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GLOSSARY OF TERMS

Environmental Management Plan (EMP) - Either a stand-alone document ¢r an attachment to an
Environmental Impact Assessment Report, summarizing the mitigation measures and constraints
identified in the EIA and identifying the actions required to implement them before, during and after
construction. The EMP also sets out who has responsibility for implementing these actions and
provides a mechanism to incorporate additional mitigation measures or modify specified action as
required during the detailed design and construction of a project.

Environmental Impact Assessment (EIA) — Applied at the project level. It is a process intended to
ensure that environmental impacts of schemes are identified pror fo any work being carried out se
that proposals can be modified or managed in such a way that adverse impacts are avolded or /
minimized.

e

Environmental Impact Assessment Report —The dcocument thaf is formally required by EIA
legislation as part of the EIA process.

v Draft
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Non-Technical Summary

Introduction and Background

GFB Fisheries RMI Inc, proposes to develop an aquaculture farm in Majuro for the production of
marine fish. Species that are under consideration for farming in the RM| are humphead grouper
(Cromileptes affivelis)yleopard coral grouper (Plectropomus Ieopardu)@iant grouper (Epingphelus
lanceofatus),/Tiger Grouper {(Epinephelus fuscoguttatus), cobia {Rachycentron canadum),&ellowﬂn
tuna (Thunnus albacares)/bigeye tuna (Thunnus obesus)f‘énd trepical rock lobster (Panulirus
peniciliatus)«Eurther species may be considered in the future depending on technological
develepments and the eccnomics of production.

According to the United Nations Food and Agriculture Organization, 18.84 million metric fons of fish,
crustaceans and moliusks were farmed globally in marine waters in 2005 with an additional 29.31
milfion metric tons farmed globally in freshwater. This compares with 83.25 million metric tons of fish,
crustaceans and mollusks that were produced by the worlds capture fisheries {fresh and saltwater) in
2005. There is a general consensus that aquaculture production will continue to grow in importance
compared to wild catch fisheries over the coming decades. /

o

Seacage aquaculture is the most effective way of growing commercial quantities of high quality fish

and the only technclogy suitable for significant levels of fish aquaculture in the Marshall Islands.
Numerous studies have demonstrated that appropriately sited and sized seacage farms have minimal /
impacts on the environment,

Worley Parsons and GFB Fisheries RMI Inc. have prepared the following Environmental Impact
Assessment for the production of up to 50,000 tons per annum of seafood in defined sites within the
central parts of Majuro Lagocn. Impacts on the environment of this fish farm are minimized by the
large water volumes and flush rates at the proposed sites. Mass balance modeling of the nutrient
dynamics assoclated with full preducticn of the farm reveals a level of impact on water quality well
within environmentally sound levels. Minimal Jand-based impacts are associated with the farm due to
most acfivities and infrastructure being located on the water. /

All of the agquaculture activities will be located in less than 800 hectares, or 2% of the lagoon surface
area. At full production the preposed farm would directly employ approximately 400 people, of which
about 10 would be foreign. There will also be significant indirect employmant fromﬁxe operation
through service activities, processing of production and flow-on economic impact.

Summary of the Need for the GFB Fisheries aquaculture farm

1. Aquaculture is required to meet growing global demand for seafood in the face of static or
declining wild fishery production.

Z. Some of the species that will be farmed in Majuro by GFB Fisheries are highly threatened by
over fishing — the farming of these species helps to reduce pressure on wild species,

3. The Republic of Marshall Islands currently has a weak and narrowly based economy and high
unemployment — there are very few industries other than aquaculture that has the potential to
bring this level of economic development to the RMI and employ large numbers of
Marshallese.

Location

The proposed aguaculiure cage sites will be Jocated in & number of sites within Majuro lagoon./These
sites will be accessed by boat, primarily from existing docks in the Uliga area, however potentially
from other locaticns closer to the cage sites, such as the Woja area. It is also propesed that barges
be permanently moorad at the cage locations to provide storage, working areas and accommodation
on site., This will minimize travel between the sites and docks.

The areas of Majuro Lagoon that are proposed for the location of the aquaculture farms are displayed
in Figure 1.1,
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Source: Google Earth 2007, GFB RMI Inc

Figure 0.1: Proposed Zones for GFB Fishenes Fish Cage Siting

These zones have been chesen as the optimal in terms of minimizing impacts on the envirenment, Q\; \
residents and other users cf the lagoon. They were selected as the coptimal solution fo;

- Flushing: Modeling conducted by Kraines, Iscbe and Komiyama (2001) indicates that these v UVA/‘
Vo

zones are the best flushed throughout the year to the open ocean through Calalin Channel; ¢
= Water circulation; Nutrients added fo these zones will have minimal impact on the relatively

polluted and poorly exchanged far eastern comer of the lagocen;
+  Sensitive habitats: The zones are located away from significant areas of coral habitat;

»  Depth: The zones are exclusively in water greater than 30m in depth. The depth of water

provides both a large buffer to water quality and a significant distance for waste remediation in

the water column;

= Visual impacts: While all sites will be well marked for marine navigation, these zones are

+  Access: While suitable areas exist closer to the main wharves in Majurc, these zones are

acceptably accessible under mest conditions by boat;

The data supporting these factors is discussead further in the EIA,

Sumrmary of Proposal

Table 0.1: Key Charactenistics Identifying the Delails of the Proposal

away frem major shipping routes, population centers and recreational and tourist destinations; I

Element

Description

Life of project

* Increase production cver time to a maximum of
50,000 mefric tons per annum.
*  Cngeing

Location

Majuro Atoll, Republic of Marshall Islands (See
Aftachment 1 for precise locations)

Species cultured

Species currently under consideration:
«  Ccbia (Rachycentron canadum)

«  Humphead Grouper (Cromileptes altivelis)

*  Leopard Ceralgrouper (Plectropomus feopardus)
+  Giant Grouper (Epinephelus lanceclatus)

)
/
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«  Tiger Grouper (Epinephelus fuscoguttatus)
*  Yellow fin Tuna {Thunnus albacares)

= Bigeye Tuna (Thunnus obesus) .

+  Trepical Lobster (Panulirus penicillatus) -

Source of fish fingerlings

» Australia — All species (bio-secure hatchery)
- Marshall jslands - Tuna species only /

Expected producticn
+ Maximum

+ 50,000 tonsfannum

,

Size of proposed aguaculiure lease area
«  Maximum

= 750 hectares consisting of 6 x 125 hectare sites

Size of marine cages
+  Nursery
+  Growout

+  Up to 6m (length) x Sm{width) x Sm (depth)
+  Between 50m and 130m circumnference.

Volume of marine cages (dependent on
circumference)

*  Nursery

= Growout

*+  Up to 150 cubic meters
< 1,200-13,454 cubic meters

Stocking density within marine cages

<
Nursery 10-15 kg/m J/
. a
Nursery maximum 25 kg/m
T Growout 15-20 kg/m
. . 3
+  Growout maximum (holding) 40 kg/m ‘\
Feed input /
= Maximum = 210tons/day /
A
Fish Excretions l

+  Nitrogen Maximum

+  Increase in Nitrogen in Maijuro lagoon water
(Mass-balance point) -

+  Phosphorus Maximum

* Increase in Phosphorus in Majure lagoen water
{Mass-balance point)

10,470 kg/day

Order of Magnitude 1/100 mg/liter
2,670 kg/day

1 .
[,]'7_ Y
L

Crder of Magnitude 1/1,000 mg/liter
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tow

Figure 0.2: Humphead Grouper (Cromileples aliivelis) following 6 months of Culture in GFB RMI Pilot
Seacage off Lobekerae [sland, Majuro.

Alternative Options and Locations Considered
Alternative options and Iocation.s considered other than seacages In Majurc Lagoon are:
*  The De Nothing option;
+  Alternative Atoll in the RMI;
. Cages located external t¢ Majuro Atoll; and

« Land-based operation.
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The Proposed Scheme

The proposed project involves the farming of fish in Majuro Lagoon for sale to markets in Asia, North
America and Australia; A simplified account of the process is displayed in Figure 0.1.

1. Fish Fingerlings
{baby fish) bred in

Australia
Transported by
Ship or Alrto
| — Majuro
Y

2. Seacages in
Central Majuro
Lagoon {growout

period)
Fish Feed,
Marshallese,
12 tc 18 Labour
nt{onths
3. Fish ready; for
market Y
Portion of
_ o production
Transported by processed in
Ship or Airte Majuro
v Markets
4. Markets {Asia,
North America,
Australia ) |/

Figure 0.7: Schematic of the Proposed Project

The facilities to produce 50,000 metric tons per annum of fish production aretto be sjtuated in 6 x 125
nectare fish farming sites with central Majuro Lagoon (Figure 0.2).
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Figure 0.2: Pro,oose Fish Farm Sites in Majuro LLagoon

The scale of the infrastructure within each fish farm site is displayed in Appendix A: Figure 8.3.11.
GFB RMI currently plans to expand producticn in three main stages. Between each stage GFB RMI
will review the operation of the farm and the existing eccnomic conditions before expanding to the
next stage of production, These stages are;

Stage 1: Up fo 6,000 to 10,000 metric tens per annum, This would require the operation of 1 x 125
hectare fish farm site. It is also proposed that the cutrent pilot site at Lobekerae Island be continued
with production of up to 500 metric tons per annum during this stage until sufficient infrastructure and
security is located on the new sites to accommodate nursery functions;

Stage 2! Up to 30,000 to 35,000 metric tons per annum This would reguire the operation of 3 x 125
hectare fish farm sites; and

Stage 3: Up to 50,000 metric tons per annum, This would require the operaticn of 5 x 125 hectare
fish farm sites. The sixth site is required is a potlential ‘spillover site for seacages with fallowing
movements af the other 5 sites.

It is aimed to accommodate as much of the fish farming infrastructure within the fish farm sites in
central Majuro Lagoon as possible, As the operation grows barges and platforms on site will enable
fish feed, fuel and equipment to be stored on site minimizing traffic and disturbance to the eastern
portion of Majuro. Much of the construction and maintenance will be able to be conducted on the

barges and sleeping quarters will enable staff to be present at the fish farm sites 24 hours per day, 7
days per week.

Key Features of the Environmental Baseline
The proposed fish farm will be located within Majure lagoen. The relevant existing environment to the
development is the Majuro Lagoon Aquatic envirenment. The lagoon consists of a large (324 square
kilormeter) area of water with an average depth of 46 meters of a relatively flat bottom consisting of
coral aggregate, Key features of the envirenment with regards to the fish farm project are:

+  Coral reefs on the rim of the ato!l with the most pristine being those on the northern shore;

- Relatively low value environment of coral aggregate flats in the areas within and surrounding
the proposed fish farm sites;

*  Surrounding ocean of very low nutrient water and strong currents;
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-

Significantly degraded water quality in the far eastern porticn of the lagoon with more pristine
water quality in the central and western lagoon; and, o
-

»  Average lagoon exchange rate of 15 days, with lower exchange rates in the eastern lagoon
and highest in the central lagoon through Calalin and Western Channels.

v

Majuro Lageoon has a number of physical features that make it well suited to minimize the
environmental impacts of fish farming. Key to the ability of the lagoon to assimilate the impzcts of fish
farming are its sheer size and strong flush rates to the open ocean.

Environmental Impacts and Proposed Mitigation Measures

The potential environmental impacts associated with the proposed fish farming operations along with
proposed mifigation measures outlined below in Table 0.2.

Receptor/
-Environmental ..
Resource. ' -

Human Beings and
Land Use

Construction impacts

Table 0.2: Summary of Key Impacts and Mitigafion Measures

Increased boat traffic

H

GFB RM! aims to minimize the amount of boat fraffic to and
from the fish farm sites by:

Moaoring large service barges on site o store fead, supplies
and some equipment;

. Ferrying farm workers lo site on several large boats;
Praviding accemmodation on boats on site; and

+  Working with RMI authorities to develop procedures for
import / customs / quarantine inspections at sea to avoid
double transfer of goeds and unnecessary use of the poris
in Majuro.

Employment generation

Nil, positive impact

increased skills of
Marshallese

Nil, positive impact

Operational impacts

Restricted access

!

%5
{ Position fish farm sites in low use areas, '/\\“ﬁ

Restriction of recreational
fishing

[V

- . . L
Position fish farm sites in areas of Jow value to :ecreatlonal\
fishing.

Impact on ether businesses

Posilion fish farm sites distant from other businesses, )\/(_}‘\D

Restriction of boat traffic

- Position fish farm sites in areas of low boat traffic. \D
q (L, J
& - Alow passage hetween fish farm sites, ’
P Ensure sites are clearly marked for marine navigation day
/ and night,

Increased skllls of
Marshallese

i

Nil, positive impact

\EWe’nt generation ‘/

Nil, positive impact

Habitats

and

Construction impacts

N
7%
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‘Receptor! .

Environmental
- Resource-

Species

Descri stion of Impact

Placement of mooring
blocks

Mitigation Measures -

Use of permanent moorings for boats In order to minimize
the need for dropping anchors in various parts of the farm;
and,

Sites where moorings are to be placed will be inspected to
ensure any bomimies or potential higher value habitat is
avoided.

Operational impacts

Aggregation of wild fish
assemblages

/31 Considered partly positive Impact in mitigating fish waste.

Changes to macrobenthic
assemblages

74

2
5

Considered partly positive impact in mitigating fish waste, The

location cf the fish farm sites in relafively deep water will reduce

the potenfial for this impact. Measures to mitigate impacts of

changes to macrobenthic assemblages are:

D Moving of cages around the lease area to provide }
fallowing-;

Use of pellets for food to minimize wastes; and,

Monitoring of feeding to minimize waste.

Boat strike when traveling to
site

Nil

v

Disease and pathoge
transfer fo the wild

Measures to mitigate the risk of disease and pathogen transfer
{o the wild are;

Remove any dead fish from cages ASAP;

Use appropriate existing disease management proltccols
(stress management, sampling for disease where
appropriate);

Do not overstock cages:

p

Entanglement of megafaunad

4
»¥

Measures to mitigate this risk are:;
Separate predator nels not te be used;

Removal of any dead fish from cages ASAP fc minimize
attraction to cages;

Use of rigid netting material for cages; and,

Ensure all ropesicables etc and cage material is taut. ‘l \i\kﬂ

Escaped stock

Measures to mitigate this risk are:
Regular checking of cage material to ensure integrity

Ensure cage material and structures are engipeered to
withstand extreme weather events; —p & ﬂ‘w/]/ g
ks Lk it

4
£

Ensure that species are endemic; and,

Ensure good site security.

Food web changes

Food web changes in the near field are in positive in helping to
mitigate fish wasles. Measures to mitigate this impact are:

.




GFB RMI [nc. Aquaculture Project Majuro Lagoon
Environmental Impacl Assessment Report

Receptor!
Environmental
.Resource

i
i

i

R

Description of Impact

-Mitigatién Measures

+ Moving of cages around the lease area to provide
fallowing-;

. Use peliets for food to minimize wasles;
. Use a feeding regime that minimizes waste; and,

Remove any dead fish from cages ASAP.

Seabird interactions

Taught bird nets wlll be used over the cages and netting type
reviewed In tangling of seabirds proves lo be a problem.

Sediment changes

34

Measures to mitigate this impact are:
Ensure cages are sited in an area with a high flushing rate;
. Ensure cages are in relatively deep water;

Moving of cages around the lease area o provide fallowing
if sediment deteriorates;

}9.

- ﬂ-f Use pellels for food lo minimize wasles;
{lg Use a feeding regime that minimizes waste; and,
7> Remove any dead fish from cages ASAP.

3

Water quality {near field)

by

<
/

Measures to mitigale this impact are:

Ensure cages are sited in an area with a high flushing rate;
Use pellets for food to minimize wasles;

Use a feeding regime that minimizes waste;

. Remove any dead fish from cages ASAP; and,

9) Manitor water quality parameters (Nitrogen, Phosphorus
t and Chlorophyll a).

field)

Water quality (intermediatépﬂg
2
¢

g('.;:%

Measures to mitigate this lmpact are:

Ensure cages are sited in an area with a high flushing rate;
. Use pellets for food to minimize wastes;

Use a feeding regime that minimizes waste;

Remove any dead fish from cages ASAP; and,

Monitor water quality paramelers {Nitrogen, Phosphorus
and Chlorophyll a).

Translocation of species

Y

Vg? .

/

#

Measures to mitigate this impact are;
Ensure cullured species are endemic;

. Exchange ballast water at least 30 miles from Majuro;

s

Ensure all fish impoerted are from confrolled hatcheries; and

9
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" Receptor / do :
- Environmental : Description of Impact i, Mitigation Measures

" Resource

| Prophylactically treat fish tanks during shipping to the RM|
ﬂ lo kill any potential invertebrates in the tanks.

Construction Impacts

N
Geology and A

Coastal Processes

Operation impacts

N/A

Construction impacts

E?/ Use fixed mooring buoys for boat anchorage.

Disturbance of sediments i . . ,
}@ . Use mooring blocks and anchors designed to ‘dig and hold
rather than drag,

Operational Impacts

g‘FZ- Feed formulated pellets only,

Water .
_3;['7 Avoid overfeeding.
Increase In nulrient levels ;’é Locate fish farm sifes in high flush areas.
B Cap fish production to levels within assimilation capacity of
A the environment,
_ﬁg" Monitor water guality.
. |.Maintain equipment in good order to minimize the chance of fuel
Introduction of chemicals L% or oil leaks.
Construction impacts
Production of waste , . .
materials from construction épUtilEze prefabricated seacages and equipment where possible,
and mooring of seacages
Waste

Mooring blocks and anchors | Nil,

Operational impacts

Consumable goods waste cé fUtliize bulk feed contalners (Reusable} where possible,

‘S!acsge Efl?:;io ed Farm Either sell decommissioned materials on island where they are
M!;te:i:;xlsl n r (6 hseusable, recycle, incinerate or take the materials off island.

Air, Climate, Nolse | Gonstruction impacts
and Vibration

Increased noise from
conslruction on land

~

L Utilize existing industrial localities for land-based construction,

éﬁ’ +  Maximize distance of fish farm siles from residential areas;

Increased nolse from

construction on water [‘fL Conduct farm construction activities between sunrise and
10pm.

Increased boat lraffic &g Utilize barges / work platforms on site lo minimize beat

movements to site,

10
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ﬁé:ééhtor ! :‘

"Environmental

Witigation Me;aﬁurés :

Operational impacts

Increased boat traffic

£

Utilize barges / work platforms on site tc minimize boat
movements to site,

Construction impacts

Visual impact at component
assemtblage sites

ggutilize existing industrial localities for land-based construction,

Operational impacts

Landscape and
Visual Amenity (c?
. Maximize distance of fish farm sites from residential and
. . tourism areas,
Visual impact of farm and
service vessels C e . s
?—ﬂ' Minimize lighting from 10pm to sunrise to that required for
safety and navigation.
Construction impacts '3/
377

NIA 7
Cultural Heritage, (/M —p M E
Archaeolo . Py

o Operational impacts . . 7 ﬂJ
[i-/‘ VA}
NIA ~ ﬁ“"/
Vad /
Operational impacts ’) i~
7
] NIA

Traffic and .
Transport P

Construction impacts

NfA

Conclusion

It is intended to accommodate the majority of equipment and activity associated with the construction
and operation of the fish farm within the fish farm sites in central Majurc Lagoon. In this way, the
proposed farm will have minimal negative impacts on the land areas of Majure and on the mere
heavily utilized eastern portion of the lagcon.

The patential environmental impacts of fish farming are well understeod with similar fish farms to that
prapcsed operated throughout the world. Majuro lagoon is well situated to mitigate the environmental
impacts of an appropriately sized, located and operated fish farm. The proposed fish farm sites have

been selected to be distant from high value habitats and to maximize water exchange with the open

ocean. All fish fingerling and feed inputs will be from controlled scurces and water quality and nearby
habitats will be monitored to ensure that the envirenmental impacts remain within acceptable
parameters.

11
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1 Introduction and Background ;

U
cm- j
1.1 Purpose and Need of the Document
L

1.1.1 Document'Rurpose

The RMIEPA G,enera! Manager has determined that in order for GFB Fisheries RMI Inc. fo proceed
tolgommercial,scale production of fish in Majuro Lagoon an Environmental Impact Assessment is
Qut

re

The Republic of the Marshall Islands Environmental Protection Autherity Envirenmental Impact
Assessment Regulations (1994) states that the purpose of the Envircnmental Impact Assessment
(ElA) Is as foliows:

“EIA's are intended to help the general public and government officials make decisions with the
understanding of the environmental consequences of their decisions, and take actions
consistent with the goal of protecting, restoring, and enhancing the environmen!. These
Regulations are designed fo integrate the EIA process into early planning of projects fo ensure
timely consideration of environmental factors and fo avoid delays, as well as to identify at an
early stage the significant environmental issues facing the Republic.”

The ElA process is described as: /
"An analytical system of assessing and reviewing environmenlal conseguences that may result
from proposed development activities, beginning at the inception and ending at the completion
or decommissicning of a proposed development activity, during which various environmental

analyses and documents are prepared, reviewed and approved, in accordance with these
Regulafions.”

The environment is defined as:

"The physical factors of the surroundings of human beings and includes the fand, soil, waler, /
afmosphere, climate, sound, odors, tastes, and the biological factors of animals and planis of
every description sifuated within the territonal limits of the Republic including the exclusive
ecenamic zone."

1.1.2 Report Structure

1. Introduction and Background:

2. Descripfion of Proposed Works:

3. Consultation:

4. The Baseline Environment;

5. Environmental Impacts and Mitigation:
6. Conclusions and Recommendations:
7. Listof Prepares:

8, Envircnmental Management Plan

9. References

10, Appendices
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1.2

EIA process

GFB Fisheries RMI Inc. has previously submitted an Cperations Brief and Environmental
Management Plan to the RMI EPA for the conduct of pilot aquacuiture operations. The RMI EPA
reviewed the Environmental Management Plan (EMP) submitted by GFB Fisheries RMI Inc. for the
pilot aquaculture production of up to 50 tens per annum of Humphead greuper (Cromileples altivelis)
in Majure Lagoon, and approved the pilot for a three (3) year period effective from March 2007, The
RMI EPA stated that it ‘is satisfied that the construction, cperating, decommissioning and monitoring
procedures cutlined in the EMP are adequate’.

The RMI standards for approval are (Section 32. Standards for approval, pp 6 —17);

a) When an EIA has been submitted, the Authority shall nct approve the EIA as proposed if the
Authority finds omission or inadequate treatment of any practicable alternative or pracficable
mitigation measures, within its powers or the powers of the propenent, that may substantially
lessen any significant impact the proposal may have con the environment to an acceptable |level.

b) As used in this Regulation, the term "acceptable level" means that the EIA describes:

i. all significant adverse environmental effects that may be avoided have been
eliminated or substantially lessened;

ii. any remaining, unavoidable significant impacts are acceptable,considering the
balance of the benefits of a proposal against its unaveidable environmental
risks.

The EIA process that will conducted by GFB RMI in regards to the proposed fish farm will follow the
standard procedures outlined in the RMI Environmental Legislation (Environmental Impact
Assessment Regulaticns, 1994);

*  Project Brief (submitted);
»  Scoping Report (submitted);
Stakeholder Consultation (Within this report);
+  Environmental Impact Assessment Report (Within this report);

= Environmental Management Plan (Appendix to this report);

Public Hearing (Pending);

*  RMIEPA Board Approval Process; and

/ EPA Monitering of EMP for Compliance.

The EIA addresses the following legislation and regulations:
»  Nationa!l Environment Protection Act 1984;

+  Coastal Conservation Act;

= MIMRA Act;

+  ElA Regulations 1994;

«  Marine Water Quality Regulations 1992; and

Solid Waste Regulations.
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1.3

1.3.1

The EJA process covers all regulation compliance and permits required from MIMRA and RMIEPA,
The approvals required by GFB RM! from the RMI EPA are:

Approval of the Envirenmental Impact Assessment for the aguaculture of 50,000 tons per annum
of fish in Majurg;

Approval cf the Envirecnmental Management Plan for the aquaculture of 50,000 tons per annum
of fish in Majuro;

Permit for the establishment of fish farming infrastructure (cages and mocring) within the outlined
cage sites;

The approvals required by GFB RMI from MIMRA are:

Permit for exclusive use of the 6 proposed fish farm sites for fish farming activities and
operations;

*  Pemit for import of the proposed species from Australia;

+  Approval of quarantine protocol for import of proposed species from Australia,

Background to the Project

Introduction

GFB Fisherles, an Australian company, was formed in 2002. The company has recorded a number of
impartant achievements in this time including:

+  Growth to Australia’s largest barramundi producer;

- Australia’s, and one of the world's, largest marine finfish hatchery's;

+  The world's first reqular hatchery production of humphead grouper;

+  Successful hatchery production of a number of difficult reef fish species; and
*  Australian first production of species such as cobia and humphead grouper.

The company operates several sites in Australia, supplies fish fingerlings fo growers across Australia,
is involved with major collaberative research projects (such as world-first attempis te breed southern
blue-fin trna) and is investigating options to expand production in other countries such as India.

Some images of the company’s facility at Bowen, Queensland, are show below.
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Figure 1.3.1: Collage of Images of GFB Fisheries Australian Hatchery Facility

In Australia GFB Fisheries has become limited with available sites fo grow the fish thatits hatchery

produces, Australia js limited in good quality tropical marine aquaculture sites, Those areas

sufficiently close to a population base suffer from variable water quality and winters that cool enough -

to increase the disease risk to the fish. While these consfraints are not a major problem for hardier ¥

species such as barramundi, they impact on the viability of production of sensitive species such as. \ N}/:
L

the groupers. d‘/ &4405_ . (}‘,J#}
In addition, Australia is currently experiencing a very tigh,t/ébor market and any expansion of ""J_
production js limited by the ability tc find suitable pecple to care for the fish, S

In 2005 GFB Fisheries began to investigate the potential for producing fish in India, Indcnesia and
the Philippines. The primary considerations were;

+  Excellent, consistent water quality (to enable the economical growout of the high value reef
fish species);

= Consistent, warm waler temperatures;

*  Political and financial stability;
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+  Suitable logistics (sea and air) particularly to Asia and North America; and
+  Sufficient laber supply.

In 2006 GFB Fisheries became aware of Majuro as a potential producticn site. Majuro had the
advantage of particularly good water qualify and scored well in all objectives except for the cost and
difficultly of jogistics. In early 2007 GFB Fisheries RMI Inc. was registered in the Republic of Marshall
Islands and approval for pilot scale production of humphead grouper granted by the RMI EPA. Small
numbers of humphead grouper were flown to Majuro from the end of the hatchery season in Australia.
Despite a number of delays with shipping equipment to the Majuro and proklems in the quarantine
system the fish responded the excellent water quality conditions and performed well. Continued
investigations on the viability of the Majuro site indicated that the logistic problems could be mostly
overceme as the farm achieved economies of scale, by operating dedicated ships for the fransport of
fish, feed and seme equipment. The board decided to upscale the project in Majuro, ahead of other
potential sites in Asia.

1.4 Project Objectives

Economic Objectives

The project is being established by a pfivate company for the purpose of business profit. In the
process, the project will bring very substantial econemic benefits to the Republic of Marshall Islands,
Expected benefits include:

o The creation of approximately 400 full time jobs directly through the farming activities, About 10
of these positions are anticipated to be filled by foreign staff, the rest will be sourced from the
locaj population of Majuro. Further full-time jobs will be created in support industries and
processing in Majuro;

o At full production the operation will turn over many millions of dollars in the RMI, generating
significant tax revenues for the RMI government. The RMI currently has a heavy reliance on
foreign aid and few industries that it can pursue to grow the local economy;

o The project will significantly increase the amount of freight between the RMI and other countries.
This increase in volume will improve economies of scale in freight to the RM| and should result
in a lower freight component being paid for a variety of goods by the Marshallese people.

Technical Objectives
The technical objectives of the project are:
o To produce a variety of fresh fish for markets in Australia, the USA and Asia;
o To develop and maintain infrastructure for the farming of up to 50,000 tons per year of fish,
Environmental Objectives
The environmental objectives of the project are:

*  Maximize the amount of work that can be conducted within the sites by the use of barges and
platforms;

- Maintain production limits within the capacity of Majuro lagoon to assimilate and flush wastes;
«  Not significantly confribute to the degradation of the far eastern lagoon;
+  Maintain the quality of the production sites for the ongoing production of healthy fish; and,

= Produce no significant adverse environmental impacts beyond the intermediate field (1000
meters from the fish farm sites).
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2 Description of the Proposed Works

2.1 Site Location

The project is proposed to be located in central Majure Lagoen in the Republic of Marshall Islands. The site is
displayed in detail in Appendix A:, Figure 8.3.1. The location of the proposed sites within Majuro Lagoon are also
displayed below in Figure 2.1.1.

fas S
Figure 2.1.1; Proposed Lecalion of Fish Farm Sites within Majurc lLagoon (White Squares)

The siles are numbered and displayed to scale, latitude and longitude in Figure 2,1,2.
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Figure 2.1.2: Location of Proposed F:sh Farm Srtes (to scan’e and true focahon)
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The coordinates of the proposed sites based on Lat / Long WGS 84 esfimates from Google Earth are
{center points):

Site Google Earth Garmin GPS3 on Site

Site 1 7°8'4.97'N 171°6' 56.73"E 7°9'0.67"'N171° 7' 20.91"E
Site 2 757 24.74'N 171° 7' 43.41°E 7°8' 11.81"N 171° 7' 57.36°E
Site 3 7° 7' 49.29"N 171° 8' 51.39"E 7°8' 20.34"N 171° 8' 52.09°E
Site 4 7°7 25.61"N 171° 10' 27.76"E 757 22.5"N 171° 10' 24.06°E
Site 5 7°6' 41.17"N 171° 9' 49.99"E 7°6' 50.05"N 171° @' 47.56"E
Site 8 7°6'7.93°N 171° 9" 12.16"E 7°6'31.96"N 171° 9' 14.34"E

Site 3 will be the first site to be developed by GFB,

Furthermore, it is proposed that the current pilot farm location off Lobekerae Island (Figure 2.1.3) be
utilized in the early stages for up to 500 metric tons per annum production primarily due to the
favorable security characteristics of the site for small levels of production. The site would be made
redundant once expansion to 6,000 to 10,000 metric tons per annum al the above sites was reached.

ol
Figure 2.1.3: Current Filof Farm Location {Red Square - nol to scale)

The current site is localed at approximately 7° 14' 59.41°N, 171° 14' 06.85" E (Lat/ Long WGS 84
estimate from Google Earth).

2.2 Physical Characteristics of the Project
For each fish farm site the following equipment shall be located (see Appendix Az, Figure 8.3.11)
+  Marker buoys surrounding the extent of the site;
+  Mooring buoys for boals and ships;

«  One or more work barges, which will be semi-permanently moored on the site. The t?arge will be
used for storing feed, equipment and supplies on site and as ovemight accommedation for some
staff;

A number of small wark boats;

Nursery seacages. At this stage a raft of small cages close to the barge is the preferred design;

18
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- Growout seacages. At this stage polar circle type cages (see below) are the favered design,
These cages would be mooered in a number of arrays within the site. The position of these arrays
will be moved after a number of years to allow the seabed under the cages to fallow,

The cage type currently preferred (in this paper referred to the pelar circle seacage) involves main
collars of the floatation device, handrail and stanchions constructed of high-density polyethylene
(HDPE) (Figure 2.2.1).

Figure 2,2.1: Cut Section of a Polar Circle Seacage

Polar circle type seacages are the most pepular for fish farming around the world (Figure 2.2.2).
Those that will be used in Majuro are engineered to withstand seas associated with typhoon
conditions in Majure Lagoon. Polar circle seacages fo be utilized in Majure will range between 16
and 42 meters In diameter and the net will have between 7 and 20 meter deep sidewalls. Assuming
a 42 meter diameter this would have a volume of approximately 13,454 cubic meters and a carrying
capacity of 538 metric tons of fish {assuming a stocking density of 25 kg per cubic meter}, The
velume of the smaller cage (16 meter diameter) is approximately 1,200 cubic meters with a carrying
capacity of 30 metric tons of fish (assuming a stocking density of 25 kg per cubic meter).

! At . T ; “\n&f#ﬁ.ﬁ’ T e poats e
Figure 2.2.2: Polar Circle Seacages (similar to those proposed for Majuro). left — nursery cages; right
— grow-out cages

i

Other cages designs under consideration are geodesic dome seacages (Figure 2.2.3) and raft/ficat
seacages (Figure 2.2.4). GFB RMI's current pilot cages in Majuro are small raft/float and polar circle
type designs.

19



GFB RMI Inc. Aquaculture Project Majuro Lagoon
Environmenial Impact Assessmen! Report

Figure 2,2.3: Geodesic Dome Seacage

e

Figure 2.2.4: Raft/Float Seacage

Nets utilized will be constructed using a predator resistant material. Currently trials are being
conducted utilizing both a heavy galvanized steel mesh {(Appendix A: Figure 8.3.4) and a PVC
coated semi rigid cross ply polyester fiber (see Appendix A: , Figure 8.3.3). The nets are seclred to
the collars at close intervals using 25-50mm wide webbing straps, or polyester double braid rope and
galvanized D-shackles.

The cages will be anchored within a mooring grid designed to withstand cyclonic cenditions {(Figure
2.2.5), Bird exclusicn nets will be utilized for each individual cage.

Any less of fish is a major financfzl cost to GFB RMI and hence the company has a streng motive to
aveid them.
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Figure 2,2.5: Mooring System for Folar Circle Cages

Construction

Construction impacts are minimal, as the project requires nc earthmoving or censtruction of buildings.
Construction of the fish farms will invelve:

«  Assembly of cages (these are shipped prefabricated);

+  Placements of mooring blocks, anchors and buoys;

+  Running of mocring lines and attachment of cages.

The fish farm is mostly a floating structure. The only permanent construction Impact on the sites will
be the placement of the mooring blocks. Mooring blocks and anchors, which are constructed of
concrete andfor steel will not be recovered from the seabed at the end of their working lives,

Some construction activities (eg. Assembly of seacages) will occur on land in Majuro, particularly in
the early phase of scaling up of operations (prior to Jarge work barges being moored on slte). These
construction activities are relafively low impact assembly operations and will be conducted in existing
industrial areas during normal hours,

Operation

The operation of the fish farms is a relatively simple process.

The fish are brought to the farm at a small size (0.5 to 2.0 grams each) and grown in a series of
cages for a period of 1 to 2 years after which they are harvested for live, fresh and frozen fish
markets as would be wild caught fish.

Fish are fed sterilized manufactured pellets ranging in size between 2.0mm and 20.0mm dependent
on the size of the fish. The data sheets for these feeds are provided in Figure 8.2.12 and Figure
8.3.13. Itis estimated that a maximum of 75,000 metric tons of feed will be required per annum at
the total maximum production of 50,000 mefric tons of fish per year. Feeding regimes and behavior
will be closely monitored to prevent overfeeding and wastage. Fish size data will be regularly
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2.3

2.3.1

collected and utilized to calculate growth rates and feed conversion ratios to analyze operational
efficiency.

Harvesting will be conducted using a “Seing” net and fish pump or wet brail, depending on the
species and end lis_q;_gepending-on~species-hawested-ﬁsh will either be shipped to Majuro for
further processing or fransported live to markets.in_Asia,.The majority of fish will be fransporied to
market by ship althougli™some product may also be air-freighied {as is currently the case for tuna
processed in Majuro).

Cages will be serviced from existing dock facilities and from service vessels located within the
aquaculture sites, By moving the majority of storage and activities to barges and vessels within the
fish farm sites, the impact of operations on the rest of Majuro will be minimized.

Landowner Agreements

Legally, all seabed use leases are permitted by the local government. The Local Government Act
designates the coastal waters as areas where the local government has authority in addition to any
overlapping jurisdiction by the national agencies. Coastal waters are the sea and seaked of the atoll
|lagoons in the RMI| as well as 5 miles seaward of the low water mark on the ocean side,

GFB RMI has signed an agreement with the Irofj of Majuro (the Zedkaia family) for the develepment-
of the current pilot project off Lobekerae Island. Discussions have held with the Zedkaia family
regarding the GFB's plans for commercial scale aquaculture in Majure Lagoon. The Iroij of Majure
has expressed support of GFB's RMI's plans for fish farming in Majuro.

Formal approval from the local gdvernment of Majuro for the use of the fish farm sites is sought as
part of this EIA. s

Project Processes

During Constructiof,) \» \Y\e
Time on Site [’Ub‘/‘/ﬁ ' V\QyE]

4

The cons u/cﬁon of fish farming structures o the fish farm sites will be ongoing through the life of the
project,Construction activities will only take place during daylight hours.

Plant and Vehicle Requirements \,—'ﬁ}

The exact plant and vehicle requirements for censtruction activities are difficult to define due to much
machinery being shared between construction and operaﬂon.'fn general construction requirements
are limited, as the project requires no earthmoving or construction of buildings. A list of the major

h
equipment that is expected to be required by the fully operational farm is detfailed in the "When
Operational’ section below. ‘I)

Storage of Materials and Equipment &

At this stage a need to create new land-based facilities for the storage of materials and equipment is
not anticipated. At present, the limited storage needs are met through the lease of existing facilities.

In the longer run barges moored on the fish farm sites will be used for the sferage of the limited
materials and equipment for establishment and operation of the fish farm sites.

Access Arrangements : \\f(\J
The fish farm sites will only be able to be accessed by boat, The waters within each 125 hectare fish
farm site will be designated as no public access,

Security during construction will overlap with operational security (see below). The sites are relatively
remote and the inifial construction (placement of mooring blocks/anchors, mooring lines and bueys) is
not expected to be subject to significant security concerns. As production increase at the central
Majuro sites, staff will be present on site 24hours per day, 7 days per week. 4
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2.3.2

2.3.3

When Operational
Time on Site [W

Once operational the fish farm sites will be continually staffed 24 hours per day, 7 days per week,

365 days peryearforthewt Lu\,\,nf‘é (’\,—_? [QWSQ_‘)Q \,‘\),_Q

Plant and Vehicle Requirements

For each 125 hectare fish farm site when fully operational the following machinery and vehicles are
anficipated;

- 1 large barge / pentoon with living quarters, office areas, feed and water storage, fuel storage,
net cleaning equipment, diving equipment, generator, crane and minor repair tools and
equipment similar to a typical ship (see Appendix A: Figure 8.3.10);

« 1 live fish carrier ship, for transporting fingerlings from Australia and live fish to markets in
Asia. This ship would only be on site periodically for short periods, with the rest of the time
spent traveling fo and from ports in Australia and Asia;

«  Approximately 20 small work boats for general activities {(see Appendix A: Figure 8.3.9);
» 2 larger work boats with fish pumps, live fish tanks and fish graders; and
«  2transport boats for transport of people and supplies from the dock areas in eastern Majuro.

GFB RMI will also operate a small number of utility vehicles and light trucks on Majuro for trangportof
goods to docks efc. i‘

W
Storage of Materials and Equipment

y o

In order to minimize movements between the fish farm sites and the docks in e/'a’stern Majuro itis
aimed that where possible materials and equipment be slored on the fish farmp/sites. Equipment such
as seacages not in use and boats are able to be moared on site while other equipment wiil be stored
on barges / pontoons.

Some land-based storage will be required, particularly during the earlier stages. The lease or

purchase of exisling facilities in Majuro is expected at this stage tc be adequate for all of GFB RMI's
land based needs,

Access Arrangements

The fish farm sites are only be able to be accessed by boat, The waters within each 125 hectare fish
farm site will be designated as no public access. GFB staff, relevant public servants and government
of the RMI shall have normal access fo the sites.

Security arrangements are defailed below.

Security

Any loss of fish or equipment represents a direct financial cost to GFB RMI and hence the company
has a strong vested interest in minimizing sabotage, vandalism and theft. GFB RMl's current pilot site
is located close to Lobekerae Island primarily due to the security the site offers.

Measures to support the security of the sites in central Majuro lagoon are:

/ he relatively remote nature of the sites reduces the potential for ‘nuisance' type theft and
vandalism. Access fo the sites requires boats and a significant trip for the majority of the
population;

+  Limited access to the fish farm sites in central Majuro lagoon (no additional access restriction
proposed for Lobekerae Island). For this purpose each site will be a 125 hectare square marked
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with buoys and restricted for access accept for GFB staff and relevant public servants and
government. The 125 ha area is substantially larger than required for the fish farm infrastructure
—itis as much to provide a security buffer surrounding the site;

= 24hr staffing of the sites with live-on boats and barges moared within the farm sites. This will not
be achievable while the farm is small hence the need to continue to utilize Lobekerae Island fora
period;

«  Storage of fish feed and some other materfals ¢n barges moacred within the famm sites. This will
lfrmit the potential for theft;

+  Adveriisement of the restricted access nature of the sites as they are commissioned in the
Yokwe Paper and cooperation with the RMI Ports Authority to ensure they are included in
relevant future documents produced by the RML

Any significant security breaches will be reported to the RMI police and the security measures
reviewed regularly for performance.

2.2.4 Decommissioning
GFB RMl infends al this stage to operzate the fish farms in Majuro Lagoon for an indefirie.period.

Were the farm to be decommissioned all materials and equipment on the fish farm sites placed there
by GFB RM! other than the mooring blocks / anchors and associated metal moaring chains shall be
removed, These materials shalt either be:

o Sold for reuse or recycling to other pariies in the RMI;
o | Removed from the RMI. __

The fish farming equipment and associated machinery has a limited life. At the end of the working life
all materials and equipment cn the fish farm sites placed there by GFB RMI other than the mooring

blocks / anchors and associated metal mooring chains shall be removed. These materials shall either
be;

o Sold for reuse or recycling to cther parties in the RMI;

o Removed from the RMI.

2.4 Alternative Options Considered

Relative to other locafions Majuro Lagoen is favered by GFB RMI for aquaculture as:

0 The lagoon displays relatively consistent water temperature and quality throughout the year
which favors the best outcomes with regards to fish growth and health;

o Large pars of the Jagoon are well flushed tc the open ocean ensuring that impacts are
minimized;

o The lagoon provides protection from large seas enabling regular activity on the seacages;

o Majuro is relatively well serviced with sea and air linkages and a workforce compared to
cther tropical atolls with similar favorable technical attributes;

o Majuro is relatively centrally located between the project’s major trading pariners of Australia,
Asia and the USA.

The alternative options for fish farming in the RMI are considered below. Option 5 is the viable option
that is considered in detail in the EIA,

2.4.1 Option 1 - Do Nothing

The Dc¢ Nothing option involves:

. The loss of an apporiunity to establish a major investor in the RM! with asscciated job
creation, economic stimulus and tax revenue;
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_+____No additional environmental impacts from the fish farm:ng activity;
:if"*‘ﬂ“ The loss of an oppodun:ty lo conduct significant ongeing envirenmental monllorlng of ‘
' Majuro lagoon at no cost to the RMI Government; . _
- Thelosgof an opportunity fo @stablish an mdustry in Majuro lagoon with a vested interest in
maintaining the quality of the aguatic environment;
. The creation of a negative signal to other potential investers in the Marshall Islands;
+  The loss of the opportunity to train Marshallese in agquaculture and aguatic sciences.

2.4.2 Option 2 - Alternative Atoll in the RMI

Other atolls in the RMI are currently unviable due to their remoteness and subsequent difficulty with
logistics and size of workforce. On establishment of scale operations in Majuro other atells may be
more viable.

2.4.3 Option 3 — Cages Located external to the Atoll

Offshore cage systems are an emerging technology that currently involve censiderable additional
cost and risk. Furthermore the water depth off the Majure atoll increases rapidly fo over 8000 feet -
at this stage there is no technology available for these conditions.

2.4.4 Option 4 - Land-based Operation
Land based systems reguire three main commedities to ensure a viable facility:

1. Clean abundant high quality water supply.
2. High capacity reliable energy supply
3. Large suitable land area available.

The Majuro area has an abundant supply of high quality water for the operation, however the second
and third commodities are in poor supply. The cost and risk associated with operating a land-based
facility in Majuro would not be economically viable and the loss of significant areas of land (hundred's
of hectares} is unlikely to be acceptable.

2.4.5 Option 5 — Location within Majuro Lagoon

The physical conditions within Majure Lageon are well within those experienced by inshore seacage
fish farms in other parts of the world. As such the technical requirements for aquaculture in this
environment are understood and commercially viable using existing technologies,

There are potential impacts associated with this option {as there are with all of the options) however
these can be minimized by:

+ Locating the aquaculture sites in areas that de nét interfere with other aclivities in Majuro and
that have minimal visual impact;

+ Ensuring thaf total production levels are such that associated nutrient preduction is appropriate
to the level of flushing and folerance of the natural environment; and

= Ensuring that aquaculture sites are located where flushing is greatest and distances from the
most sensitive envirenments is maximized.

The location within Majure Lagoon is associated with the least infrastructure requirements with the
only fixed infrastructure required being the actual sea cages and associated mooring systems.

2.4.6 Conclusion on Options

The options for fish aquaculture in the Marshal! Islands at Majuro atoll are reduced due to then limited
area of land available and the great depths very clese to the atoll rim. Sea cages located within the
high flushing protected environment of the central inner lagoon provide the best balance of
comumercial viability and environmental risk.
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3 Consultation

The scoping report preceding this E!A has been distributed to a list of stakeholders as agreed with
the RM| EPA. Further discussions with most of the stakeholders have also been conducted by GFB
RM| staff. A summary of stakeholder consultation outcomes is presented below in Table 3.1.

Table 3.1; Summary of Stakeholder Consulfation Qutcomes

Date of . b * Method of
Consultation i Consultes(s) ' Consultation : Sur_nmary of Consultation
Ministry of Marine Meetings,  Scoping | Supportive of Project
Resources Authority — Report providing project meets all
Director, Glen Joseph relevant laws of the RMI
. Meetings, Scoping | Need fo ensure that the
Republic of the Marshall Report project does nol Involve

Islands Envirenmental
Protection Authority

unacceptable envirenmental
risk to the RMI

Ministry of Rescurces
and Development --
Quarantine Department,
Henry Capelle

Scoping Report

Ministry of Foreign Affairs
- Secretary

Scoping Report

Qffice of Environment,
Planning, Pelicy and
Coordination — Director,
Yumiko Crisostomo

Scoping Repoert

Office of the President --
Minister in Assistance,
Witten Philippo

Scoping Report

Presidents office (Temeing
administration) has indicated
verbally that they are
supportive — awaiting written
response

College of the Marshall
Islands Marine Studies
Department— Don Hess
& Dean Jacobsen

Scoping Report

Supportive of project
depending on scale,
Concerns are number and
type of species and nitrogen
loading.

College of the Marshall

Scoping Report s,
Islands Land Grant -~
Director, Diane Myazoe -
SPC - Lindsay Scoping Report T
Chapman, Ben Ponia, .
Johann Bell

SPREP - Domingue
Benzaken, Coastal
Management Advisor

Scoping Report

SOPAC - Arthur Wehbb,
Coastal Advisor

Scoping Report

P~
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'{Date of

Eig_qgs_ultatidﬁ i

Majura Atoll Local
Government — Mayor

4
i,

Consultation

Scoping Report

”S_um.m_al_'y of cbﬁéujﬁﬁqn- '

RMI| Ports Authority —
Director, Jack Chong-
Gum

Sceping Report

Confimed project will not
conflict with shipping. Ask
that GFB consult with them
on type of navigafional
lighting used in the project.

Mazjuro Atoll Waste
Company — Roger
Cooper

Scoping Reperi

Zedkaia Family
(Traditional Landowners)

Meetings

Have been supportive of the
project in discussions since
the pilot  project was
initiated. -

Pending

Public Meeting
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4 The Baseline Environment

4.1

Introduction

The proposed fish farm will be located within Majuro lagoon. The relevant existing environment to the
development is the Majuro Lagoon Aquatic environment. The lagoon consists of a large (324 square
kilometer) area of water with an average depth of 46 meters of a relatively flat bottom consisting of
coral aggregate. The rim of the Jagoon consists of a number of islets (wetos), which have been joined
on the southern and eastern sides of the island, The shallower water surrounding the island supports
coral reefs, both on the lagoon and ocean side (Figure 4.1.1), The most pristine reefs are found on
the northern shore of the atoll. Those reefs on the lagoon side of the heavily populated south-eastemn
corner of the Jagoen are relativel _degraded ITRe cause of the degraded state of thesé raafs s | |kely€

and physical damage, LT

&beiimbmation of unregulated organic and chemical pollution, overfishing, . poor water exchange

i Marshall Islands Majuro Atoll |
; ! Depth (m)
= Island

L 7" 12'N

e LA

V?stem Channel
- 9'*Calal|n Channel

OSN

70 03'N f
P .4

z o ] H _ SE passage
17’1" 03 E'171° 06'E 171" 09" E 17’1” 12‘E 171° 15 E |171° 18 E 171“ 21'E

FJgure 4.1.1: Coral Reef Areas in Majurc and Area of Proposed Fish Farms (circled in red)

The west-central Pacific Ocean surreunding Majuro Atoll is deep {from about 150 meters to over 500
meters directly offshore from the atoll to over a kilometer deep within 10 kilometers of the aloll). The
closest land to Majuro is Amo Atoll, approximately 18 kilometers at the closest point to Majuro. Aside
from other atolls in the Marshall Islands, Kirbati and Micronesia the closest land to Majuro is the
Solomoen Islands at approximately 2,050 kilometers to the south-west, and Hawaii at approximately
3,740 kilometers to the north-east, Due to this distance from land the ocean surrounding Majuro is
very low in nutrfents.
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4.2

421

4.3

4.3.1

1.1.1.1

7.1.1.2

Methods of Assessment

Baseline Information

Information for the EIA has been collected from the following sources:
- Field Surveys; v

- Consultations {see Table 3.1 above); and, -

+ References in Section 10. ‘
S

Legislative and Administrative Framewaork

Baseline Conditions

The following legislative and administrative framework conditions for aquaculture in the RMU are
summarized from the draft RM| Mariculture Policy (2004).

Tradilional and Customary Rights

Allland in the RM! is private land, at least for that portion above the high water shoreline, The RMI
Aftorney General asserts that the land below the high water mark belongs to everyone, Ownership
property rights do not necessarily need to be resolved before mariculture development takes place as
long as proper protocol for permissions are followed. Legally, all terrestrial land and seabed use
leases are permitted by the local government, In practice, local governments will be reluctant to issue
any permits unless proponents can demonstrate that all affected landowners as well as the Iroij or
Leroij —Atoll Chiefs— have given their blessing.

Permits Required

1. Permit frem Majuro Local Government for the establishment of fish farm infrastructure within the
proposed fish farm sites.
s

2. Agreement with the Majurc Iroji for the conduct of the proposed aquaculture activities in Majuro
Lagoon, /

National Government Policy

There is no independent national policy on maciculture in the RMI. However, there are two national
policy and planning documents that are relevant, They include the National Fisheries Policy (1997a)
and the National Fisheries Development Plan (1997b). Both of these contain direction pertaining to
mariculture but neither one significantly addresses the type of instrument (regulation, economic
incentive, and/or information) necessary to achieve the stated objectives.

The Natjonal Fisheries Policy (1997) sets out strategic direction for the development of :ndustnal \ry

island and atoll, and culture fisheries, Overall objectives of fisheres development include: 7
Y
o’ }'Jz} Yoy }J

o to improve economic benefits from fisheries sectors within susta|r_;a@rrl|}s

management of fisheries resources;

N
to strengthen institutional capacity to facilitate the responsible development and N bfi)if

«  to support legitimate, responsible@rivate sector enterprise as the primary vehicle for
fisheries development, and; !

»  to support the preservation of coastal, reef, and lagocn resources for nutrition, food sacurity,
and small-scale sustainable income earning opportunities for the community.
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1.1.1.3

1.1.1.3.1

The National Fisheries Policy recognizes that "culiure fisheres demonstrate potential to make a
valuable contribution to economic develepment in the Republic” and mandates MIMRA to encourage
applied research and culture fisheries development activities initiated by the private sector, agencies,
and donors.

Permits Required

1. Nil.

Agencies and Enabling Legisiation

MIMRA was established under the Marshall Islands Marine Resources Authority Act (1988), and is
the primary agency respensible for the conservation, management, and sustainakle development of
marine resources in the Marshall Islands, The MIMRA Act was complemented with the Marine
Resources Act (1997) to give MIMRA mere autonomy in performing its responsibilities effectively.

The MIMRA and Marine Resources |legislation establish and reinforce MIMRA's authority with respect
to capture fisheries and aquaculture. They led to the formulation of the National Fisheries Policy
described previously.

Coastal waters are the sea and seabed of the atoll lagoons in the RMI as well as 5 miles seaward of
the low water mark on the ocean side. The Local Government Act designates the ceastal waters as
areas where the local government has autherity in addition to any overlapping jurisdiction by the
national agencies. However, the low water boundary apparently only applies to the RMI baseline on
the ccean side; the atoll lagoons encompass all land and water up to the high water mark. As
discussed previcusly, the inclusion of intertidal lagocn areas under local government jurisdiction do
not necessarily diminish landowner influence on development.

Permits Required

1. Permif from MIMRA for exclusive use of the 6 proposed fish farm sites for fish farming acfivities
and operations.

National Environmental Proteciion Act (1984)

The RM! Environmental Protection Authority (RMIEPA) is a national statutory body under the Office
of the President, established under the National Environmental Protection Act (NEPA 1984),

Main functions of the Authority as stated in the NEPA include the following:

*  to study the impact of human activity including population growth and redistribution, cultural
change, exploitation of resources and technclogical advances on the envirenment;

to improve and coordinate consistently with other essential considerations of national policy,
governmental plans, functions, and programs and resources, so as to prevent, as far as
practicable, any degradaticn or impairment of the environment;

= toregulate individual and collective human activity in such manner as will ensure fo the

people safe, healthful, productive, and aesthetically and culturally pleasing surroundings,
and;

to attain the widest possible range of beneficial uses of the environment without degradation
or impairment thereof and other undesirable consequences to the health and safety of the
people,

Mariculture development in the RMI in terms of EPA interest is encapsulated in the last objecﬁve‘\ v
where it recognizes the importance of the “widest possible range of beneficial uses of the
environment without degradafion.”

Permits Required

1. Approval from the RMI EPA of the Environmental Impact Assessment for the aquaculture of
50,000 tonnes per annum of fish in Majuro;
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2. Approval from the RMI EPA of the Envirenmental Management Plan for aquaculture of 50,000
tonnes per annum of fish in Majuro;

3. Permmit from the RM! EPA for the establishment of fish farming infrastructure (cages and
mooring) within the outlined cage sites,

1.1.1.3.2

Coast Conservafion Act (1988}

The Coast Conservation Act places the respansibility of planning and management of development
activity within the coastal zone with the EPA. Under the Act, development activity is any activity likely
fo alter the physical nature of the coastal zene in any way. The coastal zone is defined as the area
lying within twenty-five feet landward of the mean high water line and two hundred feet seaward of
the mean low water line. This definition is broad enough to include most of the usable land area
available in the RMI, whether for mariculture facilities on terrestrial land or anchored to, orin some
way affecting the seabed.

Permits Required

1. Nil.

1.1.1.3.3

Flanning and Zoning Act (1987)

This Act requires every Local Government Council to establish a Planning Commission and
subsidiary Planning Office. The Actis specifically directed at the local governments of Majuro and
Kwajelein, two of the most heavily populated afolls of the RMI. The objective of zening is to promote
harmonious interrelationships of land use, preservation of the natural landscape and environment,
and identification of approp:iate locations for recreational areas and parks. Traditional land tenure
systems in the RM| continue fo present the biggest challenge to implementation of the Planning and
Zoning Act, Such an Act would have significant positive implications for mariculture in terms of clarity
of future land uses in surrcunding areas.

Permits Required

1. Nil.

1.1.1.4

{

3
l

1.1.1.4.1

X}‘E

Reguiations

e e, g e e o

{There are no regulatlons for marlculiure activities |ssued underthe Mar;ne Resources Act ar any ’,
other.statute. To éstablish a mariculfure facility or project requires the approval from the Director of?
~ MIMRA.-and clearance from the Manager of the EPA as to poss;ble enwronmental |mpacts /“'*"

The EPA is responsible for ensuring compliance and enforcement of the Earthmoving Regulations
{(1989), Envirenmental Impact Assessment Regulations {(1994), and Marine Water Quality
Regulations (1992) and for the development of a Coastal Zene Management Plan fer the Marshall
Islands. Under the Coast Conservation Act, the EPA is mandated to draft regulations for the
sustainable development of the coastal zone and ceordinate with other relevant stakeholders in the
development of a Coastal Zone Management Plan.

Environmental Impact Assessment Regulations (1594}

The Environmental Impact Assessment Regulations were established to implement EPA obligations
under Part [V of the Nafional Environmental Protection Act and Section 11 of the Coast Conservation
Act. The EIA regulations establish standard procedures for the preparation and evaluation of an EIA
for proposed public_and private development activities that may affect the quality of the enwronme}'\t

of the RMIi The EIA regulations are designed to integrate The ElA process into early planning of
projects to ensure timely consideration of environmental factors and to avoid delays, as well as to,’
ldentlfy at an early stage the 31gmfcant enwronmental |ssue5 facrng the RML.f 7 —— 0 =

N}f\ﬁ

4*1

Permits Required

1. Approval from the RMI EPA of the Environmental Impact Assessment for the aguaculture of
50,000 ton}yas per annum of fish in Majuro;
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1.1.1.4.2 Marine Waler Qualily Regulfations {1'992)

The Marine Water Quality ReguIatmns are established to identify appropriate uses of the marine__
waters of the RMI[{5 specify thé Waterquality ‘standards required to maintain designated uses, and to
Fpreschibé tegulations necessary for achieving and maintaining the specified marine water quality. The 1
kregulamons state that no walers shall be lowered in overall quality unless it has been demonstrated to F
i EPA that such a change is a necessary resull of economic or sccial development is inthe best - =
‘ interest of the people of the RM, and will not permanently impair any, manne resource or benefcxal
6 use  assigned to the waters in question. " - o

Permits Required

XC\.Approvai from the RMI EPA of the Environmental Impact Assessment for the aquaculture of 50,000
Jﬁ\ ,v‘ tonnes per annum of fish in Majuro;

Yi' uf‘ 2. Approval from the RMI"EPA of the Environmental Management Plan for aquaculture of 5,000

ﬂ; A tonnes per annum of fish in Majuro;

9

1.1.1.5 Infernational Legislation

1.1.1.5.1 National Bicdiversily Strategy and Action Plan

The RMI signed the United Nations Conventions on Biclogical Diversity in 1952, Ratification scon
followed in 1993, In 1897, the Republic of the Marshall Islands with the assistance of UNDP
prepared a National Biodiversify Strategy and Action Plan (NBSAP) as part of ils obligations under
the Convention on Biological Diversity. The NBSAP provides key actions and strategies for
addressing the threats to biodiversity in the RMI. !t has involved wide consultation with many secfors
of the community and has resulted in a strategy and plan, with a high level of community ownership.
Canservation of native species parficularly for the protection of marine tiodiversity is a key area of
concern in relation to intentional or accidental release of non-native species into the environment.

Permits Required

1. Permit from MIMRA for import of the proposed species from Australia,

1.1.1.5.2 National Biosafety Framework

A number of biosafety issues are highlighted in the NBSAP-the most urgent being quarantine. The
introduction of exotic species or native species that have been modified outside the country and
reintroduced pose a serious threat to the sustainabilify of marine and land blodiversity. In the
Marshali Islands, MIMRA is responsible for the quarantine of imported marine species.

Permits Required

1. Approval by MIMRA of the import quarantine protocols.

Human Beings and Land Use

432 Baseline Conditions

Population and Residential Areas

The proposed pro]ect is entirely marine based and is not adjacent to residentiaI areas or IandhoId'__gs —

Y the Zedkaia famlly and wntten agreements exist between the Zedkaxas and GFB RMI Inc. forthe '
Y utmzatlon of the sea adjacent to the |s|and - e '

Land tenure in the Marshall Islands does not extend to the water, which is controlled by the Marshall

Islands Government primarily through the Marshall Istands Marine Resources Authority (MIMRA) and
local governments,
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At the atoll scale Majuro is estimated to have a population of 28,000 in 2006 (Office of the President,
2008), The majerity of the population lives in the urbanized eastern shore of the lagoon.

Businesses
No private or public businesses currently operate in the area of the proposed farm site.

Fishing Grounds

The_propesed.farnm.site is.not regarded ag a significant fishing. site although it is possible thatl_
rxncldental fishing occw area. The drea is relatively remote from the majority of the popuIahonI

| and does not contain{irugtus or habitat to distinguish itself as a fishing location, T

— ——— —

Economics e WJ p—e.vzo—:(/a—bé‘ %{“f-f .

According to the World Bank (2008) the RMI has cne of the highest unemployment rates in the
Pacific:

"Up to 50 percent of Marshallese of working age are nol participating in the workforce. The
unemployment rate, which was 7.6 percent in 1988 and almost three fimes that for young people —
one of the higher such rates in the Pacific— lells only a smail part of the story. Looking at male
Jjobiessness, for example, about five times as many Marshallese men are not even in the workforce
as are unemployed (see figure 8) A very large group of Marshallese are id!eﬂ e

The Office of the President (2008) RMI 2006 Community Survey found;
*  The median age in Majuro is 21;
+  40% of the population is below the age of 15;
+  Average household size was 7.5;
»  Home ownership was 87%, with 15% making mortgage repayments;

»  Unemploymentin Majuro is estimated at 26% to 39% in 2006 however nearly 60% of
working age people were unemployed but not looking for work;

«  Nearly one-third of Majuro households claimed that their cverall quality of iife has
deteriorated in the past three years, closely matching the percentage {35%) of househelds
that claimed they sometimes or often did not have enough to eat; and

+  Appiying US poverty thresholds to Majuro familles reveals that the percentage of families
below the poverty line increased from 75 to 80 percent from 1998 to 2006.

The U.S. Department of State (June 20C7) information on the Marshall Islands economy is:
o GDP of $135.3 million in 2004, GCP is derived mainly from paymenis made by the United
States under the terms of the Compact of Free Association. Direct U,S. aid accounted for

60.2% of the Marshall Isfands' $124.6 million budget for FY 2007;

o Natural resources: Marine resources, including mariculture and possible deep seabed
minerals. Agriculture: Products--Copra (dried coconut meat); taro and breadfruit are
subsistence crops;

o Industry: Types-—Copra processing, fish processing, tourism, peari farming, handicrafis; and

o Trade: Major trading partners--U.S., Japan, Australia, China, Hong Kong, New Zealand,
Tajwan;

o The govemment is the largest employer, employing 64% of the salafled work force,

lEThe Marshallsands Government and the Marshall'|SIEnds people are clearly in need of reducing ?
their reliance on aid and improving the infrastructure and living standards in the country.

[ T ——
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4.4

4.4.1

Recreation and Tourism

The area propoesed for the farm site is not know to hold any existing or likely future value for fourism.
Current tourism in Majure is primarily centered around the urban areas on the eastern side of the atol!
and on the islands and reefs cn the nerthern side of the atoll. Some popular dive locations are found
around Calalin channel on the northern side of the atoll, These dive areas are approximately 3
kilometers to the nearest proposed fish farm site.

The proposed fish farm sites are located in areas remote from the majority of the populaticn and not
considered to have significant recreational value.

‘Habitats and Species

Baseline Conditions

General Habitat Overview

The area within immediately surrounding the proposed fish farm sites consists of a relatively uniferm
depositional surface of decomposed coral aggregate built up by lagoon sediment transport and
deposition.

Figure 4.4.1: Typical Decomposed Coral Aggregate Bottom of Cenfral Majuro Lagoon

The water depth in the proposed fish farm sites is approximately 40 meters,
Marine

The mest significant marine habits In Majuro Atoll are the coral reefs, some of which are relatively
pristine, The extent of coral reefs is displayed in Figure 4.4.2.The highest quality reefs occur on the
Northern shore of the atoll {Pinca et al.2004).
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Figure 4.4.2: Coral Reef Areas fn Majuro Lagoon (Highlighted in Purpfe,).

In general, the most apparent impacts to the reefs of the Marshall Islands are lifestyle change, loss of
traditional conservation knowledge, and urbanization (Turgeon et al, 2002). Lack of proper trash
disposal results in occasional dumping in the lagoon or ocean, which, at the very least, causes
aesthetic damage. Pericdically, fishing vessels have broken loose from their anchor and hit the reef,
damaging the coral structure as well as spewing fuel over a large area.

Poaching of reef species is known of and surveillance is limited.

Fouling marine invertebrates have been introduced, especially in ports where they probably arrived
on ship hulls. Non-native algae and fishes have been documented, but the full impact of their
presence has not been studied. Indications are that invasive species have the highest potential to
damage coral reefs,

Coral reefs are recognized as sensitive habitats, For the purpose of this EIA the coral reef
environment is considered as a single sensitive ecosystem (as it is in the majority of relevant
scienfific publications) rather than considering the sensitivity of the individual constituent species,

The proposed aquaculture farm sites are located at distances in excess of 3 kilometers from any
significant reef sites in Majuro. At this distance, the potential impact of the aquaculture operation is
limited to indirect effects of increased nutrient fevels of the water in the lagoon.

Despite the lack of unequivecal evidence of the effect of nutrient enrichment on coral it is considered
that a conservative approach be taken to aquaculture production iimits and subsequent nutrient
loadings.

Site Specific Habitats

There are two habitat types of relevance to the proposed project:

a. The decomposed corallagoon bottom (‘Lagoon Flat’). This is a relatively poor species
habitat. The proposed fish farm sites consist of this habitat type under 30 to 40 meters of
water; and,

b, Coral reefs located on the fringes of the atoll (lagoon side) and on some scattered
bommies in shallower parts of the lagoon {*Coral Reef}. This is a relatively rich habitat

with high ecolegical and local values.

Examples of these habitat types are displayed below.
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Figure 4.4.3: Typical Lagoon Flat Habifat that is the dominant habitat type below about 15 o 20
meters in Majuro Lagoon
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4.5

4.51

Species
According fo Turgeon et al {2002) the RM| has recorded:
«  Atleast 362 species of corals and other cnidarians, 40 species of sponges, 1,655 species of

maollusks, 728 species of crustaceans, and 126 species of echinoderms on the coral reefs of
the RMI;

™ Five species of sea turtles and 27 species of mafine mammals have been observe;:ibih_i@
Marshall Islands; | —

+  There are at least 860 species of reef fishes recorded throughout the country. Seven species
of fishes are endemic to the Marshalls;

+ 238 species of green, brown, red and blue-green algae. There are several beds of sea-
grasses.

+  Endangered Species: Blue whale, sperm whale, micronesian pigeon, featherback turtle,
hawksbill turtle.

Surveys at the proposed fish farm sites have noted minimal sea life with low numbers of mollusks
and echinoderms most prominent,

Terrestrial

NIA

Site Specific Habitats
N/A

Species

It is expected that seabirds will visit the farm sites. According fo the RMI US Embassy 31 species of
seabirds are found in the RM1 although none of these are noted as endangered.

Geology and Coastal Process

Baseline Conditions

Natural Aggregate Resources

According to the SOPAC report Sand and Gravel Resources of Majuro Atoll, Marshall Islands (Smith
& Collen, 2004) the nearest potential natural aggregate resources are found to the east of Lobikaere
Island. A potentially suitable resource was found within the perimeter of the basin in Arrak Sub-district
{east of Laura) — within about 5.5 kilometers of one of the proposed farm sites. However this area is a
historical-cultural site and unlikely to be utilized. It is alsc sufficiently distant from the proposed famm
site to present minimal impact to the fish farm if operated.

Geology

The proposed famm sites consist of flat lagoon bottom consisting of decomposed coral aggregate.
According to the Smith & Ccllen (2004) sediments in Majurc Lagoon are compcosed pamarily of clasts
derived from coral and calcareous red algae and of the tests of the larger feraminifer Calcarina
gaudichaudi. Fragments of mollusks and Halfimeda Halimeda, and the tests of other larger
foraminifera, are important minor componeants.,

Coastal Processes (sediment transport)

I'H& Broposed farm sites are in an area of Upwelling of water flows from both the eastand west -
lagoons prior to discharging to the open ocean through Calalin and Western Channels {this is further %
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[ described in Saclion 476" alaw)As such-any-sediment i the Water Collmn from Other parts of the .
| lagoon has the potential to be fransporied to the sile. There is litlle scope for sediment from the site
j&e transporled to other paris of the lagoon ofher than the Calalin and Western Channel Areas,

‘Due fo the proposed development belpg distant from coastal areas and m relatrveiy deep waters’
there is no srgnlﬁcant erosion and deposrtlon processes in the area )

Coastal Geomorphology

Ceastal geomorpholegy is of no relevance to the proposed project other than to how it influences the
hydrodynamics of the entire lagoon and hence the project. Published studies have incorporated the

coastal geemorphology into marine hydrodynamic models of the lagoon. These hydrodynamic
models are discussed in Section 4.6.1 below.

Contaminatzd Land

fatéd marine substrates]

Baseline Conditions

Marine Water Quality

Marine water quality is peorly understoed in Majuro due to the lack of water quality monitoring. Visual
evidence (algal growth, coral disease, faunal distributions) suggests significant variability in wafer -
quality between sections of the lagoon.

The eastern section lagoon suffers from water quality problems due to:
+  Relatively poor water exchange;
« Unregulated sewerage ouffalls;

+  Unregulated dumping and waste discharge; l

rEvraence o eutrophication 18 noted from The eastern section of Majuro lagoon, however, ihe level of i
Cnutrient inputs Is unknown. Evidence suggests that the water quality in the eastern section is also  /
Hsrgmﬁcantly polluted with heavy metals and /or other foxins, T T T

J——

The nerthern and western portions of the lagcon are relatively pristine Given the pollutien in the
eastern portion of the lagoon and the water exchange dynamrcs outlined in Kraines et al (1999; 2001),

1 this is likely pritiarily due to much better flushing with the open ocean i '_’thes'efa eag
L-—.r._‘

— — AT

The water quality in the area of proposed aquaculture sites is unknown. The water exchange
dynamics cullined in Kraines et al {1899; 2001) suggest that the area should be relatively pristine due
to high flushing with the outside ccean, however, the area experiences significant upwelling and
oufflow of water deriving from the relatively polluted eastern lagoon.
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Table 4.1: Water Quality Measurements from Majurc Lagoon

Parameter Baseline Water Quality Sample Location and Source of
_ - “Data
Nﬂ/ Tofal digsoived.nitrogen——|-0:028--0:038ma/l 3Lobekerae Island, Majuro. (GFB
( \ = ey [T . pilot water quality testing 2007-08}
g .| _Phosphorous _0.085-0.036mg/l T |-Lobekerag Island, Majuro. (GFBf
QM Ujj — T |pilot water qualily testingz2007:08)
i LPf,l d-pH™ 8.264 - 8.350 _Various within Majuro Atoll ~ -/
P[}A\ g 7| Z{Suzuki, Kawahata and Gotol
%_; } 1987)
.!y [Salinity“”'”‘" 33.70 —33.90 ppt ~Various within Majuro Atoll

{Suzuki, Kawahata and Goto,
1997) —

A number of studies that have measured water quality parameters in Majuro lLagoon indicate
relatively pristine water quality consistent with high exchange rates with the open ocean. The high
phosphorous to nitrogen ratio agrees with results from the south central Pacific (Tuamotu Atoll)
where nitrogen avallability was found ¢ be much more limiting than phosphorous availability (Dufour
& Berland,1999).

Marine Hydrodynamics

The Majuro Lagoon has an area of 324 km? with an average depth of 46m increasing to 67m in the
deepest parts of the lageon.

Winds

Majuro Atoll is affected by easterly trade wind waves and the north Pacific swell. The prevailing winds
at Majuro Afoll are east-northeast trade winds and occur 85% cof the time. The average speeds of
these prevailing winds are approximately 18.5 km/hr. Tropical storms and typhoons can also
generate significant wave action in the waters surrcunding Majuro Atoll and Lagoon although they are
relatively rare.

Consistent with the seasonality of the trade winds, most trade wind wave action occurs between
December and April, Although, trade winds are not as prevalent in May to November significant
trade wind wave action can occur. Trade wind waves generally have a frequency of 5-8 seconds and
heights of less than 1.8 meters,

Waves

The South Pacific swell is most prevalent between April and October to correspond with the scuthern
hemisphere winter. The swell is characterized by long low waves from the southeast and southwest,
Wave frequency ranges from between 12 to 20 seconds with heights between 0.6 to 1.8 meters,
Cctober through to March sees the Pacific swell come from the north to correspond with the northern
hemisphere winter. The North Pacific swell has a greater frequency and intensity with wave periods
of 10 to 16 seconds and heights of 4.5-5 meters.

Ocean swells have the petential to do considerable damage to low lying atclls, such as Majuro, s a
result of wave run-up and overtopping. Severe swells of this nature are infrequent in Majuro.

Prevailing northeast-east winds generate lagoon waves, which are important to the sedimentation,
erosion and accretion of the lageon coast on the south rim of the lagoon and coastline to the
southwest of Majuro. The trade winds are most prevalent throughout December to April generating
moderate speeds, May to November sees the trade winds become weaker.

Tides
The tides at Majuro Atoll are semi-diurnal with pronounced diurnal inequalities meaning that the two
tidal cycles per day have unequal tidal ranges, The predicted mean tidal range for Majuro is 1.13

meters. The mean spring tide range is 1.62 meters,

Water Exchange
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Water exchange dynamics of Majuro’lagoon has been extensively studied. Kraines et al (1999)
studied the effect of wind, waves and flde on the water exchange of Majuro lagoon, They found that
wave induced exchange (radiation sftress) was the primary driver of water exchange with fida)
~exchange only important around the main channels (eg. Calalin channel). [5n average the entlrg
Iagoon volumeof Mafiro was determined to &¥change completel with the open ocean every 15 days
":with a range of 12 lo 20 days. However water exchange in Majuro Lagoon is not uniform across they

Iagoon with the eastern portlon be:ng reIatlvely poorly exchanged and the cenfral portion be:ng thef

From Kraines et al (1999);

“The current vectors 10m from the surface averaged over 28 cycles of the M2 tide, i.e., approximately
the M2-S2 spring-neap tidal cycle, show a flow pattern from the east and wesf lagoons through the
Calalin Channel and out to the ocean”

The flow pafterns of Majuro lagoon are also examined in Kraines, !sobe & Komiyama (2001). While
variations exist across seasons and water depth the overall pattern is consistent with the above
comment. The general water exchange pattern of Majuro Lagoon is displayed in Figure 4.6,1.
Additional water exchange occurs arcund peint B with tidal exchange through Calalin and the
Western Channels.
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Figure 4.6.1: Dominant Water Flow Pattern in Majuro Lagoon (adapted frem Kraines et al, 1999 and
Kraines, Isobe & Komiyama, 2001))

I\ halocline stfuctures durlng the study. = e e e e
A e e ————— .

SR e T T —— . i e,
It was?@oted that water mifking Tn Majuro lagoon was strong with no indications of tHermoalifg or

Kraines, |sobe & Komiyama (2001) further investigated the hydrodynamics of water exchange in
Majuro lagoon with models of flow fields by three-dimensional numerical simulation to clarify the
mechanisms controlling the exchange of water and water-borne_parficles_(Lagrangian_type particle-
tracking rg‘qiel) between ihe Jagoon and open ocean. 'Wé'ft-e'r-expomng the lagoon was assumed o be N
,.——rap|dly swept awayﬁmt_he atol[b‘y therstrongcerrents observed in the ocean surrounding Majuro [-

The results in Kraines, !sobe & Komiyama (2001) demonstrate that the central portion of Majuro
lagoen has the most rapid export of water and particles. Figure 4.6.2 displays the export of particles
in Majuro lagoon across seasons,
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ad

«c] depth: 10m; Apelt 1988

Y

Figure 4.6.2: Particle Export Times from Majurc Lagoon (Taken from Kraines, Iscbe & Komiyama,
2001), Varations in the time for pariicles from different areas of the lagoon fo be exporfed are shown

with a continvous shading scale going from less than 1 day (shaded areas) fo greater than 21 days
(unshaded areas).

e ——

——— T T —a
fl’h“e‘Wate“r'e‘)'(c‘:hange of Majuro lagoen is relafively high.,The average fotal exchange of 15 days in

Majuro-compares-to-Christmas_lsland and Cantenne Alell exchange rates of 50 days and Shark Bay
(Australia) every 400 days.

Sea Currents

1Ts observed that there are relatively strong currents in the sea surrounding Majure Atoll sweeping in

a generally easterly direction, Kraines, isobe & Kemiyama (2001) assumed that these cumrents were'.j

rstrong enough to sweep all water or particles exported from Majura lagoan away from the atolli— ——
L—er—— " —
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Fresh Water Quality

NIA

4.7 Waste

4.7 .1 Baseline Conditions

This secticn will provide the current status of waste production and disposal in the area so lo assess
the impact on the current situation in Section 5,

Solid Waste

f—There s ne solid waste"dlsposed of i the area. j

Hazardous Waste

{TTere 1s no hazardous waste disposed of in the area. |
) ——

Waste Water

]
Thete dra o wastewator treatment outfalls in. 1he_area of-the. proposed farm sﬁe.s
[here are no wastewater treatment ol

4.8 Air, Climate, Noise and Vibration

4.8.1 Baseline Conditions

Air Quality

'There are no significant.anthrepegenic air qual:ty Jssues at e propoeea farm sites. =
| ere are no s

Climate Change

Climate change has the potential to increase the sea levels at the proposed farm sites. As the
existing depth of water at the sifes is quite deep (30-40 meters), moderate sea level rises will not
have a significant impact on the operation of the farm.

Noise and Vibration

o

{ ( THEre aie nio anthropogemc noise or vibration |ssu_e§_a§_tj;§_proposed farm s:t"" J

T Y

4.9 Landscape and Visual Amenity

491 Baseline Conditions

The proposed aguaculture site locations are a significant distances from Jand (almost central in the
lagoon). At present the vistal amenity of the location relates to the clear V|ew‘acf)_'srs&_’¥€e§j_‘ fe [g l-g
ﬁnsua menity of the S|te as seen from Wo;a is dlspIayed in F:gure 49.1, ,"““*h‘ S
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Figure 4.9.1; View from Woja Towards the Proposed Farm Site

4,10 Cultural Heritage, Archaeology and Material Assets

4.10.1 Baseline Conditions

Jtmhé_r_stood lhal the site has no significant cultural or archaeological fabric and no paricular |,

imaterial assets. A lefter confirming the siles character is being sort from the Histeric Preservation
‘Office at Ministry or Internal Affaifs,  jr—— ~==s— —w——r— o e T T T T e

R _f——“J
4.11  Traffic and Transport

4.11.1 Baseline Conditions

Navigafion

The shipping lanes in Majuro lagoon_extend from. Calalin.Channel-to-the-Delap area-in-the -eastern |
lagoen (Figure 4.11.1). Al proposed aquaculiute sites are west of the shipping_lane at Calalin |
fChanne!'andW]II'rﬁ’t'x’ﬁférfere with_sjﬂpping‘. ‘"

e e

It is understood that the proposed location of the aquaculture site is not a popular boating routes

within the Majuro Atoll. The RMI Ports Autherity has confirmed that the proposed sites are remote
from any shipping lanes in Majuro.
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Figure 4.11.1: Shipping lanes within the Majuro Afoll,
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5 Environmental Impacts and Mitigation

5.1

e,

R

vl L2

« 5
ot v
"

Impact Assessment Methodology

The significance of impacts is evaluated by taking account of the status and leve! of importance of

+ Worldwide and Pacific Regicn;
+ Republic of the Marshall Isiands;
+ Atoll; and

+ Wetos,

For the purpose of this EIA the receptor{"Wetos' As also used to represent impacts within the lagoon
that are limited to the proposed aquacultiye ar

Magnitude is determined on the basis of accepted EIA methodology and comprises of the relative
scale / size / severity of impacts. This is considered against the importance / value / sensitivity of the
receptor, spatial and temporal incidence of any impacts and ability of receptors to recover.

In determining the significance cf an impact, 'magnitude’ is assessed against ‘importance’ to provide
a range of significance from ‘negligible’ to ‘major’ as shown in Table 5.1.

Table 5,1: Malnix fo Assess Significance of Impacts

. El\J’I‘a_g_;ji_i't=u:¢_l_i=: ;qf_ impact

/4 ;‘JL‘/S
Negligible Low Medium High
Wetos  §fled Negligible Minor Minor/Moderate Major
H Afoll Mincr Minor/Moderate i'Moaerate/Major__; '{!Major
R Republic of the Minor Moderate @gMajonq-_z Major
B Marshall Islands

Worldwide and Minor Moderate Major Major

| Pacific Region

For_this.Environmental Impact Assessment & significant impact is considered (o be "Mocerate/Maar”
[or."Major- significance, \However, where feasiblelTmifigation s set ot for impacts“at-all- Iéif?a’l§76f;7
[significance to THinfnize or remove effects. These are-identified "under each discussion- of-impacts
and summarized in the EpvironimentalAction Plah (EAP).

In addition, the nature of impact is defined in relafion to duration and permanence:
+ Short-term 0 — 3 years;

+ Medium-term Extending from end of construction to 5 years from the start of works;

45




Project Name

Environmenlal Impact Assessment Report

+ Llong-term

+ Reversible

*

Irreversible

Extending beyond 5 years from the start of works:

Impact can be reversed by impact reduction/mitigation measures or

by natural environmental recovery within reasonable limescales
(within @ maximum of five years following cessation of operations);

and

Impact cannot be reversed.

The above impact assessment methodology is used to determine impacts associated with all aspects
of the scheme so to provide a consistent approach. The impact assessment sets out an assessment
of the key impacts related to taking forward the preferred option only. The impacts considered raised
in the Scoping Report,

In regards the magnitude of impact levels displayed in Table 5.1 the definitions displayed in Table 5.2
have been utilized,

Table 5,2: Qualitative Measure of Consequence

Level | Descriptor | Description: Benefits Description: Costs

Negligible Very insignificant impacts, Unlikely to be Very insignificant impacts. Unlikely to be
measurable against benchmarks. measurable against benchmarks.

Low Possibly detectable impacts but minimal Possibly detectable impacts but minimal changes to
changes to the established structure and the established structure and function. The impact
function, The impact and its magnitude are and its magnitude are small relative to the wider
small refative to the wider context of the context of the population / area being impacted.
population / area being impacted. Benefits Return to pre impact levels achievable and
maintained over the short term without expected to occur over the short term once
extended management and / or works management inltfatives are implemented.

Medium Detectable impacts, characterized by Detectable impacts, characterized by significant
significant changes in structure, composition changes in structure, composition and function.
and function. The benefit is maintained over Recovery from impacts is achievable cver the
the medijum term with minimal management medium term once management ipitiatives are
and / or works. implemented,

High Wider and longer term impacts eccurring and Wider and longer term impacts occurring and likely
likely to resultin a highly changed structure, to result in a highly changed structure, composition
composition and function, The benefitis and functicn. Return to pre impact levels unlikely
maintained over the longer term without to occur even with mitigatdon and intervention,
management and / or works,

Source: Modlfied frem Grawford (2003} and Fletcher et al, (2004)
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5.2 Human Beings and Land Use

5.2.7 Assessment of Impacts and Mitigation Measures
Table 8.3: Summary of [mpacts

Impact

Activity and Description

Assessment

Costis

Increased Boat Traffic

Construction and operation of the fish
farms will increase boat traffic between
eastern Majuro and the fish farm sites,

Minimal impact in Majuro Lagoon
which is a relatively busy shipping and
boat activity area. Impacts of
ncreased boat activity due to
construction activities are shori-term
(associated with the activity only) and
reversible with an overall of minor/
moderate significance.

Reslricted Access

Access to the fish farm areas by the public
will be restricted.

Currently the area is not heavily
utilized by members of the public.
Overall, the impact of restricted
access by the public is considered to
be of minor / moderate significance.

Restriction of Recreational
Fishing Area

Access fo the fish farm areas by the public
for fishing will be restricted,

Currently the area is not used for
recreational fishing. Previous
experience suggests that wild fish will
aggregate around sea cages as they
do around most floating structures,
Excluding recreational fishing around
the cages results in a de-facto marine
sanctuary with conservation and
fisheries benefits. The impactis
considered to be of minor I moderate
significance,

Impact on other Businesses

Other potential business activities in the
vicinity of the fish farm sites may conflict
with the aguaculture operation.

The areas considered for the fish farm
sites are relatively remote and other
businesses are not known to operate
in the vicinity. The seafood industry in
general is an established type of
industry in RML. Impacts on other
businesses are censidered 1o be of
minor significance.

Restriction of Boat Traffic

Boat navigaticn through the fish farm sites
will be restricted.

The proposed fish farm sites are not
located in or near any shipping lanes
in Majuro and will not pose a
navigation hazard to shipping. Boals
that do wish to travel through the
central part of Majuro Lagoon shall be
free to travel between and adjacent 1o
the fish farm sites. The resultant
significance of the impact is minor.

Benefits

Employment Generation
{Construction)

The construction and operation of {he fish
farms will generate new employment for
the RMI.

A significant number of new jobs
{around 400) will be directly created by
the development although it is difficuit
to separate construction and
operational employment. There will
also be significant indirect and flow-on
employment created {estimated
additional 820 jobs). The impactis
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considered to be of moderate / major
significance.

Increased Skills of
Marshallese {Construction)

Marshallese will gain new skills in the
consfruction cf the aquaculture facilities.

“The skillideveloped by employ‘e‘esﬁ‘bjg
-GFB in assembling and mooring fish
-farms is considered of being major
 significance. .J'"'“""““

.

Employment Generation
(Operaticn)

A significant number of new jobs
(around 400) will be directly created by
the develcpment although it is difficull
to separate construction and
operational empleyment. There will
also be significant indirect and flow-cn
employment created (estimated
additional 920 jobs). The impact is
considered to be of moderate ! major
significance.

Increased Skills of
Marshallese (Aquaculture)

Marshallese will gain new aguaculfure
skills through the cperation of the venture,

“The skills developed by employeeg pf
-{GEB.in:ﬂsh husbandry and fish farm
1aintenance is considered of being
major significancer—
M

-
<

N
&
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1.1.1.6

Construction Impacts
Increased Boat Traffic

Construction activities will involve an increase in boat traffic In Majuro lagoon associated with the
transport of equipment and staff to and from the fish farm sites.

Anincrease in beat traffic is considered negative due to potential for increased neise and activity.
However the level of impact is considered fo be minimal in the established structure.and function.of
Majurc-Lagoon.which.is_a_relafively busy_shipping.and boat activity area.lmpacts of increased boat
activity due fo construction activities are shori-term (associated with the activity only) and reversible.
Return to pre impact levels are expected to occur in the longer term with reduced construction
activities and less movement between the fish farm sites and Majure docks with more equipment and
construction activities confined to barges within the fish farm sites. Censequently the magnitude of
the impact is assessed_as bejng low at the atoll level, providing a minor / moderate significance of]
the impact.

Assessment of Impact ~ Summary

. T T e
Positive %ggﬁwﬁw%w@ s e

‘Magnitude of impact

Negligible Low Medium High

Watos Negligible Minor MinoriModerale Major

Moderate/Major Major

Atoll Miner

Republic of the Minar Moderate Moderate/Major Major
Marshall Islands

Worldwide and Minor Moderate Malor Major

Pacific Region

. Reve[si}}}e -

Medium-term Irreversible

Long-term
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Employment Generation I

Additional employment generation will be created by the construction phases of the fish farms.
Differentiating between employment generated by construction activities on the farm and operational
activities associated with producing fish is not easy as many staff will be required to work on both
types of activities.

Given the high rate of un and under employment in Majuro it is considered that employment

- generation due to construction will generate-positive-defectable impacts with significant changes.is

structure._comgM_ctionJThe employment generated by consfructicn, aithough likely to
translate into further operational jobs for the employees, is best considered as short-term. It is alsg

{reversible cn the cessation of construction activities. Cverall construction employment generation js
‘-Essessed as being of medium impact at the atoll level and of moderate / major significance.” }

Assessment of Impact— Summary

Negative }

. Magnitude of impact
Negligible Low Medium High
B velos Negligible Minor MinoriModerate Major
-
2
L2
e N ; R
bl Atoll Minar Minor/Moderate [-ModeratefMajor <=z | Major
- e e :
o
]
g
B Republic of the Minor Mederate Moderate/Major Major
8 B Marshall [slands
i e
e
.2 Worldwide and Minor Moderate Majer Major
B8 Pacific Reglon

: 'Nat:urep‘fimpact:_‘_ e

"Short-ierm Reversible

Medjum-term Ireversible

s .

Long-term
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Increased Skills of Marshallese

The construction acfivities associated with the development the fish farms will bring significant new
skills to those Marshallese warking on the project. New construction skills include plastic welding,
calculation and placement of complex mooring systems, net and rope skills and commercial diving.

These skills will be retained by staff on leaving GFB RMI and will be able to be ulilized for the

construction of gther.marine-based-projecis-in“the-RMIrinclugding other aquaculture dewe.lopn'uan’ts__..,__1
gTﬁe skills impacts are long-term and essentially ireversible. As SUCH the impact s assessed as being

high and of relevance to the entire RMI. The positive impacts assoclated with skills generation during_?
Lfonstrudicm are therefore of major significance. {

Assessment of Impact — Summary

Negative J

‘Magnitude of impact
Negligible Low Medium High
Wetos Negligible Minor Minor/Moderate Major
Atoll Minor Minor/Moderate | Moderate/Major Major

Republic of the Minor Moderate Moderate/Major
Marshall Islands

Worldwide and Minor Moderate Major
Pacific Region

“Level of 'inipdrtéi_géé of recepton

Nature of tmpagt

Short-term Reversible

R
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;/j\

LA

1.1.1.7

Operational Impacts

Restricted Access

GFB RM| seeks to restrict access to the fish farm sites for security reasons. Cfficials and employees
q of relevant RMI Authorities will be permitted access however access by the general public will require

e

Jrl * prior permission from GFB RMI management,

THe proposed fish farm sites occupy less than 2% of the surface area of Majuro lagoon and are f

VA
Y

A
- \‘I‘oca[ed in a relatively remote and low use area,jThe-general*public-will'be-free-to"micve up to the
boundares-of-the-sitesTHoWever the fish farm sites will present a minor navigational constraint.

In the context of the current use and value of the proposed fish farm areas it is considered that the
impact of restricted access to the public will be low at the atoll level. There will possibly be
- detectable impacts but these are considered minimal in the established, structure.and-function~The
ropact is reversible however will be.presenved.forthe.life.of-the.p
Klaccess by the pubiic is considered fo be of minor / moderate significance,

ro;ectf The impact of the resiricted

S\

Assessment of Impact - Summary

Positive

Negligible Low Medium High
' Wetos Negligible Minor Minor/Moderate Major
2
&
oy § g ‘
Pl Atoll Minor “MingrfMaderate | Moderale/Major Major
%
L@
e
ﬁ .
£
-9 Republic of the Minor Moderate Moderate/Major Major
..E.. 8 Marshall Islands
L e
- ;
2 Worldwide and Minor Moderate Major Major
B Pacific Region
Short-term :
Medium-term Irreversible

" ongren
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Restriction of Recreational Fishing Area

The proposed fish farm sites will be clesed fo all public access including for fishing purposes. The
area of the proposed fish farm sites is not know to be considered as having significant value for
recreational fishing. Furthermore the remaining 98% of Majuro lagoon that contains the hlgherva ee
fishing areas will not be impacted in terms of access.

Restriction of rt?creatlo_nal fishing-in-the-fish-farm_sites_also needs fo be balanced_against.slj ght
benefits. with.the restricted areas providing a form of ‘marine sanctuary’ to preserve breeding stocks
of some fish species (thereby improving long-term fishin is in surrounding areas)f The fish
farm sifes are notcurrentlyareas of significant fisH asseémblage however™ tr']‘e‘e‘stab_hshment of the fish
farming-infrastructure-will-improve_the fish habitat value to 2 limited degree. Overall the posntxve
impacts of the ‘marine sanctuary’ effect are considered to be minimal in the overall context of the
lagoon ﬁe positive long-term fishgiesTand conservation benefits-from gxcliiding fiEhing adjacent to
sea cages Is documented in the scientific literature {Dempster et al., 2007),

The magnitude of the impact of restriction of recreational fishing is considered negligible at the atoll
level, Overall the impact is considered unlikely to be measurable against benchmarks. The impact is
reversible on cessation of farming, However GEB RMLis jntepding.to_restrct.access. tothe-site-forthe
ife of the projectfIn summary the restriclion of recreational fishing area is assessed as bejng_of l
rminor consequence,

Assessment of Impact = Summary

‘ Positive

Negligible Low Medium High

Wetos Negligible Minor Minor/Moderate Major

| Atoll 3 Minor/Moderate | Moderate/Major Major

Republic of the Minor Moderate Moderate/Major Majar
Marshall Islands

Worldwide and Minor Moderate Major Major
Pacific Region

“Level of importance of raceptor

Short-term

Medium-term Irreversible
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Impact on Other Businesses

Impact on other businesses due o the establishment of the fish farm is possible through:
«  Restriction of access of other businesses;
- Restriction of the activities of other businesses;
+  Visual impact on tourism related businesses.

The areas considered for the fish farm sites are relatively remote and other businesses are not
known tc operate in the vicinity. As such it is understood that there are no current issues with the
restriction of access of other businesses. The seafood industry in general is not a new type of
industry for the RMI.

Sand mining in the lagoon does not overlap spatially with the current proposal. The identified
aggregate resources in Majuro are all at the periphery of the lagoon and too distant to potentially
impact the fish farm operation and vice versa.

Owing to the need to have good water quality for sea cage production, the project can provide a
positive business impetus for maintaining water quality in the lagoon, and an early warning of any
emerging impacts.

Tourism operators in Majuro are known to take diving tours to areas in Calalin pass, within about 4
kilometers of the nearest proposed fish farm site. The fish farm will be visible from these areas.
However the visual impact of the fish farm is low (see visual impact section below) and the primary
interest of the tourists in this case is the underwater visual amenity, These tourist tours are not
currently operational any closer to the proposed fish farm sites and are unlikely to do so due to the
limited recreational value of the area surrounding the fish farm sites.

While the overall impact of restriction of other businesses is best classed as negative the magnitude
of the impact will be negligible at the atoll level and unlikely to be measurable against benchmarks.
The impact is reversible on cessation of the project. The overall assessment is that the impact on
other businesses of the operation of the fish farm will be of minor significance.
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Assessment of Impact— Summary

T Pasitive

- *. Magnitude of impact
Negligible Low Medium High
Wetos Negligible Minor Minor/Moderate Major
P
8
&
: .'§ s Y
SRR Atoll | Minor/Moderate | Moderate/Major Major
-3 ]
-
]
L5
aE-S Reopublic of the Minor Moderate Moderate/Major Major
I3 Marshall Islands
=
o S8 W/ orldwide and Minar Moderate Major Major
3 Pacific Region

Shot-term

AL TR 22

Medium-term Irreversible

ongstech
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Restriction of Boat Traffic
The proposed fish farm sites will be closed to general boat traffic,

The proposed fish farm sites however, are not located in or near any shipping lanes in Majuro and
will not pese a navigation hazard te shipping. Ships enter Majuro through Calalin Channel and move
in the section of the lagoon east of the channel whereas all of the fish farm sites are west of Calalin
Channel.

Smaller boats and vessels that travel in the western portion of Majuro Lagoon (for example to
Rongroeng) tend to do so by keeping close to the lee of the northern rim of the atoll, The fish farm
sites in the central part of the Jagocn are a minimum of 2.5 kilometers from this route.

Boats that do wish fo travel through the central part of Majuro Lagoon shall be free to travel between
and adjacent to the fish farm sites. All fish farm sites in use shall be ¢learly marked with buoys and
navigation lights. The RMI Ports Authority and MIMRA will be notified of any restricted boating areas.

In the context of the usual shipping and boating rcutes in Majuro and the small area of the lagoon
that will have altered navigaticn routes the magnitude of the impact on restricting boat traffic is
assessed as being negligible at the atoll level. The impactis considered to be Insignificant and
unlikely fo be measurable. The resultant significance of the impact is minor.

Assessment of Impact — Summary

Positive

- Magnitude of impact "
Negligible Low Medium High
Wetos Negligible Minor Minor/Moderate Major
Lo BT o
Atoll Mincr: ".. | Minor/Moderale | Moderate/Major Major

Republic of the Minor Moderate Moderate/Major Major
Marshall Islands

Worldwide and Minor Moderate Major Major
Pacific Region

LX)
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Short-term Reversible
Medium-term lrreversible
Long-term - -
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Increased Skills of Marshallese

Cperation of the fish farms will require a large number of Marshallese employees who will require
training in a variety of skills for the husbandry of the fish and maintenance and operation of the fish
farming equipment. GFB RMI is investigafing oplions for a scheme to bring some Marshallese to
Australia for training on GFB Fisheries farms in Australia as well as some possible short course work
at an Australian University in Aquaculture and Marine Science.

Aquaculture is recognized by the RMI Government as one of six industries with the potential for major
development in the Marshall Islands in order to achieve employment generation, human resource
development, generaficn of foreign exchange, and import substitution
{(www.rmiembassyus.org/Econcmy.htm ). The development of aquaculiure development and
husbandry skills for a large number of Marshallese will be of lasting benefit to the RMI. The pool of
skilled Marshallese aquaculture workers will make further aguaculture developments, both by local
and foreign investors, easier in the RML

The magnitude of the increased skills of Marshallese is assessed as high at the RMI level, with wider
and longer term impacts occurring. The benefit will be maintained over the longer term even if the
cperatlon is discontinued. The restltant significance cf the impact of increased skills cf Marshallese
is major.

Assessment of [Impact— Summary
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Employment Generation

GFB RMI believes that It will require approximately 400 full-time staff directly employed at full
production (50,000 metric tons per year) of which about 10 would be foreign technicians. The
operation would also generate significant indirect employment, for example through the processing of
fish in Majuro prior to export, and the boost to the RM| economy would help to create additional
employment through economic impact {due to the spending of the additional incomes of the direct
and indirect employment positions). In all AECgroup estimates that the total employment impact of
the full-scale proposed aquaculture operation would be 1,320 full-ime jobs in Majuro.

Up to 50% of Marshallese of working age are nof currently participating in the workforce. The total
workforce of the RM! was estimated at 9,810 in 2006
(hitp:iwww.spc.int/prism/countryimh/Stats/Economic/LaborMarket/Empind.htm ), The establishment

of the GFB RMI fish farm therefore has the potential fo increase the Marshall Islands workforce by
over 10%.

The magnitude of the impact of increased employment of Marshallese will create wider impacts fikely
lo resultin a highly change structure, composition and function. Although the GFB RM! investment is
intended for the long term, the employment benefits would rapidly reverse with the cessation of the
operation. As such the magritude of the benelit is best assessed as medium at the atoll level. This
results in @ moderate / major significance for the impact.

Assessment of Impact—~ Summary
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1.1.1.8

Mitigation Measures
Increased Boat Traffic

The impact of increased boat traffic due to the construction and operation of the fish farms Is
assessed as being of minor / moderate significance.

GFB RMI aims to minimize the amount of boat traffic io and from the fish farm sites by:
+  Mooring large service barges cn site to store feed, supplies and some equipment;
+  Ferrying farm workers to site on several large boats;
+  Providing accommodation on boais on site; and
«  Waorking with RM1 authoerities lo develop procedures for impert / customs / quarantine
inspections at sea to avoid double transfer of goods and unnecessary use of the ports in
Majuro,
Restricted Access
The Impact of restricted access of the fish farm sites when in operation is assessed as being of
minor / moderate significance, The fish farm sites have been selected partly due to their relatively
low value to other uses. GFB RMI| dees not propose any cther measures to mitigate the impact of
resfricted access fo the fish farm sites as this is an important component of farm security,
Restriction of Recreational Fishing Area
The impact of restriction of recreaticnal fishing area due to restricted access of the fish farm sites
when in operation is assessed as being of minar significance. The fish farm sites have been selecled
in part due to thelr relatively low value as fishing areas. No other mitigation measures are proposed
for this impact,

Impact on Other Businesses

The impact on other businesses from the operaticn of the fish farm areas by GFB RMI is assessed as
being of minor significance. The fish farm siles have been selected in part due to their remoteness
from other business aclivities, No mitigation measures are proposed for this impact.

Visual Impact on Residents
The visual impact on residents of the fish farms is assessed as being of minor / moderate
significance, The fish farm sites have been selected in part due to their relative remoteness to most

residential areas. Other measures to minimize the visual impact will be;

+  Posilion work barges and ships in most distant part of the fish farm sites to the atoll
shorelines; and

- Restrict lighting on boats and ships between 10pm and dawn to the minimum needed for
safety and navigation.

Restriction of Boat Traffic
The impact of the fish farm sites on restricting boat traffic is assessed as being of minor significance.
The fish farm sites have in part been selected due to the remoteness from usual boating and shipping

routes, Furthermore, the sites will be clearly marked for marine navigation day and right.

Increased Skills of Marshallese
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The impact in increasing the skills of Marshallese is assessed as being of major significance for
construction associated skills and major significance of aquaculture operation skills, GFB RMI
intends to maximize the skills base in the Marshallese workforce and further this positive impacl
through onsite and possibly overseas training.

Employment Generation

The impact on employment generation in the RMI is assessed as being of moderate f major
employment. GFB RMI intends to maximize the long-term viability of the project in economic,
environmental and socia) terms to ensure that the employment generation benefits centinue into the
longer term.
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5.3 Habitats and Species

Table 5.4: Summary of Impacts

Impact

Activity and Description

Assessment

Costs

Placement cf Moorings

Placement of the moorings will invalve
some dislurbance of the seabed.

The very small areas of seabed fo be
affected by the placement of the
moorings and its relatively low
ecolegicial value result in this impact
being considered to be of negligible
significance.

Aggregation of Wild Fish
Assemblages

Wild fish will tend to aggregate around the
structures provided by the fish cages and
farm infrastructure.

Fish aggregalion has been cbserved
at {he pilot site and will occur at the
proposed fish farms. There are
positive implications for improved
assimilaticn of wastes with fish
aggregations, This impactis
considered to be of minor / moderate
significance.

Changes to Macrobenthic
Assemblages

Macobenthic assemblages under and
directly adjacent to the seacages are likely
to undergo changes in composition,

Changes to macrobenthic
assemblages (such as seacucumbers)
under the fish cages is considered to
be of little impact in the relatively low
value habitat of the fish farm sites and
of benefit in assimilating wastes and
maintaining sediment quality. The
impact is considered to be of minor /
moderate significance and highly
restricted in area (within 10s of meters
of the cages).

Boal Strike When Traveling to
Site

Boals traveling to the fish farm sites may
strike marine macrofauna such as turtles,

The chance of boat strike is greatly
reduced in Majuro due fo the deepa
and clear lagoon waters, This impact
is considered to be of minor
significance.

~'Disease and Pathogen §j
aTiansferoe Wild

Cultured fish may develc |sea es arld?
Transfar hem to“Wlld"%focR i %—-—i

(Disease in the cultured fish is

ekpected fo'be'minimal and resfricted
1o opportumshc infections.by &/
orgamsms already esentin the ;
en\?'?onmen{ Tﬁe‘b%{ten fal or-d'|'§ease
and{”'thogen transter is considgred to
be ofiminor / moderate mgmfcaﬁﬁé—f

P et . e e e e e

Entanglement of Megafauna

Marine megafauna may become
entangled in some types of fish farm
infrastructure.

Potential entanglement of megafauna

is relatively easily avoided by utilizing
the appropriate types of nets. The
resuiting impact is consideged.to.bg——
minorand manageable[\.:"‘fh‘furfher 4
changes {o technology if Jt ces occuﬁ

Escaped Stock

Stock may escape through damaged
seacages or grading or transfer accidents
and interact with wild fish and ecosystems,

pngposed_species;f_o culture are
ya endemf Escapees are often

"domes’uca ed.and.perform.poorly

whe they escafe although those that

| o adaptwijass te asmpart of the
cosy QET !mpactgv

conSI er u e ofmlnor - moderate

sigmfcance ‘
m________._.__m
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Food Web Changes

Changes 1o food webs In the vicinity of the
fish farms are likely due fo excretion of
organics and nutrients from the fish cages.

Food web changes with Increases in
some types of fish, plankton and
macrabenthos will occur in the near
field as part of the natural assimilation
response. The overall impact is
considered to be of minor / moderate
significance,

Seabird Interactions

Seabirds may become entangled in some
types of seacage coverings.

Itis considered unlikely that seabirds
will become entangled In the fish farm
infrastructure and medifications can
easily be made if this becomes and
cccurrence. The potential for the
impact Is assessed as being of minor
significance,

" Sediment Changes -

Sedimenis under and directly adjacent to
the seacages may become anoxic after a
perfod of time under certain conditions.

Some sediment impacts are possible
but will be lower than noted in studies
of many other farms due to the water
depth and flushing rates. The impact is
short-ferm and easily managed by
moving cages to allow for fallowing; as
such the impact is considered to be of
minor significance.

—
Water Quality (near field) I

Nutrients excreted by fish {primarily
nitrcgen and phosphorus) may result in
measurable water qualify changes in the
near field (within 1,000 meters) of the fish
farm sites,

The near field water quality will be
impacted at levels that may be
measurable, as this is where the major
assimitation occurs. Calculations and
baseline water quality results suggest
that the level of impact is likely to be
unmeasurable against natural
variabillty. The impact is considered to
be of minor { moderate significance
and rapidly reversible,

Water Quality {i_{ltermediatial
field)—""

Nutrients excreted by fish (primarily
nitrogen and phosphorus) may result In
measurable water quality changes in the
intermediate field (beyond 1,000 meters of
the fish farm sites but within Majuro
Lagocn}.

Mass balance modeling indicates that
water quality in the lagoon will not be
significantly altered from background
levels due to the fish farming with
changes unlikely to be measurable,
The impac! is considered to be minor
f moderate and rapidly reversible.

@i_oﬂ_q{ﬁpecies__j

Importing of fish from overseas may result
in the inadvertent transfer of non-endemic
species in the seawater or on ships
surfaces.

Pretocols for the importation of fish
fingerlings from Australia will reduce
the risk of translocation of species to a
similar or lower level than that
associated with existing ship
movemenis. The potential for
translocation of species is considered
{o be of minor significance.
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5.3.1
7.1.1.9

Assessment and Mitigation of Effects

Construction Impacts
Placement of Moorings

Placement of moorings (which consist of cencrete blocks or metal anchers with metal chains)
involves some disturbance to the seabed. The moorings may travel a shert distance before bedding
properly into the sediment and the chains may move about with heavy seas causing small areas of
scouring of the seabed. Any benthic fauna in the areas impacted by the block and chain have the
potential to be damaged. A mooring block and chain used at the current pilot site at Lobekerae
Island by GFB RMI is displayed in Figure 5.3.1.

Figure 5.3.1: Mooring Block and Chain in Use off Lobekerae island (Majuro)

Dive surveys of the proposed fish farm sites indicated that the benthic ecosystem is relatively
impoverished, with consistent flat, decomposed coral aggregate with very little coral or macrofiora.
The quantum of seabed that has the potential to be impacted through damage is minimal in terms of
the lagoon size, The fish farm sites occupy less than 2% of the Majuro lagoon area with the actual
cages occupying about 2% of the fish farm site areas. The area of seabed subject to impact is almost
negligible in the context of the total Majurc lagoon seabed area.

Consequently the magnitude of the impact is considered o be negligible (unlikely to be measurable
against benchmarks) at the weto level. The impact is expected to be Jong-term (for as long as the
moorings are in use) but rapidly reversible on decommissioning on the site. The impact of the
placement of the moorings on the seabed environmentis assessed as being of negligible
significance.
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1.1.1.10

Assessment of Impact — Summary
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Operational impacts

Aggregation of Wild Fish Assemblages

T/E‘ﬁous Tish species are typically attracted to sea cages principally because it provides a high level of  /

structural diversity in an otherwise low struclure environment. This js an unavoldable jssue inth\e_/
operation of sea cage aquaculture.- ’
t ]

As recreational fishing will be prohibited directly adjacent fo the sea cages, the aggregated fish
populations will be provided with refuge from fishing mortality. The aggregation effects and protection
will only last for as long as the seacages are in operation. Furthermore the aggregations have some
positive environmental impacts with the aggregated fish populations demoenstrated.ig_some. studias fo
significantly_improve.assimilation.of the wasies from the fish farrrg_._jNiId fish populations can
consume up te 40% to 60% of the cage derived nutrients, resulting in an important nutrient removal ]
or redistribution mechanism in certain marine environments (Felsing et al. 2004; Fernandez-Jover el
al. 2007), Fernandez-Jovier-et-al= (2007 reported TP t6 80% teductionintotal organicwastes due to
wild fish populations at one Mediterranean farm.

At GFB's pilot agquaculture site in Majuro fish aggregation aggregation effects on the following
species have been noted:

+  Scarus sp. (parrot fish);
*  Epinephelus cyanopodus (Grouper);
*  Gymnosarda unicolor {dogtooth tuna);

»  Caranx mefampygus (trevally); .
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+  Luffanus bohar (red snapper);
+  Acanthurus sp. {surgeon fish);

»  Elagafis bipinnulaius (rainbow runner); and,

»  Unidentified small pelagic 'bait fish’ schools surround the cages.

Figure 5.3.2: Small Pelagic Fish Aggregalting Around Existing Sea Cage off Lobekerae Island (Majuro)

Fish assemblages through aggregation around the fish cages is considered to be of medium
magnitude af the weto level (to reflect the impact being within the fish farm_sites). The.impacts_wil.be
detectable_with.significant.changes.instiucture, composition_apd function lit is unclear as to whether -
the impact should be considered as primarily a negafive or positive impact.;The impactis reversible

i the medium term on discentinuation of operation of the fish famms THeimpact is assessed as
being of minor / moderate significance.
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Assessment of Impact — Summary
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Changes tc Macrobenthic Assemblages

The structure of macrobenthic assemblages {e.g. marine worms, snails, sea cucumbers) can be
altered by sea cage farming activities. This is a well-documented impact from sea cage aquaculture.
At this stage changes to the macrcbenthic assemblages at the pilot sites in Majuro have not been
noted. This may be due fo:

*  The level of production being insufficient at present to achieve such an impact;

«  The depth of the water, which is greater than many similar fish farms, may be assimilating
the wastes befere they are able to impact the benthos. This has been suggested for the
findings of [ittle benthic impact of fish farms in the Mediterranean by Maldonado et al.,
{2005); and / or

+  Relatively high levels of natural marine life may be assimilating any fish cage outputs before
they have an impact on the environment. Field experiments in Vita et al. 2004 have revealed
that about 80% of pariiculate organic matter escaping from the cages may be consumed by
wild fish before reaching the seafloor (Vita et al., 2004).

The impact of fish farms on macrobenthic assemblages can be managed and mitigated, but the vast
body of literature documents that It cannot be avoided entirely at most sites. The scale of the impact
is generally restricted to the areas under and adjacent to (10s meters) the seacages. Changes in
macrobenthic assemblages is an important natural mitigation method for sediment impacts of
aquaculture — for example sea cucumber populations developing under a seacage will consume
organic wastes and raeduce the magnitude of the near fleld impact.

A summary of some studies on macrobenthic assemblages are:
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- Hoskin and Underwood {2001) investigated the impacts of snapper farming at Port
Stephens (NSW, Australia} and found minor changes in the patterns of abundance of
existing animals. At the scale of annual production planned by the farm, despite some
evidence for impacts, it is unlikely the farm could cause any major, irreversible
environmental or ecological changes on the seabed;

*+  Karakassis et al, (2000) in the Greek Islands identified that abundance and biomass of
macrobenthos was up to 10 times higher at impact compared to control sites and this
impact extended to 25 meters beyond the cage, although clear attenuation of the impact
was evident. These authors did not survey areas further than this from the cages; and

«  Brown etal. {1997) reported a clear dominance of the macrefaunal community by the
pollution tolerant Capiteila cf. capitata, but the impact could not be detected 15 meters
beyond the cages.

There is a significant amount of Information on the impacts of sea cages on benthic assemblages.
This information demonstrates that the impacts of sea cage aquaculture on benthic assemblages is
ocalized fo the areas.directly_proximate_to the seacages and miligated.by.fallowing.impacted-areas.
ﬁThe impacts are also reduced in deeper sites with flushing rates such as those selecte_dio;_tﬁs\/
M:)posed developrrEr_l}

In terms of the impact of the proposed aguaculture farm in Maijuro lagoon, it is expected that changes
to macrcbenthic assemblages will be detectable at the near field (within 10’s of meters of the cages)
at higher levels of production. Increases in varicus invertebrates {e.g. beche de mer) feeding on the
increased organic matter falling from the cages are also considered highly likely.

The impacts are not considered to be long-term. Aquaculture sites that are fallowed typically return to
pre-impact conditicns within months or years. The impacts are reversible in the short term (less than
three years) on cessation of the aquaculture activities in the area or the fallowing of a site,

while the changes to the macrobenthic assemblages are assessed as being negative the increase in
macrobenthic fauna has an impertant function in mifigating the erganic fallout preduced by the
aquaculture and maintaining the health of the sediments.

The magnitude of the impact is best classified as medium with detectable impacts characterzed by
significant changes in structure, composition and function at a local level measured in 10s meters.
Evidence is abundant that the impacts are confined fo relatively small areas around the cages and
hence the atoll receptor is not appropriate with the wetos level of importance considered the best
representation of the scale. The overall significance of the impact on macrobenthic assemblages is
therefore assessed as minor/ moderate.
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Assessment of Impact— Summary
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“‘Nature of Impact. -

Medium-term Irreversible
Long-term

Boat Strike When Traveling to Site

Boat traffic, through boat strike, can kill or injure animals such as marine turtles, In the case of Majuro,
it should be noted that the speed of recreational and commercial fishing vessels are not limited and
that boat strike is not documented as an issue. Boat strike is generaily an issue in turbid namow
channels but not in broad expanses of navigable clear water such as those to be traversed by
vessels assoclated with this proposal. The additional beat traffic generated by the operation of the
fish farm in not expected to be significant within the context of the usual boat traffic on the lagoon.
Boat traffic within the sites for fish husbandry activities will be relatively slow and pose little risk of
boat strike. The impacts are shorl-term and reversible on the cessation of traffic associated with the
farm however may cccur for as long as the farm is in operation,

The level of risk of boat strike due to the operation of the farm is considerad to be negligible (uniikely
tc be measurable against benchmarks) although impacts are possible over much of the atoll {with

travel from Uliga to the aquaculture sites). The significance of the impact as assessed is considered
to be minor.
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Assessment of Impact— Summary
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Disease and Pathogen Transfer to the Wild

Sea cage farming has been implicated in the spread of fish diseases and pathogens. This is an issue
that can be managed, although the risk cannot be reduced to zero.

The activity of sea cage aquaculture poses a low risk to disease and pathogen issues for adjacent
wild stocks, Cultured stocks may be impacted by natural diseases that do not manifest acute
symptoms in wild fish. The diseases impacfing the cultured stock are almost always ubiguilous in the
natural environment, however do not cause significant problems in the wild fish due to much lower
densities and the lack of stressors such as grading and other handling activities.

ccurrence of diseases in the fish under production. Theré has been no disease recorded in the
currentgrouperin tie pilot cages despifé the fish being repeatedly exposed to heavy stress in
quarantine due to power outages.

vrié'ﬁ'@ﬁwater quality and stable water temperatures in Majuro are anticipated to minimize thej
Q

Much of the disease work that has demonstrated a linkage between diseases in aquaculture stock
transferring to wild fish refers to salmon and salmon lice (e.g. Bjomn et al,, 2001 and reference
therein). Other species in production have not been demonstrated to increase disease risk to wild
stocks,

There.is.a-possibility-of-introducing-fish-diseases_through the feeding of baitfish_in.aquaculture.
However the {ish farm in Majuro will exclusively utilize heat-sterilized pelletized feed with no disease
fransmission risk.

The introduction-of-any-new-diseases.or.pathogens_js_always a potential concern when translecating
ﬁsh.‘AlI fish grown in the Marshall Islands shall either;
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5

+ | Be sourced from the Marshall slands. This is assocjated with no risk of disease (
introduction; or

. ﬁe sourced from high-heallh hatcheries in Australia, Ausiralia is a relatively dizease free
LIocaIity as a resull of its geographical isolation together with the slrictest biosecurity laws

of international concern however these are both freshwaler diseases of no risk of

iand procedures in the world (bar New Zealand). Australia has recorded two fish diseases

transmission through the sallwater species 1o be senf to the Marshall Islands (Table 5.5).
__—-——"‘_""—-——h_.-—-—-'—"—___ud-

Table 5.5; Fish Diseases of International Concern and Relevance in Ausfralia

"\fish Disease

Relevance in Australia

Risk to the RMI

' i
* Epjzootic haemalepaelelic
1 hecrosis
. i‘\d‘

Reported in freshwater fish in Australian
States of ACT, NSW, SA and VIC, It has
not been recerded in Queensland {the
location of GFR's hatchery) and does
not Infect saltwater fish

No risk to RM! fish as freshwater
disease only.

No risk of ransfer to the RMI by
GFRB as freshwater disease only.

Infectious haematopoletic Not known to exis! in Auslralia NIA

necrcsis

Spring viraemia of carp Not known fo exis! in Ausiralia N/A
 f/iral haemorrhagic Nol known to exist in Australia NIA
y5epticaemia

Infectious pancreatic necrasis | Not known to exist in Australia N/A

Infectious salmon anaemia Net known to exist in Australia NA

pizootic vlcerative syndrome

(\

Epizoatic ulcerative syndrome is
endemic in many freshwaler catchments
and esltuarles in Australia and has been
officially reported frem NSW, NT, QLD,
VIC and WA, Ills only presenlin
freshwater and estuarine (when under
freshwater siress) habitats.

Ne risk to RMI fish as freshwater
disease cnly.

s
No risk of transfer to the RMI by
GFB as freshwater disease only.

disease

" Baclerfal kidney disease Not known to exist in Australia NIA
{Renibacterium
salmoninarum)
Gyrodactylosls (Gyredactylus | Notknown to ex!st in Australia NIA
safarls)
Red sea hream iridoviral Not known te exist in Australia NIA

Scurces: OIE, www.disease-watch.com (Australlan Government Department of Agriculture, Fisherles and

Forestry

It is impossible lo assign a level of no risk of translocation of disease. Howeler the level of risk s
considered-to-be-acceptable-throughout-the world with-hundreds_of miI;l’éT@'of aquarium fish imporied
into Australia, the USA and Europe each year. For Australia, which has some of the strictest
quarantine procedures in the world, a quarantine period of 7 days is applied to marine fish imports.

e e

'“Tﬁéﬁi;g;i-igdg of impact assoclated w

n € ith transfer of endemic diseases to wild ﬁsh_ stocks is
considered to be negligible, given that no fish farming apart from salmon has been implicated for this
impact anywhere in the world. The risk of introduction of new fish diseases from the imporation of J

.. fish from Australia is considered to be very low given the relatively disease free stalus of Australia, v
the status of the halchery from which they will be sourced, and the import quarantine procedures that

. willbe foI]q\F_e_ed._Qn_ the balance, the appropriate assigned impact assessment is considered to be —

Clow. '
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A comprehensive risk mitigation protocel is outlined in the Mitigation Measures secticn below to
minimize the risk of disease transfer. As mentioned, these procedures are precautionary in view of

other procedures utliized by other countries around the world.

Assessment of Impact -~ Summary
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Entanglement of Megafauna

Fauna such as dolphins and tu

=

potential for this impact depends

tles/may become entangled or trapped in sea cage equipment. The

the type of sea cage equipment used,

Dolphins and furtles are known to exist in Majuro lagoon. Potentially there are 8 species of sea turtle
in the RMI with the leatherback turtle and hawksbill turtle endangered. Anecdotal evidence is that
only one species of marine mammal (a dolphin species) enters the lagoon.

Dolphin interacticns with sea cages in Australia is best quantified for tuna feedlots in South Australia
(Kemper and Gihbs, 1997; 2001) who recorded that approximately three dolphins deaths per year

{between 1990 and 1993) were confirmed from the sea cages, however this figure could have been
as high as six, Dolphins became entangled and drowned in the large mesh (> 15 cm) predator nets
that were used at the time on the sea cages.

Such large mesh predator nets are not used in sea cages elsewhere in Austraiia (e.g. Tasmania, Pt
Stephens) and their use in general is considered unnecessary and undesirable and will not be used

on the fish farm in Majuro.

There are no published accounts of interactions between sea cage aquaculture and marine turtle

populations,

CTHE net types that will & sk =i MjUTS are TigTd of §8ii-rigid and do ﬁo—t_pies_;—gni( a_r}.'eptgggvlgﬁnlﬁqg

fAsKt6 daIphins or turtles. -7 - °°

SRR 5 \ S gorts =

e

71




J;vf

\»’d{f‘

o

S

Projec t\ ame :
Enwr . crA 'S sme Report

C

The nets of sea cage aguaculture wilf pose a negligible magnitude of impact in terms of rsk to
dolphin and marine turtle populations. With populations of megafauna.quite motile the potential
lmpact is best considered to be possible at the atoll level, jAny possible interaction problems, if they :

erge should be able to be rapidly cvercome by.adopfing new netting types | and reversible o -
~C ssatlon of.the aguaculture cperation - Jorsummary’ the significance of the :mpact ofentanglement of

t‘('[I;Jarme mégafauna is assessed as minor.

| Assessment of Impact- Summary

L Positive

'

.+ ‘Magnitude of impact | . .
N Negligible Medium
Wetos Negligible Minor Minor/Moderate Major
Atoll EFMID Minor/Moderate | Moderate/Major tajor
. 5 Republic of the Minor Moderate Moderate/Major Major
/P Marshall [slands
o Worldwide and Minor Moderate Major Major
" Pacific Region

Nature of Impact

Medium-term

l:revers:ble

r Long-term

e Escaped Stock

A
3}‘ / ")Csuch as sampling and gradlng e

<émlmmize such_an accurrence! THowever occaslonal Iindividual fish _escapees are I|ke]y durxn

(O —

Sea cages may fail liberating cultured stock into the wild. A key mitigation strategy is to ensure that
species being farmed are endemic. The occurrences of the species to be farmed are outlined in
Appendix D: . It should also be noted that any loss of fish Is a direct commercial cest to the fish farm
business and hence the proponent has, a strong.vested.interestin.utilizing technology and systems to

e

‘Q A"“-‘ Vandahsm fheft and sabotage may also I:berate stock ,Once again the proponent obviously has a

strong.vested interest to'minimize suéh Beclmences. The proponent’s current pilot production site

.\‘{ was sited off Lobekaere Island primarily due to the site's security benefits.
’—‘J\ It should be noted that the impact of fish escaping is not significantly different from that resulting from
e the deliberate stocking of waterways with fish for the purpose of enhancing recreational fisheries.
\Sf\ However fish that escape from fish farms at a larger size are conditioned for captivity and often
exhibit low vigor in the wild environment.

An additional risk assessment of the impact of escaped stock on the environment is presenteddn____
10Appendix D: iThet only EpEcies considered to present any risk of unnatural ecological pressure in:
the event of'escapees is the glant grouper (Epinephsius !anceo!atus) if large numbers escape and

lrecrun Io very large. sizes. Asi giant grouper are relatively Uncommon in Majuro a large number of very
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R

“Erge fzsh is postulated to have the potenhal to exert unnatUraI predatory j

““however no evidence s available.to.confirm this, ~
[kttt [ S

The magnitude of impact of escaped steck and interaction with wild rescurces is considered to be
low in the worse case scenaric of large-scale escapees with potential impacts at the atoll level, Any

mineor/ moderate,

N
Asse'ss\ment of Impact— Summary

l\/

Positive

impacts are relatively short-term {escaped fish die, are predated upon and fished) and reversible on
- - cessation of the aquaculture activities. The significance of the impact Is therefore assessed as being
R /\f

3

Negligible Low Medium High

B etos Negligible Minor Minor/Moderate Major

i B N )

1 Atoll Minoc Moderate/Major Major

Republic of the Miror Moderate Moderate/Major Major
Marshall Islands

Worldwide and Minor Moderate Major Major
Pacific Region

Nature of Impact

Medium-term Irreversible

Long-term

Food Web Changes

The outputs associated with sea cage farming have the potential to alter food webs in areas directly
adjacent to farms. Changes to the structure of food webs. as a result of seacage.farming have been
documented, Ehangesto phytoplankton and zooplankton assemblages, as well as benthic [
I‘assefﬁblages qccurwhlch can flow on through trophlc |nteract|ons to other components of‘the }
| ecosystem, | e e T s it oy --~—-~---—~ e
- r’l/b\. o s U 'm
The primary food web impacts will be generated through: ‘[ .

- Changes to macrobenthic assemblages which are then consuged by fish. These fish are
most iikely to remain around the fish cages {and food source} although some are likely fo
migrate to other areas; and

+  Water quality impacts that potentially generate changes te the structure of phytoplankton
and bacteria floc assemblages in the intermediate field which then flow through grazers
{zooplankion) to predators.
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Thus, the risk of food web changes at a far field and near field level is relative to water quality
impacts (discussed elsewhere in this report) and changes tc benthic macro-invertebrate
assemblages.

Macrebenthic assemblage changes have been described in a previcus secticn. There will almost
certainly be an increase in the biomass of benthic and pelagic fish in the immediate vicinity of the
aquaculture sites in response to changed macrobenthic assemblages (Valle ef al. 2007 and
references therein). It is not considered that this increase is likely to have a significant impact on the
lagoon enviranment outside of the aquaculture areasuFun el di As. d;scussed by.Dempsteret al,
(2007),750¢ch 2R impact maybe bergficial in terms: of‘proderrjg*acdefacto marine sanctuary that may!
have Iong term beneﬂts for ﬁshmg in the area. J

Increased phytoplankton in a plume from the fish farm sites is possible. A study of phytoplankton
nutrition at Tuamotu atoll (with similar water parameters to Majuro) demonstrated that phytoplankton
in the central Pacific is most severely limited by nitrogen availability (Dufour & Berland, 1999). Most
phytoplankten was found to be unable fo utilize nitrogen below 1uM/liter (Dufour & Berland, 1889},
Dissolved Inorganic Nitrogen (BIN) levels of about 0.5uM/liter were found to be usable for growth of
some phytoplankton specles in studies of 12 atoll lagoons in the South Pagific (American Saciety of
Limnology and Oceanography, Inc. 2001), lower than previous studies. llt was found that very smal,
phytoplankton (<3um in diameter) were more dommant in the ollgotrophrc conditions and may be,’
better able to utilize DIN concentrations in the range ‘of 0.5uM/liter to 1 OuM/liter.However rtwas-also
“noted-that-a large part of N and-P-is ‘sequestered i bacterial biomass (which Have a higher N to C
requirement) and is not likely available to phytoplankton.

Lagoon DIN levels varied significantly between seasons from a low of 0.03uM/liter to 1.Cub/liter in
the South Pacific depending on season and location {American Society of Limnology and
Oceanography, Inc. 2001), Oceanic levels of DIN were 0,02 uM/liter.

IThe proposed aquaculture productlon of 50 000 tons p-er‘ a—rmum has the capamty to raise total -L_‘
nitrogen levels in Majuro lagoon by around 0.4uM/fiter (see section 1.1.1.13 below) although due to
i the flushing characteristics at the proposed sites the modeled outcome is that nitrogen levels will be

raised by about 0.1uM/liter, Backg found Jevels of total nitrogen in Majura (measured at a relatively
“pristing dfea near L.obekerae- Is!and) are 2.0 to 2.7 uM/liter, The most likely impact of the nitregen
inputs from the fish farm wil| be in the order of 1/20" of natural nitragen levels, Based on research on
the nitrogen cycle at Enewetak Atoll in the RMI (Webb et al. 1975) dissclved nitregen levels (DIN) are
likely to be about 110" of the total nitrogen level i.e, 0.20 to 0.27uM/liter during the period sampled at
Lobekerae Island. At these levels phytoplankton growth is unknown.

With seasonal fluctuations it is possible that nitrogen levels will reach a leve! at times where minor
increases in phytoplankton biomass can be expected.[Underthe Gstal conditions n Majuro it s ..
considergd farmore likely hat the' majorlty S hifragen will be sequestered in the intermediate field ¢ _
" {within 1,000 meters of the fish cages) by bacteria floc and be consumed by zoopIankton and!or smaII
\pelag:c Fsh or exported through water exchange through Caial:n Channel T c

S - .

The fish farm sites are locafed at a minimum of 2.5km — 3,0km from any significant coral reef areas.
Numerous studies as discussed elsewhere in this report indicate that the impacts of fish farms are
greatly attenuated at these distances. Food web changes will be mostly confined to those
environments within 100m to 1km of the fish famm sites,

In summary the impacts on food webs due to the operation of the fish farm are anticipated to be:

1. Near Field {within 100 meters of the fish cages); Significant localized changes to macrobenthic

assemblages in small areas (10s meters of cages) with resultant increases in benthivorous fish
species;

2. Intermediate Field {with 1000 meters of the fish cages): Increased pelagic activity possible at
times due to limited increases in some phytoplankton (and subsequent zooplankten) and organic
floc. Zone of most significant assimilation of nutrients through mineralization, utilization by
phytoplankton and bacterial {loc, volitizaticn and sedimentation. Increases in the biomass of
small planktivorous fish may then result,;

3. FarField (beyond 1,000 meters of the site but within the atoll): Pcssibly some measurable

increases in inorganic or organic forms of nutrients such as nitrogen and phosphorus but
.

74



Project Name
Environmental impact Assessment Report

modeling indicates that levels will be near the level of detection (=0.1uM nitrogen and =0.004uM
phosphorus);

4. Very Far Field (outside of atoll): No impacts will occur. Huge water volumes and strong currents
will rapidly dilute any impacts to undetectable levels,

TAny Jmpacts on the food webs in Majuro will be rapidly reversible in the event of discontinuation of }
'\ the fish farm due to the high flushing of the lagoon (particularly in the central porfion). The overall
i magnitude of the impact on changing food webs at the atoll leve! is considered to be low {possibly
detectable changes but minimal to the established ecological structure and function of the area. A
rireturn to pre impact levels is achievable and expected to ocour in the short term once inputs are - i

discontinued however will exist for the life of the profect.) The 5|gn|f'cance of the |mpact is therefore
assessed_as.minor / moderate i e SR

Ch -

Assessment of Impact — Summary

‘ Positive

Negligible Low Medium High

] Wetos Negligible Minar Minor/Moderate Major

N Atoll Minor Moderate/Major Major

Republic of the Minor Moderate Moderate/Major Major
Marshall [slands

B worldwide and Minor Moderate Major Major
Pacific Region

Level of ihiporfariééf"iyf recept'brs e

Shori-term

Medium-term Irreversible

T Congterm

Seabird Interactions

Some seabird species may be attracted fo a sea cage area due to fish farming activities (=.g. feed:'ng)

orto the cages as a roosting area., This is nof a well documented issue but has been observed by..

the authors at other sites. [—Ewdence of seabirds roostifig 6hthe"seacages-at Lobekerae Island has

rpEen nofed by GFB. According to the RMI US Embassy 31 species.of seabirds are found in the RME_?
: although none of these are noted as endangered ‘ T

T ————— B e

The typical non-lethal mitigation measure is to cover the top of the cages with taught nefiing that
does not entangle birds. This is required from a commercial perspective to prevent seabird predation.
For most types of netting there will remain a risk that seabirds may occasionally become entangled in
the net. The |mpact cfseabrrds roostlng an the seacages is not considered to be significant.

;' The magnttude of impact of interactions-of the.fish farms thh seabrrds is consrdered to be neghglble !
i_at the atoll Ievel The potential impact if experienced should be able to be rapidly reduced By a'tering”
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bird netting systems and is also reversible on cessation of fish farming activities, The significance of
the impact is assessed as being minor.

Assessment of Impact — Summary

Posltive A Néga{ivea'

i+ Wagnitude of impact.. | .
Negligible Low Medium High

B Wetos Negligible Minor Miner/Moderate Major
2

§ .
o Atoll MinoriModerate | Moderate/Major Major
T

&
: .g 3

I Republic of the Minor Moderate Maderate/Major Major
§ Marshall Islands
-

e

R Worldwide and Miner Mederate Major Major
- Facific Region

Short-term 455

: e\-'ersmle* R

Medium-term Irreversible

Leng-term

Sediment Changes

Through the addition of feed and fi fsb:\gxcqe on and egestzon sea cage aquaculture can result |r1
‘organic enrichment of the sediment and, chahges to sediment chemistry. In the bestcase mild”

-~organic eArichment Will lead to changes inth& macrobenthic. assemblages and increased potential for
denitrification, in the worst case the sediment may become anaerobic leading to a poorer
environment for waste assimilating organisms and the release of sulfides and other toxic metabolites.
This is & well documented impact from sea cage aquaculture. The impact can be relatively easily
managed and mitigated through fallowing and ensuring the feeding regime is optimal, aithough not
avoided entirely. The scale of the impact is generally restricted to the areas under and adjacent fo
(10s meters) the sea cages.

Maldonado et al., (2005) studied fish farms in the Mediterranean that were in a greater depth cf the
water (20 melers toc 40 meters) than those generally studied {5 to 10 meters). They found a much
lower level cf change in the sediment and in some cases, no significant difference between fish cage
sites and control sites. It has also been noted in a number of studies that wild fish populations can
assimilate large quantities of fish farm waste before it impacts on the sediment,

\ Due o the water deplfi (35 meters 1040 meters) of the prépased fish farm sites in Majuro the
frelatwely high water exchange, the tropical conditicrns (facilitating faster waste breakdown and™
*mineralizaticn), high water quality, nature of the sediment {relatively porous, buffered and aerobxc)
«and the native macobenthos (e.g. Seacucumbers — with the ability to physically turnover and Flter
sediment) it is considered that sediment changes due to the fish farms will be at the lower end of

* those noted at other sites around the world. Sediment quality will be monitered throughout the, r-/
operation of the sites, and seacages moved to allow sites to fallow if sediments impacted by the
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\seacages becomeanaeroBi!(as: detemuned by.black, reduced_sediments) Iess thanJO centlmeters )
Below.the. sediment-water :nterface

Fresh feed and faeces from the fish cages at Lobekeare Island has been cbserved reaching the
oftom in about 20 meters of water, However this wasle appears to have assimilated rapidly with no
build up or change to sediment quality observed thus far.

Figure 5,3.3: Sediment direclly under current seacages at Lobekeare Island after six months of fish
culture,

The magnitude of the impact of sediment chemistry changes is expected to be low (possible

detectable impacts but minimal changes fc the established structure and function) given the-. .. _

conditicns in Majuro Lagoon_and is best assessed as @ wets IeveTlmpact {due to impacts being very
rrestrigiad in the area directly surroundmg the fish cages). The impacts are rapidly reversible on the
i_cessation of fisk farming Within close proXimify fo the impacted sediment, for example by fallowing

sites, The significance of the impact is assessed as being minor.
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Assessment of Impact — Summary

Posifive C i Nepalive -

Negligible Low Medium High
SR/ ctos Negligible Minor/Moderate Major
CE
-5
@
]
B Atoll Minor Minor/Moderate | Moderate/Major Major
RO - B
g
!
:
-3 Republic of the Minor Moderate Maderate/Major Major
E Marshall Islands
L)
Lo
BN Worldwide and Minor Moderate Major Major
B Pacific Region

Medium-term Irreversible

Long-term

Water Quality {near field})

The near fleld (within 1,000 meters of the sea cages) impacts of sea cages on water quality are well
documented. Through the addition of feed and fish excretiocn and egestion, sea cage aquaculture can
result in elevated nutrient levels — nitrogen and phosphoerus most significantly - and in extreme cases
low dissolved oxygen, Appropriate siting, together with best practice husbandry techniques (feed type
and feeding metheds) can mitigate, but net aveid this impact.

When taking into consideration the oligotrophic nature of central Majuro Lagoon, the level of impact in
the near field may be measurable, The near field habitat of the proposed fish farm sites is almost
uniform open lagoon water of 35 to 55 meters depth over bare decomposed coral aggregate
sediment. If it is considered that the near field area is an average of 40 meters in depth and an area
of 1000 meters surrouinding the fish farm sites the surface area of the near field impact zone is 30.38
square kilometers. The daily impact on water quality in the area is modeled as 0.008mg/ liter nitrogen
and 0.002 mg/ liter phosphorus. These levels are an order ¢f magnifude lower than those (around

0.04mg/ liter nitrogen and 0.025mg/ liter phosphorus) which are considered an appropriate quality for
coral reef areas.

TTheTa Tate of these nutrlents |s that a pomon  willBe rapidly aSEimiEtEd T the near ield by processes sof
‘mingralization, utilization by phytoplankton and bacterial floc, volitization and sedimentation (as i
discussed in more detail in the Water Qualily secticn below) and the remaining portion will mix with
lthe intermediate field (entire Majuro Lagoon).and be exported via water exchange to the open ccean,
Itis considered certainthat subtle changes o the near field ecosystem Will oceir 48 part of @ natral™
response to assimilating the outputs from the fish farm. The type of habitat impacted is not
considered to of high ecclogical value or restricted quantity. While subtle changes to the near field
ecosystem will occur there is no evidence tec suggest that this will adversely affect any species in
Majuro in the context of the whole atoll,
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The available literature demonstrates that impacts are likely to attenuate very rapidly with distance
from the cage and are influenced by siting and husbandry factors. Specific studies include:

«  Wuetal (1994} in Heng Kong observed decreases in dissolved oxygen at all sea cage
sites studied while increases in ammonia, inorganic phosphate, nitrate and_nitrite were
observed only at siles with poor tidal flushing and high stocking density, ;The impacls on7
“Wwater quality were localized and did not appearto extend beycnd a disfance of 1-1.5 km)

 from the cages -The authors identified thal their study did not support the suggestion that
“arine fish farming activities have caused eutrophication on a large scale;

+  Arvlampalam el al,, (1998) in Malaysia identified water quality impacts in the Kelang region,

« Where approxu’nately 30.cage farms.are presentESpec:lf“cally. increases in ammonia, nitrate,
l“h-gphate and nilrite were cbserved and attributed principally to a sub-optimal feeding f
‘regime of using whole trash fish, with the transition to dry pellets being a Ppolentially
effective way cf mitigating (tn parl) the |mpact This study did not differentiate near and-far
fieldeffects;” ~ '~

- Enell (1995) provided estimates of nutrient loads, but not their impacts on water quality
parameters for fish farming in the Baltic Sea where_approximately 250,000 tons/year of fish
™~ were grown at the time of their study, | iHe concluded that the nutrient input from this very 7
_~large volume of produEtion was negligible at a large scale compared to other impacts but
hat fish farms in certain coastal areas can be significant at. an (undef‘ned} Iocal scale andJ
needs to be con5|dered in |mpact assessment ,f -

,\

N

. a Rosa et al., (2002) identified that sea cages in the westemn Mediterranean resulted in
the waters overlaying the fish farms having significantly higher leveis of dissolved organic
carbon, but not chlorophyll a. This study did not differentiate near and far field effects;

Papoutsogolou et al., (1996) identified water quality ccnecerns (ammonia and dissolved
oxygen levels) from twe fish farms in Greece but considered changes in farm management,
such as reducing stocking densities below 16 kg/m3 could potentially mitigate these
impacts to a large degree;

Maldcnado, Carmen, Echeverria and Riesgo (2005) studied the impact of fish farms in the
Mediterranean which {end tc be |located in deeper (20m tc 40m), better flushed and warmer
areas than salmonid farms. They found nutrient, chlorophyll and benthic parameters were
little or not at all different between fish farm and control sites and differences tended to be
better explained by variations in depth, tides and season than the presence or not ¢f fish

( farms.

\Qﬁ [ 1tshould be noled that the wafer exchange dynamiics 6f Majuro Lagoon-are bnique in tié High .7}
turnover of the lagoon and.exit of the exchange of water direclly to the open ocean. As-noted by
Szmant (2002}, mid-ocean atolls and offshore barrier reefs, which-are exposed lo high ocean energy
and much flushing, would not be expected to be as easily affected {by anthropogenic nutrient
nrichment) as the more frequently studied inshore continental reefs. However tempering this to
some extend is the need tc be more conservative with the nutrient impacts in Majure due to the coral
reef ecosystems,

The near field water quality impacts cn habitats and species are assessed as medium (detectable
impacts with significant changes to the established structure, composition and function). Near field
water quality impacts are, by definition, best assessed at the sub-alcll level so the level of weto has
(./ been assigned. Impacts are reversible in the short-term on the cessation of fish farming activities
however need to be considered for the life of the project. The overall assessment of the impact is
therefore minor / moderate.
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Assessment of Impact - Summary
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~ Magnitude of impact
Negligible Low Medium High

Wetos Negligible Minor MinoriMaderale Major
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* Nature of Impact. -

Reversible

Shori-term
Medium-lerm Irreversible
Long-lerm

© Water Quality (intermediate field)

Available evidence suggests that water quality impacts reduce rapidly with distance from the sea
cages (between 100s m and 1 km). Intermediate field water quality impacts are defined for the

purpose of this study to mean those beyond 1000 meters from the fish farm sites but within Majuro
Atoll.

The mostimportant intermediate field habita to consider in Majuro in terms of water quality are the
coral reefs on the fringes of the atoll, CBral reefs are generally regarded as” bemg sensitive to
“increased ritlrlent levels. The natural environment in which coral reefs exist is very low in nulnents?
However coral reefs are some of the most bidlogically produclive environments on earth, primacily,
“due fo the ecosystems ability fo efficiently resycle nutrients and fix atmospheric nitrogen (Froelich, J
2002), Coral reefs are significant exporters of mtrogen due to fixation by benth:c and epiphytic /

cyanobaclerla (Webb etal 1975} " T e e

—

There remains significant debate as to the reason for water quality impacts on coral reefs with some
scientists maintaining that overfishing (particularly reduction of herbivorous fish), sedimentation and
global warming are more important in most coral reef degradation. For example McCook (1999)
states:

“I conclude thal nutrient overloads can contribute o reef degradalion, but that they are unlikely fo
lead to phase shifls simply by enhancing algal growth rates and hence allowing overgrowth of corals,
unless herbivory is unusually or artificially fow. Concenlirations of dissolved inorganic nulrients are
poor indicafors of reef staluis, and the concept of a simple threshold concentration that indicates
eulrophication has little vaiidity.”
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However despite some uncertainty it is censidered prudent to maintain loading for fish farming fo a
conservative limit that ensures water quality remains well within levels raised as the limits for impacts
for coral reef environments.

The conservative safe limit for Dissolved Inorganic Nitrogen {DIN: NHa, NHat, NCz-, NC3-) in coral
reef waters as reported from various sources {Bell, 1992; Lapointe, 1992 in Goreau & Goreau, 1997;
Lapointe et al 1992, 1993; Goreau and Thacker, 1994) is 0.014mg/ liter. Total nitrogen (including
nitregen In suspended and dissolved organic forms) will be higher. Research on the nitrogen cycle at
Enewetak Atoll in the RM| (Webb et al. 1975) found total nitrogen levels across a variety of sample
points were approximately 10 times the level of DIN.

The RMI Marine Water Quality Regulations (1992) outlines total nitregen levels of a maximum
0.40mg/l for Class AA waters, This is a censervative and appropriate limit based on the evidence in
the literature. The water quality monitoring at the relatively pristine Lobekerae Island revealed total
nitrogen levels of 0.032mg/ liter to 0.038mg/ liter. The modeling of nutrient loading due to the
operation of the full 50,000 metric ton per year proposed fish farm suggests an increase of total
nitrogen of 0.001mg/ liter to 0.004mg/ liter at mass balance (see water quality section). This is an
crder of magnitude lower than the leve! considered to be safe limit for coral reef waters and will likely
result in an unmeasurable change to the water quality in the lagoon.

e e e e . B L

' The conservatwe safe limit forphosphate (Pas PO4) in coral reef waters as reported from various / ~

_ sources (Bell, 1992, Lapointe, 1992 in Goreau & Goreay, 1997 Lapointe et al 1992, 1993, Goreau f-’

“and Thacker, 1994) as 0.003mg/ liter. To’cal;phosphorus (including phospRéris in suspended and "
dissolved-organic forms) will be ‘higher. Research on the phospherus cycle in Tikehau Atell, French
Polynesia (Charpy and C.J. Charpy-Roubaud, 1988} indicated total phosphorous levels were

approximately 4 times higher than phosphate levels.

The RMI Marine Water Quality Regulations (1992) outlines total phosphorus levels of a maximum
0.025mg/! for Class AA waters. This is a conservative maximum level for total phosphorus, The
water quality monitoring at the relatively pristine Lobekerae Island revealed fotal phosphorus levels of
0.032mag/ liter to 0.038mg/ liter — higher than the RMI Class AA waters guidelines and about 3 times
greater than those measured at Tikehau Atoll, French Polynesia {Champy and C.J. Charpy-Roubaud,
1988). The site at Lobekerae lsland receives oceanic water across the reef flats and is essenfially
free of any anthropogenic water quality impacts. This higher than expected phosphorous level
{although still relatively low} may be due tc open ocean upwelling near to Majuro Atoll. The modeling
of nutrient loading due to the operation of the full 30,000 metric ton per year proposed fish farm
suggests an increase of total P of 0.0003mg/ liter to 0.001mg/ liter at mass balance {see water quality
section below) using conservative estimates for phosphorous excretion and sediment absorption,
This is an order of magnitude lower than the level considered to be safe limit for coral reef waters and
will likely result in an unmeasurable change to the water quality in the lagoon.

Potential water quality impacts from the fish farm are minimized by the high fiush rates in central
Majuro lagoen and the distance of the sites from sensitive habitats. Szmant (2002) notes that coral
reefs generally require high water flow and turbulence, and only reefs in embayments with restricted
with restricted circulation are likely to experience nutident build-up. In Scetland, Tett and Edwards
(2002) concluded that there was no confirmed connection between harmiful algal blooms and finfish
farming, and suggested that nutrient enrichment by fish farms would be insignificant unless the farm
was located in an enclosed basin where water exchange was poor.

Intermediate field water quality impacts on habitats in Majuro, most notably coral reefs, are best
assessed as being of low magnitude (possibly detectable impacts but minimal changes to the
established structure and function) at the atoll level. Impacts are rapidly reversible on the cessation
of fish farming activities however need to be considered for the life of the project. The overall
significance of the impact is assessed as being minor / moderate,
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Assessment of Impact - Summary
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B Marshall Islands
L]
°
-2 Worldwide and Minor Maderate Majer Major
OB Pacific Region

Short-term e LA Reveréible

Medium-term lrreversible

Translocation of Species

As detailed in 10Appendix D; all of the species proposed for farming in the project are endemic to the
RML. This conclusion is drawn from published records of collections and signed declzarations from
experienced local fisherman. The scientific record for collections in the RM] is limited with described
collections of even common commercial species such as yellowfin and bigeye tuna being almosi non-
existent.

Mtis possible for franslacation of species to unintentionally occur in the water used to franspoR fsh §

- fingerlings to the RMI or on the hulls or baliast water of ships traveling to the RMI carrying fish. This.

- issue can be managed; A biosecurity management plan for imports int6 the-RMI is attached to this
'document (10Appendix B: ). Thréugh these proceduresthe risk ofinadvertent translocation of ~
‘species dlie to the movéments of the live fish vessels is reduced to be equivalent to the risk
associated with other ship and boat movements to the RMI.

With appropriate management the level of risk of translocation of species is very low. Through these
procedures the risk of inadvertent translocation of species due to the movements of the live fish
vessels is reduced to be equivalent to the risk associated with other ship and boat movements to the
RML

The magnitude of impact assigned needs to consider the level of sk in the context of the
management protocols that will be in place and the background level of risk due to other activities. As
such a magnitude of negligible {unlikely to be measurable against benchmarks) at the RMI leve]
(transiocated species may, over time and depending on their biology, migrate to other atolls) is
considered most appropriate. The impact if it was to occur is long-term and beyond the life of the
project and most likely irreversible. The overall assessment of the significance of the impact is minor.
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1.4.1.11

Assessment of Impact — Summary

Positive

Magnitude of impact - -

Negligible Low Medium High
Wetos Negligible Minor Minor/Moderate Major
1 Atoll Minor Minor/Mederate | Moderate/Major Major

Republic of the Moderate Moderate/Major Major
Marshall Islands
Worldwide and Minor Moderate | Major Major

Level 6f_|mjodﬁa_n¢_e f faceptors.

Pacific Region

Short-term

Medium-term

Mitigation Measures
Placement of Mocrings

The impact of the placement of moocrings on habitats and species is localized at the scale of meters
and has been assessed as minor. Further measures to mitigate impacts of placement of meorings
will be:

«  Use of permanent moorings for boats in order to minimize the need for dropping anchors in
varlous parts of the farm; and,

~  Sites where moorings are to be placed will be inspected to ensure any bommies or potential
higher value habitat is avoided,

Aggregation of Wild Fish Assemblages

The impact of aggregation of wild fish assemblages has been assessed as minor/ moderate.
Aggregation of wild fish assemblages is also associated with some positive impacts in terms of
mitigating farm waste and no attempt is proposed to reduce its occurrence. These aggregations will
be protected from fishing by a defacto marine sanctuary which may provide a source of recruits for
some species for the benefit of the atoll fishery as a whole.

Changes to Macrchenthic Assemblages

The impact of changes tc macrobenthic assemblages is assessed as minor / moderate. Some
changes in macrobenthic assemblages have a positive impact in maintaining sediment quality and
mitigating fish wastes. The location of the fish farm sites in relatively deep water will reduce the
potentia! for this impact. Measures to mitigate impacts of changes to macrobenthic assemblages are:
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+  Moving of cages around the lease area to provide fallowing-;
- Use of pellets for food to minimize wastes; and,
+  Monitoring of feeding to minimize waste,

Boat Strike When Traveling to Site

The impact of boat strike on macrofauna when traveling to the sites has been assessed as minor.
There are no specific measures proposed tc mitigate this risk beyond those associated with vigilant
and safe boat driving.

Disease and Pathogen Transfer to the Wild
The impact of disease and pathogen transfer to the wild has been assessed as minor / moderate.
Measures to mitigate the risk of disease and pathogen transfer to the wild are:

*  Remove any dead fish from cages ASAP;

* Use appropriate existing disease management protocols (stress management, sampling for
disease where appropriate);

+ Do notoverstock cages;

4 iy

Figure 5.3.4: Humphead Grouper Fingerfings in Quarantine at MiMRA’s Woja (Mafuro) Facility

Entanglement of Megafauna

The potential for entanglement of megafauna has been assessed as minor. Measures to mitigate
this risk are:

+  Separate predater nets not tc be used;
*  Removal of any dead fish from cages ASAP fo minimize aftraction to cages;
= Use of rigid netting material for cages:

+  Ensure all ropes / cablesetc and cage material are taut; and,
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< Not'predator nets' are propesed to be used.
Escaped Stock

The impact of escaped stock is assessed as minor f moderate, GFB obviously has a strong
commercial incentive to ensure that escaped sfock is minimized. Measures to mitigate this risk are:

Regular checking of cage material to ensure integrity and any necessary repairs are
promptly undertaken;

+  Ensure cage material and structures are engineered to withstand extreme (but rare)
weather events;

+  Ensure that cultured specles are endemic; and,
+  Ensure good site security.
Food Web Changes

The impact of food web changes has been assessed as minor / moderate, Food web changes in the
near field are likely to help assimilate fish waste. Measures to mitigate this impact are:

*  Moving of cages around the lease area tc provide fallowing-;
»  Use pellets for food to minimize wastes;
+  Use a feeding regime that minimizes waste; and,
*  Remove any dead fish from cages ASAP.
Seabird Interactions

The impact of the proposed fish farm with regard to seakird interactions has been assessed as minor.
In order 1o mitigate this impact taught bird nets will be used cver the cages and netfing type reviewed
if tangling of seabirds proves to be a preblem.

Sediment Changes
The impact of sediment changes has been assessed as minor, Measures to mitigate this impact are:
+  Ensure cages are sited in an area with a high flushing rate;
+  Ensure cages are in relatively deep water;
*  Moving of cages around the lease area to provide fallowing;
+  Use pellets for food to minimize wastes;
+ Use a feeding regime that minimizes waste; and,
+  Remove any dead fish from cages ASAP.
Water Quality (near field}

The impact of the fish farm on near field water quality has been assessed as minor/ moderate.
Measures to mitigate this impact are:

«  Ensure cages are sited in an area with a high flushing rate;
»  Use pellets for food to minimize wastes;

» Use afeeding regime that minimizes waste;
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. Remove any dead fish from cages ASAP; and,
+  Monitor water quality parameters (Nitrogen, Phosphorus and Chlorophyll a)
Water Quality (intermediate field)

The impact of the fish farm on intermediate field water quality has been assessed as minor/
moderate. Measures to mitigate this impact are:

o Ensure cages are sited in an area with a high flushing rate;

o Use pellets for food to minimize wastes;

o Use a feeding regime thaf minimizes waste;

o Remove any dead fish from cages ASAP; and, ’

o Maonitor water quality parameters (Nitrcgen, Phosphorq/s and Chloraphyll a)
Translocation of Species ’

The impact of the proposed cperations on translocation of species has been assessed as minor.
Measures to mitigate this impact are:

. Ensure cultured species are endemic;
= Exchange ballast water in the open ocean at least 30 miles from Majuro;
«  Ensure all fish imported are from controlled hatcheries; and

= Prophylactically treat fish tanks during shipping to the RMI to kill any potential invertebrates
or fish larvae in the tanks.
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5.4  Geology and Coastal Process.

N/A
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55 Water

Table 5.6: Summary of Impacts

Impact

Activity and Description

Assessment

Costs

Disturbance of Sediments

Placement of moorings and anchors may
displace and suspend sedimentin the
water column.

The small areas of sediment effecting
and the rapid settling characteristics of
the sediment in question resu!t in this
impact belng considered to be of
negligible significance.

Increase in Nutrient Levels

Wastes from the fish farmed will add
nutrients to the water column, most
notably nitrogen and phoespherus,

Mass balance modeling of the nutrient
impacts of the fish farm indicates a
very low potential Iimpact. The
significance of the impact is
considered o be minor / moderate.

Introduction of Chemicals

Operation of beats and machinery at the
fish farm sites run the risk of accidents
and fuel and / or oil spillages.

GFB dees not intend te use chemicals
for fish treatments, The risk of fuel
spillages and similar events can be
managed by maintaining equipment in
good working order. The impact is
considered to be of minor
significance.

5.5.1
1.1.1.12

Assessment and Mitigation of Effects

Construction Impacts

Disturbance of Sediments

The placement of moorings asscciated with the construction of the fish farm has the potential fo
disturb sediments where the moorings may drag for short distances. In shallower waters the
operaticn of boats and ships may disturb sediments with propeller currents.,

The amount of sediment likely fo be disturbed is very low in the context of the lagocn. The sediment
in the areas of the proposed fish farm sites is granular, relatively large, and from visual observation
during dives settles rapidly if disturbed. Observation during dives suggests that all appreciable
quantities or any disturbed sediment will settle within meters of the original disturbance point.

Disturbance of sediments through the activity of ships and boats at the fish farm sites is not possible

due to the depth of the water (cver 35 meters).

The magnitude of the impact is considered to be negligible {unlikely to be measurable against

benchmarks) and highly localized (so best considered at the weto level). Impacts are short-term and I
reversible (in terms of impact on water guality). The magritude of the impact is therefcre assessed as
being negligible,

88




Project Name
Environmental Impact Assessment Report

Assessment of Impact— Summary
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1.1.1.13

Operational Impacits
Increase in Nutrient Levels

Fish farming results in the output of organic nutrients. While fish are far more efficient in converting
what they consume than warm-blooded animals, a significant proportion of nutrients consumed is
excreted, An example of a typical nutrient flow is displayed in Figure 5.5.1.

FEED FED

100% N pae

100% P _ Noterition : 459

160% Organics /“ﬁp mwm!on Bﬂ'f. %
100% Enargy 5 Organics retention : B0 m

u,é%;\
.

T@ ‘,;?Encrgy rotention : 50%

},% j ,.7""'" r;g;ﬁ{a 3 ‘\.;‘?,:i; Z;sﬁ‘iw
WASTAGE Exo’jﬁmi REREF PIE@L

58 M 35% N Y
15% N
5% P 10% P 5% P
5% Organlcs 0% Organics 15% Organlcs
5% Enorgy 30% Energy 15% Enecgy

Figure 5.5.1: Nutrient and energy partiioning and utilization by a fish {source; McClure, 2061)

The amount of nutrients produced by aquaculfure is relatively easily understood in that all nutrients
fed are either converted into fish or excreted, Hence subtracting the nutrients accounted for by the
harvest of fish from fhe total nutrients fed provides the quantity of nufrients excreted.

The forms cf nutrient excretion are more difficult fo understand with a proportion lost threugh wasted
feed (this should be minimized through management), a proportion excreted directly from the fish via

the gills and a proportion excreted as faeces. In terms of bulk nutrient dynamics in the environment
the forms of excretion do not change to overall results.

Mass balance approach:

Mass balance modeling is the preferred method for modeling nutrient dynamics in semi-enclosed
systems such as Majuro,

Where; /

A = Level of substance in the lagoon water column after period

! = Existing leve] of substance in the lagoon water column befeore period /

0 = Substance lost to cutflow of water from the lagoon and volitization during the period
G = Total Input of substance into the system

C = Substance mineralized or assimilated to an inert form

A=(1-0)+{G--C) —

Az = (Ar— Q)+ (G—C) —
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Ag’-‘-(A'z—O)"I‘(G—C) —

The cycle is repeated for indefinite cycles untll 1 + G = O + C and the system is balanced. This is
possible as O'is a proportion of |. The balance point represents the maximum level of nutriant
accumulation within the system,

For the mass balance model for Majuro Lagcon used in this study the period used has been one day.
This is slightly more conservative than the actual exchange of the lagoeon which peaks on a fwice
dally basis with the tides. Furthermore the model assumes a volume of 2/3rds of the actual lagoen
model and relatively conservative estimates are used for near-field assimilation. As such the intention
of the results is to present the maximum polential impact. Based on the results of water quality
measures at existing fish farms around the world the water quality impacts beyond the near-field area
is likely to less then modeled below,

It is estimated from hydrodynamic models of Majuro Lagoon (Kraines, Ische & Komiyama, 2001;
Kraines et al, 1999) that the average exit time for water in the central portion of Majuro Lagoon where
the fish farm sites are proposed will vary between 1day and 10 days depending on the season and
prevailing conditions, with a tendency towards exit times of less than 5 days. The results below
present the impacts on average water exchange rates from 2 tc 20 days,

Nitrogen Mass Balance Mode/

Table 5.7 cutlines the assumptions to the nitrogen model. These parameters are considered to be
conservative in order to provide a large safety margin.

Table 5.7: Assumpiions for Nitrogen Mass-Balance Mode!

Measure Parameter for Model

Feed input 205 metric tons per day /

Average Protein Content of Feed 45.5% y

Average Nitrogen Content of Feed 7.28% /

Average Food Conversion Ration 1.5kg feed fed = 1.0kg fish produced /

Nitrogen Retained in Fish 4.439 metric tons per day /

Excreted Nitrogen per day 10.47 metric fons per day /

Loss to denitrification, volitization, macroplankton | 3.49 metric tons per day /

and fish assimilation in near-field.

Lagoon Volume 7.96 billion m® (2/3rds of actual estimated volume
as an additional margin of safety)

It needs to be noted that the average protein content of 45.5% applies as around 80% of the feed
volume fed is of 45%. Higher protein feed (up to 48%) is fed only in the early stages of the fishes
growth,

The figure for loss to denitrification, volitization, macroplankton and fish assimilation in near-field may
prove to be too conservative, Studies on denitrification in coral reef environments (Smith ,1984;
Seftzinger & D'Elia, 1985; Corredor & Capone, 1985, Capone et al, 1992) suggest that Majuro lagoon
would have a background denitrification capacity of around 2 to 8 metric tons of nitrogen per day
even without anaerobic conditions in the sediments. Numerous studies (eg. Wu et al. 1984, Enell,
1995; Maldonado, Carmen, Echeverria and Riesgo, 2005) have demonstrated that nitrogen inputs
from large scale fish farms are assimilated tc levels below detection within a kilometer or two of the
source.

The results of the mass-balance model in relation to the maximum total nitrogen impact for Majuro
lagoon is displayed in Figure 5.5.2,
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Figure 5.5.2: Maximum Total Nitrogen Impacts in Relation to Exchange Rates for 50,000 Metric
Tonnes Fish Production

Phosphorus Mass Balance Model

Table 5.7 outlines the assumptions to the phosphorus medel. These parameters are considered fo be
conservative in order to provide a large safety margin.

Table 5,8: Assumplions for Phosphorus Mass-Balance Mode!

Measure Parameter for Model

Feed input : 205 metric fons per day

Average Phosphate (H2PO,) Content of Feed 3%

Average Phosphorus (P) Content of Feed used 1.35%

in model

Average Food Conversion Ration 1.5kg feed fed = 1.0kg fish produced
Phosphorus Retained in Fish 0.56 metric tons per day

Excreted Phosphorus per day 2.20 metric tons per day

Loss to sedimentaticn and precipitation 0.87 metric tons per day

Re-release to water from sediments 0.13 metric tons per day

Lagcon Volume 7.96 billion m® (2/3rds of actual estimated volume

as an addiional margin of safety)

The phosphate content of the fish feed as provided by the manufacturer (Appendix A: Figure 8.3.12
and Figure 8.3.21) translates as a phosphorus content of 0.55%. Holby & Hall {1991) analyzed a
variety of fish feeds and found phosphorus contents of 1.13% to 1.57% (dry w/w). The average of this
figure (1.35% dry w/w) has been applied in this analysis rather than the manufacturers figure to
ensure phosphorus outputis not underestimated.

The assumed loss of phosphorous into the sediment is more conservative than the work of Holby &
Hall (1991) whe found sediment accumulation of 58% to 66% cf excreted phespherus, The work of
Holby and Hall (1991} was conducted on non-calcium carbonate sediments that were high in organic
matter and very sulphidic. The sediment type in Majuro (calcite and aragenite) is known to have a
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significantly greater capacity for phosphorous binding (Boyd, 1994; Corredor et al. 1899) than organic
sediments. Cnce in the sediment phosphorus tends to be relatively insoluble, particularly in aerobic
cenditions. In waters of high calcium concentrations and elevated pH, phospherus may precipitate
directly as calcium phosphate, tricalcium phosphate or apatite (Boyd, 1994). The consistent oceanic
water quality in Majuro will favor this pathway over the estimates derived in Holby & Hall, 1991.

The results of the mass-balance model in relation to the maximum total phosphorus impact for
Maluro lagoen is displayed in Figure 5.5.2,
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Figure 5.5,.3; Maximum Total Phosphorus impacts in Relation o Exchange Rales for 50,000 Metic
Tonnes Fish Production

Summary

Mass balance modeling of the key indicator nutrients nitrogen and phosphorus demoenstrate that the
maximum impact of the proposed fish farm at full preduction on water quality will be minimal and well
below levels of concern. The principal determinant of the capacity of Majure LLageon for fish farming
is the high water exchange rates with the open ocean. This prevents the accumulation of significant
levels of nutrients in'the majority of the lagoon,

Numerous studies have demenstrated that water quality impacts from large fish farms in reasonably
flushed sites are almost entirely assimilated within 1 to 1.5 kilometers of the farm sites, The water
quality Impacts from the preposed fish farm in Majure could well be lower in practice with the
modeling based en conservative assumptions.

While the results indicate that the watfer quality impacts will bhe near to negligible given the potential
sensitivity of coral reefs it is prudent to assign a low (pessibly detectable impacts but minimal
changes te the established structure and function) magnitude of impact at the atoll level. The impact
is reversible in the short-term on cessation of fish-farming activities however should be considerad for
the life of the farm. The significance of the impact is assessed as minor/ moderate,

93



Project Name
Environmental Impact Assessmeni Report

Assessment of Impact — Summary
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Introduction of Chemicals

Various chemicals can be used to prevent or treat diseases, which.may remain_presentin.the.. .__.
environment for a period, of time after treatment occurs.'Some aquaculiure ventures use antifoulants '
“6n the nets to reduce the need fof fet thanging. “There is also-a risk of fuel and oil sp|IIs assoclaled[L
‘with-the general operahon of | boats and other eqmpment around the fish farm-: srtes

GFB expects that it will be able to avoid treafable disease during culture,jn,,Maruro through goed /
management and due to the quality of the water and culture conditions. The company does not-
- intend to use any chemicals in the culture process. in order fo_be able to preserve ifs 'clean and

I green’ :mage in the marketplace ST

The level of marine fouling observed on matrine structures in pilof sea cages in Majure (Figure 5.5.4)
is very low by the standards of other parts of the world. Due to this and the types of cage net
materials to be used in Majuro the use of anfifoulants on the nets is not required. Nets wili be cleaned
by sun-drying and water cleaning.

24




Project Name
Environmental Impact Assessment Report

el G ¢
RN «aﬁ*'ig‘;‘tﬁiyﬁ
" a'“"“v‘%&“i 'é&,’?’s‘c
(% 4;@4;?' I

v I
¥ 1»099?:;?;? 3 M . i ;_4‘1%3-
,f‘t:.‘;:’,blfm FAOTRNS 3 R ey -m,si,i"n‘,'
Fets XE o T
B85
gl .
;"iﬁiﬁw% &1 ¢ y
Talel T e i ‘
5 ag0 Aot ok aLe e o
AL BRI zﬁ NS *
ﬁé{:ﬁl@:ﬁ‘fﬁ;ﬁ%{’%«igﬁ i S S
O I O RO S S SRR, DR I Ry
4’»,}*,‘*15? A 'it i T, 5¢) %&{'&:ﬁ Slst ﬁg,%
B R e s I B MR A ORI O e i

1A Y

AL ;
: !‘.&:& i LIS =2 2 bt it A T

Figure 5.5.4: GFB RM| Pilot/ Experimental Seacage affer 6 months of Culture off Lobekerae Island.
Level of fouling is very Jow relative lo fime in water, waler femperatures and type of mesh materal,

There exists a low unavoidable level of risk of minor fuel and oil spillage due to the operation of boats /
and equipment at the fish farm sites. Large numbers of vessels are moored cr operate in Majuro

lagocn at present presenting similar levels of risk. While all equipment will be maintained in good

working order and zero spillages targeted, the environmental impact of trace hydrocarbon spillages in
central Majuro lageon is net considered to be great.

The magnitude of a minor hydrocarbon spill asscciated with an accident on the fish farm is /
considered negligible, considering the number of ather vessels operating on the lagoon who would
occasionally have similar accidents and the high flush area in which the fish farms will be located.
Some spills may be relatively persistent (days or even weeks) and hence it is most appropriate to
consider the impact at the atoll level. The significance of the impact Is therefore assessad as minor,
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1.1.1.14

Assessment of Impact - Summary
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Medium-term lrreversible

Long-term

Mitigation Measures
Disturbance of Sediments

The impact of disturbance of sediments during construction is assessed as being negligible.
Measures to mitigate the impacts are:

= Use fixed mooring buoys for boat anchorage; and
= Use mooring blocks and anchors designed to 'dig and hold’ rather than drag.
Increase in Nutrient Levels

The impact of increased nutrient levels as determined by modeling the key nutrients of nitrogen and
phosphorus is assessed as minor /{ moderate. Key to the mitigation of increase in nutient levels is
the farm location in a well flushed, deep water site. Cther measures to mitigate this impact are:
Ensure cages are sited in an area with a high flushing rate;

Use pellets for food to minimize wastes;

Use a feeding regime that minimizes waste;

Remove any dead fish from cages ASAP; and,

M-o'nitor water quality parameters (Nitrogen, Phosphorus and Chlorophyll a).
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Introduction of Chemica:ls_,

The lmpact of potential. :ntroduotlon of chemicals in the envjroritiignt due to the act|v1t:es ofthe fish
farm is assessed as minor: G EB:Will endeavor to maintain equipment in good order at all times to
minimize the chance of fuel or'o:l Ieaks
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56 Waste

Table 5.9: Summary of Impacts

Impact

Activity and Descripticn

Assessment

Costs

Production of Waste Materials
from Constructicn and
Moering of Seacages

Construction of seacages will result in
some level of waste offcufs and scrap
material.

The majority of components and
equipment for the fish farm are
purchased prefabricated resulting in nil
or very little waste. The significance of
this impact is considered to be miner,

Mooring Blocks and Anchers

Mooring blocks and anchers will be left in
situ at the end cf their useful lives

The leaving of the mocring blocks and
anchors at the bottom of central
Majuro lagoon will have no impact on
surrounding areas and will essentially
be unnoticed, The impact is
considered to be of negligible
significance.

Consumable Goods Waste

Some lypes of packaging for feed for the
fish is disposable.

The fish farming operations will
produce very little consumable waste,
The majority of fish feed (The major
consumable} will be imperted in
reusable bulk packaging and
disposable packaging is easily
incinerated. The impact is considered
to be of minor significance.

Waste from Decommissioned
Farm Materials

Farm materials and structures have a
limited life and will thereafter need to be
disposed of,

Decommissioned farm materials will
either be reused, recycled or taken off
island, The resulting impactis
considered to be of minor
significance.

5.6.1 Assessment and Mitigation of Effects

1.1.1.15 Construction Impacts

Production of Waster Materials from Construction and Mooring of Seacages

The construction of seacages, nets, moorings and other equipment for use on the fish farms wil
generate some level of waste due to off-cuts ete,

The majority of seacages, nets, floats and some mecorings will be imported into Majuro as

prefabricated designs (Figure 5.6.1), These require assembly in Majurc however produce minimal

wasies, Boafs and ofher equipment will be imported as finished products,

The limited off-cuts of plastic and rope will be disposed of through the Majuro Atcll Waste Company.

GFB has made contact with the Majuro Atoll Waste Company and will cenfirm their position with
regard to projected waste from GFB,

Packaging materfals such as cardboard boxes and wocden pallets will be reused or incinerated after

use,
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Figure 5,6,7; Prefabricated Seacage Malerials Ready for Assembly in Majuro

The Jevel of waste produced due to the construction of the fish farm project is considered to be of

negligible magnitude at the atoll level. Any impact is long-term and irreversible, The significance of

the impact is assessed as being minor.

Assessment of Impact — Summary
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Mooring Blocks and Anchors

Mooring blocks and anchars will be used fer mooring the fish cages, barges, permanent mooring
buoys for ships and boats and for market beacons,

The moorings consist of a concrete block or steel anchor and a length of chain. The moorings are
designed to dig into the bottom of the lagoon to increase drag and reduce movement, For this reason
the moorings are difficult and costly to move once established in place.

GFB proposes to leave any moofings and mocring chains in situ at the end of their working lives {10-
20 years). All ropes used for the moorings and other gear will be removed, The concrete moorings
can be considered as indefinite structures while the steel moorings and chains will gradually cerrode
in the marine environment. There are no toxic compounds associated with the concrete or steel.

The disused moorings will be located in deep (greater than 35m) water in central Majurc lagoon. This
area has no know diving value, The moorings will not interfere with any activities in the lagoon.

In the conlext of the size of Majuro lagoon, the depth of the fish farm sites and the use of central
Majuro lagoon the magnitude of the impact {s considered to be negligible at the weto level (to reflect
the impact being contained within the fish farm sites). The impact will be long-term and should be
censidered irreversible in a reasonable time-frame. The significance of the impact is assessed as
negligible.

Assessment of Impact - Summary
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1.1.1.16

Operational Impacts
Censumable Goods Waste

The cperation of the proposed fish farm will require very little consumable goods. The major
consumable good will be fish feed. The transport of fish fingerlings by air requires packaging in
plastic bags and foam boxes, Fuel, the other consumable goed, is transported in reused bujk
containers and {s not asscciated with packaging waste.

In full operation the operation will use approximately 75,000 metric tons of feed per year. Fish feed s
transperted in a number of packaging forms:

o In20kg cr 25kg paper, light plastic or paper and light plastic ‘dispcsable hags’;
o In 1.0 or 1.5 metric ton heavy woven plastic reusable 'bulk bags';
o Loose in skips, tanks and hull on bulk ships and trucks {simitar to bulk grain).

The operation in Majuro will eventually utilize all of these packaging types. Currently all feed for the
pilot project is transported in disposable bags. These bags are able to be incinerated after use. This
type of packaging will be used as little as possible as the farm expands and in the longer-term will be
primarily used for the smaller sized feeds that are purchased in relatively small guantities. Assuming
that up to 5,000 metric tons per year of fish feed is packed in the disposatle bags the total number of
waste bags will be 250. This is a small amount cf waste that can easily be incinerated in Majuro,

As the operation expands the use of the bulk bags will be introduced. These bags will be returned te
the feed manufacturers in cther countiies for reuse and will not be disposed of in Majuro. It is
expected that this packaging type will be used for the majority of feed utilized in Majuro.

Loose feed transport is not associated with any consumable waste production,

The foam boxes used in the transport of live fish fingerlings are easily incinerated. There is also the
possibly of reuse for the expert of other goeds from Majure such as live aquarium fish, corals and
¢lams by other businesses. The plastic bags used in the foam boxes are reused and will not be
disposed of in Majuro. As the operation expands GFB intends to transport the majority of the live fish
to and from the island by special ships. These ships remove the need for packaging, As such the use
of air freight transport and the associated foam box waste will in time be eliminated.

The amount of consumable goods waste produced by the fish farming operation will be minimal and
is considered of negligible magnitude at the atoll leve], All of the consumable goods are able to be
incinerated and will not confribute to landfill preblems in Majuro. As such the consumable goods
waste impact is best considered as shert-term and reversible, The overall significance of the impact
is assessed as minor.
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Assessment of Impact - Summary
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~

l Waste from Decommissioned Farm Materials

The materfals that comprise the fish farms have limited life spans, At the end of their serviceable lives
these materials will need to be disposed. The materials are described in Table 5.10 below. The
disposal of moorings has been previously discussed in a separate section.

Tahle 5.10; Fish Farm Materials and Decomimissioning

I Material Estimated Serviceable Life Disposal Method
Seacages 20— 30 years Either sold on island for reuse
or taken off island for recycling
or disposal.
Cage Nets 2-5 years Either sold_on.sland-for.reuse,

taken off island for d sp‘oksal_Qrv?

Jintinerated on islé'ﬁdlﬂSteel
‘nets'may be scuttled offshore
on individual agreement with
appropriate RMI Authorities.

Buoys 20-30 years Either sold on island for reuse
or taken off island for recycling
or disposal.

Ropes and strapping 5 years Either sold on island for reuse,

taken off island for disposal or
incinerated on island.

Barges and Ships 30-50 years Taken off island for recycling or
disposal or cleaned and
scuftled offshore on individual
agreement with appropriate
RMI Authorities.

I Work Boats 20-30 years Either sold on island for retise
or taken off island for recycling
or disposal,
Miscellaneous mechanical 10-20 years Taken off island for recycling or
equipment (fish graders, fish disposal or cleaned and
pumps, augers, generators etc) scuttled offshore cn individual
agreement with appropriate
I RMI Authorities.
Mooring blocks, anchors and 10-20 years Leftin Situ at the bottom of
chains central Majuro lagooen.

All decommissioned materials that are not able to reused on island or incinerated will be taken off
island. As such the magnitude of the impact of the decommissioned farm materials is considered as
negligible at the atoll level. As materials will be incinerated or taken off island the impacts are best
considered short-term and reversible. The overall significance of the impact is assessed as minor.

103




Project Name
Environmental Impact Assessment Report

Assessment of Impact- Summary
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Waste from Fish Processing

It is estimated at this stage that 80%-930% of the production of the fish farm production when at full
capacity will be species that have potential for further precessing in Majuro. Processing results in fish
waste varying from about 15% of whole bedy weight (for gilled and gutted) up to about 40% of whole
body weight (for fillet production). Depending on the product mix produced at the time (this will
depend on market demands) between 6,000 metric tons and 18,000 metric tons of fresh fish waste
may be produced in Majure per year,

GFB intends tc conduct all fish processing through existing fish processing cperations in Majuro in
the foreseeable future and therefere will depend on the existing mitigation procedures of these
operations for the fish processing impacts. Provided that the fish waste is disposed of appropriately

(for example at sufficient distance offshore) there Is unlikely to be a significant impact associated with

the additional processing volumaes. If at any time in the future GFB seeks to operate its own
processing in the RMI it will engage the appropriate autherities to determine the appropriate
commissioning and operating procedures and regulations.,

Assessment of Impact = N/A
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14147

Mitigation Measures
Production of Waster Matertals from Construction and Mooring of Seacages

Impacts due to waste from the construction and mooring of seacages is assessed as minor. Key to
mitigating this impact will be the use of prefabricated seacages and equipment where possible.

Mooring Blocks and Anchors

The impact of mooring blocks and anchors being left in situ at the fish farming sites after their useful
lives is assessed as negligible, No mitigating measures are proposed for this impact.

Consumahle Goods Waste

The impact of censumable goods waste from the operation of the fish farm is assessed as minor.
GFB will utilize bulk feed packaging (reusable) where possible to minimize consumable goods waste.

Waste from Decommissioned Farm Materials
The impact of waste from decommissioned farm materials is assessed as minor. In erder to minimize

waste from decommissioned farm materials GFB will either sell decommissioned materials on island
where they are reusable, recycle, incinerate or take the materials coff island.
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57 Air, Climate, Noise and Vibration
Table 5.11: Summary of impac!s

Impact

Activity and Description

Assessment

Costs

Increased Noise from
Construction on Land

Noise from the assembly and construction
of fish farming equipment in Majuro may
impact on surrounding areas.

Assembly activities on land will take
place in areas with existing industrial
activity and will be similar in impact to
residential construction. This impact is
considered to be of negligible
significance,

Increased Noise from
Construction on Water

Noise from the assembly, construction and
mooring of fish farming equipment on the
fish farm sites may impact on surrounding
areas,

The fish farm sites are at a minimum
of 2.5 1o 3.0 kilometers from any
residences, The level of noise at the
fish farm sites will he similarto a
residential construction project,
Activity will not be conducted after
10pm. Under some conditions noise
may be *blown’ {owards residences,
The impact is considered to be of
minor significance.

Increased Boat Traffic
(construction)

Increased boat traffic in Majuro associated
with the construction will involve a level of
increased noise disturbance.

The operation will aim to minimize
boat traffic with barges moored on site
as work stations In the Jonger teym
reducing travel, Against the level of
background hoat traffic the impactis
considered to be of minor
significance.

Increased Boat Traffic
(operation)

Increased boat fraffic in Majuro associated
with the construction will involve a level of
increased nolse disturbance.

The operation will aim to minimize
boat traffic with barges moored on site
as work stations in the longer term
reducing travel. Against the level of
background boat traffic the impact is
considered to be of minor
significance.

5.7.1 Assessment and Mitigation of Effects

1.1.1.18

Canstruction impacts

Increased Noise from Construction on Land

Some activities associated with the establishment of the fish farm, in particular in the earlier stages of

the operation before suitable working barges are present on site, will require assembly and
construction of materials on land in Majuro,

These activities will include the assembly of seacages, splicing of ropes, pre-servicing of machinery

and pouring of concrete mocring blocks. Some additional operation of machinery such as trucks and

forklifts will also be associated with this activity.

The level of noise and disturbance assoctated with this construction activity will be similar fo that
associated with a residential building site. Construction activities will be conducted in existing
industrialized areas within normal working hours (6am to 10pm).

In terms of the type of construction activities and their locations the magnitude of the impacts is
considered to be negligible at the weto lavel. Impacts are shor-term and reversible. The
significance of the impact is assessed as negligible.
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Assessment of Impact— Summary
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Increased Noise from Construction on Water

As the operation expends in size werking barges will be meored at the fish farm sites which will allow
many of the fish farm construction activities to take place directly on site, This will transfer the
impacts discussed in the section above to the fish farm sites and result In increased boat activity on
the site.

The fish farm sites are [ocated with a minimum 2.5km to 3.0km to any land areas. At these distances
noise impacts will be minimal. A 100 decibel noise would reduce to 50 decibels over a distance of
420 meters. The level of noise associated with the fish farm construction activiies will be at most
similar to a light industrial area (about 70 decibels). At 2.5km the level of noise will be below that
generally accepted as suitable for a rural residential area at night {approximately 40 decibels) and is
unlikely to be discernable under most conditions,

The magnifude of the impact of increased noise from construction on water is considered te be low
{possibly detectable impacts but minimal changes to the established structure and function) at the
weto level (only the nearest wetos have any potential for impact). The impact is short-term and
reversible however some level will take place throughout the life of the project. The significance of the
impactis assessed as being minor.
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Assessment of Impact ~ Summary
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1.1.1.19

Increased Boat Traffic

The establishment and construction of the fish farm will result in increased boat traffic between East
Majuro and the fish farm sites. Associated with this increased boat traffic will be a level of noise.
However the noise levels are relatively low and unlikely to affect any residences or other uses in
Majuro unless boats are traveling at high speeds within several hundred meters of the shore. The
impact alse needs tc be considered in the context of the amount of boat traffic already present on
Majuro lagoon.

In the context of the background level of boat traffic it is considered the increased boat traffic will
have a negligible magnitude of impact on neise levels at the atoll level. The impact is short-term and
reversible although some level will continue through the life of the project. The significance of the
impact is assessed as minor,

Assessment of Impact - Summary

Positive

I\l!'agnitlhl#é_of'im';;:a(: e

Negligible Low Medfum High

Wetos Negligible Minor Minor/Moderate Major

Atoll 11| Minor/Moderate Moderate/Major Major

Republic of the
Marshall Islands

Moderate Moderate/Major Major

Worldwide and Minor Moderate Major Major
Pacific Region

“Level of 'imp@r_'tarice::_of__fecép_tqts

. Shorttent 7| "
Medium-term Irreversible J

Long-term

Operational Impacts
Increased Boat Traffic

The operation of the fish farm will also result in increased boat traffic between East Majuro and the
fish farm sites. Again the noise levels are relatively low and unlikely to affect any residences or other
uses in Majuro unless boats are traveling at high speeds within several hundred melers of the shore,
The impact also needs to be ceonsidered in the context of the amount of boat traffic already present
on Majuro lagoon. .

In the context of the background level of boat traffic itis considered the increased boat traffic will
have a negligible magniiude of impact on neise levels at the atoll level. The impact is reversible
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however needs to be considered for the life of the project. The significance of the impact is assessed
as minor.

Assessment of Impact— Summary
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1.1.1.20 Mitigation Measures

Increased Noise from Construction on Land

The impact of noise from assembly operations cn land due to the establishment of the fish farm is
assessed as negligible. The key mitigating measure will be to use existing industrial localities for
land-based construction.

Increased Noise from Construction on Water

The impact of nolse from farm construction activities on the water is assessed as miner. The
proposed fish farm sites are situated at a significant distance from residences and other businesses
to minimize the potential for conflict. It is also propesed that farm construction activities on the water
are restricted to between suntise and 10pm.

Increased Boat Traffic (Construction)
The impact of increased boat traffic in Majure due to construction activilies associated with the fish
farm is assessed as minor. In order to minimize the amount of boat traffic GFB will utilize barges /

work platforms on site for the majority of assembly once the farm is of a sufficient scale.

Increased Boat Traffic {Operation}
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5.8 Landscape and Visual Amenity
Table 5.12; Summary of fmpacts

Impact

Activity and Description

Assessment

Costs |

Visual Impact at Component
Assemblage Sites

Assembly of fish farm equipment may alter
the visual impact of the assembly sites.

Fish farm equipment will be
assembled in areas with existing
indusirat values. The level of visual
impact is considered to be less than at
a residential construction site, The
impacti is considered to be of
negligible significance.

Visual Impact of Fish Farm
and Supply Vessels

Fish farm cages, boats, barges and buoys
are visible at a distance from the sites.

The fish farm will be visible frem some
resfdential areas such as the Weja
area. Al a minimum distance of 2.5 to
3.0 kllometers the residences are ata
distance (greater than 500 to 700
meters) where visual impact would
generally be considered to be
acceplable, The impact is considered
to be of minor I moderate
significance,

5.8.1 Assessment and Mitigation of Effects

1.1.1.21  Construction Impacts

Visual Impact at Component Assemblage Sites

The assembly of various fish farm equipment at sites on Majuro will alter the appearance of these
sites. The key lo mitigating this impact is to ensure assembly is conducted in areas of existing light
industrial activity. In the context of this appropriate siting the visual impact is considered to be

minimal,

With appropriale siting the visual impact of component assemblage is considered to be of negligible
magnitude at the weto level, The impact is short-term and reversible. Overall the impact is assessed

as negligible.
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Assessment of Impact— Summary
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1.1.1.22  Cperational Impacts
Visual Impact of Fish Farm and Supply Vessels

The established fish farms will have a visual impact though occupying areas that are currently clear
sea. There are no buffers to the line of site to the fish farm sites from most parts of Majuro.

The fish cages are low profile (about 1.0 meters above sea level at a maximum) and semi-
transparent, In all, the agquaculture sites will occupy less than 2% of the lagoon surface area. Within
the aguaculture sites actual fish farm infrastructure will occupy less than 3% of the water area within
the designated aquaculture farming space {the remaining 97% being clear water). Similar fish tarms
are located in relatively high visual amenity areas in many other parts of the world including Europe,
Australia and North America and are generally not considered to have a high impact.

Examples of the visual impact of similar fish farms in other parts of the world are displayed below.
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Figure 5.8.1; Example of Visual Jmpact - Salmon Farm in the Shelland Isfands

Figure 5.8.2: Example of Visual impact— Salmon Farm in South Africa

The operation of the fish farms will resulf in boats, ships and barges moored around the seacages
which will present a greater visual impact than the fish cages themselves. Many boats and ships
presently moor within Majuro Lagoon however this is primarily in the eastern poriion.

[

Based on the visual impact of similar fish farms in other parts of the world it is expected that the
visual impact of the seacages will be minimal to non-existent from any land area in Majuro. Similar
fish farms in other paris of the world are generally considered fo have an acceptable visual impact at
distances greater than 500 to 700 meters from the site a{ elevations of less than 15 meters. A
proximate 1kilometer zone surrounding the fish farm sites is displayed in Figure 5.8.3,
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Figure 5.8.3: Zone of Most Significant Visual Impact from the Proposed Fish Farm Sites

The barges and ships will be more visible, particularly at night, however need to be considered in the
context of other ships visible on Majuro Lagoon,

The overall visual impact is assessed of medium magnitude at the wetos level {will only be visible
from the Woja area) with detectable impacts characterized by significant changes in structure,
composition and function. Recovery from impacts is rapidly achlevable on decommissioning of the
farm. The resulting sigrificance of the impact is assessed as minor/ moderate.
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Assessment of Impact — Summary
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1.1.1.23

Mitigation Measures
Visual Impactat Component Assemblage Sites

The impact on visual amenity of fish farm component assemblage sites is assessed as negligible. It
is proposed that sites within areas with existing industrial values are ulilized in order to mitigate this
impact.

Visual Impact of Fish Farm and Supply Vessels

The visual impact of the fish farm and its supply vessels is assessed as minor/ moderate. The fish
farm siles have been selected in part to maximize the distance to residential areas. GFB will also limit
lighting on the fish farm sites to the minimum required for safety reasons from 10pm to sunrise.
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5.9

5.10

5.11

5.12

Cultural Heritage, Archaeology and Material Assets

N/A

Traffic and Transport

N/A

Cumulative Impacts

The proposed development is in a relatively remote part of Majuro lagoon and for most impacis there
is no potential for cumulative impacts in combination with other sources of impact.

Evidence of anthropogenic water quality impacts have been noted for parts of Majuro lagoon,
particularly in the relatively poorly flushed eastern section, however there is little data to quantify the
level of impact. The proposed fish farm will net involve chemical pollutien and will not add fo water
quality impacts associated with chemical pollution {eg. heavy melals, pesticides, solvents).

Nutdent excretion from the fish farm has the poteatial to have a cumulative effect with anthropogenic
nutrient enhancement of the atoll. However the evidence suggests that the cumulative effect will be
negligible. The huge water volumes in Majuro lagocn and the relatively high flush rates ensures the
anthropogenic nutrient impacts are confined to areas close to discharge points and areas of poor
flushing. Nutrient impacts from eastern Majuro and agricultural runoff from the lagoon rim will be
diluted and assimilated to close to background levels by the time they reach the fish farm sites.

Environmental Enhancements

The establishment of the project will be associated with a number of environmental enhancements,
These are:

* Increased water quality monitoring; Water quality monitoring cenducted by GFB will be
the first long term monitoring of Majuro’s water quality conducted. This will improve the
knowledge of the baseline for future developments and environmental studies;

*  Water quality advocate: GFB has a strong commercia!l interest in maintaining high water
quality in Majuro lagoon, particularly in regards to chemical pollution. The existence of the
farm wilt provide an extra level of vigilance for environmental protection in Majuro;

- Compensatory habitat (fish farm structures): The fish farm sfructures will aggregate fish
in the otherwise low structure area and develop a significant population of fish in an area of
ctherwise little value as a fish habitat; and,

+  Fish reserves: The fish farm siles will be access restricted and will aggregate significant
numbers of wild fish. These fish will be protected with the site providing a sanctuary to
protect breeding stocks of fish to ensure restocking of other areas, While doing so the site
will not significantly reduce the tradition fishing areas of Majuro.
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6 Conclusions and Recommendations

6.1

6.2

Summary of Environmental impacts

All associated potential environmental impacts of the proposed fish farm are summarized in section
7.1. In summary the key environmental impact points are:

- The development will minimize Jand-based impacts with the majority of activity occurring in
the relatively remote central Majuro Lagoon;

+  Access to the proposed sites will be restricted however the relatively remote and low value
areas proposed reduces the impact of these measures;

+  The project will result in a major increase in employment and skills in Majuro;

»  The fish farm sites are likely fo see changes to some ecological communities in the near
field (within 1,000 meters of the seacages) associated with natural responses to
assimilating fish farm wastes;

= Numerous studies of similar fish farms and water quality modeling indicates that the
intermediate field impacts (beyond 1,000 meters of the seacages) will be at the limit of
detection and well below the level where impacts on the atolls coral reefs are possible;

+  Through the application of appropriate biosecurity measures the risk of unwanted

infroductions will be reduced to no greater than that associated with normal shipping to
Majuro.

Requirement for Environmental Permits

For the establishment of the fish farming project the following permils are sought;

Majuro Local Government:

Permit for the establishment of fish farm infrastructure within the proposed fish farm sites.
Traditional Owner

Written support from the Majuro Iroji for the conduct of the propesed aquaculture activities in Majure
Lagoon,

MIMRA

Permit for exclusive use by GFB of the 6 proposed fish farm sites for fish farming activities and
operations. .

B
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Approval of the Environmental Impact Assessment for the aquaculiure of 50,000 tonnes per annum
of fish in Majuro;

Approval of the Environmental Management Plan for aquaculture of 50,000 tonnes per annum of fish
in Majuro; and,

Permit to establish the fish farming infrastructure (cages and mooring) within the outlined cage sites.
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8 Environmental Management Plan

8.1

introduction

This Environmental Management Plan (EMP) summarizes the actions required to implement the
proposed project in accordance with the Environmental Impact Assessment (EIA) report that has
been prepared under EIA Regulations 1394,

It sets out generic and specific cbjectives and targets defining the way in which the Environmental
Protection Authority (EPA) wishes the EIA and its findings to be addressed during the implementaticn
phase of the project (e.g, detailed design, construction and post-construction operation phases). [t
also details roles and responsibilities of those Involved in the proposed project, and refers to all
temporary and permanent works and should include measures for decommissicning if the project is
net permanent.

The EMP is a live document and will be updated as and when necessary. For example, if the
construction techniques are aliered then there may be a need lo implement alternative mitigation
measures. However once the EMP is signed off by the EPA and proponent, each phase of the project
can be commenced.

In some instances, the EPA may waive the requirement for a developer to submit an EIA report if the
project is not deemed as significant as major projects, yet the project may still require an EMP to
commif the project to mitigation measures to prevent impact on the environment.

Contractual status:

In every preject, the EMP forms part of contract or werk documentation and is incerporated within the
specification and/or as Works Information. The EPA will have agreed that the EMP is satisfactorily
integrated and will advise the EIA consultant or propenant on the number of copies to be provided,

Summary of Environmental Management Plan Procedures:

The EMP details how the EIA process will continue through to the completion of the proposal and
how the protection, conservation, mitigation and enhancement measures for this proposal will be
delivered by the contractor or propcnent on behalf of the EPA. |t forms part of the published EIA
cbjectives, and as such forms the EMP’s commitment to deliver envircnmental oufputs in the form
specified.

New Environmentally Significant Changes:

Any potential change in design, work processes or implementation must be communicated to the
EPA Environmental Advisor immedialely who will assess significance and decide whether
consultation and / or an EIA or EMP Addendum is required.

Communicating the EAP:

Prior to the commencement of the construction works, the EPA Coastal Management Unit, together
with the Consultant and Proponent will explain the EMP fo the implementafion team. Monitoring and
program arrangements will also be advised.

Environmental Incident Reporting System:

An Environmental Incident shall be defined as an occurrence of a failure of an envirenmental
consfraint target or the occurrence of an environmental impact that was not identified in the EIWEMP.
Such incidents may arise from Impacts unforeseen in the development of the scheme, or deviations
from the planned methed of werking and contractual cbligations in respect of environmental matters.
Irrespective of cause, failures must be reported by the Site supervisor, Contractor to the Preject
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8.2

Manager and EPA. The Project Manager will consult with the EPA Environmental Advisor and the
Project Team will agree an acceptable solution,

Any pellution incidents or releases of poteniially hazardous substances must be reported immediately
by the Site Supervisor tc the EPA.

Role of the Environmental Impact Assessment Consultant or Site Supervisor:

The Developer or Proponent will appoint a suitably qualified site supervisor to ensure continued
ccmpliance with the EMP, The EPA may advise on roles, competencies and staff fo carry out
environmental responsibilities according the Werk Instructicn. The EPA will act through the Project
Manager with respect to the issuing of instruction and the giving of advice to the Contractor, so that
the correct contractual procedures are complied with and all communicaticn is clearly and effectively
managed.

An EPA Task Force will be appointed to visit the site and monitor compliance with the EMP
approximately once a month, or as and when necessary. The site supervisor will attend site progress
meefings and submit progress reports on work activities as when deemed necessary by the EPA,
including any persistent non-compliance. Non compliance with the EMP may be subject to a violation,
financial penalty and or revoke of the EPA permit for the development if necessary,

Sign Off for the EMP

Please fill in the table below stating that you have read and understood the content of the EMP and
willadhere to if.

Name Position/project Organization Signature Date
responsibility

Carey Ramm Director GFB RM! Inc.

Frovan Crump Farm Manager, GFB RMI Inc.

John Bugnitak Director RMI EPA
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8.3

8.3.1

Environmental Management Plan

The EMP for this scheme has been produced as a separate document and the main table should be
included in this EIA for reference if applicable. [t sets out how the mitigafion measures, identified
during the EIA, will be implemented, It is a "live” document which will be updated throughout the
project as and when necessary allowing unforeseen impacts to be idenfified and mitigated. The EMP

also has the capabllity to adapt to changes in the extent and design of the scheme. As the project
progresses individuals rather than organizations will be named under the responsibility colurmnn.

EMP Tables

The EMP table consists of three major compliance phases:

- Before Construction, whereby nc construction warks are to be allowed unfil the ‘Before
Censtruction’ section of the EMP has been audited for compliance and signed off.

«  During Construction, whereby consfruction werks will be audited for compliance during the
caonstruction phase of the preject and signed off.

+  Post Construction {Operation), whereby once the project has been built, the operation phase
of the project will be audited for compliance and signed off,

*  Post Operation (Decommissioning), whereby fish farm infrastructure is decommissioned, will
be audited for compliance and signed off.

For each phase of the project, environmental objectives and acticns will be stated under separate
themes as identified by the ElA:

These can be specific to the project but may also include {if necessary):

+ Human Beings and Land Use including residential areas, landowners, fourism, commercial
operations and social economics

» Habitats and Species, including marine and terrestrial habitats and species and sensitive
species

= Water Quality, including groundwater resources and marine water quality

*  Waste, including solid and hazardous waste

= Coastal Process and use of Nafural Resources, i.e. dredged sand and rock
«  AirQuality

+  Noise and vibration

= Landscape and visual amenity

+  Archaeoclogy and Cultural Heritage

«  Traffic and Transport.

The measures provided in this drafi EMP will be used to measure environmental compliance. The
EPA encourages preponents and the ElA consultant to be proactive and forward-thinking in
addressing impacts by creafing as a range of effective mitigation measures to prevent impact.
Proponents with comprehensive mitigation measures and commitments to envircnmental
enhancements will be acknowledged during the review and approval processing stage by the EPA.
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Cobia (Rachycentron canadum)

Record in Chile: Fowler 1944 — at Iquique, FOWLER, H. W. 1944, The results of the fifth George
Vanderkilt expedition (1941}, Fishes, Acad. Nat, Sci,, Phila. Monograph No. 6: 57-529, 268 figs., 20
pls.

Record Pohnpie: Springer, V. G. Ef Al PONAPE: (NORTHWEST SIDE) NE OF TANAK ID. Latg
Long 158deg

Recorded as Native o the RMI: Froese, R. and D. Pauly. Edifors. (2007) FishBase, World Wide Wab
electronic publication. www fishbase.org , version (10/2007),

Record Fiji: Veera Nair WWF Fiji Program November 2003, 16 Maafu St Suva.
Record Namdrik Atell; Virgil Alfred Signed declaration of species capture (see Appendix E: ).

Record Rongelap and Arno Atolls: Leigh Tobin Signed declaration of species capture (see Appendix
E: ).

Yellow fin Tuna (Thunnuos albacares)

Marshall Islands Collette, B.B. and C.E. Nauen., 1983, FAO specles catalogue. Vol. 2. Scombrids of
the world

Bigeye Tuna (Thunnus obesus)

Marshall Islands Collette, B.B. and C.E. Nauen., 1883. FAQ species catalogue, Vol. 2. Scombrids of
the world.
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Humpback Grouper (Cromileptes altivelis)
Record Boro Island — Bikini Afcll L.P. Schultz and V.E. Brock 6/4/1946
Record RUNIT ISLAND - ENEWETAK ATOLL UWFC: ADULT COLLECTION: UW 012829 23/7/1948

Record MARSHALL ISLANDS - ENEWETAK ATCOLL BOGOMBOGO ISLAND 10 AUGUST 1864
UW/LAB OF RADIATION BIOLOGY

Records KIRIBATI (Australian Museum) Poegonoskl J. Pollard.D. and Paxton.J. (2002) Conservation
Overview and Action Plan for Australian Threatened and Potentially Threatened Marine and
Estuarine Fishes 2002, Commonwealth of Australia

Indigenous Evidence TOKELAU Tokelauan Indigencus name: Dhagay , www fishbase.org

Record Johnston Afcll H.Zetzsche, Senckenberg, SMF - Collection Pjsces Catzlogue Number
124854

Record Pitcairn Island  Current — ICUN redlist
Record Micronesia Myers (15899)
Giant Grouper (Epinephelus lanceolatus)

Record Marshall islands Hurezu, J.-C., 1991 (Ref. 4517) - Myers, R.F., 1995. Micronesian reef fishes;
a comprehensive guide to the coral reef fishes of Micronesia, 3rd revised and expanded edition

Tiger Grouper (Epinephelus fuscoguttatus)

Record Marshall islands J.E. Randall 30/11/1868, Cat# BPBM | 10581

Record Marshall islands R.L. Johnston, 12/611972, CAS 42372

Coral Trout {Plectropomus leopardus)

Record Marshall islands 3 AUGUST 1946 University of Washinglon Fish collection database.
Tropical Ichster (Panulirus Penicilfatus)

Records Marshall Islands Populaticn ecology and fishery potential of the spiny lobster Panulirus
Penicillatus at Enewetak afoll, Marshall Islands Ekert, Thomas A, D639.541 EBE 1986
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A3 TENCATE
X Fast Facts

Aquagrid

Builedn A2007-01

Hot Air Welding Update: Capabilities For Aquagrid™ Net

Assembly Expand To New Continents

Facilities now in production in Canade, Indonesia, and South Amarica, with other operations planned
for other aress, speeding availability of Aquagrid” cages.

Fish farms Al over the world are using
Aguagrid™ neis becausa aof their durability,
easy cleaning, and srength. Nowit's
bacoming even easier to take advantage of
these benefis.

Hew high spead, hot air welding equipment for
seaming Aquageid™ net panels is baing
inztalied in additicnal locations around the
world, The hot air welding tochnigua providns
axcaptionally sweng seams for Aguagrid™
nats. And more availability of walding
equipment provides nat lofis with ready access
to assemhled Aquagrid™ penels—vhichin
turn makes it easier for fish ferms (o get
tomplated Aguagrid™ cages,

TenCale develops and praduces matarials that
funcuon to [nctease performence, reduce cost
and delivar measurable results by working with
our custemers 1o provide advanced solutions.
TenCate Aguagrid, the menufacturer of
Aquagrid™ semi-rigid natting, has worked with
organitations in dilferent paris of the vorld to
install hot sir weiding cqtipment for A ! r
essembling Aquag:d™ netsections. Hich speed, hat ol welding boing done on an Aquagrid™ net This technique fer seaming is fast
sfffciont, permanent and remarkably scong, 1Yelding equipment is pow aveilsble in mors locations.

“We hava pecple coming ta us all the tima

asking TenCate Aquagsid to build cages to their  fisall—and signific antly sTongar then the Sinca last yeer, TenCate Aquagrid has
spacificetions,” seid Mack Gunzanhatiser, Vice  gevm seams usod fot wediticnal nylon nets. parnared with net lofts on dilferant cominents
Prasident of Indusiriel Fehrics. “Butwerain 1o install hot air walding equipmant and meke

the netmeterial husiness, not the caga The velded seam s accomplshed by
business. So v/a began working closaly with averlapping to squaras of Aquagrid™ nal, \ i
* high-quality net lofcs to help them get the then applying tha saem matasial, Tha natis Companies who hava tha hot eir welding
heatad vath hot air, and tha seam material and aquipment instelted now include:
net pressed togathar, As it cools, the bond
formed iz streng and permanant. +  Hovatech [Chle)

The walded seam has othar benafits; hecause *+  Aquacuhura Enginaaring Group [Canada}
itis telativaly flet and smocth, there is less - PT Foga Marikultura (Indenesia)

fikalhocd of irnitation o injury if fish brush

againstit, and the [ow-prefite alse is easlar o

tlaan with e retary wash, {idors)

finished cages availahle,

aquipmant and training Lo provide finishad
Agquagnd™ cages, Partof this aort is the
installation of the hot eir walding equipmear”

The unlqua hot ait welding techniqua for
Aquegrid™ nets malts the PVC coatng of the
net and honds ft to a vioven, PYC coated
wahbing that farms tha seam batwean panels,
Tha bended saam is nearly as suong as the nat

Protecrive & Qutdoor Fabrics  Geesynthetics i @
Aarespace Compositas Induztnal Fabries G&\ T E N CAT E

Armeur Cemposites Synthalic Grass materials thal make a difference
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[n addien, hot airwalding aquipmentis
currenty under consideradon for installation in
Australia and in Europs.

“As net assembly functions continua
consolidate and fish farm operators expand the
practica of ordering complatad net assemblias,
the ability to provide hot air valded Aguagrid™
panals—or completad capes—in regions
around tha world will bagome mere imperant,”
Gunzenhauser said. “We're new in a positicn
where any aqraculture facility that vwants
Aguagrid™ nets can get access o them.”

Agquegrid™ nets ara now being used in
Australia, Belize, Chile, Graacs, Finland, lsraal,
Japan, Morway, Scedand, Spain, Tasmania,
Canada, Micaragua, Taiwan, and the United
Stetas, Noomas Seriifisering, en accreditation
company awthocized by the Horwvegian
govarnment, has issued the NS M 15 eenificate
1 TenCaote, manufactuczc of Aquagrid™! nats,
which allows the nats to be usad in zll square
and ciccular cage classas of aguaculture
cperations in Norvay,

Aguagrid™ nets have damonstratad in tasting
strangth that is 100% greater than treditonal
nylon nets. Because of thair PVC coating, no
anli-loulantis needad, Tha coating also
prevants biofouling organisme fram anaching
theinsalves to tha netfibar, sc claaning is much
aasear, |nfact in mamy pans of the world,
Aquagrnd™ nerts are claaned in the watar. The
axtra strangth of Aquagrid™ nats is also a
deterrent 1o many predators, and for many
Ins1aflatons a second predelcr netis not
required.

Aquagrid™ nets sre appropriata for s varery of
specias, including salmon, trout, see bass, ses
bream, carp, catfish, cohia, cod, sufped bass,
titagia, halibut, {lounder, tuna, and barramundi,

A cost calculator that Jets operators look at their
o savings fram using Aouagrid™ nets.is
availabla a1 the product’s website,
wavr.aquegrid.com. Thara is also mora
technical informeton about product sizes,
strongth 1estng, and athar issuas.

Becausa specifications for Aquagrid™ pets can
be difterent than radiionel nylan nels, there are
s0me Unique cost-s8ving approachas that cen
be usad, Tolaarn mors, comact Don Bishop,
Aguaculwre Specialist, gt dan@aquagrid.cont.

A completed eags, ready for instaffagon VWith hot sir
welding equiptient Daing insialled srcund the \world,
Aguagiid ™ capas are now resdily eveilabls to
virtuafhr evary aquacbfiure faclity.

The hot airwefdad seam in an Acuagrid ™net
Tosting stouvs the bond is permensnt snd neerly as
strong as the net itsell Aguagd™ ners have been

shoivn io be up ie 100% sirongerihan
eraditional mden ners.

Aquagri™ It 4 trademark ef TarCaze Osoiynttaica Nenk
S ROT AR

Contact;

Don Bishep
TEE1IT% ¢al 1763
Cell-613.639.0174
HJonTaguagrid.com

363 5. Hellsnd Oriva
Pendergiass, GA 30867
Phone: 706.683.2216, v 1785
Fax; 706,682, 4260

’magrid

Aquagrid™ Nets
CD Available

Want 1o know more about hipw
+  Agquagrid™ nais cen retuce costs,
i ¢ escapes, snd imprave
i productivity?
H

: Anew CD from TenCate Aquagrid

} covers all aspects of the product,

i ond axpleins its sdvantagos over
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a zinc ecaling hal has hzlve times the
cnating waight ol erdinary galvarived wira,

Fer added stangh, i has been finished

*Crzafzcd vdy czedictad Infins 2020,

Figure 8.3.4: Details of Marine Mesh Fish Cage Nelting
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Figure 8,3.7: Live Fish Carrier Ship Design Commissioned by GFB RMI
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Figure 8,3.8: The ‘Good Fortune iil' Prior to Being Relrefitted by GFB for Live Fish Shipping

Figure 8.3.9; Small Fish Farm Work Boat
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UNIFPRESIDFNT ENTERILISER COTP,

Grouper Fish Feeds

COMP@SITION (%)

FEED TYPE Moisture |C. Protein| C, Fat C.Ash | £, Fiber .T‘otal i
Phosphate
Grouper Mo 10 48 g 1B 20 3 -
Groupsr WNa, 2-3 19 47 14 1B 2.0 3
Grouper 4-5 10 46 12 18 2.0 3
Grouper 6-9 10 45 14 16 30 ' 3
INGREDIENTS

Fine quality fish meal + Fish oil + Wheat flour ~ Soybean meal - Lecithin -
Yeast « Attractants + Vitamins and Iinerals »

REGOMMENDED FEEDINGG

Item) Fed Size Fish Size Feeding | Feeding
Fe=d Type Body Bedly
(mrn} Length welght (g} 42y | (Times/day]
Cote (emy)

Grouper Mo.1 EP $2.5 L25 6-4 515 &-8 4-h
Grouper o2 EP |¢40 L3 92 15-30 5-8 3.4
Grouper Mo 3 EP (¢80 L35 | 1215 | 30120 | 438 2-3
Erouper Mo.4 EP |¢80 L40 | 485214 |120-200| 3-4 2-3
Grouper o5 EE $40.0 L5.0 21-24 | 200-300 | 2.5-3 1.5-2
Srouper MoJ6 EP |%12.5 LD | 2427 |300-480) 1.5-2,5 1-2
Geouper Ko.7 ER @160 6.0 | 27-35 | 450-300 | 1,0-1.5 1
Groupar Mo.3 EP $20.0 L8.D | 3542 |S00-1500( 1.0-1.2 1
Geouper Mo EE $27.0 L10.0| 424 15001 | p.5-1.0 1

The dafe given shove is just for refsrencs. Please pafustad according fo olimeais condiions,
wolzr iemperaiiire, walsr quality, appefis, dsh body wsighi and size.,

Figure 8.3,12: Dala Sheet for Grouper Feed
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UNIPRESIDENT EMTERPRISES CORI. %%

Cobia Feed (Sinking Type)

COMPOSITION (%)

FEED TYPE |Moisture |C. Protein| C.Fat | C.ash | C.Fiber | 100l | HGL-
‘ rhosphate insoluble
Cobfa No. 1-2 11 48 10 13 2z 3 2.0
Cobia No. 3-4 11 46 12 13 0 3 5.0
Cobia Ne. 5-7 11 45 16 13 20 |T3 2.0
INGREDIENTS

Fine quality fish meal - Fish oit - Wheat flour - Soybaan meal « Lecithin -
Yeast - Attractants - Vitamins and Ivinerals -

RECOMMENDED FEEI

GuIDE

Item Feed Size Fish Size F’?;:ti:g Feeding Time
Feed
Type (o) Body Length | Body weight %) (Times/day)
Code (cm) (g)
Cobia 1 EP | ¢2.0 0.2 15-20 30-100 | 6.0-8.0 2-3
Cobia 2 EF | ¢2.5 10.2 20-25 100-300 | 5.0-6.0 1-2
Cobia 3 EP | ¢3.5 0.3 25-35 300-600 | 4.5-5.0 1-2
Cobia 4 EP |¢4.5 +0.3 35-45 | 600-1200 | 4.0-4.5 1-2
Cobia 5 EP | ¢6.0 10.3 45-55  |1200-2500| 2.5-4.0 1
Cobia 6 EP | 8.0 #0.3 55-65 |2500-4000| 1.5-2.5 i
Cohia 7 EP | ¢10.0 $0.3 65 { 4000 1.0-1.5 1
Remark

1. For 4 kgs above fish please fead with Cobia Mo, 7

2. The data given above is just for reference. Please adiusted according fo
ciimate conditions, watar temperatine, water quality, appetite, fish body
weaight and sizsa.

Figure 8,3.13: Data Sheet for Cobia Feed
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Appendix B. BIOSECURITY PROTOCOLS
FOR IMPORT OF FISH TO THE RMI
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Sea Transport

The majority, and in the future perhaps all, of the fish imported to the RMI from Australia will be transported by
ship. The ship provides a less stressful, logistically easier and more cost-efficient methed of transfer, The live fish
ships will also be necessary for fransport of live grouper from the farm fo markets in"Asia.

Sea franspoert involves some additional risk of inadvertent translocation of species in the fish holds, With the
procedures outlined below the risk of inadvertent translocation of species in the fish holds is reduced to be less
than that associated with normal shipping, where species may be translocated through the ballast tanks (even
with ballast exchange prior to port— fall) and on the ships hull. While fhe fish originate from Australia, which is
relatively bio-secure, and a bio-secure hatchery, additional precautionary procedures to minimize any risk of
unintended crganisms establishing in the fish transport holds on the ship are included.

Tabie 10.1: Sea Vessel Based Fish Import Biosecuriy Procedures

Hatchery (Australia) Shipping Arrival in Majuro

1. Fish will be observed throughout the 1.  Fish bulk transporters for carriage io  |1.  On approach fo Majuro Exchange to
hatchery rearing stage of rearing for vessel to be sterilized and filled with the fish holds will cease no less than
any signs of disease, as per normal sterile hatchery water, 20nm from the atoll. Authorities will
hatchery protocols and any events 2. Live fish holds on the vessel are to be be nolified in advance of arrival in
noted cn the batch records form. filled with water from an area not preparation for inspection of fish.

2. Batch record forms shal! be sent to closer than 20 nautical miles (nm) 2. Fishwill remain in vesse! and no water
MIMRA in electronic form when the fish from the Australian coast, If for any will be exchanged until the relevant
are shipped from Australia, reason this is not possible holds are authorities carry out applicable

to be filled with available seawater inspections, Authorities will have
and sterilized with Cl- at 10ppm for a minimum 1-week preliminary nctice
pericd of at least 1heur (holds should prior to inspection date and minimum
then be neutralized with a solution of 24hrs advanced notice prior to
Sodium thiosulphate). inspection. !f authorities do not
3. Water exchange in the fish holds not undertake inspecticn on the
to be inittated until reaching an area nominated day, fish will be assessed
at least 20nm from the coasiline. by authorized GFE staff and
4. Water exchange in live fish helds cbservations recorded. Upon
take place continuously from 20nm satisfactory inspection by GFE staff
from Australian coastline to 20nm that fish are disease free, they will be
from Majuro unless vessel reaches stocked into cages,
within 20nm of another land mass on |3, |ffish displays undiagnosable
route (on which water exchange will symptoms of concern, samgles to be
be temporarily halted). flown to Hawali for fish pathologist
5. Fishto spend a minimum seven {7} testing.
days in waters 20nm from Australia 4, |ffish are deemed unsatisfactory by
and 20nm from Majure. the RM! authorities one of the
6. Live fish holds to be treated with following actions is to be taken at the
0.5ppm CuSC4 100nm from Majuro discretion of GFB a} held on the ship
as additional precaution for any with no water exchange except for at
incidental invertebrates possibly locations greater than 20nm from
picked up during transit. Maijuro until cleared; b) transferred to
approved quarantine facllities until
cleared, c) ship to leave the RM! with
the fish; or d} fish euthanased and
disposed of in land fill.
5. All standard importation

documentation, permits and fees will
be finalized prior to any fish being
stocked into cages.

Air Transport

Fish previously imported intc the RMI by GFB have been done so by air, either on Cur Airlines or Continenta! and
Air Pacific Cargo. These fish are transferred directly to MIMRA’s quarantine facility at Woja for a period of two

weeks,

GFB intends to import the majority of fish in the future via sea going vessel. Small numbers may continue to be
transported by air, In line with the Sea Vessel Based Fish Import Biosecurity Procedures GFB proposes to
improve the fish production chain reporting with imports and reduce the time in guarantine from two (2) weeks to
one (1) week in line with marine fish quarantine times in Australia (1 week), which has some of the strictest
bicsecurity regulations in the world. The USA, Canada, Eurcpe and the UK do not typically quarantine fish imports
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unless they are considered to be from a high risk source (eg. Salmenids from areas of outbreak of diseases of

concemn).

Table 10.2: Air Based Fish Import Blosecurity Proceedures

Hatchery (Australia)

Shipping

Arrival in Majuro

1. Fish will be observed throughout the
hatchery rearing stage of rearing for
any signs of disease, as per normal
hatchery protocels and any events
noted on the batch records form.

2. Balch record forms shall be sent to
MIMRA in electronic form when the
fish are shipped from Australia,

1. Fish bulk transporters for carriage to
packing facllities to be sferilized and
filled with sterile hatchery water.

2. Fish to be packed in aifline approved
packaging in sterile water,

1.

On arrival in Majuro MIMRA to Inspect
several random hoxes of fish for
health.

Fish to be immediately fransported to
quarantine facility and stocked in
tanks. Due to the leve! of stress during
air transpo:t some deaths during
transport and for several days
following is not uncommen particularly
if fiights are delayed,

If fish displays undiagnosable
symptoms of cencern during
quarantine, samples to be fiown to
Hawali for fish pathologist testing.

Fish to be Inspected at the quarantine
facility 7 days after arrival and either a)
approved for stocking to seacages: b)
held for further time to clarify health; ¢}
if deemed unsatisfactery ordered to be
sent out of the RMI by air or sea
vessel or euthanased and disposed of
in land fill.

All standard importation
documentation, permits and fees will
be finalized prior to any fish being
stocked into cages.
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Appendix C:. WATER QUALITY AND
EcoLoGICAL MONITORING PROGRAM
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Water Quality

Water quality monitoring asscciated with the development of the fish farm will ensure that the actual impacts of

the fish famm remain within the levels modeled for the EIA, There will also be a further benefit to the RMI of
establishing a baseline of water guality arcund Majuro to inform future developments and environmental
standards.

The potential water quality impacts of the fish farm are relatively easy to measure based on the two major
nutrients (nitregen and phosphorous) and chlerephyll a (which is a proxy for micrealgal abundance, a good
indicator of general eutrophication). The Great Barrier Reef Marine Park Authority favors Chlcrophyll 2 is an

indicator of eutrophication of coral reef waters as explained in the text box below. In the GBR lagoon chlcraphyll a

concentrations typically range from 0.3 to 1.0 ug/ liter,

Value of Chlorophyli a as a water quality indicator in coral reef waters

Phytoplanklon must obtain 2 range of essential nutrients, minerals and vitamins from their environment to
sustain continued growth and divisicn, The nutrients, nitrogen and phosphorus, are present at low
environmental concentrations and are widely considered to be limiting to the growth of phytoplankton.
Nitrogen is essential for the synthesis of amino acids and their anzbolic products. Phosphorus is essential
for the synthesis of nucleic acids and structural compounds such as phosphalipids, and in
cyclicphosphorylation,

Measurement of chlorophyll a (universally present in marine algae) is one the most frequently employed
techniques for assessing phytoplankton standing stock. As phytoplankton stocks respond quickly to
changes in nutrient availability, measurement of chlorophyll a concentration was chosen as a proxy
indicator of nutrient status, The advaniages of monitering chiorophyll a concentrations as compared with
nutrient concentrations include:

* Integration over time: phytoplankton assimilate available nutrients over their life-time,
whereas water column inorganic nutrient concentrations are notoriously variable over
much shorter time scales;

+  Bloavailable nutrients: phytoplankion take up only those forms of nutrients which are bio-
available. These include organic nitrogen and phospherus compounds which comprise a
maijcr propartion of total nutient stocks, and zre analytically difficult to measure;

*  Sensitive: phytoplankion respond rapidly to pulsed nutrent inputs that might otherwise go
undetected by regular nutrient sampling;

+  Ease of colleciicn: chlorophyll a samples require minimal processing and storage in the
field and are not easily contaminated; and

- Cost chlerophyll a is cheap in comparison to the analysis of a full suite of dissolved
nutrients.

GFB proposes to sample a number of reference and indicator sites monthly for total nitrogen, total phosphorus

and chlorophyll a, Water quzlity will be tested at accredited laboratories,

Tahle 10.3: Water Quality Sampling Locations.

Site Location Purpose

(1) East Lagoon 7°05' 13.58"N Provide a comparison sample from
171° 22’153.13°E the relatively pelluted east lagoon

{2) Ocean 7° 04' 46.62°N Provide a background sample of
1717 2131.14°E the open ocean

(3) Calalin 7° 09" 27.7°N Provide a2 measure of the water

Channel 171° 09" 13.2°E quality at the coral areas most

roximate to the fish farms

Samples Taken Whilst in Production only

(4) Lobekerae
Island

50 meters to the east of eastern
most cage off Lobekerae |sland

Measure the near field impact on
water quality

(5) Fish farm site
1

Center of north boundary of fish
farm site 1.

Measure the near field impact on
water guality

(6) Fish farm site
2.

Center of north boundary of fish
farm site 2.

Measure the near field impact on
water quality
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(7) Fish farm site Center of north boundary of fish Measure the near field impact on
3. farm site 3. water quality

(8) Fish farm site Center of north boundary of fish Measure the near field impact on
4. farm site 4, water quality

(9) Fish farm site Center of north boundary of fish Measure the near field impact on
5, farm sile 5. water quality

(10) Fish farm site | Center of north boundary of fish Measure the near field impact on
8. farm site 6, water quality

DOrean Sample S
T804 45 BTN :
o2 31 14E

F:gu 8.3, 15: Water Quality impact Mcm‘foring Sites

With regards fo water qualily standards it needs to be noted that samples from Lobekerae Island prior to fish
being stocked varied by almost 20% between two sites within 300 meters of each other. It is GFB's target that
water quality impacts remain within 10% of background levels however the Tevel of noise with background nuirient
levels near to the limits of detection needs to be considered. The modeled level of nutrient impact against the
background levels (average) and observed variability { at Lobekerae Island are displayed in Figure 8.3.16.
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Given the natural variability in water samples the variation from target will need to be considered over time. The

Figure 8.3.16; Level of Impact of Fish Farm on Water Quality in mg/ liter (Error bars represenit natural

varability in waler quality belween samples)

proposed targets for water quality impacts are presented below.

Table 10.4: Water Quality Targets

Site Target Total Nitragen Target Total Phosphorus Target Chorophyll 2

{1} East Reference Sample — no Reference Sample — no Reference Sample — no

Lagoon target target farget

(2) Ocean Reference Sample —no Reference Sample —no Reference Sample -~ no
target target target

{3} Calalin Within 110% of levels in Within 110% of levels in Within 110% cof levels in

Channel Sample (2) Sample (2) Sample (2)

Samples Taken Whilst in Producticn only

(4) Within 0.004 mg/l of Sample | Within 0.001 mg/l of Sample | Within 120% of Sample (2)

Lobekerae (2) with reference to sample | {2) with respect to Sample with respeci to Sample (1)

istand (1 n

(3) Fish Within 0.004 mg/l of Sample | Within 0,001 mg/l of Sample | Within 120% of Sample (2}

farm site 1. {2) with reference to sample | (2) with respect to Sample with respeci to Sample (1)
(1) 4]

{B) Fish Within 0.004 mg/l of Sample | Within 0.001 mg/l of Sample | Within 120% of Sample {2)

farm site 2. (2) with reference fo sample | (2) with respect to Sample with respect to Sample (1)
1) 6]

{7) Fish Within 0.004 mg/l of Sample | Within 0.001 mg/l of Sample | Within 120% of Sample {2)

farm site 3, (2) with reference tc sample | (2) with respect to Sample with respect to Sample (1)
(1} (1}

(8) Fish Withlin 0.004 mg/l of Sample | Within 0.001 mg/l of Sample | Within 120% of Sample (2)

farm site 4. (2) with reference fo sample | (2) with respect to Sample with respect to Sample {1}
1 {1}

(9) Fish Within 0.004 mg/l of Sample | Within 0.001 mg/ of Sample | Within 120% of Sample (2)

farm site 5. {2) with reference to sample | {2) with respect to Sample with respect to Sample {1}
{1) {1}

{10} Fish Within 0.004 mg/l of Sample | Within 0.001 mg/l of Sample | Within 120% of Sample (2)

farm sile 6, {2) with reference to sample

a3

{2} with respect to Sample
b

with respect to Sample (1)
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Dive Surveys

GFB propeses that a six monthly dive transect (100m) be undertaken at the Calalin Pass water sample site. A
series of photos are to be taken along the same transect on each date to provide a visual history of the site. This
site is proposed as the most apprepriate to survey to ensure that the fish farming is creating no impact on the
coral reefs,

The location of the transect site is displayed below,

Figure 8.3.17: Coral Reef Reference Transect Site

A transect of the Calalin site has been dived with pictures along the transect presented below.
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Figure B.3.18: Baseline Transec! of Calalin Pass Reference Site. The phofographic transect (see red
line in the pictures) will be repeated at six monthly intervals for the life of the project.

GFB has dived several of th proposed fish farm sites in central Majuro Lagoon and confirmed the relatively low
ecological value of the siles. Photos fram these dives are presented below and demonstrate relatively uniform
decomposed coral flats at 30 to 40 meters of depth. All sites will be dived and a report on their status submitted to
the RMI EPA prior to the establishment of any fish farm infrastructure. To site 4 has been dived. A ‘pinnacle’ in the
south-wes! corner was observed but no coral or hard structures. The site consisted of relatively uniform
decomposed coral sediment.

.
- O %
. A W
e . LA
* .
. Ax r N
’ :,I' P 4%,
oo u
I o PR
. » 8
L5
I v g e
: - :
- e FEECE
> oo T g b .- S
L hd L ! w"%‘ Friassi v sl w Ll

Figure 8.3.19: Benthic Situation at Proposed Fish Farm Site 4 (07° 06" 060" N, 171° 08’ OQO;E)
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INFORMATION
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Species to be Farmed Data Sheets and Risk Assessments

LATIN NAME: Cromileptes altivelis
MARSHALLESE NAME:
ENGLISH NAME: Humpback grouper

Recorded in RMI?

Scientific Records
from Central Pacific:

Other Records in RMI:

Biology:

Resilience:

Risk Assessment:

- - .. B T - ———— i e

P - .

Yes

Bikini Alfoll, Enewetak Atoll, Kiribali, Tokelau, Johnston Atoll, Pitcain Island, Micronesia (see
reference list)

Lacal Fishman, MIMRA

Reef-associated; marine; depth range 2 —~ 40 m. Generally inhabits lagoon and seaward reefs and
are fypically found in dead or siity areas. Also found around coral reefs and in tide poois. Growth is
very slow, Feed on small fishes and crustaceans. Juveniles are commonly caught for the aguarium
trade while adults are utilized as a food fish.

Low, minimum population doubling time 4.5 - 14 years.

Appears rare in the RMI, possibly due fo lack of preferred juvenile habitat {mangrove areas).
Fisherman reports from Majuro are ocean side only, Slow growing, not regarded as a vigorous
species in culture or the wild. Any escapes wll! adopt a similar ecological niche in reef areas lo other
groupers which are heavlly fished in Majuro, Escapes not consldered a risk of unnatural ecological
stress on other species in the RMI.
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Species Distribution

LATIN NAME: Rachycentron canadum
MARSHALLESE NAME:
ENGLISH NAME: Cobia

|

Recorded in RMI?

Scientific Records
from Central Pacific:

Other Records in RMI:

Biology:

Resilience:

Risk Assessment:

T

Map cf Native Range {Censervative} Froese, R. and D. Pauly. Editors, 2007.FishBase

Yes

Pohnple, Fili, Chile, Marshall Isfands (see reference list)

Fisherman (see attached declarations)

Reef-assoclated; oceanodromaus; brackish; marine; depth range ¢ — 1200 m. Qccurs In a variety of
habitats, over mud, sand and grave!l bottoms; over coral reefs, off rocky shores and In mangrove
sloughs; inshore around pilings and buoys, and offshore around driffing and stalionary objects;
occasionally in estuaries. Forms small groups and may pursue small pelagic inshore. Feeds on
crabs, fishes, and squids. Caughl in small quantities due io ils solilary behavior. Good {ood fish;
marketed fresh, smoked, and frozen.

Medium, minimum population doubling lime 1.4 - 4.4 years.

RMI reports are from deep waler on ocean side only, preferred pelagic habit likely faces strong
competition and predation from true pelagic specles in the RMI (eg. tuna, mahimahl, billfish}.
Captive stock displays strong domesticity, any escapes likely to remain arcund farm. Other escapes
likely o expert from atoll, disperse and fill an ecological niche appreximating mahimahi. Escapes
not considered a risk of unnatural ecologlcal stress on cther specles in the RMI,
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LATIN NAME; Thunnus alhacares
MARSHALLESE NAME:
ENGLISH NAME: Yellowfin Tuna

Species Distribution

S

Recorded in RMI?

Scientific Records
from Central Pacific:

Oiher Records in RMI:

Biology:

Resilience:

Risk Assessment:

Map of Native Range {Conservative) Froese, R. and D, Pauly, Editors. 2007.FishBase

Yes

Marshall Islands (see attached reference list)

Fish of Marshall Islands Poster

Pelagic; oceanodromous; brackish; marine; depth range 1 — 250 m. An oceanic species occurring
above and helow the thermoclines. Pelagic in open water , but rarely seen near reefs. They school
primarily by size, either in monospecific or multl-species groups, Larger fish frequently school with
porpoises, also associated with floating debris and other objects. Feed on fishes, crustaceans and
squids. Itis sensitive to low concentrations of oxygen and therefore is not usually caught below 250
m in the tropics. Marketed mainly frozen and canned, but also fresh and smoked. Highly valued for
sashimi.

Medium, minimum population doubling time 1.4 - 4,4 years.

RM| reports are from ocean side only, preferred pelagic habif likely faces strong competition and
predation from other pelagic species in the RM! (eg. Other tuna, mahimahi, biltfish). Escapes likely
to export from atoll and rapidly disperse — highly migratory specles. Any escapes not considered a
risk of unnatural ecological stress en other species in the RMI.
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LATIN NAME: Thunnus obesus
MARSHALLESE NAME: Bwebwe
ENGLISH NAME: Bigeye Tuna

|

[ o e, 4w

Recorded in RMI?

Scientific Records
from Central Pacific:

Other Records in RMI:

Biology:

Resilience:

Risk Assessment:

i

Yes

Marshall islands {see reference list)

Fisherman, MIMRA

Pelagic; oceanodrcmous; marine; depth range 0 — 250 m. Occur in areas where water temperatures
range from 13°-29°C, but the cptimum is between 17° and 22°C. Varfation in cccwrence is closely
related to seasonal and climalic changes in surface temperature and thermocline. Juveniles and
small adults school at the surface in mono-species groups or mixed with cther tunas, may be
associated with floating objects. Adults stay in deeper waters. Feed on a wide variety of fishes,
cephalopeds and crustaceans during the day and at night, Meat is highly prized and processed info
sashimiin Japan. Marketed mainly canned or frozen, bui also sold fresh

Medium, minimum populaticn doubling time 1.4 - 4.4 years.

RMI reports are frem ocean side only, preferred pelagic habit likely faces strong competition and
predation from other pelagic species in the RMI {eg. Cther tuna, mahimahi, billfish). Slow growing
species. Escapes likely to export from atoll and rapidly disperse — highly migratory species, Any
escapes not considered a risk of unnatural ecological stress on other species in the RMI,
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Species Distributicn

Reccrded in RMI?

Scientific Records
from Central Pacific:

Other Records in RMI:

Biclcgy:

Reasilience:

Risk Assessment:

LATIN NAME: Epinephelus lanceolatus
MARSHALLESE NAME: Jawe
ENGLISH NAME: Giant Grouper

Indo-Pacific;: Red Sea fo Algoa Bay, Scuth Africa and eastward to the Hawailan and Pitcaim
islands, north to southern Japan, south to Australia. Absence in the Persian Gulf is considered
puzzling.

Yes

Marshall Islands (see attached reference list)

Fisherman

Reef-associated; brackish; marine; depth range ? — 100 m. The Jargest beny fish found in coral
reefs. Commoeon in shallow waters. Found in caves or wrecks; also in estuaries. Individuals more
than a meter long have been caught from shore and in harbors. Juveniles secretive in reefs and
rarely seen. Feeds on spiny lobsters, fishes, including small sharks and baleids, and juvenile sea
turtles and crustaceans. In South African estuaries, the main prey item is the mud crab, Scylfa
serrata. Unconfirmed reports of fatal attacks on humans. Nearly wiped out in heavily fished areas

Very law, minimum population doubling time mere than 14 years

Appears rare in the RMI, Relatively fast-growing and vigorous species. Escapees, when small, will
adopt a similar ecological niche in reef areas to other groupers which are heavily fished in Majuro.
Large numbers of escapees grewing te very large size may have some potential to exert altered
ecological pressure relative to natural balance. Escapes not considered a risk of unnatural
ecological stress in moderate numbers however large numbers of escapees recruiting to very large
sizes should be monitored.
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LATIN NAME: Epinephelus fuscoguttatus
MARSHALLESE NAME: Kiro
ENGLISH NAME: Tiger Grouper

ve) Froese, R, a

nd D. Pauly. Editors, 2007.FishBase
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Recorded in RMI? Yes

Scientific Records Marshall Islands (see aftached reference list)

from Central Pacific:

Other Records in RMI: Fish of Marshall Islands Poster

Bioclogy: Reef-associated; marine; depth range ! - 60 m. Occurs in lagoon pinnacles, channels, and outer
reef slopes, in coral-dich areas and with clear waters. Juveniles in seagrass beds. Feeds on fishes,
crabs, and cephalopods. May be ciguatoxic in some areas. Mainly active at dusk. .

Resilience: Medium, minimum pepulation doubling time 1.4 - 4,4 years,

Risk Assessment: Common in the RMI from both lagoon and ocean side. Relatively fast growing, Any escapes will

adopt a similar ecological niche in reef areas to other groupers which are heavily fished in Majuro,
although it grows to a relatively large size as it is common In Majuro escapes not considered a risk
of unnatural ecological stress on other species in the RMI,
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Species Distribution

LATIN NAME: Plecfropomus leopardus
MARSHALLESE NAME: Tkuit

ENGLISH NAME: Lecpard coralgrouper

.

Recorded in RMI?

Scientific Records
from Central Pacific:

Biology:

Resilience:

Risk Assessment;

Other Records in RMI:

Map of Native Range {Conservative) Froese, R, and D, Pauly, Editors. 2007.FishBase

-

T et
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i
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o

Yes

Marshall Islands (see altached reference list)

Fisherman

Reef-associated; oceancdromous; marine; depth range 3 — 100 m. Inhabit coral-rich areas of
lagoon reefs and mid-shelf reefs. Inactive at night, hiding under ledges. Juveniles have a demersal
existence in shallow water in reef habitats, especially around coral rubble. Adults feed mainly on
fish. Juveniles feed on small fish and invertebrates such as crustaceans and squid. Form several
spawning aggregations on a2 reef occurring around the new moon. On the Great Barrier Reef, its
maximum lifespan is 14 years.

Medium, minimum peopulation doubling time 1.4 - 4.4 years.

Not rare in the RMI although not as common as Plecfropomus faevis or Plectropomus areofatus,
From both lagoon and ocean side. Relatively fast growing. Any escapes will adopt a similar
ecological niche in reef areas to other groupers which are heavily fished in Majuro, Not considered
a risk of unnatural ecologlcal siress on other species in the RMI,
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Species Distribution

Recorded in RMI?

Scientific Records
from Central Pacific:

Other Records in RMI:

Biclogy:

Resilience:

Risk Assessment:

LATIN NAME: Panulirus Penicillatus
MARSHALLESE MAME:;

ENGLISH NAME: Tropical lobster

Inde-West Pacific and Eastern Pacific regions: Red Sea, E. and S.E. Africa to Japan, Hawail,
Samoa and the Tuamotu Archipelago and further east to the Islands off the west coast of America
{Clipperton Island, Revillagigedo Archipelage, Cocos Island, Galapages Archipelage) and in some
localities near the continertal coast of Mexice (Sinaloa, Nayarit and Guerrerc).

Yes

Marshall Islands {see reference list)

Fisherman

Reef-associated; oceancdromous; marine; depth range 3 — 100 m. Inhabit coral-rich areas of
lagocn reefs and mid-shelf reefs. Inactive at night, hiding under ledges. Juveniles have a demersal
existence in shallow water in reef habitats, especially around coral rubble. Adults feed mainly on
fish. Juveniles feed on small fish and invertebrates such as crustaceans and squid, Form several
spawning aggregations on a reef occurring around the new moon. Cn the Great Barrer Reef, ils
maximum lifespan is 14 years.

Medium, minimum population doubling time 1.4 - 4.4 years.

Nof rare in the RMI although quite heavily fished. From both lagoon and ccean side, Relatively fast
growing. Any escapes likely to face severe natural predatory pressure due to lack of cover in vicinity
of culture sites. Not considered a risk of unnatural ecological stress on other species in the RMIL

[
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I declare that 1, _Ltﬂ ‘o W To\o v have witnessed the
above fish (cobia) been aught with in Marshall Islands waters.

Details of capture: O’Q'Q \ e waltl = ot

Rowalap & Anveo

4 TT\OLLLML <o o
L TO e S iuiing
Up T Yo2ept”
. P‘Q-'Q—P W he D‘\"”\"L‘S We
.‘mﬁ oy

NI Uc.‘bf_,\tl-(.i

W eve_ oc!('* \‘.’;OJ. Vrhale TV‘OL(

WEVe ow Ywe  ywall
D“"—‘Q»P \PENTIVION |

Name: szgA Tob A
Address: Megore . ML

——

Phone Number: (ame v“(iqu fialoema i & Cloeler &J‘ of tlalor
i f‘?c{st""’c’

Signature; i— T

Figure 8.3.20: Lefter of Capture of Cobia in the Marshall Islands (Mr Leigh Tobin)




Project Name
Environmental Impacl Reporl
Appendices

: . ‘ have witnessed the
above fish (cobia) been caﬁgy with in Marshall Islands walers.

: aﬁ‘;’(/‘ A ) )d
Details of capture: azgfo waf&\,/l ,Mw«; a}!’ 7'71714/{’

ok de e,é, 50 70@{&4
oo daspin s D pucticutan

fwﬁ TR ,Ea @U:Lc’..@»x’»’-ﬁc, }4_.,
Pyredl £L &l

Name: [lstnen V. AcereD
Address: 7.0 By 164
Phone Number: 529~ R&/8 (ib&r&)

Signature: el (o (502

Figure 8.3,21; Lefter of Capture of Cobia in the Marshail Isfands (Mr Ronaid Virgil Alfred)}
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Figure 8.3.22; C,V. - Dr Daryl McFhee

worleyparsons Dr Daryl MePhee

resaurces & energy Frincipal Environniental
Scientist
Resume
1. SUMMARY

Fizlds of spegial competence:

¥ Fishzrizs ax!cgy and managsament
» Impaci assessment shidiss

» Sxpermental dzsign and analysis

v Applicaiicn of sustsinsbla devsloporent prindplzs, in pacicutar the pracaviicnary
prinzipl= in ike coasal —one

¥ Fisherizs and aquaculiurz planming and policy

2. EXPERIEMCE

2007 -presant  Frincipal Environmental Scientist - WorleyParsons
* Providz expar: lechnical advics foc coastal and madine projects.
» Seraening ard scoping of =nvikonmental Intpaci Siatzmenis for ihe minzrals,
zn=rgy and coastd infrasirudiors sexiors.,
2003- 2007 Lecturer — Environmental #anagement Centre, University of
Cueensland.

r Coordinaiz and {=ach wndergraduais courszs in Environmzntal lrpact
Aszzesmznt and Bustsinablz Devalopmeni ai both undzrgraduats and
postyrzduats lzvels,

* Supzrvisz PhD siudsnis.

» Undermaks high guality mulii-clsciplinsry research in ihe i2dds of acaaculure,
fish=rigs, and =nvironmienizl planning and managemeant.

Undertskz =nuironmenisl consuling pegyeats.

s S W e e
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i]‘ WorleyParsons Dr Dary! McPhee
Principal Environmental

Scientist

Resume

2002 Senior Environmental Planner - Planning HSW

+ Pregare £1S GuideBnes.

MEA EPEA Ach

» Provids advios on whether projecis werz consisiand with ihe statutory
requiremienis for colegical sustainable development as outlned in the bSW
Emironmenis! Plenning and AsczsomEsnt Act 1979,

r Davzlep and implerrent stratzgic approaches o environmantal asezssmena

» Provids inpui and e)pitis= info regicnal and sactor planning for aquoctfture
devalopmend

s blaise with other MSYWY Gavemment agencies on relavant whole of govemmeani
issu=s,

» Razvizw and provile experi advice cn davelopment applicstions for state
significant proj=tis induding cendifons of cons=nt and assess the adzquacy of
Eight-Par tecis and Spedzs Impact Sialaments.
X0 -20R Aquatic Ecologist - WBM Oceanics Australia
> Prepare project femdsr docurments,
» Underake r=levant fizld wark in remrote locstions.
r Prepare ZIS" and undznake cther consuliancy brisis.
» Provide expen advics for rslevant ooun cazes,
2000 -2001 Postdoctoral Research Associate- Depaniment of Zooloy and
Entomology, University of Oueensland
» Design and undertsks reszarch on human impacis in the coastal zons,
» Taxonony of fish and macrcbanthic mesrtzbrates,
» Teach marne zoology (induding fi=k work).

1998 — 2000 Postdoctoral Research Associate - Depariment of Zoology and
Entomology, University of Dueensiand {30% fractional appointment)
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WorleyParsons Dr Daryl McPhee
Principal Environmental

Scientist

Resume

1998 - 2000 Scientific Advisor - Queenstand Commercial Fishermen's Organisation

{50% fractional appointment}

> Prepara (=levand policies.

» Prepars media relzases, newsleitzrs and magazine aricles,

» Provida Righ level ssantife input and Balse with =xernal govemmeani agencdss.
» Communicale comglex managenient and pelicy issuas i sommeccial fehers,
¥ Dzvelop struchural adusiment frameworks,

+ Undertaks dispuis resalufien on contentious Issuss,

* Provids inpus govemimant planning and msnagzmend progsesss,

1937 —1938 Senior Project Officer - Queensland Commercial Fishenmen's
CQrganisation

1997 Project QHicer - Queenstand Commercial Fishermen’s Organisation

1592 2060 Tuier, Department of Zoclogy, University of Queensland

3. EDUCATIQN & PROFESSIQHAL AFFILIATIONS
» Sachelor of Stience, Universily of QId {1980-122)
» 1st Class Homours, B2pt of Zoalogy, Univarsity of Cuzencland [(1223)

» Doctor of Philosophy, Dept of Zoology, University ai Quezsnstand (15841295}

4. REFEREED PUBLICATIONS

lz, 7T, {1905) Sustainsble vze of kshenz fishedize, In:
Censarvalion Throush Susizinahl: Use of Wildle, {Eds: G.C. Griyg, P.T. Hale, snd
-320.

> =
B, Limney). University of Cusenstand Prese. po 32

Tucker, AD,, Robins, J.B. and MePhee, D.P, (1903) Adepting tunt's escluder devices
in Australia andi the Unfted Sttes: \What are the diffzrenzes i dethnology wensier,
promacion and acceptanoe? Coaslal ifanagamant 25{(4):205-421,

McPhee, D.P.. Sawynck, W, Warkuren, K and Hobbs, S, (1983 The raaging
maverments of svaliwial dsis (Frschinotas bods) in Cuesns'and asd ronhern HSYY,
Prozesding of iha Roya! Sosisly of Quesnsland 108:8027.

McPhee, D.P, and Lov=gay, TO, (1£68) Bycatch: Tre Cuzzndand fishing Indusry’s

L

T .
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A\ill WorleyParsons Dr Daryl McPhee

Principal Environmental
Scientist

Resume

sive. In; Esfablishing Mesning’w! Targ=s for Byeaich Reducicnin Ausiraliag
. Auslralian Scoisty of Fish Siology Wekshop Prozeesdngs, Hobsn 24-25th
Segtzmtar 1805, pp: 131135,

o

PLE

5

McPhee, D.P, and Loveday, T.O, (2008} The Cuzensiaad fishing irdustry and
crelogically susidnadis deualoement bt Managing for Sonlegical Suslainahlify,
(E: P.1. Hale, D, Lamb anZ A. Peirie), Unvesiny of Quesnsland Prass, pa 126
15,

McPhee, D.P., asd Si@leter, G.A (2202) Harasting of interlida? animals for B3t fer
uss in a.reerzatenal fisting compedtion. Prosesoings of the Royal Soziciyof
Cueensfand 110.:92-101,

MecPhee, D.P,, atd Sidltzr, G.A (2002) Aspects of the bidlegy of the yabby Tiypea
sustralensis (Deespods: Thalastinidza) and the prizasial of Eutrow ccums 3s a rapd
meacure of gopuation densiy, Hydrcbidleol2 S5 135-32 1,

McPhee, D.P.. Leaddizer, D and Stilleler, GuA (2032) Swalloving ihe bilt is
racreational ishing i Ausisls =20tgically sustalnshl=? Facific Consenanan Solkgy
g:40-51.

McPhee, D.P. snd Bunzlze, T.X A, (200H) The oz of aspeadilre ssucies inthe
(rris)allceation of fishenes rescurss i Avsinls. Ausials sian Journsd of
Envirameaial Mrrasement 11451,

McPhee, D.P. atd Shilleter, G.A (20035) The s23 pocket [suw) nzt pravern fisherp o

tha Wary Fiver {Qid) and ils by-catch: an alternative to the use of fraul gea- for

r;:.—é-_gugg prawas in esmranas? Prozezsing of the Reyal Socfery of Suesizdand
1Z252-20.

Skilizler, G.A., Zhantov, Y., Canercn, B. and MePhee, D.P. {2005) Efacts of
harvesting ealliazassid [grost) sSrimes on subironical banthic cormunifes Jowssl of
Erparimanial Manss Einlagy and Scclogy. 320(2) 133-135,

Wess, B, snd McPhee, D.P.{2002) The imp=:ls of rzereatona) fowr-uhes| difving on
(r= abundance 24 the ghost crab Coypode saraimanus en sukbeepical sandy keachzs.
Coasia Janagsmsar, 357 133140,

Stilleter, GA. Cameron, B, Zhattoy, Y., Boland D, ang McPhes, O,P. (2028)
Efects o ghysical disturbanez cninfaunad asé epifaunal assenlagss in sukbepical,
intertidal s2ag=ss bads. Mating Beagy Progress Senas 303: 3172,

Ogzurn, DM Whte, 1. 2nd McPhee, D.P, {2007 } What Rapeen=3 o Lie cyster naefs
in 2asl coast Ausirakian estusries — colonial or mudivem nvsson? Coasla’
Msnapsaan 350 271-22T.

Lz, W.C,, McPhea D.P and 2ringhaucs P, (2008) Bloleycal irrpacts of receatienal
fishing resullng fem axplatasicn and siozking. Globa Chalznnzs in fecraatiors!
Sishzres. Blatkwal Scienos. TSE2.

McPhee, D,P., Gowioa, A atd lllas, X, (2008) Ma‘ne recramional ichanzs
manazemen chsllanges and MPAs, ooncarizon besveen the Mediersnesn and
Awstralla, Giabal Chalanges 1 Recrsalional Fahanes. Blackwsll Scznca, 92110,

Khanmchanmiaei, W, MzAlpne, CA, McPhee, DP, and Pelerson, »
Linkirg masin= and freshwatzr zcosysiems in ihe design of marine
encloses and sem-endosed szas, Agquatc Coanssneation: Madng and Frachesler
Ecosysizms.
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Clemerms, 8., ¥cPhee. D.P.. and Hundlo=, T.J.A (submited) The esoramics ci
inlasd salin: a:r-aculturn in Auztzalia, Aquesuliurs Ezcncnycs and hfznagemznt:

Khanimchammisdi, M., dzAlpne, C.A., McPhee, D.P_ Paierson, A and Waits, M. (in
pregdor Biological Govzecestion) Integraling S2shwater hahilais in marinz rserves
nezvioth n =ncios=d s2as; Casoian S&3 &5 A case sudy.

MePhee, D.P. fn cress) Fshzgas ldanagemani in Ausials Fedaration Press. 225
[

5. COMFERENCE PRESENTATICONS

McPhee, D.P,, Bzgg, €. and Cameren, 0.C. (1803} Cocperative tgging
prograrmes- sézntsis and anglzrs working together, Seocond Warld Fisheriss
Cengrzss. (2risbans) {poster presemaion)

McPhee, D.P., Tudies, A.D. and Bobais. 4.6, (1203) Comparing th2 inccducticn of
brawd .:»..Iu'ﬁr ang bycatch reduction devicss in Australia and the USA. Szcend YWorkd
Asiznes Gongrass (Brizbane) {post=r pr=s=ntatien).

MePhee, D.P. {1897) Thz remroductive Holagy of ithe swallowail dan {Trachisolrs
tod2)in Australia, AuziraVaq Sosi =5y for '=I:n Siveay (Daredn) (ors! zrecamalion),

MePhee, D2, {1202} Pzricrmancs ndicators for the fishing mdusl tr,' in sh= Great
Bamizr Resi 'Marld H—n'sg- res Inr GARMPACRG Resr Jolnd "Sccpiig” Vorkishop
on Farformance Indeslovs v ifanaoemsnt of the Gresl Samizr Rzal bt.:\"dh-ri‘a;e
Arzz, Townsvillz, 3-7 Juns 1999, 1-17,

Skillztar, G AL Zhatov, Y. and McPhee, DR, (2000) ZHects of bairharesing cn
ammd communities o inieidal sreas of Mereton Bay. PASSCON 2603 Soiznce
Informing Calshmant Manzgement. p.103-105.

McPhee, D.P, (2008} A corrparsive anafysits of amhecpopenis impscls on wiler
quality in tu= Greal 2arrizr Raef, Austalint Prawn Farmzcs Assozizfion Anaua!
Cenferenes (Caims) (oral presentsticn).

McPhee, D.P,, HEunclee, T.8A, and Skillster, G.A. Eﬂul]r Taken- hock, line asnd
snker. Proster Jounal ¢ the Ouezasland Law Soziesy. 21(3) 25.

'Villarms, ¥ and McPhes, D.P. (2033) Csn a panicipalory azprassh to fishadaz
managears be efeslive in craciice? AvsizaNan Sooisly for Fish Bielogy (Welingion)
{oral prasentsicn),

McPhee, D.P, and Tuck, 5. (203] Tre impocianos of the sesfad ;LEFU‘ than
werking topether. Seafood Ciresfions 2003 — B2jond Sustainatilly — Taking the Lead
(Perh) (ord pres=ntatien).

McPhze, D.P. (2002) NIMBYs, LWUs and uqu.ﬁfaﬂ we Are we mesing the
plrnwgdulﬂng-—s" Australzsizn Aquacuilurs 2004 (Sydnay). (o3 pressnlaticn)

MePhee, OLP, and Loveday, T, [2002) Sharing Fich=sies, Resouross —ife z=e cf the
pie cr the sz of the slice? I The ATEE Crawforg Fourdation 2004 — Fish,
Aguscwiure and Food Secuniy, Saslaining Fish az 5 Food Sueely (Sd, AC. Em..*'.}
p. 3732,

"
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McPhee, D.P. {2X05) The fuure managemen: of recreational fisking in Australia,
Feuth BWerld  Reersalion® Fishing  Coaference  (Trenahzim,  Norway)  (ord
presentaion}

McPhee, D.P, (2035) The Souh-zast Cueznsland Plan Snvirerments! lmelleatiens
and Cppornites,  Avsirafan Fropamy insihufe Anmua! Conference (imviled ord!
presentasion}

KePhee, D.P, (2005} ~ceass to the Wild, Seafond Diesfiona 2005 — Nesing Frofis
{Syehey) (invivd erd” presectation)

McPhee, D,P. [2008) Rzgulstion of Aquandurs ~ what da<s tha rzsl of thz world do?
Australasian Aguszuiure 2605 (Adsandz). (invitzd ol presesaxion)

McPhee, D.P. and Clerents, S, {2C08) Can asustuiuwre save raginal Australiz?
Australasian Aquasulure 2605 {Ad=faie). (Invitc cral preserzaion)

6. COMSULTING REPORTS
MzPhee, D,P. (2003} A Comparsince Analysis of DNscharges from Agricudir 2, Pravn
Farms and Szwage Oudalls and ifs Ecolopcal Imzazis. Arspon prepared &+ the
Austrslian Prown Fasner's Assodation 51 Pp,

¥cPhee, D.P. (2003} A Revizw of the [sztes Papars foe the Declaralion of Sciany
Eay end Labe Maoquarks Rzoresiona’ Sshing Aress, A reporn prepared for the MSW
Maszer Fish herchangs Assozialon and Sydnzy Fish Market Pry, Lid, 23 2p,

AcPhee, D.P, and Tilbury, B. (2001} Aquafic Eeclogy Impact Assassmen?
Sroadwater Cogensraton Pant. Arepon prepured:?c:' \@E’y Uimitzd. 31 #p.

Tibury, . xd McPhee, DR, {2201) indis Addce Staferment fov S2a Gage
Aaquscuire i Afvaion Bay, A repant prepared for Sun £qua Pry Lid ans the
Depaimam of Siate Dendepnen, 13 7p.

¥cPhee, D.P, (2001) A Revizw of Prasm Brocdsiook Tayping Dals- Sfaze | Dafa
Cually. & repan pregared forthe fusialian Pravn Farmer's ~ssotiation, 16 Pp.

Paazrsan, D, Tdbury, R ad MAcPhee, BP. é’.ﬂiﬂl) Merefon Bay Sand Sriraciion
Study— Fhase 1. A rspor prapared for the Envecnmendst Prgesticn Apency and
Tie Mhreten Say Sand Saration Study Si=dng Commisies, 277 Pp.
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Figure 8.3,23: C.V. - Ben Lawes

EMPLOYMENT HISTORY

May 2007 - Ongoing

January 2004 - A ay 2007

May 2002- December 2004

July 2001 - April 2002

December 2000- July 2001

Fehruary 2000- November 2000

July 1999 —~ February 2000

February 1959 — June 1959

CURRICULUM VITAE
Name: Banjawin John Lawes
Address 233 Flinders Sr Easi
Towusville, Queensland, Ausrealia, 4510
Telephoue (+61) 7 47715550
Email: lavreshfiggfisheries.com.com
EDUCATION
1655 - 1997 Bachelor of Aquatic Science
Major: Aquaric Clewisoy & Anuatic Bialogy,
Deakin Gulversinye
Warrnambool Campus
1588 Graduate Diploma Aqguaculture

Deakin Universiny
Warrcambeal Campus

CFB Fisberies Ld,
Project Manager

GFDB Fisherie: Led,
Harchery Manager

Hamilion Prawu Farm,
Harchery Manager,

GCreat barrier Reef Shrimnp Harchery.
Hatchery Manager.

Great barrier Keef Shiimp Harchery
Assistanr Manager,

Harvest Home Barramuadi,
Sepior Techmiciau,

Queentland Aguacoliure,
Techuician

Jerilderie Silver Perch & AMurray Cod.
Technician
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Figure 8,3,24: C.V. — Provan Crump

Name:

Address:

Telaphane:

Email:

EDUCATION

199+ - 1997

200

2003

CURRICULUM VITAE

Provau Kelvin Cromp

CrO MIMRA
Po Box 360, Majure, MI, 569560

(692) 485 7728

provanfmimra.com

Diplema in Aquaculiure
Guiversine of Tazmaunia
Launcesten Campus

Coxswatus Certificaie 2

Celd Coast Inzdture of TAFE

Clemical 5pills Handling.
Nortliern Fisheries Cenier, DPL

EMPLOYMENT HISTORY

Qctolier 2007 - Qungeoiug

GEB RA[lIac.
Farm Mauager

April 2003 - Geteber 2007 WWoja Pearl Oxster Hatchery AMIMERA

Sept 2004- April 2002

AMarel 2002 — Sepr 2004

July 2001- Eeb 2002

June 2001

Sepi 2000 — April 2001

Dec 1999 — June 2000

Joly 1999 -~ Dec 1999

Jupe 1958 — Nov 1998

Aquaculture Specializr

Southern Fisheries Centre, DPL
Senior Fitheries Techniciau.

Northern Fisheries Center, DPL.
Fisheries Technician (Full Time)

Center for Marine Studies (Uni of Qld)

Assistant

Ocean Oddities Seaborse Farm
Assistani

Pizces Snapper Hatchery
Hatclhiery Technician
Rocky Poinr Prawn Farm

Farwm Technician Dudes:

Rocky Poiur Prawn Harchery
Hatchery Technician

Blue Seaz Pearliug Co.
Farm Techuician
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Figure 8.3.25; Comments from RMI Porls Authonty RE: Proposed Fish Farm Sites.

Comments from RMIPA re GFB Fish Project 012808

From: “Caprain Joe Tiobech" <rmipa.seaport@@niamar.nst>
To: finlayrao@jyzhoo.co.nk

CC: "EMI Ports Authoriy" <muporis@nfamar.nei>
Subject:  comments{aquaculiure)

Dare: Mon, 28 JTan 2008 13:14:11 +1200

Having reviewed the proposed locations they are well outside of the existing shipping lanes and
approaches to all our faciliies including the main entrance at callalin,

We ask however that we be consulted with the proposed lighting of the cages to ensure that
characteristics of such lights will not be confused with the existing navigational aids used by
vessels during night transit to and from port of Majuro,

Thank you

Joe Ticbech




