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1. Introduction

Coral reefs are central to past, present and future life in Kiribati. The Kiribati
islands themselves were constructed over millions of years by corals. Today, the coral
reefs protect the fragile shoreline of the atolls from erosion and provide habitat for the
fish and invertebrates that compose much of the i-Kiribati diet and national exports.
These same coral reefs that help sustain life in Kiribati face a number of pressures.
Local threats include heavy selective fishing pressure, sewage pollution from rising
human pop ulation, toxic algae out breaks and possible spread of exotic seaweeds from
aguacultre. Some of these threats have been documentedin reports conducted by
MFMRD and MELAD

The coral reefs of Kiribati and across the tropics also face a long-term and
potentially existential threat from human-induced climate change. The most
prominent and best understood threat isthat of mass coral bleaching, a breakdown of
the symbiosisthat sustains most reef-bulding corals. Mass coral beaching is caused
by abnormally warm seas suface temperatues, typicalfClg@ater than the usual
annua maximum lasting for a month or two. Although corals can sometimes survive
bleaching events, sustained periods of warm water temperatures and especially
repeated bleaching events can lead to areduction in live coral cover and have a
cascadng effect on other reef organisms.

Alesser understood threat isfrom the carbon dioxide itself that contributes to
climate change. Dissolution of excess carbon dioxide in the ocean alters seawater
chemistry and could eventually become be damaging in the future to calcifying
organisms like corals, either reducing the rate of reef gowh or possibly even
dissolvingthe organisms actual skeletons. An increase in storm activity could also
have an effect on coral reefs, by altering erosion pattems.

A coral reef monitoring sy stem is crucial to understandngthe present and future
effect of these local and possible global pressures on coral reef health. W hile no drect
actions can be taken by the Kiribati government to stop a coral bleachingevent from
occurring or oceanic carbon dioxide concentrations from rising, monitoring the
change or lack of change in the coral community over time will help determine
strategesto manage coral reef resources or adapt to changes in coral reef resources.

This report summarizes the work conducted during a one-month visit to Kiribati in
October and November, 2007 includngthe Coral Reef Monitoring Workshop, the
awiliary training of MFRM D and MELAD personnel, the establishment of a Coral
Reef Monitoring Protocol and the preliminary analysis of monitoring data.



2. State of monitoring

This section of the report briefly summarizes previous known efforts to assess
coral reef communities in the Kiribati |dands and their implications for the proposed
monitoring system. Sudies of the Phoenix and Line Islands are not discussed

Before the inttiation of this program, several independent, single visit studes
of the coral reef environments of Tarawa and Abaiang were conducted by foreign
scientists often with assistance of MFMRD personnel. Thefirst is a suvey of the
marine ecology of Betio conducted in the early 1980s (Zann, 1982), which includes a
list of coral species. A copy of this report could not be obtained, but the list of species
was available in later publications. Gustav Paulay, formerly of the University of
Guam, conducted extensive surveys of the Tarawa lagoon environment, and included
a description of the spatial pattems in coral cover (Paulay, 2001; Paulay and Kerr,
2001).

Ed Lovell of the University of the South Pacific led coral surveys of Tarawa
and Abaiang in 2000 as part of a SOPAC technical study, using several curent
MFMRD staff as assistants (Lovell, 2000). The study found low coral cover at
shallow depths in many parts of souhem Tarawa, due to the rough wave environment
and local human pressure, and higher coral cover at Northern Tarawa and western
outer reef of Abaiang The study noted the surprising abundance of the usually rare
coral Heliopora coerueaandthe unusual lack of the usually abundant Acropora sp. in
southern Tarawa and some other outer reef environments.

In 2004, Taratau Kirata of MFMRD began surveys of the Tarawa outer reef
environment at three sites (Naa, Bikenibeu and Tear, with guidance from Caroline
Vieux formerly of the Global Coral Reef Monitoring Program (Vieux, 2004). The
method required photographingrandomly dstributed quadrats at 6 m depth. Benthic
coveris determined using subsequent photographic analy sis on the compuer. Three
sites in Kuriaand Abemama were also visited in 2004. Surveys of the three study sites
around Tarawa were conducted in each of the next two years by Kirata and an
assistant (Aranteiti Tekiau). The two MFMRD staff later attended a workshop in
Tahiti to formally learn the monitoring protocol. However, due to limited training in
benthic identification, the photos were in each case were sent to eux for analysis.

In late 2004, extensive coral bleaching was reported in Abaiang, Tarawa and
Tabiteuea. Satellite observations by NOAA Coral Reef Watch indcated elevated sea
suface temperatuesacross Tuvaluandthe Kiribati Islands. The degree heating week
thermal stress index, used to predict the onset of coral bleaching, peaked at 14 in the
area of Tarawa; values over 8 typically indicate severe coral bleaching and extensive
coral mortality. Additional photo-quadrat surveys were conducted by MFMRD staff
and myself at previously visited sites around Tarawa and three sites around Abaiang.
The cimatic causes of the bleachingevent andthe possible effect on coral cover in
summarized in Donner (2005). This initial report foundthat the bleaching event
inttially reduced live coral cover by over 50-67% at the three stes, although
subsequent confusion over the exact site locations between the post-bleaching survey
and the regular suveys planned by Vieux has placed those resultsin doukt.

Overall, the photo-quadrat survey s suggested initially low coral cover (~20%)
on the outer reef in Southern Tarawa and high (~55%) coral cover in North Tarawa,
as was suggested by earlier more thorough surveys. In southem Tarawa, coral cover is
thought to have been affected by bleaching but to have recovered quickly, largely to
the growthPorites rus a species known to be more resilient to bleaching (T aratau et
al.,, 2007). In northern Tarawa, coral cover is thought to be recoveringfrom the



bleaching event, but as of 2006, still belowthe level in the initial 2004 surveys. These
results, however, are not statistically significant due to high variation in coral cover
bet ween the quadrat photographs.

The low technology monitoring method was originally thought to be ideal for
Kiribati given the limited available resources and scientific expertise. However, the
large variation (measured as standard deviation or standard error) in the study results
and ongoing confusion over the exact location of the centre of the Naa site
demonstrated some of the limitations of conductingonly photography-based surveys
of unmarked monitoring sites. Amore complete monitoring protocol woud comhne
the low-technology quadrat surveys with other tradtional sampling techniques
involving live underwater identification to ensure data quality.

In addition to this foreign-led work, MELAD and MFMRD staff have
collaborated on a study of the effect of sewage outflowon the coral cover at
Bik enibeu, Bairiki and Betio using monitoring techniquesleamed during assistance
on previous assessments (Tonganibeia, 2005). The study demonstrated low coral
cover near the sewage ouflow at Bikenibeu but would have benefited from more
detailed benthic identification and data analysis.

These past studies have provideda basic understanding of the patternsin coral
cover in Tarawa andto alesser extent Abaiang. No data is availabe for any of the
outer atolls, with the exception of the one-time surveys of three sites around Kuria and
Abemama. While some of the previous studes have been complementary, in general
the monitoring of coral reefs in the Glbert Islands of Kiribati has sufferedfrom the
use of different monitoring protocols in each study, the failure to regularly mark and
monitor the same sites, and the limited local identification ability beyond broad
benthic categories. These problems imit the ability to properly evaluate the changes
in benthic cover over time. The reliance on foreign experts hasalso led to a lack of
confidence among MFMRD staff in both their knowledge of coralreefs and ability to
conduct or lead coral reef monitoring. Fnally, the lack of aregular, instituionalized
monitoring program may contribute to the decay of equpment, includng everything
from the measuring tapes and digital cameras to critical itemslike the o-rings on the
SCUBA tanks and the filters in the air com pressor).



3. W arkshop Report

Asrequired under the Terms of Reference, a one week training workshop was
prepared for the first-week of the consuttancy. Conflicts with other eventscauseda
two-week delay. The interveningtime was usedto:

i) Conduct a preliminary informal workshop on benthic identification and
monitoring methods, including one day of sampling, with the key
MFRMD staff expected to be participating in long-term monitoring
(Taratau Kirata, Toaea Beiateuea, Tebaua Sapotu, Aranteiti T ekiau,
Kobure Norman).

i) Meet with MFEMRD and MEL AD staff so as to best fit the proposed
monitoring roadmap andthe workshop to the knowledge and kills of the
participants.

i) Lead afou-day trainingandrapid assessment survey of the coral reefs of
Buaritari (with Taratau Kirata and Kobure Norman). The expedition
summarized the overall range of coral reef habitatsin western Butaritari,
established sites that can be usedfor long-term monitoring, and trained the
likely National TA and a Fisheries Assistant in the monitoring protocol for
the Ouer Atolls where SCUBA may be impossible. The results of this
study in summarizedin the Preliminary Data Analysis section

The Coral Reef Monitoring Workshop was eventually heldfrom Novem ber
12-16, 2007 with twelve participants from MFMRD, two participants from MELAD
and two participants from the Betio Fishermen’s Association (BFA). The W orkshop
included three days of lectures, dscussion and data analysis at the in Fsheries
maneaba at Tanaea and two days of field work. The first day of the workshop
included an introduction to coral reefs and coral reef monitoring, a discussion of
curent knowledge of the Kiribati coral reefs and an explanation of coral beaching
and possible inksto climate change. The second day of the workshop focused on the
design of the coral reef monitoring system for Kirikati, including site selection, long-
term monitoring methods, coral bleaching protocols and some benthic identification
practice. These presentations, and all other workshop materials, are included on the
CD accompanying this report.

The large number of p articipants interestedin conducting monitoringand
limited boat space forced usto spread the monitoring work over three days. On the
third day of the workshop, the four most experien ced personnel accompaniedme in
monitoring at sites of the o uter reef and Tarawa Lagoon, while the other workshop
participants practiced benthic identification using previously prepared practice
presentations, coral photos from the trip to Butaritari and coral identification guides.
On the fourth day of the workshop, another six workshop participants accompanied
me in monitoring at two sites in the Tarawa lagoon, while the other personnel
practiced benthic identification. The remaining work shop participants requested to
join amonitoring expedition on the following Monday (they recantedat the last
minute and had to be replaced by two of the more experienced MFM RD staff).

Duing the monitoring trips, p articipants p erformed benthic identification
using point intercept transects (PITs) in which the benthic cover at 50 cm intervals
underneath ameasuring tape was recorded. In order to demonstrate the difference in



monitoring methods, one more experienced participant was askedto conduct line
intercept transects (LITs), in which the distance along the measuring tape is marked
every time the benthic cover changes, alongthe same measuring tape as aPIT at two
sites. Addtionally, while the participants conducted their work, | took a set of
photographs of the randomly placed 1.1 quiadrat, the method employed by

MFMRD personnel and Caroline Vieux in previous surveys.

On thefinal day of the workshop, we reviewed data analysis and compared the
results from the different monitoringmethods. As is expected, the LITs provided
more detailedinformation than the PITs, includingthe size of coral colonies. The
participants preferredthe PIT method, as LITs are more time-consuming and
extremely difficut to conduct without SCUBA equpment at shallow depths. The
decision is acceptable given the resource constraints. The photo-quadratsrevealed a
higher diversity of coralsthan both the LITs and PITs, again, as is expected. The
participants agreed that a combination of transects and photo-quadrats at each site
would be ideal. The workshop concluded with a check on the benthic identification
performedthe previous two days, a discussion of the agreed-upon long-term coral reef
monitoring protocol and a late lunch.

On the whole, the workshop appeared to be wel-received by the particip ants
most of whom had never leamedabout coral reefs or coral reef monitoring in an
organizedfashion. The only exception wasthat workshop appeared challenging for
the two members of the BFA due to language; many of the terms could not even be
translatedinto Kiribati for them to understand. The participants were all initially
enthusiastic abo u the days of monitoring, in some cases perhaps less due to the
opportunity to practice coral monitoringthan the opportunity to spend a day in a boat
and possible catch some fish. Nonetheless, each person that participated in the
monitoring trip performed their duties as requested and agreed with the recommended
monitoring protocol. Unfortunately, windy weather andrough seas limited data
collection to lessvital sites inthe Tarawa lagoon.

The workshop also presented an opportunity to gauge the interest of MFMRD
and MELAD staff in participating in the proposed coral reef monitoring program.

With the possible exception of the two participants from the BFA, all the participants
appear at least provisonally interested in participatingin the program. T heir
participation will dependon their interest in learning benthic identification,
wilingness to commit to a schedule andtheir fithess to perform SCUBA and free-
diving work.



4. Roadmap for Kiribati Coral Reef Monitoring Sysem

A series of Coral Reef Monitoring protocols for Kiribati was pre sented,
reviewed and accepted at the Workshop. These cover methods of monitoringaround
Tarawa and Abaiang, where easier access and availability of SCUBA equpment
allows for more detailed monitoring, methods for monitoring the Outer Atolls, and a
special protocol in the case of a coral bleachingevent. A schedule for monitoring over
the next ten months was also prepared and reviewed with the Fsheries Director
(Appendix C).

There are fou components to the proposed Coral Reef Monitoring System:

i) Tarawa Atoll

Up to eight permanent monitoring sites, marked by stakes, are being
established around Tarawa (listed in Appendix D). These sites will be monitoringon
an annual basis using SCUBA equipment. Several of site visits were completed or
partially completed during the past month; subsequent visits in the next month will be
necessary to complete data collection, depending on weather (as indicated in
Appendices Cand D). The southeastern and eastern o uter reefs can be difficult to visit
because of rough conditionsandthe long boat trip around the tips of the atollin Naa
or Betio. Asite to correspond with KAP coastal monitoring on North Tarawa will be
investigated by the future Coral Reef Monitoring Team, bu difficulty of access may
be a problem

i) Abaiang Atoll

Due toitsclose proximity to Tarawa, Abaiang can be visited by the Fisheries
boat. Therefore the three established sites around Abaiang should also be monitored
on an annual basis usng SCUBA. These sites were established duingthe post-
consultancy expedition to Abaiang on Nov 22-24, 2007. Other marked sites around
Abaiang can be visited using broad survey techniques.

i) Outer Atolls

Monitoring sites shoud be established at representative atollsin the north
central and southern portions of the Gilberts/ Kiribati island chain. The priority atolls
include Butaritari in northern Kiribati (completed); Kuria and Abemama in central
Kiribati; Beru, some combination Tabiteuea, Onotoa and Nonoutiin south-central
Kiribati; and Tamana in southern Kiribati to correspond with other KAP work. The
nunber of sites established on each atol wil depend on the diversity of coral reef
environmentsidentified during initial broad scale surveys andthe time available for
sampling. The expense and time required to visit the outer atolls limits the frequency
of monitoring. Ideally, each atoll wil contain 4-8 monitoring stesandthese sites will
be monitored every two years.

In all of the atolls, as with Tarawa and Abaiang, monitoring sites are to be
chosen using geographic analysis of the reef environment before each visit and manta
tows of the accessible reefs of interest. Individual stes should be selectedto represent
each of the different reef environments. For example, if manta tows reveal two widely
disparate reef environments within relatively close proximity, two separate
monitoring sites should be created. For every location visited, even those that do not



become permanent monitoring stes, visual surveys of each site shouldalso be
conducted and reported.

At each site, alist of monitoringtasks (attachedfile) isfollowed. This begins
with markingor checking the coordinates usingthe GPS and witing a site
description, and ends with double-checkingall the collected data. Ideally, data is
collected via four 25 m point intersect transects (PITs) at both shallow (2-4 m) and
deep (10 m) environments. The shallowPITs can be conductedvia free-dving; deep
PITs requre SCUBA equpment.

In some locations around Tarawa and Abaiang, the strong wave environment
prohibits shalow sampling, so photo-quadrats can be taken at 4-7 m depth instead. At
the outer atolls, where SCUBA equipment is not available, photo-quadrats at 6-7 m
depth should be substituted.

iv) Bleaching Protocol

The final component of the Coral Reef Monitoring System is a set of steps to
be undertaken in the event of a mass coral beaching event. This protocol was
reviewed during the Workshop; the relevant formsandtabes are includedin the
Workshop materials.

The United States government’s NOAA Coral Reef Watch program
(http:/coralreefwatch.noaa. gomonitors the sea surface tem peratures via satellite to
predict the occurrence of coral beaching acrossthe planet. The program produces
global maps of coral bleaching indices commonly known as “hot spots” and “degee
heating weeks” (DHW) twice a week. Ifthe DHW value exceeds 4, a Bleaching Alert
Level 1 isreported, indicated the possihility of some coral bleaching in that location.
If the DHW value exceeds 8, a Bleaching Alert Level 2 is reported, indicatedthe
possihility of severe coral bleaching with asso ciated coral mortality in that location. In
the event of a Bleaching Alert in Kiribati, a notice will be sent to the intemational
Coral-List maintained by NOAA Coral Reef Watch and to all relevant personnel
worldwide.

In the event of received a coral beaching alert, the personnel in charge of the
Coral Reef Monitoring Protocol shouldfirst a request to all personnel, to Fisheries
assistants on the outer islands and to the local community to collect any anecdotal
observations of coral bleaching. After collection of anecdotal observations, broad
scale surveys (using manta tows) should be conducted in locations where bleaching
was informally observedandat established monitoring sites. The benthic cover should
be classified using the (0-4) bleaching category table.

Monitoring should then be conducted are established sites using PITs or
Bleaching Belt transects. Corals should be cdassfied based on the extent of bleaching
and by genus, as demonstrated during the workshop. Preliminary data should be sent
to the International CoralList in accordance with standard practice with other
monitoring systems worldwide.

Repeat suveys should be conducted at established monitoring sites visited
duingthe bleaching event. The typical schedule istwo month after bleaching, six
months after bleaching and one year after bleaching The schedule can be adjusted
slightly to fit with the existing monitoring schedule.




5.Preliminary Data Analyss

The data collected during surveys of reefs around Tarawa, Abaiang and
Buaritari are provided in separate fileson the CD accompanying thisreport. The
Abaiang survey was conducted after the official completion of this one-month
consultancy, and data analysis is stil ongoing. Theraw suvey data is provided in
Microsoft Excel Files listed by site ID (site names and|Ds are listed in Appendix D).
Asummary of the data for each siteis presented in the “ Site Descriptiorjif’ filgbe
interest of brevity, an overview of the preliminary findings on the different atolls is
presented here. Afull discussion of the resuts is not possibe untilthe ongoing
collection and analysis of the data around Abaiangand Tarawa is completed andthe
other central and southem atolls have been studied.

Tarawa

Monitoring of the coral reefs of Tarawa is still ongoing so the percent cover
data is not reported yet. In general, the data collected to date confirms some of the
spatial pattern in coral reef environments notedin previous studies. Patch reefs in the
lagoon are dominated by branchitgopora sp. The extent of rubble and dead coral
suggests possible lingering effects from bleaching in 2004. T he reefs of North Tarawa
and the ouer reefs of South Tarawa have a curiously low cove&roporasp. and in
many areas are dominated by the usually rare El@ldora sp. (or “due coral”)
which is more closely relatedto soft than hard corals, maBavitessp., coralline
algae andthe aldgdalimeda. Pocilliporasp. isalso represented, but the number of
dead colonies exceeds the num ber of living colonies in some regions.

Futher surveys are necessary to contrast coral cover in North and South
Tarawa and to properly measure the extent of recovery from the bleaching event of
late 2004. LittlePorites rusthe coral thought to be favoured in South Tarawa after
the bleaching event, was seen duringvisual surveysat 4-6 m depth or during10 m
PITs in Teaoraekeke. Surveys at Bikenibeuand addtional surveys at Teaoraek eke
wil help determine whether the expansion of this more bleaching-resistant coralis a
genera phenomenon, restricted to location of past field surveys, or a statistical
anomaly

Abaiang

An expedition to Abaiang was undertaken after the completion of the KAP
contract. The results presented here are based on PITs andvisual surveys; analysis of
photo-quadrats by MFM RD personnel isongoing and designedto serve as a final test
of benthic identification abilities (it will be checked against expert analysis). As in
Tarawa, sampling at the eastern and souhem outer reefs is prohibited by the rough
conditions.

Live hard coral cover at the 10 m depth on the western outer reef ranged from
25-35% and dominated by masskeritessp.,Faviid sp. andHeliopora The alga
Halimedais abundant. Live colonies of the usually common branching corals
Acroporasp. andPocilliporasp. were uncommon; many dead colonies, particularly
Pocillipora sp. but also some digtaferoporasp. and some tabul&cropora sp.,

! For uninitiated readers , benthic cover during broad surveys is typically reported as follows: Category
0=0% Category 1 (1-10%), Category 2 (11-30%), Category 3 (31-50%), Category 4 (51-74%),
Category 5 (75-100 %).
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either covered in coralline algae or turf algae were noted. These species are known to
be lessresistant to coral bleaching.

Post-bdeaching surveys in 2005 using the photo-quadrats found coral cover to
be lessthan 25% at all three western reef sites and also noted a high number of dead
colonies ofPocillipora sp. This preliminary data suggests some slow recovery of
coral cover from the bleaching event; analysis of the photo-quadrats, to beincluded in
the final report by the National TA, will provide a more complete picture.

Butaritari

The expedition to Buaritari was intended both for training and data analysis.
Surveys were restricted to the western outer reef and western half of the lagoon due to
the prevaiing winds. Surveys were restricted to shallower depths due to lack of
SCUBA equipment and facilitieson theisland (as will be the case at other ouer
atolls).

Live hard coral coverin the SW outer reef was high at 41% and heavily
Acroporadominated (comprising 79% of hard coral accordngto data collected by
myself; other observers will still leaming identification at the time). The reefsalong
the passage to SW outer reef were #sooporadominated, including an area of
large formations of tabular and 3D branching spe &esiliporasp. wasrare in both
environments.

Alternatively, live hard coral cover waslower at a NW outer reef site (16%)
and featured littlécroporasp. anda large number of deRatillipora sp. covered in
coralline algae. Shallow reefs adjacent to the central lagoon passage has similarly low
live hard coral cover, however deeper and cooler areas along the passage featured
luxuriant growth including tabulakcroporasp., large bouders ¢foritessp. anda
diversity of other corals.
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6. Database framework

The Coral Reef Monitoring Program requires analysis of four types of
monitoring data: i) visual site surveys, ii) mantatows, iii) point intersect transects/
line intercept transects, and ) photo-quadrats. The simple database framework
developedfor the Monitoring Program and used in preliminary data analysis is
described below.

Visual suwveys

Simple visual site descriptions are to be written for the initial visit to each field site,
usingthe descriptions provided in the Tarawa, Abaiangand Butaritari data as
templates.

Manta Tows

Manta tow data should be compiedin Microsoft Excel using the template provided
(Manta Form.xls) provided. The information isthen sunmarized in the site
descriptions and usedto explain the choice of monitoring sites.

Pointintersect transects (PITs)

Point Intersect Transects should be entered into Microsoft Excel usingthe template
(PIT Form.xls) provided. Each 25 m PIT isenteredon a separate page. Standard
deviation and standard error for Hard Coral cover, Acropora cover and Algae
(including Deal Coral with Algae) cover is included. The summary page shows the
collective results of the four PITs at the particular site and depth. A separate file can
be used for each ste and depth to avoid confusion.

Line intercepttranseci@d. Ts)

Although PITs are the method of choice for the Monitoring program, a Microsoft
Exceltemplate (LIT Form.xls) is included for Line Intercept Transects in case
complimentary data in collected at any stes

Photo-quadrats

The photo-quadrats are analysed using the freely available software CPCe Version
3.4. MFMRD was already in possession of a copy. The basic operation of the software
was reviewed at the workshop for the uninitiated. The software generates output into a
Microsoft Excel spreadsheet.
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7. Summary
Coral reefs and cim ate change

The coral reefs of Kiribati and much of the Pacific face a number of well-
documented local and global threats. Despite the dependence of the people of Kiribati
on coral reef resources, for foodand income, and the protection that the outer reefs
provide from coastal erosion, the corals and coral reefs of the Gilbert Islands of
Kiribati have not been the subject of much research or public attention. This is
reflected by an anecdote from the Workshop. The MFRMD staff found it difficult to
translate the presentations from English into i-Kiribati for the two repre sentative of
the BFA because there are no local words for different corals.

Preliminary data analysis and previous research suggests the coral reefs of
Kiribati are already beingaffected by the growing human popuation through
increasing sewage and increased demand on reef resouces. These pressures are one of
the explanations for the low coral cover noted on the Southern Tarawa and in those
areas of lagoon where reef formation is possible. The outbreaks of toxic fish
poisoningon the outer atolls may also be related to increased pressure on marine
resources andthe expansion of aquaculture; toxic bacteria and algae may be more
likely to growon reefs with high nutrient inp ut (from sewage), low grazing fish
biomass, andspread of exotic plants (from aquaculture, as appearsto have happened
in parts of the Butaritari lagoon).

Science suggests climate change may pose an existential threat to many reef-
bulding corals worldwide and lead to widespread degradation of coral reefs
ecosy stems. More frequent coral bleaching events, especially when com bined with
local disturbances like fishing, pollution or sedimentation, are expected to keep coral,
fish and inverte brate speciesrichness low. Therise in oceanic carbon dioxide
concentrations also posesa threat, though at present, this is difficut to quantify.
Long-term degradation of reef ecosystems, from either cause, could have serious
consequences for the marine resources that sustain the economy and the people of
Kiribati.

The best present option of Kiribati is to monitor benthic cover andthe
associatedfish and invertebrate community in hopes of identifying spatial patterns
and relationship between different variable that can be eventually used for
management. The aftermath of a coral bleaching event, like that in 2004, can provide
an opportunity to characterize the vulnerability of dfferent coral reef environments.
Evidence from ongoing surveysalso suggest that hard coral cover in Tarawa,
Abaiang, possbly Buaritariand other atolls was reduced by the coral bleaching event
in 2004. One of the most noticeable changes, which must be confirmed by continued
monitoring and data analysis, isthe number of dead coloniesadfipora, a genus
of corals known to be highly sensitive to bleaching

This preliminary evidence, however, also suggeststhat coral cover may be
more resilient to bleaching in Kiribati than other parts of the Indo-Pacific. Mass
bleaching events in some other parts of the tropics including the Seychelles and Palau,
triggered by warm water anomalies similar to that which occurredin the Gilbert
Islands in 2004, caused over 90% coral mortality and have required a minimum of 5-
10 years for the coral cover to return to close to previouws levels. It is possible that the
coral reefs of the region may be more adapted to wthstand warm water anomalies —
either through adaptation by individual speciesor by selection of species that can
suvive in a tougher thermal environment — due to Kiribati' s location in the central
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equatorial Pacific and exposure to the El Nino / Southern Oscillation. Upwelling of
cooler waters may also reduce the severity of coral bleaching in some areas. These
factors may explain the dominance of the “blue coral” of the geielispora

normally uncommon in the Pacific, andthe low cover of the more temperature-
sensitive kranching corals of the ger\asopora andPocillipora.

Long-term monitoring of sites in a variety of coral reef environmentsaround
Tarawa and the Outer Atollsis the only means by which to fully answer these
guestions andto dagnose the vulnerability of the coral reefs and marine resou ce to
the combination of climate change and other stresses. The trainingMFRMD and
MELAD staff in benthic monitoringtechniques andin benthic identification has
provided the capacity for Kiribati to maintain a coral reef benthic monitoring
program. The continuation of this program over time is critical to identifying how
Kiribati can adapt to changesin the local coral community and coral reef ecosystems
that may occur in the coming decades.

Adaptation options

There are no direct management actions that can prevent a coral bleaching
event. Kiribati as a nation also has little control over the predictedrise in ocean
temperatures, expected to increase the frequency of coral beaching events, or the
predictedrise in oceanic carbon dioxide concentrations, expected to affect the
chemical environment for corals. The adaptation strategiesfall into one to two
categories.

1. Actions that assist the ecosystem in surviving to the climate change

2. Actions that increase the adaptahility of the human population to achange in
status of the ecosystem (ie. areduction in the delivery of gopods and services to
the human population by that ecosy stem)

Under the first category, there is increasing evidence that reducingother lo cal
stresses to a coral reef, while not preventing coral bleaching from occurring, can
increase that reef’s ahility to recover from the bdeaching event. Sewage or nutrient
pollution and removal of grazingfish both promote the growth of fleshy algae which
competes with corals for space on the reef. Reducing nutrient loadingandfishing
pressure can provide corals with a better opportunity to reproduce and spread after a
coral beaching event.

One common method of controlingthese local pressures is the creation of
Marine Protected Areas (MPASs) and associated no-take zones. The Coral Reef
Monitoring Program can help identify areasthat are most affected by local stresses
and areasthat may be more naturally resilient to bleaching due to the composition of
the coral community of upwelling of cooler waters (as noted in the central lagoon
passace in Buaritari). The creation of MPAs could also help the development of a
small snorkeling or dve-based tourism economy, avery under-exploited industry in
Kiribati. Alarge recreational dive industry is not feasibde without the availability of
medical facilitiesto deal with potential dive accidents. However, smal operations,
even well-managed trips through the local hotels to the sheltered patch reefs in the
Tarawa lagoon could provide an alternate source of income.
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Another approach is to simply improve management of extractive coral reef
resource industries and aquaculture projects, includngreeffish for the aquarium
trade, the sea cucumber trade, and seaweedfarming While these subjects fall outside
the domain of this project, it is must be noted that these industries can have cascading
effect on coral cover, with in tum can affect the sustainability of the very resource on
which the industry is based. Any reef fish trade or aquaculture projects must be
investigated with care. For example, anecdotal evidence suggests that the farming of
exotic seaweed species in Butaritari in the past has ledto extensive growth of that
seaweed in the lagoon. It may also be related to the outbre aks of toxic fish poisoning.
Ouside expertise on aquacultture must be carefully considered when an outside
aguacult ure expert statesthat a species is acceptable to farm in Kiribati, they are
referring to the ability of the speciesto grow in the loca environment, and not to the
threat that species may pose to the local environment if not carefully controlled.

The second category of adaptation strategies — reducing reliance on coral reefs
and coral reef resources — will prove challenging to Kiribati. The pop uation of
Kiribati is highly dependent on the reef fish andinvertebrates for food, and income.
The development of industries not related to coral reefs or coral reef resouces,
alternative livelihoods and shoreline protection measures are long-term strategies that
fal under the auspices of other KAP projects. These strategies should be considered
long-term, on the order of decades, means to adapt to possible degadation of coral
reef ecosystems in the future.
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8. Final Recommendations (16)

1.Monitoring system must be continued long- telims impossible to discern the

effect of cimate change or local pressures lik e pollution and fishing on the coral reefs
of Kiribati and determine appropriate strategies for adaptation with one-time
collection of data. The sites established during this program must be monitored on an
annual or bi-annual basis. This is particuarly critical in the event of a mass coral
bleaching. Annual funding from the Kiribati or KAP, the World Bank, AusAID or

other agencies is critical to maintaininga consistent program and learningthe effect
that cimate change and local pressues are having on the coral reefs of Kiribati.

2.The monitoring program must be institutionalized to ensure that it continues long-
term and that data is collected in a serious, organized mahmary experience here,
disorganization, inadequate maintenance of equpment, andlax analysis of field data,
in that order, will be the largest obstacles in managnga monitoring program. The
followin g are recommendation s for institutionalizing the program:

i) Create a Coral Reef Monitoring Team of 8-10 people. The team should be
led by the national TA/ Team leader and consist of the four key Fisheries
personnel (Taratau Kirata, Toaea Beiateuea, Tebaua Sapotu, Aranteiti
Tekiau), other interested and qualified personnel from Fisheries (Kobue
Norman, Tuake Teema, perhaps others) andtwo representatives of
MELAD (Mike Foon, Noketi Karoua).

1)) To bea member of the team, an individual must be willingto participate in
monthly meetings, monitoring and/or post-monitoring data analysis. The
size of the team should be maintained over time; if any members leave,
others should be trained to join the team.

i) At the begnning of each month, theTeam Leader should holda meeting to
review work conducted the previous month, discuss the monitoring and
data analysis plan for the month and assign responsihilities for the
monitoring trips. On a four-person trip, the responsibilities can be divided
into trip leader / science coordinator (National TA), dive leader, transport /
fuel and food.

iv) Representatives of KAP and officials from Fisheries should either attend
the meeting or receive a separate briefing on work by the team.

V) To avoid mistakes, a list of the required equpment for monitoring trips
and the tasksto perform at the montoring sites should be taped to the door
of the National TA’s office and be attachedthe front page of the sampling
notebooks.

Vi) At the conclusion of each meeting, the Team leader should copy all data to
the backup drive.

3.The monitoring proto col must remain consistent over tiiie protocol should
also be consistent across sites with variation permittedonly due to resource (eg. scuba
gear) or access (eg., rough conditions) limitations.
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4.The National TA should lead the Coral Reef Monitoring Team in the com pletion of
the ongoing monitoring around Tarawa and in establishing monitoring sites at the
outer atols, as outlined in the proposed schedule (Appendix B).

5.MFMRD and MELAD personnelinvolved in monitoring without should complete
PADI advanced open water dive trainir@ne possibility is for MFMRD andor KAP

to bring two PADI instructors for Kiribati for 1-2 weeks to complete training. Another
option is to send Toaea Beiateuea of MAM RD, already a PADI Assistant Instructor,
alroadto Fijior New Zealand to train to become afull Instructor cap able of certifying
other divers.

6. The monitoring team should follow a regular protocol for all SCUBA woinks
includes appointing a dive leader, setting a dive plan, conducting “buddy” e quipment
checks and regularly checking status of partner during dives. SCUBA work in Kiribati
must be undertaken with caution due to the lack of sufficient medical facilities for
treating a dive injury.

7.Monitoring of coral reef fish and invertebrates using standard methods employed
by Fisheries (UVCs, belttransects) should be conducted where fedsildadata is

usefulto MFMRD and to determine whether changes in the fish and invertebrate
population are affecting benthic cover, or vice versa.

8.An em phasis must be placed on the data quaditgrder to be a part of an

expedtion, the participant must be: a) able to identify, with confidence, benthic cover
at level three on the code list, b) a qualified SCUBA diver (for deep sites), c)
competent at free-divingto avoid injury and also to avoid laziness affecting data
collection, and d) willingto participate in post-monitoring data analysis, particularly
identification of unknown corals in photographs or benthic identification in photo-
guadrats. An experienced member of the monitoring team should accom pany any
inexperienced participants during transect work to do uble-check their findngs.

9.The future dimate scenarios used by KAP must include sea surface temperature, a
critical variable for corals and other m arine organisnidis request has already been
made with NIW A.

10.Alist of required equipment has been advanced to the procurem ent officer;
unspent equipm ent funds should be reserved forthe use of coral reef monitoring team.
The funds will be able to cover the costs of any equpment breakage, excess
transportation costs or unexpected needs.

11. The subject of coral reefs, their role in Kinbati culture and life, and their status,
should be included in the comm unity consu ftation pro dess may help collect
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anecdotal observations of changes in coral reef health on the outerislands andhelp
raise awareness of the importance of corals in sustaining key marine reso uces.

12. The National TA should be sentto the International Coral Reef Society
Conference in Florida, USA in July 200Bhis meeting of the world's coral reef

experts is heldonly once every four years. Presenting results from the Coral Reef
Monitoring program at the ICRS Conference would be the best opportunity to share
the results of the work with the scientific and marine conservation community and to
raise awareness of the need for ongoingfundingof monitoring in Kiribati. | would
also be an educational opportunity for the TA. Travel grants may be available to
participants from developing countries.

13.The Leader of Coral Reef Monitoring Team should join the international Coral-
list (via NOAA Coral Reef Watch) to receive notices about findings in the region and
to report findings from KiribatiT his wil also ensure that the Coral Reef Monitoring
Team is informed of possible development of coral bleaching in advance, and can
properly follow the beaching protocol.

14. Any decline in coral cover and associated increase in dominance of macroalgae
(and Halimeda), either in response to a direct event like coral bleaching, or not
should be viewed as an indicatorofan overall decline in the health ofthe coral reef
ecosystemMore specific changes in benthic cover, including shifts in dominance
within the coral community, can also have important effects on the functioning of the
entire ecosystem, but are more complicatedto dagnose and predict.

15.The Kiribati government should consider transforming any areas of coral reefs
deem ed particu larly resilient to coral bleaching (by the Final Report of the National
TA orfuture reports) into Marine Protected Areas or provisional no-take zadimees.
creation of Marine Protected Areas (MPAS) can increase resilience of coral reef to
external stresses like bleaching. The MPAs may be able to help “seed” neighbouring
reefs affected by external stresses.

16. The Coral Reef Benthic Monitoring TA should be serve asan advisorto the
National TA and be actively involved in the preparation ofthe final report to KAP in
one year's timeThe MFEMRD and MELAD staff have been trained and are prepared
to perform the samplingandthe data analysis and to report the findings. There will,
however, be instances where benthic identification and decisions of site selection
require external advice. The interpretation of the data would also be improved by the
involvement of a scientist with expertise on corals in general and, specifically, the
coral reefs of the region.
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Appendix A. Lig of Attached Files

Coral bleaching and monitoring workshop presentations (Powerpoint)
» Day One —Morning
* Day One — Afternoon
e Day Two
» Day Rve

Sampling Guide: a short guide for planningfield trips including equipment lists, steps
to take at field site and recommendations of taking underwater photogaphs (Word)

Benthic identification presentations, practice materials and list of coral codes for
benthic analysis (in Benthic I dentification folder)

Database templates for data analysis (In Data Forms Folder)
Monitoring data from Tarawa, Abaiang, Buaritari (In Data Analysis Folder)
Site summaries from Tarawa, Abaiang, Butaritari

A copy ofthe 2005 Report on Bleachingin the Gilbert Islands, Kiribati preparedfor
the NOAA Coral Reef Watch Program.

Coral photostaken during monitoring (In Coral photosfolder, arranged by site). The
species in these photos continue to be analysed.

Al computer materials and files — includingthe work shop presentations and the
benthic identification materials — are intended for the use of KAP andthe future Coral

Reef Monitoring Team. They are not to be shared with outside parties. Some materials
include images and figures which belong to Smon Donner or a publisher of Smon
Donner’s work, and are thus cannot be reproduced without his written permission.
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B. List of Workshop Participants

Belowis alist of workshop participants along with their self-reportedfield exp erience
and SCUBA training who were present to complete a survey.

Name Organization Field Experience Scuba experience
Karibanang Tamuera Fisheries Some None

Teitioma Ukerlo Fisheries Transects None

Aranteiti Tekiau Fisheries UVC, fish counts Learning

Tebaua Sapotu Fisheries UVC, fish NAUI

Taratau Kirata Fisheries LITs, Quadrats NAUI

Toaea Beiateuvea Fisheries LITs PADI Divemaster
Tuake Teema Fisheries Fish, invertebrates =~ PADI Advanced
Arolati Beia Fisheries None None

loane Kaotia Fisheries Some None

Kobure Norman Fisheries Little None

Noketi Karo ua MELAD Little NAUI

Mike Foon MELAD Sewage outfall study Some

Itaaka Monokoa BFA None None

Takui Katatia BFA None None
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C. Proposed Schedul e for National TA

The eight month schedule is spreadover almost an entire calendar year, to
accommodate the TA's other professional obligations andthe best periods for
conducting field work. In general, the goal of this schedule is to maintain 2-3 weeks in
Tarawa between sampling trips to the outer islands. The time will be necessary for
data analysis and planning the subsequent trip. The schedue must be flexible because
monitoring is often dsruptedand postponed by incement weather.

NOVEM BER and DECEM BER (KAP MONTH 1)
- Complete samplingaround Tarawa (Na’a, Bikenibeu, T eaoraereke)

- Conduct one-week sampling trip to Tamana
- Perform analysis of Tarawa and Tamana data

JANUARY — KAP break; Fisheries excursion (P ROCfish) to FanningIsland

FEBRUARY (KAP MONTH 2)
- Conduct one-week sampling trip to Kuiaand Abemana
- Perform analysis of Kuria, Abemama and possible Fanning data

MARCH (KAP MONTH 3)

- Conduct one week trip to Beru

- Additional trip to Abaiang, dependngon resuts of ongoing work
- Perform data analysis

APRIL (KAP MONTH 4)
- Conduct one week trip to representative southern island (T abiteuea, Onotoa or
Nono uti)

- Perform data analysis
- Begin preparation of preliminary report for presentation in Juy

MAY and JUNE — KAP Break; return to Fisheries work

JULY (KAP MONTH 5)
- Present results at International Coral Reef Society Conference in Florida, USA
- Conduct three day trip to Maiana, perform data analysis

AUGUST (KAP MONTH 6)

- Conduct field trip to alternate southern island (T abiteuea, Onotoa or Nono uti)
dependingon success and location of previous trip

- Perform data analysis

SEPTEMBER (KAP MONTH 7)

- Prepare report for KAP and scientific analysis of data, with assistance from
consultant or outside collaborator

- Complete any outstanding field surveys

OCTOBER (KAP MONTH 8)
- Conduct return tripsto Tarawa field sites and Butaritari
- Do comparative data analysis
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D. Sitelist (to date) with Ste maps

The tables below contain the list of monitoring sites visited duringthe KAP
consultancy, as well as recommended further sites in Tarawa. Sites in italics in
Tarawa would benefit from areturn visit to complete data collection. Further

monitoring sites on other outer atolls wil be established during future visits by the

National TA.

1D Site Latitude Longitude Decri ption

Tarawa

TRWO001 CentralLagoon NO01'25'51.2" 17259'12.¢ Patch reef, #14 fro Lovell 2000,
SSTlogger placedon Nov 1 07

TRWO00: Teaoraerek N01°19'59.4" 173°01'17.4°  SSTlogger placed Nov 14 07 at
m depthon reef slope

TRWO0O: N Centrad N01°26'38.7 173°00'54.¢ Small; irformal surveys

Lagoon

TRWO00Z N Lagoon Patc | NO1°2/7'51.F 172°58'24.¢ Like001, #15 from Lov ell, 20C

TRWO005 Naa N01°37'57.0" 172°58'02.1" Difficultaccess due to currents

TRWOOE N Tarawa Tip N01'38'04.2" 172°57°00.% Start manta tow to O(

TRW OO0, NW Ref N01’37°04.0” 1725601.0"  #7, Lovell 200(

TRW 008  Bikenibeu N01°21'28.5” 173°08'44.7"  Offhospital,low cover

? N Tarawa KAP field site

? Bainki or Betio? Sites of sewage surn

ID | Site Latitude | Longitude | Description

Abaiang

ABG001 Confuson Ree N01°51'30.7’ 172°52'46.6° Photo quadrs in 2005, 200

ABG002 WesternRe N01°52'55.1’ 172°49'04.6° Photo quadrats in 2005, 2C

ABGO03  Tebontike N01°43'04.6’ 17258'59.T From2005 survey

ABGO04 Channe N01°51'45.2 17252'48.7 Informalsu rvey onh

ABGO05 NW Reel N01°55'15.3 17248'14.2 Start of manta tows, 20(

ABGO006 Tow enc N01°53'16.1" 17247'03.2 Near Nuoteivideo, 200"

ID | Site Latitude | Longitude | Description

Butaritari

BUTO01 SW Lagoon N 3°05'33.2" 172°44'50.1 High cover atdepth tonot

Access

BUTO02 SW Tip N 3°02'34.3" 172°4528.7 Start manta tow

BUTO03 SW Outer ree N 3°4'23.C" 172°4448" High Acropora cove

BUTO04 NW tip N 316'15.0" 172°40'48.4 Start manta tow

BUTO05 NW Outer ree N 3°12'38.5" 172°42'04.7 No Podillipore

BUTO06 Pead Farr N 3°8'18.t" 172°4312.7 Installed SST logger, Nov 7 (

BUTO07 Central lagool N 3°08'39.3" 172°4324.5 Start manta tow

BUTO08 Central pass& N 3°09'15.8" 172°4257.3 High cover, larger colonirat

depth along cool channel
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Tarawa site map, created with Goodge Earth. Sites include permanent monitoring sites
and locations visually surveyed during Novem ber, 2007. Additional permanent
monitoring sites may be added at a later date
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Abaiang site map, created with Google Earth. Stesinclude permanent monitoring
sites and locations visually surveyed duringNov 22-24, 2007 expedition.
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Buaritati site map, created with Google Earth. Sites include permanent monitoring
sites and locations visually surveyed during Nov 4-8, 2007 expediion.
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Appendix E Equipment needsfor C oral Reef Monitoring

A.Diwe and diverelated equipment

Recommended vendors for scuba-related equipment:

Oceanic Australia

Abyss Scuba Diving

Scubadoctor.com

Scubatoys.com (US)

Leisure Pro (US)

1. THREE Standard Scuba Diving Kits, each including:

- One Buoyancy Compression Device (BCD) made from fadeless Denier nylon,

with two Velcro pockets, quick release shoulder adjustments and plastic d-ring
attachment points (order two size large, one size medium)

- One regulator andfirst stage with integrated purge button, demandvalve
designed to US Navy's Cass A standards at 198 feet

- One alternate air source andsecond stage device with yellow hose, yellow
purge button and demandvalve

- One scubatank pressure gauge, recordingin P S

- OPTIONAL (if available asa part of a package) one maximum depth gauge,
recordngin metres

NOTE: These items are available separately bu MUST be purchased as one package
unit from one vendor to ensure com patihility.

2. Weight belts (3)

Three weight belts, minimum 60 inchesin length with either a Delrin or stainless steel
buckle. No weights are required.

3. Desccant slica gel packs (50)

Desiccant silica gel packs designed to absorb moisture in underwater camera
housings. They are commonly sold in packages of five.

NOTE: The gel packs must remain inside the sealed plastic bag until use or they will

be spoiled

4. Flat underwater slates (four)
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White 6 x 8 inch underwater writing slates with clip or buckle and pencil with safety
leash. We require four.

NOTE: Slates must have no markings on either side (e.g. the company name).
Otherwise the area for taking notes is limited.

5. Wrist slate

One three-panel white underwater writing slate with Velcro wrist strap and pencil
with safety leash.

6. One medium dry bag

One sealable clear or semi-clear dry bag, volume of 20 L.

7. Waterproof writing notebooks (five)

Five all-weather 4 inch x 6 inch spiral notebooks with polyethylene cover and
waterproof paper. Each shoud contain a minimum of 50 pages.

8. One scuba diving equipm ent tool kit

Many kits including multiple tools use for maintenance of dive gear are commercially
available. It is best to order the toolsasa kit NOT as individual items.

The kit should include, at the very minimum: Scuba Wrenches designed to fit
regulator 1st stage hose attachments, a professional o-ringtool, a 10 piece o-ringKkit, a

small (1/4 oz.) jar of silicone grease. Other tools in the kit may include tie wraps,
Phillips and flat head screw drivers, needle nose pliersand a hex wrench set.

B. Hectronic Equipment

These items should be available from any electronics vendor in Australia or the
United States.

1. Digital Camera

One 7.1 megapixel digital camera with the following specffications:
- 6xopticalzoom
- 1 cm macro functionality
- a25inchLCD screen
- eight position white balance
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- some form of optical image stahilizer
- camera must also be designed to fit the Canon WP-DC6 underwater camera
case.

NOTE: Acameranot matching these specifications will be incompatible with other
equipment
2. Geographical Positioning System (GPS)
One handheld GPS designedfor outdoor use, with the following specifications
- minimum 16 MB storage
- 4-evel grayscale LCD screen with backlight, minimum 2 inches,
-  WAAS/EGNOS-enabled
- storage of at least 300 waypoints, 10 roues andfive track logs with up to 2000
points each

- rubber-armored, water resistant and shock resistant
- atleast 14-parallel channel

C. Software

1.Coral ID CD

This coral identification software is produced by, and only availabe from, the
Australian Ingtitue for Marine Sciences (AIMS). Only the CD is requred:

http:/Avww.aims.gov. aupages/coralsworld/cotw-0l.htm
It can be ordered by e-mail or fax (61 7 534481).

D. Specific needs

1. Air Cattridge and Filter for Compressor

One replacement air cartridge and one replacement filter designed for the Junior II-G
Bauer High pressure breathing air compressor with P21 filter system. The

manufact urer is German: http://www. bauer-kompressoren.de/

E. Itemsforlocal purchase

The following items were described with ful technical specificationsin a separate list
provided to the procurement officer

1. Two 50 m measuring tapes with plastic case and handle
2. One laptop, with minimum 2 MB Ram, 120 GB Hard Drive

3. One external hard drive, with 150 GB m em ory
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