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In fondest memory ofPapa Rongo Taiaof Te Tautua who
passed away on Sunday 29November 2015. A wise and very
good man, and a Keeper of Nature.

Papa Rongo Taia: 56 Anniversary of Cook Islands Independence,
Te Tautua, August 4 2015 Photo by Dr Michael White.
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Sea Turtles in the Cook Islands: Volume Two (2013€45)

Tongareva Henua

This journal mostly describes the research andesgason efforts that are ongoing

on Tongareva Atoll in the Northern Cook IslandseTtoll is shown to be the most
important sea turtle habitat in the nation and easmgly it appears to have
considerable prominence in the central South Ragikerhaps even being the most
important in this part of the world. Tongareva lthe paramout nesting beach for
green turtles in the Cook Islands; the lagoon teeelopmental habitat for juvenile

green and hawksbill turtles; and mating occurs eafs and in the lagoon, thus
making this atoll a critical habitat for chelonians

There are several reasons underpinning the atolisrtance: the foremost being the
low number of people present and minimal impaamfany building development. It

is also clear that our conservation approach igecarOur intention is to maintain an
abundant, healthy and diverse ecosystem; and, mpsirtantly, to pass this on to

future generations so that they will have even ntbem we do. Looking from an

animal's perspective it seems likely that a cleanrenment, and an absence of light
pollution, noise, and intrusive human activitiesuleball add to the attractiveness of
Tongareva's habitats, particularly for egg-layingew a femaléonu(sea turtle) seeks

a quiet, dark, undisturbed place in order to pratere

In stark contrast Rarotonga in the Southern Colalndts, which should support honu

nesting, does not. Its entire coastal zone is dgeel, mostly for the tourist industry,

which provides the country's primary source of meo Roads are adjacent to the
beaches, light pollution is ubiquitous, people wamaround the shoreline for much of
the night, so that quiet and dark habitats do rist.elagoons are degraded by human
activities, including terrestrial run-off, but theorst impact is building development

on most of the sandy beaches: leaving few, if pigces available for honu nesting.

Rarotonga's nearshore waters do support foragemg¢usies, but even these can suffer
from noise pollution or human pressure. A receranggle in 2012 was the dredging

and extension of Avatiu harbour that caused massltagion on the northern reefs,

forcing the seemingly-resident honu to leave (Wpdes. obs.

Kuki Airani (Cook Islands) has two very distinct realitiesvesternised cash-based
society on Rarotonga that is largely disconnectechfNature; and the Outer Islands,
which are mostly subistence-based, living closelywened with the natural world,
which provides most of their needs. These two tiealido not sit well together, nor
do their underlying philosophies. Rarotonga’'s matiggovernment views things from
a financial perspective; while thonisara(lsland Councils) are more concerned with
food-security and the well-being of their commussti Nowadays people in remote
atolls do need money to pay power and phone laitigurchase additional supplies
(e.g. rice, flour & oil), but having a pristine, dthy and abundant ecosystem is far
more important. The pragmatic view is to accept éhgironmental degradation of
Rarotonga, which drives the national economy; whaking great care to conserve
and enhance biodiversity in the Outer Islands tsuen the safety and food
sovereignty of our future generations. Howeverisitnot quite as simple as this,
because our planet is also under severe threatritonerous far-reaching problems.
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These pressures include human population growtihagiclimate change and more
frequent extreme weather events; increasing biosityeloss and habitat destruction;
increased ocean acidification; pollution (the oseare full of plastics); overfishing
and its associated bycatch; unsustainable usetofahaesources; and potential sea
level rise. There is clear evidence that the icme#d) glaciers and permafrost around
the world are melting, which is bound to affect tilebal ocean. Although some of
Rarotonga and the makatea islands might continusgadlevel rise of 1-2 metres
would overwash the atolls and and put pressureemplp to leave. So that readers
truly understand: at the end of the last Ice Admua 11,000 years ago, the Irish Sea
rose by 140 metres; and the Strait of Gibraltar fwased.

Kuki Airani and other similar small nations are iyghced to lead the world in a new
direction. The business-as-usual model ~ destroyurgplanet for financial profit ~ is
a road to nowhere. We cannot eat money. Nature take to grow and reproduce, so
if we wish to survive then we must put more effiotb activities and practices that
are beneficial to our planet, such as tree plaraimg) sustainable land-usage; and we
must avoid ecologically harmful ones, including apyessures that result in
biodiversity reduction or loss, and habitat degtiathaor destruction. Our situation at
present is that many different global threats amlmning to make life on Earth very
challenging. It is no longer just a case of addngssne factor or another: it is time
for us to completely review how we co-exist withr guianet and all of the other life
forms in our Biosphere. This will not be an easskiaas our present ways-of-life are
based upon gross carbon usage, unsustainable cesose and complete uncaring
towards the natural world. Furthermore these ingacé not equitable, the poorest
people suffer greatly trying to find their dailyod and water; the greediest few take
far more resources than they need, but they alstewaa considerable proportion of
these: effectively denying resource-availabilitythose in greatest need. Great Britain
for example is a wealthy state, but with milliongrlg in poverty (many having to use
charity food banks to survive): it is a very undquation, USA has similar patterns of
inequality. So is there any hope?

The Cook Islands Biodiversity Strategy and ActidarP(NBSAP 2002) begins with
the following:

“Kia akaaiteiteia te raveraveanga akonoanga, tappayoanga e te tua'anga o te au
puapinga te ka rauka mai no roto i te au apinga naa.”

“To equitably share the responsibility to conserveand use biodiversity
sustainably, and to equitably share the benefits.”

Thus it is self-evident that, in the Cook Islantiteast, one part of a nation ~ whether
individuals or government ~ should not degrade emydthe natural world and its
abundant resources to others. Biodiversity is @fional treasure and our patrimony.
Our Gift to the Future.

So let us begin our journey by voyaging to theNarth near the Equator .apen
your eyes and follow the stars!
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2012: Background and project launch

When NOAA (National Oceanic and Atmospheric Admir@ison) offered a research
grant, the Principal Investigator (PI), Dr Michael Whiteas completing a 2-month
expedition assessing sea turtle habitats on RakgahAtoll, Northern Cook Islands;
this atoll had been unsurveyed for 40 years (W&it@albraith 2013). A Honolulu-
based trading ship (S/V Kwai) came by at the end\wdust 2012, and so the PI
decided to take passage across to Tongareva Ato.was the first ship to visit the
Northern Group atolls in five months, and, as ih&d out, there was not another for a
further seven months. Logistic arrangements wesmaarly stage and so the start of
fieldwork would be somewhat limited, especially atit boat fuel, but it was more
important to get to Tongareva.

Sea turtles in Oceania

Sea turtlesi{ony are an ancient group of marine reptiles that Hasen on Planet
Earth for at least 110 million years (Hirayama 1,998 see FitzSimmoret al 1995;
Cadena & Parham 2015). Sea turtles are long-livechals, with delayed maturity
(Scott et al 2012), that may be migratory during all life-stage.g. Limpus et al
1992). Apart from adult females, which emerge dmgaches for egg-laying, and the
subsequent hatchlings that crawl from nests tostee the entire life cycle of sea
turtles can be completed in the marine environnidost populations are endangered
or threatened to some degree (King 1982); usualéytd the impact of various human
activities on the turtles and their habitats.

The Pacific Region covers about one-third of thenpt's surface: six of the seven
extant sea turtle species are known from the re@belonia mydagLinnaeus 1758);
Eretmochelys imbricatéLinnaeus 1766)t.epidochelys olivace@Eschscholtz 1829);
Caretta caretta(Linnaeus 1758)Natator depressugGarman 1880)Dermochelys
coriacea(Vandelli 1761); a seventh speciespidochelys kemp{iGarman 1880) has
not been reported from the region. The status aftsetles in the Pacific Islands
region remains incomplete or poorly reported (Mamy1990; SPREP 1980, 2007,
NMFS 2010; SWOT 2011).

Sea turtles are known traditionally throughout d@aand they have played an
important role in the culture of the Polynesiangdes of the South Pacific, frequently
appearing in art, weavings, carving, songs, daned¢®os, as well as in traditional
navigation. They are also an important, and oftighli regarded, source of food for
many coastal or atoll dwellers (see Allen 2007 &Wdodrom Rudrud 2010 for
reviews).

1 Grant # NA12NMF4540263 Nesting census and genetiopting of an unstudied sea turtle
population at Tongareva Atoll, Northern Cook Island
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The Cook Islands

The Cook Islands (08° to 23° South, 156° to 167%5sWérm aLarge Ocean State
spread across almost two million kof the central South Pacific. The archipelago is
divided: Northern Group: the atolls of Manihiki, Pukapuka, Rakahanga, Suavarr
and Tongareva; with Nassau being a sandy cay ara base;Southern Group:
atolls of Manuae and Palmerston, near-atoll of &ky volcanic and makatea islands
of Atiu, Mauke, Mitiaro and Mangaia, Rarotonga isigh volcanic island with a
fringing reef, Takutea is a sandy cay (SpaldingleR001). The total land area is 241
km?. Manuae, Suwarrow and Takutea are uninhabited.

There are two different realities: most of the @ustands lead a subsistence way of
life gathering their resources from nature. Rarg&gnwith the national capital
Avarua, is a westernised cash-based economy dgriviast of its revenue from
international tourism, especially stop-overs, agltirgy permits for offshore industrial
fisheries in the EEZ (Exclusive Economic Zone).ufaki falls between the two with
several large resorts catering for tourists who twarnvisit a second island besides
Rarotonga, but some of the villages are subsistbased. In the Northern Group only
Manihiki has a partially-developed cash culturgmving black pearls from artisanal
farms to the Rarotongan tourist trade; it has @igintly flight to the Southern Group.
Otherwise, transportation links to the NorthernlIistare generally poor, typically 3-4
ships a year. Outer Islands are sparsely populatgd, about 85% of the national
population living on Rarotonga; there is a largasgora in New Zealand and
Australia. People are very religious, especiallytiom atolls. Land cannot be sold in
the Cook Islands, so customary tenure by exteral®diés is the norm (about 95% of
land is traditionally owned).

Cook Islands are in the cyclone belt, and eacimdslaas been devasted at least once.
The cylone season is fron¥ November until May each year. The Pl was on Akuta
when Cyclone Pathit in February 2010, this caused structural damag®5% of the
buildings and 63 houses disappeared (White 2012).

Sea turtles in the Cook Islands

In common with much of Oceania sea turtle resear¢che Cook Islands was lacking.
Largely due to an absence of resources, includingnsfic expertise, and
transportation difficulties within the archipelag&/hite (2012) reviewed the state of
knowledge for sea turtles in the Cook Islands:rgdie records for turtles in the Cook
Islands were sparse and fell into two main categoi) information from surveys that
were made some decades ago (e.g. Hirth 1971, B8dzs 1976, 1995; Witzell
1983; Marquez 1990; Pritchard 1995a); ii) receniews that have had to use data
from the 1960s and 1970s (e.g. Dethmers et al. ;20Ma6son et al. 2010; NMFS
2010; Wallace et al. 2010; Woodrom Rudrud 2010; SWAD11). In addition there
was a poster (McCormack 1995) and a very generappbet on sea turtles (WWF
undated). Prior to White's study (2012), the mesent marine turtle research had
been a 24-day nesting survey at Cook’s Islet, Paltoe Atoll, in November 2000;
when eleven nestinGhelonia mydasvere tagged (Cetacean Research Centre 2000;
Trevor 2009; Siota 2011). A management report (Kedmoiau Rongo 2006)
prepared for the Traditional Land-owners of Manuae, uninhabited atoll in the
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Southern Cook Islands, noted a f&wv mydasnests from bothmotu (islets). The
absence of systematic surveys in the Cook Islangisnmthat it is very difficult to
determine how present populations of sea turtlespewe with their past distribution
and abundance. Also there was no clear indicatiomhen or where nesting actually
occurs.

Balazs (1995) and Pritchard (1995a) visited the kClstands within Pacific-wide

surveys during the late-1960s and early-1970s vesitigate the distribution of sea
turtles. Balazs (1995) concluded that Palmerstanl Atas the most important nesting
site in the Cook Islands for green turtles, baseddata from around 1970; and
subsequent authors have cited this accordinglyhfidets et al 2006; Maison et al
2010, NMFS 2010; Wallace et al 2010; Woodrom RudzQdl0). The present author
found this not to be true, but it is still an imfaort nesting site nationally (White
2012, 2014).

Four sea turtle species: gre@melonia mydashawksbill Eretmochelys imbricata
leatherback Dermochelys coriaceaand loggerheadCaretta caretta are now
confirmed as using Cook Islands territorial watdhg first two species are present
throughout the year (White 2012, 2013, 2013).coriaceais only known from the
offshore industrialised fisheries (Pam Marers. com2010); andC. carettahas been
reported from Palmerston Atoll; although it is koibwn to nest (Bill Marsterpers.
com.2010).

Egg-laying by Chelonia mydascan now be confirmed for the following atolls:
Aitutaki, Manihiki, Manuae, Nassau, Palmerston, &ukka, Rakahanga, Suwarrow
and Tongareva (White 2012, 2014; White & Galbrd&fi13). Nesting emergences
were first reported from Mauke, Southern Cookd;ebruary 2012 (June and Andrew
Hoskingpers. com.Cathy Siotgers. com2012¥.

Hawksbill turtlesE. imbricata have not been found nesting in the Cook Islands
recently, and most of the individuals encounterethe archipelago so far appear to
be juveniles (White 2012, 2013, 2014). Meylan arahielly (1999) found no data
from the Cook Islands during their global reviewjustify listing E. imbricata as
being critically endangered. Hawksbills are alsotilrtle species that has suffered the
greatest exploitation by humans for almost foudenitia (Parsons 1972). Hawksbill
turtles have been heavily exploited in the Padglands Region, for meat, eggs and
tortoiseshell (see Groombridge & Luxmore 1989); ahds likely that nesting
populations are declining, depleted or only remadMMFS & USFWS 1998). This
species is rapidly approaching extinction in thgioe (NMFS & USFWS 1998), with
many, if not most, nesting populations having destdi by more than 80% throughout
its global range in the last 105 years: i.e. tlgeperations of hawksbills (Meylan &
Donnelly 1999). Lack of long-term census data fawksbills (see Limpus & Miller
2008) means that there are no trends for the stetdsstability of populations in the
South Pacific Region.

2 Emergences occurred in several small coves foaiti to Pohutukava~ about 2 km. Track-
widths varied from 0.9 m to 1.3 m and there wemedaytime emergences (June Hoslpecs.
com).
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Egg-laying period

Little had been written about when sea turtle mgstccurs in the Cook Islands
(White 2012) and so the exact period for egg-layingthe archipelago, and

neighbouring Tonga and Samoa, was unclear. Thezesame reported nesting
observations from Fiji, Tonga and the Samoan idafsge Witzell 1982; Marquez
1990; Hirth 1997; Craig et al. 2004; Batibasagalet2006; Tagarino et al. 2008;
Maison et al. 2010; NMFS 2010; Woodrom Rudrud 208%/OT 2011), however,

even these are sparse or perhaps from surveystakelerseveral years ago (e.g.
Balazs 1975, 1977, 1995; Pritchard 1995a). Bald283) has also reported the
traditional usage of turtles at Tokelau.

Seasonal nesting in the Cook Islands probably scair some period between
September _and Aprilbut there may be differences in nesting-activiigtween
northern and southern group islands, as well agdest species. The author suggests
three possible scenarios: egg-laying periods feeigrand hawksbill turtles (if they
nest) could be co-incidental, overlapping, or safgarNesting might also occur year-
round at certain locationdflangarongard for instance (White 2012, 2014). Balazs
(1975) had gathered anecdotal evidence from CaRtooenix Islands (Kiribati) that
reported green turtles nesting sporadically imadhths, with peak-nesting in October
and November (and see Balazs 1995); Enderbury watais Dobbs et al(1999)
reported year-round nesting for hawksbills on Mimksland, Australia. Jennifer
Cruce pers. com 2010) reported that green turtles were nestirgg-yeund at Yap
(Federated States of Micronesia); also see Maisah 20104.

* A motu at Tongareva Atoll.

“ Islands north of the Equator would normally haveirt nesting period during the Boreal summer; and
so those data may not be of much help for caladathe egg-laying season in the Southern
Hemisphere.
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A lack of data: Implications for Regional Management

As very little is really known of the distributicand population status of sea turtles in
the Cook Islands (White 2012) and some of the ofhelynesian nations (e.qg.
Marquez 1990; Meylan & Donnelly 1999; SPREP 200NMAR$ 2010; and data
citations in SWOT 2011, Dutton et al. 2014), idifficult to assess the actual risk of
extinction or vulnerability of these animals recadiy.

Regional Management Units(RMUSs): with an aim of better managing sea turtle
stocks, 58 RMU-polygons have been identified glighabhich include different areas
of the Pacific Region (Wallace et al. 2010).

Nesting Aggregations(NAs): Dethmers et al. (2006) offer another apphodor
regional management that is based on nesting-staigkthese Nesting Aggregations
typically link areas within 500 km of each othendathese may also be genetically
distincf. The following NAs are of direct relevance to nghe Cook Islands:

1) Western Polynesia:Pukapuka is included with Samoa and American Samoa

i) Northern Cook Islands: Manihiki, Nassau, Rakahanga, Suwarrow and Tongarev
iii) Southern Cook Islands: Aitutaki, Atiu, Mangaia, Manuae, Mauke, Mitiaro,
Palmerston, Rarotonga and Takutea.

For places where few sea turtle data exist a ceasee approach has been adopted
when defining the NAs; these geographical locatiares categorised in the lowest
group: 1-25 nesting females per annybmased on 4.5 nests per female per annum;
Van Buskirk & Crowder 1994). The Cook Islands asetaddeficient (DD) and have
thus been placed into this lowest nesting-categagyno more than 25 green turtles
Chelonia mydasvould nest annually, in each of the Northern dredSouthern Cooks
Nesting Aggregations (NMFS 2010). There appearamb Cook Islands data for
nesting hawksbill turtlesEretmochelys imbricataWitzell 1983; Marquez 1990;
Balazs 1995; Meylan & Donnelly 1999; White 20121202014).

®  Genetic data are absent for most documented gesitizs in Oceania; about 171 locations have

been grouped into 24 NAs (Dethmetsal 2006; NMFS 2010).
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Tongareva Atoll: The research site

Tongareva Atoll is the northeasternmost atoll ie tBook Islands, and the most
remote in the archipelago (09° South, 158° Wedl)s Ts the largest atoll and lagoon
in the Cook Islands, with an area of 233%ithe coral reef has a circumference of 77
km. The atoll is divided into numerous motu (isjetsth a total land area of 9.8 Km
There are two inhabited village®mokais on the western motu doananui(about
130 people) andle Tautuan the east oRPokerekergabout 45 people); all other motu
are uninhabited.

The main sea turtle nesting siteMs&ngarongaromotu; a journey of 10-20 km from
Omoka depending where we are surveying. This mats selected by the Pl as the
first index beachnationally, but there were no data for turtle atance or population
trends (White 2012). Mangarongaro is 9.5 km lond 260-200 m wide; all nesting
emergences are across the leeward (western) m@aé€; from the lagoon side, where
beaches are unsuitable for egg-laying. The northest 1 km and the southernmost
0.5 km are unsuitable for nesting (coralline rockboulders): the western nestable
zone is about 8 km long and a few metres wide. Tlas been divided into three
sections that are separated by small areas of &xsuMahera is the northern section,
length 3 km, (mid-point 09°02.27 South, 157°59.2%®9{) the central section is
Tetoto, length 2 km (mid-point 09°03.18 South, 157°59\0ést); the southern sector
is calledAkasusg length 3 km, (mid-point 09°04.37 South, 157°58/2ést).

b Tetautua
B

b
Tongareva

) !
Mangarongaro /

Main study site

© 2008 Europa Technologies . ‘
Image © 2008 DigitaiGlobe zanOOSlC

Data S10, NOAA, vy, NGA, GEBCO
9°00'35.33" 8 157°58'56.48"W  elev -37 m

7 Eyealt 39.42km ()
Tongareva Atoll. Only two motu are now inhabited: Omokahas about 130 peopleTe Tautua45.
Mangarongaro motu is uninhabited, but occasionallyused to harvest resources; its western
beaches (leeward reef) are the main research sifBwo-ended arrow is 1 km. [Map adapted from
GoogleEarth].

Dr Michael White 2016



l| T T f X T L ] L X

ls.a'n’ 157'55'

TUN GARPL (Penthyn)1. ¢ %&

From HO.1980 and

T!H , ﬂwpl'hu]im*lz Flyrng Venu
[ Matull '
(Fedehai)
| West Fluas

T"Fnlul-‘.nmti R

Parahatea Wb patian

i Mot Kager ™ oL,
B

o i 2z 5 &
- Nautical Miles

Map of Tongareva Atoll from 1980 (Bishop Museum) sbwing names for various motu, however,
islanders also use different names for many placeglhe name 'Penrhyn' derived from a British
slave and transportation ship'Lady Penrhyn].

Beach morphology

Mangarongaro's western beach is narrow, steeppirglaand a dynamic habitat. Sand
overlays coralline pavement or boulders, and exdehohg most of the western shore.
Sand coverage can be deep, but may also be strgvpeg completely by strong wave
action. Sand grains are coarse, making nest catistnueasy Kirikiri (coral rubble)
comes and goes. Someimes there are large areakimkth, then it all gets washed
away again. It seems the substrata is not so impidr nesting honu. Ease of access
from ocean on to shore appears to be the detergnfactor: whether sand or kirikiri
is present the female will try and nest; both sdbattypes allow successful hatching.

Substrata categories are:

Nestable:i) sand,; ii) Kirikiri
Non-nestable:iii) pavement; iv) boulders; v) coralline rock
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Non-nestable areas can shift. Although pavemenairgsnthe sand or kirikiri can be

removed and subsequently replaced through oceaandga. Boulder sections are

fairly stable, and provide recognisable boundabetsveen nesting sectors, but fierce
wave action will carry these boulders off to seardlline rock sections are barren, the
surfaces very sharp, and would be extremely difficur a honu to cross.

The leeward reef

The reef drop-off is mainly about 20-50 m from sh@nd several sections have a
raised coral wall adjacent to the beach. At numei@aces there are small breaches
through the reef'ava’): nesting occurs near these ava. GPS waypoints fived for

19 ava (numbered sequentially from the north; atfewava were not marked). Nests

were way-marked, and nest clustering shows sigmifie relative to the ava, in other

words most adult emergences occur via these avat Achergences do occur at other
spots where it is possible to crawl over the reef-br swim through a partial lagoon.

NE 16 Ava 14
SAvanliSies

Data 510,

Im

Irnagery Date: 1/14/2 ey -6 | _ e alt m f_,.
Nineteen ava through the leeward reef were waymarkk(GPS); numbered from the north. Ava 4
marks the border between Mahera (north) and Tetoto(centre); Ava 10 is the border between
Tetoto and Akasusa (south).
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Imagery Date: 1/14/2010. 48 | 2010 g y 59669 W elev &m

Above: Perspective view ofava’ (small passages) through western reef of Mangaroagp motu.

Below: Ava 4~ double passage. Border between Mahera & TetotGhese narrow sandy beaches
are good nest sites; egg-laying is mostly in the getation at the back of the beach, but high water
can reach the bushes. The opposite side (right) dime lagoon is not suitable for nesting.

imagery Date; 1/14)
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Above: Perspective view of nearshore coral barrierait low water; waves indicate the reef
drop-off.

o "

Below: Rising tide shows the barrier can be traversd around high water; and also that the
crawl to the nesting zone can be very short (1-2 rires).

-

Dr Michael White 2016



TE i AT E
Both photos show turtle tracks adjacent to ava; ouetime we could show a significant pattern
for nesting clusters near to these passages.
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Nest placement

Most nesting occurs at the back of the beach invegetation (coconut, pandanus,
and low bushes; see White 2012 for detailed desmnig); only 3 nests were laid mid-
beach. U-turns (n = 2) and non-nesting emergeneesee (n = 3): in other words it

seems that if a turtle comes ashore she usualkg.nésa honu hit rocks under the
sand while digging the nest, she dug a second pddwearby; if hard substratum was
encountered again then maybe the animal wouldrétuthe ocean without laying

eggs, only to re-emerge later.

b Qljf,%'

¥

A» :
.

¥
i

y p .

i |
Nests are often laid underneathhara’ (pandanus) leaves.
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Green turtle nests are usually laid under vegetatio or by the forest margfn.
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These nests were laid the night before: the sand $ianot had time to dry out, and the
snapped-off plant material was still fresh.
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It seems likely that many turtles would strand onsing tide (high water period),
making it easy to cross the nearshore barrier andsa the beach, then return to sea
well before low water. At spring tides (Full MoondaNew Moon) turtles may only
have to crawl 1-2 metres to reach the vegetatimmdnd lay their eggs. This makes it
difficult to patrol at night without scaring the mo back to sea before laying their
eggs. Traversing the jungle at night is also ditficand although it was tried as an
alternative to walking along the upper beach, évpd impractical because there were
too few places to get from the forest onto the beao large sections were missed.
Beach slope is obviously sufficient for adequatardige of substrata at egg-chamber
depth, but has not been scientifically assessetimas the high water strandline is in
the bushes. This was a regular occurrence duridd 2@th flotsam indicating the

overwash extent.

Up and down tracks suggest that emergence occurresh a rising tide when the coral barrier
could be traversed. The nest had been laid a few tus earlier.
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Research notes from 4™ September 2012 to 28" February 2013

How logistic challenges affected the early surveys

Because of the need to reach Tongareva in ordeoriduct the present research, the
Pl had no choice but to voyage across from Rakahamipoard S/V Kwai (early-
September 2012), even though this meant there mespplies to start the project.
Some surveys were undertaken nonetheless, brings@me encouraging results.

Mangarongaro: An initial survey was conducted at tMahera andTetoto sections
on 2F' September 2012. There were no tracks or restdahera; this had been a
hot-spot for nesting during preliminary survey2011 (White 2012). AT etoto there
were recent tracks ar88 nests.Some of these nests had hatched in the preceeling 1
months (based on the desiccation of various eglisstfeeind at the beach-surface):
this fact alone means thagsting must have occurred between May and July 2@1

as it takes about two months for the eggs to ineuljdlesting clusters were near
avas 3, 5, & 7-9].

Akasusawas surveyed a week later {28eptember 2012) to waymark thea this
was the PI's first surveliere, as during preliminary investigations in 20l had no
boat or gasoline (a small kayak was used, but beangmed by sharks was a big
problem). There were new tracks aB@ nests(13 recent; 47 more than one month
old): nesting was definitely underwayluring September 2012.Because of time
constraints (daylight hours) nests were not wayewr@n this occasion. The tracks
were in 3 main clusters at the back of steeplyisppeaches near to avas 16-18.
Several older tracks were still visible beneathrttege-recent ones (see photo above),
perhaps made by the same females whilst laying pinevious nests, as sea turtles do
show strong nesting-site fidelity.

The third survey (1'7 October 2012) investigated the atoll's eastere: fidkerekere,
Kavea, Temata, Tepetepe, Patangand Tepuka motu, but found no evidence of
nesting. Many of these sites are unsuitable for-lagigg: the shoreline by the
windward reef tends to be rocky, with little or access from the ocean; sand is rare
and there are large sections of rocky pavememntetisas very jagged rocks. The reef
abuts the land for much of this eastern shorelite Qo reef-top lagoon). The
southeastern corner has a shallow lagoon betwesnettf and motu, with many
isolated coral headsoka), so this would be a suitable foraging or restiapitat. The
inner lagoon-side beaches of all these motu arg marrow (1-2 metres), mostly
water-logged, and often with dense vegetation riegcio the water’s edge. In one or
two places nesting could occur, but probably irdgguatches inside the forest, rather
than on the beaches themselves.

During this survey the Pl met a useful contact atTRutua, who said that he had
anecdotal knowledge for turtles, such as seeingenoms small hawksbills in the
lagoon; tragically, the man had a stroke next dai/ @assed away (so that knowledge
was also lost; RIP).

We also found significarigreen tides’in the lagoon near to Tepuka. [There were two
similar occurrences in mid-2012 before the PI medr home; fishery officers sent
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photographs and water-samples of the earlier efentmnalysis in Rarotonga, but the
findings were inconclusive. There had been subsidrgh kills: mostly reef-grazers,
such as convict surgeonfigttanthurus triostegys

After the eastern surveys mentioned above logidtiifculties kicked in. The PI did
not own a boat and had to try and persuade peopteke their craft out. Grant
funding had not been finalised so the Pl used dkedf his savings to buy gasoline
locally; then there was no more fuel availabledotboard-motors. It must be stressed
that these atolls are subsistence-based cultugesi@ncash-economies, so islanders
themselves have very little money or resourcesthachighest priority is gathering
food. All cargo arrives by sea and shipping is raresupplies are often unavailable

anyway.

i = 3N ‘. -

Lady Moana bringing carg'(i)rt(;mél)ké, it tends to cora about 3 times per year_.
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Above: Temata; Below: Tepuka looking north. These i@ both on the atoll's eastern S|de and
generally unsuitable for nesting (the pale yellowalour is actually coral).
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Top shows the atoll's
windward reef: this is
unsuitable for nesting.
Left shows'‘green tide’
found in the lagoon to
the west of Tepuka
(October 2012)




Limitations of weather

Weather conditions also affected our survey oppitrtes. The lagoon is so large that
it acts like an inland sea: large waves and heaglls, the wind'fetch' can be over
10 km. This re-suspends sediment so that underwadnility is often zero: again
making passage amongst ttoka quite difficult. The PI plotted several safe raute
using GPS, but this does take time; there are lalsal waymarkers. The cyclone
season is from*1INovember until May; we never know when we will ¢t Every
atoll has been devastated at least once in reeams Jthe last time at Tongareva was
in 2010 when Cyclone Pat destroyed the school amdenous houses; and then
continued southwards to destroy most of Aitutakih{i¥& 2012)]. In 2013 Cyclone
Garry came past and there was a Tropical Depresgidirench Polynesia in late-
January. There was an earthquake in the Solomandsl (4 February 2013) and a
tsunami alert, but it came to nothing; a predi@8d3 El Nifio did not happen. 2014
was a quiet year for cyclonic activity locally. ilsjMeterorological Service (Nadi)
calculates an increased risk for 2015-2016 withl4Qzyclones predicted. The first
was Cyclone Tuni (Category 1), which mostly affectdiue (28' -29" November
2015) before collapsing. Cyclone Ula was near toeNBT' December 2015).
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Between 26 & 30™ August 2011 we had tsunami-like waves for five daysn the Ieewafd reefs,
following almost simultaneous earthquakes near Varatu and Chile.
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2015: a changing world

We are now living in changing weather conditionkolial climate-change is not some
hypothetical future event to be discussed endldsgiyoliticians, arguing who should
do what and when. Our weather has already chagedt from one year (1998) all
the hottest years globally have occurred since 208@ warmest year since records
began in 1880 was 2014, but then every month irb 28t new temperature records,
so it is likely to be recorded as the hottest yeae below).

Rainfall patterns at Tongareva have changed to201® (before the Pl arrived) there
was a 6-month drought: water was severely limited the school was closed. When
continuous research began in September 2012 daivdal11-16 days per month until
year-end. However, 2013 was a very wet year with fielling on 254 days. Showers
tended to be heavy, so flooding was widespreadn P#d4 was a drier year (rain on
131 days). The pattern in 2015 is more variablaudey-March had rain on 18 days
per month (range 17-19 days), but this reducedpnil A6 days with rain). In total
rain fell on 157 days, but some months were veyy idin soaks immediately into the
porous coral sand. Mangarongaro motu had no rairalfnost 6 months. [Table 1
below]

The latter half of 2015 provided an opportunityrézord impacts of El Nifio in the

Northern Cook Islands. The oscillation (ENSO) wasfemed as being in place on
12" May 2015 by Australian, Japanese and NOAA metegsolservices. The

previous major ENSO event was 1997-1998, when ncangl reef systems globally
suffered damage; about 16% died. Tongareva had aloseawater temperatures
(about 29-30°C) in 2015. Prevailing easterly wistigted slightly southwards (East,
East-southeast, Southeast, South-southeast); Itaiailimited.

The weather in December 2015 was noticeably hdttereased solar radiation made
afternoons challenging, and several times it wéfgcdit to complete nesting beach
track-counts. Overnight winds collapsed and thedagwas hot for weeks (33-35°C).
Brief showers occurred every few days keeping wiateks topped-up. The ocean by
the leeward reef was also warm (32°C) in the |qi#et of December.

The author found thérst coral bleaching® at Tongareva on 2IDecember 2015 in
the northern part of the lagoon near Tokerau niteaching seems to have happened
within seven weeks, as it was not apparent on @aqure survey (28/10/2015); but it
could even have been during the very hot three sveeecember (photos below).

Atoni Williams (pers. con).reported that the ocean reef at Molokai was Iledmn
28" December (northwest of atoll). The author foundesal bleachedoka (isolated
coral heads) at Mahera (southwest of lagoon): these OK when visited two weeks
earlier [12' December OK, 30December bleached]. See APPENDIX TWO.

Several green tides were seen in the lagoon didowgember 2015, but no fish kills.
It is unclear what may occur this summer with hgtweather and ENSO interlinked.

®  Higher water temperatures stress the corals catisémg to expel symbiotic zooxanthellae, which
means that photosynthetic nutrients from thesefldigellates are also lost to the coral colony.
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Table 1. Monthly rainfall at Omoka, Tongareva. Records indicate any days that had
some rainfall. Squalls are common, showers oftéef bt heavy. It is very rare to
have a day with no sunshine (2-3 per year). 2018 avevet year, 2014 a much drier
one. El Nifio was confirmed on 1May 2015. The weather patterns in 2015 showed
greater variability than normal.

Monthly tally of days with rainfall

Month 2013 2014 2015
January 21 16 19
February 11 15 17
March 13 5 17
April 21 9 6
May 23 14 10
June 24 7 11
July 23 10 12
August 24 8
September 28 8 9
October 23 15 15
November 17 12 21
December 26 12 14

Totals 254 131 157
NOTES:

El Nifio and La Nifia have far reaching effects beyond the borders etrbpical Pacific Ocean. The
warm waters in the Western Pacific during a La Nifiekle through the narrow passages north of
Australia and south of Indonesia into the Indiare@t This affects weather patterns in places like
Thailand and Western Australia. Warm waters dustrgng El Nifios reach up the coast of North
America and down the coast of South America to edeavy rainfall on the west coast of the United
States of America, and in the usually dry desdrGhile.

Fast winds in thget-streamsthat encircle the earth at high altitudes arerestiéd by the atmospheric
component of El Nifio and La Nifia. This means thaseé tropical Pacific Ocean processes influence
distant events such as snowfall in the Himalayabkraimfall in Madagascar.

The Pacific Ocean absorbs a vast amount of heat dag a La Nifia event, and releases this back
into the global atmosphere during an El Nifio.This can cause global surface average temperdtures
decrease by up to 06 during a La Nifia, and we can expect to see gla@maperatures increase in the
near future. 2015 was likely to be the hottest ywarecord, even without ENSO.

Indices of La Nifia and El Nifo.
To easily see what the state of the Pacific Ocedm, isome simple indices have been developed:

The ENSO (El Nifio Southern Oscillationpdex compares the air pressure in Tahiti (Eastern Racif
to the air pressure in Darwin (Western Pacific)e3dtwo values are easy to observe, and give & quic
measure on the strength of the easterly winds a¢hesequator. To find the most recent ENSO values,
seehttp://www.cgd.ucar.edu/cas/catalog/climind/soi.htm
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The difference in ocean temperaturdrom usual across the equatorial pacific is usedrather index

of El Nifio and La Nifia. Thhlifio 3 index monitors the temperature across a box ifetstern Pacific,

while theNifio 4 index uses a box in the central-western Pacifife Nifio 3.4 index uses a box that
overlaps these, and is relevant for Tongareva.
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The areas of the Pacific ocean used to define thenld indices..[Source:
http://www.cpc.ncep.noaa.gov/products/analysis hooimg/ensostuff/nino_regions.shtinl

There are also more complicated methods which &adke way both the ocean and the atmosphere are
behaving to describe what state the Pacific ocgam. iThese include thdulti-variate ENSO Index
(MEI) , seehttp://www.esrl.noaa.gov/psd/enso/maild theCoupled ENSO Index (CEI).

f

First coral bleaching found at Tokerau motu 2% December 2015. [Next page shows a close-up of
this coral; then two more images from Mahera on 30 December; five toka were viewed: all had

bleaching]. Wider surveys began after New Year 2016.

Dr Michael White 2016



Dr Michael White 2016



Project funding and then some supplies arrive

After negotiating all the complex financial and istgation arrangements required by
NOAA and complying with the procedures for inwam@yment of funds to the Cook
Islands (anti-money-laundering) a grant in late-&lober 2012 enabled gasoline to be
ordered from Rarotonga. A new line (PDL Shippinglended to make a monthly
cargo-run to the atollsTiare Moanaarrived in December 2012 for a few hours,
offloaded cargo and left. Other than a brief stopApril 2013) it didn't return. This
story is repeated for each new shipping venturey issume they can make a profit,
but it is not possible (this would be known asasd-leader’ in commercial airlines).
There are few people, with little money, and voyagee long because the atolls are
extremely remote.

Extending the project time-frame

These complications meant fieldwork got off to @sktart so, following advice from
NOAA's Programme Officer, the Pl requested a 12#tmémo cost extensionvia
GOL-website. Fieldwork was extended until Septenfti&r4, but the grant remained
unchanged. Five project progress reports (PPRs)dwbean be required.

*k%k

Research notes from early-2013

4™ February 2013: A day-time survey of the northern half of Mangagaro was
conducted, finding recent tracks a2l nestsat Mahera. Anothe38 nestswere found

in the Tetoto sector (this central sector seemed to be the ns@d in this year). We
noticed egg-shells at the surface and excavatedhatahed nest near to ava 6 (81
eggs; 100% hatch success).

Mataora Marsters - Director of Tongareva Marine Resources Centreejto make

a boat available for surveyBén Ponig Secretary of Marine Resources, supported
this idea). A reconditioned outboard-motor firstita be freighted from Aitutaki in
the Southern Cook Islands. We surveyddsusaon 27" February: findings0 nests.
There were recent tracks (6 near to ava 7; 3 nearlé). Four nests had already
hatched near to ava 19, and 1 more near ava l4y&kans would be done at another
time). A local MMR staff-member came on this survieyilding local capacity.

Note: Unfortunately a few days later the water-pump ili@pen the outboard-motor

broke, so again we had no boat ~ for almost fivatm& Work shifted to educational
activities and local foot-patrols instead.
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Moananui: western beaches along the main inhabited motla@é&lof Omoka) were
walked regularly; but nesting is infrequeMataora Marsters said nesting was all
along this shore in 2000n the19" January 2013nesting activity was found at the
southern tip (nesting occurs here mostly alongkan2section by the runway; photo
above): this was the first nest here since May 2@bbut 20 months). Possibly six
nests had been laid or attempted, but signs inséimel were confusing, numerous
human footprints and perhaps a honu had been killececent firepit was nearby.
The PI continued to walk these beaches reguladiynbthing else was found. In late-
February 2013 the PI learnt that a honu, which beeh eaten at Thanksgiving Feast
(14" January 2013) was the female laying this nest.péuple involved had watched
and videoed her laying eggs, and then killed aruked it. Their idea of conservation
was to let the honu nest first before eating iwillespread belief is that turtlemly
nest twice. Traditional knowledge has a way of estimating whdiemale will return
to lay her second nest: if a developing egg is heltb the light a dark patch indicates
number of days (folk know inter-nesting is aboufenight); so killing during the
second event was more likely.

People then decided they wanted to hand-feed achlirags for several weeks before
releasing them to sea (to stop them being eatdistgs and birds). The Pl visited the
airport nest on#March, but it hadn’t hatched; two days later 14fchlings emerged
(100% egg success). A small pen was constructéaeitagoon at Omoka, however,
families wanted to take hatchlings home; so mosths on the atoll had a few honu.
Not a perfect situation, but it was a good oppdtyufor education over time. The PI
addressed all of these aspects in a 60-ttamu & Life-skills course at Omoka
school; which should then filter upwards to theltsdu
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We gained advantage from these events: studentsuneegbthe CCL (curved carapace
length) on their animals; and also learned how Wela changes when migratory
animals are confined in a groupthey attack each other ~most had rear flippers

partially-eaten. Before release we collected genetaterial from two animals, the

students learned how to sample; multiple patenvig discussed. Hatchling DNA is
not a regional priority, but because the mother badn eaten, some haplotype
information was thought better than nothing: thbetng no DNA records for the

Cook Islands (Dutton et al. 2014), and so this magsist with unidentified fishery

bycatch. These are the first known genetic sanmipies live sea turtles in the Cook

Islands. Hatchlings were also used to demonstiaeogrecognition techniques (scute
& scale counts; facial patterns etc; White 2006).

Two small juvenile green turtles were measured an®@NA-sampled. They were too small to tag,
but photo-recognition data were collected. The bottm right image shows that one turtle has an

additional vertebral scute between V4 & V5 scutegSeptember 2013).
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Nesting effort by sea turtles in 2013

*Please note that the Y-Axis scale changes in tlexin3 graphs

Green turtle nests at Tongareva Atoll (2013)
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Figure 1. A total of 378 nests were identified at Tongarduaing 2013; these are all
assumed to be laid by green turti@selonia mydasin January and December there
were extensive community religious commitments @edther was poor, so surveys
did not occur. The outboard-motor failed in earlgfgh and spares were unavailable
until July, so Mangarongaro was unsurveyed for fn@nths. June & July are usually
the quietest months anyway. February had 118 aest®November 114 nests.
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Nesting effort by sea turtles in 2014
Green turtle nests at Tongareva Atoll (2014)
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Figure 2. A total of 534 nests were identified at Tongarduaing 2014; these are all
assumed to be laid by green turt@selonia mydasThis was the first year in which
surveys were conducted in every monthl'here were no nests in June and July. Peak
nesting effort was in February with 139 nests,oloktd by November with 97 nests.
In August there were eight nests: four at the resrttend of Mahera and four at the
southernmost part of Akasusa ~ nothing in the waieing 8 km.

A survey of all the southern half of Mangarongaro 2¢ September found 6 new
nests, and nothing new in the northern half. Anothevey of the northern half (10
September) found 33 new nests; at least 3 werdHaigrevious night (Full Moon"
September 2014).

Almost unbelievably, a survey on 1&eptember found that very high tides had
removed_alltrack evidence from the previous survey: it wasdyduck that the
weather had been conducive for fieldwork that wéékan say with confidence that
nesting picked-up at the end of tiewleek of September 201@White pers. com).

At the end of November 2014 there were 4, possthlynests laid at Hangarei
(northern point of Mangarongaro) ~ thistiee first activity of any kind at this site.
Sand accreted allowing easy access from the lagodmreef approaches. It is a very
dynamic habitat and the honu only crawled a shistadce before laying their eggs
under fallen coconuts.

Dr Michael White 2016



Nesting effort by sea turtles in 2015

Green turtle nests at Tongareva Atoll (2015)
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Figure 3. A total of 577 nests were identified at Tongarduaing 2015; these are all
assumed to be laid by green turti®selonia mydasSurveys were conducted in all
months. In late-January (24& 25") parts of the atoll were overwashed across the
western reef. Cyclone Pam was over by Niue andwesti on to devastate Vanuatu.

After the overwash in late-January 2015 nestingMamgarongaro declined sharply:
there were 54 nests in February 2015. In conttrestptevious February (2014) was
peak-nesting (139 nests). February 2013 also hadédts, but a lack of data before
that meant peak-nesting could not be determinehbigl Coincidental with a
collapse in nesting few foraging honu were sedhénlagoon for weeks. Possibly the
turtles headed out into deeper water, but we haveroof.

Comparable data from January to May (2014 & 20h8nsthere were fewer nests in
all months of that five-month period in 2015 thar2D14 (292 nests in 2014; and 161
in 2015). The author wondered if animals might metmid-year to complete their
reproductive cycle? Data here suggest this may happened. June and July were
always two months with few or no nests, yet in 205 we find 25 nests at Mahera.
November had 175 neststhe greatest monthly tally since research beganyears
ago. Perhaps some of the February animals didgtining the 2015-2016 nesters.
This should become clearer with a long-term dataset

El Niflo was confirmed on 12May 2015: it is unclear if this has an impact onrent

nesting activity; because honu tend to be migraémiynals their reproductive voyage
may have started a year or more ago. Perhaps dteneweill occur in another year.

Dr Michael White 2016



Important New Findings from Tongareva Atoll
1. Egg-laying period:

The importance of Tongareva Atoll is enhanced hgmsive green turtle egg-laying.
There is no doubt thdflangarongaro motu is the paramount nesting sitan the
Cook Islands (White 2012, 2014). Nesting on Manggawvo appears to be year-
round, but with a peak during the austral spring suimmer (Table 2 & White 2014);
the other motu are less predictable.

Note: year-round nesting contrasts with the findings fl@aimerston Atoll (Rufford
Trust Expedition, April 2012), where nesting apgeiar be seasonal. That expedition
found 187 nests, but some were several years bleteTwas d64-day_non-nesting
interval (from 20" April to 1% October; White 2012). For many years Palmerston
Atoll was believed to be, and cited as, the mogtartant green turtle nesting habitat
in the Cook Islands, based on data from about 1B&tazs 1995; Pritchard 1995a).
Palmerston Atoll is the second most important, wiglsts mainly being laid on Cook's
motu, Tom's motu, and Primrose motu (White 2012420

2. There is a strong association between nest clast and small passages through
the reef at Mangarongaro:

Nesting emergences are definitely occurring byatwa (small breaches in the reef).
There is one section between Avas 9 and 13 whenesalnothing occurs. From a
human perspective there seems no obvious differbet@een this and other areas
where nesting occurs; perhaps turtles see somettsergScuba surveys on these reefs
are being done in 2016, subject to weather.

3. Nesting so far appears to be stable:

Reproductive effort over five years suggests ngséih Tongareva is stable (White
2014). This was not previously known for the Coskahds or similar nations in
Oceania (NMFS 2010). It is recognised that it plbdypaneeds two or three decades
before a true picture emerges. The absence oftemg-data means it is unclear what
level should be considered a high or medium densdisting year. The weather in
2013 was also unusual with rainfall on 254 dayer@thhad been a 6-month drought in
2010), but again, any significance or correlatiebween weather patterns and nesting
is unclear (Limpus & Nicholls 1988; Brooke 1995]&w et al 2002).
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Table 2. Annual nesting effort by sector at Mangaragaro. There were differences across the three secterstbg months, sometimes little happened in
one area, but another section had numerous nessurRbly this reflects nesting site preferencasdividual honu. The central sector Tetoto had the
most consistent effort. As explained above we ldcké&oat in early 2013, so no surveys were undemntéde five months. That may have been of little
consequence as nesting eases off in March to Maystwiune and July usually have few or no nest2014 and 2015 surveys were conducted in all
months making those data reliable. Akasusa can babstantial nesting or very little. August 2014l Hanests at the northern end and 4 at the
southern tip ~ nothing in the intervening 8 km. 2@das a very wet year with some rainfall on 254sd@p14 was much drier with rain on 131 days.
In 2015 several important things happened: i) of+Z&" January the atoll was overwashed from the west tiesting decreased [few turtles were
seen in the lagoon either so they may have movis@e into deeper water]; ii) El Nifio was confiinen 12" May; iii) egg-laying increased in July;
iv) November had the largest monthy tally of nésts 175) in five year's research.

2015 2014 2013
Month Mahera Tetoto Akasusa Tally Mahera Tetoto Akasusa Taly Mahera Tetoto Akasusa Tally

January 60 7 3 70 62 28 0 90 N/S N/S N/S N/S
February 23 10 21 54 22 37 80 139 31 29 58 118
March 5 2 18 25 20 10 6 36 No Boat
April 0 1 5 9 0 0 9
May 5 2 0 7 8 9 1 18
June 2 0 0 2 0 0 0 0
July 25 0 0 25 0 0 0 0
August 5 9 0 14 4 0 4 8 0 31 7 38
September 5 35 5 45 27 11 8 46 21 4 0 25
October 24 37 3 64 41 7 0 48 42 19 22 83
November 44 77 54 175 76 16 5 97 32 51 31 114
December 46 17 6 69 24 17 2 43 N/S N/S N/S N/S
Totals 248 196 111 555 293 135 106 534 126 134 118 378

*October 2015 had 20 nests at Tokerau motu, and lest at Te Tautua (the 1 recorded); and another nest there in November. 2@ltotal is 577 nests.



Some excavations to determine egg success

Top: Ru Taime excavating a nest near Ava 5 (March@.4).
Bottom: Egg tally to determine clutch hatching sucess.
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Top: Jacob Taime and friend Iearnngto excavate ahtally eggs (April 2014).
Bottom: Some undeveloped eggs.
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Nest success:

Egg success was determined by conducting an innemtoalready-hatched nests.
The process is time consuming, so only a few caddre on a particular day. On
Tongareva the only practical time to undertake eatans is during the morning:

after about noon the full strength of the sun falisthe western beach until sunset,
there is rarely any wind, and humidity is high. &aghers were given a practical
demonstration, and then everybody excavated tlvsir riest guided by the author.
Two points were stressefatching successs the number of eggs that reached full
term and the babies emerged from the slabllich success(nest success) has a
different meaning.

Clutch successwas the total number of empty eggshells, minus degd neonates

found in the nest. This would equate to the nunabdratchlings that emerged from
the nest onto the beach; although they might bdapeel later. Any unhatched eggs
were examined to identify possible reasons foufailWhite 2012).

Table 3. Inventories of hatched nests were conductevhen survey logistics allowed. A total of
1703 eggs were assessed; 1626 had hatched succbsq6%). Of the 77 unhatched eggs: 66
were unfertilised; 1had an eye-spot; 1 died at anagly stage; three died at mid-development; and
four at a late stage. Two died emerging from egdgipped-.

Eggs Hatched| Infertile | Eye-spot| Early Middle Late Pipped
1703 1626 66 1 1 3 4 2

Hatching success of eggs at Tongareva is highgdllpiover 95%. One example is an
analysis of 17 clutches found tiMean = 97% hatched eggqSE 1.5; range 77-
100%). In fact 7 clutches were 100% successful;,eBev®9%; 2 were 98%; 2 were
97%; 1 was 95%; and two nests less successful @5%%). When coupled with a
general lack of terrestrial predators (there aild pigs but no nests have been rooted
up) this nesting rookery can be regarded as suatessd probably sustainable;
although we have no trend data yet (White 201452@hd unpublished data from
2010-2015).

The PI also found similarly high clutch succes®saat Palmerston and Rakahanga
Atolls (White 2012, White & Galbraith 2013).
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Nesting at other sites around the atoll

Tokerau motu: the westernmost of the northern string of islets3" Nov 2013 three
nests were discovered near its eastern end. Then ammastline is poorly-suited for
nesting. There are sandy and kirikiri areas antknesre in both substrata. Access to
land is across a nearshore coral barrier, so plpbadrurs nearer to high water
(White 2012). The lagoon side mostly has poor a&ces

Data SIO; NOAA, U-S. Navy. NGA, GEBCO

Image © 2015 DigitalGlobe GO()SIC ea rth

Imag 1/14/2010 8°55'37.82" S 158°01'52.86" W elev -18 m eyealt 3.42km O

Tokerau Motu.

Even more interesting was that in October & Noveni#f¥ 5 several nests were laid
nearer the western end of Tokerau on a small ssacyon; access from the ocean is
challenging ~ over a jagged reef. The first traskse found on 09/10/2015 (Pakaiere
Isaakapers. con); the author surveyed on 13/10/2015 and talliete mests. The
subsequent survey (28/10/2015) found 11 more néktssand was very confused as
numerous honu had nested there, and perhaps hddidy@evious clutches. Rather
than disturb developing eggs, the Pl decided teel@my excavations until hatching is
complete. A survey on 21/12/2015 found no new ngsti

i AR

Tokerau Motu: ocean shoreline hacse nesting.
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avy. NGA, GEBCO

i Google earth

Imagery Date: 1/14/2010  8°56'08.94" S 157°58'15.46" W elev -159'm eye alt 6.77 km

Ruahara: this northern motu is east of Tokerau and Par\asting was previously
unknown: 31 nests were found or"28ov 2013. Unlike neighbouring Tokerau: most
of Ruahara's northern shore may be suitable fdingeand some of its south coast is
accessible from the lagoon; the western end issuibable. A cluster of seven nests
was found at a sandy inter-tidal area along thdrakesouthern section. The north
shore comprises steeply-sloping sand and kirikitih\gome boulder sections. Access
iIs over the reef top; again most probably nearenigh water. The nearshore coral
barrier varies in height (maximum 1 metre) alorgyl@ngth; there are small breaks
through the barrier in a couple of places that wallow honu to pass through. Other
sections are lower and smoother, so honu could @esuind mid-water. Four sectors
had clusters of nesting (in both kirikiri and sara)d these were monitored through
the months. Egg-laying does not occur here eveay. \esting was not made public
to avoid a sudden increase in direct take of ngdemales; this site is near to both
villages, whereas Mangarongaro is much more distadtrequires more fuel to get
there.

Ruahara north shore; nests can be seen in the rigiitand photo.
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Exciting News!

Te Tautua Village: the eastern motu of Pokerekere. Two nests wetéhkxie in 2015
(27" October & 6 November). None of the younger people have evewkmesting

to occur in their village. Presumably nesting didur some decades ago; and perhaps
we are now seeing those cohorts reach maturity ¢dstrating natal fidelity).

One of the grandfathers took the first clutch tb(egg-take has virtually disappeared
in the Cook Islands; only one other nest was taltéfongareva, in August 2011).

Te Tautua has a long tradition of eating honu. ¥hihe CICC Church was preparing
for its opening ceremony in 1904 a huge greenewths found to have fallen into a
hole on the reef-top. This was a Blessing and bectdma feast of inauguration. The
massive carapace was held against the wall adtiise sketched there.
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Te Tautua nest is beneath the red saw handle in tHereground.
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Tongareva Atoll green turtle population:

From the results in White (2014) and nesting grdipBsabove it is evident that turtles
(probably predominantl{C. myda} lay around 500 nests per year. It is possible to
make a rough estimate of how big the nesting guhpulation is. Female green turtles
lay 3-6 clutches per nesting season at intervalabmfut 2 weeks, so 500 nests
represent the reproductive output of some 80-l1d@Winuals. However, female green
turtles do not nest every year. Instead they neddy8ars to build up reserves
between breeding seasons, so the population nedtiigngareva is probably in the
region of 240-680 females. Male numbers are unkndwe in-water observations of
juveniles, sub adults and mating pairs indicatergfly that the whole life-cycle of
Chelonia mydasakes place within the Cook Islands and their EBZis means that
external threats are limited and that local coratgzm measures are crucial. Although
hawksbill turtles are seen occasionally, the daétao limited to make estimates
(White 2012, 2014).

Cultural practices, sea turtles, sustainable directake (from White 2014):

Honu are a delicacy in Polynesia and occasionaltimgiroccurs; usually nesting
females are targeted, being easy to kill. Previobhehu were killed every Saturday to
provide the feast after Sunday church (Papa $aits. com. Over the last five years
at Tongareva (2010-2015) four females were takeitewtesting, two juveniles and
one adult female by net, one sub-adult spearedfamdub-adults (3 female, 1 male)
were taken at sea by hand. During the same pembd ane egg-clutch had been
harvested (1"8August 2011). A turtle was killed for the officiapening of Te Tautua
solar power array by Rarotonga's government (fne 2015). One other turtle was
killed for a 2%' Birthday party in early-November 2015. For theasetyear running
Omoka did not kill turtles for its Thanksgiving Fé#€11" January 2016). By adopting
a non-judgemental approach the author learns of oaggures. These were the first
reported findings for direct take locally. White@albraith (2013) noted turtles were
occasionally speared underwater at Rakahanga Atollhe context of likely turtle
numbers mentioned above, this level of mortalitguge low, although hopefully our
educational approaches will decrease it still feirth

Living on a remote atoll is not like living in atgie.g. our nearest supermarket is
1400 kilometres away. Whatever nature provideseduWebb 1997; Cincolta et al.

2000). Conservation measures have to be cultuaattgptable. External enforcement
is unlikely to succeed, not least because outsigkhmoaties are rarely trusted.

Threatened species awareness is growing and, hgceeobple suggested only taking

honu when other food is unavailable, which happestasionally. Egg-take is now

rare in the Cook Islands; 30 years ago most clstetere eaten (White 2012). Many
of the younger people do not eat turtles, and bluding women and girls as project
researchers this awareness is more easily caoreaids to future generations.
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Limited turtle take may be sustainable at Tongareseause:

I) The sizeable turtle nesting population so fgvesps to be stable (see above).

i) The main rookery is on a remote, uninhabitedumeo direct take is further limited
by fuel availability (Allen 2007).

iii) Seabirds, crabs and large fish will prey orididings, but nest predation has not
been observed, even though rats and feral pigsrasent on motu.

iv) Nesting is not confined to one site, so locatirpation is less likely to occur
(Avise & Bowen 1994).

v) Usually one or two turtles are hunted in JandaryThanksgiving, to conclude the
seven-week celebration of Christmas and New Yeaca€lonally other turtles are
captured incidentally.

vi) The human population is small and causes fewrenmental impacts. Power was
turned off overnight, resulting in little light aroise pollution. White et al. (2013)
noted that this might enhance a habitat's attraoegs for sea turtles.

vii) An important awareness is to live in balancghwnature and that species take
time to grow. Our conservation approach emphasiestainable use of resources
rather than the profit-driven unsustainable prastitavoured in much of the world
(White 2014).

il

Juvenile green turtle dna-sampled, tagged and relsad (school beach, August 2014).
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In-water sightings

It is about 20 km from Omoka to Akasusa and homusaen surfacing to breathe or
swimming in the lagoon. Data are recorded usingniie¢hodology in White (2012).
Incidental encounter reports from islanders are alsted. Most people use small
aluminium boats and it is challenging to captuig lmnu for DNA-sampling. Mainly

it comes down to safe sea and weather conditibmstarge size of the lagoon means
that waves are often substantial; the wind ‘fatchvver 10 km.

We have already shown that Tongareva Atoll is aingahabitat, and also a year-
round juvenile developmental area (White 2012, 20The entire green turtle life-
cycle Orahangg can occur in the Cook Islands sea areas EEZ @\0i14). Juvenile

hawksbills were seen occasionally; only 1 aduledi&. imbricatawas observed.

\
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Imagery Date: 1/14/2010  9°00'25.34" S 158°00'00.50" W elev -262 m eye alt 30.61 km €

Tongareva Atoll. All the land in the Cook Islands ould fit in this lagoon. It is frequently very
choppy as the winds are predominantly from the EasfMap adapted from GoogleEarth].

Marine data (2013-2015)

Between 1 January 2013 and 3December 2015 there were 97 confirmed species
records for green turtles that included eight ngapiairs; and two juvenile hawksbills.

In 2013: there were 18 recor@s mydagwe had boat problems for several months);
in 2014: 57C. mydas& 1 E. imbricata. Between T January and 31December 2015
only 23 honu (22 green, 1 hawksbill) were encowtewnhich reinforces the author's
contention that honu could have left for deeperewédllowing the overwash and the
nearby Cyclone Pam (see above). A large honu wers esgtering via Taruia Passage
(sex not determined as it was very deep) dhMay 2015: this was the first sighting
in several weeks. Mating was observed in Januat$.280 hawksbills were seen in a
5-week survey by MMR Rarotonga (they left Omokal@h September 2015).
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Potential habitat degradation due to infrastructural developments

It is an unfortunate fact of life that in the Colskands most habitat impacts and their
subsequent pressure on associated species are@l taubeilding infrastructure (e.g.
White 2012, 2013, 2014, 2015). In economic terms th often referred to as
'development'From a biological perspective it is clearly anviemnmental impact.
The term'sustainablealso has opposite meanings: economically it inspierpetual
profit-making, whereas biologically it means thatabitat or species can continue to
function indefinitely. Many businesses utilise matuesources to make a profit, and
those resources might be finite or take time tomgreo this will not be sustainable
unless nature has the time needed to reproduceearan abundant. Globally the loss
of biodiversity is a major concern, with many sgscfacing the threat of extinction,
largely because of human activities: habitat lsdbeé greatest cause of such impacts.

Cook Islands Marine Park (CIMP)

Prime Minister Henry Puna proclaimed a marine paitke southern half of the Cook
Islands EEZ (2013); this would cover around ondionilkm?. On paper this might
appear to be a good idea, but there are some abu&itiments.

i) The CIMP's purpose seemed unclearRecently a team from the Prime Minister's
Office toured the Outer Islands giving short préggons to Communities explaining
the Marine Park. The video was well made and wquttmote CIMP as a tourism
asset, whilst supposedly honouring the customaegi®i@nd traditions of islanders in
the affected area.

i) Would foreign commercial fishing still occur in the CIMP? The PM's team was
unable to answer this. Foreign fishery licences thee 2¢ largest source of Cook
Islands’ revenue; tourism is the primary nationabme generator (largely limited to
Rarotonga, and Aitutaki to a lesser extent).

There is much discontent in the Outer Islands, Wiaice predominantly artisanal or
subsistence ways-of-life, concerning Rarotongdlghgeoff the country's fish stocks
to foreign companies. Income from fishery licentaits to be distributed to Outer
Islands, but is kept by the Treasury instead. Ma&spurces are, or should be, under
customary ownership, including the fish (and se&SNB 2002).

i) Will zoning be delineated in the CIMP? Again, the presentation team was
unable to answer. Islanders want to know if they tiah and gather traditional
marine resources; whether additional impacts vatius in their customary tenure sea
areas; and what Rights they will maintain or lose.

Discussions in the Outer Islands show renewed stupmo Traditional Management
of natural resources i.e. Locally Managed Marineasr (LMMAS). This is a wise
choice, because a local Community and its Couragil espondmmediately to any
threat: for instance closing the harvest for a mgethat is seen to be reducing in
abundance, size or quality. The resource can betoned by the Community until it
feels safe to re-open the take (i.e. scientifiesssient of the biological evidence). In
contrast if resource-management is left to a remat®mnal government it is likely to
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be prioritised according to present or future eomiconeeds, consulted upon, or
ignored altogether.

Islanders might support zoning for scientific stuahty (no-take areas); local fishing
only; tourism-related activities (whale-watchingdr& line fishing charters etc.); and
commercial fishing, subject to agreement.

A major concern, especially at Palmerston Atoll amthe Northern Atolls, is that if
CIMP prohibits commercial fishing in the southeralfhof the EEZ, then all the
foreign fisheries will relocate into northern watethus increasing the pressure on our
already-reducing fish stocks (Whipers. ob9. and fragile environment. One of the
reasons that NMFS-PIRO supported the present wsémibecause the US fishing
fleet based at Pagopago has permission to fislughaut Cook Island's waters, as
well as adjoining sea areas, and they wanted terstahd honu bycatch better.

For sea turtles, whales and other protected spaciescrease in fishing pressure in
the northern region is likely to cause greater iotp@r habitat degradation. Islanders
are currently discussing what needs to be donensoire their present and future
needs, and long-term food sovereignty.

Seafloor nodules

The presence of manganese nodules on the seafltloe €ook Islands presents an
economic opportunity and a potential marine digadtkis also has relevance to the
previous section (CIMP).

Nodules in the Cook Islands are particularly higlcobalt. The nodules are formed
by precipitaing minerals out of the seawater, aoweat a rate of aboutmm per
million years and thus can be regarded as a non-renewablercesdine distribution

of nodules on the seafloor follows current moveradérdm Antarctica to the Equator;
with a particularly dense pattern to the south efifareva. The nodules are at depths
of around 5 km, so mining them will not be easy.

Various ideas for nodule-mining have been sugge$tetinone are proven. Seabed-
trawling would destroy the fragile balance of bentife, as witnessed in shallower
depth bottom-trawls. A major concern is that thepdecean ecosystems are poorly
understoodttp://www.eu-midas.net/sciencA& second idea is to to send down a large
suction hose and suck the nodules off the seafaat,also likely to suck up the soft
sediment as well. When mining proponents were ¢uesd, their answer was the
'tailings' would be pumped back overboard from Hase barge at some depth or
other; thus impacting the water column as welhasseafloor.
Www.seabedmineralsauthority.gov.ck

The most environmentally-friendly option would be deploy a robotic vehicle,

similar to the moon-landers, that has video camanasmechanical grabs. It collects
nodules individually, leaving the benthos almodtarmed. After a period of training
the computer would be virtually autonomous, buthvéh over-ride control from the

surface. This technology already existi://www.mbari.org/mars/science/rover.html
Vehicle buoyancy can also be adjusted to havealigtmo impact.
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During the Marine Park presentations mentioned epseafloor mining was also
discussed. A general feeling was people didn't wahanother impact on our oceanic
ecosystem. Discussions in the Outer Islands centyaohibiting activities within 200
km of any island. This is still to be resolved. @ragain it can be seen that decisions
from the southern Cook Islands, e.g. whether toaalbr prohibit industrial activities

in the Marine Park, are likely to impact on the thern group atolls and oceanic
ecosystem. The Seabed Minerals Authority is urggaréceed with utmost caution.

Industrial activity in the northern sea areas, udotg noise or light pollution, or
ecosystem damage through increased fishing or mamniming is likely to have an
adverse impact on sea turtles, cetaceans, marganalypelagic sharks that use these
areas. The southwestern corner of Tongareva isnthe important sea turtle nesting
site in the Cook Islands (White 2012 & 2014); Rakadm Atoll also has a little
nesting, but adult green turtles forage on thaefsgear round (White 2012; White &
Galbraith 2013)The precautionary principle must always apply.

£ Kirpau

£Cook Islands

£ American Samoa/

£ Niue

Google Earth image shows Cook Islands EEZ. The yelv & red dots
indicate seafloor nodules. Arrows indicate Tongarex & Rakahanga
Atolls, both important sea turtle habitats; a pocke of High Seas between
Kiribati, Cook Islands & French Polynesia makes ocan management
difficult.
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Tongareva: Taruia Boat Passage and Omoka wharf

In September 2014 NZ Army surveyors visited Tongar® measure a few depths in
the lagoon and Taruia Passage. This formed patSduth Pacific assessment as an
adaptive response to climate change. Tongareve isrily haven in Northern Cooks.

Taruia breaches the western reef and has a clemgtth of 6 metres. Two other
passages exisSki Rangj northwest, depth 3 m; arichkuua northeast, depth 5 m),
both are only suitable for small craft.

An infrastructure development proposal via NZ H@bmmission/NZAID suggested
deepening Taruia Passage (which the Atoll Courasl ¢oncerns with) and repairing
wharves at Omoka, which would be acceptable if ctgpavere minimal. All parties

are agreed than oil spill in Tongareva's lagoon would be an ecotjical disaster’

Why might this proposal be an issue? Many of ooords for mating sea turtles have
occurred in Taruia, or in the ocean or lagoon ne&be map below). Mating is seen
near Omoka wharf (White 2014). Our data show Toeggmis acritical habitat for
endangered species and therefore must be takeadotunt. If this plan proceeds an
Environmental Impact Assessment (EIA) should inelddcal people, as we have
extensive year-round knowledge of the atoll; makingings direct evidenceather
than just anecdotal.

" This was also the view of Adam Greenland, New Ze#itaHydrographer.
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Taruia

Google earth

Imagery Date: 1/14/2010  8°57'31.76" S 158°01'31.60" W elev  0m eyealt 12.72 km

Map shows honu mating records(red dots) near to Traia Passage and Omoka Vlllage.

Two vital points must be considered: i) in-watenstuction work at Omoka wharf
should be done betweenr' June & 2® July (about 7 weeks): this is the quietest
period for nesting, and just before mating is knawroccur. Construction work on
land could be outside that. ii) if clearance wodesl proceed in Taruia, especially if
explosive blasting is planned, then the passagaceat lagoon and outer-reef must
be checked for sea turtles before EVERY detondiighite pers. com2014).

Tropic Twilight

In fact the above section changed slightly and Canekarf was progressed within an
annual exercise by the New Zealand Defence FolN&BF) ~ Tropic Twilight ~ in
September 2015. NZDF tries to do Local Engineefiagks that benefit communities.
At the eastern end of the wharf were four old taglks belonging tde Kukupathe
police patrol-boat. New Zealand's Ministry of FgreiAffairs and Trade (MFAT) was
to move the fuel depot slightly inland and therunetthe decrepit tanks to Rarotonga.
An Auckland firm (GHD Ltd. PO Box 6543, Wellesleyr&t, Auckland, Aotearoa)
prepared the ESIA (GHD 51/33421), which includedD¥Z work-programme; this
plan was agreed to by Konisara. It stated cle&dy ho vegetation would be disturbed
and no mature trees destroyed; also that aggrewatdsl be shipped from Rarotonga
by bargewith the rest of the major equipmefitThis becomes important below].

The Project Manager from GHD Ltd introduced himgelfDr White and asked for
feedback about the ESIA. The project was genegalyd and very well-planned; and
GHD/NZ High Commission had responded to our origamncerns regarding coastal
zone light pollution in this most important seatlihabitat in the Cook Islands; and
the proximity of the new fuel tanks to the schdd&pi Omoka. Meitaki Poria.
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- Googleearth

Date: 1/14/2010 S“SS"&B.W”‘S W—eieﬂ.- 7.m B‘a'éait. 211'm, )

Omoka wharf: yellow arrows show seawalls to be repied; red arrow indicates old fuel
tanks; green ellipse is the new fuel-tank location.

One issue was the ESIA's section Bindiversity which said there were no online
biodiversity databases. This is not true. A simpleb-search (Cook Islands
biodiversity) leads to 'Cook Islands Cultural andtiNal Heritage', in other words
Natural Heritage Trus{Gerald McCormack), which has formed part of goneent
for years. The Project Manager said GHD had askatiohal Environment Service
for information, as well as the Ministry of Marifieesources. It is curious that neither
Department knows of the Natural Heritage Trust, least beause the Environment
Act (2003) emerged from the work of that Trust.
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2015: An unforeseen trail of destruction!

Several events during this year had significanirenmental impacts, some had been
planned, but others had not.

Overwash

In late-January 2015 (24 25") the northern part of Omoka village was overwashed
Three factors contributed: spring tides, a supeoma@nd, unusually, winds came
from the west. Water poured over the leeward @efund the church and graveyard,
and flowed across to the lagoon; the current floms wery strong. Several houses
were flooded, but there were no injuries. The comityucleaned up debris from the
entire area and helped to restore the houses.

Googleearth

8°03'14.42" W elev. 9m  eyealt 1.08 km
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The dynamics of the flooding were that large bresakeme across the leeward reef,
flowing between the smallhuaand Omoka village towards the lagoon. The water
tried to recede back to the leeward reef, but sye® waves prevented this, so a
small wall of water (about 1 metre high) built updahen rushed towards the lagoon.
It was obviously a similar effect, but worse, tlsatsed the initial overwash on the
Friday night. Such overwash has occurred in thé (M&skie Rasmussepers. com).
Also a small green turtle was washed ashore offrtitry evening (we tagged, dna-
sampled and released into the lagoon).

Further pressure came fro@yclone Panin mid-March 2015. Its nearest approach to
us was Nuie, but it then devastated Vanuatu aner Mfestern Pacific nations. Salt-

laden winds caused considerable damage to treeg Blangarongaro's nesting zone;
some fell down. Tides were higher, reaching toltbghes at times. Honu nests were
also found further up in the forest than usual.

Uira Natura ko i Tokerau

Construction of the solar-power grid is describetbty, but numerous mature trees,
including a larggamanu(Pacific Mahoganyalophyllum inophyllui were removed
because of restrictions on tree height to avoidiewafalling onto the photovoltaic
panels. This was a planned impact.

A rogue Executive Officer

A major cause of environmental damage was, unfately, the arrival of a new
financial administrator (EO) who arrived in mid-Zftom Rarotonga, having briefly
visited Tongareva before. The EO said she wantstiémgthen community resilience
to mitigate the effects of climate change, bututcgly became clear her personal
business interests took precedence over all elssyklecision she then made had an
environmental impact; some disastrous.

These impacts initially went unchecked because wioSbngareva's people travelled
South: participating iTe Maeva Nui50" anniversary of Cook Islands independence.
A few people remained on the atoll looking afteemthing. Some of the travellers
would not return for many months. Our local goveeminwas ecaretaker situation
the EO became a part of that arrangement. Verykiyughe overturned all normal
rules of Community life and elevated herself, im h@nd at least, to head of the
island. The reason the following impacts occurres Wwecause she approved her own
actions, instead of seeking permission from theudeMayor: de factoHead of the
Atoll and last remaining resident member of Korasatr the time.

The EO's main misdemeanours were:

1. Sand and coral rubble was removed from Omoka'sarthwestern beach.Sand-
mining occurred without permission and materialsengsed to form a raised base for
the fuel-tank relocation at Omoka wharf. This wasin the project construction plan
agreed to by Konisara; who expected that all canstm materials would be shipped
from Rarotonga. Most sand-mining occurred betwe#h2®" August 2015, although
more was removed the following week. The authoitedsthe impact site, took GPS
waypoints and numerous photographs to show thenexide Deputy Mayor was
informed and he immediately went to see the sitdimself, before raising the issue
with the EO. It is unclear how much sand was rerddvem the northwestern beach,
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but a minimum and likely conservative guess is 1&80Qrefer to Hakono Hararanga
Case Study #2). Removing sand from the ocean sheneis not a wise idea and of
all the possible extraction sites this was the wopdion: being the area overwashed
in January 2015. There is a high probability thatife tidal incursions will impact a
wider area of the village, including the Church.eTgraveyard is also at risk of
collapsing into the sea as wave action erodesehet

o~

Image © 2015 DigitalGlobe

R T Tragery Date: 1/14/2010 8 " Whelevie: O mis eye a
Top: the sand-mining site includes January's ovevashed area, church is in white rectangle.
Below: sand used as the foundation for the reloted fuel-tanks.

P e,

8 See the first paragraph unde&opic Twilight above for GHD workplan details.
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Above: Looking North at the sand-mined site, gravegrd is immediately to the right.

Below: Towering waves on the western reef.
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2. Removing boulders from the breakwater near the bspital. The hospital is the
highest-located building on Tongareva and doubgesua cyclone shelter. Adjacent
buildings at the Marine Resources Centre are rase@ll stilts, providing additional
accommodation. Telecom's satellite station is neaabperfect emergency facility.
Immediately west of these buildings on the leewstndre is a breakwater made of
large coral boulders (this design absorbs waveggnas seawater flows between the
rocks). Several tractor-loads of these bouldergewemoved without permission to be
used in the fuel-tank resiting project at the whBxgrading the breakwater makes us
more vulnerable to tsunami or cyclone surge overwash. It was méhé agreed plan.

Hospital and MMR buildingsthe highest points on Tongareva

3. Destroying several mature trees behind the hodpl. As in point 2 above:
removing these trees next to the breakwater ineseth® risk of overwash from heavy
seas and worsens coastal erosion. It was not ggreedecessary.

4. Destroying mature trees at Omoka wharfThis also deviated from the fuel tank
workplan mentioned above. Several mature trees mesbed down, including &ou
(Pacific Rosewoo&ordia subcordata

5. Destroying vegetation at the runway's northern ed. Removing all shrubs and
small trees and then compacting the substraturtoléite property of Air Rarotonga's
agent being seriously flooded numerous times byoffifrom heavy rain; this didn't
happen in the past. The airport's weather-statiaa also damaged by the machine
operators (Warwick Lathaipers. con).

6. Widespread damage to the forest margin near thenain road. Many mature
trees were pointlessly bulldozed and rubbish dungredew saplings. Home-owners
were not consulted ~ debris was just dumped om fleetions. Phone cables were dug
up, disrupting some services. The border betweenhiabitats is always important. It
IS a transition zone where species shifts occurei@ important bird species occupy
this zone, including theBristle-thighed curlew Numenius tahitiensigSeriously
Nationally Endangered).
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The arrowed trees were all supposed to remain untahed (GHD fuel-tank workplan). The
derelict building is the old Omoka hospital, whichwas demolished in August 2015.
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Top: all vegetation removed north of runway ~ un-off thn flooded properti to the right.

Below: airport weather station was damaged by achine operators.
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Top: shows healthy forestargin with mixed trees & ferns.
Middle: mature trees alongpadway pushed down
Bottom: phone cables dug and then suffered from flooding.

Dr Michael White 2016



Top: main road in September 2013, coolhady, no soil erosion.
Bottom: main road in September 2015, hotry, bleak, no shade, soil lost to rain.
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7. Dumping building rubbish into Omoka lagoon.Another serious and unnecessary
impact: cement-blocks, paint, old metal, plastiogl ®uilding rubble were dumped
into the lagoon at the school beach. This is theeearea children use for swimming,
water-sports and science. The School Principal veasonsulted. Machine operators
were told not to despoil the lagoon by the Chairmoaithe School Association; the
Director of TMRC; and the author. The impacted asefished for fooé} and is used
year-round by juvenile green turtles.

Building rubbish, plastics and paint were dumped ino Omoka
lagoon, which is used for food fishing, recreationschool lessons
& water-sports; and as a year-round honu habitatSharp, rusty,
exposed metal is a public safety hazard: Environmeal Health
was notified.

° Marine Resources Act (2005), Part 3, articles 34(@la & b), (3) show this as an offence.
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Learning how a honu digs nest ~ science on the school beach.

On top of these deliberate, unwanted and unnegessaironmental impacts other
factors worsened our local situation. High levdisvond-borne salt were problematic
throughout 2015 with many trees struggling to copek of rain meant it was hard for
trees to eradicate excess salt. Raimména americanafor instance, lost all fruit in
February, leaves turned black and were shed, themnthe leaves regrew the same
thing happened again, so they had no viable ftuyear.

An unidentified insect parasite was, and stillkling coconut trees alongside the
runway. On discovery (by Papa Andrew Vaeau) thb@uteported it to Rarotonga's
Ministry of Agriculture: samples and photos weratsdgown, but results inconclusive.
Damage appears to have been a biosecurity impastiuted by one or more aircratft.

El Nifio has already been mentioned and that furdifitected rainfall patterns in the
middle of the year. December 2015 was a partigutaost month.

Tetoto and Akasusa on Mangarongaro suffered suimtaree loss from combined

natural impacts. Because that habitat is very itapdfor honu nesting it is dealt with
in more detail below, but our habitat restoratiffore is proving successful.
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The terrible problem of plastic

We are quantifying other threats to species anul lfabitats. One serious problem is
the presence of plastics in the ocetéus will worsen, as more plastics were produced
in the first decade of this millennium than in thetire 20" Century (Derraik 2002;
Moore 2008; Barnes et al. 2009; Gregory 2009; Rstaal. 2009; Thompson et al.
2009). Sea turtles are known to ingest plastiagnofvith fatal consequences (Balazs
1985; Schulman & Lutz 1995; Witherington & Hiram@0s).

We did three beach cleans in both 2013 and 201e! Rs@an et al. 2009; White &
Galbraith 2013), but our only practical optionaskiurn the rubbish, even though this
contributes to air pollution. Over 90% of the dslwias plastic; little was local.

It would be very helpful if the Cook Islands and oher Polynesian nations made 3
serious declaration to the world, saying that we rly do not want rubbish from
the consumer and industrial world on our pristine slands.

Plastics are now known to be present in the gldbab-web: ongoing genetic
research at Plymouth Marine Lab (Great Britain) a@&IRO (Australia) is
investigating how far this has moved through tredfaveb. Fish eat animals that have
ingested plastics, and then we eat the fish, 3s likely we already have plastic
molecules in our bodies. A study by Woodall et(28D14) shows plastic filaments
have heavily impacted the deep ocean benthos. tAeilupoint is that many marine
animals ingest or become entangled in plastic deltnis serious impact is largely
ignored by the world. Business interests and nadtevealth seem to be far more
important globally than environmental health.

Chris Jordan: Albatross at Midway Island 5-'Gy"res .
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Some images from colleagues around the worldiruguay charts a steep increase in
recent numbers of dead turtles containing plagtie next three photos show plastics
removed from dead turtles during necropsies. Thegdature shows our present day
ocean. This is neither healthy nor sustainable.
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Beach clean along Omoka lagoon: new schol is toethight of the fork in the road.
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Below: cleaning the school beach.

——~

Dr Michael White 2016



Dr Michael White 2016



Community Participation and Education

Tongareva is a close-knit community with religidnita heart. Leading a subsistence
way-of-life means that nature is very important.ttstanders have a great desire to
provide their descendants with a healthy, susténatd abundant ecosystem to meet
most of their needs. Now students come on survegastonally (weather dependent),

environmental awareness is starting to filter uglgdo parents. So in time we hope to
have most people involved in some way.

Women and girls are an integral part of this pmpjechich has several benefits.
Women play an important role in educating theiddrien; many girls will be future
mothers and can carry sustainable use of natwsalrees into our future generations.
It extends their role in public-life, but it is nodetrimental to existing community
tasks, for instance men will continue to fish, awdthis project should be seen as
widening our resource management skills-base. Woaneracknowledged as being
affected disproportionately by climate-change, ¢f@e, anything we do to enhance
food sovereignty will improve our lives locally. &hgirls are much better students
than the boys.

A project goal was to produce resources in thel laceguage. The photo below is the
first scientific information irReo Tongareva

Te Orahanga O Te Honu

-

Vahine (i// (

Te moana
oN

Hua A'
'_ﬂ'

Pinia honu
A
Vahine e Tane ( g ‘ ’
Tai roto

Te moana e te tai roto

White & Galbraith 2015

“Life cycle of honu” is based on a drawing by Gemma Galbraith, prepredVhite &
Galbraith (2013).

Some other posters are being progressed for lralss,pipi, habitats, Environmental Impact
Assessments, biodiversity, habitat restoration,cmél bleaching.
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OMOKA SCHOOL

TONGAREVA, COOK ISLANDS.

OMOKA SCHOOL

Phone: +682 42082 Email omoka@oyster.net.ck

OMOKA SCHOOL SCIENCE FAIR — A FIRST FOR TONGAREVAPENRHYN

“This has been a year of many “firsts” for Omokah&al in Penrhyn, the northern-
most atoll of the Cooks group. A Science Fair wa#dhon Monday the '8 of
December 2014, addressing real life and real tsaeds about the biodiversity of the
Tongareva Atoll.

Principal Anna Roumanu, staff, students of Omokao8t alongside Dr Michael
White, a marine biologist who resides in Tongarstadying honu (turtles), worked
collaboratively on the idea of holding a Sciencé& B Omoka School. For a whole
term, plans were put together to hold the fair andMonday the 8 this idea finally
became a reality.

Omoka school is divided into multi-levelled classb®se being, pre-school; grades 1,
2 & 3; grades 4,5 & 6; Years 7 & 8; and our sesinidents who are currently part of
the TKU online learning programme with the MinistifyEducation, Rarotonga.

Each class was asked to decide on a science issak would eventually become the
focus of a science project. The idea was to comwitlpa science question, offer a
hypothesis and then go out into the community tleecb information and data to
support a possible answer. A recommendation for hHowsustain a healthy
environment should also be suggested. The topiddé&e relevant to a biodiversity
issue currently affecting Tongareva Atoll.

Each class would present their findings to supttait project. Dr Michael White and
Chairman of the Omoka School Committee acted agegidor the day and would
decide on winning classes for best display as agbest presentation of facts.

The class projects were as follows:

1) Pre-school and Grade 1, 2 and 3escribe 3 common animals that live on
Tongareva and their natural habitat. This grougistliTupa(crab),Honu (turtle) and
Kiore (Rat). The children worked hard making posters dimtama to show and
explain about the animals they studied. Each aniegaksenting a different type, that
being crustacean, reptile and mammal. The childeamt about the anatomy and
habitat of each animal. They incorporated locaiMdedge into their presentation and
really created some wonderful displays.
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2) Grades 4, 5 and &ddressed the issue of pipi poe collection. Theeylied the
processes of pipi poe collection and measured guarittake.

This group worked really hard on finding informatiabout this current issue, even
having taken a field trip out onto the coral rockiaka as we call it to measure and
count pipi shell numbers. For those who don’t kntve pipi shell is a small scallop
shaped mollusc that can develop a natural peartiansSince the time of our
ancestors, this pipi pearl has been collected aed by the Penrhyn people for both
economic and sentimental reasons. It is a realuengpd beautiful asset of Tongareva
Atoll. Only now has it become a main source of meofor the people and so with
this new economic drive, people have started tacedhe mass taking of the pipi
shell, and so thoughts and discussions about caats®ar have come to the forefront.

3) Years 7 and &tudied the impact that pipi shell discards ararigaen the lagoon.

This environmental issue looked at the growth ghalwhen the pipi shell discards
are thrown into the shallow waters of the lagobraldo analysed effects such as water
guality. They measured algal growth using photodgais and transects.

4) Omoka TKU studentdBBased their project on rubbish assessment andrnpact
that improper rubbish disposal is having on ouriremment.

The Fair turned out very well, and parents who attendecevkeren to ask questions
about each class's presentation. The studentsnpedstheir findings and opened the
doors to further discussion in regards to thesér@mwmental issues. The Mayor, Papa
Tini Ford was very happy with the turn out of thaydand has gained a new
motivation to help address issues such as thetgudlihe atoll's rubbish dump after

listening to the young people of Omoka expressrthews about how we are

managing our rubbish ... rather badly!

We also listened to an in-depth presentation onuHoy Dr Michael White which
helped to inform both teaching staff, students pacents about Honu in Tongareva
and also about his research and current scientdi&.

We are very happy with what we achieved today dtiebagh we didn’t find all the
answers, what has happened today is that we hawagth our children addressed
issues that are real for us. We do want to protéett we have and through informing
ourselves and our community about such issues,eefetiat this is one significant
step towards figuring out ways of conserving ouwiemment for the future
generations of Tongareva to come.”

So this was a very good result for the PI's comtgumiilding efforts over four years
2010-2014. To take this a step further Dr White difisred an annual Science Prize
($100) and 'Scientists of the Year' award, so wWittk this will become an annual
event.

The previous two pages form a press release by @radkcipal Anna Roumanu.
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On Prize-giving Day (10" December) Dr White awarded some Certificates ofitMe
to outstanding students, and gave td°Bze to the young ones in Grades 1-3 ~ their
dioramas were excellent. Thé" Prize went to the seniors for their assessement of
rubbish. This class did have internet time andudetl a PowerPoint presentation.
However, by far the best were Grades 4-6: thegarh was excellent. Not only did
they interview everyone on the island to find oatwvhmanypipi they took daily &
weekly, but they then converted the various calgcbags, baskets and tubs into a
single unit of measuremerkete' so that all the results were comparable. Another
experiment counted the number of shells ket revealing that we took 117,180 on
the interview day, and 616,590 shells that weekothrer words ovehalf a million
shells a week. This group had a hypothesis, whiel answered the only group to

do so~ and guided us clearly thorough each stage of teeearch (materials &
methods, resources, community questionnaire in Messults, analyses, and overall
conclusions). So it was an easy choice to awanah ttiePrize, and Scientists of the
Year. Bravo.

fl
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Above: Scientists of the Year 2014 ~ Excellent reseh and presentation.
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Youngsters gained 3 Prize at the Science Fair. Note Polynesian names the honu
model, and the beautiful toka habitat diorama below
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Scientists of the Year Project: Collecting pipi

Survey questions asking community members how oftetiiey go collecting and how many shells
they take. Also the type of containers they use arttie toka harvested.
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All the community survey data assembled as a poster
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Two really neat experiments were conducted to enabldata comparisons.

Top: converting all units to kete. Below: 1 kete hid 930 pipi shells.

These wonderful students produced the first evea ala how manypipi shells were
being collected. In the survey week it wail6,590 shells- overhalf a million shells.
We reckoned that could not be sustainable.
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Satellite Telemetry: we would like to give a huge amery special thanki George
Balazsin Honolulu for sending us transmitters. We plathaad taught, but sadly had
to return the units to Hawai'i as our honu disapp@@and the batteries slowly deplete.
They now have been deployed in China (PR@nother time George, Mahalo.”
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Hakono Hararanga (Incorporated)

After slow and steady awareness-raising on Tongamier the last five years, we
have now created our community-based environmesoigiety Hakono Hararanga
Our aims are broad, centred on living carefully amsing our natural resources
sustainably: so that we leave a healthy, abundahideaverse ecosystem to our future
generations.

“We would not want our descendants to think that W&l not care enough to

leave them anything to eat or live their lives. Bhis our gift to the future”.
(statement from Omoka community)

On 26" May 2015 the Society held its first Annual Genevieting: all 18 members
were present and voted unanimously to register kiakdéararanga as an Incorporated
Society. Documents were prepared and signed sMlithistry of Justice at Rarotonga
could issue a Certificate of Incorporation asot-for-pecuniary-gain organisation
(Incorporated Societies Act 1994). Other people m@mt to join. Hakono Hararanga
(Inc.) is included on the latest Scientific ResbdPermit Permit: 21/2015.

As an Incorporated Society [Certificate 469/201%)] ave able to apply for funding in
support of climate change mitigation, food securntonitoring and preservation of
biodiversity, recording and then teaching TradiéibKnowledge, cultural skills (e.qg.
basket-making, weaving, shell-carving), vocatioskills (e.g. boat repairs, mending
fishing-nets, and welding). Workshops are to inelstientific monitoring and data
recording, leadership and project management skik® practical fieldwork. The PI
has shown that it is possible to gain funding Gmking after our environment, rather
than destroying it for short-term financial profiRufford Trust: RSG # 13924-1].

We have been given some tools by @lanate Change Group (Office of the Prime
Minister; SRIC-CC) enabling us to clear dead tiedgbe worst damaged habitats (see
story below). SRIC-CE& is arranging building supplies to construct a neesery at
Omoka to rear saplings for transplanting. We ase glanning a water catchment and
small observation post at Akasusa to help our estorg and biodiversity efforts. The
nursery component includes growing saplings oflltre@ species to transplant at our
habitat restoration sites; we are collaboratindnlhie Agriculture Officer and staff of
Tongareva Marine Resources Centre.

We submitted a grant request to the New Zealandh idigmmissioner's Fund to aid
this conservation effort, which is now in reviewhéelrationale for our forestry project
and habitat restoration isTo restore a badly degraded habitat behind the mai
sea turtle nesting beach in the Cook Islands. Thees of turtle embryos is
determined by the nest incubation temperature: mordemales are produced fron
warmer nests and more males from cooler ones. Incasing global temperatures
make it more difficult for males to be produced. Tle loss of the forest in parts of
Mangarongaro skews nests towards feminisation”.

10 Strengthening Resilience in Island Communities &fate Change mitigation are funded by GEF.
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Ava RimaRestoration Area

Our first project is restoring a degraded ar®a Rimaat Akasusa on Mangarongaro

motu. Some years ago it looked like a wildfire aced and was worsened by extreme
weather events, many trees are dead. The arearssippgular honu nesting. The lack

of shade worsens the feministheffect of increasing temperatures: the westera sid
of the atoll is very hot with full sunshine fromrgaafternoon until sunset, and rarely

gets any wind (leeward coast). As the months palsgetibecame apparent we were
losing many trees in 2015: every survey found nefadlen trees. Various factors are

involved: increased airborne salt levels, no raimg higher seawater levels. When
strong winds collapse trees along the margins,rdtbes that were sheltered become
more vulnerable tosing the protection of the forest

We began replanting ori*May 2015 and have 58 new trees still growidgspite no
rain at that site for six months.

e
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Ava Rima is off to the left, but this forest habitd has practically faild. I 2015 there was no rain
for over six months.

' Sea turtles use a process called ‘temperaturededax determination’ during egg development.
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Senior students on our first field trip clearingthe debris. Creeping plants also
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Top: moving dead trees; Bottom: honu nesf bywva Rima
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End of the first day ~ 12 new trees planted and at of rubbish cleared away.
dead trees down so they don't crash onto the newpangs.

We have to cut the

Dr Michael White 2016



Senior students and honu research

During these trips we found time to excavate anémtory some hatched honu nests;
students all reckoned these wéitee best school days everin one nest we found a
late-term dead embryo, so we collected a DNA sangae
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Images above show various stages of nest excavatiand the dead embryo.

On 28" November 2015an unusual nest was excavated at Akasusa. Thanboftthe egg
chamber was rocky pavement with about 1 metre ofigpiality sand above it. During the
excavation a live green hatchling was found: thet 8een at Tongareva (2010-2016). It was
placed on the beach and crawled rapidly to theroeed swam off aross the reef top. There
were several unhatched eggs, each of which comtamtead embryo in various stages of
development. Athough a very minor, but significHirgrmal regime occurs within a clutch:
the upper eggs will be slightly warmer than thastha bottom, because they are nearer the
warmer surface of the beach and the metabolic dfeddveloping eggs beneath them rises;
also the eggs in the centre of the clutch will m@mer than those at the periphery, the latter
being in contact with, perhaps, cooler sand ~ nefs¢s discharge their neonates masse
This suggests that, apart from the minor differenoentioned above, egg development will
be at a similar rate for the whole clutch. In thest death occurred at different stages from
eye-spot, to early, mid, and almost full-term. Teggs werépipped’~ babies died while
emerging from the shell. A likely explanation istlon one or more occasions the higher
tides in 2015 overwashed the developing eggs; wanelsflotsam were observed in the
bushes during several surveys. Excavating a nestisruptive process, so the position of
eggs within the clutch is not known, but perhagshbttom eggs suffered the most.

The nest was 88% successful, with 83 of 94 eggshimg. Unhatched eggs:lunfertilised, 1
eye-spot, learly-stage, 2 mid-stage, 4 late-staggped.
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Top: Nest contents: theIiv chling has alreadpeen released; twippedeggs are in the
foreground; the unhatched eggs at the rear.

Below: Mortalities at different developmental stags.
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Above: early and mid-to-late stages
Below: near full-term
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Konisara and Rahui

The Atoll Council Konisara Henua is the governing body of our island. Amongst
other tasks they decide if, when, and for how ltmglose any particular resource.
Mayor Tini Ford is proactive in our traditional $gm of managing natural resources
Rahuiby closing a harvest to ensure its sustainabiRghuiallows us both to protect
and use our natural resources sustainably. Issuesnzerns are brought to public
debate so that all questions can be addressedh@nBonisaraproclaimsrahui for a
period of time. It is based amise decision-making adhered to by common consent,
needs no enforcement, and works well. Monitorirg résource to understand how it
is doing forms an important part adhui, so the prohibition on take can be extended
if necessary or re-opened for harvesting. It issdasn scientific assessment of data.
We seek to increase some of the important fooduress: e.gmanu e hugseabirds
and eggs)kaveu(coconut crabs): the aim is to enhance our long-t®od security.
Sea turtles were not included withiahui, but this still may happen in time. One
reason could have been because turtles are a nspaitees, whereas a clam bed or
bird nesting site is easier to protect. In oldenes honu were restricted in some
cultures as &hiefly food'(Woodrom Rudrud 2010).

I v / = /) 8] 7 3
Tongareva's MP ~ Wilkie Rasmussen (left); Head ot atoll ~ Mayor Tini Ford (right);
and retired Island Secretary ~ Andrew Vaeau (front) [Photo late-2013 or early-2014].

Two Rahuiexamples are: harvesting pasua(tridacna clams) is usually closed, but
was opened for the 8Gnniversary of Cook Islands independendeAdgust 2015)
so that theTere Partyfrom Tongareva can take part in the celebratibm®/aeva Nui
at RarotongaPasuaharvesting was allowed for six days: for 3 days cbommunity
collected for theTere and then a further 3 days for individual useyvhating then
was closed again. This obviously is a very differ@pproach from the profit-driven
over-exploitation of resources common in the indaksed world.
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The second closure is more interesting. The cadlecbf pipi mentioned in the
Science Fair rapidly expanded in 2014 when twoedtfit foreign buyers wanted to
buy these tiny pearls. Consequently islanders wetdarvesting shells every day. As
was suggested by our research: collecting halfliilomshells a week was likely to be
unsustainable, especially amst shellfish do not contain pearlBhis proved to be
correct and there were noticeably fevpgpi growing in 2015; so the harvest is now
banned, probably for 2-3 years. It must be stated $elective harvesting improves
the bivalve resource. Removing large shells alldtvesmany small ones space to grow
and feed. The key is to be wise and sparing idstégnorant and greedy.

AR -
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aﬁameitakiin 2014.‘

Collecting pipi on atoka. Tuak

Traditional Knowledge

The importance of gathering Traditional Ecologi¢ghowledge and establishing
community-based projects should not be underestimgparticularly for isolated
places (Berke®t al. 2000; Johannes 2002; White 2012, 2014; White &bfzdth
2013); both are important aspects in the MarinectegeAction Plans (SPREP 2012
www.sprep.org Sustainability and food security are deemed nimygortant locally
than the often wordy approach used in westernisglation, so it seems likely that
the best people to manage natural resources age Wimose lives depend upon them.
We have launched a community project that will regteen our ability to manage
marine resources sustainably (Gadgil etla8B3; Hickey & Johannes 2002; Johannes
2002; Roberts 2007; Ono & Addison 2009; White 202@14; White & Galbraith
2013).
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How can sea turtles and their habitats be best pretted?

Undoubtedly education is the most important fadR@ople and governments waking
up to the fact that their activities and behaviate the major causes of biodiversity
loss globally. As folk become aware of how theyntelves degrade ecosystems,
through actions or inaction, they gain opportusitie make a very positive difference.
When islanders participate in project researchvitiets they understand what the real
issues are, and tend to modify their behavioure®it has been the children who
provoke changes in parental attitude.

Is additional legislation needed?

The Outer Islands are best governed by the locahmanities themselves. The Head
of each Island (Mayor) is assisted by the Konisgkeoll Council): they discuss
various issues, then take these concerns to acpoigeting. Anyone may speak at
these meetings; by the end of meetings the comgnbag agreed on what to do. The
greatest benefits that the Konisara can respomdmediately to any concern or
impact. Some islands still have Anki (King or Queen) and Elders are respected.

Centralised government is poorly suited to deahwitoblems that occur hundreds of
kilometres away. Being a small country, governnairtistries and departments are
also small, with limited resources and staff. Ihcerns were raised with Rarotonga,
then they are subjected to an often-lengthy proogégsioritisation, consultation, and
would be added to a list of funding requirementd)@ignored altogether.

Legislation to protect sea turtles and their habitaveals a disconnection between the
theoretical intent to do something beneficial opgralaw) and the practical realities
of achieving any measure of meaningful protectionrhigratory animals that dwell
in or move through vast sea areas (White 2012 iBhnot any particular fault of the
Cook Islands' government, but rather the consegquefdiving in a world where
everything has been reduced to the lowest comorondiertor ~ money. In
governmental terms this means there is a needdotize all proposals and activities;
unfortunately biodiversity and the environment aret deemed important for
economic success, thus rarely gain precedence.

Two different approaches are necessary and acHheviab the Cook Islands.
Rarotonga requires that a punitive and coerciveesysof regulation, inspection,
monitoring, and judicial redress is in place. Tisénd is home to about 85% of the
national population and is a westernised cash-basedomy that uses international
tourism as its main driver. People are largely aisected from nature and so central
government sees little cause to use natural resswustainably, although mentioned
in the legislation.

The Outer Islands are the opposite: largely sulrstet-based cultures, but with some
peripheral cash requirement, the predominant cersiin is healthy and abundant
biodiversity, and people trying to remain in harmpawth nature. Two factors need
considering: i) direct harvesting of natural resast which is managed best by
people themselvegahui); ii) impacts from human activities (including gl and
regional threats, such as pollution and climateagea as well as unsustainable
resource-use, such as industrial fishing or deapesemining).
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The consequences of those two factors are selepwidLarge-scale industrial
activities affect places around the world, oftenffam initial points-of-impact. The

perpetrators are mainly G20 industrialised natiamsich are disinclined to change
their behaviour, as this may limit their geostrateganipulation, or cause a financial
disadvantage against competitors. They are les$ylilo be impacted by their own
activities, having both money and resources togaiié them. Unfortunately this is the
dominant model on Earth at present.

Conversely, communities that utilise local natuesources to meet their daily needs,
are less likely to cause impacts elsewhere, othan tfor those species globally
threatened. Traditional local management approactagsalso create safe havens and
refugia for threatened species allowing restoclohglegraded populations through
natural overspill. However, these subsistence medtare badly affected by pollution
(marine, terrestrial and airborne) mostly emanafiogn elsewhere; and they have
neither the resources, nor the money to resolveetlgsues. Marine debris can be
overwhelming. An imminent and as-yet-not-understonpgact concerns deep seabed
mining DSM, which is examined in more detail below.

So for the Cook Islands the most sensible solutiinbe for each community, island
or motu to decide for itself which methods to ugmrliamentary legislation,
traditional practices, or both. This strengtherslitronal customary life, costs little,
and contributes substantially to the sustainabdftipiodiversity.
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Funding and support from international donors

The Cook Islands Government provides no money fodibersity research or
conservation. Ministry of Education had hoped tteed its Lifeskills programme,
but lacked funds, so the course was not repeat2@lnd or 2015. Other research and
conservation organisations are interested in the Wrk at Tongareva Atoll. In a
spirit of openess and transparency donors are amattihere; all are acknowledged in
our publicationsMeitaki Poria ~ With thanks to you all.

1. Rufford Trust www.ruffordsmallgrants.org

Rufford Trust provided a Small GraR$G # 13924-1Lin October 2013 enabling us
to conduct further surveys in the southwestern eonoi the lagoon: Mangarongaro,
Atiati and Vaiere. Birds and major fish species &athitat types were catalogued; a
biodiversity assessment gives a better understgnalirthis important area for sea
turtles (forest, reef and lagoon). Half of thisrgravas to buy outboard fuel, which has
always been a logistical challenge in the Outamids.

2. SWOT www.seaturtlestatus.org

Although this is a fairly small amount of moneyhds some prestige. SWOT provide
six grants of $1000 per year: 2 for research, 2nfetworking, and 2 for community

education: so in all the world we’ve got one of grants for community education:

‘participation in sea turtle researchThe author works with both villages to record
data on honu sightings. We show how to manage ggtr¢honesty, transparency,
accuracy, data-entry, how to write reports and gm@munity presentations). We are
developing scientific resources in our local largpiathese did not exist. This open
approach is expected to lead to further funding.

3. British Chelonia Group www.britishcheloniagroup.org.uk

BCG have not funded this research phase at Tongabex they provided a grant in
2012 for the Rakahanga expedition; also their Jdufrestudo has published three of
our papers, and given copyright permission to actiesm atvww.seaturtle.org

4. National Oceanic and Atmospheric Administrationwww.noaa.gov

NOAA provided two grants through their National Mer Fisheries Service:

i) NA12NMF4540263Nesting census and genetic-sampling of an unstudiarine
turtle population at Tongareva Atoll, Northern Cdslands.

i) NAL14NMF4540140Sea turtle research and Community participatiofoaigareva
Atoll.*?

2 The original NOAA grant title wa¥n-water assessment and management of sea tuathitdts at
Tongareva Atoll, Northern Cook Islandsfowever, NOAA could not fund the underwater study
that year and asked that we concentrated on them@storing and genetics instead.
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DNA-samples

Five skin samples were obtained under the prevaward (NA12NMF4540263):
three from foraging juveniles and two from handreglaneonates linked to the local
nesting population. DNA-samples were sent to Hawai'S/V Kwai in January 2015.
Genetic sequences should help identify stock liekag other honu populations in the
Pacific Ocean, and perhaps the wider Indo-Pacgfigon (Dutton et al. 2014). Novel
haplotypes are reported via GenBaBGKTES permit # 13438was arranged and Erin
LaCasella verified it as OK. This was the firstghent, and therefore a steep learning
curve. After sailing from Tongareva Kwai spent antioin Kiribati before arriving
back home at Honolulu. The number of people invivethis endeavour is amazing,
perhaps 100: it was a complex operation. Many oéngsaware of things that went
wrong in the past. DNA samples collected in rematations ~ and thus an important
part of us learning about regional sea turtle pagoah dynamics ~ were either not
allowed into the US, or if they were then the latory was not allowed to test them
because of irregularities with documentation. Thgutded this process from start to
finish, ensuring that information and contact dstéor each new player were shared
in a timely manner.

Briefly, the process was: i) Pl collected samplgs?l emailed relevant sample data
to Cook Island's focal point; iii) Focal point igsa CITES compliant export permit;
iv) Pl emailed this to NOAA staff for confirmatidhat it met US requirements; v) PI
gave DNA-samples to the super-cargo on S/V Kwai trebe were placed in the
ship's safe (this was the first step in an unbrodesin-of-custody); vi) Tongareva's
Customs Officer witnessed and counter-signed thgorxpermit; vii) this was
emailed to NOAA at Hawai'i and San Diego; viii) Beter Dutton's laboratory staff
organised the US Fish & Wildlife officials to faitdte entry (this included a complete
electronic package of documents); ix) Pl kept eopey informed as the Kwai's
schedule changed, and of each new ETA at Honok)I8rad Ives (owner of Kwai)
organised Customs at the port, and provided a letteustody for the samples; xii) Pl
asked George Balazs to forward the samples to $sgoFedex); he collected them
from Tony Palermo, Senior Wildlife Inspector at tedrlu; xiii) samples arrived at
the San Diego laboratory; xiv) laboratory askedRthéo confirm accession numbers
and data for NOAA's database; xv) samples therr@htbe queue for analysis.

This process required hundred's of emails and rhawys of work: so a huge thank
you to everyone who played a part in its succ®¥gs.now know that we have a
feasible route to get samples from a remote Pacifisland into the US legally and
safely. So any further shipments should be much easier.

The possibility of using egg-shell fragments for Slnalysis was discussed with Dr
Peter Dutton (La Jolla, California). He recommendaty partially or fully developed
embryos be sampled (i.e. eye-spot stage and beydhdje are some new samples,
including a mid-term dead embryo ~ the first onanfd at Tongareva; most nests
hatch successfully, but some may contain a fewrtilided eggs.
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Preliminary genetic findings

Dr Peter Dutton has provided the following datagobsn mtDNA sequencing for the
five samples:

Table 4. Mitochondrial DNA for green turtle juveniles sampled at Tongareva Atoll, Northern
Cook Islands (2014). Legend: Local field #; Curvec€Carapace Length; NOAA laboratory record
#; initial haplotype.

Field sample CCL (cm) Accession # Haplotype
T1 14 146408 CmP65
T2 14 146409 CmP65
T3 44 146410 CmP77
T4 52 146411 Galapagos?
T5 61 146412 Unknown

Samplesl'l & T2 were from the same nest and tHémP65 haplotype is quite rare,
only found so far in American Samoa and the Matdbkands.

SampleT3 has haplotyp€mP77; common in the Federated States of Micronesia.
SampleT4 is Eastern Pacific, perhaps from Galapagos* (amgatonfirmation).
SampleT5 is unknown or novel.

The laboratory will conduct nuclear DNA (nDNA) aysés in the coming months.

Left & right: Sample T4 carapace and plastron

*Dr Dutton wondered if this might have soridack turtle'linkages?
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Reaching-out Regionally
Honu sculpture

The author and Oregon's Kerulos Cemtngw.kerulos.orgplanned the creation of a
monument celebratingonu~ the green turtle. The idea had been bubblingyaar

a couple of years with emphasis on tribal cultufBise 50" anniversary of Cook
Islands' independence™(4ugust 2015) seemed a good time to launch thiggio

Part of the campaign was to createnamw.indiegogo.orgcrowdfunding appeal ~ that
was a steep learning cunlgtp://igg.me/at/kerulos-monument

Dr White asked on MTSG's global listserver if othesearchers around the world had
suitable sites and local carvers or sculptors éater monuments for the other six sea
turtle species. The second monumleggerhead turtlewill be crafted by a Cherokee
artist in Georgia, and also link to tfeail of Tears Other proposers can contact the
Kerulos Centrewww.kerulos.org

The Cook Islands Honu Monumentis carved from stone by Maori master-carvers
lan George and Henry Tavioni. The sculpture isidatthe Ministry of Education and
UNESCO buildings at Rarotonga and was unveiledit62

Left: the first stone arrives (T & M Heather); Right: honu (Photo by Jane Tauraii).
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Bula Honu

Another undertaking in 2015 was to collaborate vidthCécile Gaspar and her team
at Moorea, French Polynesia. Their projBctia Honu wanted children in different
Polynesian countries, and also some in France,s& sgea turtle migration as an
educational tool bringing together cultures anditmns along the voyaging routes of
honu. Cook Islands Ministry of Education asked Bti¢o get involved, and sdapi
Omokabecame one of the participating schools. Tongaisewauch too remote for the
students to 'migrate’ (international school excleahgbut we established chat and
skype connections with other schools. It was deesaedessful.

Traditional Resource Management

Another important idea was to ascertain intere€d@eania for establishing a network
of locally-managed marine protected areas. TrawhlicKnowledge and Practices are
too precious to be lost, so these will be docuntkeated taught to future generations.
The PI began a discussion thread on Oceania MTIBG&erver and initial responses
were encouraging, especially from Vanuatu, wherstmidlages still implement some

type of customary knowledge (Francis Hickmars. comn).

Also relevant iPacific Oceanscapean attempt to better manage Oceania. Proposed
by the Kiribati Presidenfnote Tong it has 23 island nations involved. The aim is
safeguarding this ocean and its biodiversity irtte future; however, economic
growth still seems to be the driving impetus. Thera lack of consultation with local
people and management seems very top-heavy andteden. It may work. One
idea is to not only protect national EEZs of papating nations, but also the entire
area surrounding and interlinking these countries would include areas of High
Seas that creatgocketsbetween national EEZs. Omoka wharf repairs anceased
fuel-storage capacity will assist this by lettimg tPolice patrolboafe Kukuparefuel
more easily in the north. The intention is foratgatrol fishing areas of the Northern
Cooks looking foillegal, Unreported or Unregulatefishing vessels, whilst Kiribati
patrols its own adjacent waters (Kiritimati, Teriand Tabuaeran) doing the same. In
2014Te Kukupahad worked with the Samoan Police-boat in a simiizy.

Marine Litter MOOC

The author participated in a Massive Online Openr€® (MOOC) on marine litter
hosted by Open University of the Netherlanggw.ou.nl from October 2015 to
January 2016. It had over 6000 international sttedenrolled. At long last we may
have a gateway for dealing with oceanic pollutiéor the final assignment the author
created a group to consider the problem of mareiwid in Oceania: there is a strong
possibility we will continue collaborating once tbeurse completes and take tangible
steps to end this major impact on the Biosphere.

Some people consider the oceans tddu of sight, out of mind'as if these play no

part in our lives. The truth is somewhat differemteans make up 99% of the volume
of the Biosphere (Norse 1994).
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Playing our part in climate change mitigation

A forward-thinking AID programméUira Natura ko i Tokerau” www.mfat.govt.nz
has completely converted the Northern Cook Islandsolar power, thus ending our
dependence on shipping diesel-fuel from Aucklanie Tirst atoll was Rakahanga
(September 2014) followed by Pukapuka and NassauDRecember. Construction
began at Tongareva in late-February 2015 and a frieveeeks later we were online;
Manihiki was done at the same time. The build wasvww.powersmartsolar.com
and we were very impressed with the quality oféfqaipment. We actually have two
arrays: the Omoka one has 480 solar panels; thé smeller one at Te Tautua has
168 panelsMeitaki Poria a Aotearoa (Many thanks to New Zealan).

The Rarotongan government intends to convert theeth®on Group too, which will be
funded by the Asian Development Bank. The Coolntidaplan to be entirely solar by
2020. Once again a small Oceanic nation sets #efor the world; and will say so at
the Climate Change Conference in Paris (DecemhbEs)20
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SOLAR ELECTRICITY

a greater choice
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The entire solar project was delivered ol iare Moana it took a week to unload.
Top: unloading aggregate.; Bottom: taking a diggeashore.
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Top: preparing the foundations for the solampanels.

Bottom: two of five photo-voltaic banks neasl completed.
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The solar arrays give us a perfect start Bla¢tono Hararangas investigating how
we can become earbon neutral atoll. Considerations include replacing all ligigfi
with LEDS to reduce power use; replacing domeséhisles and outboard motors
with solar-charged battery-powered units; battesststied pedalling trikes, quads and
surrey bikes (solar); and building new wooden heusestilts to minimise rising sea-
level impacts. Instead of using cement and conavetsvill focus onbio-engineering
approaches to reduce coastal erosion. [Manufagtdritonne of cement produces 900
kg CQ and then transportation and mixing costs addisoatmospheric impact].

Our preferred shipping provider is S/V Kwai: thiashalready reduced its fuel use by
50% and once the next mast has been added itevdbke to sail for 90% of the time,
which fits perfectly with our environmental aspioats.

Failing to join the dots ...

An absence of coherent thinking (not seeing thgdrgicture) means that achieving
zero pollutionenergy use, instead of merely low-carbon powenaias challenging.

China AID, as part of the Chinese mitigation siggtéor buying our fish, has donated
large machinery (loaders, bulldozers, rollers etng some agricultural equipment: all
of it is diesel or gasoline powered. So it is th@ng equipment at the wrong time.
Fuel still has to be shipped from Auckland, via &®anga, thus oucarbon footprint
will remain excessively high. We should have hddekctrical, or electro-hydraulic
equipment charged from solar power. The ideal swius to return this, with thanks,
and replace it with zero-pollution machinery.

Anyone involved in arranging or procuring Aid, ofrastructure planning should take
a fresh look at the environmental impacts of theiisions.

rs of a Warming World
C Air Temperature Near Surface (Troposphere)

f_ Humidity

'! | Temperature Over Oceans

Sea Surface Temperature

r Temperature Over Land

Ocean Heat Content

Seven of these indicators would be expected to increase in a warming world and observations show that they are, in fact, increasing.
Three would be expected to decrease and they are, in facl. decreasing.

There is little doubt that global climate change is\ow occurring. Www.noaa.gov
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Another look at Deep Seabed Mining (DSM)

On 18" January 2016 as this document was being finalifesl, Seabed Minerals
Authority sought information on marine animals gsithe Cook Islands EEZ. It
seems that tenders are available to exploit thgnpetiallic nodules on the deep ocean
floor. We must now discover how to collect thesen-nenewable metals without
damaging the ecosystem, habitats, and dependenesgBrew 2009).

Life on Earth depends upon biodiversity: without gmarliest stages of the food-web,
complex life will not exist. It is all about energyansfer. Life in the deep ocean
(deeper than 1000 metres) slows down. Temperauredr to freezing (2-4°C); light,
other than bioluminesence, is absent; water pressare high; the environment is
generally quiet; growth and metabolic rates arevshiodiversity high, but species
have low resilience. When a habitat is degradedestroyed, the impacted species
may not recover. Because the ecosystem role of skgegpecies is poorly understood
altering species mixture or richness may have eng#d consequences. The nodules
themselves also provide habitats for invertebrgfesarticle by Prof. Richard Steiner
Is in Appendix One].

The Cook Islands may be the first country to expdea-floor nodules in its national
EEZ (Exclusive Economic Zone). This means thatelae no rules to follow, and it
IS incumbent on Rarotonga's governmdént get it right first time”. Thus setting a
precedent for other exploitative countries to fallo

Some areas of concern are:

i) The deep ocean is the last undamaged habitBtaret Earth.

i) Most (98%) marine organisms are benthic ~ tinay on the seafloor.

i) New marine species unknown to science area¥isted every year.

Iv) Biologists estimate there may be between 0cb%million un-named species.

v) Deep sea ecosystems and how they function andypaenderstood.

vi) Field research is generally lacking for the gleeean.

vii) The views of islanders are rarely taken inbmsideration.

viii) Increasing the pressures on already endanerecritically-endangered species,
such as marine turtles and cetaceans will inewitabsten their decline.

Additionally:

i) Cook Islands intends to be completely powerednfrenewable energy by 2020, so
all vessels and licensed projects should also oplrate on renewables (solar or
wind): otherwise the Cook Islands will still accradnighcarbon footprint

i) Cook Islands is an early member of the AlliarafeHighly Ambitious Countries
(see below), intending to limit global temperaturerease to 1.5°C(f. pre-industrial
levels).

iii) Rarotonga's government proclaimed in Decemd@t4 that it would implement
Te Tarai Vakahroughout its Departments and staff. One of #dral tenets is tdo

no harm

Iv) All operations should be zero pollution.
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V) The precautionary principle should be used ieaVvironmental undertakings. This
has four central components (Kriebel et al. 2001):

a) Taking preventive action in the face of uncettai

b) Shifting the burden of proof onto the proponeftan activity

c) Exploring a wide range of alternatives to paysitarmful activities

d) Increasing public participation in decision nraki
vi) Mining companies (e.g. Nautilus Minerals of @da) claim there won't be serious
problems and that if the benefits outweigh the sds¢n they will proceed. But their
business is to destroy or seriously degrade habisat benefits will be profit-driven,
and the long-term impacts or costs left for othersope with.
vii) Given the widespread destruction caused biestrial mining around the world it
IS naive to imagine that similar destruction wititroccur underwater. Furthermore the
marine environment is a dynamic habitat, whereasriestrial habitat is broadly
fixed, so sub-surface impacts are likely to afeegtider area and far-ranging species.

The Seabed Minerals Act (2009kontains over 300 subsections, with environmental
protection scarcely mentioned. Part 8.1 referbiéoBEnvironment Act (2003). Part 8.2
on environmental management is extremely weak aowaldvdo little to protect an
ecosystem. Part 8.3 on environmental emergencreasonable.

The Seabed Minerals (Prospecting and Exploration) Bgulations (2015)are better
informed, but need strengthening. One exampledse&ule 6C 1(b) mentiorisenly
being allowed to discharge rapidly biodegradeahlestances?

Biodegradeablethis needs clear explanation. Does it mean thecolyill completely
decompose to its molecular structure? Or that litn@duce in size or toxicity? Does
biodegradation mean oxydegradation (i.e. it witdk down in air)? Will said object
degrade in the marine environment? At what tempegadr pressure? How long does
this process take to complete? How have these lis#a derived? Were there any
field tests conducted? What is the fate of the alden substance?

What doegapidly mean? Seconds, minutes, hours, days, weeks, mgatrs?

Environmental Impact Assessments (EIA)in agreement with the Environment Act
(2003) no environmental impact may occur withopeamit; and an application for a
pemit must include an EIA.

However, EIAs need to be conducted before any iieBv(including exploratory
processes) take place; and during the entire fifang operations or activities; and
after activities cease during the habitat restongihase. It is recognised that there are
no baseline data for the abyssopelagic zone.

What is also lacking is a mechanism to assessulative ecosystem impactsrather
than those impacts at a single site, or block. AMuative assessment must not only
include impacts from other mining sites, in the evatolumn, and at the ocean
surface; but also in conjunction with global climathange, ocean warming,
increasing seawater acidification, deoxygenatiaa¢dzones), and oceanic pollution,
especially plastics. As novel threats are iderttifleey must also be included.
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How should benthic mining proceed?
1. Biodiversity assessment.

Undertake comprehensive deep sea ecosystem asatssmeé catalogue all species.
Identify important assemblages of marine organiantscreate a priority list for areas
that could be mined and those that may not. Déf@yehabitats. Review all novel and
previously-known species data for the South Pacffiontracts should be reviewed
mid-term to update species and habitat recorddifaehby other researchers.

2. Equitable sharing of this non-renewable deep wat resource.

Seabed Minerals Act (2009) states that ownershipeideep sea minerals rests with
the Crown on behalf of the people of the Cook ld&rand the Act binds the Crown.
Given that the polymetallic nodules are the patrignof the people and all their
descendants, the government is beholden to shareehlth equitably.

Establish a sovereign wealth fund.

In 1969 Great Britain and Norway each discoverédieposits under the North Sea.
Norway established a sovereign wealth fund thaayad valued at US$873 billion; it
is owned by the Norwegian People. Westminster tiasther and wasted all the oll
revenue from the last 45 years. Norway's BudgeRurle allows 4% of the annual
profit to be used by the treasury; the capital matybe touched.

The Cook Islands should establish a sovereign tvéattd. Investments ought only to
support environmentally-friendly approaches (e@arspower, battery technology,
clean drinking water projects, waste reduction emcdular economies, wind power,

alternative transportation etc.). Hydrocarbon-fuelsapons-makers, environmentally
damaging, polluting or non-sustainable portfolidgeoldd be avoided. A dividend

could be paid each Christmas to every man, womanchiid resident in the Cook

Islands.

Royalty payments from companies taking the minmesaurces.

An annual royalty payment should be paid by eacghpamy or consortium to every
man, woman and child resident in the Cook IslaBsigery share is of equal value.

Resource ownership by individual islands (Pa Henua)

Rather than follow earlier approaches which sawifpr fishery licence fees and the
Departure Tax diverted into general treasury fuisdgped mineral revenue & licence
fees could be allocated to each island. One gudetiight be a 200 km perimeter:
anything inside that zone belongs to the islanthéfdistance between two islands is
less, the sea area is split equally between neigsb&ninhabited islands: Manuae
belongs to Aitutaki; Takutea to Atiu; and Suwarroevenue could be used to create
an Environmental Fund accessed through the Prinmésii’'s Office. This would still
leave considerable mineral resources in the wideZ Eor general government use
and might reduce public opposition to natural resewexploitation. The wealth fund
is likely to be a better arrangement though.
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3. Gaining and maintaining public approval.

A system of social acceptance (social licensingiomw replacing a previous model of

Corporate Social Responsibility (CSR). Companigerohave a poor track-record

when interacting with local communities, especialfyndigenous heritage. Too often

the wishes of tribal peoples are ignored by thditpcentred world. A recent example

is Bagabag in the Bismarck Sea, where Traditiomalders have definitely not given

their approval for mining operations in their s@auatry. The author has consulted the
Cook Islands Seabed Commissioner ~ Paul Lynch ~P&@'s situation is one being

followed closely.

The mining companies attempt to twist these stdyesaying that because people
want smart-phones or renewable technology, thep lihge tomine the seabed. But
the amount of reusable materials in discarded spiamhes and similar technology
may already fulfill a large part of current demdnd precious and rare minerals. So
let's recover existing items, which would also @lthe amount of planetary waste.

A gift to the ocean from the industrial-consumer wald. Why does no oe care?
4. Protecting threatened species.

The Cook Islands has an obligation to protect tere=d species that frequent its EEZ.
The endangered green turtle and critically-endaty&awksbill turtle are present all
year round. The most important atolls are Tongar&amerston, Rakahanga and
Suwarrow. Nassau, Pukapuka, Manuae and Takuté@ad some nesting. There are
foraging turtles and occasional nesting in the Bewt Group; Rarotonga does not
have nesting, but turtles do forage on the reefsiaiYaimanga lagoon; the passages
through the reefs are important (White 2012, 2013).
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The ocean between Tongareva and Rakahanga Atolikelg to be an important
marine habitat. Both atolls have sea turtles yeand: Tongareva supports nesting,
mating, juvenile development, and foraging @relonia mydasrarer hawksbills are
still seen occasionally. Rakahanga has adult fei@almydadoraging on its western
reef, so males are likely to be in this sea arée. Whereabouts of male turtles is still
poorly understood, but the presence of adult fesnalest be a strong attraction.
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The importance of Tongareva Atoll as the paramounhonu habitat in the Cook Islands.

Sea turtles are capable of diving to several huhdretres; they use counter-currents
to travel easily in the opposing direction to soefdlows. They can breath-hold for
several hours. The giant leatherb@xrmochelys coriaceaan dive to 2000 metres in
its search for jellyfish to eat. A remarkable featan air-breathing reptile.

Use of acoustic surveying in the marine environment

A just-published paper reviews this major concergrieat detail (Nelms et al. 2016).
It is clear that sea turtles have not been propmrhsidered, and that sonic guidelines
for marine mammals serve marine reptiles and fstrly. Of 50 countries that have
rules managing marine seismic surveys, only threetimned sea turtles. Those tried
to create asafe zonearound the ship (0.5-1 km), they relied on vissightings of
turtles entering the safety zone, and concludetaaiding areas used by sea turtles
was the only workable solution. It was not posstbl®bserve turtles at night, nor in
choppy seas; the airgun might be 1 km behind thp bhRyond the sight of an
observer; turtles can remain submerged for longp@dsrof time.

Amongst the rules were 'soft starts' ~ the firgilesions were at low volume giving
animals time to leave the impact area; volume wdaldncreased gradually. When a
turtle entered the safety zone sonic operationseceanmediately. Tongareva Atoll
has year-round turtle nesting and development,edlsas providing a critical mating
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area, so the best advice for the Seabed Autharity prohibit exploratory and mining
activity within an agreed distance of the atoll.

International fishing boats commonly respect aagisé of 25 nautical miles (nm). If
the prohibition zone is extended to 200 km fromséand then the important pelagic
habitats between Tongareva and Rakahanga Atolls beilcompletely protected:
benefitting other megafauna besides sea turtleparticular oceanic sharks, manta
rays and cetaceans. Both these atolls have magadinmg populations of seabirds,
especially frigatebirds (Whiteers.obs.

The Seabed Minerals Authorityewsletter Issue 1, April 2015uggests an exclusion
zone of 50 nautical miles from any island. In gahérat seems reasonable, but in the
case of Tongareva-Rakahanga this author advocstiesdéng that distance to protect
the entire area. Assuming such protection extendse seafloor this would deliver a
deep ocean biodiversity protected a@apvel way of safeguarding nature.

5. Protecting Traditional Culture and Sprituality.

Traditional Knowledge and Awareness are far to@ipres to be lost. These practices
have allowed islanders to survive for centurieseimote places, even in challenging
times. Utilising natural resources carefully anadwaring the rights of others to share
these gifts from Nature underpins environmentahiwary and well-being. People are
an integral part of an ecosystem. In common witieoindigenous cultures traditional
jurisdiction includes coastal sea areas, and ®iatihga should be paid. This is often
ignored by economists and policy-makers.

Seabed Minerals Authority
Runanga Takere Moana

Home  The Authority 2015 Tender = Seabed Minerals Priorities

Diagram 2: Exploitation phase - Expected technology utilised

Routine discharges IMARPOL)
Similar to shipping and exploration ships

Top layer

Potential impacts:
Material and habitat removal
Plumes

Webpage from Seabed Minerals Authority: Potential mpacts fail to mention speciesThe pre-
1960's view was that the deep ocean was devoid it !l
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Dissemination of Cook Islands Research

1) This project was presented by Karen Frutchepelalf of the author at the Pacific
Islands’ meeting (International Sea Turtle SympwsiBaltimore, February 2013).

i) George Balazs (IUCN Pacific Regional Vice-chadicluded the PI's research in
his presentation to the IUCN-Species Survival Cossion: Marine Turtle Specialist
Group; this was well-received.

iii) The first 3-year report was placed in the Nathl Library and made available for
download [White M (2012%pea turtles in the Cook Islands. Volume One: 20022
Permalink: http://library.seaturtle.org/6724

iv) Constructed a websitetww.honucookislands.comvith links to our associates and
funders, including NOAA-NMFS.

v) The Pl was interviewed by James Borrell (UK) @mel link for this is given below:
http://www.jamesborrell.co.uk/2012/12/24/fieldworksea-turtle-conservation-on-remote-

pacific-atolls/

vi) Pl provided sea turtle information and imageshte Ministry of Marine Resources
for their developing websiteyww.mmr.gov.ck

vii) Pl provided extensive information t@ww.sprep.orgor the latest Marine Species
Action Plans (2012-2016); as did Nan Hauser foaaedns.

viii) Pl is developing educational approaches with Ministry of Education for sea
turtles and various aspects of marine science kumigthreats.

iX) Pl is a co-ordinator for TREDS in the Cook Istiswww.sprep.org

X) Sea turtle nesting data are uploaded to the S\W&ddbaseww.seaturtlestatus.org

xi) PI provides scientific advice to the Kerulosnire www.kerulos.org

xii) Published first paper on sea turtles at Rangto [White M (2013)he first study
of sea turtles at Rarotonga, Southern Cook Islaféstudo 7: 12-29].
Permalink: http://library.seaturtle.orq/7257

xiii) Published first paper on sea turtles at Rak®da. [White M, Galbraith GF (2013)
Rakahanga Atoll: Sea turtles at a remote site ie&a Testudo 7: 30-48].
Permalink: http://library.seaturtle.org/7258

xiv) Published first paper on sea turtles at Toagar [White M (2014)Tongareva
Atoll: The most important sea turtle habitat in tBeok IslandsTestudo 8: 19-3#H
Permalink: http://library.seaturtle.org/8489

13 Data were derived frorthis NOAA-funded project & it may be downloaded with kind permission
from Testudo, The British Chelonia Group.
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xv) A book on sea turtles from Rakahanga and Tongareva to be used in Cook Islands
schools is at a New Zealand printers: in time it will be translated into every island's

language (Jane Tauraii, pers. com). Translation into Reo Tongareva is now underway
(January 2016).

e

The sea turtles
of Rakahanga
and Tongareva

£ Michael White
“r-Gemma Galbrdith

xvi) Research note in Y BONT FACH (Ocean Sciences, Bangor University, Cymru).

xvii) In press. Tongareva Atoll: Too hot in Paradise! The Marine Biologist Issue 6.
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Conclusions

“For greed all nature is too little”

Lucius Anneus Seneca, Roman Statesman 5 BC to 65 AD

The absence of a previous systematic survey il€tuk Islands means that it is very
difficult to determine how the current populatioofssea turtles compare with their
past distribution and abundance (White 2012). Nbedgss, the author has shown
that bothChelonia mydaandEretmochelys imbricatare present throughout the year
in the archipelago. All life stages @. mydaswere encountered, whereas mast
imbricata were juveniles. Nesting is now confirmed fGr mydasfrom Aitutaki,
Manihiki, Manuae, Mauke, Nassau, Palmerston, PukapRakahanga, Suwarrow &
Tongareva. Rarotonga is quite unlikely to suppasting because of coastal zone
development, substantial human presence, and $ewvemanestable beaches; four
Southern Group islands (Atiu, Mangaia, Mitiaro drakutea) were not visited (White
2012).

Mating by green turtles occurs at Tongareva abuartimes of year, making this atoll
a critical habitat. The entire life-cycl®(ahangg can occur in Cook Islands waters.

The most important nesting site in the Cook IslalsdBongareva Atoll (a reasonable
estimate being 500 nests per annum), followed bm&aton Atoll (estimated at 100
nests per annum): on both of these atolls the miyajof egg-layingoccurs on the
uninhabited and seldom-visited motu (White 2012, 2014).

Nesting* at Tongareva Atoll alone is sufficient to changestihg Aggregation (NA)
status for green turtles in the northern Cook dafnom the lowest group to a higher
one (Dethmers et al. 2006; White 2014). Nesting alscurs at Rakahanga (White &
Galbraith 2013), Nassau and Pukapuka (White 2(A&)the southern Cook Islands
Palmerston Atoll will host enough nests in mostryeta elevate that NA status too.
(White 2012).

For the first time it has been confirmed that theeg turtle Chelonia mydascan be
divided intoDistinct Population SegmentgDPS). Seminoff et al. (2015) found that
there are 11 distinct population segments glob&8lRSs are markedly separated from
each other as a consequence of ecological, belraliand oceanographic factors,
and based on genetic and morphological evideaeh DPS is genetically unique
so the loss of any population segment would reptesesignificant loss of planetary
genetic diversity (Seminoff et al. 2015). Tongarevan the Central South Pacific
DPS. Our research is mentioned in that documemt(@leSouth Pacific DPS, pages
310-331), however, some of our data (White 201dyexl too late to be included this
time round, but they will make the next speciesewy

Nesting-effort at Mangarongaro appears stablepagih the overwash in late-January
might have caused nesting to reduce sharply inUaepr2015. That autumn also had
low numbers of in-water sightings; several weeksld¢@lapse with no honu seen in
the lagoon. Then in the winter of 2015 an El Nifferg was confirmed (I2May) by

“We assumed the mean number of nests lai€.byydasto be 4.5 nests per annum (Van Buskirk &
Crowder 1994).
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Australian, Japanese and NOAA meteorological aitthsr It is unclear if these
findings are related, because the migratory nadfireonu means that their current
reproductive efforts may have begun a couple ofsyearlier. Over several decades
we should be able to find relationships betweersghenger-term weather patterns
and annual reproductive effort. In the presentasitun it seems more likely that the
overwash in late-January and subsequent Cyclone tayed a greater role with
honu moving offshore and returning later in thery&upporting that contention there
were 25 nests laid at Mahera in July (2015); Junil are usually the months with
fewest nests. November 2015 had the greatest nuoflmeonthly nests (n = 175) in
five years' research (2011-2015). One hypothedisaistwo nesting cohorts might be
present: the returned animals from February and2@ib-2016 contingent. As yet,
there is no confirmed evidence.

Nesting at Te Tautua Village supports the conceptsgatal homing and long maturity
periods in sea turtles. None of the younger peioplee Tautua, say less than 30 years
old, have ever known honu to nest on their motus@khe undefined time historically
there was nesting there. So perhaps today's horeubvoen there several decades ago.

The second discovery was nesting at Tokerau. Tloé&l seems a poor nesting site as
it is rocky, has a raised nearshore barrier, andrgemce onto the shore is difficult.
But when a turtle manages to get over the reeftlareadigh the jagged reef-top area, it
is a short crawl to find deep substrata. The ngstone is narrow so earlier nests may
have been disturbed by subsequent nesters.

Dr Michael White 2016



The first DNA samples from liv€. mydasare under analysis at NOAA's San Diego
laboratory, preliminary results are provided abodeother five samples have been
collected and will be shipped in due course. Wlzat be seen already is that honu
population distribution and migration routes arélayifortunately many researchers in
Oceania already treat the Pacific Ocean as ong/stems (Dutton et al. 2014), which
this study supports. Kolinski et al. (2014) repdrteigratory routes for 13 sea turtles
from Ulithi (Yap, FSM), showing connections with ilpines, Japan and Malaysia.
As the Northern Cook Islands now has a shared melivgt to FSM: does this mean
that there is or was a wider distribution pattemntonu?

So far noE. imbricatahave been found nesting anywhere in the archipelax
tracks at Tongareva might possibly have been mgdeatvksbills, as the pattern of
locomotion appeared asymmetrical rather than theetausual symmetry associated
with green turtles; this remains unconfirmed aghaeinesting adults nor hawksbill
hatchlings were seen. One adult-sized female halvkshs encountered in the
lagoon at Tongareva (White 2012). Dr Cécile Gas$ar similar concerns for French
Polynesia: turtles arriving at her clinic on Moorage mostly smaller than 50 cm
CCL,; and adult hawksbills are rarely seen at steee(Priac et al. 2010). Encounters
with juvenile hawksbills on the reefs at Palmerstétarotonga, Suwarrow and
Tongareva suggest nesting by this rare speciestnaigtur in the Cook Islands
archipelago in the future; which presumably happenethe past, even though there
are no data. The identification of nesting site©reania that are used by hawksbill
turtles remains a priority.

An important finding from the Northern Cook Islandsthat the Mean incubation
period for three out of the four green turtle ndatd at Rakahanga (between late-
September and early-November 2011) was 58'¢japese may be the first such data
reported from the Cook Islands (White & Galbraifiil). Another observation is that
mostC. mydasnests are laid in the vegetation and thus mayrip®itant as sources
of male hatchlings; nest success rates are aléo(84$0) and nest predation minimal.

One reason for optimism is the plight of endangesgeties is now a global issue: in
the last 30 or so years international legislatias heen put in place and many of the
threats have been considered, even if not yetwedple.g. fishery bycatch is now
recognised as an _econonpooblem by the industry (i.e. fish-catch is rediigghen
bycatch occupies the hooks); loss of turtle nedtimaches, especially from unplanned
and often-illegal development (e.g. White 2007 baen challenged judicially, and
the more environmentally-aware countries now regltAs. Trade in endangered
species is substantially reduced, e.g. the Japdpekleo’ tradition (see Groombridge
& Luxmore 1989). Some severely-depleted turtle paans are now recovering as a
result of thoughtful long-term management endeavdsee Balazs 1980; Balazs &
Chaloupka 2004; Nel et al. 2011; Pilcher 2011;cRetd 2011).

5 (SD # 2.7 days; range 55-60 days; n = 3).
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The approach adopted by the author has proven terbarkably successful. As many
atolls in Oceania are very isolated, it makes perfense once you do reach them to
undertake research, deliver education and builcaagp simultaneously. Sharing
research findings with local communities and expiag implications has been well
received by Cook Islanders nationwide. Integratintg each community, rather than
outside looking in, our research groupofiu Kuki Airan) is well-placed to make a
significant contribution for a sustainable futuliging in an abundant, well-balanced
and healthy ecosystem.

Traditional subsistence-based ways-of-life, andigtidalised economic market-based
models are effectively opposites. Traditional cosioy use recognises that natural
resources are finite and must have closed permdBdw each resource to regenerate;
this ensures its sustainability (Johannes 2007refetences therein). In contrast the
cash-based market economies require perpetual Iy infinite resources: neither
of which are true (Roberts 2007 and referencesitmerThe divide between these two
realities in the Cook Islands is essentially thethiern Atolls, including Palmerston,
and the Southern Group islands; although only Rag# could be said to have a
developed cash econothy

Atolls in the Northern Cook Islands are perfectbfeato maintain their environments
in good condition and use resources sustainabltheashave done for centuries. This
also places responsibility onto central governmenenhance and not destroy this
fragile balance of Nature. Development proposatsukh therefore, be in harmony
with the environment and not detrimental to it:sthis commonly stated in Cook
Islands legislative Acts. One obvious example comcéhe international fisheries that
are an increasingly-important source of revenughemation. It would be possible in
the northern atolls to create several small paotis on the uninhabited motu to rear
‘ava’ (milkfish; Chanos changsthese could be sold to commercial long-linerbais
(Mokoroapers. com. Such roto already exist, shallow channels omdgaiug in sand
and flushed with seawatehdre is little discernible environmental impact.In stark
contrast would be a fish-processing plant (envidageder the Longline Regulations
2008): this would first have to be built, whichas environmental impact, and then
operated, which is a severe environmental impagt fee fish-cannery at Levuka,
Ovalau, Fiji); it is highly-likely the workers wodlalso have to be imported. The only
practical sites for such a development are Raratary perhaps Aitutaki, as these
have frequent transport links and worker availahiliigorous and transparent EIAs
are essential during planning and construction g#aand then should be ongoing
throughout its operational lifelosing the facility at the first sign of impact

A further problem arises because most planningoaitidss and much law are stuck in
a land-based paradigm. Using Cook Islands Marirm& Bs an example: Rarotonga's
government aims to impoderrestrial linear thinkingon a 3-dimensional dynamic
maritime space. It doesn't work! What is being @cttd? Is it a fixed geographical
area on a map? Are species and their habitatseifP#rk also protected? Seawater
changes every day so will yesterday's water modscstill be protected now they've
moved elsewhere? What about the fish from yest@r@mes a migratory species gain
protection as it enters the Park and then losgatnaas it leaves? Likewise habitats

6 This distorts concepts like GDP, which suggest Cetdnds is a mediumly-affluent nation

(average personal income given as $26,500); Osit@nders may only earn $8,000 per annum.

" This was a lesson learned from the nuclear fugle@gssing plant at Sellafield, Northern Britain.

Dr Michael White 2016



face a similar problem, they may move. A greatedéhce arises between protecting a
surface area and a large volume of water. Therle&tebviously better. More than
98% of marine animal species are benthic ~ livintha seafloor (Thurman & Burton
2001). The water column is species-rich, home exgpedators, pelagic megafauna,
and is the focal area for marine fisheries (Nor@@5). So to only protect the planar
surface area is like buying house insurance justhie roof and ignoring everything
beneath it. Worth nothing! So protecting the 3-disienal space would conserve our
biodiversity and their habitats, whereas protectingarea on a map will not (Norse et
al. 2005). An even better model ecologically wolié/e dynamic boundaries that ebb
and flow with the ocean, habitats and species canaego; hotspots are protected in
new locations (Norse 2005). For humans that wilthallenging to enforce, however,
suitable technology already exists: it just requimerevolution in our thinkirt

Climate change impacts are with us already: sigftueather patterns, the sun is very
hot in the afternoons, arrival of some fish stos&em to have changed (but this could
be due to increased industrial offshore fishera@eund 60 foreign vessels operate in
our EEZ). Many fish stocks are overexploited olaymding. Roberts (2007) provides
a thorough analysis of the world's fisheries anaghthat the last remaining stocks,
including in the Cook Islands, are under heavy medeasing pressure. An ongoing
attempt to allow purse-seining by European boatghm Cook Islands EEZ is
challenged by massive public disapproval (a petibg Te Ipukarea Society got over
4500 votes supporting a ban).

There are fewer fish in the sea than ever before
Percentage of high seas fished in each year l Percentage of species exploited, overaxploited or collapsed
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After Pauly (2006).

8 Policy for Marae Moanais still undergoing development.

Dr Michael White 2016



Ecosystem changes occur independent of human tegivsuch as fishing (Mann
1993): in other words, the background processeduding physical and chemical
structures; biodiversity abundance and health; ispe@placement and changes to
trophic levels will continue due to the complexeractions between biotic and abiotic
factors: anthropogenic interference tendsvassen any impacts, particularly the rate
of change (many examples have been reviewed byrBo&eHawkins 1999; Verity
et al. 2002; Hobbs et al. 2006; Roberts 2007; Paloska et aR008; Mooney 2010 -
and the extensive references therein). New teclyredoare capable of overcoming
biogeographical and biophysical barriers to spediggersal (Hobbs et al. 2006).

The Millennium Ecosystem Assessment (2005) fourad: ttOver the past 50 years,
humans have changed ecosystems more rapidly arehsexly than in any
comparable period of time in human history. This hesulted in a substantial and
largely irreversible loss in the diversity of lilen Earth. Freshwater and marine
ecosystems were amongst the most significantlyealtglobally by human activity”.

“Ecosystem services also declined greatly the. benefits that people obtain from
ecosysten)s These includeprovisioning, regulating, and cultural services that
directly affect people, ansupporting services needed to maintain the other services.
Biodiversity underlies all ecosystem services”.

The true extent of changing global weather pattesm®t yet understood. Proponents
of Restoration Ecology raise three highly relevamints: i) Given that changes have
already been identified in other species (e.g. Baam & Yohe 2003) it is unlikely
that humans will not be similarly affected; ii) Serof these shifts occur remarkably
quickly (less than 5 years); iii) Even if decisiaetion is taken immediately: dramatic
and significant effects are inevitable in the 23430 years (Harris et al. 2006). 2015
is the hottest year on record, and 2011-2015 thiestdd-year periodwww.wmo.int
(World Meteorological Organisation).

Data summaries published on™0anuary 2016 reveal the following: 2015 was the
warmest year on record since 1850; 10 of the 12tinsogset new temperature records;
and the global average was +0.75°C above the kemg-average (1961-1990; British
Met Office). NOAA reports 2015 was the hottest sid880;December 2015 was the
hottest month in the entire record of 1620 moni&SA's data shattered the previous
record; also confirming that 15 of the 16 warmesirg occurred since 2001. All three
organisations show that human activities are th@meause of global warming.

Paris: UN Climate Change conference

2015 saw an important event take place in Parede: a global conference held by
the United Nations seeking to achieve a planetasitipn on human-driven climate
change (COP 21). A previous conference in Copemh&2@09) was deemed an utter
failure as international delegates argued ovexiastame 400 pages long; most Pacific
Island nations were not even considered to exsiCOP 21 is widely recognised as
being the last chance for humanity to change itbaraintensive, highly-polluting
business practices, energy production, and dailyites.

There is clear evidence from the IntergovernmeRgaiel on Climate Change (IPCC)
to show that human activities are causing glohatatie change (about 30 years ago
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the level of certainty was around 50%; by 2015 asv®@5% certainty). Over the last
two decades major powers have been unwilling topromise their national business
interests, in order that a globally beneficial waylife can emerge. Poorer countries
were often blamed for causing these problems (bikisg a similar standard of living
to that in developed countries); whereas blamdyreadts with industrialised nations.

After two weeks of intense negotiations, which tieggl compromise from all sides,
the Paris Agreementwas approved on the 1December 2015 by 195 countries.

USA immediately proclaimed themselvestls global leadersn combatting climate
change. But are they? Time-series data for, €@issions (1990-2014, Netherlands
Environmental Assessment Agency) show the top tpodeiters are China - 10,540
Mt (Megatonnes C¢); USA - 5,334 Mt; India — 2,341 Mt. However, thepulation

of USA is only 320 million; China and India are batpproaching 1.5 billion people.
So converting tannual CQ emissions per capittells a very different story. USA
tops the world with 16.5 tonnes per person; Chisadhnes; India 1.8 tonnes.

Furthermore, the USA forced an exemption in thetiy@rotocol on Climate Change
(1997) so as not to report military emissiome USAF (United States Air Force) is
the single largest consumer of aviation fuel glgbalwo fuel consumption examples
explain why excluding military aircraft emissiors problematic:F4-Phantomuses
between 1600 — 14400 gallons per hour, dependingperdB52 Stratocruiseuses
500 gallons per_minufé The IPCC chapter on commercial aircraft gives two
different methods of calculating G@missions, both show similar results: about 250
kg CQ, per hour. Military aircraft will produce more thanis. Exploding munitions
(bombs, bullets, missiles etc.) should also be @il for.

The Paris Agreement notes that sources of anthropogenic emissions should be
included;or else countries should explain why they exclugladssion categoriesias
anything changed or not?

One surprise at the Paris conference was revealinfjlliance of High Ambition
Countries (created byrony de Brum, Marshall Islands Foreign Minister). Planning
took place over six months, and tBeok Islands is a memberof this Alliance. The
intention is to limit global temperature rises t6°C above pre-industrial levels, seen
as essential to avoid low-lying islands disappe&pthrough sea-level rise. As noted
above: 2015 was the hottest year, and Decembethgasottest month in 135 years
Global temperature rose to +0.75°C above the leng-taverage; 2014 was +0.57°C.
If this trend continues we have very little timedisange our entire way-of-life. We
can expect the major ice masses to melt; and inthegdalready are.

Schuckmann et al. (2016) propose changing the waymmnitor global climate
change. Earth's energy budget is #imsorbed solar radiation (ASR) versus the
outgoing longwave radiation (OLR) When those are equal the planet's energy
budget is balanced. If Earth is absorbing more theadiates back into space then the
planetary budget increases (i.e. there is moreggnerthe system). That imbalance is
measurable. The global ocean absorbs most of thesgg, but there are some
complicating factors. Much of the extra heat coh{@b%) is contained in the ocean's
upper 700 m; the other 25% may enter deeper water.

19 http://www.truth-out.org/news/item/3181:the-miliyaassault-on-global-climate
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Antarctica as seen'from space..,

The Pacific Decadal Oscillation
(PDO) can influence theEarth's
Energy Imbalance perhaps for
decades. So just measuring sea
surface temperature (SST) may not
reflect the true energy statérgo
autonomous profiling floats have
been measuring the characteristics
in the upper 2000 m, but the deeper
ocean is little studied. Schuckmann
and colleagues suggest the best way
is to measure changes in ocean heat
content, complemented by radiation
measurements from space.

The graphs in Hansen et al. (2016)
are particularly enlightening.

Oceanic pollution

There are also additional impacts that are a dicenosequence of human lifestyles
and industry. The advent of the ‘consunttf@ow-awaysociety’ and the manufacture
of plastics occurred in the 2@entury; perhaps each being dependent upon tlee. oth
In about 1950 the USA decided it would create d@l@onsumer economy that was
heavily dependent on oil: so most of our presenbl@ms are, in fact, very recent.
Despite the remoteness of many atolls in Oceargaotiiside world, unfortunately,
still has a negative impact upon these fragile gstesns: the most obvious one being
marine debris, notably plastic waste. Not only dadxish spoil our beautiful islands,
but it is hard work for us to collect it all, anklet only practical option is to burn it,
because there is insufficient soil depth for a {ahdite; this adds to greenhouse-gas
emissions (White 2012). The global dispersion akis¢éent waste can only worsen,
given that more plastics have been manufacturdkifirst decade of the 2Century
than since their invention 100 years earlier (Rgan et al. 2009). The longevity of
plastics is estimated to be hundreds to thousahgeaws (Barnes et al. 2009). Most
marine litter has come from terrestrial sources ara/ be as much as 8 million
tonnes disposed into the ocean each year (Jamiedk 2015). About 5.25 trillion
pieces of plastic are presently in the global od&aiksen et al. 2014). The five major
'garbage patchesin the gyres are well known (North & South AtlantNorth &
South Pacific; and the Indian Ocean). Cozar ef28l14) suggest the 'Great Pacific
Garbage Patch' accumulates about one third of ldstig debris. Cook Islands are
downstream of the South Pacific gyre (Eriksen ef@l3) and Tongareva only has
the Marquesa Islands between it and South Amescaalmost all of our rubbish
comes from foreign sourceBhe remedy is to prevent all litter reaching the oean.
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The problem of persistent waste in the Outer Idamds brought to the attention of
Cook Islands Government by the author in 2011, el @ some practical solutions
for resolving it. National government did littlerfa long time, so atoll-communities
are dealing with it themselves. Some aspects reataitbenging: disposal of lead-acid
batteries, butane lighters, non-rechargeable Iegtedisposable nappies, aluminium
cans and old plastic water-tarRslhe European Union intends to fund South Pacifc
waste-management programmes (David Sheppard, com2014www.sprep.ord

The global nature of marine litter has finally beéenognised as a severe concern. The
Honolulu Strategy (2011) emerged from tHeGonference on Marine Debris held in
Hawali'i. It acts as a framework bringing togethegamisations of any size that are
involved with marine debris (e.g. manufacturershédries, concerned individuals,
community groups and government departments), #adsa standardised method to
record and report data. It doest set any targets or time-lines, but focuses orethre
main Aims: i) reduce land-based sources of maitter;lii) reduce at-sea sources of
marine litter; iii) remove accumulated waste.

The true impact of marine plastic litter is stagtito emerge; Nelms et al. (2015)
review the global impacts on turtles. Not only de lhave macroplastics (that we see
easily), but also microplastics that are less thamm. These come from different
sources: degradation of macroplastics into smallet smaller fragments; micro-
beads (used in cosmetics and other products);tpahat are used as stock for the
plastics industry; and, more recently, micro-fibfesm washing synthetic clothes
(Andrady 2011). Microplastics have been identifieanarine organisms and are now
in the food-web (Davison & Asch 2013). In addititrese act as vectors for bacteria,
transporting them to new locations. The consequehdtas is not yet known, but our
knowledge of microbiology suggests impacts mayigeificant. Dumping plastics in
the sea probably began in the 1960s and then s@tleaxponentially. As yet we have
no method of removing these microplastics from tleean. Their distribution is
unclear, but assumed to be ubiquitous (GESAMP 2&ihways and fate within the
marine ecosystem are unclear, for instance howhdyp get into the sediment, how
long do they remain there, and do they return ¢owhter column; how long does this
take? (Thompson et al. 2004; Van Cauwenberghe2fild; Wright et al. 2013).

Reducing at-sea sources of marine litter has pssgck further than the situation on
land. Until recently anything could be dumped itb@ ocean outside the 12-mile
limit. The International Maritime Organisatiom\yw.imo.org and their most recent
MARPOL laws prohibit all dumping at sea and requsteps to maintain a waste
record (garbage log). Onboard waste is sorteddategories, compacted, incinerated,
or offloaded in port. Reception ports are listetiranshowing their facilities for waste
management; Cook Islands does not have a listed-ghe nearest is Papeete (French
Polynesia). lllegal shipping or fishery operatiangght not comply with regulations,
so an extra problem is ALDFG (abandoned, lost,tbhemvise discarded fishing gear).
This includegyhost fishingwhereby a discarded net continues fishing undéen

% Cook Islands (2013-2016) now aims for a long-teero wasteapproach.
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Eéd j'uvnile loggerhead had been dragging thisishing gear
around for weeks. Centro Recupero Tartarughe Marine€2010].

Reducing terrestrial waste is always problematiostnthuman activities are based on
land. Waste-management strategies, facilities andegures may seem suitable on
paper, but they suffer problems, including mis-nggmaent, poorly-trained staff, high
costs, and far too much rubbish (Ten Brink et @09). It is not uncommon for land-
fill sites to discharge waste into the sea; deibady or accidentally.

One glimmer of hope is aircular economy This lets waste become a re-usable
resource. Instead of continually creating new piasind worsening the marine litter
problem, consumer goods are recycled to becomendine feed-stock for plastics
manufacturers. So it is no longer waste, but a codity of value (Cobb 2010; Cook
Islands 2013-2016; Ellen MacArthur Foundation 204®16). This can lead to local
industry expansion (collectors, sorters, processmasporters, buyers) and in time a
cleaner environment. The root problem is human aeha Educating people so that
they understand how all their daily activities ednite to global impacts is essential.
The European Union has just published its ideasa farcular economy (EU 2015).

Cook Islands could create a waste recycling inglustrRarotonga. If marine plastics
were used that would effectively providérae' resource. Collecting waste at sea was
problematic, however, Boyan Slat3cean Clean-up (www.theoceancleanup.com
demonstrates a workable solution. Instead of spgnaioney travelling vast distances
collecting marine debris, the ocean transportsevdsectly into anantasystem. The
oceans are full of plastics so removing them hag@mmental benefits too. Changing
human behaviour, particularly consumer habits fiscdit: in the Cook Islands many
goods arrive in plastic containers and packagingy® made from plastic. As a nation
we could declare ourselves plastic-free. It wilt he quick, but once again it shows a
small island nation leading the world in a bettgection. Tongareva has begun its
journey to reduce plastic dependency by investigastainless steel water-tanks and
wooden furniture from sustainable forestry projects
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Nothing to recycle, chairs are wood antdble tops marble. Photo from Budapest, 2010.

The importance of trees really cannot be overstatbdy provide shade, food, craft

materials, traditional medicines; they maintain shaie, improve soil, reduce erosion
and terrestrial run-off; help stabilise the coagtahe from wave-action; fix carbon

through photosynthesis; provide habitats for maogcees; they are one of the best
ways to mitigate El Nio impacts ~ and they look beautiful.
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Flower of Tarf\anuCanphyIIum inophyII.
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Tongareva has begun its new voyage to become the sustainable environmental
standard-bearer for the South Pacific. To achieve this requires several things: i)
move completely away from fossil-fuel use; ii) replace all vehicles and outboard
motors with solar-powered units; iii) only cut down sick or dead trees; iv) replant
the forests and restore degraded habitats; v) use all natural resources sustainably;
vi) teach the children that it is their responsibility to pass on a healthy, abundant
and diverse ecosystem to their own children; vii) reduce use of plastics; viii)
reduce use of cement; ix) become thoughtful, caring and well-informed stewards
of our atoll.

Above: RhoadescalSOLARIde vehicle. It has 24-volt battery assist &olar charging.
Below: Aquawatt 13KW electric outboard-motor.

T watt

Tongareva's sustainable environment programme seeks
a zero-pollution, carbon-neutral lifestyle (LED
lighting, electric vehicles and outboard-motorsvath
solar-charging). Unsurprisingly the Paris Agreemamt
Climate Change (12 December 2015) came to the
same conclusion: forget fossil fuels, embrace solar
technology, reduce power consumption, and plaestre
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Te Tangata: The People

The willingness of local communities to participatethe author's work in the atolls
is inspirational. Not only is traditional and sus&ble resource-use widespread, but
the need to have some islanders educated at adivéneds was clearly understood.
The risk facing many small communities is loss leéit culture, knowledge, and
language; these are exacerbated by depopulatie@reTit a need for people to have
money, even in these subsistence lifestyles, becaush things as electricity and
telephones have to be paid for. Another concenmenOuter Islands is that national
government is perceived as selling the nation’sinaatresources, especially fish, with
little recompense going to the atoll-communitiesother words their patrimony and
sustainable food supplies are being sacrificechart-term revenue. At present there
is no national funding for biodiversity researchconservation.

The Cook Islands NBSAP (2002) notes that the ben&fom and responsibility for
biodiversity are shared equitably by all Cook Islars. The Environment Act (2003)
defines the Environment Protection Fund (Part 8tiee 61) and states thatonies
held therein shall be expended on the protectiomservation and management of
the natural environment etéll people leaving the Cook Islands pay a Depariliax
(currently $65 pp.), part of which should suppbe Environment Protection Fuiid
This initial arrangement was repealed by the DepariTax Act (2008), which
unfortunately failed to mention disbursement of tae, other than that it now goes
into Treasury general funds. Curiously, one suggedgor funding the proposed Cook
Islands Marine Park would be to levy a tourist D@ Tax?

Small-scale, low-budget, locally-managed projectslikely to provide much greater
benefits than larger, heavily-managed, high-cosgmmmes. Yet local-scale efforts
do require small financial inputs over a lengthyige i.e. continuous basic-level
funding (Horwich & Lyon 2007).

The author shares his knowledge and skills to &ehsastainable use of resources;
can provide tertiary-level education in the atolissists in the operation of locally-

managed environmental monitoring projects: nottleasrder to preserve Traditional

Knowledge and Practices and the role of ethnoberdity in ensuring subsistence-
level food security (Thaman et al. 2010).

The most gratifying development is our communityimmental societyHakono
Hararanga. We have 20 members at Omoka from a populaticabofuit 130 people.
The other village Te Tautua (population 45) are pawing us. As a project goal was
to gather in many of our islanders we have beenesstul. By including women and
girls in our research teams we address genderigqumlt more importantly we carry
conservation awareness and sustainable use ofahatsources into the future
generations. We take great pride teaching our yqeaple to be our future leaders,
and in time we expect to share our teachings ang-wtlife with other islanders or
nations, so that they too can look after our Pl&aeth.Meitaki Poria!

21 Departure Tax Act (No. 10 of 2005;"1October) Section 6(a) states that one-third otidyearture
tax is to be paid to the Environment Protection d-¢8ection 61 Environment Act 2003). The
remaining two- thirds is paid to the Airport Autlitgr(Airport Authority Act 1985).
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Note the honu tatau (tattoos) on his knees. Photo provided by Ian George.

As a nation the Cook Islands has a remarkable opportunity to conserve
marine turtles and their habitats. This would benefit our future
generations, the wider Pacific region and perhaps ensure the continuance of
these ancient species globally. Whether this happens or not depends on
every one of us: the choice is ours!
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APPENDIX ONE

Richard Steiner* | Huffington Post
https://ramumine.wordpress.com/2015/10/21/deeprsaag-a-new-ocean-threat/

“Adding to concerns about the disastrous declineaean ecosystems, now there is
another emerging threat — deep sea mining. Whigdlaska water mining for sand,
gold, tin, and diamonds has been conducted ford#scacommercial deep sea mining
has yet to occur anywhere. But that's about to ghan

Extensive deep sea mineral exploration is curramtigerway in international waters
governed by the International Seabed Authority (lSAnder the United Nations
Convention on Law of the Sea (UNCLOS), and withxcldsive Economic Zones
(EEZs) of many coastal nations.

There are currently three main types of deep sewenali deposits of interest to
industry and governments:

1. Polymetallic nodules (also called “manganese nodules”) are potato-sinethl
nodules found on the abyssal plain from 4,000 mO6® m deep. These nodules are
rich in manganese, nickel, cobalt, copper, lithiumolybdenum, iron, and Rare Earth
Elements. Nodules grow slowly over millions of y&ato diameters from 5 cm — 50
cm, and host unique invertebrate communities. @tigre 13 national consortia
operate exploration leases on 4.5 million?kof the Clarion-Clipperton (Fracture)
Zone (CCZ), between Baja and Hawai'i. The USA, a®m@party to UNCLOS and
ISA, issued exploration leases on its ownQicean Minerals CompanfOMCO), a
subsidiary of defence contractor Lockheed Martrmgxplore for nodules in the CCZ.
The only nodule deposits being seriously considarngin a national EEZ at present
are in the Cook Islands the South Pacific.

2. Seafloor Massive Sulphide (SMS) deposits are found beneath deep sea
hydrothermal vents along the 67,000 km of volcdhjicactive mid-ocean ridges and
back arc basins, between 1,500 m — 5,000 m deegseTtontain high-grade copper,
gold, silver, zinc, and other trace metals. Deep Isgdrothermal vent ecosystems
were first discovered in 1977 at the Galapagos Riftl stunned the world of science,
as these vent systems rely entirely on chemosyistreber than photosynthesis — the
first ever known. Over 300 deep sea vent systems haen discovered so far, and it
is estimated that perhaps only 500 — 5,000 mayt exihe world ocean, making this
one of the rarest ecosystems in Earth’s biospl@naa and Korea hold contracts to
explore SMS deposits in international waters of lindian Ocean, and Russia and
France hold exploration leases on the Mid-AtlaRtidge. Other SMS deposits being
considered are in waters of Papua New Guinea (PN&)uatu, Palau, Niue, Fiji,
Micronesia, Solomon Islands, Tonga, and New Zealartte Nautilus Minerals
“Solwara 1” project in PNG waters is fully permdtethe mining ship and equipment
are being built, and mining is scheduled to begir2018. This would be the first
commercial deep sea mining project in history.

3. Cobalt-rich ferromanganese crusts are found on summits and flanks of
seamounts at 400 m — 4,000 m depth. There are 400 seamounts in oceans
rising at least 1,000 m above the seabed (and perbaother 90,000 smaller
seamounts). Many are in EEZs of central Pacifiandt (Federated States of
Micronesia, Marshall Islands, Hawali'i, JohnstonlAt@nd in international waters of
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the tropical Pacific. Metal crusts form on shoutdef seamounts, rich in cobalt,
nickel, copper, iron, manganese; rare metals ssckurgsten, platinum, bismuth,
tellurium, etc.; and Rare Earth Elements. Crustsvgslowly, 1 mm — 5 mm per
million years, and can reach a total thicknesspptau260 mm. Seamount crusts are
currently being explored by China and Japan inrmagonal waters of the western
tropical Pacific, but many feel actual mining oaseunt crusts would be by far the
most problematic and least feasible.

Marine phosphate (fertiliser) and methane hydraeergy) resources found in
shallower waters, 100 m — 500 m deep, are oftezudged in context with deep sea
minerals. Marine phosphate mining is in consideratff Namibia (currently under

moratorium), New Zealand (the environmental penvas recently denied, but the
developer is considering reapplying this year), affdBaja Mexico, where Odyssey
Marine has submitted its EIA for mining the Don §iephosphate deposit in 70 m
water depth, 12-25 miles offshore. Japan has ssittlystested methane hydrate, or
“fire ice” extraction from its offshore waters.

The deep ocean, where mining is proposed, coreditihe largest and least
understood biological habitat on Earth. It is atice-in-Wonderlandworld of
extremes, extraordinary adaptions, bizarre orgagjismauty and mystery. The region
is characterised by darkness (infused with spagkloluminescence), extreme
pressure, cold temperatures, high biodiversityh@es millions of species, most yet
to be identified), slow growth and reproductive emt and high sensitivity to
disturbance (low resilience). Given our poor untgrding of deep sea ecosystems,
growing industrial interest, rudimentary managemant insufficient protected areas,
the risk of irreversible environmental damage hereal.

Environmental risks and impacts of deep sea minvauld be enormous and

unavoidable, including seabed habitat degradatioer wast ocean areas, species
extinctions, reduced habitat complexity, slow anttartain recovery, suspended
sediment plumes, toxic plumes from surface ore tenvey, pelagic ecosystem

impacts, undersea noise, ore and oil spills insppart, and more.

Clearly, we need to avoid such ecological damagéor® any deep sea mining moves
ahead, we would need much more extensive scientifisearch — species
identification, community ecology, distribution, rggtics, life histories, resettlement
patterns, resilience to disturbance, and at leald-gear continuous time series of
observations to understand dynamics of proposethgsites over-time. In addition,
we need more robust management regimes at the i8Anacoastal nations, royalty-
sharing, liability agreements, stakeholder engagensd significant advancements
in subsea technology. Until these are achieved,otilg wise policy is a global
moratorium on all deep sea mining.

The need for more deep sea Marine Protected Aegmriamount. New Zealand
established its Kermadec Ocean Sanctuary this graover 620,000 kiof the
islands and submarine volcanoes northeast of than nstands; Cook Islands
established a marine reserve on 1.1 millior? Kover half) of their EEZ; the U.S.
established a 1.2 million KhiPacific Remote Islands Marine National Monumend a
the ISA established Areas of Particular Environrakiiterest (APEIS) over about
half (or about 2.3 million k) of the area currently under lease in the CCZsThia
good start, but still insufficient.
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Industry and governments recognize the huge clggiemn mining the deep ocean,
but are resolved to move forward anyway. As jusdtion, they invoke the “peak
minerals” argument, depletion of land-based misgrahd a projected increase in
mineral demand in the world economy.

But mining proponents habitually avoid discussing bpportunity to reduce mineral
demand by increasing the efficiency of metal uséhan global economy, cradle-to-
cradle design, recycling, and landfill mining. Toild a sustainable economy, we will
have to break the “economy of waste” — mining rawarals, using them once or
twice, discarding them, and continuing the demamdfining raw minerals. Surely at
some point, with smart renewable metal use, wehaile enough minerals already up
into the global economy and won’t need to keep idigdholes for more. The sooner
we get there, the better.

The Nautilus Minerals “Solwara 1” vent/SMS miningoject in PNG waters will

likely be the first deep sea mining project, witihers following elsewhere in PNG,
Tonga, and Fiji. Other projects to watch in natlowaters include Odyssey’s Don
Diego phosphate mining project off Baja, amdnganese nodule mining in the

Cook Islands Mining on the international seabed is likely 5yHars off, but there is
intense political pressure to do so.

This emerging industry would result in serious igtgao our oceans, so it is critical
for civil society to engage now, in the early s&agé exploration and development. It
would be truly unfortunate if we allow the sameusttial paradigm that destroyed
much of the terrestrial ecosystems of our homegtlemdo the same in the deep sea.
It is time to change this model.

This is a very big deal, and we need to pay cléwmton. Groups such as the Deep
Sea Mining Campaign, MiningWatch Canada, Greenpeaaghworks, and Centre
for Biological Diversity are doing great work oretissue. The future of our oceans,
and thus our planet, may depend on their success.”

* Professor and conservation biologist, Oasis Egkthivw.oasis-earth.cojn
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APPENDIX TWO wWhite M (2016). Honu: Tongareva Henua. Sea Tuitiethe Cook Islands:
Volume Two (2013-2015).

Observations on coral bleaching at Tongareva Atol January 2016

First bleaching
21st December 2015

26th December 2015
22nd January 2016

30th December 2015 “

22nd January 2016

Data SIQ, NOAA, U S, Navy, NGA, GEBCO -2 [ §
© 2014 Google y t (;008 (& earth

Image © 2014 DigitalGlobe

Imagery Date: 1/14/2010  9°00'25.34" S 158°00'00.50" W elev -262 m eye alt 30.61 km O

Image shows impacted areas of coral-bleaching confied from Tongareva Atoll (2016).

In late-2015 the author recorded impacts of EI N#outhern Oscillation (ENSO) at
Tongareva Atoll (09° South, 158° West), NorthermkCtslands. The oscillation was
confirmed on 12 May 2015 by Australian, Japanese and NOAA metegsol

services. The previous major ENSO event was 1998,1&hen many coral reef
systems globally suffered damage and about 16% diedgareva Atoll mostly had
normal seawater temperatures (29-30°C). Prevadasgierly winds shifted slightly
southwards (East, East-southeast, Southeast, Southeast); rainfall was limited.

The weather in December 2015 was noticeably hattereased solar radiation made
afternoons challenging; at times it was difficudt dtomplete turtle track counts on

nesting beaches. Overnight winds collapsed andaeawn the lagoon was hot for

weeks (33-35°C). Brief showers occurred every feysd Ocean surface temperature
by the leeward reef was also warmer (32°C) in ditted part of December.

The author found théirst coral bleaching® at Tongareva on 2IDecember 2015 in
the northern part of the lagoon near Tokerau nidteaching seems to have happened
within seven weeks, as it was not apparent on aque survey (28/10/2015); but it
could even have been during those very hot threxksvef December (photos below).

Atoni Williams (pers. con).reported that the ocean reef at Molokai was Ibledon
28" December (northwest of atoll). The author foundesal bleachedoka (isolated
coral-heads) at Mahera (southwest of lagoon): these OK when visited two weeks
earlier [12' December OK, 30December bleached].

22

Higher water temperatures stress the corals catisémg to expel symbiotic zooxanthellae, which
means that photosynthetic nutrients from thesefldigellates are also lost to the coral colony.
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22" January 2016: Rapid Survey in the southwest corneof the lagoon.

Akasusa: during a turtle-nesting survey of southwestern §taongaro the leeward
reef was found to have several bleached areasthetted coralline algae and various
coral species were bleached or bleaching. Wave® matifficult to see clearly, but
underwater areas in the ava appeared white. Oredfi¢op isolated species, including
encrusting corals had already bleached.
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Atiati complex: the channel between Ahua Manu and Vaiere had aetaa with
bleached corals underwater. The tide was too logototo Atiati, so instead the boat
was walked across the shallows towards Moturak®wly one live pasua(clam;
Tridacna maximawas seen.

Southern lagoon to Atutahi: this is one of two pristine coral areas in theotag the
coral heads are immaculate. Underwater visibiligswgood: many toka were briefly
visited. At every site coral bleaching was presemtiuding in deeper water (8-10
metres). It seemed curious at first that deepealsdrad bleached, and surface areas
were undamaged; the author then realised the Iétely. Throughout December the
lagoon was hot (33-35°C), and presumably water éeatpres had risen in most sea
areas. The upper surfaces of toka would normallyeB&nce a steep temperature
increase at diurnal low water (e.g. 30-32°C), sghinhave to cope with 2-3°C more.
In contrast the deeper corals may have a lower ¢estyre range, perhaps 23-25°C,
so these might have faced an increase of 8-10°Qudnto kill them!

Enroute back to Omoka: numerous toka were checked and bleaching waslevisib
even in deeper water (15-20 metres). Differentssifepasua were dead; the animals
presumably already eaten. One specimen appealeditothe process of dying. Parts
of the mantle still had pigment, others were alyeatite; the process looks similar to
corals. Coral species under the overhang were lidelatoo, these would normally be
less exposed to sunlight and ultra-violet radigtioginforcing the contention that
elevated water temperatures extended to some dexeh, if not quite reaching the
lagoon floor. These bleaching events happened yuisme within two weeks.

Dead pasua.
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27" January 2016: Rapid Survey in the northern third d the lagoon.

Dr White and Papa Ru Taime (Hakono Hararanga'sr@ba) headed north from

Omoka to Seniseni (Taruia Passage) and then Moldkaiobserved many toka from
the surface; some bleaching had occurred on evey \We continued along Tehara,
Tekasi, Tapunui and nosed into Siki Rangi passapere we could see bleaching on
the outer reef through the waves. We re-checkedithesouth of Tokerau where the
first bleaching was identified (2December 2015) ~ it was worse.

Y - 7 & “r -:'.-"' T A . . -
Top: toka with bleaching, Siki Rangpassage in distance;
Below: south of Tokerau, Siki Rangiassage in distance.

-
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ae creeping acrosleached corals, northern lagoon.

s . ‘
- (]

Both

a' 3 X L
photos show blue-green alg

We moved eastwards and snorkelled on toka in deeperater. All seven had bleaching and dead
or dying pasua, but some pasua were still alive;ipi and parau were OK.
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Top: blue-green algae growing on live pipi
Below: pasua bleaching, some zooxanthellst#l remain.

Toka BLT15 [08.57.607°S; 158.00.967°W] had blue gmth extending across the dead corals and
over various bivalves. This is assumed to be somgpe of blue-green algae, it can be scratched off
with a fingernail, however, we have no positive id@ification. Most corals are still vibrant, but
the 'cyano’ is starting to encroach on them.
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30" January 2016: Rapid Survey in the southeastern andentral lagoon.

Dr White & Papa Ru Taime continued surveys closAttdgahi, Ahua Miria, Tepuka
and Tepetepe. Coral bleaching was widespread amsdl (85%) pasua were dead. A
few pasua were still dying. We snorkelled a tokBT8: 09.00.641°S; 157.56.161°W)
near to where the lagoon depth is 64 m; bleachouddcbe seen around 40 m deep. A
future scuba-survey will confirm maximum depth déédching. Surface observations
of toka enroute back to Omoka confirmed bleachiag everywhere in the lagoon.

'

Top: large encrusting coral is bledned; Below: looking to deeper water.
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Bleaching occurs in stages: we brought these cordtsthe surface for clarity.

Aftermath:

Following these rapid-surveys, which covered muictihe lagoon, the author reported
the findings to the Secretary of Marine Resour@&n(Ponia), who notified fishery
officers across the Northern Atolls. The Secretagfirmedthis is a direct impact
of climate change There is a pool of warm water to the north of ameva; and the
shifts between La Nifia and El Nifio are nhow morgusnt.

What we hope happened is that as water temperatgeshe pasua mass-spawned as
they became stressed. If correct then in time veallshfind new sedentary stages of
clam. Despite this major environmental disastertvidanost clear is how successful
our sustainable resource managemeninderrahui is. There were tens of thousands
of clams and different life stages. But neitmahui nor legislation can protect us
against the folly of man!

Seabirds

The final observation is that many of our avifaln@ae disappeared. Tongareva, and
Rakahanga, are very important refuges and breesiieg for seabirds. There are a
few of each species remaining, and larger numbieksiiaia (Gysis alba andrakia
(Anous tenuirostris but about 95% of the larger birds have left: tmagticeably the
two frigatebird speciekotaha (Fregata minoj and tarakura (Fregata arie).
Presumably they've gone somewhere cooler, and rigteim will be a clear indicator
of more normal weather arriving.
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Above: male & females of both frigatebird speciesBelow: (L) rakia, (R) kakaia.
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