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"'manes "re some of Ihe worl'.!"s mOsl
di"erse "nd !,roducli,'c syslems. Thcy
comuin " widc r.:m~e of h"bil'"'. from
cAposcd inlerlidal sand Oal'. deep
~.,;Iuari"" channels. rocky !,Imfonns and
se"gm" meadow., 10 shchen'd mangro'-c
foreSls and fringin!, m'trshcs. This !,,,,al
variely of differenl habilals prtl,·id...~ a
,,"eallll of hing s",",c. food am) refu!,e
for a myriad of planl and 'oni"'al species.
including humans. Hcncc we consider
cslu"ri..., I" be impofl"nl "nd valu;,ble ror
ccological. economic and cullural
",asons. New Zc"I"rnJ is <me "f Ihe mosl
m"rili ..... nalions in the world: 'o;e ha"c"
long .,h"reline and mor... Ihan 300
cslu"ri..., Ihal covcr an """I of 100.000

h,'ClU"". These ~w"rie' ""'lle in IYJ><' from drowned ri"cr ,'"II"y, IhTQUllh
bar-buill e.slUaneS 10 lug",,"s "nd fjords.

Uoman' prt"fcr 10 inhahil COiIsl,,1 nrca" _ more Ih"n half of lhe world'"
popul"I;On li"es wilhin I (~J km of the l"a. "nd oflen lhe de",;cs. poJlul"lions
eun be found beside rive'" "noj l"Slmtri~... N......, Zealand is no cx~'Cplion: oor
1UTj,'CsI S<:ll1cnwnls _ Auckland. WcllinlllOfl. Chrislchurch nOl<l Dune<lin - arc
ncar lhe COOSI. and IlN:y all e"olved a"",rnJ "'''lUari~.".. C<.....~"'lucnlly. il is nOl
.rurprisinll lh"l cSlu"rics world...·i<.le. i""ludinlllhO\Oe in New Zealand. are un<.ler
increas;nll pressure from hu","n <.le"dopmcm and populalion ""wlh. The mosl
iillnilieanllhrcals loeslu:uir.e t:>iodi"enoily include allcrolion and los.s ofhabilnl.
l:hcmical (lQllolion and cOlrophic",ion. in"asion of ulicn "I"'cic'. o"Cr­
csploilal;on of ""trine ..,<ourccS and glob"1 climale chungc.

E.,wanes an: on lhe reed";n, end of huwan ""li,·ilie. in lh" surrounding
'·"lehmenl. In New Z""land dcf<.>resl:Ili",' and c"lchnlC'u dc'-e1opnlCnl has
resulled;n land e...,.;i"" and acl....k-rmcd ;nlillinl\ of eSluari~", "'ilh se<limenls.
Infilling "'ilh !'l~irncnlsderi,'cd from bulh the OCean and the land is a nalor"l
pnx·css. which Iypically UC<:UD ,l",du"lIy over hundn.~s10 lhoo.""nd' ofyea",.
This is a 'IN:allhy" agein, process. and lhe ~'ColoIlYof lIN: eSluary e"ol~es "'ilh
lIN: eh"nlle in il'l~imcnl "'!lime. H......'c,'"r. lIN: mle of inlilling has changt.~

n:'~n1ly duc I'" 1",Id·ba<ed human nclivili"". lesolling in pr""'''lUlely .gl~

c,luaries and onhalooced ~yslems. The incre:l.'\Cd scdimcni inPUI ~modloCrs

lhe cslu;ui"", habilal. Iurning <:Ind nats inlo mod naL'\, changing Ihe distribulion
of ,,"imals and plont, and reducing Waler clarilY. Then: or<: r<:J1('reu«ions On
Ih" whllie cslu"r,"c r,)()(\ wcb. An 'umouched' eSluarine cnvimnmem ii

hc",um;ng ",,,re llfa rarily Ihan lhe llIue Whale.
W"all ~cllgnisc lhe impun~ ofconserving lhc: Blue Whalc.

bul Whal aboul cooscrving whole cc05YilCmi1 Todo Ihis wc need 10
undersland oomclhing of lIN: way lIN: ~yslcm ii SlnJCIUred. For
csam!,lc. how are sand nab. mud nals. saIl mlU'Shes and IlN:ir resldem
hillu di_"riboled? And. mOil imponamly. how do lhey funclion in
rc!alion III physical and biolOllical processes such as lides. wa'·cs.
ecosySlcm prodUClivily and sJ1('cies imcrxlions?

Siudying plOCCSSl:S ,,·ilhin an e~lu3l)' lCnS uS how lhe ~lnJelural

(eg IondscaJ1('. habilal) and funclional leg pruJalor·PfCY ;mclllCliollS.
",covcry dynamics) aspecls of an ccosyilcm arc imcrdcpcndcm.



liculugical ,ysle"', a", dy,,;,m;<: r..lher Ih,on slal;c. By undcr­
'lan,l;nll "",,,,ystem [Jrt>.:es.<e' (;e huw "nd "'hy Ihings ch"nge,
we Can ":.,,~ni,,, the full \"Ulue uf «ulugical .y"'cl1l' amllhe
limils lu which we Can pu"h lheon and slill nm;nl";n lheir values.

1'Iow I" I",,~ a' ;ncreased ""Ii"'enlali"" in eslu"ries and SOme

"f lhe proce",." lhal ;"O""n"" II", w;oy ",'luanne <",osyslems
""1"",,110 un""allh)' ral"_' "f ",dill\Cnj ;npUI.

Cca ISCS and conscqucncc.s of incrcased
sedimentation
1'I~w Zcallllld has a I11ng~ of environmc:ntul eh:uxterislks lhal
lmensify S/,,-dimenlalion or our eoa,lal waters. such as high and
.,po,~dic rainfall. SQiI~ of "oleanie "ngins. yuung and Sl~p

landform•. and a human iXlpulalilm cunccnlrnlcd alt'ng Ihecoasi.
Combi"" Ihese fao:;lors and lhe re.ull cun hi: calaslroph;~. A major
land,lide or dump of ..,dimenl inlll an e,'"al)' may occur.
sn""hering ItI<: bed of lhe c'lu~ry and lhe animals Ih:,' Ii,'" lhele
(Pholo I). Ih"",c"cr. ",di"'enl may al."" be depoJS;lcd ;n Ie....~
Ul.....mc c,·cnt,. A numbcrof small changes wilhin a calchmcm
Call ,,;,.ull in an inc.....a;.cd rouc of sedimenl input ;nlo lhe e.'llIary.
lhe,,;,by incn:asinglurbidily and dislorlion of ttl<: "atu,..~1 dynamics
of lhe c.laarine ')·Slem. AS a ,,;,.ull lhe poIe"l;al ror change.< In
habilat,. walcr qualily. aeslhclks and. ulli""'ld)·. lhe hiodi'-",.,.;ly
of lhe eSluary. is ;ncrea>cd.

Whangapoua Estuary on Ihe Coromull<Jcll'eninsula covers a la~" area. and
is ,n~ Ihan S lm wide. The moulh of Ihe cSluary leads oul 10 the Pacific
Occan "hile lhe lop of lhe eSluary e~lcnds up lnw lhe h; 11< of lhe Commandel
Penin,ula. Typical of many ~"luar;lIe cmehonellts around 1'Icw 7..,alan<l. lhe
land surrounding ,he Whangapoua ealeh'ncnt ;s mi.~",rc of fa"nland. eXOIie
fore.'l\)" and rcgenerming nati"e hush. AS a Iypical ",wary. Whangapoua is
valuahle fur many different rcason,. It is impor1anl n:<:rea';'lIlally for OOalini\
and "'lumic oclivilies. ",",ologically a, a nun.cry and fct.-ding ground for many
coa.lal fi,h Rod '"Venebr'JIC specic•. and ~"-'onumically a, pan of lhe cooslal
mari"", ,"Cosy"lem from which we sour"" expnnl-ll SC"rot~1. A< a n::'UII of ri"inS
le"ct, nf "",rcallon"1 pre.sure and the need 10 pnwidc eu.'y ",:ec.<" 10 lhe
catchm"m. n~,d "'IIl,'rneli,,,, and r"",,,,,,,,, de\'c1upmem or the ,urrolll"li,,~

me" "'" '"1111<: increase.
Rood_ me "'ide"ed by <licing off" eorncr of " cliff

(I'huln 2). ~~flO"ing surflM.·" day lhm get.- waw-d in'o Sln:"m,.
ri,'e,,; and ulli",a'c1y lhe "'IUar)·. One cUI al""" Illay nOl ,'''usc
a slgn;ticam differenc" 10 lhe esluary below. bu' the CuI
pktuml "'a, 00" Qf approximalel)' 35 ,'ounled on " 30 ~m
,lrel,;h of SIal" Highway 25 pa'~ing 10 the soulh of
Wh"ngapoua ,"~luary. 1I0""""r road ,·On.lruet;on and
d",eIQpm"nl are nOI lhe only faclors eonlribulinll 10lhe
increase ;n sedin",nl runoff. OIhcr major <'Ontrihulors inclooe
farming. produclion forc,t han'e"ling and urtxlOh"lion.
Th"", oclivili", in,·...lv" rew....~ing large pnm of the land.
"xpo<in~ loo~e day and ""il. which is then ,uscelllibic lQ
c~ion. Clay and ",il ends up in wate!""a)" and c"entually
lhe n.'eci";nt: "',<Il"'\)".

Photo I A_ bed 0"''''1,,,''''<1 til'
Itno _ ...1Il trom \I\t Cf.lCl'vr4nI in
~ e....."/. TIle_ill___in.t\OtM_on<I
,_n layers oI ...y opproxmatoly
10an !hid< """"'"'1111>0 _ ...........1
-kiIlO'lI "'''*'''''ll'_'

Pholo ~ S,.,. H'ghW'Y ~S. oouln 01
WI\ongaQouo. Con:>rno_"-.
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TIle bil 'lU<:~1on I, ~"... ,b, ;'w""I\'nl"'''''''''''"I<~,I,m~1l/ ;m,,,,," '''' 1M ~nll"I<'
,)/,ht ts"",n",' If we cun l'oe,'n '0 un".'c, Ih" 'lllC'>"t)fI lhen '"'c ~an ou ITliIny
l>I.l'oe... "ICh u"
• How muo;h ....dml<'n' ,~'oo mIlCh?
• v,,",,, arc the Ill'''! .-en"I;"C IWb of the CSllIar)'?
• WhICh <:'ollWl«~ ItlMl at ri~?
• An: 1hcrc oll.....f far'fuch,na cffctU of 5Cdill"lClllaIJOlI IhM ,m.., bc:)vno.I
thc IC'>ILJ;U) ,1IIt1 Ill<' .. Ide.- Coa..ullonc?

NIWA\~h I""trarotne '"£ff~ofScduDcDuCXl E>lUll'Ul<'...cl C..-w
F.co!.)\1"""" IL~n.1 " I combined cffon by «Oio(I O<T~•

.....,............ ,..., Md ~htm."-' '0 If) aDd _ ...cr Illcoe quo:>llOftJ and pm"
undcnund.nr of Ito.. C<!UM;M c<'ololical procc...c. ~ I"<:<;'cd tI~

dlq.n, '"*' o( -eclImmtation. Tbc iJlfOflllllioll compolcd lrom ~
,. ,II he ........ ~ lr<:ftlU<'.ai aoh itt 10 aid cn\iroclmctlW IDIIl4<'" .. nh .....
~.nod u-..m<ltioa.. Tbc pop....... cocompa>~_)~..
deah"l' ....h .. ,Ih Ill<' IIlImcd•.uc and thc IoDJ-tmIl ~1C.ai o:fl"C'I."t. of
...,d.men,.h"" ,>a I 'I"ely of \pecics alld ll.abllil', II liwo loo~, I'
,",,""'II~'" l_o<:c IIiun!he 01......, .... «-..I ".".n_.
1Funhct- "'I........."'" M , pmplUII <:m be uhl;o.nalln>m the 'lOdI ..II!
...............-:M o:e/nft(l

R<:<:ctII npmmenl\ tl)' 'IWA .......n!he ESU: ~'1';wnrne f.laIOo 0Il ..1u1
t 1\ •• ltlIhcN"'nc«Olo." ..bcn>edlmcnh_ ........haal .. oIhlltfR\lnll
...Ia), "......" npm_' ........Jau: !he~ ..,cnI. IIwI ,.."ur.ail ...,
uftm ........... Ictl"<'\lnal oal,_.~ rapKil) ~l1cd ,III,. an C\l1loU} dun", •
..wrm u, flood ....<'<11
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How do .. be;' i to ... ~e i'aid tha .'''''i of
aICC'" ... ,..It on ei'ftDoies? • a ca. study .,..,..
OlIn: at' f
Apan from I\I.,/line off1O;an CVIW) art« he;,,) r~,nf,,11 ,,"h nnmoong gc ,
"C c;an UloC rontrolkd uperimcnl'> 10 qu;onhry the I'C'pon~ of hlCliotK- 1,

ph~'ocaland d"'miaJ procc<s<:' 10 C"la.cruphk. C"C'IIh "-'pen"",n.. CVI
rro" Ide saW!'lo<Celc mlm..:, of ao:I....1c'cnl, and rRIIbk t" '0 hu,1d • poet_I,)(
~ 10 and 1WO\'a')' from <hmloI.., t..bI...,~ Such. conlroilcd
C\pcnrncm ... l\1liinroi~" .... IhcA""u.m~ COOl1I:tJ IARet
'" a..1n 1:<lUII)'.IIOftb-ctilofAlldbnd. 'The c,pm_1Iad ."" .....n"'_
I To Idcnllfy lhc ml;ul dcfKh of~_ lIrp....01IOft 11111 Icpe~" •
sip'flQM c<olop;a1 mrc.1O Ihc C§W:II).;nj

2, To help~ d1oI' loCNoiumy ofdifl'__,,( lhc NUll) lOC' .e_
in lhc KGmc/lt Ia)U

.,Iwds
Clay "a, .>l>t.oJnnl from. 'oCtlt"",n, rc~n1I<>1l pt'l!ld u.~ for Ibc fCCcm
m<--".) c,-... In the a.."", cM..iunenI erca. and noud UlIO. l/un'y,
Th" .. ;a" Ir~ '0> lhe NUll) ' .. heh<'OfIl<:l' fPhrtc<l 31 and dUillpcd
,0'II<l co........n''''' "Ill' ..~ of ,," 6 or 9 ..... on Ibc IlnCI'IIIllai NIId n...
'ThN: clay dopl.... """'d"-..... Ihc ...... of~ I<ltl' 1iobclraIui,.c~
and ot>-cnal<ln'> ,,' real ..NlmcntlIIlOl1 C1retll'. w,;h ll' lhc one ill WMn,"P"""o'I
""UM) (1'hoI<I II

~"'CIIJ_"'I**-'.. a.... .,••



• -~.,-• ,-~_. •~. ~.

• •
! • •,
i • •
1 .._.._-
• • ~. ••
J -• •

• •
•• •

• •

The c~[JCri"'''nl wm. repli"aled ;,, two ~;I", wilh cliff"",,,,
!oe<Iimcnl ~h"m"crisl;'s (Fig"re I). Sile I ha<l muddier
se<.li"'cl1(,.I""s <.Ii,"""", hcnlhic "o""nun;li"". f,,"'..rbi"a"'cs
;",<1 nl'''''' mu,l hum>",;"g cr~h, thun Sile 2. Having ,wu
"~[lCrim<:nI"1 sites me"ollha, imp""l",,' ;"f"nll",i"n un (00
",l",j,-., """,ith';li", "f <liff"",,,' h"bjWI, within the ""'uury
"o"ld hc 'k!lcnni""d. The ,ites "ls" h't<\ diff"rcnl I",-d, uf
"'fl"""'" ,n wi ...l mill wa"e', an<llhe"" weI\> "\I:"",red "sing
" Dubie ,I;,,"e gauge, W""<:.' are an impurtanl pby.,iu"l faelur
Ihill inOuence.' Ihe r"le uf r""""ery "f "",,<I nal' frum
",<lin\l:ntali"n. Thl:y nul only bre"k.up d"y b)'''(S. bul '"''
01", in"ul"<!d i" Ih" IrW'11UI'\ of un;n",l, "n<l ""dilll"nt-.

Biolol1ical and physical parameters were measured
immediatcly bef= lhe clay ,,'3.' lkpo,;iled tben a n"mber
"f limc, o\'er lhc following momhs. The infurmalion
collccled included measuremems of macrofauna (number
of bulh indi"iduals and species presenll. Ihe deplh of lhe
cia)' layer and chlorophyll" le"cls in Ihe ""dilllent. of lhe
e.,perimenlal plo!s. The alllOUn( of chlorophyll a in the
sediment> is an imponan! biolo~ieal eharae!eris!ie as il
reneels Ihe dcnsily of lIIicrophytobcntho, (lIIieroscopic
planls). These pro"ide an important food r",OUree for
mannfa"na and Can also affeel h"w easily >e<!imem i,
eroded alld lran<ported.

Macro!all"'ll rt.<pm.st
"\:Icrufa"na ,,'ere sampled in Ihe plOls and in adjacellt
""disl"rb.:d area" Il' enahle "S 10 dclennin<: eh,mScs i" lho
bcmhi<' wmmu"ily as a resull ofclay depoSilion. Site I has
a nmurnl1y I'''''e, di"crs;ly of macrofauna Iha" Sile 2 d"" I"
il< locali"" and ",dillleni eh"""'lerislies. 1\1 bulh sil"" lhe
""11ples 1;I~cn from undislUrt:>cd ,...ea< show lillie ehallSc in
numboc,-.. uf iodl\'I<Juals or numbocr ufSl,,:•.-ies ",'cr lime (I-IS'
2,. Howc'·cr. from uur '''''''''''''ali,,", we "oo<:lu&:<I 'bal lhe
crilkal ocp'h of clay thai cau>C<1lka'b "'a, bs lhan 3 em.
a, al Ieasl a 5O':t- llecline was tlbscr,'w in all clay plOt' by
day 3. an<l by <Jay 10 II c""nplele <J,e·"ff"'a< =0...1.:<1.

Ahhough lhcre were differell<oc. an~"'g spceie~. IlK,,1
polychaelc ""OI1TlS Jnd bi"all'CS wcn: unable 10 mol'e up
Ihrouj;11 c"en 3 cm of clay. AI>II J clay laycr of 3 cm may
ha"c prohibiled bh'al\'e5 from cxtending Illeir siphons up 10
thi: sediment ,unocc to ob<ain oxygcn and food. Cl'3b.~ we....
lhe only animJI, able 10 ,un'h'c and climb up throuj;h 'Ile
clay. Cl'3bs also movcd imo lhe plOis from oUl~idc. and llleir
burro"'ing :lCli"ilics aided 11K: n:",or~inll of Ihe eby inlO
Ihe old ..cdimcm (l'bolo4).

Results from the Okura experiments ­
Understanding the recovery of a sand flat
community after disturbance by sediments
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FIg.2 EIIoct '" er.y0tll<>flli0tl on~~ (AI .....
"'" I'IUt'I'II:If>'01_(8).' SIle 1 (on 1eIl) and gjOO 2 (on
';gtolI_ ..... ...:<wtt'/Ptr«I _ ...._nt__
on !IIol Y-«.<eo fo< "'" _, 01 -..a.. The _
cl&y cIel>Iht "",-,ed tIv _..-.I~.~
begM y (-I) beIo<e ,'>01 clay ....."1 _ d\lrr98d onIO
lilt UeA1_ tiat ..... ~~ """"'". _
IMI ...........-. lor"", _ sileo ..... nol to scale.



Signs of recu"ery fro'" the 3 em plOIS began afler 3 I day~ at ,ite ltl'igurc
2). Al Sitc 2, signs of ",,-"(I,-ery were beginning afle' only I(I day~. A storm
e>'.:nt caused wa,',:s srcater than 40 em high al Sile 2 on day 30 (thcl;e we",
n.'Conlcd hy lhe Dobic wave gauge), The W3\'C_, prub;.ibl)' bn"'c lhe hanlc:rocd
clay apart and aecele,aled the rale of rt.'CUvery. R.=,·."y at Sile I was no'
aided by this Storm. due to ilS~ sheltered location in lhe upper estuary.

Cllltlroph)"11 a
l,.e,·cls of chlorophyll" in Ihe eby !",tehe., w,,'" ""ry low e'K"p",•.,) tu

th<'NI in th" undisturtl<!d 1'1(>\, (Figure ), Thi, "'''anI th"re was Ie" food
3\'ailahlc in the clay la)'e" Of> ani"'al, '"l< only had I" .~~'"with:, -,,'JOIhenng
anoxic effecl fie no o")'gen) hut ai,,, a dn,p in f,,,,,J supply, Al Site I.
chlorophyll <I coneentr'llion. in lhe <cdi",,,,,t increase,1 gradually, in lhe
wttks following lhe clay a<Wilion. hut h:.d ,Iill n"t reached !he le,'ds uf
the undisturbed o;e<!imems afl'" 9'l ,lays. AI Si'" 2 Ihe", was a dra"'atic
",em'e')' ofchlorophyll" levds after ,be ston" wa,hed away th" day layers.

OV~rvl~W

We ha"e reported only a few of the important char..:tcristic. th,l illumale
the response af benthic communities to a cala.slrophic sediment dump.

This experimenl has sho"'n that a co'-ering of only 3 cm of clay can
cause a die-offof macrofauna (apart fro'" erabs) in an estuary likc Okur:l.,
and that Ihe recovery of an entire complex community .:an lake in u"""~

af three months. We also ohs.erved thai animals moving imo the plOls were
mainly juveniles. The a.:lual reeN-ery period required 10 "'-establi,h a
complex community coosisling ofbothjll,'enile and l:lI]cr adult macrofauna
m Sile 2 has tak"n af'lJffiximatdy six months, with Sit~ I still ""-",,",,,i"&
~flcr lH monlhs.

This e"l"'nmenl is one af a serle5 of th'ee COOOut:le<.I by N IWA wilh lite
aim af learning more abmit Ihe ~ffecls af sediment"li"". The e"peri"",nt
waS ",plic~Ied in t>oIh Wh~ngapoua and Whilianj;a ~slua,ics in order 10

delennine whelh"r similar ",suUs would IlI:cur. Rel"'ating ""I"'rim~nts in
diffe",nl 1000,,'iOlls is important to hclp II' benc' understand which pru,:.,s"",
innu~ncc reca"cry and how these "ary between lIin"c",m eSlll:mne system,.
Thus, when wc .<electe<.llocalions to rel"'atlh~ csperionem, w~ trictlto VBry
~ number of the factors that we think will inllueocc: ",,-"O'·cry. In th;, c"se
we considered macrofauna·eammunity complexily. how nmeh ,,1Te<:I wind
anll Wa"CS h~,"e on the sand fl"ts. gcogrnphy af the surrounding area, lid,,]
differences. "nd o"~rnll differences in physical anll
biological processes wilhin a p~rticular estuary. for
~""mplc, Whitianga has , faSI tidal now and large
populations ofburrowin8 er:l.b:s, while Whangapoua h;u;

a I"rgc WalCr .un""c ~n::" esp<.lSed to ,,","ailing "';nds,
a,1d a less urbanised e~lchll\ent.

These cxperime",. hdp uS predict w"al may uttur
during a na,ur..1 sedimentatiun c"Cnt. However, they
h,,"e hccn c..,ndUCtc-<! on n ",I"lively small scale, lind
lhcrefore when" larger n31uml C""nl occurs, =o,....ry
may he mut:h 'lowcr.
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