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ABSTBACT

Several ecologlcal. aspects of the Manukau Earbor:r relatecl to its

benthic flora end fauna, water cheroistry, seclinentologrr a,nd

bacteriology were inves tLgatecl.

Vertical color:r aerophotographs were taken of all vegetatetl

tictelantls within the Earbour ancl slx vegetation types were icl.entiflecl;

napped, ancl ciiscussed. in terts of their ecological signifiC&Do€.

Meaclons of the interticla,L seaweecl Gqqqilg4q secuncll@ var.

pseucloflagellifera nea.r the Manulcau Sewage Oxlclation Poncls were founcl

to have increased vtrtually logarlthnlcally ln extent sLnce ths

cournencenent of operations of the Manukau Pr:rification Works. ThB

possible relation of ttris inerease to contributions of nutrlents anil

fine sedLoents from the Poncls is conslderecl.

The effects of Etress, secli-ment type, ancl' the presence. of

rnacrovegetatlon on benthic faunal comunity stnrcfirre are stuclled.

The rna.jority of the fi:cctings s.re somewha,t inconcJ-usive; howeverl lt

ie founcl that nangrove slramps and Eelgfass flats clearly eppear to

i.ncrease far:nal species cliversity

Water and serliment nutrlente were era.minecl and fountl to be at

high.levels in the north-east region of the Earbour. It is conclutletl

that sed.irnents probably r:nctergo Less temporal variati.on iu rnrtrlent

levels than rlo overlying flaters ancl might therefore provicLe a mole

cost-effective nethoil of stuclying cultural eutrophieation ln the

trttranr:kau and slmilar harboure.

Setti-nent lnrticle size itistribution was lookecl at ancl it nas

cletermjned that secliments are extremely fine near the lvlanukau Sewage

Oxidation Pond.s, coaxser but stlLL mdity in nost of the i-nLets of tha

Earborrr, ancl sa.ncty in rnost of the open Earbor:r intertidal flats retrote
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f,ron Ircllution gorrceg.

OorrrtE of aollf,om baqteri^a ueae ugde 'an{ !.ertels. tn tnterttilr.l

s,edlirnents 1rere f,ound to b,e BenelElly higher'tbaq ln ovedlying rEtgra

brut aot less tenporar;lly #,:stabla. It rae ateo dtetelluLittedl tng*t ratcrB

and sE Joents of tbe nortb-eaat mg{on of *he Harbour a,re of, poor

sanitpzg gua[ltlr.

SerexaL BaJlageoent oonsLdelattons a,ra,dlieougeeil I$ roletLon to

tbb rseults of th.e etlriliy, Iiltther resesrot neeclE are outlinedl tn

terne of 22: reaear.eh ptqJoots edtdr"nee'Beil to raete w4ter Egbegp4nt, la#d.

erost*on conteol, andl tirN.elanits Ea;na€EEeatr

tT



EA3I,E OF COYIE1WIIS

AgENCI!{U@@IHilFS

IBSNRACE

,I

1

1

a++e

tt

ltr

gEqrroN I

EC|IIOfr 2

iil$rnoDlmEror. r i..
Ilaokgrquafl and 0bJeo'tlves . .

[--U€ StuqyArg& . . . ' . .

MIEICEI0BA . . . ) . ' . . l,
Xntaodrmtlon.....rarL,
lloterlala and I're'-thoils . . ,. . :. ry

Aerialle.lplqg . . . . . . ., XT

llfacroalgalSttLiil,ea....r . . . 19

S€sults' adrtl.DXeouselon ., . ,. | .: eO

A.erolihotograpbs r Vegetatlou hpet
and.RellatedlData . . . . . '
lrlangrove $\nanpae Eelgraee Eletsr ailil
Saltl'lhr,Eheg. . . . . | . .

DlEtr-lltt,tloa.......

Itangno\f'ost|a,!rys . . . | .

BeL,gnlseFlgtg. . . . . .

SaItI{auE a9 . . { . . .

Eoo.lqgiesl$t,gnlf,{canoe . . .

The StoragB antl Su1PlY of
ElnergqJf,ilXltrtiltea'tg- . . .

Tlre P:eovlELou of a'sahttat eq4' Feadlng, 'Nrmselirr aild, gpaml'oe
Glnounil . . . . q'. ,..',.

lJbten Pip'if,Loatioa . o. . .

v

a

e

a

a

L

I
5

:tr,.1

1.e

2.1

2.2

' 2.2.1,

2,2.2

2,.'

2..1.L

2.r|2

Z,r.Z.l

a.t.'2.1..L

' 2,r.?.L.2

2.1.?.L.5

2.r.2;.2

2.r12.2,L

2.5.2,.2i?

20

?2

?2

22

26,

%

51

5t

,6

,9 i'2.r.2.2.,



TABIE OF COI,ITETUIS (COIITINIIED)

2.r.2.2.4

2.r.,
2.r.r.L

2.r.r.2

2.r.4

2.t.4.L
'-2.r.4.L.L

2.t.4.L.2

2.r,4.1.,

2.r.4,t.4

2.r.4.2

SECTTOIY 

'
1.L

5.2

7.7

,.4

sEcTIoN 4

4.1

4.?

4.'

4.4

FaFa

Senthic }facroalgae . .

DlstrlbutLon . . .

SMFIEICFAIINA . . .

Introductlon . .

I4ateriaLs and Methocts

Rgsults'....

Discusslon....

WAIB' CEm4ISMT . .

IntrocluctLon . . .

ItfiaterLale antl Methodle

Results and. Dlscusslon:
Nutrients .'. . .

ResuLts and Discussion3
arrcl Tenperature . .

ShoreLine Stablllzatlorl a.nil
Butldtng Up of Sottou
Sedllnents . . . ., . .

BenthicMLoroalgBe. . . . .

DlstrlbutLon...'..

Ecologlcal Sfgnific&nce . .

J...
I

Ecologlcal Factors Adfecting
the Distribution of Gracilaria

Dlstribution of @g!@!g ' .

Dlstribution Fluctrrations of
Gracilaria I'Ieaclows Near the
Manukau Sewage Oxiclation Pondg

Distributi.on of the Comon
Senthic Macroalgae other than
Gracilaria....

Ecological Sieniftoe.nce

aa

aa

oaa

aaa

)aa

aaa

40

41

41

4'

4'

4'

5et
51

66

66

7r

T'

7e

4'

4T

51

aaa

aaa

a t a a .a

a'aaaa

aaaaa

aaaa

Dlssolved
aaaa

SaIl-{ ty
oaao

a

91

9L

9'

96

11'

vL



TA3I,E OF CONTENIS (COI{TTNUED)

sEcrIoI{ 5 SEDIMEIfIOIOGY . . .

Introtluction . . .

l'laterials antl Methocls

Results ancl Dlscussionr
SL29......

Results ancl DLscussion:
Nutrients . .

Turbidity'. . . .

5.1

5.2

5.'

5.4

5.'

5.1

6.2

6.7

6.4

7.L

7.2

a a a- a

aaaa

aaaa

Particle
aaaa

Sed.Lment
aaaa

at a a a

Pape

. rl4.

. 114

. 115

. 117

. .121

. L25

SECTTON 6

sErcTrorv 7

BSTERENSES

APPET{DIX ].

APPENDD( 2

APFEIIDIX 

'
APPm{DIX 4

aPPEI{DU 5

APPEI{DII 6

colrtronM SacqERIJ[ . .

fntrocluction . . .

Materials and Methorls

Results....

biscueslon . ,

CONCLUSIONS AND NECOMMEI{DAIIONS .

ManagenentConsitleratl.one . . .

tr\rrtherResearchNeed.s . . . .

a

TOPOGNAPHICAIJ MAPS OF TEE MANIKAII
EABB0IIR.........

GnACILARIADATA . . . . . .

mNTHICFAIINADATA C ' ' '
WATM.CEM4ISIRYDATA. . . . .

SEDIMEI\IrIOIOGTDATA . . . . .

COIIFORMSACIMIADAEA . . . .

aaaa

aaaa

atta

aaaa

aaaa

. L2T

. L27

. 151

. Lrz

. Lr4

. Lr8

. 1t8

. L45

o

a

1

a

L5'

L65

L67

L6g

L76

185

191

vil



I,i.gj 0r'TASLqg

Tof,unep, of WatEn t.a th6 Eoaes Strorn Ln Fl'gure 1.4.

l[he Area !:n Eeetaras Covered by Ebch, VogBtatioa ty.pe
fem the 19 traittvldtual MH,ps a,nd'for tha trotal
Ms,rukau Barborr.

trbe l[en Habttats ([ - .f) that, the lbuntl $ta'blone
were d.ivideif tnto antl Data Relatedt to these EgbLtats.

Mrtrient Concentretlous tn Selectett Strea.ns Entering;
the It trrr&au Ha.rboul.

Sedtineut Gratn Size .[nalyses f,or 40 [1il8J. ElEt
Stat!.oas.

Gollfornr llleasurenent rimary Dab for Sa,Eltles
Meaeure . fbon tr{a,ncb L974 fo lfarch L975 afr tbe Slr
Salcpl.Irg Stattroqs.(lt to 16).

bea

T',1.I

9.1

2'

,t.i

4.1

5.1

6,r,

'//4

105

IIE

L,,

Yltl



Fimrre
Number

r.l

L.2

L.1

1.4

L.5

2.L

2.2

2.'

2.4

l4ap I
to

YIdp 19

2.5

2.5

2.7

2.8

2.9

2.10

2.11

LIST OT'FTGI]RES AND MAPS

The l{anulcau Ha^rbour Showing the Extent of the
Muclflats at Mean Low-Water Springs.

The Manukau Earbor:r Catchment Areag.

The Potential Mean Annual Runoff (fg+f-ZO)
(fitres/sec./d) over the Manr:kau Catchment.

The Five Segnents (A, B, C, D, and E) into which
the lvlanukau was Divicied for Sathtrmetric
Conputatione.

Geological l{ap of the Manukau Region.

Effects LinJe.gB Diagra,n Showing the Inportance of
Wetlancls and the Neerl to Protect Then.

Location of SaIt lviarsh S".npllng RegLons.

Location of Algal Sanplin6 Regions anil the
Delineation of the Arbitrary 3ounclazy of the Upper
Ea.rbour.

l4ap of the Manulau Ha.rbor:r Region Designatrng the
Area Coverecl by tLe ,9 Vegetation ltlaps.

Vegetation Maps of the ldarnrkau Ba.rbour.

Sinplifiecl Diagran of lvtranukau Earbonr Wet]-a,ntls
Storage and Supply of Energy ancL Nutrients.

Plant Succession Scheroe for the l4anukau Earbour.

Distributlon of Gracilarl-a Neer the Sewage
oxiclation Pond.s in@rggo.

Distribution of GraciLariq Near the Sewage
Oxid.ation Ponds in l4ay L954.

Distribution of Gracllaria Near the Sewage
Oriclation Poncls in April L972.

Dietribution of GraelLaria Near the Sewage
Oxiclation Ponds E-@75.

Distribution of Gracilaria Near the Senage
Oxidation Pond.s frG6ffi' L975.

Following
Page

2'

51

5L.

5

,

5

11

14

18

20

2'

JL

41

51

51

51

lx



lrsr oF FI@IES ANp I\{APS (COMINUED)

Distrlbutl-on of Gracilaria Near the Sewage
0xidation Ponds in Febn:a,ry L976.

Distribution of Gracilaria Near the Sewage
0xitlation Pond s fiGFfg-?5 .

The Extent in Eectares of GraciLarl-a Meadows
Near the Manukau Sewage Oxidation Pond.s ln August
1950, litay 1954, April L972, June 19751 0ctober
1975, Febnrary 1975, and Jr:ne L976.

Manukau Earbor:r Estiloatecl Tida1 Stream Pattern:
Half Ticle Ebb.

Manukau Harbour Estinatett TitlaL Strea,m Pattern:
HaIf Tlcle Flow.

Irocation of lb.una1 $eml,ling Regtons.

Species Diversity Range of the Large (>0.525 crn)
Benthic Fauna from Ten Manukau Earbor:r Intertldol
Eabitate (l - ,f ).
Effects li:rkage Diagran Showing the Present MaLn
Envi:ronmental Inpact of Artificial Nutrient
Enriclrnent in the l4anukau Fla''t'our.

Location of Stations Sa.mpl-ecl from lvtrarch 1974 to
lfarch L975 Ln the One Year Monitoring Stucty and.
the Delineation of the Arbltrary Bountlary of ttn
Upper Earbour.

T-,ocation of Open Water Stations SanElec[ at Etgb
Tide on 1l- Janrary L97r.

Loeation of Shore Water Stations S".npletl at Eigh
TLcle on { Jatuary L97r.

Location of Strea^ms ancl Oxida,tion Pontl 0utfalls
Sa,rnplecl at Low Ticle on 10 l4ay Lnr.

Irocation of Open Water Stations Sanplecl at Lou
Ticle on 21 Janua,ry 1976.

Nitrate (g/nlN) in Harbor:r Water Measured, fron
trrtrarch L974 to l"Iarch L975 e't the Six Sanpltng
Stations (A1 - A6).

Amonla (g/mlN) in Harbour Water Measured flon
Ittrarch l-974 to lttrarch ]-975 at the Stx Sanpling
stations (er - Ee).

Fig:re-
N-umber

2.L2

2.L'

2.L4

2.L5

2.L6

,.L

1.2

4.L

4.2

4.'

4.4

4.5

4.6

4.7

Following
PaFe

5L

51

96

51

64

6+

7L

74

92

95

95

95

95

95

96

4.8



T1ST OP FTGI]RES AIID MAPS (COMII{IIED)

4.9

FoLLowlnS
Page

Dissolved Orygen (e/^r) ln Earbour Weter Measured
fron March L974 to March 1975 at the Six Sanpling
stations (ar- .- 

'A6). 
96

Total Phosphate (e/nip) in Earbour Water Measured
fron March L974 to March L975 at the Slx Sa,npllng
stations (nr -'A5). 96

Resctive and Membrane Filterecl Phosphate (g/nle)
ln Earbour Water Measr:red fron lvlarch L974 to }&rch
L975 ar the Six SamB1ing Stations (A1 - -15). 96

Total T:.on (e/atre) in Harbour Water Measr:red from
Ivlarch L974 to March 1975 4t the Six $qmplln$
Stations' (lr - .a,e ). 96

The Rar:ee and Mean Concentration of Nitrate (g/^')
Nitrite ( e/fi), Arnrnonium (e/^r) and Dissolvetl
Orrygen (e/^1) in Harbour Water Measnrecl from lllarch
L974 to i'Iarch L9T5 at the Six SanpLing Statlons
(Ei'- le ). 96

The Ranse and Mean Concentration of Total Phosphata
G/.5),-Reac.tive Po4 G/^r), rotal Fe (e6r) and
Total yfn (e/ni) in l{arbour Water l{easureil from
Idarch 1974 fo March L975 at the Si= Satqpling
stations'(ar - nO). 96

4.10

4.L1

4.12

4.L'

4.L4

4.t5

4.r5

4.L7

4.18

4.L9

Amonium ancl NLtrate (ug/f) versus listance (1o)
fron the Nearest Oxid.ation Poncl Outfall for 10
0pen Water Stations.

Reactive Phosphate ancl Nitrite (ug/f) versus
Dlstance (m) fron the Nearest Oxid.ation Pond'
Outfall for 10 Open Water Stations.

Nitrate, Nitrite, Anmonia, ancl Reactive Phosphate
(.r.e/f) at 10 Shore Water Stations.

Sr:mer Salinity Talues Dete:mineit at Eigh Tl'tle at
20 Selectecl Stations in the Northern Earbor:r and
at low Tlcle at 11 Selected StatLons ln the
South-Western Earbour.

Lroeetion of Stations S4mpledl for Salinlty on an
Inconing TLcte on 17 3eb:r:ary L9T6 and a Eietogra,n
Showing the Talues 0bta,lnedl.

Temlnrature (oC) of Earbour Water Measr:red. from
Ivla^rch L974 to Ivlarch 1975 a't the Sir Sa,npling
Stations (ar - n5).

101

101

10,

LL'

11'

11'

4.?O

rl



Figure
Number

4.2L

,.,

5.4

5.5.

5.5

5.7

5.8

5.9

5.10

5.11

rrsr oF FTGmES Arvp FIAPS (COImINUED)

5.r

5.2

Curves Running through Sltes of Equal Sallnity
(o/oo)at the Surface of the Marrulcau Ea'rbonr
Near High Tide antl Low Tlcle.

Location of SecLirnent Stations Sa,nplecl tn the
heli-minery Strnrey.

The Arnount of Mutl. (Seahent less. than 0.0525 m
and Bxpressed as per cent -Dry Wt) in Snrface
Setlinent versus Distance (tro) frorn the Nearest
Sewage Oxldation Poncl. Outfal-I for 40 Ttttal Flat
Stations.

Totat Phosphonrs (ng/fOOg) tu Surface Setliment
at {0 Tidal Tlat Stationg.

Organic Carbon ("/") in Sr:rface Setliment at 40
Tidal Flat Stations.

Kje1dahl l{itrogen (o/o) ln Surface Sectiment at
40 TiclaL tr'Iat Stations.

Nitrate Nitrogen (o/o) in Sr:rfaoe Sedi'nent at d0
Tid.aL Flat Stati-ong.

Total- Phosphoms (ng/fOO ens) in Earbour Seclinent
Ivleasr:red from March l-974 to Iviarch 1975 at t}re
Six Sa,npllng Stations ("e: - A6).

Organic Ca,rbon (o/o) in Earbour Setl.iment Measurecl
from March L974 to March L975 at the Sjx SnrnFling
Statlons (.a.r - e5).

Kjelctahl Nltrogen (o/") in Earbor.rr Sedinent
Measured from March L974 to l4arch L975 at the Sl.r
Sa"rnpling Stations (l,f - n6).

Nitrate Nitrogen (o/o) in Harbour Secti-nent
Measured from March ]-974 to March L975 at the Slr
Sanpling Stations (lf - .e.6 ) .

Orga.nic Setliment fndex Values of Earbor:r SeilLnent
Measnred. fron March L974 to March L975 af the Str
Sanpling Stations (.0,f - 16).

The Ranse and Mean Concentr'a.tion of Total
Phosphoius (rns/roo.gqF), Organic Carbon (o/o),
Kjelclahl Nitrogen (6/"), 

"tta 
Nitrate Nitrogen (o/o)

in l{arbor.rr Sedinent and the Range antl Mean Organic
Sed.i-ment Inclex of Earbour SecLiment Measuretl fbon
I{arch L9T4 to trdarch L975 at the Six Sampltng
Stations (lf - l5).

Folloving
Page

11'

116

1r8

12t

121

LzL

121.

121

121

L21

L2I

5.L2

rll

121



I.,IST OF FIGURES AIVD MAPS (CONTINTIED)

Fim:re Followinc
NuJober Paee

5.L, Turbictity (formazin turbidity Units) of Earbour
Water Measured" from March L974 to lvlarch L975 at
the Six Sa^ropling Stations (^A,f - A5). L26

5.L4 The Range ancl Mean Concentration of Turbttltty
(tr'o:mazin Turbicllty Unlts) in Earbour Water
Measured from lvtrarc}r L974 to March 1975 at tbe

L26gi5s gsmFling Stations (.a,t - A6) .

5.1 Tota1 a,ntl Faecal- Colifo::rn Concentratlone Measured
from l,{arc]n L974 to llarch L975 j;rL Water and'

LrzSedinent at Statlon 41.

5.2 . Tota1 ancl Faecal Colifo:m Concentrations Measured.
fron l{arch L974 to l{arch L975 in Water antl
Sedinent at Station 42. Lr7

6., Total antl X'aecal Colifo::rn Concentrations lleasured
from lvlarch 1974 to l{arch l9T5 in Water anrl 

Lrz
. Secl.inent at Station 41.

6.4 Total and Faeeal Colifo:m Concentrations lGasuretl
from lvlarcln Lg74 to }4arch L9?5 ln Water an<l

SecLiment at Station A4. Lrz

6.5 Total and Faecal Col-Lfo:m Coneentrations Measured
froro lvlarctl 1974 to lrlarch L975 LL Water and
Seclirnent at Statlon A5. Lr2

6.6 Total and Faecal. Col-lfo:m Concentrations Measured
from Marcb L974 to Iviarch L975 Ln Water and
Sectiment at Station A5. Lrz

6.7 trbequency Dtstributions of the Nr:mber of Semples
Measured from March 1974 to trfiarch 1975 at +he
Slrr Samrling Stations (U - A5) ancl the f,og of tbe
Colifo:ms par Sample. Lfi

5.8 The Range and. Mean ConcentratLon of Log MPlf Total
a,nd. trb,ecal Colifo::ns in Water and Sed.iment
MeasurecL froro Ivlarch L974 to March L975 a,f the Slr
Sanpling Stations (nf - 16), Lr4

5.9 Effects T,inkaee Diagram Showlng the Importanoe of
Proper Sewerage Marragenent in Retaining a
Suitable Sarritary Quality of Earbour Watere. Lr|

xll-L



TIST OI' ELAII&IS

P.late
Nuub.eq

,2't (EoB) ootrou:c Aelophotograph of 3lg lfird,dy Qreek" n

2.1 (Sottoo) Cotorrr Infree,reit Aeto4tbotoeppb of 316
Itrddy Graek.

2,.2.(rop) Ool,orur Aeroliho,togreuph of Dru4p Eeek. 2L

d.a (fottou) Colou:r Aerophotograph of an lrea of
Foresbo-rp bettreen S'oagronre qni!. elsrkB
P*h. 21'

' 2.5 (r"B) Colonr Aersphotog$r$b of tlE South&st
Oorqer of the ! r4ggre Basln, 22

2.5 (aotton) Colour Aetophotogaph of ftita1 Elatr
AdJaeent to Fondl 4 of 'the !{a;ou&au
Puitgiqattoa Worke, 22

Fb lErlBF
PeFe

m

ril;

I

r.!v




