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ABSTRACT

The rai seadr bloenv edisp xgifd et f &€0Oeart hds at mosphere
climate change, which has adversely affectec
organi zations. One of the ways to mitigate ¢
forests stomdt caamoab di oxi de from the at mosphe
Togrow thetbheforghtsbiogeochemical condi tion
salinity, pH, tracecmathalis and ailon®) awistelsisn t
and the iIimpacts on themedeah mealtbridgi $ he
changes at the proposed Kelp Blue farm and
This study also aims to create a baseline of
areas, which has not been done before. Usi ng

of the cultivated gwialht kel pVhiosastedgqaieégt ee a ¢

geochemical par ameter prodesg abdt Haboratory
|l ocatidesitm [hoth offshore and coastal): of
farm, upstream of the farm in the Dumfudgeon

further south of L¢deritz at t he jHadaerftaxt a st
of fshore study areas including at coastal si
area of Grossebucht which is about 20 km sou
This study also collromfddhoeel mentessampgl e@sli:;
Wal vis Bay at the different | atitudinal tran
by using a pboctaabbloen XPo taemd by LOI (Loss on
geochemical anal ysis donexdweasrtmhenatii tomi mdt rs|
using NaOH as a titrant Thrhe @eanrdc epnotirnattsi omesr
(phosphates and nitrites) I n seawater sampl

cuvette,been cherhmaedd first. A specific nutrier



prescribed sample preparation techniques, a
concentrations of theThmeautge ®nhemiicnal Ogp ar aamedt
relation to the seasonania yseaagslomewlye m pthh e ad |
was Sthengonomdnutrraideinadmnst,y and t healvianliuwtey, ofott
geochemical par amedmpar adhctree acteldle moseasons a
sampsi nhgs rteosemhaltedf tha pwtehdeérnmgBsSygue m (
concenbfaphocE®Bytweesr e found in ar e aThscddousee t
to the presence of guanos. These remarkabl e
shows that t he caxdxitdstvawedh ket percanatcwr al e X
ecosyasndkem,hey can thrive more predominantly i
the season of stroBgnguu elda ewpphiodelulmiandgdyssada mi ¢

forbatasmm oemous pot gndoméead fwmindtcambars absor bei
eventually sequester mor escalrd.onTavhe@uwma rctuil ftyi

sequestration potenhheak afetbébecgbnmpisaed op

devel ospeidnigmeant ¢ aurshionng biassoetloipniec anal yses, T
sedi mentwhheotrtlesep oktesl p wi | | be deposited, devel
mod el and geochemical di spersion model s. Al I

baseline being ddyev ellhape ;s thuyd yt hiexc osmtmends t hat
moni toring of the water and sedi ment geocher

and as the scale of operation expands.
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CHAPTER IONERODUCTI ON

The raised | evel g) oifn Qahreb oena rdti hooxsi daet n{(oGP her e
cl i mat e( Dcuhaarntgee e, t wahli.c,h 2h0als3)adver sel ydaffect
individual s, communities, and ecosystems. A
significant changes to the em{ Ks aJoesnesoefn gerte ean
2018)A wide range of mitigation strategies h
nations have made a tremendous I mprovéeO©ment
of the mitigation options to combat <cl i mat e
of kelp forests that can absorb carbon di oxi
ocean and deBparsteai enenabk. , 2017, 2021; Sond:

2017)

Ocean absorbs thedat mospeepires€®ce of seawa
which dissociates into bicarbdnathbi s,oh@p paims
pH (Potenti al Hydr ogen) reduce6Thdhmpsadamcetea
2017)The increase or decrease in pH affects
oxygen concentrations, El ectrical Conducti vi
solids (TDS()majanrd rd)thce miomas

Equatlion

66 06 ©0'06G ©°0 066 ©'0 60

Equation 1 describes the dissociation react.i

at mosphere, where one Jdfi stshoien attmeessphbeamc gas

The ocean covers mosert hle®l D 8@ pgr ahiemaetaelt ) O
waters in the ent iDuee ctoon ttihniesno\w asutim g dosy\ed fhrata

role as a frontline mitigator of <c¢limate <c¢ha

1



carbon(®Puarageet al ., 2013; Fwhaldeephalt osyh?

organi sm uses carbon faomqupihloithrsifyWhskesly amaoe
al ., . 009 ) t he wvast di stributed phowbhsght het
provide important ecosystem services, such &
ani mal s, protecting coastlines from erosi on

absorbing carbon diokCHenghebugh. phaotbsynt he

Kelp Blue is apDecomlpamygseéedast ast on a mi ssi on
forests arotumestt diree gtl mdoeheal th of the oceans
CQ Kelp Blue is currently carrying out 1its |
of L¢ederitz in the worl ddéds most prodhbeti ve
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To develop a geochemical baseline for the Sc

coll ect and anal yse many s ampcloenss iftrieoem fvgacrtiooru
t hat i nfluence tke datc@aawiodHitemep mdetdr Yy .0 Bhampl
near by, undi sturbed areas to determine the

identify any changebeddalkemafy ahcanvi et ihdi dsesr a seed

cultivation of. the kelp forest farm

1.2t atement of the probl em
There is currently no available published or

forest farm wi t(hPiunl farriecans ebtf dallla. € ek2e0t220 )f ar m t r |

andhangesmaijmrpiHons and ot her geochemical par
Toguant iifmp atcifeok esps can bring in capturing
established prior to growing these forests.

show the geochemicalwipdhamatrens off tshedgc evdl
benchmarked to evaluate how the Kelp Blue ke

and assess those Iimpacts to carbon sequestra

1.81.M
To devceolnppr eadgeroxihwveani ¢ ale hgeiassret kel p atande Kel

to assess its potent.i al to sequester carbon

14. Objectives of the study

The research aimed to accomplish the foll owi
T Toomitor the changes in thel pcfe@ame gteofcdrem
1T Toompare the geochemical parameters of th
1T Toewdel op a biogeochemical baseline.



1T Tosaesmrtbhdoe xi dbe §&€Puestrati on potential o

15. Hypot hesis of the study
|l s there a significant difference in the wat
sidadempared to?t Adespaecmralciet of the artifici a

in the ocean geochemistry.

16 Significance of the study

This witludyfill the knowledge gap in ocean ch
that is open to the public and academia. The
mod el that will show the carbon pwthWwawps dwti |
bring this model to completion. The study wi

enhancing ocean sensitivity and propose t he

t hr swdhut Blome Economy) .

17. Limitation of the study
The changes winndc¢ves cweuadtihnegr at mospheri c temp

swehhd,the wind idtlkRestitmelsineeft@enr mdatta col |

18. Delimitation of the study

Threeasw | ar ge daantoaulnlteebdfed coul d cre&doé-bowport
studies to be conducted and wusing more st ar
meaningful way. This study will only focus o

ti meline.



CHAPTER :TWOERATURE REVI EW

2. 1. Macrocystis Pyrifera (Giant Kel p)

Kel ps are members of a group of brown seawee
many of which form | arge kel pmfoeptshys om d
seashores aroume Bodrgwelrd dupwel | i ng sofst em
Nami bia and South Africa t hekErc&kl @ame a(f losaexai ;p ¢
b amb oeoctk)l ,oni a armd chiaa ti aanMmealrloicd/a t (I h ipoyhr iif rdio mi
in South African kelp forests (&nci bebommes et

2020)

Macropysti(Mer py)iisfema | argest seaweed in the
as O0giant Kkealpp@m 17t0 cdaesdgnmgbovnedni ttihoant t he env
conducive for it to do so. It is ontopobpmsthe
the basis of | arge kvolrpe Mdrsegtr sf enamahytheg
growelgp the world, with growth rates of 50
(Schi el & .Eckt enj aR.onad & i) amald . pyaintoetr aabundant
sout her nE.Nnaami ibman!| ynpt Beembre in the south ai
i n rncret h of Ledami har wbhepab#deldw distributed

marine(kagleedow & Bolton, 1994; Fleischman e



Macrocystis

T

C, Peteiro ()
Seaweed Culture Center, Ok araphic Center of S der. Spanish Institute of
O graphy (IEQ), S der. Spain

e-mail: cesar.peteiro. gurcia @ gmal.com

© Springer Nature Singapore Pre Lid, 2018

B.H.A. Rehm. MLE. Moradali (eds.). Alginates and Their Biomedical Applications.
Springer Series in Bi ials Science and Engineering 11,

hitps:/doi,org/ 10.1007/978-981-10-6910-9_2

Figlréehows the global distribution of different kelps. Thou
as dominant as( FEetkdiornd,a 2Malxd )ma

re 2.2 shows t ob
r (Graham et al ., 200

he gl tpgsst ygbutcohi beEslwpydpbes ad osno iy
| .



2.2. Chemistry of the Namibian Waters

Nami bi ads marine environmeitei MPzoneitdated 2
1998)This marine environment belongs to the B
current wupwel |l i nga styesrtre mAtilnantthiec Scuetahn .c hT h e
water causasog@gbbaphitlRkatn pawnticrudrmment to chan
surfaddeglzyaome et Bhese 2@mR\WI) r o ndnehnadnagle sc h ann gtehse |
heal t h, nutrients uptake by the plankton cor
carbon content and the rate at whHDohrdessol a
2018; Flynn et al., 2020; Pitcher et al ., 20
Il n these marine waters, some irregular ano
concentration and salini(ttyage spewi al |Bollheo nt, h
Benguela System is believed ox\ygnmbiren irneusnp oZnosn eb
(OMz) waters of one of the most productive r

arengrally more M yQewmmhereedas( >t2l0é) bott om wat

depleted OM pBoust etwlOet al ., .20h%; mRalssniwveetn
l oss from the Benguela upwelling syswufldmsi s t
shawat the anammox bacteria is Iinked to th
the OMZ wat ee am f(sBatptesitnogw et al . , 20 G7Tubkuy pat

Sar mient o, 1997 argued thapghoshpdodesr &3 e iinn i
waters has been attributed to denitrificatio
mol ecul ar hnihroogdédn a( Me)ri es of intermedi at e

(Sarmiento & Gruber, 1997)

Studi es have shown that mpetgraceapeeapivat ass
|l rehiadlke the nutrients that | i(mKiuty pperrismearty agr.c

Human aatiocithae® ab Bboewnc anott roi it thteorcshe mi ¢ al di s



most oceAm ewaamplse of this is the nutrient e
Chesapeake Bay which has |l ed to anoxia in t

marine (O©$bureeset al ., 1984)

Phyt opl ankton i s r espfoinxsath IB@P § b6 a)ph a hcfa rgoloob aple
yelalhhytopl ankton take uwarniuas iecnrsi der aablryatbi
Sspecies and environment al conditions, but o
0.0075 Fe (carbon : nitrogen : phosphorus

referred to a(sHaameeyRe&8 fDredodp,r alt985; Hutchins
The sea water, apart from rnutKiMgeas) &0 so c
, HGD and other trace &&ae@kewhtisc hs urceng u(iNie, aCus,a

concentrat eid( bemes eetanall.y,s 2021; Steiner et

2.3 Macroalgae and the ocean biogeochemistry
Macroal gae or seaweeds, ar e | arogee,anmulatriocuenidl
world including toEi go.aseWld B ptsh eoyf rNead b imat u.
they form canopies on the surface of the wat

aerpihalt odBapylsyn et al ., 2013; Schiel & Foste



Kelp Distribution in the Southern Coast of Namibia

@ Settlement
m Local Kelp Beds
[ geology
OpenStreetMap

Data Sources: Open Street map, Bing Maps & Alejandra Kelp Map:
Remote Sens. 2020,12, 694; doi:10.3390/rs12040694|

Cartographer: Protasius S Mutjida

Date: 01 January 2023

Figure 2.3 shows the spatial distribution of

These macroal gae play a number of i mportant
serving as a source of food and habitat for

geochemistryWhfeet e ®et¢eahs, 2022)

One of the keyways in which macroalgae influ

primary productivity as many species of macr



al gae a@amwhuoptsoosynt hesi ze and produce oxygen.

photosynthesi s, results in the production of
from t he waCthaurngcceltumn ., 2011; THileicammhaavets
i mpacts on the | ocal and gl obal carbon cycl e
of t hel Soncaelaenset al ., 2020; Wheeler et al ., 2
Macroal gae can also influence oceawcigieng hbmi

absorbing and sequestering nutrients such as
which can be returned to the WBuélt enhreough .
Le M®zo et TaHi.s RrO®2cdgss can help to regul ate

support primary productnviadygi i nomatrone heic:s

productivity and nutrient cycling, macroal ga
through their physical presence.

The structures of macr oal gal communities, S
complex physical environments that affect th

the ocean and Whhée¢ eatemmo Eihlegr € 8218l so provi de

for a variety of marine organisms, which can
in an Kameeaet .alHowe2®X7) kel p forests are vV u
i mpacts, such as pollution, overfishing, and

ecosystems and harm the ani(malld iaams . eltamtls |t

There is evidence that kelp forest Iiéllipshedu
et al ., 2020; Hoshi ji ma & .®toefamma nanc,i d2i Of 1i 9c;a t S toe
by the increase oofceaaima koea adainonme adeee rai cni dti hce. Th
make it harder for ot hskeloeatgoanmseg @shi avreelidigo i mp s

onheir growth and reproduction.

10



2.4 Geochemical Baseline
A geochemical baseline can be defined as a r
chemical el ements and compounds in a specif

According to fiDaenBkbveeBaakheochHh®ms5q9al basel

benchmark for evaluating the i mpact of human
industrial operations, and waste disposal, I
affected area to the baseline.

The term geochemical baseline was wused in ¢t}

1993 at the I GCP (I nternational Geoscience P
of UNESCO (United Nations Educabndnalo, faci ¢éi
international scientifloteoapéraniabnGenstcthen

-l GCP 2021 Ann2@l2D@gRtegpromitni ng a geochemical b

coll ecting and analysing samples from the ar
near by, und(iDsatrunrlbeeyd eatr eaals. ,. 1995; Hua et al .,
The early scholars had challenges when it c:
regional changes of the geology in the diffe

and chances of safAplef comafeni mladli v@m@g eva ytshe |

be verified by hafedcnugs éoft ahbemt ese nt,e s1 % Sh7a)n

Devel oping a geochemical baseline iIis iIimporta
a)Environment al | nM{pEAIcA) Asceclkamend l baseline
identify and evaluate the potenti al I mpact
comparing the | evels of chemicals i n an a

identify any changée ciahtahee soeh ya chtaivwei toicecsu.r r

11



b)Resource Explorati oA gedc Mamagaimebmasel i ne
identify and | ocate natur al resources, S

monitor the depletion of these resources

c)Compl i ance wi:t hMaRweyg ucloautnitornises have regul at
environment and human health. A geochemi
human atctolitvb&sesregul ations by measuring

environment and comparing them to the bas

d)I mproved under st andi:ngA ogfe oncahteurri acla | p rboacseesl s

a snapshot of the natwural conditions of a
natural processes that occur in the envir
actiyGousteasavsson et al ., 1997)

e)Ri sk ManaghAmgedchemical baseline can be u

human health and the environment and to d

ri ¢gMHsa et .al ., 2020)

Overall, a geochemical baseline is an essen:
activities on the environmenheiamgl dforpeamlte
pl anet. Accor @800 ot gebdedBictdifEecorm country to
and maniydoounotFohacvobunt r i e sg e diah éorhiawd di,thae h e

daia either i ncompl ete or i nconsi stent thro
baseline,hiesncees s emtail aland regi onal geochemical

to a gl obal ge(obcahrennhiecya le td aatla b,a sle9 9 5)

Il n Fuxin city, China, a geochemical baseline

the urban topsoil ,twawb e lntag hnt hcgo nct canni annait ni aotne dc

12



mini ngHsiat es. aAnot B6203tudy done in the Nami
l evel of comppded iloGDESE A qducti ve coupled pl a
spectr.osTlegsy)i d wehdahe | evel of cionp pleat hwemwes she

sedi ments andt wateocactolliumen of (EdesWalyi 2l Bay

2.5 The geochemical properties of sedi ments

Marine sediments are formed through a varie

erosion of rocks on | and, the precipitation
organic material from marine omgarmsiegdmsnenOne :
erosion of continental rocks and soils, whic
This sediment is then transported by ocean c
gyres, and depositebeamheasr,easndutcthe aso dteil e
i mportant source of marine sedi ment i's the
process, known FagupeobRicge seswihen dissolved
crystallize and settle to the ocean floor. C
and silica.

13



Oz

Rivers 3 heilan 3 Icebergs

dust

sea-surface

DISSOLVED ! photosynthesis
COMPONENTS

¥

respira(ion‘\ ORGANIC SKELETAL T
MATERIAL MATERIAL

Biological Packaging

Z O N E

{— —— —

P HOTI C

Upwelling 0: dissolved organic matter

Dissolved
and
Recycled

O CEAN

Gravity Flows
and Turbites

DE: E P

Benthic organism recydling

Bioturbation (C, ) D G
Sediment

T

1
T

FigRBrdhows the formation of marine sedi ments
freMmASLI N & SWANN, 2006)

The accumul ation of organic materi al from ma
sedi ment . Organic material, such as the r ema

ocean floor and form sedi ments such as diato

The Nami bian coastline is characterized by i
sand dunes. The geology of the area is domin
congl omerates, and shales, thad thavfeorbm etnh eve
and beacheasr.oulnhda mahbee as coastl ines are also c

of ancient river channels and estuaries, whi

14



geol ogy of t he Namibian coastline is infl ue

movement of( Rsiabnads deutne®he, ak®d4 3) s al so known

resources, includindg Adbisehma red.=,tT lee pheaenti,b2edlamn @
and continental shelf are character(ikRiegdurbe a
2..5)The shelf is narrow because of the combi
area has a history of tectonic activity, inc

of a nafBowwsheltf dlhe, sh2@14) i s al so bhéeéeacted
carved away at the cdda&stgluireré @agngobehnedt al

of (®ndgl e, 1992)

West Congolian

[

Lufilian Arc

l

I
|
Mwembeshi !
I
]

_______

Zambian

Mozambique
Shear Zone

Limpopo

[

Tantalite Valley
Shear Zone

Gariep
Natal
Namaqua

Sedimentary cover D
Baklenin Rift sediments -
Cape Fold Belt Karoo basin .
Orogenic belts I:]
0 500 Cratons D

| | .
Major shear zones s

Fi gRfsehows the simplified map illustrating t|
Africa, where KVC is Kaapvaal Craton, CC i s

Zi mbabwe Craton. (IBmeaogwen ocebt ailned 2f0rlodn):
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Sedi menat smapjloary rol e in the ocean when it con
met als and i1 ons. St udioersg ahnaivce asnhdo wannsetohgaatth i nTo S
i n maedneaenndt ss,hey are buried in maktiemggcapge di f
bactmohe water col umnFiaghudr evb2r.n@h) seaedif mert s pl ¢
role in mitigating the effectdg Adfwowoldi mdat @l ch
Aumont et aldengsdn 6etSKalamesre28318) so playiagvi:
of maj ooamdt pob layna tioamnsit & e o0 c e aino. & gHteha vays nceotpaple r ,
and | ead, aanwrs | sacshimaj) oantdr atiés)phadree (of t e

found i n( Fsleydninmeentt al ., 2020; Tyrrell & Lucas,

Theseimsatgadd yatioomx @aan be transported by oce
sedi ment ,awehpamd ebegd from the water col umn.
the concentrations of these el ements in the

concentrated and potentially har mful

TOC = Total Organic Carbon
Namibian Continental WE12'E _ALE eE
Margin WAL

22°S

24°S
Depth (m)
0

26°S
400-

28°S

800~

A 4

Namibia

ré dthewsNami bi an continent al margin and
f break and shelf taken from (Abshire et

16



Additionally, sedi mentary rocks and miner al
i mportant resources such a&®doimlesmnsgacsta winmk mi
poll utants and can be used to monitor the en

and marine areas.
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CHAPTER THRESBEARCH METHODS AND MATERI Al

3.1. Research design
Bef or ¢ atanredn adreepdtfo yt he array, as per the recol
Environment al Il mpéPul AssebsmantabkEERWYWI2VE an

water quality mobud otra ntgh evakl A ergeug wierde ment ,

to develop the research study, which include
was saf e, ecologically friendly, and replica
and orfdstho describe al/l parameters required.

Using disper slioovmsmodaims ampdaadeipsa s ebbmom t he p

wer e | daesntsihfoivendy ud.8k.IBe

Kelp.Blue sites No Waves - - - Beaching timescale = 1 month
Site A Site B1 Site B2 Site C
22.5°s 22.5°S A 22.5°S
‘Walvis Bay
- 23°s | 23's
23.5°'S 23.5°5 4 23.5°S
24°S 4 24°s
24.5°S 24.5°S 4 24.5°S
E 3 g
= H] 25°s 5's
a =) B
a 3 3
25.5°S 25.5°S 1 25.5°S
. ¢ 26°S 1 = 26°S
=
S B
26.5°S 26.5'S 45 + -? L 26.5°s
. ~ 27°s g g 27°S
B
27.5°5 27.5S 4 27.5°S
13.5°E 14°E 14.5°E 15'E 15.5°F 0.0 05 1.0 0.0 05 1.0 0.0 0.5 10 0.0 0.5 10
Longitude Probability density % Probability density % Probability density % Probability density %

Figd8rdhows the monthly simulation dispersion with no wave
commencement of the Kelp Blue project with aSietaee B2 being t|

18



Kelp.Blue sites No Waves - - - Beaching timescale = 1 week
Site A Site B1 Site B2 Site C
Total probabiljty Total probability Total probabiljty Total probabiljty
1000 = 3.99 =0.5% =8.1% =0.2%
22.5°s 22.5°S
Walvis Bay
= 23's 23's
800 23.5's 23.5's
24°s 24°s
24.5°S 24.5°S
_ 600
E g g
£ E 25°s 5°'s B
% - -
a 3 3
25.5°S 25.5°S
400
26's 26's
B
26.5'S A - B 26.5'S
200 P
27°s 27°s
27.5°s 27.5°S
135 14°FE 145 15°E 15.5°F 0 1 2 0 1 2 0 1 2 0 1 2
Longitude Probability density % Probability density % Probability density % Probability density %
Fi gBr®hows the weekly simulation dispersion with no waves
commencement of he Kelp Blue project with aSietaee B2 being t|
Kelp.Blue sites Waves - - - Beaching timescale = 1 week
Site A Site B1 Site B2 Site C
Total probability Total probability Total probability Total probability
. =5.4% = 1.4% =15.9% =0.1%
22.5'S 22.5°S 22.5°s
Walvis B
23°s e 23's 23's
23.5°S 23.5°s 23.5°s
24°s 24°s 24°s
24.5°S 24.5°S 24.5°S
E g g
= 2 s 25°s 25°'s 2
% - -
a 3 3
25.5°S 25.5°s 25.5'S
26°S 26°s 26°s
. = )
26.5°S 26.5°s 26.5's
27°s 27°s 27°s
27.5°s 27.5°s 27.5°S
135 14°E 145 15°F 155 0 2 0 2 0 2 0 2
Longitude Probability density % Probability density % Probability density % Probability density %
Fig3rseghows the weekly simulation dispersion with waves of 1t
of the Kelp Blue project with Site Barkaing the favourable
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To Accomplish all the milestonaeywnagmneadesary bte

i n ft bhbaehart ( Begowe 3. 4)
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Figure 3.4 study design flowchart

SAMPLE
COLLECTI

\ 4

\ 4




Based on the data obtained through avmasl yses

develfodd dws theggmatl he atfddo wicrh afri$¢ eaibroevre. et al ., 2

3.2ampling sites
The sampwemeg HKBaltief ax | sl and, wduam os 68Brawe A nads G
sites), Kelp Blue pilot plot (main study ar

rockptfeam site). From thesampiltegntvmshedoas

3.3. Apple mitaurmd,esa,gent s

Alclh e miusa&®lds were of i ndustriande alnidsti adboirmttoaly
witheir physical features and analytical met

Tabl.dlhe di fferent chemicals and reagents wuse

Chemi|Reag Mol ecul ajMet hodPar amet
Reagent Col ¢
Grade|stat Formul a |anal ysjlanal ys¢g
Potassi|l ndus Di azot
Sol i |Whi t| K07 Nutrier
di sul f a Met hod
Sodium |Labor Ti tratoai
Liqgu|Cl egNaOH Col or i
Hydr oxi det er mi
Ammoni alLabor|Liqu|Cl egNR Colori|Titratdi
Phospho|Labor|Liqu|Cl egH:PQ@ Colori|Titratd.
Boric alLabor|Soli|Whi t{H:BQ Colori|Titratdi

21



Hydroch|{Labor

Liqgu|Cl egHCI Col or i|Ti ati
acid
Et hanoi|Labor|Liqu|Cl egCHCOOH Col ori|Ti ati
Met hyl eflLabor|Li qu|{Bl ugCsH2NsNaOeSs|I ndi caTi trat:
Met hyl Labor|{Soli|Red |CiHiNO |l ndicaTitrat.i
Phenol pjLabor|Liqu|Cl egCotli©s I ndicaTitrat.i
Various devices were employed to measure, <coO
and | ocations during thmeasudgmeas sRowmreisn w
every three months or whenever they were ser
Tabl.g82he di fferent apparatus wused in the stud
Apparatus Purpose for use
Mul ti parameter SonqMeasure watepamgamet
Phot omet er s Measure water qual.
Nutrient sensor Measure nutrients
CQsensor Measurcartblbhemate con
Ti t rlkaittion Comad¢t titration fo
Sample bottl es Water coll ection an
Bucket s Water coll ection
Ni skin Bottl es Water coll ection
GPSGa(r et neX Location identifi ca
Sedi ment Grab Sedi ment coll ecti orn

22



3. 4. l nstrumentation and Met hodol ogy

3.4.1 Water coll ection

The water collectiormrdcdaurd ngt tthide mbbaboak ngr
Di spepdalesused to advise the prioritisation
principle was to identify coarberebhssiwheseant:
weraeti ci pat ed hteo cfointgtolosdcure.s were chosen b
accessible and could be researched more reg

which might constitute a risk.

Wat er geochemistry par ame twerreeo melacstueade ment b i
guadrants set up i n didrignrteenrtt ildoacl atzioowes, wahlea
deep enough to depl.Whyen hteh enowme & tohvearsgmd gdia rcteasi
(boi st er outsi dventdjdgsh Wwawéhepl oy the device a bu
out water samples for measur esnewdase atnx csomallel
water for | abor at orayn aaayastliyssriismesturcifRco aasn ahleyt oif £

monitoring, eNuslidntBotobl éecw water from vari

Pridrhwatoer col |l echbi bhestWwer &li skéenidwizehd tbhye r
same sampl ebotThe Nisskeigui pped with two taps
coll ectwhbhbanrnmwenlwad £r (WasgudreeddBetbdyd skin bottl e i
t wo stwhgprdorosmamected byaad edleastei aneaxcdirach,i sm co
meteredisopeetdtbwer the bottle to tdweidglst y ed
whiicehl i pped into the rope and | owered once tF
when the messengereemedshee mbehani sm i s trigge
meets t,heanditglgpies cause the sdpoopspiatnidonaet be r
t hkkesiredsdebpedtt i n the Dbot thdief. f elrheinstt asafsfosmthon
(Hal i f ax, ROouknsf,u dkgeelopn Bl ue pil ot farm and Boo
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When t héo tNilsekss nwer e brought wup with water sa
samples we(ki gwrMdhe*rBsyl water samples were s
analysiandonthendthe rest of the watder esampl

measuring devi testwaw&ee mdleng kso ywadsn tdso.ne f or di

profiles (15 am&Orenetr28) mexcept for the sur/
surfagtest mwee/li ces coul d easily be dropped dow
from the surface with a bucket. Once the we

Positioning System) coor di nattreesx wielr leorda ate ni e

phohkeabl e 3. 3)

Tabld.@83he sampling | ocation point.ss with their

Sampling | ocatjLatitude Longitude

Grossebucht 26A44'29.0"15A05" 41.0"E
Guano Bay 26 A39' 21.0"15A04'55.0"E
Hal i f ax 26A38'56.0"15A04"'52.0"E

Dumfudgeon Roc/|26A30'04.0"15A07' 06.0"E

Boot Bay 26 A27' 00.0"15A05"'54.0"E

Pilot Site 26A29' 11.8615A03"'51.86"

Shearwater Bay/26A37'59.5515A06' 25.87"

Dumfudgeon roc/26A29'60.0"15A08"' 19.0"E

Pil ot Coast al 26 A27' 49. 0"15A06'53.0"E

Boot Bay Coast|26A27' 27. 0" 15A07' 04. 0" E
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Using a QgmaphbhmcGeonf ormati on System (QGI S) s
wemneerl ayed on both stragegt sthapel dyydre andtwdi

gener at edFiagu e 6. 5 n

Study Area Sample Locations

1 1 I
15.00 Boot Bay 15.25 15.50

.BDUI Bay Coastal

)
Rilot Coastal
.Pilot Site

Dumfudgeon rocks coastal

--26.50" R
Dumfudgeon Rocks
Shearwater Bay, Luderitz
lifax_ . b
Hali R < 3
=Guano Bay Y
»‘! \ o OImariskop
0 7.5 15 km  Grossebucht -

—--26.75 I -26.75 -

15i00 15i25 15i50

Fi g8r5e shows the study area sampl e nmaopc.ati ons plotted on QGI
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Study Area Sample Locations

i
15.00 Boot Bay,

)
. P
.PIlO[ Site

= -26.50 L]
Dumfudgeon Rocks
Shearwater Bay.
Halifax,
y \ Kolmanskop
0 7.5 15 km rossebucht
—.26.75 I

ISiOU 15i25

Geology

[ Kalahari and Namib Sands

[ ] Namaqua Metamorphic Complex
* Sample Sites
® Towns and Settlements

Fig8ré shows the study area samiami beomlmotgiyo resh appl.edftatyeed on QGI
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Fi g8fsehows the Kelp Blue team (from left to right: Loyi so
Ni skin bottle.

The collected samples fromwkastlorecaa dtnals aanmpd €

i arefrigerator or fcuorotlhbebro rbaotxo rwi tahn ail cyes,i sf.or

3.4.2 Mul tSopdgeambéeerr stry measurements)
A HI 9829 multipar@heg®wa mn@imai n{ gonmde)d durin

measure the different geochemistry water par
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has four main eleacffredesnttpatr a med aads &,g f i n

temperature, conductiviD§ndsabrhbhidytydissolyv

Fi g88sehow t he connection of the probe cord (1t

The probe cord was then attached to the met

switching on tFRFeg8®eer, as show in

Once the probe wa$ empreicit eded ot d hlpke met er and
covering the electrode was replaced with ano

and exposing the el geitgwElsg 3.0 the water san
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Fi gB89sehetwhe probe with electrodes

-
Fi gBr®@hows the probe with the prote

29



Fi g8Br®hows | ong shieelsédcowhem fda
probe in the water.

The yell ow andnirSHE (elloenctSeoldeeb ii csh eamiEHli,e atr ees dlei) ¢
bl ack electrode measures EC and turbidity, t

DO and the | ast thin met al el ectrode measur e

Onaceonnecietperretshedne <wint cheBi garlam® wihol howi ng

stepgisgiBbh@ he dat a mea&s wrasseesnmbBswnBd 8
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FigBraZhows how to switch the ON button indicated by the r et
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From measurement mode, press <<Log= fo access the log menu.

LOG
| | One sample . Select FE
on mefer DpﬂgmH Lots ]— QK |— Remaries: /N |
Select | g
 Start meter log | — I New | [Tog reader: skip)
Options |—|ﬂ interval |
Options | {Select logging parameter
Start probe log [+ nterva
‘Iﬂouninu probe unh')|7 Log Inferval
Use start time
Log start fime
Usa stop fime
Log stop time
Memary overwrite
Select [ Remark: Y, N
Tag readsr: skip
—  logrecall  [={ Meter log recall Lots
Delete all lots
Remarks
] Log notes —Delete all remarks
Tags

* The data logged on the meter are organized by lofs. Up to 44,000 complete records can be
stored in up to 100 lofs. Each lot can store log-on-demand records and/or continuous records with
different parameter configurations.

194.6mVpH 0 pSiri
3.71pH 1.0000MC-cm
1.30RF 0 pemn Wk

85,7 %00 0.00FSU
6,49 pem N0 0.0y
00 3 43.3Frl

4 Llog R4 Menu
)

FigdRBgéghows the mode procedures to | og the dat a.
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7/

Fig8déhows Loyiso with Iriya from Kelp Blue using the mul't
at the coastal area.

After every two ((F2)gumeen ¢3hlsli 20unadt eadd i dd he dat a

transferred using a software into the | ocal

3.4.3 Spectnapheindt memermasiur ement s)

The water sampdfasd AROmeastuseridNit s were perf
HANNA HI 83303 multiparameter photometer whic
spectrophotometry analysis was based on spec

reagent in ordaebsiongro@meaumraetl iglht,, 2018; P
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The phot ometer has an optical system that €

Ssubstance using the Beer Lambertds Law:

d €20 - OQ Equa2i on

wherieslthe intensidiys dfhet hentleingh tt yab eod mp thleo i

o

UWis the mol ar exti nctaidon scdefef iopiterctal atp awadv ¢

and ¢ is the mol ar concentration of the subs

aé-=Q o Equa3i on

Where Abios btame e, which then i s:

0 - wQ Equad4i on
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Focusing Light
Filter Beamsplitter Cuvette Lens Detector

l l l l

—5 »%—»W—»@—»
|

—

T T

Reference Microprocessor
Detector

& -

1l

Fig8d8bghows the HANNA instrument HI 83303 block diagram, the
the compensation of any drifts caused by temperature chang
sampl e measurements.

The optical system of the instrundrntg ldyer KBs la
Nut rdreanltwesreess perf ormed as foll ows with the g

i nstruction manual

The following method amMANWNAI HI 88863 sephet bee
Marine ULR (Ultra Low Ranwejeande®hasphaee k]

met hod. di spl ay

Thwater samples col |l ectifad mvitthlke tshue fBhicseki ignb tkeo
water bottl es. During the analysis the sampl

pressure (r.t.p).

A KANSO Certifi edCHRMH effreamamewMStcaacingadiCfQRc Co mn
on Oceanil?WGRd3pamwab used to benchmark the ac

coll ected.
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A 10 mL cuvette was filled with seawater san
di fferent offshore depths was filled to the
to create a bl ankfo(meseumwds smkefatd) reagent
anacuvette preparati on naentah oydqwdsofofafsioedd ne a c h t

wasoosghent | y for about 15 secomaod&kewhlkyeftisr fab

mi nu(t FFisQu+3e 1F.)16

HI 83303 Ph

Cuvette ho

FigBréBows sample in a cuvette being |

Fig8réghows t he
sampl e and s hakemnm etag echitsssol v

nutrients reage
e
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Once the powder reagent s jtnhet hceu vseatnipel ew acso nppll
phot omet er cuvette holder and the timer co
concen(tRiagu88Asl. 3ThHe phot ethdéiteer esantvasrt o Og/ L

(P and ANNO t he sve trheesounivtesr t ed t o OM (mol / kg)

usée¢®&l ynn et al., 2020; Panassa et al., 2018)
08:29:43 A — Reaction time o) 11:10:03 AN X =
15min READ

- -— . -_ - - -

0.0 na/l ] 4 . 59 g/l
Mitrite Marine ULR (NO=--M)

" Zero | “hRead |

Mitrite Marine ULE (MOz--M)

11:07:56 AN [

.

Mitrite Marine ULR (MO2--M)

Fi gBB&hows the countdown ti merniofrroepsenintist.ri te analysis wit!l

11:08:26 AM - 11:08:43 AM [ ] 11:09:05 AM —
34 ro/l ] 1 3 ra/l ] 70 ro/l
Mitrite Magine ULR (MO==-M) Mitrite Marine ULR (M0z-) Mitrite Marine ULR (MaM0z)
i

FigBoOéhows the conversion of the analysis with Hitrate to |
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02:19:53 AN [ Reaction time o] 08:22:05 AM X =
3min READ
- -— L - - - -
U.U ra/l U 2 . 5 8 ro/l
Phosphate Marine ULR (P) Phosphate Marine ULR (P)

08:22:17 AM )
" 95 ro/l
Phosphate Marine ULR (P)

|_Zero | Timer | FRead |

Fi gB2®hows the countdown timer for phosphate

anal ysis and
03:22:25 AN

- 08:22:35 AN

[ 08:22:46 AN [

95 | |0 293 | | 219
Phosphate Marine ULR (F)

FPhosphate Marine ULR (POy3-)

Phosphate Marine ULR (Pz0c)

Fi gB2®Bhows t he

conversion of Phosphorus2x0f P) t

o Phosphate ail
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FigBrBhows the samples in a cuvette after various nutrient
LR (Low Range), Nitrate, Nitrite UL), Phosphate ULR

S lica HR (High Range), silica LR (Low Range)
slightly pink after the reaction with the r

blue after the ré&cguwpe @&i 2h the reagent)

3. £ Metermination and Al kalinity Test by Tit

Two titration steps were foll owegtdhatonhaswalse
consumed by théHeenfdptderetampd et MO 9Dt)her t it

was tfhaelrk al i(nSadernrees,t Fusi, Thomson, Dunne, M:
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The Ot er mi nation titration involved the gra
whertemdskal i nity test involved t hel gN&weuwaakki ad
baseBQ sHHands:CAHOH. The different indicators w

Kel p Bl ue bhatoitlsAMb s

3.4PAdefparation of Indicators

a)Met hyl red

A 0.25 g of Met hyl red apmawd/dri cvad.s hbead vagiicgeld esdc U

met hyl red was added to a clean 500tmlanwdl ur

(Et OH
To find the amount of 95% al cohol t hat mu s t
T8t UQ ¢ vmid p C éééééeeééeeéeééeeée (5)

YéO I T Q@ QGG QOE QQDEADQI | b T AdOE QU MWE £ O

"YEO | QU dDE R U MTWE R U @ QB & QROGE QQDIED QI i La L QQ

™MQ umd w pmdwiP w P o 18 UQ€ é ¢é é.

Cmg U ®iE QQDEWQI | MO & QQQLVE O©i W& IO i
We didnot have 95% al cohol but 99. 9% (absol t
agadnimd wub W) W@BPO weco@dé Boi ¢ DoO6EELEE. . (7)
The mixture was then swirled and an ~ 8 mL
volumetric flask. Af,tbdei driez esb | wati eorn (WalsW)e f W

the 500mL mar k.

b)Met hyl ene Bl ue
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A saturated solution of methylene blue was p
blue to 10CGtmandhe 9a8a%cohol was sl owly adde
Subsequently, 30 mL of the saturated al cohol

of distilled wate®% pbbagswumhh@9ddomiLdef 10

c)Phenol pht hal ein

0.6 of phenol phtoat ef nl Ipowderrglwead out on an
simultaneous!| $%ephepbadi i mlg eat h5a0n ol and 50 mL
volumetricgflodsiphehlmne phhthal ein powder was th
500 et hyl alcohol. Two drops of this mixed ¢
seawater and sl owly adding NaOH solution to

the ind{(Katohi t&sNabuyoshi, 2009)

3.4PdAdepgaration of Titrants

The titrants wused Jdrettelremitniattri sove @eendd okhdurk abloontnh
Althe titrants wused in the study had higher
already 0.1 M. The rest of the titrants wer e

for exampl ewdArmmdPiegr gf eB82al ., 1997)

Firstly, the ammbtaratygyeelled@2® 0 obe identified:

8

whet eQQ¢ i €00 © ho Bre—a ¢ addiegi @O
0 »p T ¢ — QN Qe EIia0o 0 Qe+ —m—— €€eé (8)

CG p p B
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To dilute

it7a 0¥. ™M M:f

NH

6® 6 ohiMi QEMOE & G'QE O ECHODEDD ¢ & OENERE € .

PRI @ TPO v Tdd

VTO G0

d) - S =~
p BT

W c¢Baod

o8t @ 0¢€ "0 00 GO | WL M dL € & 6 & W IGREBNO 0D G HQLQR UM Gi

These

Tab3ld.edhows t he

preparati on

ti trant

(9)

steps

Q

weTabldomag. # abl @etlhelro

used for

ti1 tratdi

Titrant |State Mol arit|Vol ume Vol ume
prepar used (mititrant
dilutio
N R Sol ut i 17.0 500 3.00
HCI Sol ut i 1.0 500 50. 00
H:P @ Sol utii 14. 6 500 3.40
HsB Q Powder 1.1 250 23.00
CHCOOH Sol ut i 1.0 500 50.00
Na OH Sol ut i 0.1 125 125.00
pel |l et

4 2

and



3.4TAtRations

The titratiallhet @atiitamnwi tslkol uti ons in the b
indicators andGrtaduwaatneged owelrien deerasd ywer e f il | e
seawater sample (analyte) for each(mhbgutesir
3.332mWo0 drops of the indicator were added t
the indi eandrNdO@H, N#Hhi |l e met hyl red and met h
ot Hart /Tahret 9§ ni trieaal dvidmgr keetmidet t h ¢ aandtedlwa@a p wt Be t o

sampl & hentsioll uti on turraed sheghtnpinkeadi pgn
then r€berdedpoi ntwaosfe atchhe dtciwth reodutaindres aomip It en e

using NaOlhaomipietrrmraanntent andethe msdlhwet iaocn dtiwr ns
al kal i, ndnlestthaotde | €Qkleowmanf&oart zen et al ., 201

al .,. 2018)

4 3



FigBr3& hows the burette set wup for titration
volumetric flask contain different prepared

4 4



Fig8Hdehows the volumetric flask with prepare

Figdbh@howendlpei nt reaction of the a
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3. B8edi ment coll ecti on

Marine sediment collection is a critical prc
aimed at studying t heencvoinrpoonsmetn toanl, cpornodpietritao ne
the seafl oor. Proper coll ecti on nieutrhiondgs tahries
st ytdwo met hods of sedmmepyeadmél pctsedi wene g

and sediment coring.
a)Sedi memmtb sampl ing

This method involvedt depdblyEsemge me gtlath atstpdne &

of fshore sites, sedi ment samples were coll
(Beukema, 1974; Wijsman et al ., 2022)

The sedi ment grab was connected to a | ong ro
when | aunching the grab, the hoagk abag aowesn nwec

open as s(hRbwor 88 28h 26

Fi gmBI‘J‘@BG'[Wh e me cfh amad v nt
sedi ment grahb

“+ v



Fig8re@hows how to connect the

drop dow
seafl oor

Fi g8
col |

r8@8Bows how to
ection at t he

47



When the grabkafittaeohe@ldlsediteencbltt tehe sedi ment we

Zzi-lpoc ke bag aandderesptezread i n

b)Sedi ment <coring

.Using -aomard ttihat was mounted on the RV (Rese
were cdurelmgedt udy from Nami bi a' s Tdheee pnud cteian
corer cosnxicygteadd taufbes of about 60 cenptliendet r e
totFi ur&lyng the vessedr evi nwads tlhewewrul down i n
when it reached tshewseafpbbolytbhbeosedewt uhese
With a slack on thleewopehat ok iwhe htalkkt dremilbletnit

fl oor .

4 8



Fi gBre&ashows Kur t Hansel mann (Emeritus Prof e
t owards -ctorermwInt it he deck with the core tube.

Connect édaorteo t ube -liiskemhded asvgisdg@gmitnsgs once t he
readdrhe f | peandtdatbhoeapgcor e tube making the col

trapped.
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Wat er

Sedi men

Fig8r8Bows the successful coring with sedi me
tube as a scal e.

The se(drimepdficeol3l.ect ed -wort &ar t Wes mautt énend tihne a f

vesel ,namad et me sedi ment s&MAC efarteveNzagtrMFtRE&ree d
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sedi ment seampH edf § amwmla(mMgat udy | owatfg@ms wh.
further north of Walvis Bay) wer eDepharnt nseenntt
of QGeloéd o fuircvaely uMi chers Mirlye schamdy ( MMEY r-3.s3 23). 31
The sedi ment was analysed using two di-fferen

Di sperrsayweFlIXuorX€¢nceh( ED useRFR amaldyhzedrd. N

Figureh8ws81lt he frozen sedi ment |
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FigBr8Bows the sediment in a freezer box wer
for sedi ment analysis for LOI and XRF.

Five samples were hanard do®dd.ryhséi s amviEl & s0 r w eXrRe
crushed notrmapiuntvaeirn ztehde wteactmd |idnesvaltipd e st hweeyr ¢

analysed in the state they came (wet sampl es

After XRF analysis, the emptdyiedusepheatahd
hours -he@atae ¢ r @AeGno emo Vldd 5any moi sture content
samples were allowed to cool i nmasdceaasafcd dd tewsr
(7 was AbakegOof each dried samples were add

(" Thereatthercruci bles with dried samples wer
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ACrBbm the furnace the crucible with samples

mi nutes and subgsequwWeanrtbloyn weingheend (onf @d.ach sat
Carbon caohaenoncalc

L OI f or mul a:

LOI (weightpfAomEOI (wei—ght—%)— pnte. (10)
0'MI EQQBMAE i & "IMQ G R G 6 GO O & "BMQT "TAURG BN QO
MO 6 OB WFMAE i £ "GMO 'Q WO "OMNDO1T 6 EEHH @0 QLR HCDTD TN

QO T & EEED O @SR QI Qoo @méE €8 ¢ T QE 68 Qi
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CHAPTER FREAXRULTS AND DI SCUSSI ON

The rgeastuHdrsed by this study caoampgrriissend so ff otumd

water samplaensal gtsidtst,ihmattrild e 8t

The correlation between hberresus$tstfoondwianey
titrimetric analysis, and sedi ment analysis
complex interactions and processes occurrin

factors provi diet ov alhuea bhleea litnhs taghhdt sd yinami ¢cs of

researchers and scientists make informed dec
the ovebreailng woefl IBar rdceansal ., 2021; Zhao et
Wat er geochemistry, a fundamental aspect of
components in seawater. 't offers a snapshot
t he concentrations of vari ous i®@nsenandal c o

understanding the physical andt erhpepeyifadd&lr epr o

DOpH, and alkalinity. Water geochemistry res

data can be compared, hedspiinlyati dmay i T mpaantor
(STE¥MNMES D2.9, 2019;. Sutton et al ., 2022)

Nutrient analysis in water samples is a Vviteé
niitteas, phosphates, and silicate®rganesms.seB
measuring nutrient |l evel s in water, scienti

substances for phytoplankton and other pri ma
|l evel s and biological ocedwncgi aphy, i &s ai teinth
food web, from microscopic (PEBankt &nMaokedyw,rg

Bristow et al ., .2017; W Li et al ., 2023)
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Titrimetric analysis is a method that deter
Ssubstance in a solution through a titration
often used to measure parameteldarl|l yke mpbkah
reflects the ocean's buffering capacity agai
correlating titrimetric results with nutrie
comprehensive underandnddiowmyogfcahedyghemicsal i

regi dashoreng. et al ., 2019)

Further mor e, titrimetric analysis compl eme

information on the buffering capacity of se

dioxide in the atmosphere (ocean aa@aindi ftiheat i
availability of -fcarmiomat@d gmassehorals.hel2021;
2018)These effects are evident not only in wa

sedi ments over ti me.

4.1 Geochemistry results

Geochemical par ameter s,s ai ntodi i lyig éhig s yplHy, e dt eanpye
(DO) , and total di ssolved solids (TDS), pl ay
of cavhonous environmental systems. The var.i

influence the processes t hatri dgt erhnei net ucdayr |
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par ametaadiwvenrgyem k en atst dliddyd ®¢r emguroee4. ) peri od

montaldaver dagbde( 4. 1)

26.4°S

26.5°S

26.6°S

26.7°S

26.8°S

14.8°E 15°E 15.2°E 15.4°E 15.6°E

Figdrsshows the offshore monitoring sites and

Map designed using Ocean Data View (ODV) sof

Tabd ad hows the average the geochemistry resul

Temp.pP EC[uS/c RES[Oh TDS Turb.FN
SITE LAT LONG DEPTH C] pH m] m-cm ] [ppm] Sal.[psu] Sigma T D.O.[ppm] U

1 13.30 7.83 51102.45 463.78  25549.27  33.70 25.31 6.40 0.20
BootBay 2645 15.10 15 12.61 7.86 51829.32 124.31 2591198  34.15 25.82 4.37 1.19
20 12.04 7.81 46734.13  51.88 23364.00  30.73 23.28 4.15 0.09
30 12.33 7.84 52750.00  19.00 26372.77  34.75 26.33 4.19 1.54
1 13.29 7.82 51880.01  49.58 25937.64  34.19 25.73 5.21 0.11
Pilot -26.48663  15.06 15 12.66 7.90 51787.35 279.88  25892.47  34.12 25.78 4.25 0.17
30 12.20 7.91 52517.33  19.00 26255.78  34.57 26.22 4.12 2.87
1 13.11 7.78 51896.28  171.39  25946.19  34.20 26.14 5.93 0.45
DF Rocks| 26.50111] 1511833 15 12.32 7.89 49700.38  496.20  24848.06  33.41 25.80 4.59 0.69
20 12.31 7.87 52511.25  19.00 26252.50  34.57 26.20 4.41 0.00
30 12.19 7.91 51467.50  25.12 25731.78  33.87 25.67 4.61 2.85
Halifax | -26.64889| 15.08111 1 13.78 7.30 53512.63 6596.74 25374.42 3535 26.56 4.67 0.20
5 14.38 7.40 54262.50  18.67 2712917  35.92 26.96 4.08 0.00
Grossebucht -26.74139  15.09472 1 13.41 7.81 51839.81  19.70 25788.27  33.98 25.50 6.44 8.96
Guano  -26.65376 15.08277 1 13.37 7.85 51179.76  62.35 25587.64  33.89 25.50 5.92 81.43
oot Bay Coa -26.4575 15.11778 1 13.44 8.02 53625.00  19.00 26810.00  35.44 26.64 5.84 0.15
F Rocks Coi  -26.5 15.13861 1 13.26 7.90 49145.00  20.75 24570.00  32.19 24.17 5.86 0.50
Pilot Coastal -26.45861 15.11361 1 12.56 7.80 53375.56  19.00 26684.44 3522 26.65 5.48 0.54
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Temperature variation:

Temperiag uc diatcit @algeochemi st.r yWamenaesrur eenempésat |
enhance microbi al activity, which may accel
releasing carbon into the atmosphere. On t he
decomposition processek,ofg@qaoiuci oagr bbde ipmese
(GatMazra 2 n et al

, 2019; Wei nstock et al , 2 (

Temp. [°C] @ DEPTH=first

13.8
26.4°S 13.7

13.6
26.5°S

13.5
26.6°S

12.4
26.7°S 13.3

13.2
26.8°S

12.1

14.8°E 15°E 15.2°E 15.4°E 15.6°E

Figdare d<hewds emperature variations from the ¢
farm (north) f oMapgana ofifssddd riezestubdaiase. on ODV
sof tware.

Hal i fax i sl and had otnhges th itghhee ro ftfesnhpoerrea taurreeass .a
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Temp. [°C]

26.45°S 14.5
26.5°S 14
26.55°S
13.5
26.6°S
. 13
26.65°S - -
' 12.5
26.7°S :
8
N
. . — |SsElq2
0 5 10 15 20 25 30
DEPTH

Figd4r8 shows the temperature distribution at

Further offshore in deeper wahtee rtse nipbeErraf ausrked ,
furthdrimdmaesh 4 lykei s thuadggbsowihsadsaur f ace t emper at u
tend t o abte ntohaerdmeprar eslo ydahet teo t hwearddiset agqoueat bo
as wel |l as the artic which inf(Qelhee& VYihlel d &

2000; Gr®mi |l | et et .al ., 2008; Kirst et al .,
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The temperatur es r(ed agrudceednpaatd pHia Itiof aoxt hlesrl asnic

due to the SST as the depth was shall ower ¢
closer to the coast al areas where temperatur
water masses(Naravyasaaletrahs, .2019; Venanci

Temp. [°C] @ DEPTH=first

26.3°S 13.75
26.4°S

13.5
26.5°S

13.25
26.6°S

13
26.7°S
26.8°S 12.75

H
s
£
H
8

26.9°S |
L

14.9°E 15°E 15.1°E 15.2°E 15.3°E 15.4°E 15.5°E

12.5

Figure 4.4 shows more temperature variabilit
and nearshere
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Lower temperatures were reaanrdddaditsha efcuretatseerd
whi | ewassSTobserved to be higher at GtbBisgebech
4 .. ¥arious studies have awhtiecsht eadr et oc otnhsei sltoewn tt
findThngsls eicsacokd water exhibits higher tcheensi ty
watmaras gee®s (eep&it becomes colder due to the
ocean water sinking towards the ocean basins
found near the surface. Bl s ydowanwar d-amow g
driven movement of warm water on the surfac

circulation known as( Ftihgeu r("dbelsorbya | e tc oanlv.e,y 02 0 Ib-

Stocker, 2020)

Figure 45 shows t he gl obal conve
(https:// sealevel.jpl.nasa.gov/ ilmagesg/,0st m/ n
accessed on 25/ 04/ 2023

The secasiomdalde pl ayne d eampraaladasit Bhgher temper at

observed during the summer s daaSnod FRlioghpraes ed t
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The temperavalektwairn etdhiidapf amgdir s t he Mpr ol i f e
pyr ilHfenMae pywi lflertahri ve at the proposed pil ot

duteo t he favour abk e stiermmpseartatseo whoenrdei tksedmp nat u

The studies conduwdhte®Mee pynwiShaltya Amews cl@aespeci
to Cape Horniadidcangeder ahlge atdiesapfdr @A @&EC t o
which ilagsciepttalbé Berhpeaewi atsur e v aPliu eost( Ffibagrienm e/ edl. &
and all the wuthbaondheg Laweerae twi t2hoitnAdehrea @dg le
(Becheler et al., 2022; .Mrren dard sdote mgtle.r ,at 20 23;n
of pihleot f ar m rtehsee mPbd wetsh etrhna t B eonf{gFul eel ias cuhpnvaenl | eit

2020; Gr®mil.l et et al ., 2008)

pH Variati on:

pH pH @ DEPTH-=first

0 5 0 5 20 25 0
DEPTH

26.7°S

26.8°S |

26.9°S L

14.9°E 15°E 15.1°E 15.2°E 15.3°E 15.4°E 15.5°E

18.FE 185

Fi gdéshows t at the differeni

monitoring s
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The plot on theFbgttrtrémdhewstdedomrear sefcti on (
the monitoring sites), the plot on the top |
l atitudinal | ocati on, owh gde as dthneewgpH odi otnr it b
t hroughout t hlehea ergaowml toft lsedruedfyar e reveal ed t
evenly distributed throwdHghodtxallsGamaos Bagyw

had | ow am®dutna bf7 pH.values (Figure 4.6)

The | ower oOkmpervatt bese sites camnbérapogebu
activities as these sitelsslaarned sc,| oessepre ctioaltlhye
human popul ation densities or industrial ac
sewage discharge, and industrial waste. The:¢
into the mart her ebvweirn mmgme rhte, pH o f( Ktyhee esturarlo.
2023; Landr i glane eHalalf.a,x 20s20and and its adj e
rather tragfiewhdcesntdwrei davbb eag@ta@hhi @samii miong ncr eas e

of nutrients andaorgawnlitc, onat § ewn o,e nriedy mmigts a ¢

al gal blt hseumis s eqquwbdent decomposition processes
CQ, |l eading td aairdiff&sSiravaattiedars & Gobl er, 2020
Riebesell. et al ., 2018)

At shhamebédlsow t he, stelrersaurwass®a/ni®Pi gher8 wedr pH va
oOobsedVvV pH comparedbtsefwieaos ¢ hwea S(@fritfga)ciled ¢ . 7
incréaeveds of pHcionml|l de & e rptrov &t dduipopudse € e s s
including biolopgphgabpbhankvoni psrfwher phot osy
sunlalghar bing carbon dioxide from thé&hwater

upt akeretiu€®8s the concentrati on( Boafs uc a& bMancikce

6 2



2018; Onyeaka et al ., 2021; Set hi .Anhotaher 2
prodessall ed verhaelct@we nsiexai nsgu rwhaecree, t he wat e
the atmosphere and, therefore, experience | e
the rate of carbon dioxide dissolution and
(Barry et al ., 2013; Chen et al ., 202 2; Fab

Saderne, Fusi |, Thomson, Dunne, Pel embe, et a

Thi s was al so observed at t he of fshor e mo n
observedh |l datf atklod Bl andt he surface and at 5 me

Fi garbeel ow:

pH
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7.8 % 78 pH @ DEPTH=first
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Figdriehow the offshore pH values distribut:i
monitoring section, the top right corner sho

The oceands c apadceipteyn diso osreVidhueess tpedrr b e ldi ox i de

in seawater, it reacts withxXC\@terCambloanc cl a< i

di ssociates inYtoamgdhbiogeamnbs3) (@mise u.iHoThee §iHCO e a-
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concentration of hydrogen ions | enmdse tacxi adi d

(Dickson, 2010; Hi rsh.et al., 2020; R. Li et

Lower pH val ues iannddhlc ishteéledr i gcheean'asciabitlyi,ty t
CQ. This iIis because high concentrations of

preservation of®) canbbhateceans (CO

v
=z 1
O
S
E 01
wl
)
P
O RECENT pH
o RANGE
(T 0,00 /
O //’
v /
@) / EXPECTED
- CH#«NGE‘
L oom L
4 5 6 7 8 9 10 1
pH
Fi gd8®hows that an oceanic pH of 8. 3, carbo
buil di ngi.ncAseaG@s and pH decreases, carbona
opti mum |l ekfetps: / / www. fondr-measucemeéens/f w
content/upl oads/a2 Mloh/dltale/spels mogcce aaan 31072023
Carbonate ions play a cruci al role in the ¢
equilibrium between di s(shil grierdeCamr.d@&ggnaantiec i coanrsb

with cal cijum o ofnosr nf Ccaa | ¢ is)u,m whaircbho niast et W eC aklCuOi |
marine organimaolsl,usiaksed cfoorraalnms ,ni fer a. These

carbonate to constr Ucdtanehlseiert saHel,| 2 0&2nMd SRk e |l
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https://www.fondriest.com/environmental-measurements/wp-content/uploads/2013/11/ph_ocean-carbonates.jpg
https://www.fondriest.com/environmental-measurements/wp-content/uploads/2013/11/ph_ocean-carbonates.jpg

Il n more acix®*7.c6 cmli ducnairtbsosn at e i ons become | ec

carbonate ion concentration | imits the avail
hi ndering their ability to build and mainta
oceanfiaccatdiion can negatively i mpact mar i ne
calcium car bdrmat edectrrelasteuriens.car bonate i on ¢

di ssolution of exi stemtgs .caMeci e maciadibonabadis
increased dissolution o#baccakl ciinutno ctahreb owaatt eer,
the atmosphere. This process reduces the oceEe

te{(®Barry et al ., 2013; James et al ., 2021; S

The presealfprefstt hfearpm laand surroundihgl it es

remedi ate ocean acidification through a proc

which are | arge brown algae, haom s$sbdawatbed i d
photosylChhegi €t al ., 201231;entbuernd eett aall..,, 22001282;
et al., 2010; Saderne, Fusi, Thomson, Dunne,

Kelp has rapid growth ré&@tesdakdehiAgh kkeil @& ¥

it accumul ates signifi(damgturaebdlem®t)kebp ObOF gamascb

the ocean fl oor or i s harvested and ut i iz
effectively removing it from the a(tBraoyslpehye reet
al .,. 2017)

Mc Ki msoemypany rel d&sgdrematdadthiowlead ft kel poasnti ¢t
based solution due stur vaihveptHh blie % steys voefd thuhdey k e |

and the ability ofClaeseastsialb.thPOpHB,; | Kvabse
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Mature-based solution (NBS) type:
= [nerease carbon storage; eq, restoration

Established NBS, proven stocks

Avoid emissions or loss of carbon sink; eg, protection from threat

Emerging NBS, potential stocks

MNascent MBS, potential indirect

and sinks or sinks carbon impact (not exhaustive)
Salt marsh |Mangrove |Seagrass Kelp Bottom- Seaweed Predators |Mesopelagic |Whales
forests trawled farms Support fauna Support
sediments vegetated  |Support deep-sea
coasfal deep-sea sequestra-
carban sequestration | tion by
stocks and | by exporting | enhancing
sinks by biormass phytoplank-
maintaining |from surface | ton carbon
CO; l o ecological  |layers absorption
: balance
i 5 COq COy COq

Source: McKinsey analysis

Fi g49sehows the | atest scientific reseameh and
potential for abatement or conservation by 2
kel p reforestation and bottom trawling to s
solutions could helgfglaeduee pltohi RORi2ye cost
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Tot al Bid $dsso [ (vTIeD S) variati on:

Total dissolved solids (TDS) encompass vario
The concentration of these ions can influenc
pH and the solubility of car beosntartaetsi,o nulptrioncaet:

During the study the TDS measur enoegret ¢ haer e t
25000( Pipgnu roef 4d.i1sOs)ow esreed rseld 0 cdibe dhecrcee ptthaeb | e v all

of the mari g8ughnaitrionemenal ., 2023)

TDS [ppm] @ DEPTH=first
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s
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24500

Figdtiteshows the TDS distribution and wvariab
(i ncluding both offshore and coastal).
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From the mapPFidgwsne hhbghk)rRadm@d®WotppmMDS readi ngs
observed further north and aAeda.heTlriosasitsalb aa
TDS distribution in the BUS is influenced

processes that are characterized by strong ¢

rich water fr o(nmHutthceh ioncgesa ne td eaplt.h,s 2009 ; Li ma

2002)The wupwelling then brings ed s shoilgvheedr niiDnS
|l evel s near the coast al ar gaRiexseme ceitalally. ,at2 0B
TDS [ppm] TDS [ppm] @ DEPTH=first
2&45‘5; i _v — 1= = 27000
@

26.55°S j 26000

6.4°S 26500

26.6"S -
25000

)
855

26.7°S -

ea View

- - 26000

o

E2.‘)171717
A e
DEPTH
26.6°S
25500
26.7°S
26.8°S 25000
26.9°S 1 §
L — — 5.~ 24500
14.9°E 15°E 15.1°E 15.2°E 15.3°E 15.4°E 15.5°E
Figdnéhows the variability of TDS at the dif
Overall, the TDS levels in these areas were
such as upwelling and mixing of water masses

uptake of di(Awrmhworetd enti nelr.al s2016; Barl ow et

6 8



Dissolved Oxygen (D.O) wvariation

Di ssolved oxygen is the measurement of unbou
|l hol ds significant i mportance in evalwuating
organisms inhabitindgFacpan tSitauw,i aes0 dhddvye osfh ownal
amount nefedbP® forrgamaiosinmhshariiveesr ¢atoomre t o creat
t he water bodkiedPp, tfhorn vex apgpigedh ef memasd4remebht
study showeaed ytohmatd . p@ moat differentTalbdteatdi dn

showéhee DO | evel valwues found at each study |
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D.O. [ppm] @ DEPTH=first

26.3°S

26.4°S

26.5°S

26.6°S

26.7°S

26.8°S

Ocean Data View

26.9°Sy
L

14.9°E 15°E 15.1°E 15.2°E 15.3°E 15.4°E 15.5°E
Figar2éghows the dissolved oxygen in ppm vari a
Hi gher amouwmtersefrvBPdOat the coast al areas ¢
(Figure Thelapwel l ingrbchngateol do okggeorfa

DO |l evels f(éelasht hemao&sHof mann, 2019; Najjar
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D.O. [ppm] @ DEPTH=first

8.5°S

26.6°S

26.7°5

26.8°S

14.9°E 15°E 15.1°E 15.2°E 15.3°E 15.4°E 15.5°E

FigdB3ghows on the top |l eft corner the wvariab

Oxyclines were ob.sler wsed odtt obmhddreldirtg u resgh todwsl 3 )
the map of the di,f fuwebrne netihdriaded d ® rsihnogw rstehtee sD. C
vari ati on aHi gdhieff eeDrue@ehb seirtved @6 . 8 0aorpd mdaoyw n
at GrogSeluvdipe mdpn Or pd ol tssthusdhyo wea litlhea st udy ar
havepaoathenticalommodate thatculularigeatseda!| fardme t

avail abl e angr dweai Iciomg i anautoiuvse upwel |l ing cell

More also, tae aigbeul pBefigoeti ai tpviUg thige sy s
phyt oprasptoati ons and temperature contribut

ocewmmnecrompared to {Retcbastalt alteas2014)
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Geochemistry seasonality

The geocohfemildt rtyhe s awmgrliee dariemna rleolcaatCh eomgese t h
were observed especial |l yrsiunc hmaajso rt hgee ogpcHh eami ds t
The pH varied. d@twerdntféemBeoed abwikése study per

(Figure 4.14).

GROOSEBUCHT
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a 80 750 =
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T A A A A e
Q)Q, Q;o <b<<‘ V‘Q\ V_Q« @v \Be \3\, 0‘3 <b<("
DO WD RN
AR P A SR SIS
TN LT @ v 8
c':(, _ Q & c.;"
2021 2022
Figd4deéhows the seasonal variation ofsitteemper a

Hi gher pH was observed during the peakdseaso

t hhasdiaect rweiltaht itoennspheirpat ur e

Thmont hl pbtsreatvee@r os s & aldicdyilanad etae mpeaelrmaaurdeur i r
the peak of anulkpwie{ & é¢amagtt izveea suopniwv ledéol mi mga ncceel lo f
hi ghwastbser ved toatthe ydamouwghtdursilngg htthe npreaealk
compared with the NorthermBUBGRDQOverhaetUpwédll |

Hut chings et al.,. 2009; Lima et al., 2019)
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Si mislears onal pattern was al soFbpposekekkadddat Guec

GUANO BAY
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=
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e 8 4
s 6 3
s 2
2 1
0 0
S S S S S SR S
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Figabghows the seasonal variations of temper

The pH val uebsaeardvepdatdter @uano Bay were consi
Gr os s eTbhuicshtshowed that the geochemicaledparan

throughoutandeda. L¢iderit oz

A further seasonabfvaHi albidl DOy a¢ oG@podsrsiiesbauric ih ¢ |
(control) hsgbewed ambant werbd pélr maend dDurOi ng t he

upwelling which is Q4 and Q3 whereas the | ow
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Sum of pH Cultivation site Sum of pH Control Sum of DO (ppm) Cultivation site Sum of DO (ppm) Control
9.00

8.00

7.00
6.00
Values
5.00 m Sum of pH Cultivation site
®m Sum of pH Control
4.00
M Sum of DO (ppm) Cultivation site
3.00 Sum of DO (ppm) Control
2.00
1.00
0.00
Q4 Q3 Q2 Q1

Quarter -

Fi galéhows th
Grossebucht (
during the pe
respectivel y.

seasonality trends of pH and
ontrol site), duri wegoilsies vedas
k of andew@3pwedd i nlyge whowdsti sd uQr

e
C
a
The wupwelling of col d, deep waters to the s
temperatur es 0 oewhah ee mawedatso vehites ep h e n oane ntome i s

cenBeanbuel a upwdlsldienmg toy satca)mtv et e welid@odlydg! ¢ e &

water from itd eir nsatbusturrifeancttes t oared ew s el btf haensges

nutrients to the photic zone, promoting hig
waters of the Benguela wupwelling system are
ocean (lgttonst al ., 2007; Morgan et al ., 201
Wasmund et al ., 2016)

The upwelling of deep, cold waters also has

waters tend to have higher dissolved oxygen
gas(ebsuarte et al ., 2017; Hoshijima & Hof mann

2017)The increased dissolved oxygen in the ujyg
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and the consumptiodn by wmarbqdeadiegamedese RUACGO, -
Dunne, Pel emhe Aseit€Oalemov2@20)rom the water

concentration 20®) cdaercbroenaisce sa,cildaaldd hgi soi a wh:
contribute highly to the growth of the kelp

f orest

42Nutrient results

Nutrient measur emeni nfplluaegnsci amgvictaalbonolsequa
ecosy,stteimss study showed that t h e waindoeul nyt 0
di stributedamwlthgnat BFarso m Ttahbel er ed4s.u2l)t.st htehe bi
variati on, iwasnuttlwdé e el preudi roide nctasl ¢l hye ausp weel I11i r
seaéBnistow et al ., 2017; Bull en et al ., 20

202(2Hi gur.e 4. 17)

Table 4.2 shows the average auveasent distrib

SI'TE LAT LONG |[DEPTHPhosphNitri{PhosphNitr.i
( PD [ ppm[ OM] [ OM]
[ ppm]

Boot l1-26. 4515. 101 0. 38 0.134.02 2.88

Boot |1-26. 4515. 1015 0.40 0.054.18 1.07

Boot |1-26. 4515. 1030 0. 33 0. 053.42 1.16

Pilot|-26.4815. 061 0. 31 0.083. 23 1. 78
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Pilot|-26. 4815. 06|15 .37 .08 . 85 .60
Pil ot |-26.4815. 06/30 . 33 . 08 . 45 . 64
DF Ro(-26.5015. 111 . 28 .06 .91 .41
DFRockl-26. 5015. 1115 .39 . 08 . 08 . 70
DF Ro(-26.5015. 1130 . 43 .08 . 48 . 64
Hal i f {-26. 6415. 081 . 34 .04 .60 . 87
Hal i f {-26. 6415. 085 .37 .04 . 86 . 78
Gross(-26. 7415. 0091 . 33 .07 . 45 . 44
t

Guano|-26.6515. 081 . 34 .06 . 63 . 34
Boot -26.48515. 111 .23 .02 .50 . 46
Coast i

DF Rg-26.5 |15. 131 .30 .04 .80 . 36
Coast i

Pil ot |-26.48515. 111 .21 .04 . 83 .17
Coast i
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Phosphate [uM] @ SITE=first
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3
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Figdra@ahows the phosphate variation, where hi
in the southern part of L¢deritz.

The phosphate conaéntosgatmvomeecthiei{ddhghee 4. 1°
Al ssast bBetrcdwoser t o i sl ands had athmhies hciagnh ebset aptht

to the guano( Scnhntuhge seet iasll.and2s018; Swart, 198

Guano serves as a natur al source of phosphor
waters and supporting marine productivity.
concentrations plays a vital rolmresiitny sthaypn d

coastalGuema omeasf ers to the accumul ated excr ¢

known to be rich in nufTheepth®sphbarusculhamgluy:!
the diets otosebdbtrdbh, amtki otnlgamimanrs. These m
accumul ate phosphorus in their bodies from

77



these organi sms, they assimilate the phosph:«

(guawWmen guano iIs deposiatreedasqgn iits luannddesr gmre sc
(Gagnon et al ., 201 Dursmayt dvha setpralcessz201 b
breaks down, and phosphorus is released int

phosphat &) (iFdmgsur.(ePT@h.is8)process is known as mi
phosphorus is converted into inorganic phosp
(phytoplankton) (&ndrgtbheetoabani 8m&83; Lucass

Mi cael, 2021; .Sokol et al., 2022)
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saprobionts \ \l
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J
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P % o
in plants in animals

Figdr&Bows the phosphorus cycle including h
phosphorus I n t he ocean, soi | a
https:// www. google.com.na/imgres?imgurl =http
Mm% 2FwpPpnt ent %2Fupl oads 22-RP®LP-RPFOS %2 FThe
cycle. | i pg%3Ffit%3D1670%252C1669%26ss!| %3 D1&tb
sT366Su3vRM&vet=12ahUKEwi dzvvb3Li AAXVvmScCHD
furl =https %3A%W2F%2Fzhtut or i al sp.hcoosnp%20F 2u0s2 2 %2 F
cycl e%2F&doci d=3t KS2XvVvVoG8EtI|I M&w=1670&h=16629 &
mposition%20o0f 20guanoswW20ocean&ved=2ahUKEwi
gl egQl. ARBRPeBsBed1072023) .
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https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD
https://www.google.com.na/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Fzhtutorials.com%2Fwp-content%2Fuploads%2F2022%2F07%2FThe-phosphorus-cycle.jpg%3Ffit%3D1670%252C1669%26ssl%3D1&tbnid=dl-sT366Su3vRM&vet=12ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD..i&imgrefurl=https%3A%2F%2Fzhtutorials.com%2F2022%2F07%2F16%2Fthe-phosphorus-cycle%2F&docid=3tKS2XvoG8EtIM&w=1670&h=1669&q=article%20phosphate%20decomposition%20of%20guanos%20ocean&ved=2ahUKEwidzvvb3LiAAxVvmScCHbQrChEQMygIegQIARBD

The release of phosphate from guano can have
t he surwatuenrdds . ngPhosphate is a cruci al nutri e
producers at the base of the marine food wekct
the stimulation of phytoplankton gr adawmth haend
ecos ywhtiecnn wi | | play a great dLgldeaia&zhé®e cul
wonot be any con{plectyiatmao netofalnut r20Indk;s Aumont

al ., 2018; Tyrrell & Lucas, 2002)

Accordi ng tthe laimoaimdat wrfe p Mo pp htaof esruarevgi uvi er eadn df ©
is around 10Mwamner tha@mmpllds tchel | ect edofhave s

phosphate at all t(ISe hsietle s Foaskleah s 2@D)15)0OM

Neverthel ess, the coast al area in the nort/
concentrations compared to the offshore site
previous studies that have demenanornvaetsed ua tdhe
of the Benguela Upwéelhnngt Spstem20BU0OS) Reeder
202 Mpvidnogvn sout h of t hevambisietr o ®ipppShtt ®t i ons

correvidthed he data collected f{Fomutr-eas2 @ AEr ni
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Figarebows the southern monitoring sites whe
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Satellite observations provide valuable insi
capturisrcqpllearpjpe t erns and temporal vahiathions
can beguseaddthtes uthh measur e megnnFti gtulréeD dwa20e)y a & E

al ., 1995; Papenfus et al ., 2020; Quei Cer et

Duringtudmpen access satellite data from th

Monitoring Services (CMEMS) wem@ooht aigred hw

data were retrieved in NetCDF (network Commo
( conmsmeaptaerda values) file using Panoply softwa
programming | anguage.
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Figdrehows the distribution of nitri
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upwelling season that is driven by

ocean

(mRirglich et al ., 1998, FI ynn et
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Tabd.e3hows the wind data collected from the D

Dias Point Campbell weather station data - MFMR, Lideritz

Hourly averages

2022 MONTH
Wind Speed mfsl Wind DIR ° BP mbar Air TC RH
JANUARY 8.170 205.29 1009.9 18.5 83.8
|  FEBRUARY 7.941 202.96 1009.6 18.7 83.9 |
| MARCH 8.310 200.04 1009.9 17.4 85.3 |
| APRIL 8.129 193.26 1011.9 16.2 77.8 |
| MAY 6.163 182.78 1016.2 15.2 77.0 |
| JUNE 5.684 159.30 1016.9 18.1 59.3 |
| JULY 6.640 196.22 1017.0 15.0 77.5 |

DIAS POINT CAMPBELL WEATHER
STATION DATA - MFMR, LUDERITZ
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Figdrégh2ows the graph depicting the average w
recorded hourly by the MFMR meteorol ogical S

Stronger and predwmbsmsaenrtviegyd wd unrdi ngp etelde s eas

February, this is when (heb3uewildurneg 4 .s22a)t i

8 4



Theeasonal ity of the nutrients at shwaPfil ot
observed which abnthe@uienict @®a p € oswe rcwolnttrrii ebnutt ecd

by ddmi nant upwelstirogg wamsedEbbgeneadd2B28wan

bel.ow

Figar@Bows the seasonal Piafuht(i oatobnphasdhe

(Control ). Hi gher conobsetdacidog Q98d apdiotsiphalt
Grossebuchta ahsagmaauhnotweaf phosphate due to t|
(coastal).
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