on factors of
cost of target fishery or production value (Catch-of target fishery, fishery
value). ‘Employment rate (ER)’ are assessed based on factors of change

tendency of number of fishermen for recent x years or actual fishing days.

2.2.5. Target and limit reference points for IUU indicator in the Tier 2
approach

Appendix 2.5 shows the target and limit reference points of 1UU for the
Tier 2 assessment. IUU also-is very important in Tier 2 assessment and
divided into seven categories as follows; for ‘Better than target’, two
reference points (‘0° and ‘0.5%), for ‘Between target and limit’, three
reference points (‘1.0°, ‘1.5’ and ‘2’), for ‘Beyond limit’, two reference

points (‘2.5* and ‘3.0”).
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The ORI was defined as,

E?=D RS:W:

=1 W,

ORI =

Where “RS;” is the risk score for indicator “i”, “W;” is the weighting factor

(1, 2 or 3) for indicator “i”” and “n” is the number of indicators.

The SRI calculated and defined as the weighted sum of the objective risk
indices,
SRIi= AsORIs + AgORIg + AHORIH + AeORIE
Where: SRI; is species risk index for each species without IUU
As, AB, An'and Ae : Weighting value for objectives
Y A=1.0
ORI;: Sustainability risk index
ORIg: Biodiversity risk index
ORI, : Habitat risk index
ORI;: Socio-economic risk index
SRI = SRI; (1+ RSyu/ 10)

Where: RSyuu is risk score for lUU

26

Collection @ pknu



The FRI was the weighted average risk index for exploited species in a
fishery,

_ ¢, SR
=3¢

FRI

Where C; is the catch or catch index for species i.
The ecosystem risk index is defined as the weighted average of the fishery

risk indices in an ecosystem,

— ¥CFRI

ERI o
zc,

Where C; is the catch of the fishery.
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Table 2.2. Objectives and indicators for Tier 2 survey questionnaire by Red

Sea fishermen

Collection @ pknu

Objectives Indicators | Weight Questionnaires
Bi 1-1. Catch
iomass or
CPUE 3 2-1. Effort
CPUE = Catch / Effort
Fishing 2-1. Trend of fishing effort
talit ..

;ri]sf)hrir?gl yor 2 2-2. Conduct an activity of
effort fisheries management
Age (or 3-1. Body length
length) at 3
fiirst capture 3-2. Regulate of body length

Sustainability 4-1. Main fishing period of catch
Rate of _ 2 4-2. Matured fishes
mature fish 4-3. Closed season in spawning

time
Ratio of 5-1. Release fish
(release
stock
abundance) 1
/(wild stock 5-2. Fish species
abundance)
in catch
(Rr/w)
Bycatch rate 2 6-1. By-catch
Discards .
Biodiversity  rate 2 7-1. Discards
!I)lverSIty 2 8-1. Number of fish species
index
. .. Critical 9-1. Amount of fishing gear
Habitat quality i pita 2 9-2. Number of fishing gear
28



damage rate

9-3. Conduct fishing operations
9-5. Number of fishing days

Pollution 10-2. Number of fishing gears
rate of used per unit fishing operation
spawning
and nursery 10-3. Oil accident
ground
Lost fishing 9-4. Lost fishing gear
gear
Discarded 10-1. Wastes
wastes
11-1. Income
Income per 11-2. Income rate
fisherman
11-3. Income / lowest cost
Socio- Ratio of
economic profit to 12-1. Fishing cost
cost
Employmen 13-1. Number of workers
t rate 13-2. Rate of fishermen
14-1. 1UU occurred
IlUU IUU

14-2. Description of IUU fishing
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I11. Results

At the Red Sea marine fishery the target species are round scad
Decapterus macrosoma, sardinella Amblygaster sirm, anchovy Stolephorus
indicus, brushtooth lizardfish Saurida tumbil, trieadin breams Nemipterus
japonicus, groupers Epinephelus malabaricus, emperors Lethrinus harak
which are taken in purse seine, trawl and longline fisheries. A Tier 2
analysis was conducted for the seven species taken as bycatch as no
quantitative data or information are available for these species. Indicator
scores for these species are presented in Appendix 2. A Tier 2 assessment
for score of two years was assigned for 2002 and 2012 to make comparison
between the two years to evaluate and monitoring the changes of fishery.
Risk scores (Appendices 1 and 2) were determined using Zhang et al. (2009)
and MOMAF (2007) ‘method (Appendix 2)-modified by Park (2013). By
2012, most of the determined risk scores of indicators for sustainability,
biodiversity, habitat and socio-economy objectives had little worse when

compared to those for 2002 (Appendices 3 and 4).
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3.1. Assessment of risk scores to each indicator of the Red Sea fisheries

The Red Sea purse seine fishery in 2002 had round scad 54.7% catch of the
fishery, anchovy 7.09% catch of the fishery, sardinella 16.32% catch of the
fisher and other fish species 21.89% catch of the fishery. Red Sea trawl
fishery had brushtooth lizardfish 24.3% catch of the fishery, trieadin breams
12.93% catch of the fishery and other fish species 62.77% catch of the
fishery. Red Sea longline fishery had groupers 44.74% catch of the fishery,
emperors 42.63% catch of the fishery and other fish species 12.63% catch of
the fishery. The above total catch constitutes 57.59 % of the total Egypt Red
Sea catch, while other fish and fisheries constitute 42.41% as shown in

Table 3.1.
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Table 3.1. Major fisheries and fish species by fishing gear in marine water

the Red Sea in Egypt 2002

Type of Target species Scientific name Catch (%)
fishery by M.T.
Purse seine Round scad Decapterus 18,204 54.7
fishery macrosoma

Sardinellas nei Amblygaster sirm 5,431 16.32

Anchovy Stolephorus 2,359 7.09

indicus

Other species 7,283 21.89
Subtotal 33,277 100
Trawl fishery  Brushtooth Saurida 5,736 24.3

lizardfish undosquamis

Trieadin breams Nemipterus 3,050 12.93

japonicus

Other species 14816 62.77
Subtotal 23,602 100
Longline Groupers Epinephelus spp ~ 3,687 44.74
fishery Emperors Lethrinus harak 343 42.63

Other species 1,041 12.63
Subtotal 8,241 100
Catch of target species 41,980 57.59
Total catch 65,120 89.34
Other fisheries 7,769 10.66
Annual total catch 72,889 100

32

Collection @ pknu



The Red Sea purse seine fishery in 2012 had round scad 46.33% catch of
the fishery, anchovy 30.64% catch of the fishery, sardinella 1.94% catch of
the fisher and other fish species 21.09% catch of the fishery. Red Sea trawl
fishery had brushtooth lizardfish 31.95% catch of the fishery, trieadin
breams 27.43% catch of the fishery and other fish species 40.58% catch of
the fishery. Red Sea longline fishery had groupers 45.37% catch of the
fishery, emperors 34.24% catch of the fishery and other fish species 20.39%
catch of the fishery. The-above total catch constitutes 58.15 % of the total
Egypt Red Sea catch, while other fish and fisheries constitute 42.28% as

shown in Table 3.2.
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Table 3.2. Major fisheries and fish species by fishing gear in marine water

the Red Sea in Egypt 2012

Type of Target species Scientific name Catch (%)
fishery by M.T.
Purse seine Round scad Decapterus 8,057  46.33
fishery macrosoma

Anchovy Stolephorus 5328 30.64

indicus

Sardinellas nei Amblygaster sirm 338 1.94

Other species 3,668 21.09
Subtotal 17,391 100
Trawl fishery Brushtooth Saurida 3,877  31.95

lizardfish undosquamis

Trieadin breams Nemipterus 3,333  27.47

japonicus

Other species 4,925 40.58
Subtotal 12,135 100
Longline Groupers Epinephelus spp 2,828  45.37
fishery Emperors Lethrinus harak 2,134  34.24

Other species 1,271  20.39
Subtotal 6,233 100
Catch of target species 25,895 58.15
Total catch 35,759  80.3
Other fisheries 8,769 19.7
Annual total catch 44528 100

Collection @ pknu
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3.2. Assessment for the seven species of the Egypt Red Sea ecosystem by
Tier 2 approach.

The Red Sea ecosystem has seven species that were assessed by the Tier 2
approach for the fisheries as follows; purse seine fishery has three species
namely; round scad Decapterus macrosoma, sardinella Amblygaster sirm,
anchovy Stolephorus indicus, brushtooth lizardfish Saurida tumbil, trieadin
breams Nemipterus japonicus, groupers Epinephelus malabaricus, emperors
Lethrinus harak. Objective risk indices for all the fisheries were calculated
using the formula

:1=I] RS:H'FE

n
i=1 W

ORI =

With given associated reference points. "W" is the weight factor for
indicator "i" which is represented by the number of asterisks. The "n" in the
equation is the number of indicators. Separate objective Risk indices (ORI)
are calculated for each species respectively. These are ORIs for
sustainability, ORIg for biodiversity, ORIn for habitat quality, ORIe for
socio-economy. Indicators risk zone for the Red Sea fisheries were
classified into four objectives for the seven species as assessed by the Tier 2

approach (Appendices 3 and 4).
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For Egypt Red Sea target fisheries 2002 sustainability has 80 % of the
indicators in the desirable green zone, the yellow zone has 20 % of the
indicators and no indicators in the red zone. Biodiversity has 66.7 % of the
indicators in the desirable green zone, the yellow zone has 33.3 % of the
indicators and no indicators in the red zone. Habitat quality has 85.8 % of
the indicators in the desirable green zone, the yellow zone has 7.1 % of the
indicators and the red zone has 7.1 % of the indicators. Socio-economy has
85.7 % of the indicators-in the desirable green zone; the yellow zone has
14.3 % of the indicators and no indicators in the red zone. Overall the Red
Sea fisheries ecosystem has 80 % of the indicators in the desirable green

zone, 18.1 % in the yellow zone and 1.9 % in the red zone (Table 3.3).
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Table 3.3. Risk zone by number of indicators for four objectives in Egypt

Red Sea target fisheries 2002

Number of Number of Number of
Objective indicators in the indicators in the indicators in the

green zone yellow zone red zone
Sustainability 28 (80 %) 7 (20 %) 0 (0 %)
Biodiversity 14 (66.7 %) 7 (33.3 %) 0 (0 %)
Habitat quality 24 (85.8 %) 2 (7.1 %) 2 (7.1 %)
Socio-economy 18 (85.7 %) 3 (14.3 %) 0 (0 %)
Total 84 (80 %) 19 (18.1 %) 2 (1.9 %)
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Purse seine fishery has species; Round scad Decapterus macrosoma with
risk indices '0.89', '0.78', '0.73' and '0.53" for sustainability, biodiversity,
habitat quality and socio-economy, respectively (Table 3.4).

Sardinella Amblygaster sirm with risk indices '0.85', '0.85', '0.66" and '0.53'
for sustainability, biodiversity, habitat quality and socio-economy,
respectively (Table 3.4).

Anchovy Stolephorus indicus with risk indices '0.79', '0.78', '0.73" and

'0.53" for sustainability, biodiversity, habitat quality and socio-economy,

respectively for all the objectives (Table 3.4).
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Table 3.4. Objective risk index (ORI) for purse seine fishery of Egypt Red
Sea in 2002 by using the ecosystem based Tier 2 fisheries

assessment approach

. . o ORI
Fishery Species Objective —_—
2002
Purse seine Round scad Sustainability 0.89
(Decapterus macrosoma)
Biodiversity 0.78
Habitat 0.73
Socio-economy 0.53
Sardinella Sustainability 0.85
(Amblygaster sirm)
Biodiversity 0.85
Habitat 0.66
Socio-economy 0.53
Anchovy Sustainability 0.79
(Stolephorus indicus)
Biodiversity 0.78
Habitat 0.73
Socio-economy 0.53
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Fig. 3.1. Objective risk diagram for three target species (A) Round scad, (B)
Sardinella and (C) Anchovy by the purse seine fishery in Egypt
Red Sea in 2002.

Socio-economy

Objectives Number of -

species in the

yellow zone
Sustainability 0 0
Biodiversity 0 0
Habitat quality 0 0

0 0
2 3

0 1
Fig. 3.2. Number of species by risk zone diagram for four objectives by
purse seine fishery of Egypt Red Sea in 2002.
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Trawl fishery has two species namely; Brushtooth lizardfish Saurida
undosquamis with risk indices '0.81', '0.75, '1.13' and '0.40" for
sustainability, biodiversity, habitat quality and socio-economy, respectively
(Table 3.5).

Trieadin breams Nemipterus japonicus with risk indices '0.77', '0.70", '1.13'
and '0.40' for sustainability, biodiversity, habitat quality and socio-economy,

respectively for all objectives (Table 3.5).
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Table 3.5. Objective risk index (ORI) for trawl fishery of Egypt Red Sea in

2002 by using the ecosystem based Tier 2 fisheries assessment

approach
. . - ORI
Fishery Species Objective
2002
Trawl Brushtooth lizardfish Sustainability 0.81
(Saurida undosquamis)
Biodiversity 0.75
Habitat 1.13
Socio-economy 0.40
Trieadin breams Sustainability 0.77
(Nemipterus japonicus)
Biodiversity 0.70
Habitat 1.13
Socio-economy 0.40
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Fig. 3.3. Objective risk diagram for two target species (D) Brushtooth
lizardfish and (E) Trieadin breams by the trawl fishery in Egypt Red

Sea in 2002.

Obijectives Number of
species in the
yellow zone

Sustainability 0

Biodiversity 0

Habitat quality 2

Socio-economy _ 0

Fig. 3.4. Number of species by risk zone diagram for four objectives by
trawl fishery of Egypt Red Sea in 2002.
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Long line fishery has two species namely; Groupers Epinephelus spp with
risk indices '0.55', '0.73", '0.39' and '0.21" for sustainability, biodiversity,
habitat quality and socio-economy, respectively (Table 3.6).

Emperors or scavengers Lethrinus harak with risk indices '0.58', '0.53,
'0.39" and '0.21' for sustainability, biodiversity, habitat quality and socio-

economy, respectively for all fishery (Table 3.6).
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Table 3.6. Objective risk index (ORI) for long line fishery of Egypt Red

Sea in 2002 by using the ecosystem based Tier 2 fisheries

assessment approach

. . .. ORI
Fishery Species Objective

2002

Long line  Groupers Sustainability 055
(Epinephelus spp) '

Biodiversity 0.73

Habitat 0.39

Socio-economy 021

Emperors Sustainability 0.58
(Lethrinus harak) ’

Biodiversity 053

Habitat 0.39

Socio-economy 0.21
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Fig. 3.5. Objective risk diagram for two target species (F) Groupers and (G)
Emperors by the long line fishery in Egypt Red Sea in 2002.

Objectives Number of -
species in the
yellow zone
Sustainability 0 0
Biodiversity 0 0
Habitat quality 0 0
Socio-economy 0 0
0 1 2 3

Fig. 3.6. Number of species by risk zone diagram for four objectives by the
long line fishery of Egypt Red Sea in 2002.
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Sustainability has all the seven species with risk indices in the green zone
for all the fisheries (Fig. 3.7). Biodiversity has all the seven species with
risk indices in the green zone. Habitat quality has five species with risk
indices in the desirable green zone and two species with risk indices in the
yellow zone. Socio-economy has all species with risk indices in the
desirable green zone.

Most of the fisheries have risk indices in the green zone for the seven
species as classified by objectives and only two species have risk indices in
the yellow zone. No objectives have species with risk indices in the red zone.
Corrective management measures are required for objectives with risk
indices in the yellow zone to improve on their status for all the fisheries.
Obijective risk indices for seven species assessed by the Tier 2 approach for

Egypt Red Sea fisheries were summarized as shown in Table 3.7.
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Table 3.7. Number of species by risk zones for four objectives for Egypt

Red Sea fisheries in 2002

Number of Number of Number of
Obijectives species in the species in the species in the

green zone yellow zone red zone
Sustainability 7 (100%) 0 (0%) 0 (0%)
Biodiversity 7 (100%) 0 (0%) 0 (0%)
Habitat quality 5 (71.4%) 2 (28.6%) 0 (0%)
Socio-economy 7 (100%) 0 (0%) 0 (0%)
Total 26 (92.86%) 2 (7.14%) 0 (0%)

Objectives Number of -
species in the
yellow zone
Sustainability 0 0
Biodiversity 0 0
Habitat quality 2 0
Socio-economy 0 0
0 1 2 3

Fig. 3.7. Number of species by risk zone diagram for four objectives in

Egypt Red Sea fisheries in 2002.
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Sustainability has 100% of species risk index in the desirable green zone,
no species risk index in the yellow zone and no species risk index in the red
zone. Biodiversity has 100% of species risk index in the desirable green
zone, no species risk index in the yellow zone and no species risk index in
the red zone. Habitat quality has 71.4% of the species risk index in the
desirable green zone, 28.6% of the species risk index in the yellow zone and
no species risk index in the red zone. Socio-economy has 100% of species
risk index in the desirable green zone, no species risk index in the yellow

zone and no species risk index in the red zone.
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For Egypt Red Sea target fisheries 2012 sustainability has 22.9 % of the
indicators in the desirable green zone, the yellow zone has 40 % of the
indicators and the red zone has 37.1 % of the indicators.

Biodiversity has 47.6 % of the indicators in the desirable green zone, the
yellow zone has 42.9 % of the indicators and the red zone has 9.5 % of the
indicators.

Habitat quality has 32.1 % of the indicators in the desirable green zone, the
yellow zone has 42.9 % of the indicators and the red zone has 25 % of the
indicators.

Socio-economy has 9.5 % of the indicators.in the desirable green zone, the
yellow zone has 76.2 % of the indicators and the red zone has 14.3 % of the
indicators. Overall the Red Sea fisheries ecosystem has 27.6 % of the
indicators in the desirable green zone, 48.6 % in the yellow zone and 23.8 %

in the red zone (Table 3.8).
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Table 3.8. Risk zone by number of indicators for four objectives in Egypt

Red Sea target fisheries 2012

Number of Number of Number of
Objective indicators in the indicators in the indicators in the

green zone yellow zone red zone
Sustainability 8 (22.9%) 14 (40%) 13 (37.1%)
Biodiversity 10 (47.6%) 9 (42.9%) 2 (9.5%)
Habitat quality 9 (32.1%) 12 (42.9%) 7 (25%)
Socio-economy 2 (9.5%) 16 (76.2%) 3 (14.3%)
Total 29 (27.6%) 51 (48.6%) 25 (23.8%)
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Purse seine fishery has species; Round scad Decapterus macrosoma with
risk indices '2.03', '0.95', '1.29' and '1.89' for sustainability, biodiversity,
habitat quality and socio-economy, respectively (Table 3.9).

Sardinella Amblygaster sirm with risk indices '1.64', '1.02', '1.29" and '1.89'
for sustainability, biodiversity, habitat quality and socio-economy,
respectively (Table 3.9).

Anchovy Stolephorus indicus with risk indices '1.92', '1.05', '1.29" and

'1.89" for sustainability, biodiversity, habitat quality and socio-economy,

respectively for all the objectives (Table 3.9).
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Table 3.9. Objective risk index (ORI) for purse seine fishery of Egypt
Red Sea in 2012 by using the ecosystem based Tier 2 fisheries

assessment approach

. . - ORI
Fishery Species Objective —_—
2012
Purse seine  Round scad Sustainability 2.03
(Decapterus macrosoma)
Biodiversity 0.95
Habitat 1.29
Socio-economy 1.89
Sardinella Sustainability 1.64
(Amblygaster sirm)
Biodiversity 1.02
Habitat 1.29
Socio-economy 1.89
Anchovy Sustainability 1.92
(Stolephorus indicus)
Biodiversity 1.05
Habitat 1.29
Socio-economy 1.89
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Fig.3.8. Objective risk diagram for three target species (A) Round scad, (B)
Sardinella and (C) Anchovy by the purse seine fishery in Egypt Red

Sea in 2012.

Objectives -Number of -
species in the
yellow zone

Sustainability 0 2 1]

Biodiversity 2 0

Habitat quality 0 3 0

Socio-economy 0 3 0

0 1 2 3

Fig. 3.9. Number of species by risk zone diagram for four objectives by the
purse seine fishery of Egypt Red Sea in 2012.
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Trawl fishery has two species namely; Brushtooth lizardfish Saurida
undosquamis with risk indices '1.74', '1.32', '1.91' and '1.01' for
sustainability, biodiversity, habitat quality and socio-economy, respectively
(Table 3.10).

Trieadin breams Nemipterus japonicus with risk indices '1.67', '1.27', '1.91'
and '1.01" for sustainability, biodiversity, habitat quality and socio-economy,

respectively for all objectives (Table 3.10).
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Table 3.10. Objective risk index (ORI) for trawl fishery of Egypt Red Sea
in 2012 by using the ecosystem based Tier 2 fisheries

assessment approach

. . - ORI
Fishery Species Objective

2012

Trawl Brushtooth lizardfish Sustainability 1.74
(Saurida undosquamis)

Biodiversity 1.32

Habitat 1.91

Socio-economy 1.01

Trieadin breams Sustainability 1.67
(Nemipterus japonicus)

Biodiversity 1.27

Habitat 1.91

Socio-economy 1.01

56

Collection @ pknu



Fig. 3.10. Objective risk diagram for two target species (D) Brushtooth
lizardfish and (E) Trieadin breams by the trawl fishery in Egypt Red
Sea in 2012.

Obijectives Number of
species in the
yellow zone

Sustainability 0 2

Biodiversity 0 2

Habitat quality 0 2

Socio-economy 0 2
0 1

Fig. 3.11. Number of species by risk zone diagram for four objectives by the
trawl fishery of Egypt Red Sea in 2012.
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Long line fishery has two species namely; Groupers Epinephelus spp with
risk indices '1.47', '0.97', '0.7" and '1.29' for sustainability, biodiversity,
habitat quality and socio-economy, respectively (Table 3.11).

Emperors Lethrinus harak with risk indices '1.54', '1.1', '0.7" and '1.29' for
sustainability, biodiversity, habitat quality and socio-economy, respectively

for all fishery (Table 3.11).
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Table 3.11. Objective risk index (ORI) for long line fishery of Egypt Red
Sea in 2012 by using the ecosystem based Tier 2 fisheries

assessment approach

. . o ORI
Fishery Species Objective

2012

Long line  Groupers Sustainability 1.47
(Epinephelus spp)

Biodiversity 0.97

Habitat 0.7

Socio-economy 1.29

Emperors Sustainability 1.54
(Lethrinus harak)

Biodiversity 1.1

Habitat 0.7

Socio-economy 1.29
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Fig. 3.12. Objective risk diagram for two target species (F) Groupers and
(G) Emperors by the long line fishery in Egypt Red Sea in 2012.

Obijectives Number of
species in the
yellow zone

Sustainability

Biodiversity 1
Habitat quality 0
0 2

Socio-economy

N
o| O] O O
w

1
Fig. 3.13. Number of species by risk zone diagram for four objectives by the

long line fishery of Egypt Red Sea in 2012.
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Sustainability has all the six species with risk indices in the yellow zone
and one species with risk indices in the red zone. Biodiversity has two
species with risk indices in the green zone and five species with risk indices
in the yellow zone. Habitat quality has two species with risk indices in the
desirable green zone and five species with risk indices in the yellow zone.
Socio-economy has all the seven species with risk indices in the yellow
zone (Fig. 3.14).

Most of the fisheries have risk indices in the yellow zone and some in red
zone for the seven species as classified by objectives. Corrective
management measures are required for objectives with risk indices in the

red zone and yellow zone to improve on their status for all the fisheries.
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Table 3.12. Number of species by risk zones for four objectives for Egypt

Red Sea fisheries in 2012

Number of Number of Number of
Obijectives species in the species in the species in the

green zone yellow zone red zone
Sustainability 0 (0%) 6 (85.7%) 1 (14.3%)
Biodiversity 2 (28.6%) 5 (71.4%) 0 (0%)
Habitat quality 2 (28.6%) 5 (71.4%) 0 (0%)
Socio-economy 0 (0%) 7 (100%) 0 (0%)
Total 4 (14.3%) 23 (82.1%) 1 (3.6%)

- -

Sustainability

Biodiversity

Habitat quality

Socio-economy

0

0

Number of
species in the
yellow zone

6

5
5
7

1

3

Fig. 3.14. Number of species by risk zone diagram for four objectives in

Egypt Red Sea fisheries in 2012.
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Obijective risk indices for seven species assessed by the Tier 2 approach for
Egypt Red Sea fisheries were summarized as shown in Table 3.12.
Sustainability has no species risk index in the desirable green zone, 85.7%
of the species risk index in the yellow zone and 14.3% of the species risk
index in the red zone. Biodiversity has 28.6% of the species risk index in the
desirable green zone, 71.4% of the species risk index in the yellow zone and
no species risk index in the red zone. Habitat quality has 28.6% of the
species risk index in the desirable green zone, 71.4% of the species risk
index in the yellow zone and no species risk index in the red zone. Socio-
economy has no species risk index in the desirable green zone, 100% of the
species risk index in the yellow zone and no species risk index in the red

Zone.
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3.3. Species Risk Indices of each fishery in Egypt Red Sea fisheries

assessed by Tier 2 approaches.

Species risk indices for Egypt Red Sea fisheries in 2002 and 2012 were

calculated from objective risk indices for the seven species. In this study we

assumed As = Ag = Ay = A = 0.25 for calculating SRIs from ORIs for all

the species as follows;

SRI; = AsORIs + AgORIg + AHORIH + AeORIg

SRI = SRI; (1+ RSiuu/ 10)

Where: RSjuu is risk score for lUU

Species Risk Indices for the purse seine fishery in-2002

The purse seine fishery had three species namely; round scad Decapterus
macrosoma, sardinella Amblygaster sirm, anchovy Stolephorus indicus. The
three species of this fishery were assessed by Tier 2 approach in the Egypt
Red Sea as shown in Table 3.13. All the three species have risk indices that

fall in the green zone as shown in Fig. 3.15.
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Species Risk Indices for the trawl fishery in 2002

The trawl fishery had two species namely; Brushtooth lizardfish Saurida
tumbil, trieadin breams Nemipterus japonicus. The two species of this
fishery were assessed by Tier 2 approach in the Egypt Red Sea as shown in
Table 3.13. All the two species have risk indices that fall in the green zone

as shown in Fig. 3.15.

Table 3.13. Species Risk Indices by fishery assessed by the Tier 2 approach

in the Egypt Red Sea in 2002

Fishery Species Species Risk Indices
Round scad 0.74

Purse seine Sardinella 0.73
Anchovy 0.71
FRI 0.57
Brushtooth lizardfish 0.80

Trawl Trieadin breams 0.78
FRI 0.30
Groupers 0.48

Long line Emperors 0.43
FRI 0.40
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Purse seine fishery

Species Yellow zone -
Round scad
Sardinella
Anchovy
Trawl fishery
0 1

Species
Brushtooth lizardfish
Trieadin breams

Long line fishery
Species

Groupers
Emperors

Target RP.
Fig. 3.15. Species Risk diagrams by fishery assessed by the Tier 2 approach

in the Egypt Red Sea in 2002.

ICollection @ pknu



Species Risk Indices for the long line fishery in 2002

The long line fishery had two species namely; Groupers Epinephelus
malabaricus, emperors Lethrinus harak. The two species of this fishery
were assessed by Tier 2 approach in the Egypt Red Sea as shown in Table
3.13. All the two species have risk indices that fall in the desirable green
zone as shown in Fig. 3.15.
All the species are fall in the desirable green zone and no species that were

assessed fall in the yellow zone.

Species Risk Indices for the purse seine fishery in 2012

The purse seine fishery had three species namely; round scad Decapterus
macrosoma, sardinella Amblygaster sirm, anchovy Stolephorus indicus. The
three species of this fishery were assessed by Tier 2 approach in the Egypt
Red Sea as shown-in Table 3.14. All the three species have risk indices that

fall in the yellow zone as shown in Fig. 3.16.
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Species Risk Indices for the trawl fishery in 2012

The trawl fishery had two species namely; Brushtooth lizardfish Saurida
tumbil, trieadin breams Nemipterus japonicus. The two species of this
fishery were assessed by Tier 2 approach in the Egypt Red Sea as shown in
Table 3.14. All the two species have risk indices that fall in the yellow zone

as shown in Fig. 3.16.

Table 3.14. Species Risk Indices by fishery assessed by the Tier 2 approach

in the Egypt Red Sea in 2012

Fishery Species Species Risk Indices
Round scad 1.78

Purse seine Sardinella 1.68
Anchovy 1.78
FRI 1.43
Brushtooth lizardfish 1.86

Trawl Trieadin breams 1.83
FRI 1.10
Groupers 1.22

Long line Emperors 1.27
FRI 0.99
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Purse seine fishery

Round scad 1.78
Sardinella 1.68
Anchovy 1.78

Trawl fishery

Species
Brushtooth lizardfish 1.86
Trieadin breams 1.83

Long line fishery

Species
Groupers 1.22
Emperors 1.27

0 1 2 3
Target RP Limit RP.
Fig. 3.16. Species Risk diagrams by fishery assessed by the Tier 2 approach

in the Egypt Red Sea in 2012.
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Species Risk Indices for the long line fishery in 2012

The long line fishery had two species namely; Groupers Epinephelus
malabaricus, emperors Lethrinus harak. The two species of this fishery
were assessed by Tier 2 approach in the Egypt Red Sea as shown in Table
3.14. All the two species have risk indices that fall in the yellow zone as
shown in Fig. 3.16.

All species that were assessed fall in the yellow zone. Corrective
management system should be out in place for the seven species to reduce

species risk indices.
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3.4. Fisheries Risk Indices and Ecosystem Risk Index for the
Egypt Red Sea.

Fisheries risk indices were calculated from the following formula.
_ X SR,

FRI
TC,

Where Ci is catch.

Fisheries risk indices and ecosystem risk index for the Egypt Red Sea

2002.

Seven species risk indices were used to calculate fishery risk indices for
the three fisheries in Egypt Red Sea in 2002 as shown in Table 3.15.
The three fisheries assessed by the Tier 2 approach are; purse seine fishery,
trawl fishery and longline fishery. All the three fisheries have risk indices
that fall in the desirable green zone (Fig. 3.17).

Ecosystem risk index of the Egypt Red Sea ecosystem was assessed based
on the fishery risk indices from the formula.

_ XC, FR,

ERI
zC,
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Where Ci is catch

Three fisheries were assessed in the Egypt Red Sea ecosystem. The Egypt
Red Sea ecosystem has risk index '0.70". This risk index falls in green zone
(Fig. 3.17). The Egypt Red Sea ecosystem management system needs to be
organized into four management objectives in line with ecosystem approach
of fisheries management to save the fisheries and ecosystem risk indices

respectively.

Type of Risk Index

Purse seine fishery
Trawl fishery

Long line fishery
Ecosystem Risk Index

0 1 2 3
Target RP. Limit RP
Fig. 3.17. Fishery and Ecosystem Risk diagram assessed by the Tier 2

approach for the Egypt Red Sea in 2002.
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Fisheries risk indices and ecosystem risk index for the Egypt Red Sea

2012

Seven species risk indices were used to calculate fishery risk indices for

the three fisheries in Egypt Red Sea 2012 as shown in Table 3.16.

The three fisheries assessed by the Tier 2 approach are; purse seine fishery,
trawl fishery and longline fishery. The three fisheries purse seine fishery,
trawl fishery and long line fishery have risk indices that fall in the yellow
zone (Fig. 3.18). This fishery has a draft management plan but not working
well. This explains why they have high risk indices.

Ecosystem risk index of the Egypt Red Sea ecosystem was assessed based

on the fishery risk indices from the formula.

_XC, FRL

ERI :
XC

Where Ci is catch
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Three fisheries were assessed in the Egypt Red Sea ecosystem. The Egypt
Red Sea ecosystem has risk index '1.69'. This risk index falls in yellow zone
(Fig. 3.18). The Egypt Red Sea ecosystem management system needs to be
organized into four management objectives in line with ecosystem approach
of fisheries management to reduce fisheries and ecosystem risk indices

respectively.

Type of Risk Index _ Yellow zone ;

Purse seine fishery 1.78
Trawl fishery 1.85
Long line fishery 1.24
Ecosystem Risk Index 1.69
0 1 2 3
Target RP. Limit RP.

Fig. 3.18. Fishery and Ecosystem Risk diagram assessed by the Tier 2

approach for the Egypt Red Sea in 2012.
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V. Discussion

An ecosystem-based management strategy for marine fisheries is one that
reduces potential fishing impacts while at the same time allowing the
extraction of fish resources at levels sustainable for the ecosystem (Zhang et
al., 2009). Ecosystem-based assessment approach has several advantages.
First, it is an integrated, holistic approach using a number of management
indicators to get single collective indices for objectives, species, fishery, or
ecosystem, unlike other approaches which mostly use individual indicators
(Zhang et al., 2009). Second, the approach is easy to apply. This approach
can be applied to any situation even when scientific data are limited (Zhang
et al., 2009). Third, it is possible to evaluate the impact of management
practices such as stock rebuilding programs, habitat recovery programs, or
alternative management policies (Zhang et al., 2009). Fourth, it is possible
to compare the status of species, fisheries or-ecosystems relative to several
management objectives, both spatially and temporally, using the
management status index (Zhang et al., 2009). Finally, results lend
themselves to graphical analysis, which aids in interpretation by scientists,

managers, and stakeholders alike (Zhang et al., 2009).
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The Tier 2 approach was used to assess risk indices for all the indicators
due to the quality of the data available and was compared between two
different times in the sustainability, catch biodiversity, habitat and socio-
economy of the Egypt Red Sea purse seine, trawl and longline fisheries in
2002 and 2012 (Fig 4.1) and (Fig 4.2). Results of the calculations indicated
that in both cases most risk indices were increased significantly between the
two reference years. The species risk index (SRI) for the seven target
species caught by purse seine, trawl and longline fisheries in the Red Sea off
Egypt in 2002 were 0.74, 0.73, 0.71, 0.80, 0.78, 0.48 and 0.43 respectively.
But species risk index (SRI) for the same seven target species in 2012 were
1.78, 1.68, 1.78, 1.86, 1.83, 1.22 and 1.27 respectively. So the increases of
the species risk index (SRI) that shown in 2012 indicates to weakness in the
current management for those species. By 2012, most of the determined risk
scores of indicators for sustainability, biodiversity, habitat and socio-
economic objectives have deteriorated when compared to those for 2002

(Appendices 3 and 4).
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r1

Fig. 4.1. Relative positions of objective risk indices (ORI) for seven target
species (A) Round scad, (B) Sardinella, (C) Anchovy, (D) Brushtooth
lizardfish, (E) Trieadin breams, (F) Groupers and (G) Emperors by purse
seine, trawl and longline fisheries in the Red Sea off Egypt using the

ecosystem-based Tier 2 fisheries assessment approach in 2002.
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Fig. 4.2. Relative positions of objective risk indices (ORI) for seven target

species (A) Round scad, (B) Sardinella, (C) Anchovy, (D) Brushtooth
lizardfish, (E) Trieadin breams, (F) Groupers and (G) Emperors by purse
seine, trawl and longline fisheries in the Red Sea off Egypt using the

ecosystem-based Tier 2 fisheries assessment approach in 2012.
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Fig. 4.2 shows a shift for the values of these seven species from the green
or yellow zones in 2002 to the yellow or red zones in 2012. Zhang et al.
(2009) reported that an ecosystem-based management strategy can reduce
potential fishing impacts as well as allowing harvest of fishery resources at
sustainable levels within the ecosystem. Using their evaluation criteria
(Zhang et al., 2009, 2010), these results can be used as benchmarks for
evaluating Red Sea fisheries management policy effectiveness in the
improvement of stock and habitat conditions. Deteriorated in the various
sub-indices of the Red Sea stock status are evidenced by decreased of target
fish stock size, deteriorate habitat quality, as well as deteriorate in harvest
sustainability, community biodiversity and socio-economic.

Fig. 4.3 shows a shift for the values of the three target fisheries risk index
from the green zones in 2002 to the yellow in 2012 and that is indicated to
the status of fisheries risk index became worse need to improve fishery
management.

Fig. 4.4 shows a shift for the values of the ecosystem risk index from the
green zones in 2002 to the yellow in 2012 and that is indicated to the status
of ecosystem risk index became worse need to protection by develop the

ecosystem management.
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Purse seine 201.2
Trawl 2012
°
Longline 2012
®
0 1 2 3
Target RP. Limit RP.

Fig. 4.3. Fishery risk index (FRI) diagram to the three target fisheries

assessed by Tier 2 approach for the Egypt Red Sea in 2002 and 2012.

L

Target RP. Limit RP.

Fig. 4.4. Ecosystem risk index (ERI) diagram assessed by Tier 2 approach

for the Egypt Red Sea in 2002 and 2012.
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Suggestions for proper management to reduce risk indices.

The Red Sea ecosystem has 1 species by four objectives in the red zone
and 23 species in the yellow zone (Table 3.12). Indicators risk zone are as
shown in Table 3.8. Sustainability for the Red Sea ecosystem has 40% of
the indicators in the yellow zone, e.g. (CPUE) catch per unit effort, Age (or
length) at first capture and Rate of mature fish. Biomass or (CPUE) catch
per unit effort, fishing mortality or fishing effort, Age (or length) at first
capture are indicators in-the red zone with 37.1%. These are very important
indicators for this objective; therefore a proper system of data collection for
these indicators is required. Assessment of risk index should be done again.
A proper management plan in line with ecosystem approach to fisheries
management is suggested to reduce high risk indices.

Biodiversity has 12.9% of indicators in the yellow zone. Indicators in the
yellow zone are bycatch rate (BC/C) and diversity index. Diversity index
recorded 9.5% of indicators-in the red zone. These are very important
indicators for this objective; therefore a proper system of data collection for
these indicators is required. Assessment of risk index should be done again.
A proper management plan in line with ecosystem approach to fisheries

management is suggested to reduce high risk indices.
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Habitat quality has 71% of the indicators in the yellow zone. Indicators in
the yellow zone are critical habitat damage rate, pollution rate of spawning
and nursery ground, lost fishing gear and discarded wastes. These are very
important indicators for this objective; therefore a proper system of data
collection for these indicators is required. Assessment of risk index should
be done again. Fisheries management plan in line with ecosystem approach
of fisheries management for fisheries with these indicators are suggested to
reduce high risk indices.

Socio-economy has 100% of indicators in the yellow zone. Indicators in
the yellow zone are income per fisherman (IPF), ratio of profit to cost
(RPC) and employment rate (ER). These are very important indicators for
this objective; therefore a proper system of data collection for these
indicators is required. Assessment of risk index should be done again. A
proper management plan in_line with ecosystem approach to fisheries
management is suggested to reduce high risk-indices.

In conclusion, the Tier 2 approach was used to assess risk indices for all
the indicators due to quality of the data available. An improvement on the
data used for Tier 2 assessment is suggested. This will enable another

assessment by the same approach, which will then be compared with Tier 1
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approach after better qualitative data collection. The results shown high
variation between the two reference years (2002 and 2012) led to the
deterioration in the current status of the Red Sea ecosystem. A proper
management plan in line with ecosystem approach to fisheries management
is suggested to reduce high risk indices. Ecosystem approach to fisheries
management is currently the core reference point for all fisheries
management strategies. The Integrated Fisheries Risk Analysis Method for
Ecosystems (IFRAME) approach that tracks climate change impacts is
suggested for the Egyption Red Sea Ecosystem for future study since the
IFRAME framework is made up of three components; assessment, forecast

and management (Zhang et al., 2011).
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Appendix 1: Criterion of risk states for semi-quantitative assessment Tier 2

06

Magnitude Abundance Condition Likelihood sljzislr(e %
Extremely small Never or None Optimal or Best High degree of uncertainty 0 <5%
Small Part or a few Negligible Highly unlikely 0.5 5-20%
Moderately small Some Minor Unlikely 1 20-40%
Average Considerable or Average Moderate Ambiguous 15 40-60%
Moderately large Many or Major Major Likely 2 60-80%
Large Most Severe Highly likely 25 80-95%
Extremely large All Catastrophic or Worst High degree of certainty or 3 >95%

Evident
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Appendix 2.1 Target and limit reference points for indicators of sustainability in the Tier 2 approach of Egypt Red Sea

Indicator status

Attribute Indicator Better than target Between target and limit Beyond limit
0 0.5 1.0 15 2.0 25 3.0
Biomass Biomass | More than x More than x More than X Less than X Less than X CPUE data are CPUE data are
or years of CPUE  years of CPUE | years of CPUE years of CPUE years of CPUE not available, not available,
CPUE data are data are data are available  data are available  data are catch trend is catch trend is
available available available unchanged declining
Current CPUE are = CPUE'is
Current CPUE Current CPUE moderately large unchanged
are extremely are large compare with Current CPUE is | or or,
large compared  compared with average of CPUE moderately small
with average of  average of during X years compared with CPUE data are CPUE data are
CPUE during X CPUE during X average of available, available,
years years or or CPUE during X | Current CPUE Current CPUE
years are small are extremely
Less than X years  Less than X compared with small
© of CPUE dataare  years of CPUE average of CPUE  compared with
= available data are available during X years average of
CPUE during X
Current CPUE are ~ Current CPUE is years
moderately large similar to
compared with average of CPUE
average of CPCUE  during X years
during X years
Fishing  Fishing [Effortis Effortiis Effort is Effort is Effort is Number of license  Number of license
intensity mortality extremely small  small moderately small- = similar to average of moderately large |or fishing gear is  or fishing gear is
or fishing |compared with ~ compared with - compared with effort during X compared with unchanged excessive
effort average of effort average of effort average of effort years average of effort or
during X years ~ during X years  during X years during X years or
Effort is rapidly
fisheries fisheries fisheries Effort is in an increasing
management and management or  management or self- increasing state
active self- self-regulation regulation exist

regulation exist

exist

partly

Collection @ pknu



4

Appendix 2.1 Continued.

Indicator status

Attribute Indicator Better than target Between target and limit Beyond limit
0 05 1.0 15 2.0 25 3.0
Size at Age (or Length at first Length at first  |Length at first Length at first Length at first Length at first Length at first
first length) at capture is extremely capture is large [capture is capture is similar capture is capture is small  capture is
capture first capture |large compared with  moderately-large to mature length moderately small [compared with  extremely small
compared with mature length compared with compared with  mature length compare with

mature length
or

Average length of
catch is extremely
large compared
with mature
length

mature length

or

catch is large
compared with
mature length

or
Institutional
prohibition length
is established and
managed

or

catch is
moderately large
compared with
mature length

or
Self-regulated
prohibition length
is established and
managed

mature length

or

|Average length of Average length of Average length of

catch is similar to
mature length

mature length
or or

IAverage length of Average length of
catch is catch is small
moderately small compared with
compared with  mature length
mature length

or
or

Length at first
Prohibition length capture is not
is establish but  available,
length at first prohibition length
capture is smaller is not establish
than prohibition

length
Reproductive Rate of Fishing never occurs Nomore thana |Nomore thana Nomorethana A significant A significantto  Fishing activities
potential mature fish  |during the spawning-miner.amount of |moderate amount moderate to a amount of catch ismost of the are free to
(MR) season the catch is taken |of the catch is considerable allowed to be fisheries place  operated
during the allowed to be to beamount of fish is taken during the (during the wherever during
or spawning season harvested during allowed to be spawning season spawning the spawning
the spawning taken during the season season
Prohibition season spawning season

season(prohibition
fishing ground) is set
up and conduct to
conserve mature fish
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Genetic
structure

Ratio of
(release
stock
abundance)
/(wild stock
abundance)
in catch
(Rr/w)

Never release fish in A few release fish
the area in the area

(There is no entrance
from external area)

Release conducted Release conducted Release conducted

once and small  twice in recent X
amount in recent year (X =

X year (X = generation period
generation period — age at release)
- age at release)  on the area

on the area

three times and
considerable
amount in recent
Xyear (X =
generation period
— age at release)
on the area

Release conducted Release conducted
more than four  continuously and
times and considerable
considerable amount in the
amount in recent most recent past
X year (X =

generation period

I age at release)

on the area

€6
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Appendix 2.2: Target and limit reference points for indicators of biodiversity in the Tier 2 approach of Egypt Red Sea

Indicator status

Attribute  Indicator Better than target Between target and limit Beyond limit
0 0.5 1.0 15 2.0 25 3.0
Total Bycatch rate |Bycatch never Current bycatch  |Current bycatch ~ Current bycatch ~ Current bycatch ~ (Current bycatch ~ Current bycatch
bycatch (BCIC) occurs compared  rate is extremely  rate is small rate is moderately rate is similar rate is moderately rate is large
ith average of ~ small compared  lcompared with small compared ~ compared with large compared compared with
bycatch rate during with average of |average of bycatch with average of ~ average of bycatch with average of ~ average of
X years bycatch rate during [rate during X years bycatch rate during rate during X years bycatch rate during bycatch rate
X years X years X years during X years
Total Discards rate [Amount.of Amount of IAmount of Amount of Amount of Amount of Amount of
discards (DIC) discarded fishis discarded fishis  (discarded fishis  discarded fish is. ~discarded fishis  discarded fishis  discarded fish is
extremely small - small moderately small average moderately large  [large extremely large
Diversity  Diversity There are sufficient There are sufficient [There are time There are part of ~ There are part of  [Number of species Number of
index (DI)  fimeseries data time series data  series data (recent data (less than data (less than is considerable species is most
© (more than recent 5 (more than recent 5 3-5 years) on recent 3 years) on recent 3 years) on decreased decreased
IS years) on species  years) on species  Species species species
composition by composition by compositionby  composition by composition by or or
scientific survey, catch data, catch data, catch data, catch data,

Number of species
is unchanged

Dominant species
is unchanged

Number of species
is unchanged

Number of species
is unchanged

Dominant species isDominant species

unchanged

is unchanged

Number of species
is part decreased

There are part of
data (lessthan
recent 3 years) on
species
composition by
catch data,

Number of species
is some decreased
or

There are part of
data (less than
recent 3 years) on
species
composition by
catch data,

Dominant species is

part changed

Dominant species is

some changed

considerable
changed

Dominant species isDominant

species is most
changed

Collection @ pknu



Appendix 2.3 Target and limit reference points for indicators of habitat quality in the Tier 2 approach of Egypt Red Sea

Indicator status

Attribute Indicator Better than target Between target and limit Beyond limit
0 0.5 1.0 15 2.0 25 3.0
Habitat Critical habitat [Fishing gear Fishing gear that  [Fishing gear that Fishing gear that ~Fishing gear that |Fishing gear that Fishing gear that
damage damage that has extremely has small impact on has moderately ~ has average impacthas moderately ~ has large impact  has extremely

G6

rate (DH/H)

small impact on
the habitat (Purse
seine, Midwater
trawl etc.)

or

Fishing gear that
has small impact
on the habitat
(Surface gillnet,
anchovy tow net,

pole and line, lift
net etc.)

Operating period
of fishing gear is
short

the habitat (Surface
gillnet,-anchovy
tow net, boat seine,
jigging, pole and
line, lift net etc.)

Operating period of
fishing.gear is very
long

or

Fishing gear that
has moderately
small impact on the
habitat (Stow net,
swing net on stakes,

boat seine, jigging, long bag set net

etc.)

Operating period of
fishing gear is long

small impact on
the habitat (Stow
net, swing net on
stakes, long bag
set net etc.)

Operating period
of fishing gear is
ery long

or
Fishing gear that

on the habitat
(bottom longline,
bottom drift gill
net etc.)

Operating period
of fishing gearis
long

on the habitat
(bottom longline,
bottom drift gill
net)

Operating period
of fishing gear is
very long

or

Fishing gear that

has average impacthas moderately

large impact on the
habitat (Trap,
bottom gill net
etc.)

Operating period
of fishing gear is
very long

or

Fishing gear that
has large impact

large impact on theon the habitat

habitat (Trap,
bottom gill net
etc.)

Operating period
of fishing gear is
long

(Beam-trawl,
Danish seine, haul
net etc.)

Operating period
of fishing gear is
long

on the habitat
(Beam-trawl,

net etc.)
Operating period
of fishing gear is
very long

or

Fishing gear that
has extremely

habitat (Bottom
trawl, dredge,

etc.)
Operating period

of fishing gear is
long

spray fishing gear

large impact on the
habitat (Bottom

Danish seine, haul trawl, dredge,

spray fishing gear
etc.)

Operating period
of fishing gear is
very long

large impact on the
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Pollution  rate
of

spawning

and nursery
ground (PG/G)

There is There is here is There is There is
information on the information on the finformation on the information on the information on the
magnitude of magnitude of magnitude of magnitude of magnitude of
pollution by the  pollution by the pollution by the  pollution by the  pollution by the
target fisheries on target fisheries on target fisheries on target fisheries on target fisheries on
the spawning and the spawning and  the spawning and the spawning and the spawning and
nursery grounds, nursery ground and |nursery ground  nursery ground andnursery ground
nd and
no pollution by thea few pollution-by considerable
target fisheries on thetarget fisheries |some pollution by-pollution by the  much pollution by
the spawning and on the spawning he target fisheries target fisheries on the target fisheries
nursery grounds  and nursery groundsion the spawning the spawning and on the spawning
nd nursery nursery grounds  and nursery
no oil-spillage rounds grounds
accident

There is no There is no
information on the information on the
magnitude of magnitude of
pollution by the  pollution by the
target fisheries on target fisheries on
the spawning and the spawning and
nursery ground  nursery ground
and and

existence of oil  existence of oil
spillage accident  spillage accident
within recent 3-5 within recent 3
years years
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Appendix 2.3 Continued.

Indicator status

Attribute  Indicator Better than target Between target and limit Beyond limit
0 0.5 1.0 15 2.0 25 3.0
Lost fishing [Possibility for Possibility for Possibility for Possibility for Possibility for Possibility for Possibility for
gear potential loss of  potential loss of [potential loss of  potential loss of ~ potential loss of  |potential loss of  potential loss of
fishing gear is fishing gear is fishing gear is fishing gear is fishing gear is fishing gear is fishing gear is high
high degree of highly unlikely  |unlikely ambiguous likely highly likely degree of certainty
uncertainty.
Setting period of - Setting period of Setting period of
fishing gear is fishing gear is Setting period of ~Setting period of  Setting period of  [Setting period of  fishing gear is
extremely short  short fishing gear is fishing gear is fishing gear is fishing gear is longextremely long
moderately short = average moderately long
S Discarded  Discarded  Discarded waste is Discarded waste is|Discarded waste is Discarded waste is Discarded waste is |Discarded waste is Discarded waste is
wastes wastes extremely small ~ small moderately small average moderately large  [large extremely large

or

Fatal fishing
wastes is being
discarded
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Appendix 2.4: Target and limit reference points for indicators of socio-economy in the Tier 2 approach of Egypt Red Sea

Indicator status
Attribute  Indicator Better than target Between target and limit Beyond limit
0 0.5 1.0 15 2.0 25 3.0
Income Income per | Income for Income for Income for Income for Income for Income for Income for
fisherman recent X yearsis recent X years is | recent X yearsis recent X yearsis recent X yearsis | recent X yearsis recent X years is
(IPF) extremely larger  larger thanthe moderately similar to the moderately smaller than the  extremely
than the minimum living | larger than the minimum living  smaller than the | minimum living ~ smaller than the
minimum living ~ cost minimum living  cost minimum living | cost minimum living
cost cost cost cost
Income is Income is Income is Income is stable ©  Income is stable | Income is stable  Income is
increasing or increasing or increasing.or or decreasing decreasing
stable stable stable
Ratio of Profit by target Profit by target Profit by target Profit by target Profit by target Profit by target Profit by target
8 profit to fisheries fisheries fisheries fisheries fisheries fisheries fisheries
cost(RPC) | (production (production (production (production (production (production (production
value-cost) is value-cost) is value-cost) is value-cost) is value-cost) is value-cost) is value-cost) is
extremely large  large moderately average moderately small extremely small
large small
Employme | Index of Index of Index of Index of Index of Index of Index of
nt fisheries fisheries fisheries fisheries fisheries fisheries fisheries
rate (ER) employment employment employment employment employment employment employment
(number of (number of (number of (number of (number of (number of (number of
fisherman*num  fisherman*num | fisherman*num  fisherman*num  fisherman*num | fisherman*num  fisherman*num
ber of fishing ber of fishing ber of fishing ber of fishing ber of fishing ber of fishing ber of fishing
vessels) for vessels) for vessels) for vessels) for vessels) for vessels) for vessels) for
recent X yearsis recent X yearsis | recent X yearsis recent X yearsis recent X yearsis | recent X yearsis recent X years is
extremely large  large moderately average moderately small extremely small
large small
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Appendix 2.5. Target and limit reference points for indicators of IUU indicator in the Tier 2 approach of Egypt Red Sea

Indicator status

Attribute Indicator Issue Better than target Between target and limit Beyond limit
0 0.5 1 15 2 2.5 3
None Moderately . Moderately Extremely
. Management IUU fishery | or Small small Considerable large Large lage
IUU fishery | of IUU .
g existence extremely
fishery poe
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Appendix 3.1.1: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2002

by the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO 2-1. Effort
CPUE = Catch / Effort
. . . ] 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 06 " 0.04 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 095  0.03 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 09 0.04 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
© Ratio of (release
7;\?\/?:‘&?323&“%) Release species existence 0 0.00 g; Egﬁ asspee(f:lizrs]
abundance) in catch
ORIs=0.89
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Appendix 3.1.2: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2002

by the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.85 0.11 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.5 0.00 7-1. Discards
Diversity index (DI)  Change of species number 1 0.00 8-1. Number of fish species

ORIg=10.78

Appendix 3.1.3: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2002

10T

by the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning'and 0.9  0.10 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 085 0.17 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 0.9 0.04 10-1. Wastes

ORIL=10.73
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Appendix 3.1.4: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2002

by the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.2 0.07 11-2. Income rate
cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 0.7.. 0.07 12-1. Fishing cost
Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days . L 13-2. Rate of fishermen
ORIe=0.53
N Appendix 3.1.5: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2002
o
no by the Tier 2 approach (1UU)
. _ Risk ] .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 01 0.04 14-1. IUU occurred

fishery 14-2. Description of IUU fishing
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Appendix 3.2.1: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2002 by the
Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 06 " 0.04 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 07 007 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 09 0.04 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
w Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.85
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Appendix 3.2.2: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2002 by the

Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.05 0.14 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 05 0 7-1. Discards
Diversity index (DI)  Change of species number 1 0 8-1. Number of fish species

ORIg=0.85

Appendix 3.2.3: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2002 by the

v0T

Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning'and 0.9  0.10 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.6 0.04 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 0.9 0.04 10-1. Wastes

ORI1=0.66
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Appendix 3.2.4: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2002 by the

Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.2 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 0.7.. 0.07 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days . L 13-2. Rate of fishermen
ORIe=0.53

Appendix 3.2.5: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2002 by the

|—\
o
ol Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of 1lUU IUU fishery existence 01 004 14-1. IUU occurred

fishery 14-2. Description of IUU fishing
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Appendix 3.3.1: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2002 by the
Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years S8 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 06 " 0.04 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 06 004 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 09 0.04 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
o Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.79
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Appendix 3.3.2: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2002 by the

Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlfe Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.85 0.11 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 05 0 7-1. Discards
Diversity index (DI)  Change of species humber 1 0 8-1. Number of fish species

ORIg=10.78

Appendix 3.3.3: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2002 by the

L0T

Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlfe Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning'and 0.9 0.1 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 085 0.17 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 0.9 0.04 10-1. Wastes

ORIL=10.73
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Appendix 3.3.4: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2002 by the

Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.2  0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 0.7.. 0.07 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or _Actual fishing days . L 13-2. Rate of fishermen
ORIe=0.53

Appendix 3.3.5: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2002 by the

|—\
o
oo Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of 1lUU IUU fishery existence 01 004 14-1. IUU occurred

fishery 14-2. Description of IUU fishing
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Appendix 3.4.1: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2002
by the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years S 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 07 " 007 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 055  0.08 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 0.7  0.07 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
© Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.81

Collection @ pknu



Appendix 3.4.2: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2002

by the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.25 0.18 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.25 0.07 7-1. Discards
Diversity index (DI)  Change of species number 0.75 0.07 8-1. Number of fish species

ORIg=0.75

Appendix 3.4.3: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2002

0TT

by the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 2 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawningand 0.4 0.1 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.85 0.06 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.4 0.04 10-1. Wastes

ORIL=1.13

Collection @ pknu



Appendix 3.4.4: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2002
by the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.15 0.06 11-2. Income rate
cost 11-3. Income / lowest cost
(RSSS)O]C profit to cost Cost of target fishery 04. 0.04 12-1. Fishing cost
Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days AN 13-2. Rate of fishermen
ORIe=04
N Appendix 3.4.5: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2002
=
= by the Tier 2 approach (1UU)
. _ Risk ] .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 035 041 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 3.5.1: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2002 by
the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years S 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 07 " 007 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 04 004 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 0.7  0.07 4-2. Matured fishes
= i 4-3. Closed season in spawning time
no Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.77

Collection @ pknu



Appendix 3.5.2: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2002 by

the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.1 0.27 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.25 0.07 7-1. Discards
Diversity index (DI)  Change of species number 0.75 0.07 8-1. Number of fish species

ORIg=0.7

Appendix 3.5.3: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2002 by

eTT

the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 2 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning'and 0.4 0.1 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.85 0.06 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.4 0.04 10-1. Wastes

ORIL=1.13

Collection @ pknu



Appendix 3.5.4: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2002 by

the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.15 0.06 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 04. 0.04 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or _Actual fishing days AN 13-2. Rate of fishermen
ORIe=04

Appendix 3.5.5: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2002 by

|—\
|—\
> the Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 035 041 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 3.6.1: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2002 by
the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years S0 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 055 0.03 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 005  0.03 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1.35 0.06 4-2. Matured fishes
= i 4-3. Closed season in spawning time
o Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.55

Collection @ pknu



Appendix 3.6.2: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2002 by

the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.3 0.8 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.05 0.06 7-1. Discards
Diversity index (DI)  Change of species number 0.85 0.06 8-1. Number of fish species

ORIg=10.73

Appendix 3.6.3: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2002 by

911

the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 0 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawningand 0.75 0.29 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.2 0.07 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 08 0.23 10-1. Wastes

ORIL=10.39

Collection @ pknu



Appendix 3.6.4: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2002 by

the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.15 0.06 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 0.2. 0.06 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days 0597 p 06 13-2. Rate of fishermen
ORIe=0.21

Appendix 3.6.5: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2002 by

|—\
|—\
~ the Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 01 0.04 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 3.7.1: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2002 by the Tier 2
approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years S0 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 055 0.03 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 015  0.06 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1.35 0.06 4-2. Matured fishes
= i 4-3. Closed season in spawning time
oo Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=0.85

Collection @ pknu



Appendix 3.7.2: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2002 by the Tier 2

approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.7 0.07 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.05 0.03 7-1. Discards
Diversity index (DI)  Change of species number 0.85 0.06 8-1. Number of fish species

ORIg=0.53

Appendix 3.7.3: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2002 by the Tier 2

6TT

approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 0 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawningand 0.75 0.29 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.2 0.07 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 08 0.23 10-1. Wastes

ORIL=10.39

Collection @ pknu



Appendix 3.7.4: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2002 by the Tier 2

approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.15 0.06 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 0.2. 0.07 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days 0597 p 06 13-2. Rate of fishermen
ORIe=0.21

Appendix 3.7.5: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2002 by the Tier 2

|—\
N
o approach (1IUV)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 01 0.04 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Append ix 4.1.1: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2012

by the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO0 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 275" 007 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 215 006 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1 0 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
= Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
OR'S =2.03

Collection @ pknu



Appendix 4.1.2: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2012

by the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.65 0.06 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 05 0 7-1. Discards
Diversity index (DI)  Change of species number 1.7 0,07 8-1. Number of fish species

ORIg=0.95

Appendix 4.1.3: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2012

¢cl

by the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning and 21 04 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 14 01 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.35 0.06 10-1. Wastes

ORIL=1.29

Collection @ pknu



Appendix 4.1.4: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2012

by the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 22 0.07 11-2. Income rate
cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 1.65.  0.06 12-1. Fishing cost
Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days %0 13-2. Rate of fishermen
ORIe=1.89
N Appendix 4.1.5: Risk scores for indicators of round scad Decapterus macrosoma of purse seine fishery in the Egypt Red Sea 2012
N
w by the Tier 2 approach (1UU)
. _ Risk ] .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 155  1.36 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 4.2.1: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2012 by the
Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO0 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 275" 007 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 07 007 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1 0 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
> Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=1.64

Collection @ pknu



Appendix 4.2.2: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2012 by the

Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.85 0.11 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 05 0 7-1. Discards
Diversity index (DI)  Change of species number 1.7 0,07 8-1. Number of fish species

ORIg=1.02

Appendix 4.2.3: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2012 by the

Gc1

Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning and 21 04 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 14 01 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.35 0.06 10-1. Wastes

ORIL=1.29

Collection @ pknu



Appendix 4.2.4: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2012 by the

Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 22 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 1.65.  0.06 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days %0 13-2. Rate of fishermen
ORIe=1.89

Appendix 4.2.5: Risk scores for indicators of sardinella Amblygaster sirm of purse seine fishery in the Egypt Red Sea 2012 by the

|—\
N
o Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 155  1.36 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 4.3.1: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2012 by the
Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO0 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 275" 007 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 175 007 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1 0 4-2. Matured fishes
5 i 4-3. Closed season in spawning time
~ Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=1.92

Collection @ pknu



Appendix 4.3.2: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2012 by the

Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 0.95 0.19 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 05 0 7-1. Discards
Diversity index (DI)  Change of species number 1.7 0,07 8-1. Number of fish species

ORIg=1.05

Appendix 4.3.3: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2012 by the

8¢T

Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 035 006 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat : ) 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning and 21 04 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 14 01 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.35 0.06 10-1. Wastes

ORIL=1.29

Collection @ pknu



Appendix 4.3.4: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2012 by the

Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 22 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 1.65.  0.06 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days %0 13-2. Rate of fishermen
ORIe=1.89

Appendix 4.3.5: Risk scores for indicators of anchovy Stolephorus indicus of purse seine fishery in the Egypt Red Sea 2012 by the

|—\
N
© Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 155  1.36 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu
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Appendix 4.4.1: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2012

by the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years el 2-1. Effort
97y CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 26 0.04 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 165 006 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawnin 4-1. Main fishing period of catch
Rate of mature fish y g P 9 135 006 4-2. Matured fishes
season . L
4-3. Closed season in spawning time
Ratio of (release
stock abundance) RETedse specicTkistence 0 0 5-1. Release fish
/(wild stock P 5-2. Fish species
abundance) in catch
ORIs=1.74

Collection @ pknu



Appendix 4.4.2: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2012

by the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 155 0.14 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.25 0.07 7-1. Discards
Diversity index (DI)  Change of species number 215 0:.06 8-1. Number of fish species

ORIg=1.32

Appendix 4.4.3: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2012

T€T

by the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 2 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning and 2.35 0.06 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 1.65 0.06 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.4 0.04 10-1. Wastes

ORIL=1091
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Appendix 4.4.4: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2012
by the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.8 0.07 11-2. Income rate
cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 1.1. 0.04 12-1. Fishing cost
Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days LI N6 13-2. Rate of fishermen
ORIe=1.01
N Appendix 4.4.5: Risk scores for indicators of brushtooth lizardfish Saurida undosquamis of trawl fishery in the Egypt Red Sea 2012
w
no by the Tier 2 approach (1UU)
. _ Risk ] .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 545  0.08 14-1. IUU occurred

fishery 14-2. Description of IUU fishing
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Appendix 4.5.1: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2012 by
the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years el 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 26 0.04 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 14 01 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawning 4-1. Main fishing period of catch
Rate of mature fish 1.35 0.06 4-2. Matured fishes
s i 4-3. Closed season in spawning time
w Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=1.67

Collection @ pknu



Appendix 4.5.2: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2012 by

the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.4 032 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.25 0.07 7-1. Discards
Diversity index (DI)  Change of species number 215 0:.06 8-1. Number of fish species

ORIg=1.27

Appendix 4.5.3: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2012 by

vET

the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 2 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawning and 2.35 0.06 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 1.65 0.06 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 1.4 0.04 10-1. Wastes

ORIL=1091
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Appendix 4.5.4: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2012 by

the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlfe Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 0.8 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 1.1. 0.04 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days LI N6 13-2. Rate of fishermen
ORIe=1.01

Appendix 4.5.5: Risk scores for indicators of trieadin breams Nemipterus japonicus of trawl fishery in the Egypt Red Sea 2012 by

|—\
w
ol the Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 545  0.08 14-1. IUU occurred

fishery 14-2. Description of 1UU fishing
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Appendix 4.6.1: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2012 by
the Tier 2 approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO 2-1. Effort
CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 21 010 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 12 007 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the spawning 4-1. Main fishing period of catch
Rate of mature fish 1.35 0.06 4-2. Matured fishes
s i 4-3. Closed season in spawning time
o Ratio of (release
stock abundance) Release species existence 0 0 5-1. Release fish
/(wild stock 5-2. Fish species
abundance) in catch
ORIs=1.47
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Appendix 4.6.2: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2012 by

the Tier 2 approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 1.1 0.15 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.2 0.07 7-1. Discards
Diversity index (DI)  Change of species number 16 0.04 8-1. Number of fish species

ORIg=0.97

Appendix 4.6.3: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2012 by

LET

the Tier 2 approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 0 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawningand 1.85 0.89 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.2 0.07 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 08 0.23 10-1. Wastes

ORIn=0.7
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Appendix 4.6.4: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2012 by

the Tier 2 approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 1.3 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 14. 0.04 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days LI N6 13-2. Rate of fishermen
ORIe=1.29

Appendix 4.6.5: Risk scores for indicators of groupers Epinephelus malabaricus of longline fishery in the Egypt Red Sea 2012 by

|—\
w
oo the Tier 2 approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 1 111 14-1. IUU occurred

fishery 14-2. Description of IUU fishing
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Appendix 4.7.1: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2012 by the Tier 2

approach (Sustainability)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Catch per unit effort Current CPUE compared with average of 1-1. Catch
CPUE CPUE during X years SO 2-1. Effort
97y CPUE = Catch / Effort
. . . ! 2-1. Trend of fishing effort
F!sh!ng mortality or Eff(_)rt is-compared with average of effort 21" 01 2-2. Conduct an activity of fisheries
Fishing effort during X years
management
Age (or length) at Average length of catch compared with 145 008 3-1. Body length
first capture mature length ' ? 3-2. Regulate of body length
The fishery occurs during the 'spawnin 4-1. Main fishing period of catch
Rate of mature fish y g P 9 135 006 4-2. Matured fishes
season . L
4-3. Closed season in spawning time
Ratio of (release
stock abundance) RETedse specicTkistence 0 0 5-1. Release fish
/(wild stock P 5-2. Fish species
abundance) in catch
ORIs=1.54
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Appendix 4.7.2: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2012 by the Tier 2

approach (Biodiversity)

Indicator Status of indicator s?:lcfrlé Variance Rationale
Bycatch rate (BC/C) Welght ratio of non target (except top X 15 0.16 6-1. By-catch
species in catch) species in catch
Discards rate (D/C) Ratio of discarded fish in catch 0.2 0.07 7-1. Discards
Diversity index (DI)  Change of species number 16 0.04 8-1. Number of fish species

ORIe=11

Appendix 4.7.3: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2012 by the Tier 2

ovT

approach (Habitat quality)

Indicator Status of indicator siSrlé Variance Rationale
9-1. Amount of fishing gear
Critical habitat Characteristic of fishing gear and operating 0 0 9-2. Number of fishing gear
damage rate period-of fishing gear in the habitat 9-3. Conduct fishing operations
9-5. Number of fishing days
Pollution rate of Information on-the pollution (oil spillage) 10-2. Number of fishing gears used per
spawning and by the target fishery on-the-spawningand 1.85 0.89 unit fishing operation
nursery ground nursery grounds 10-3. Oil accident
o Extent of potential loss of fishing gear that i _
Lost fishing gear is operated by target fishery 0.2 0.07 9-4. Lost fishing gear
Discarded wastes Discard amount of wastes by target fishery 08 0.23 10-1. Wastes

ORIn=0.7
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Appendix 4.7.4: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2012 by the Tier 2

approach (Socio-economy)

Indicator Status of indicator s?:lcfrlé Variance Rationale

Income per fisherman Change tendency of income for recent x 11-1. Income
(IPF) P years and difference with minimum living 1.3 0.07 11-2. Income rate

cost 11-3. Income / lowest cost
(RSSS)O]C profit o cost Cost of target fishery 14 0.06 12-1. Fishing cost

Change tendency of number of fishermen 13-1. Number of workers
Employment rate (ER) for recent x years or Actual fishing days LI N6 13-2. Rate of fishermen
ORIe=1.29

Appendix 4.7.5: Risk scores for indicators of emperors Lethrinus harak of longline fishery in the Egypt Red Sea 2012 by the Tier 2

|—\
aN
= approach (1UU)
. e Risk i .
Indicator Status of indicator scor Variance Rationale
Management of IUU IUU fishery existence 1 111 14-1. IUU occurred

fishery 14-2. Description of IUU fishing

Collection @ pknu



Appendix 5: Samples of survey sheet for Tier 2 approach by Egyptian fishermen of the Red Sea to 2002 and

2012.
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