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Absiract

Raine lsdond 5 the nesivg sie for the world s largest romaiming populstion of the green furile (Cheformia mpdes) and
thae most wipnificot seihind mokery in the Great Barrier Beel Woeld Heritage Aren Surveys of wrle nesting
oonduoied by the Clueenshind Parks and Wikdlide Service bave indicmed th the nesing suscess sate miy be noducead
dug e flocding of the nests By groondwsser, An expodives 1o the islaml in November-Decermber 2006 was
undemasen b myvestigate the beach groundwater dynamics. The ficld dato was analysed sed wsed o develop & simple
mathematical model of the wuteniable respomse o ndal oscilleiong When combined with seed arfice survey disa
thes informztion enables the estimmtion of the depth of sand availahle for green tunile nesing ahove the high nde

inupaaricm Jevel

1. Engreducion

Raiwe Infaned

Raie 1sband {17367 8, 1447007 EJ s (he Srped coral
may an e oaster meefs ol the far noathern Great Bamier
Feef, appeoximately  Bikm monh cast of Cupe
Cirenville, see Figuse 1 The island lies at the leewnnd
{momhusrem) end of the Rams Roel, which i a
detmched neofl Jocmed scawasd of the i chain af
rihbeen reefs that run ulong the continemsal shelll The
et ahrupthy fecs ol ol woler ol less B meres
deep mnd siis om A lermoe appoaimmely sght metres
diep The roel” Tl ie approxitsiely fhiee Kilomestnes
long and o kidomesre wide and ne mane than three
metres deep ol mean high water sprng (MHWS) Cde
lewisl A stime tower was il oo dhy isbind i 1544 1o
mark the meel enimnce.
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Fegure |: Rasne [slaind bocalwy mep {from Baker e
B, 1)

The wsland 15 approsimately &M metres long and 370
metres wigde @ s beoades point. It is compdsed of &
centmal phosphate rock platfonm surouniod by a beach
which rmges in wilih frsm u|'l|mllllﬂ.llﬁf|' 15w 0
meires, excluding the small arca near the sower where
the ok platform exncds o the MHWS kevel, The
berm cred is appraximolely ome o wo meies shove
the reess MHWS vide Jevel. Bekind the herm there iz a
lvay sl gren of varislde width which rses fo the
hrse of a small clilf that rarks the edpe of 1be coniral

reck pmgorm, The beach i3 eomposed of caleum
carbonme and comgrsing coral, maollascn desritus
mnd fommemiferan skeletons (Gourlay and  Hackes,
1y

Expenlod pormsds of husian habatation occumed during
comstruction of o navigation beocon tower i the | B4dils
and phosphste mining in the 13%0s The slind has
siiiee remuined winhpbired and general poblic aeoces
15 prahibibed. Faine Tsdand provides crocal babitat for
severnl specics of sea bind il e gresn tenke
Chreefoverian oo,

(Freem furifes

Faine Isfand and adpacerd Moulter Cay support one of
the Few remaining Inrge Claloudia wpdkes neokeries in
ihe wairkd {Fignee T3 However concems Fave been
ol aboul the visbilly ol Raine Islesd a=z 2
prachuctive roakery due 1o regular floodmg of ness by
groundwater. Simce ol heast 195946, incubating ezgs have
i regilarly Mocaled by elevaial grnmduatet kvels
assoczated wich spring tides mnd ramiall {Lsnpus etal.,
2002, Io0e) Summer ramfall alsoo oppears o have
neTemaad over e Rt nine hioeding . sesons sinee
1990y | Limnpess et al., 20067

Fioading of cgps & caastrophic hecousz on egg
droans aflter o few minuies of imersion. A single
Pecvinlings esvienl ca dlionwe e momihs acesmuliie of
incubating. epps.  The number of epps killed by
flonding hos mot been quantified b o paciy of
haschiiings has heen obseved crossing the heach in
[evemnber and many nesds contamn dead epps ( Limpus
et al., 2004G). Flooding not onfy roduces haichling
proeduction bet alsn the effective sres of heach
available Por successlul nestig. Mesting sucsiss i
feaine Ishnd cam alze he reduced by on msuffscment
iepith off samd eaarloying rock layers, dry sand dhat
tollapses eaxily and nartde interaciions on high density
neating mights. The mleced nesting sooces and
hatchling prodscism ch=erved during the pasi ming
years, agether with hunging of wnles @ some pans of
Thtr Fange, 1e predicied so bring abour the decling of
ik Raine Isfand « Moulier Cay popaation i the
fosreseables Future | Livgs of o1, T2, 2H6).



Figure X

X pogd werrdeF

Rome Ishand lacks o waoaither shmion. Hamwsar, the
three closest Burean of Memomalogy weather sttiors
(Ham Iskamd, Wikhe Bslond amd Lockhan River) ere
chamcierisod by relabively undoc masimum  and
imininam air semperntunes (hroughout the year,
wean axmihly jeipeamecs ghove 350 aw] meim
moarthly mamimurme: below 35°C { Limpus et al, 2(H12)
Ramfoll appears 1 be Fighly variohle snd cormeloied
with  Ihe Sowthem  ChelBabkn Ddex (SO0} with
perids  experencing o negative SO0 uswoadly
chomcterized by low  minfall md  posgive SO0
genernlly producing o rmdpll QL nsgis e &l 2{HE2)
The ten year perid since 1996 has experienced Tour
years of megalive SOF values, four years of posgive
wilges wad Twa years af wariahsde: values {Burcau of
Metrology, ZHIBL. Mo rain was experienced during the
Hiks expelicion

From  AprlMay  through  SepembonOciober  the
mlir] 18 gencrally  seegsiis] e sens Al Swedhy
menerated by the persistont southeas tade winds over
the. Coml Sen, Winds ore probably more varmhle
thivigglenil (he romeisder ol he weor aliliosgh ke
sammer  months  are onder the mfloenee of e
nostirwesterly monsoom

Cwolones penerally increse minfall, bde heaghts anid
widehs, Thee 1ekand 18 pirckably fumher vonh thes the
mafmey ol cychme tmcks (Gourlay amd  Hackes,
1991 howeser iwn owclones dunng early 2005
{ Cvelorms Karry and Tigrid ) ans thought 1o have had 3

Ingensive nestmg ol Ckelwaie sradas obsened ar Raine Istand o Decomber 2006

fhie mlewl (Lisgmid et al, J008%
change rmayv increase cvelomic

finger sinpiact o
Fusthermore,
activity im the reg

Mfarpiisiog

Iz has heem propused the the merease @ freguency of
Phnnling of mests may be ddue o a los: of s from the
swake oren of the beach Limpus eof ol (2004)
ivestzgared the peopesition tha the sand remsowad
lroemy (B dalimd o the bocka of fuiled sy be
imporant. The 2004 expedition o the shed found
thai ench munile camied & mean $22ml (S0=0330,
ralge=O-4100ml., =11 «al &
estimmbed that 23 cuhic metres of s waes pornecd
freen the ishmd during the 2004-3 broedimg season
Fhis amoigl of sl = o) |p.h_||_|,' in the connexi of the
overall axlimeni trmmsport Budpeet o the slasd. 1L wss
wupgester] that sand loss is enhanced hy the kw
el Tkt af (b anchoraps whens g |eiry wis
nnoe - condrucied a5 part of the phosphie minmg
opemmian [ Lingnis ef &), XK1 l:il:llr|||’§|' 119 b et
m the hmsis of serial pholcgraphy analysis tha the
toead volume of sand on the Blond increased from 1984
I VMRS By BELEHHD cihibe mietres evnid thal thas
mwwasured  long  lerm change 15 ampanble m
magnikle to the ermrs ressRing from maecumcies m
the phojogremmenry and probably snwller than the
magndtude of saseal vanamons o changes due W
s gmificant metenmdogicnl evenis The nhaerved koss of
mmil over the weestom ofme of e et ngar jhe
ancharage may oo represent o set loss of sind e e
islrndd 0 the i of sedinent production on the meef
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i ig emough to compenssie  Quantification  of
sodiment production rates s difficull w0 achicve
Hewever, detniled surveys of the sand surface carried
sl an the 2006 expedition will enable comparisons
with previous surveys s hokp o quantils o net loss or
gaim of sedimend.

Wirve-generied curments plaoy an important mle &= he
femmmizcer and moapholngical developnenr of e
tslomal and Bervve heen the sehdet ol detailed Inbomiory
imvestigaions {Gourday, 1995,

Dirosnadnrfer

The groundwater dynamics of the Raine Bsland aquifer
are dommsied By ihe influence of the tide, The
prupspation of e bude-nduced gromdwaser wave mio
the mquifer is sffecnd by the hydmulic condectiviy
A pososity af the s,

Thee ol previoes groundwiter sudy al Rabee Tikiand
repartod that nidal waser intu=on cceurs throaghon
mrach of the swale anea in o predictabde and sysiematic
ot (Beal, 1003 The present  Isvestigation
mchudex 3 mure comprehensive oy of wells ond o

mie defaiad mathermtical madel tBan any previous
effor.

L Metbsdolagy

Thareeen wells were mstulled o measune goumlwmser
bevels and fimar cifshone siilling wells wene =i ap in
recond the fidal ascillamen (Figure 31, Inshone wedls
wene dag in o depih of ooe 0w meires below e
sl safacy msing an agger. Cdfshore silting wells
were installed witls the base of the well @ the sl
warfpce sapponal By o dar pickel. Al wells wene
waude al # millimeire diometer char plastic ndving.
Groundwater besels were recomded &t 15 minune
mervals usied o dipmeter wsl offshong wirker Tevels
weere nzad From 3 tape meassr alfached 1oothe owside
of the well. Condoctivity was measered @ sich well as
o pauge of the ndfathas salamity. The elovations of the
o ol the wells were surveyed doily wwing o ool
siatem e ted wen the fowest asmenosizl e
(LATY damen wsing Permancit Survey Mark PSR
M [TA566m above LATY as o reference The
posmion of epch well o che honzominl plime was
retorded wsing o differentia] GPS receiver.
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Flmastion {m+AT)

Figune 4 Tt ivwtauiersnits Foen the of sbon: wells 1 EET ared 16 (dots) wigh the pradicied astronomical

tide level from WX Tide32 {ln).

Wells 1A, 1B and 3-5 tormed o crnss-shofe minsecy,
whish was licaed alfsces o e ancharage a1 he
weslem ond of the isand. Well 2 was nof mestalled
hecause it was ocated m ibe heach erest amd 8w
il pogsilde g0 rgch o uselod deph due 1o repred
wall collopse. Other wells were locped theo

the swale {400 memes from the shorelingl, mgether
with oiljacent offshane Incations, o gquanify i
il tempural gromumdwater leve] varioon.

Wells b aeed T were hocated fowand (b soitvwcsien
career of the dstand. 'Well B was msialled witkan the
mren experencing the gremest degres of inundances,
refermed o by ohecrvers on previous expeadaiong e
“the  swimmming - pool’. Well B was  locwmed
mpproximately 30 mewres from well & oaed was
insaalled into @ lover of imdurated samd (immanue
beach rocki Well 10 win locaied olfshore to wellz 1]
mil LE, which were [ocated witham ibe oaly region aff
sz sl wlene gheen vegetation wis ehasrval Wl
13 was affshore to wells 14 and 15 Well 14 was
insgTled witkm fhe rocky eection of heach pdjeent
the tower and well 15 mmmid}' 150 meires
I e nimthwest, in the dre region of the swule
reierrid f s i duet o™ Well 16 sas oflshire
wells 17 and |8, which were located spproxmmatcly
1) memes apant aleng the sirmight sectiots of the
nosibeastem bemch, Wiells 12, 15 and 17 werg bogmal
ey expomeil beachrock on the adjacent shocoline. Well
17 was foeaied @ the pomhensiem boundary. of the
2006 urthe Deding soces shudy i,

3. Field Measuremones asd Hesulis

The tide conditivrs for ke duration of the Feld
curaign were mositored by masml psdimgs of
iffshare well mumbers 1, ML 12 el 16, These
memsurements are swram i Fagure d, wogeiber with
astoonomicn| tide predictions fom ke software
package WX Tide3d,

The feld cumpaien included two magor components
The Tist of these dnvohead contmuons daylime
measurement of waber table kvels along & st
defined by wells | hrough 3 dunng the pericd
IELOG b WLI0E. During this llm.' 1h¢ |-ﬁ-|
osgilfalion  was  approudinaicly

uhjective was W measane e p:'u'[n,pl*m ol lhl:
proundwater wive 50 that o mabemanicnl model
ol e dhiveluged wnd calibraed,

The scond pam of the ebd effon was decoal
ewards measurement of the pesk response ol the
water table 40 the high ride signal & vinous kocations
aroueed the skl 21 disimos of approninmsly S
Alb meires from the shoreline. These mensuresments
e o oul o wella 80, 11, 12, 048, 14 1T md
18 during the poriod HITM6 W the 7206 The
ohperive wirs 1 issess the spatinl boenopenerty of the
iquiger anil e develop o model oo estimate oF the peak
water Eable clovation e my podm arousd e okl
fora given high inde level.



T mvestigaie the pepagation of the  grossdaaner
wave nking the eross-shore tomeet {wells 1-5) the
atn From fhe 200 206 was used simoe it wis the most
comprefensive. The revorded water levels [metnes
mnve LAT) it each of the wells are shown in. Figure
5. It can e seen thar dhe responee of the waler bl a
wavh of the miland wells is defayed refaimve s he ndal
sigral amd the ampliiude of the oscallmion is neduced
Thee leme helween e poak sifshone high tide and the
peak water table elevation increased with dismance
inland, from |5 hoors ai wedl 3 10 175 bours ool
5, The peak waret table clevataon messured at coch of
wells 3. 4 wnd 5 was opproximasely 1.57m shwive
LAT campared 1 the kigh tide level o 2 24m shovg
LAT. A profile of ghe cross-shiore transee) i shown
Frgure &, together with the approsimaie warer tabde
elevulion ar imervals around high tide os The 271 206,

A furiher effan jo property mesure the propagstion
al the tulal wave inhy the squifer was camied out by

heough low tide on several oocasons, The wailer
level rezordad by the pressure iransdocer was in good
agneemot with the manual regomdings w e same
location [weil 6 The seeults of this corgarison are
shiesam n Figeee 7, ms well a5 resules from the simple
mathemaical model developad in the text secion.

The secomd snge of the field compaign invobved
mezsarement of the peak water tsble glevagions o
varoess Watoed arownl - fle slad. The chosen
lozations wene betaween # bo BiY metres from the
shorefine, m the swale area i Front of the plicegihabe
resck eliff, The resuits from the montboring @ wells B,
2 10, 12 17 and IR camed o pver the perid
#2006 w0 B/ERA00 are shoam in Figure £ Wells 14
and LF were monitoreal on 7206, b the wells wens
wrl e enough o recond the water table response.

Tahle 1 includes a aanmary of afl of ihe prak water
table level measurements, An estimate of the responsa:
o @ mean high weter speimg thie was ohiained by

the insallation of & self-logging pressan: | o
in will 6. Thes well was deeper than wells 3-5 and
was therefore able fo make continuous recondings

Itplying the messered response by the o of
tidal smplicedes. The resulis of the szl
el desveloped in the rest sactan are al=s choded.

Tathe 1= Penk water tible levels in nesguorse g0 high tide sipnabs and relaiive comluctivigy
el [EETe High side Paak wargr tahle a1l regiense Wl P N Hilis al ms erage
L] (LT ] leved pisinio red da MHWE Livm tdr S0UTWS 107 m e sasslunivin i
TN T L R LTI PR T R Alabucl ATl seweptes ndurtielly
] i3 ] [ &7 B ]
£ TE A 2.1 [ KN ]
i A T & 54 il
[] 17 14 E 2] (3] ]
10 1 FHF] ] LR [
4 4 %] 3,3 Lincenain £ -
i - =2,k Llscenain Kl
[E] 193 LEd A
1 il 2.1K |5 L&
A
& 0
.. LM
240 "
, wadlie
" ' 0n -
g g . .
3 o ] < [
] ‘. .
= me v * .
- "
.
! - "‘. 5 - +-I*
£ 1 i L} - =
L] L]
1100 =0 o
= ."‘
s ...lli..
(R ]
LR L}
LA ] B3 Jim LE ] R} A nm 18 e 1320
Tisia
Vak [aih e tBmdaden
Figase 5: Water lovels moorded along cross-shote thansect faells 1-53) o 20 206



LAT o : T
& 0 & w w 1] ] E: 1] 5] - ay 55 B [5] =] m ] 55
[ —fandwes  » weliops - Ticy Maees —— 40 —— 190 = B 18 = e S0 0e o 48] Coetand L]
Fagure ii; Pl oraneee — wells D iheough 5, Wt fable levels mne displasved for 20206
3

2 =
15900
21900
500
2100

1A 2008

1313

|—Frlunh=md|m s Wald = Wel 1 oo s Model feel 1) e MMI!:.!

E

Tima

B0
2 20s
1500

Frgure 7: Pressare mmnsducer recordings of water levels or well &, compared o mamal readings o wells |
il f el =ivgple el resslis For wells | and &



b L)

1.8%) 1 -
:! ;ﬂl F
11 -- ik []
w2 - - Ll
_im :':__ ) .
= .
7 m w o h
E - e
o B s ;
&
- in ]
L8] =
: 3 £
BT _ :
= wF =
- L .
13T -
-
(Riii]
B0

ArTE
S ST
QTAOE M

BT

Lo B8]

i 5 ANT0O08 1200
B

51008 R0
1S4 2008 00
184 3008 7,00
001208
B II008 1 000

e
AR BT RT RERFY 15:|r-¢1l|
i

Fipure £:
12,17 el 18

4. Matbwmatical Faodel

A simple  mithemstical  repreceuwation of  the
propugation of the i wive wea dhe aquifer =@
vlaimed by nssunming Bl the beach & sright md
umiform, mking the beach face o be venical and
ndopiing  Duepeit’s  assempion that the fow =
casenlially hoswonial, Then the waler tahbe clevatnm
zan b diescribed by Bousemesy’s equation

Y i

& wixl iy
where § o the pornsity, K e the hydelic
conductivity, x i the Sstance frum the shanekne and
W11 is the waler table elevagion. B we assume
furtler thal the tdal aenpliveds & sivall comganald o
tha depth of the pgquifer D this simplifics further tothe
diffusson equmion

o KD Tk @
& oa
The  ppplication. of coauliticas

A = 0% densiavd aml W)= 0 hedds o
ol af the: firm

dir i) = 04 Acos(on — e ™ (3
with the wme number & given by the dispersion

relation
Hi (5] 14.
b= —
[IRDJ

HWacksen (19910 niel thae the nonbinear erm i g1
and the fact that the beach Froe s mn vertical begh

Miensured water mhle response to Righ tide signal {edfshore welle 1, 10 and 167 o wells & %, 11,

have the effect of producing an inkind aver-height ©
sach than the v sverage water table elovation (s
W =040, This o medifial sinphe e
hecomes
B, ih= D+ dcoslon =dxle " 40 45
The parameters of the model may b dotenmned
usng the measurements & wells | md b an the
20246, The ampdinude of the firse barmanic of the
tidal signnl was A4 = 0.7m and the deminmmi bdal
frequency was o =LA« 107" Wl & was locared
A metres from the shorelne v = 20m) aml the
hserved aves-heaght © was (h0Gm. The wave number
& kol am the oharved plase shifl and ompleiode
decay was k= Tel0 m Thies the  adopeed
expressin for the water mble bevel {in metres obove
LATH a5 a Tunctkom of thine s diamee fram the
et
B i) =135+ 0T cosl A= 107 - Tl x) &0
()

HBaserl om the empineal ohservations equatiom (4] con
bz vl B letermmine the difTuivily

i Ll 3

—_—= =|.4Im’s N

a Ik

Mote we bave reglected any ime-averaged flux of
watter o of the bech caused by minbial which may
nlsn eoniribute s the obsenved over-height, The
viauits of the siniple mahematical madel Sor the pine
series ol water iable level m wells | and & are shown
mn Figure 7,



5. Discwssion

The: field mcsuromenes indicsee that the woier mble
dynamics of Bzine lslnd were daminaiesd by 1l
influsmice during the period of the ekl canpaign. The
amiplivade docay: and phase =it of the gidal signal
within the aeaifer wen: modaliad suacesfully using a
simplified analysis. The collectiom of the data and
development of the model enahles us i comsider dhe
likely water tahle responiss 10 a given high tide event,
and determine the mplcations for green ke
nesding sucoess.

Tahle | incleded two estemates of peak aater mhle
levede for o maeon high water spring eide o cach of the
well locations 2round the xlood. The first is o simple
linar scaling hosed om the v of tidal amplaudes,
anid dhe spoomd s the ealis ol the matheinatical
el developed i Soction 4. The s estimates ane
generally consstend, with 3 eouple of eepioes
Well § wees meanr The soih-uest comer of the land,
leading bo preater exposure to the tidol signal ond o
bigher mesponse than predicied by the mathematicsl
ke [ome mkeSling, assumpiaon s th e o
g stmaight). Well 12 was simifarly focsod close to a
comer of the mland and thezefome hod & higher than
expecred mesponse, Well 17 was aflecied by m
ouztcrop of beach ruck along the comesponding :In-."ld1
of shireting which damy d the responee grared
tiy thes wndel fricdsciion,

Tohle | shows that the averge meassred oomlductivity
o the ppiifer it wells 11 and 12 wis moch loweer thas
wl wells 5, 8 and 9, indicming  Tewer safinity
consisbent with the nheervation of green vegetuisan in
1k smonmding, manle srea

The oh=erved responses anid mode] predicions can be
oomhied to produce an estimaison of the maxemum
vl of thilnl iwwanatson for & e high waker sing
tade at any point om the iskand. This estemate is shown
in Figum 9

The cstimate of the peak wier table response may he
combined with surfiee survey din o provhle an
eatimmie of fhe el availsble depth of sand meadlable
fior twwtle nesting. Here it s ossumed than nstle nesis
wlll b alnerivncd §F (e Qg of somd slaiog e poak
watgr thle level is less than (K82m, which is the
averzge depih to the boitom of egg clatches scconding
1o Lierpiuis .0 { 0030

Unborismmiely, the surface sasvey ditn collocied
during the MG expedifion wns unusable due o
technical problems. An esttmace of deprh nvasilahle foe
mesgting has been mads baged on 194 survey dain
{Figere M. Clearly this is not m ides] comparson
due o e lkely changes i beach moephology siece
thig survey wis carried ool Therelfon: ne conchesan
Feie boen dlrawn ai this singe, except in comment tha
based on 1994 mervey dain farge areas of the beach
b anil swale arsas did proadde sulficiont depths Sor
sucuesalul tunle nesting,

& Cancleslon

The woier bl dynamacs om Raing [slad were
evedignial by monitorng welh jnsdallod on the
o] Bpwnnt the 2900 106 amdd 7012406, An analysis
of the tidal wanve propeganon inio dee aquiler was
carried out. The peak worer webde levels & variods
focmtions in the suwabs area wane gstinued for 2 mean
tugh waier gpomg tide. & mathemaiical model was
devekopad thar describes the propagation of the 1l
sgral within the aquiler. D this hasis of the ohairond
water (ahle dynamsce and che mathermatical model &
ooniour plat of the peak waier table level for @ mean
high water spmng e was diveloped Tor the ontine
istand. The eonivur plot of peak water whle resporse
|Frgure 9} was eomhined with 193 survey dasa i
eatbvane the dupih of smd available for betle nesting
ibive the peak waler table kevel (Figure | 0],

A thoroiagh mempl oo mag e sock Bvens withdn the
Deach wiudd be a woriliwhife fetume sk, This would
allow a charer picture of the ovadlable deph of sl
fr curle mesting 1o be devedopel.

A vonchusion em the visbility of bartle nesting has m
been mode due @ he inselficies saihbiliy of
surface survey doin. Hoswever, IF the topograghy of
the islnd had not chanped. substiantolly sece the
1994 aaface survey | b neglighle ner sand mavemen
i fhe lust 12 sears) i ocould be concluded that the
grourktwater dynamics do not present 8 5|g:l:|'h:|:m1
hpmier i the g af ©k gl
Additemal  gronmiduwater ieasureiients and sarey
il should be collected 0 allow & moee detailed and
socuraie estimstion 4F de depih of sand availale fioe
sueceselul Dt neslig.
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