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Preface

In 9P~e ot the uncertainties surrounding the predicl.1Id climate changes, greenhouse gases seem to
have acccmueted in Ihe atmosphere to such a IaYilllhat the changes mayhave staned and their continuation
may now be inevnablo.

The environmental problems associated wilh the potentiallmpacl of eXpllcled climate changes may
prove to be among the major tlnvironmenlal pItIblems facing the manne environment and adjacent coastal
areas in lha near future. Therefore, in line wilh the Decisionolth& Fourteenth Session of the UNEP Governing
Council on "Global Climate Change"'. the oceans and Coastal Areas Programme Activity Centre (OCAlPACj
of UNEP launched and supported a number 01 acllvitias designed to assess ue potential i~act 01 climate
changes and to assist the Governments in identification and implementation of suitable response measures
which may mnigate the negative consequences altha impact.

Task Teams on rrroecetcns of cemete Changehave sofar been established for nine regionscovered
by Ihe UNEP Ragional Seas Programme (Mediterranean, Wider Caribbean, South Pacitic, East Asian seas.
South Asian Seas, South-East Pac~ic, EasternAfri(:an, WeS! and Central Afrioan and the Kuwajt Action Plan
region).

The initial objectives of the Task Teams are fO prepare regklnal overviews and sne-specntc case
stlldies on the possible impact 01 expected dimate changes on Ihe ecological systems, as well as on the
scco-ecororrac S!ructures and activities 01 fheir respeClive regions

The regional overviews, are intended to cover Ihe marine environment and adjacent coastal areas
influencedby or influencing fhe marine environment.

The regional overviews, prepared by the Task Teams are planned to be presented 10 the
Inte,governmental Meetingsconvened in the framework oIlhe relevant Regional Seas Action Plans in order
10 crew tne COuntries' attention to the problems assoclaled wtlh expected climate change and to prompt their
involvement in developmentof policy options and I8sponse measures suitable fa' lheir region.

Once the site-specific case S!udies developed by the Task Teams (Impact studies) is achieved,
emphasiswill be placed on providing assistance to national autho,Wes in delinin\! specllic policy options and
suitable response measures,

To complement the activities being undertakenby !he Eastern Alric<ln Task Team, a consutlant was
commissioned to carry out a preliminarystudyon mecnsepceererce 01 Maziwl Islandoff the Tanzanian coast
in the early 1980's. The study was umenaken In October 1989.

The tasks 01 the consultant were to:

Iii compare aerial photographsfrom diflerent years of the island:

{iiI compile seismic and meteorologicaldata lor the critical period:

(iii) carry out Held work around the Maziwl coral reel in order to ascertain the former position ot
Maziwi Island;study the present10pography 01 the reer: study tbe distribulion 01 sandon the reef
flat and around the reel; COllect samples 01 sand for laboralory analysis; and estimate current
velocities, wave direction and amplitudes around Mazlwllsland; and



(iv) carry out laboralory analysis; mineralogical and granulomelric properties of lh", sand cenected
trom Maziwi ooral ",et

Th~ oocument is a comprehensive report on the findings or lhe study as outlined In (i) to (v) above,
Including conclusions and concrete proposals on further studies on Mazlwl and ctner islands 01 lhe Eastern
African rogion which might be SUbj<>ct to similar circumstances.



The Island that disappeared (Maziwi Island)

Aerial photograph of Maziwi Island taken in 1975.
Photo courtesy of Dr. Lutz Wardin g,.. -
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Introduction

SillC<l al east two decades most of those sections o11h!1 shoreine of Tanzania which are buitt up by
unconsolidated sediments have beanshowing a tr8m'mdously Incnased rale 01 erosion. Manygoodexamples
01 this rapid coastrms retreat can be Slucfled in lila area north of Dar as Salaam (Beach Erosion Molitorlng
Comm~tee 1982) and b91ween Pangsn; and Tanga (rcttbern Tanzania). The averaqe rete of coastline
dlsplacemerrt lor Ihe Dar liS Salaam area Is estimated to be about 3 melres/yr, in certain places this rate
exceeds 5 metreslyr~ in prep.). Along the most developed parts of the coast (i.e. tOU~st hotel complexes
nonh of Dar es Salaam) this developmenl means a calas1rophtl to the national economy jeopardizIng the
Tanzanian efforts ot promoting thllioulism indUstry.

Large parts01 thebackshore areain this region arecomposed ofucecene terrigenous sands (ancient
beach ridg88, Alexander 1969).Northa! Dar as Salaam this be~ Is up to 0,5 kin wlda. Panganitown is sijuated
on a more than 1 kin wide strip 01 ancientbeach ridges runningapproximatelyparallel 10 Iha present shoraline.
since thase sands ara only very liUla exposed above the present high tide laval (centimetresto dedmetras),
n can be assumedIhat thay lormed alter tha last post-glacial nee ot sea level, te. aller 7000·5000 years B.P,
(Seibold & Berger 1982. p.117), These, in gaological terms, vary young sand accumulations ara presently
be'log eroded and redi,strlbu!ed along the beaches and in the shallow parts ot the conlinental she~, Although
a lew sections al the coast still shOW a seawattl shilling Of the eeecnu-e (Le. pcmcns directly dcwndrift ot
ilJlerrupllcns of the beach, which means usually areas north af river mouths and fidal channels), Ihe general
trend has reversed lrom progradation to retrogradation.

Similarobservationscan be made In the extensivemangrove swamp areas in the estuariesand de~as

of the 'reneenen coast. In the Ruvu eena. man!1O"as are rapidly eroded (pers. ccmm., A.K. Semesi,
UniversHyal Dar es Salaam). According tc tha Fishery Officers In Pangani, all manqrove swamps along the
(ivar Pangani estuary presently undergo erosion,

Due to the predominant southeasterly windS, longshore transport along the coast north 01 Dar as
Salaam Is commonly directed northwards. Exceptions from Ihis trend can only be observed at strongly
ambayed sections where the general wave pattern is disturbed by intensive refraction around headlands.
Accord"rng to the observations made by the author and by other researchers IBryceson & Stoermer 1980).
waves generated during the season Of the NE-monsoon are not able to reverse this trend significantly,

There has been a controversial discussion among sceotets working in Tanzania about the possible
causes lor Ihe mcreesec rate Of coaslal erosion. Various rectors have been maca responsible: Extraction of
sand from rivers lor construction purposes. oesmcrcn 01 the tringing and bamer coral reets by dynamile
fishing, rerrovat 01 vegetation from the mangrove swamps, rise of the relative sea level (Beach Erosion
Moniforing Committee 1988: Fay 8; Griffith 1987).

Due to lack of basic data, no satisfactory answer can be given up to now, What is mainly missing is
me following Information:

• Data on his!orical shoreline changes.

A seriesof topographic maps and air photographsat sufficiently large scale and accuracy to allow
analyses Of shoreline retreat duringthe las! decades. Air pholos are available since 1953, butthey
do not cover the entire Tanzanian coast.

aecoroe On Ihe former and present sedimenl discharge 01 the rivers (mas! 01 them llowlng
seasonally only).

• CcntnUOllS and reliable tidal gauge data Of Ihe Tanzanian harbours for the lasl decades.

• A ooaslallnvllntnry and a littoral oata base, as suggested by QU~lenneo & 100 (1989), formifIQ a
basis10' idenmylngareas which are presently or might be in me nearlulure subject to erosion and
for initiating research into such areas.



ThiS study on a small island oflthe Tanzanian coast ought to be regarded as a first step towards a
better understanding 01 the processes which are presently causirJg coastal erosion along Ihis part oIlhe East
African coast

Why Maziwi Island?

Maziwi Island (also Maziwe Island) is (or better: was) located at the northern end of Ihe Zanzibar
Channel approximately 50 km south of the lown 01 Tanga (northern Tanzania), 8 km southeast ollhe moulh
of Ihe Pangani river (fig.l). Latitude and longitude values are 05 degrees 30'S and 39 degrees 04' E,
respectively. The closest settlement is Pangani town, from which the island can be visited by using a boat.
f'angani is accessible lrom Tanga on an all-weather dust road.

Maziwllsland was tarrous for being the most ""Portant single nest;ng ground In East Alrica tor Ihree
species ot endangered mafine turtles: tepidoehelys a/Naeea (olive ridley turtle), Chelonia mydas (green
furtle), and Eretmoehelys imbricaia (hawksbllllurtle)(Frazler 1974, Shedd 1974), Dunng Ihe period july to
OCtober 1974 more than 251emales nester on Maziwl Island, which was the highest concentration 01 nesting
lurlles in Tanzania (Shedd 1974, p.2) lack 01 vertebrate predalors and only occasional visits by humans
(tlshsrmsn, who used the island lor stop-overs) made Maziwi Island an almost ideal sanctuary for turtles.
Hence, the Tanzanian Govemment inlended to protect the island by Game Laws ('"Maziwl Island Reserve").
In 1982 It was reported that Maziwi Island was submerged and therefore unsunaoie for nesting ot turttes
(IUCNIUNEP 1982, p,36, Mainoya & Pralep 1988).

Choosing Maziwl Island for a case study on beach erosion processes has a rumber of merits
compared to mainland beaches:

Siroce the island was not Inhablled by humans. certain causal factors of beach erosion, such as
sand extraction, considerable deve-getation, and marine construction works, can be excluded.

The terrestrial part of the Island has always been sulflclently small 10 let people who reguiarly
visited il {Iishermen) notify any changes of the beacrure contigurallon, A loss of 50 metres of land
On an island W~ll a diameter of only a lew hundred metres might be much more conspicuous than
Ihe same loss of land along a mainland coast with scattered settlements.

• AI feast a few scientists (zoologists) visited Maziwi Island tor studies, and reliable Information can
be obtained from Iheir sctentmc reports.

Investigation methods applied

Air photographs and maps

Although air photos of the Pangani coast are available trorn November 1953, September 1961, January
1976, and June 1982, Mazlw; Island was completely shown only on photos taken on 14th December 1982,
and ilS westernmost part on the tat June 1982 photos, During this time, the island was already SUbmerged.
In order 10 have an impression ot Ihe current situation, the author look oblique-view air pholOS of Maziwllsland
on 3rd November 1989.

The tollowlng sea Charts have been used:

• Br~ish Admiralty sea chart No. 3310 (Atlica-East Coast. Dar es Salaam 10 Wasln Island, scale
1:300,000, published 1966).

• German sea chart NO.1 27 (Indischer Ozean, Ken'anische unc ransantscna Kueste, Mombasa bls
Ras Kanzl, scale 1:300,000, published 1974 wllh minor cenecsons 1982, by oeerecnee
Hydrographisches Institut, Hamburg)



Review of publications and unpublished reports

Reports 01 J,G, Frazier and co-worl<ers on lhe marine lurtle population on and in the waters around
Mazl\\rl Island. Detennined and described samples 01 the lonrer vegelalion 01 tho island ere kept in the
collection of the Departmenl 01 Botany, Uni~llI"SiIy 01 Dar es Salaam.

Site Investigations

Mazlwi Island was visijed by the author on five day$ wring low UcIe (4th, 5th, 61h, 9th, and 10th
NOV(lmber 1989J. The size ol ijs remainingterresbial part during low andhigh titles, inclination angles of beach
slopes, fipple patterns and other sedimentary strucbJres, the botJndary to lhe surroundingcoral platlorm and
the distribution01 rermants of the former vegetation were sludied.lhe submarinepart down to a depth of 35
metreswas invesligated by SCUBA dying. The water depths on the northern and western side of the Island
were determinedby echo sounding. Satlllies for laboratorystudies were taken from the supratidal, Intertidal,
and subtidal parts of the island.

Short visits were paid to the mainland beaches around Pangani lown.

Interviews with Panganl fishermen

Four fishermen from Pangani lown, who used fo fish in the waters around Mazlwllsland slnoe 1924,
1926, 1948,and 1955.were quesnonad aboutthe historyof disappearance01 the islandand aboutthe current
and wave regimes ot the study area. On one day the fishermen accollllenied the aUlhor to the island and
gave Information on the spot.

Geography and geology of the Pangani area

The coastline in the northern part of Tanzania (PenganHanga area) Is characterized by alternating
sandy beaches(composedof Holocene and Pleistooene terrestrial sands; reoentcarbonate sands on pocket
beaches),outcropsof raised Pleistocene coral reef limestone (formingcliffs). and estuaries or small eeeee w~h
extensive growth ot mangroves. The Pengani moulh is an esluary partially tringed by mangrova swarms.

Locally, lrnging coral reels are developed.At a dlstartCll ot several kilometres (mainly 5 to 8 km) from
the shoreline a NNE-SSW 119nding barrier reef occurs. which is IntemJpted by down to 40 metres deep and
SB1Ieral kilometres wide channels. Someof the reels are attached10 IlIised Pleistocene smsstcres (I.e.in the
Tanga area),others could have grown up from the sea floor durinllthe post-glacial rise ot the sea level 15,000
105,000 years ago. Assuming a sea level rise from -40 meres to the present pcsmon IiIring lhe pefi(>(l9000
to 5000 years B,P. (Seibold & Berger 1982, p.117) and a maximal vertical growth rate ot hermatypic corals
of 1 em per year lSchulrnacher 1976, P,l711), ooral growth could have COped with the rising sea level.

Some ot the reels have been given names, such as (from Nto S) Fungu Tongone, South Head Reel,
Mwamba Mawe (drying up tc 0.6 m during neap tides), ~a~lwi Island, Fungu Va Zinga, Fungu Ushongu,
Fungu Oatcha, and Kipumbwfl Reefs Ifi9.1). 01 those, only Fungu Tongone, (approx. 25 km ncnreeet ot
Pangani) endMe~lwi bear (or had borne) small (terrestrial) islandswtth vegetation. Small interlidal sand spits
(colTl,OOSed ot carbonate sand) are lound qutte commonly on these reel platforms. In the vicintty ot Mazlwl
Island interlldalsand spits occuron Fungu Ya Zings and Fungu Ushongo. Accordingto the Panganitishermen,
these sand spits had never boma any vegetation.

The Pangani mouth Is located between the Zamibar Channel to the south and the Pemba Channel
to lhe north. Thewaterdeplhs In the zamibar Channeldo not exceed 60 metres. indicatingltIal, geologically,
Zamibar is pari of the Afrlcancontinent. In contrast, Pemba Island is separatedfrom the mainland (andtrom
Zanzibar)by a more than800 metresdeepsubmarinecanyon.a teclonical and morphologicalgrebenstrucbJre
along the Tanga laun zone (Kent et aI. 1971, p.94, lig.42) whiCh shows structural similarroes wtth the 'ill
Valleys In eastern Africa (lig.2). Belween Zanzibar and Pemba Islands, this canyon trends ESE-WNW. then
turning into a north·northeasterly direction. running approximalely parallel to the shoreline of the mainland.



The coral reet structure on which Maziwi Island was situated has a nearly Q'lsi shape (length of Ion"
axis 2.2 km, length otshan axis 135 km, trend oIlcng axis apprcx, 30 degrees), The terresmar pa~ ot ",aziwi
Island was located on the western side of this pattorm The maximum water depth, measured by echo
sounding, in the lagoon between the mainland and the island was 42 metres (31 mid-tide). The base 01 the
MaziWicoral reef lies at 30-J5 metres depth, On the back-reef side (W) the coral facies is replaced by lagoonal
calcareous, sandy mJds or silty sands (at deplhs glealer than 30 metres), whioh are strongly bioturbated. On
the fore-reef side (E) the sea floor, beneath the base ot the reef slope, contlrues dipping st8(lply towardS the
SUbmarine canyon mentioned above, readlin" the 200 metres depth contour at a distance 01 4 kilometres,
only. This corresponds to an average slope of the sea tloor of 3 degrees.

Climate, .currents, waves and tides In the area

Climate

The climate of the entire Tanzanian coast is warm and humid w~h mean day-time temperatures
ran"ing from 22 to 30 degrees C and an average precipitation rate of 1100 mm per annum.

The coastal area is enectec by seasonally OJowlng winds (trade winds or monsoons) whose directions
depend on the position of the equatorial trough: The SE-monsoon from March to SepiemberlOc\ober and the
NE-monsoon lrom OClober 10 March, Between March am Maywlnds are gllnerally weak and accompanied
by heavy rainfall (long rainy season). From June to September/early OCtoberwinds are strong, often stormy,
and the precipijation rate reaches itl; minimum. FlOm OCtober to December wims are usually weak and
di'ectlons tend to vary. This is the period of me -stort rainy season". From January to March winds blow
constantly from NE wijh variable, but usually low Intens~y. This period is commonly dry and very hoI.

Wind veloc~y data are not available for the Pangan! araa. For the Dar es Salaam area, wind speeds
vary between 15 and 8 mls (average 5 mrs) during the period of the NE-monsoon. During the SE-monsoon
season winds are generally stronger with an average of 8 mlS (Beach Erosion Monitoring Committee 1988,
p.21).

Currents

The area is infrtJenced by the generally north_flowing East African Coastal Current, whose velocity
varies belween 0 25 and 2 ITI!S, the higher speeds ocwrring dUf,ng the period of the SE-monsoon. Accordin"
10the Panqanl flshefmen, durlng the NE-monsoon (October to March), surface currents are directed southward
on both, the landward and seaward sides of Maziwi tsland (fig.3). Du~ng the SE-monsoon (April to September)
currents are running in the opposite direclion, These currents are generally weak and not able 10 move
sedimenl ot sand size. Duringthe alJlhors diving excursions ~ was not observed that any sand-sized sediment
particles were transported due to aments,

However, according to the flshe,men there seems to be a strong wlnd-generaled current tlowing E-W
from the open sea towards Maziwi Island amays for about two weeks at the ene olthe NE- and SE-monsoon
periods. This current ts especially strong dU(lng nights, when the wind 'IS blowing most intensively.

Waves

The general wave pallern around Maziwi Island Isoliented E-W, varying sllgthlywllh the season (wave
approach from NE to E during the NE-monsoon, from SE to E, occasionally aee S during the SE-monsoon).
Waves break, during low tides, at the reet trent on the eastern Side ot the ISland. Due to retraction along the
reef slope and on the coral reef tlat, waves approach the western part of the island from Nand S (tigs,4-6).
During high tees waves do not break any more at the eastern margin, but travel across the reef plattOffil and
cause sand 10 move in a westerly direct'lon.

Wave periods observed during the time of the authors lleld work were ranging lrom 6 to 8 seconds,
corresponding to deep-water wave lengths of 50 to 100 mefras. According to the information given by the



Panganilishennen, normal deep-waler wave heigtts are generally less than 0.5 metres. During storms, i.e.
In Seplen1ler. waves heights rarely exceed 2 metres.

TIdes

Tides along the Tanzanian coast are semi-diurnal. Tide tablee lor the ports 01 Dar es Salaam and
Zanzibar are published by the Tanzania Harbours Authority. The minimaUmaximaltheoreticaltidal range values
Ilor 1987, extreme neap/spring tides) are 0.3313.82 and 0.38/4.56 metres lor the Dares Salaam and Zanzibar
neeeore. respectivaly. Tidal range data are not avaueoe tor Pangani. ll1e author estimates thai the maxlmrm
tidal rarJge in this area is approxlmatety 4 metres.

Alhough Iidal currents are spectacular In the Panganl estuary and mouth. strong lidal currents were
not observed by the aulhor around ~aziwj Island during his lieldwortc, The fishermen GOuk:l not give any creer
Information on this Item.

All fishermen interviewed agreed Ihat there has been no slgniflcam change in the current p.attem or
In the wave climate since the time they started fishing in the waters around Maziwi Island.

The present status of Maziwi Island

Thtl largest part of Maziwllsrand is a shallow coral reel tlat reaching the sea levet only during neap
tides. This ccrat flat is characterizedbyooral scecree showing massive growth lonns le.g. Porites, Goniastrea,
Montastres). Branohlng types 01 stony corals (e.g, Acropora cf. scandemi) arid cctccorets (Tubipora musical
are scarcely 10und. cruseee coralline red algae contribIJle oonsidelably 10 the framework 01 the reel. The
voids between the coral colonies are Iilledwith calcareous sand and gravel originated from the ceeeucncn 01
lhe reef by breakers, swell arid boring organisms as well as lrom the decay ollhe skeletons ot calcareous
green algae (i.e, HaHmeda) and articulated coralline red algae. Nodules of crustose coralline red algae
contribute 10the sediment 100.

On the western margin 01 the reef ptatform a sand sp~ composed of carbonate particles (obviously
derived from the coral reef flat) occurs (ligs.7-10). From the air this sand spit looks tcncue- to hook-shaped,
its convex side pointing north and westward. The easternmost portion 01 the sand spll is icunoee on Ihe corer
platform, while its cemral and western parts cover Ihe back-reel slope and marginal parts 01 the back-reef
lagoon.

MIlliman (1974, p.1951.) classified carbonate sand cays on reernets Info six types:

1. Submerged sand bar, possibly only emergent at low tide.
2. The simple lOW-lying sand or shingle cay
3. The low-lying cay wllh pjoneer strercuoe plant oomrrunities, such as creepers and shrubs.
4, Higher standing cays with more complex and better-developed p-ant cover, ojten including trees,
5, Sand cays with mangrove growth and sometimes mangrove swamps.
6, Cays w~h exposed platforms or lmerors of older rocks.

The present Maziwi sand spit belongs to type No.1 of this classnication,

Supra- and intertidal part of the sand spit

The tength of the sarld spU exposed to air during low tide (E-W) is about 320 metres, lis width (N-S)
130 metres. The vertical distance between low tide level and the top Q/ Ihe sand spit Is ebout 3.5 metres. The
size of its uppermost part. which Is usuajy still positioned above high tide level. is aboul 70 metres (E-W) by
40 metres (N-SI· Occasionally, during extreme spring tides, this part of the sand spit seems 10be submerged,

'00



Angles 01 inclination of fhe beach slope, measured at approximate midpoints between low atKl high
fide levels, are uniformly 6 degrees on the northern, western and southern t1anks, and 1 to 2 degrees on the
eastern flank. The uppermost part 01 the sand spit Is neany horizontal.

The sand is entirely composed 01 carbonate particles derived from the surrounding reel platform.
Terrigenous constijuents, such as quartz, are missing. The sand is medium-gainad (medians between 0.31
and 0,41 mm lor samples taken In the central part ct Ihe beach slope) and moderately well to well sorted.
Gravel-sized Iragments 01 corers and abraded coralline red algae nodules ("rhoclolites") are found scattered
on the surface 01 the beach slope; accumulations 01 them occur close to the loot 01 the beach slope.

The grain size-beach slope relationship can be used to estimate the degree 01 exposure 01 a beach
to wave anack (WlegeI1964. fig.14-17, c~, pettijohn el al. 1973, p.4$1). According to this relationship, the
northern, western, and southe'm t1anks ot the sand sp~ are classified as "protected", lhe eastern flank as
"exposed".

SlIghlly asymmetrical. ladderbacked oscillation ripples wllh truncated crests characterize the
easternmost, lowest ponlon 01 the sand spn. lhe crests ollhe wave ripples are oriented E-W; the average
ripple length is 20 em. The type 01 asymmetry of the wave ripples (azjmuth 01 steeper tlanks approx. north)
indicatestransportation of sand trom S to N, The lee-sides01 the small current ripplesoccurring In the troughs
of the oscillation ripples dip towards east.

In the western pan olthe sand spn, rill marks are common tesjures lound at the loot 01 the beach
slope, The beach slope shows plane bedding with swash marks. Close tothe hightide mark, burrows olerabs
(OCypode sp.) frequently occur, Small wind ripples can occasionally be oIJserved on the uppermost, dry part
of the beach.

The coral reet flat in the vicinity of the sand spij to the southeast. east, and northeast is composed 01
dead coral blocks parHal1y covered by calcareous sand. A fragmented and slightly tilted sheet 01 beach rock
is exposed on the soulileas!ern side of the sand spit during low tide.

Subtidal part 01 the sand spit

TO the north, west, and southwestfhe subaerial part of the sand spij is Irlnged by a very gently inclined
ptatlorm,which '15 buih up by medium-grained calcareoussand charactarized by cecuetcn rlppllls and patchy
growth of seaweeds. At a distance of 70 to 100 metres Irom the beachline and at a waler depth of 3 to 4
metres beicw~ tide level a Sharp break occurs, The slope of the sea floor rapidly Increases lrom less than
2 to 40-45 degrees, and oscillation ripples are replaced by a plane bed, AI one point along thi<; slope (close
to the southern margin 01 the sand spij at 8 m depth) a still living coral oolony was observed, whloh was just
about to be covered by sand. No sessile fauna or Ilora was observed, another indicator for rapid. still
continuing sedimentation 0/' sand. The only macro-organisms found were numerous specimens 01
botlom-<:Jwelling fish (slonelish, a warning to future researchers!). On the southwestern flank 01 the sand spit
the base 01 ttus slope lies at 5 10 10 m water depth. The sand at the base e coarse-grained to very
coarse-<;lrained and contains a high proportion 01 pebble-sized corai fragments

seeweroe the sea floor is only weakly inclined and composed 01 medium to fine-grained satKl and
isolatedcoral colonies. On the western and northern side. the slope angle decreasesagain at depths between
25 and 30 m, and here the medium-grained sand is replaced by a slightly silly tine-grained carbonete sand,
which is strongly bioturbated by worms (Iagoonallacies below wave base). Also this sand ccnsrsts nearly of
100%01 calcium carbonate partcras derived from organisms. In a thin section01 one Impregnatedsample from
thiS place only very lew siliciclasticgrains were seen, The terrigenous influence on sedimentationIn this area
is, lherefore, very little. Besides Its smaller grain size, the lagoonal sand differs from the Ian deposij in Its
content of tests of calcareous foramlnnera and about 0.1 mrn large, oval, micritiC particles which are probably
taecar pellets.

Here, a very pronounced thennocline was lell during diving at a depth of appro><imately 23 metres,
which might be related to upwelling deep-water from the nearby submarine canyon. The entire structure 01
this part of the sard spit resembles the leeward side ot a large sand dune migrating over a reef slope.



To the south there is a transhlon trom lhe sand ieoee Into the reef lIat facies wlth living rorals. To Ihe
east 01 the sand sptt, corals are dead, and the surtace olthe reel flat looks abraded, Indicating 1I1at large parts
01 tile reer flat were crce covered by sand.

In Ihe vicinity 01 the sand spit, remains 01 trees, some otmem more than 6 metres long, give evidence
01 a tcemer vegetallonal cover 01 Maziwi Island. The wood ollhe stems is in an advanced stage at decay,
intensively drilled and penetrated by marine organisms (mainly Tereda sp.). Some of the slems still Show parts
01 tile roots, indicating that the trees were nol cut by people, but feilimo the sea due to erosion.

Summary of the observations

The sand spjt at the weslern edge 01 Ihe Maziwi coral platform can be regarded as a (mainly
submarine) fan deposit shilling from east to west across the back-reet slope jmc a 40 metres deep lagoon,
covering fine-grained lagoonal sands. Only a small propMion 01 the Ian (<:1%) is exposed above high tide
level. Tile total volume 01 sand accumulated in the fan is estimated as 1.5 million albic metres. The sand is
derived Irom central pans of the reef platform, nest likely from those areas which are still covered by a thin
blanl<et 01 sand and where no living ooral colonies occur. Terrioenous constrtuenls are missing In this sand
and are also very rare (<:1%) In the fine-grained lagoonal sediments near to the sand sprt.

The strongest.wave attack takes place on the eastern side 01 the spit during high tides, when the
waves are nOI broken by Ihe ooral reef. Sediment transport in the Intertidal zone is by beach drill
(swash-baokwash towards west), In the shallow subtidal zone by wave drift, and along the slopes 01 the
underwater fan by grav~atlon (grain flow). The measured slope of 40 to 45 degrees corresponds to the angle
of intemal friction ("angle of Inttlal yield") whioh can be expected for moderately to poorly sorted sands w~h

rough grain surtace texture (Allen 1982, pp.6Off.).

The history of Maziwi Island

Based on the reports of fishermen, sciemifio papers of zoologists. and on lhe field cceervencna of the
author, the history of Maziwi Island Is reccnsmcted as lollows:

Unlil the 1960s a (terrestrial) island existed on 1I1e Maziwl coral reef platform. It has been shown on
maps dating baclIto the early colonial times of East Africa (fig.11, Stuhlrnann 1894). Originally, the shape 01
1111s island was roughly oircular with a diameter 01 50{) 10600 metres, eorrespoOOlrg to a.terresmst eertace
area of ~O to 28 hectares. The fishermen reponed thai aboul 45 minutes were needed to walk once around
the Island. The island was elevated about two metres above malllrtlJm high tee level, its base was the reel
flat surtace, abolJl 4 metres below rrearrom high tide level. Based on these ligures, the totai volume 01
calcareous sere that was accumulated on 1I1e reef platform amounts to 1.2 to 1.1 million oubic metres. This
correSlXlnds well w~h the estimaled volume of the presem submarine sand Ian 01 1.5 million cubic metres.
The ccsucn oIlhe island was 10 the east of the presem sand spil, which did not exist by Ihal urns (fig.12).
Its maximal extension is roughly iroicated by the distribution of the thin blanket 01 coral sand on the reel
plallonn.

Generally sand cays or sand tsieoos on coral reef plallorms are formed by sweeping at calcareous
sand lram the interstces of a reef flat into mound-like stncurres by vagaries 01 wave refraction around and
on a corer reef (James 1980). During storms even maleriallrom the iore-reer slope may be washed up onlo
the reef flat. Maziwi Islarld was built up In this way more than 100 years ago.

The island was euratec on the western, more protected leeward side of the coral reef ptattorm Such
a position seems to be IyplcalIor the cays on lhe majorly oIlhe small Indian Ocean Islands. Milliman (1974,
p.195) presumes that this teafure is due to the laok of coralline algal ridges on most of tile Indian OCean reef
flats which results in a greater exposure to wave aOO swell energy !han on the more prctecteo Pacifio OCean
reef flats where algal ridges are usually well developed, resulting in cays preferably forming on the windward
side of the reef nate.

Maziwi island was veceietec bv UP 1025 metres hiQh neee of the ececies Casuarina BOOiselifolia L.



Brexiaceae, Suahili nama: Mkungurulu), Shedd (1974) reported also Ipomea p8S-capraf1, a beach pionf1er
species, to occur, While B. m<ldilgascarlensis is a woody shrub growirlg to a height of 3 metres, C.
equiselifofia is a "tree quick growing In dl)' and inlertile areas and theretora widely planted for emement,
firewood or soil stabmsatiCm and shelter. Tl1e nodular roots tix n~rogen" (Wilmot-Dear 1985, p,7), ~ is common
on "sandy areas above or even on seashore above high tide mark. coastal busnland" (I.e.), It is native 10
Australia, SE Asia and Polynesia, and Wa5 mosf likely introduced 10 East Africa by early fraders or settlers
(I.e.). The Germans used fa plant these frees for ornament and shelter along tne beaches (e.g. harbour road
in pangeni town. also there 20 10 25 metres high: sea trcms in Dar es salaam). and ~ is tharefore possible
that these frees were planted on Maziwi Island during the German colonial period. Tl1e fishermen gave
contradictory answers to the author's question, whether or not the trees were plllCfld in a regular pallarn and
whether they ware 01 approxlmal9ly equal height. Theretore, seK-sowlng by sea-berne fruits cannot be
excluded, Very tew planted coconut palms existed on the island.

The chance of a sand cay on a reet tlat to SlJrvive tor a long lime depends mainly on ns ability to
stabilize the accumulated carbonate sand, A high degree of stability can ee attained by growth ot a dense and
deeply rooted vegefalional cover (Milliman 1974, p.196). A cay may thus reach a stale of labile aquillblium
wifh the eroding forces. Ma~iwi Island had obviously reached this state. and accorlJing to the sand cay
classffication of Milliman (1974, see ebove) It belonged, during this period, to type No.4. Any change of this
state of labile equilibrium could, rowever, lead to a oestructon of the island by miQration at sand Into the
lagoon.

Between the 1920S and the 1950s Ma~iwi ISland lost I~tle of ~s beaches (not more than about 15
metres on all sides acaon:ling to the Pangani fishermen). No considerable shifting 01 sand and no bunding-up
01 new beaches was observed during this period, The rate of erosion Increased tremendously during the
seoond half ot tho 1960 decade. The first Casuarinatrees were eroded on the eastern side ot tho island durinQ
fhe second halt ot 1968 (mainly during high tides in combination w~h storms between June and September).
The most intenswe erosion took place on the eastern side, but the other beaches were affected as well.
Several tens of metres were lost within one year. The eroded sand was carried wesfwarlJ by beach drift
lormlng new beaches closer to the western margin of fhe coral platform. Shrubs (but no Casuarina trees)
started grOWing in the supratidal ~one of the newly formed beaches. During the early 19705, fhe migratinQ
sand reached the western reef edge, Part of It moved down the reef slope info the lagoon and me submarine
tan began fa torm.

Until 1974 the terrestrial part ot Maziwl ISlandhad shrunk to the size shown in fig,12. The approximate
sj~e and posnion of the island In July-October 1974 is oooomented in a sketch given by Shedd (1974). Frazier
(1974) oeecrees the slfualion as follows: "Erosional forcas cause the Island's terrestnal area to be constantly
shifting. keeping fhe vegetation in a continual state at fux. Consequently there are large building beaches and
beach platforms where sand has been recently oepcseeo, and climax woodland with dense vegetation does
not have the opportunity to dominate" (p.1).

Snedd (1974) Observed that "Unusually high spring tides were eating away metres of shoreline. Nests
(of turtles) that were two and three metres above fho crest were enlirely washed out before the incubation
period (48 to 62 days. author after Shedd 1974) was over, and nests fhat were ten and tifteen metres inland
were flooded during these tides" (p,61,). The zoologists used to transter eggs of turtles fhal were laid below
tho beach crest "We dug them out. and we transferred them to a safer ptace inland. All of these sites were
eroded away before a week passed" (l.c.). "The east side of the island was surrounded by fallen trees which
icrmed an effectwe impasse (forthe turtles) trom sea to beyond fhe beach crest. Tl1e west side was the only
side with a deep water approach - no reef surrounding it 'Ihere was very little vegetation on the west as Itwas
often tlooded by high tides. The north and south sides were SlJrrounded by the reef' (I,c., p.l1). Shedd
supplied a Sketch showing a typical beach profile during this penod and the difficunles turtles were facing in
climbing up to the dry beach (lig.13).

The last Casuarina tree lell most likely in 1977. In 1978 the entire area of the "origlnar island was
submerged, The newly formed sand spit to fhe west bore only shrubs which were not higher than 2 metres
and, therefore, not oder than a few years, The length of the vegetaled part of the spit was about 50 meters,
Between 1978 and 1982 the sand spit shiftod 10its present position, Tl1e last (small) vegetation disappeared
most likely in 1980.



Assumllg a constant anrual rate01 erosion between 1968and 1982.the Istand must have lostabout
100,000 cubic metres of sandper year 1010 the lagoon. sees 1982the sand Sjl~ has not changed ~s position
slgn~lcan"y. Obviously, the same amount 01 sandthat is presently earned downns submarine slopes Into the
lagoon, Is supplied 10 the sp~ lrom the coral roof ptalform. ~ can, therelore. be assumed that a stale of
equilibrium was reached a~ln. when all sandwas submerged below Sjlringtide level. This assumption Isalso
supported by the aurters observations on other IntertidaltsLblldal sandspits, Fungu Yasin, a sand splfatlhe
nonhem end of a large coral platform 24 km NNW 01 Dar es Salaam has not changed its size or position aI
leastforthe last two decades. The same seems to be true lor the sand spits on Fungu Ya Zinga and Fungu
Ushongo southof Maziwllstand.

A chance of natural re-building of a large terrestrial sand island on the MazlWi coral platfOrm in the
near tullJre does not exist. Sand once 1051 into the deep back-reertaaccn Is Io6t for ever, at least measured
on a human tlma scale. The amount of newcalcareous serd produced by alxaslon and by decay 01 skeletons
01 organisms is an Insufficient source. Furthermore, there are reasons to presume thai the forces whIch are
respohslble for the disappearance of /he island are stili active (see below).

Causes of the disappearance of Maziwi Island

The Panganl fishermen being questioned whether the vegetation on Maziwi Island was cut by people
for firewood or emerpurposes answered thatonlydrywoodwasrollected by fishermen during their stop-overs
on the Island for making small campfires. Theonly Incident Inwhleh Irving vegetafionwas purposely removed
occurred about25 years ago, whenpeople from Penila Island came to Maziwllsland and cut small trees for
charcoal produotion, These activities were Immediately stopped by the Tanzanian Government.

The fishery olfJcel'S In Panganl reported that dynarrite IIshing was a common practice in the area
before netswere Introduced a few years back, This fishing method haS definitely damagedlhe ecosystem of
the corer reef ccmmuoay, and ~ might have reduced the overall growth role of the reef tl.e. the capabll~y of
the hermatypic organisms to cope wlfh a rising sea level), but ~ has not destroyed /he eKisling geological
structure "coral reel".

Since direct jntenarence of numans with the ecosystem 01 Maziwllsland can be largely excluded as
a main causal factor (not considering global lacters, such as increased carbon dioKide content In the
atmospher8 due to burning 01 10ssJIluels and vegetation), posslbie reasons for the disappearance of the
terrestrial pan 01 the Island might have been:

(a) Rapid tectonic subsidence (e.g. caused by an earthquake).
(b) Erosion due to extraordinarily heavy stOITTl evenl(s).
(c) Waveerosion due 10 a higher sea levelor urate a sign~icantly changed Iong-ferm waveclime1a.
(d) A combination of (a)-(c).

Subsidence of land due to crustal movements

The seismic data available for fhis section 01 the East African coast exoude the possibility 01 rapid
subsIdence caused by an earthquake. There have not been any eartbquake tremorsduring the lastdecades
w~h epcernres close to pangani and of magnitudes high enough (at least magnitude 5 on lhe Richter scale)
to Initiate such movements. This conforms with the obsevanore ot old Inhabitants of Panganl town, who are
not aware of any such events having occurred since their childhood,

The authorhadall earthquake eplcentre and magnitude datafrom 15July 1971 to 27 September 1986
available, but unfortunately no earlier data. During this peried, earthquakes 01 low magnijude (closest to
Pangani) occurred on 07.06.1 973 at 06 degrees 00' 5140 degrees 50' Elin the oceanic crust east of Zanzibar)
and on 05.05.1975 at 05 degrees 00'8140 degrees SO'E (Inthe oceanic crust E 01 Pemba IsJarojl, A series
of weakearthquake tremorswas reponed between 14.05.1985 and 03.12.1985 east 01 Pemba andZanzibar
between 5 and 6 degrees 5 and at around 41 degrees E. All of the epicenlras were much too dIstant f",m
Panganl (~100 km) to calISe any crustal movements in this area. The coast balween Dar es Salaam and
Tanga seems to be seismically very quiet.



The movements along the NNE-trending Tanga fauR(wrtlc:al throw 01 more than3000 m9lres), which
resulted in the lormation 01 the submarine canyon or graben between the mainland and Pemba Island, are
01 pre-Middle Jurassic age, Subsequently only mloor warping occurred, and there is no indication 01 any
reactivalion of this tauR duling the Holocene (Kent et al. 1971, p,S8),

The generallrend 01 crustal movements along Ihe East Allican coast since the Pleistocene has been
positive (opml). Raised Pleistocene coral reel terraces, which occur almost everywhere inlhe coastal be~ from
Mozambique to Somalia, give evidence ot this poeoomenon.

Furthermore, Maziwi Island is enuated at a sufficiently large dislance from any river delta (SO km from
Ihe Warnl River de~a) 10 exclude the possibility 01 local subsidence due 10 rapi:! deltaic sedimentation. The
Pangani river mouth is an estuary. a river valley drowned during Ihe post-glacial lise 01 sea level, and Iluvlal
sediment disoharge into fhe sea. is low.

Meteorological factors

All fishermen the eutncr interviewed said, Ihey were nOI01 Ihe i~ression that wirld. current, or wave
regimes around Pangani have changed, compared 10 the urre they 11rs! began fishing (1924. 1928, 1948,
1955). The period of Ihe year during which erosion of the Maziwi Island beaches was most intensive, June
to October (SE-monsoon), has always been stormy and waves have been high. Unfortunately, pre<:ise
mefeorological data for Ihe Pangani area (even recent ones) are nof available, and, to the author's knowledge,
also wave periods and amplitudes have never been measured. However, there is no reason to assume Ihat
any significant changes have oocurred since Ihe 1920s.

Sea level rise

All fishermen said, their I~resslon was that the sea levelloday is higherlhan in former times. They
estimated a rise by 1 to 1.5 teet (30-45 cm) since the 1920s. Ahhough these figures seem 10 be
overestimated. Iheir observation conforms with Ihe globally observed trarld. Accollling 10the cata published
by UNEP (1967, p.113, lable 2.6). a eustatic rise 01 me global relative sea level by 10 em during fhe period
1920 to 1980. seems to be a realistic estimate, Such a rise will inevitably errect tne equilibrium 01 sand supply
- sand removal along beaches, will cause sand 10 be depoSITed further offshore, and will cause retreat of most
low-lying coastlines composed of unconsolidated sediment by a horizontal distance hJndreds to a few
thousands times tne amount of the vertical rise (see Pilkey 1983). Even a small ris£! 01the sea lewl will disturb
the eensnve stale of labile equilibrium under which a vegetated sarld cay like Maziwi Island can exist.

The extremely rapid erosion of the beaches of Maziwi Island occurred only during high tides In Ihe
stormy period between July and OCtober, During low tides waves and swell approaching lrom east broke (and
still break) at the reertrem. During hlghtldes waves had 10Iravel across the only very gently inclined reel Ilat
for more than half 01 a kllometre before they reached the beach 01 Ihe island, disspating a large propornon
01 their energy by friction with the coral flat sonace. Since lhE! orbilal marreter 01 a wave decreases
exponentially WITh the dislance lrom the surface 01 the sea, a rise in sea level 01 only 10 centimetres. which
cannol be comp.ensated by upward growth 01 lhe reef-building organisms c:kJe to various reasons (e,g.
damages to the ecosystem caused by dynamlle fishing), would considerably diminish Ihe loss 01 wave energy
due to Iriction with the sea floor.

A sea level nse not compensated by coral growth will also allow a larger number 01 waves to reach
the beach, A simple computer simulation model (modllied after Martinez 1987) assuming a wave perlcd 01 8
seconds, a deep-water wave amptltude 01 2 metres (mean) varying according to a Rayleigh distribution, and
a breaking ceenoo of (height 01 breaking wevewaier depth) ~ 0.78 shows Ihal, after a rise 01 sea level by
'0 em, particularly during mid-tide a considarably higher propornon 01 waves will reach the beach without
being broken (5 to 15% more OOTfllared to the number 01 waves reaching me beach before thE! sea level rise,
Hgs.14a,b). During high Iide 00 changes occurred. because already initially. belore sea level lise, nealfy all
waves proceeded to the beach lace unbfoken.

In any case, the amount of wave energy dissipated at Ihe sandy beach will increase and will aIIectthe
eerenwe balance between the various physical paramefers which permitted the island to enet lor many
n..p-"n... n, ..v ..n t..... ppnl",i...



This factor alene, the rise of the sea level, could be !he reason, why the terrsstrlal part of Maziwi Island
disappeared wtthln less than two decades. The sediment this island was composed of was especially sulable
for being eroded easily, once a disequilibrium situation ooourred. It was not only unconsolidated (loose sand),
but also Incohesive (no clay, line si~ or organic corrponenls).

The critical period for Mazlwi Island began In !he lale 19605. About the same time an increase of the
rate of erosion ot many beaches in Tanzania was observed. The Pangani fishermen reported Ihat In a vlllage
close to Pangani (Buyoni) people had to shift Iheir huts to places further Inland since 1963. There was no
erosion before this time. Eros;:,n of the Funguni beach, a few hundred metres north of the Pangani river mouth
started in the early 1970s and Is still continuing. Heavy mineral placers (mainly composed of game! and
Ilmenlta), which can only form on open shores under erosive condll;:,ns (high wave energy combined wijh little
sediment supply, Fay 1988, Tenner 1961), and fallen vegetation are clear Indicators. This beach was
prograding before Ihis lime. South of Panganl!he first OOCOl'l,lt palm trees fell into the sea In 1987. The road
along the Panganl harbour was probably t;:,oded for the first time during the 1960s. In September 1987 and
Septermer 1988 high floods occurred In tha Panganl estuary and demaged the embankment. The three
kilometres long protscnon wall which was buill by the Germans at the end of the 19th century. is now
collapsing m~lng Pangani town vulnerable to flooding (Daily News of 18 November 1989, Der as salaam).

The rate of erosion along the beaches north of Dar es Salaam has increased since the 1960s and has
meanwhile reached an alarming mlgnllude, Ocean Road in Dar es Salaam and several places along other
beaches in this area were flooded during a spring tide In September 1987. According to reports of villagers,
the dry parts of sandy beaches on Mbudya and Bongoyo Islands north of Dar es Salaam were flooded during
this tide tonne jirst time. It rmst be assumed that the slluatlon is similar for most parts of the Tanzanian coast,
but unlortunalely little research has been done until now.

Possible implications for other coral islands

The tate of Mazlwllsland demonstrates what mighl (not must) happen to similar islands in the near
future n the sea level continues to nee. Particularly vulnerable are Islands whose terrestrial area consists
entirely or largely of unconsolidated sediments, like many atolls In lhe lnellanand Pac~ic Oceans (Laocadives,
Maldives, Chagos Archipelago. Diego carcta Amlrante Islands, Aldabra, FarqUhar, Cocos Islands and others
in the Indian OCean: a large number of atoll Islands in the Central and South Pacmc, like the Caroline,
Marshall, Gilbert, Ellice, Fiji, and Bora Bora Islands). Compared to these Islands Mazlwllslandwas very small,
and II was nevel inhablled by people. Many of these atolls are densely Inhabited.

Along the coasts of most mainlands, a loss 01 a strip of eeverar hundreds of meires or even a lew
kilometres of coastal land lJy erosion usually does not mean a slgnnicant loss of land n lhe 101al area 01 a
country is considered. If the Tanzanian coast retreats by one kilometre in average, Ihe country would lose less
than 0.1% 01 netotal terrestrial area, Under me same circumstances the Maldive Islands would virtually vanish.
Examples of the probable fate of some of the smaller SOUlh Paclflc Islands are given by Hulm (1989).

The high slabllizatlon and rsstcranon COSIS for beaches along mainland coasts are. therelore, under
natonej-econcmc and environmental aspects only Justilled for towns, harbour entrances and other valuable
constructions. For undeveloped or poorly developed shorelines many scientists ccrcemed wijh coastal
processes recommend the no-action option, accepting coastal erosion as a phenomenon which cannot be
successfully fough! by engineering rnetnods on the long range (see Pilkey 1983). It is clear that this option
does rot exist for small islands.

The authors preliminary study on the disappearance 01 Maziwi Island could not be based on
quantitative oceanographic data, because such dala have simply reverbeen obtained in this area inthe past.
Even scientists who worked on the island during a period. when II was atoutic be destroyed, were not aware
of the fact thaI they were witnessing its dealh, but recommended that tne island become a marine game
reserve.

Mazlwllslandwas situated on a ooral platform in an area of high tidal range. Most of lis sand was lost
when high tides were eccompaneo by strong winds of Ihe SE-monsoon. The situation is different lor most of
the Islands In the Indian and Pacnia OOllamL Tirtal rann..,; am t1~IJ,.lIv mlloh ~meliPr {Po n ennrn. 0 I; m..T....~



only on Maurhlus, Fagoone 1988), and coral reels are, therefore, much more efficient in breaking waves and
rooucing wave energy than atong the East AJricancoast On the other hand, Ihe impact of storms Isgenerally
grealer on these Islands. The spectacular example cf the destruction of Mazlwllsland, however, shows that
me rete 01 erosion on such istanoo can be much higher than along beaches 01 malnlarKls, which may result
in lhe disappearance of a whole island within a lew years. Continuous monijoring of the shore processes and,
ilneCfissary, prompt decisions on appropriate beecn defense measures, are absokJ!elyessential prerequlsjtes
for successfully lighting erosion of island beaches.

Recommendations for further studies along the Tanzanian coast

Mazlwl Island

The present preliminary study lacks accurate oceanographic data Iwaves, tides, ourrents). The
concJu$lons the author draws 01 his own observations and the intormalion given to him by olher persons would
MVll a stronger scientific base, Wsuch data wele available. It is tnerercre suggested to obtain these data
during the coming year(s). 01 particular Interest are data on the windS, currants, and on the wave climate in
tre vicinity of Ihe island during the se-rronsocn season. Such studies COuld be combined w~h studies on other
islands in Ihls region (see below).

Other Islands off the TanzanIan coast

A large number of smaller and larger islands (not considering PelTtla, zerecer and Malia Islands)
oGCUr oflthe coast of Tanzania. Virtually all of them are siluatoo on ancient or Recent coral reefs. The greal
majority 01 these islands are composed of raised reef limestone exposoo a few metres above high tide level
and lorming a rooky shore with oliff development Unoonsolidated sediments (oarbonate sands, mangrove
swamp deposits) coeur mainly In pocket beaches or on the lagoonal sides and are, therefore, belter sreeeree
than Ma~iwi Island whioh had no such protection at ell. This is most likely the reason why ~ became the first
victim otthe sea level rise. However, jrom reports of people who vistted some ofthese islands It seems to be
clear that almost all beaches oomposed of unconsolidaled sediment, even mangrove swamps, are ourrently
undergoing severe erosion.

In order to exolude the possibility that the disappearance of Ma:ziwllsland was a unique event due to
recaneciers. the author suggests case stUdies (similar to the present one) to be done on a small number 01
these islandS In the region. The following islands between Pangani and Tanga are regarded to be suitabla
(fig.15):

Fungu Tongone

A small Island 25 km south of Tanga, very similar to Ma~iwi Island (type 1 or 2 01 Milliman 1974,
p.195\.). Air pholographs 0\ 1002 show only a sand spit on the western slda ot a coral platlOh11 obviously
shifting Into the back-reel lagoon, and the author assumes lhat ~ has experfenced or is about to experience
the same fate as Ma~iwi Island.

Karange and Varnbe IslandS

Larger islands situated southeast 01 Tanga and consisting of raised reel limestone fringed by mangrove
swamps and sandy beaches. Tho mangrove swamps on these two islands have been stUdied during the past
years by Dr. A.K. Samesi, botanist at the University of Dar es Salaam. The two islands belong to types 5 or
6 of the classification 01 Milliman (I.e.).

There Is a good chance Ihat air photos from various years are available lor ocnearasve sludles. The
studies should also inolude moasurements of the metecrcloqlcal and physical oceanographic parameters
ralevant to erosion throughout the year (wind. precipitation rate, tides, waves, currents, sediment transport
directions and rates), forming the base for developiClg a computer simulation model which can be used to
explain the erosional processes on these Islands quantltalively and to make predictions aboul nnure
developments.



FunllU K1z1mkazl

A most inlerestlrlg place for further studies is Fungu I(lZirT'J<azi (also knOWll as LaHam Island) situaled
56 km southeast 01 Zanzibar and 50 kin off the maimand coast of Tanzania (fig.16). fungu Kizimkazi lies
outside the continental sheR and raises from a depth 01 more lhan 500 metres up to sea level. It "marks the
culmination of a large submerged bank known lrom seismic survey 10be a structural upwarp far out in the
Indien ocean, and is mora nearly analogous to the three large ISlands (Pemba, Zanzibar, Malia) near the
coast than to the othal small features" (Kent et al. 1971, p.49). Tl1e structure is possibly caused by upnse of
a salt dome in the subsurface. Evaporites am known to occur In the uppermost Karroe (Lewer Jurassic) of the
soul hem mainland of Tanzania (e.g. Mandawa anHclna).

The island's terresmar part ~ on~ a few hundred metres in diameter and consisls 0/ sand covered by
guane derived trom seabirds wh1ch use this place tor nesling (type 2 01 Miliman Lc.). Probably because of
excessive manuring by (jUane, the island does not bear any ve!)Blaticn. A meteorological (lidal) station was
established here during colonial times which Is rJIl,Ianwhlle out cticnctco.

Fungu KiZim<azi is '1he most important seabird breeding etancn along the,entire eastern Africa coast
and the only knewn breeding ground 01 the Masked Booby and crested Tem" (Howell 1988). Furthermore,
the island Is known as a breeding sile lor green turtles. It has been proposed to become a marine prolecled
area (categolj' VI, Resource Reserve, iUCN/UNEP 1984, p.59).

Tha author suggests a short study to be performed on the present status 01 the Island with respect
to eroson. This sludy sheuld include a prediction ot lhe consequences tor lhis island of a lurfher rise of the
s...a level and of the likelihood that this important seabird sanctuary will disappear within the coming decades.

coast of Tanzania mainland and of the large islands
(Zanzibar, Pemba, Malia Islands)

Tanzanca urgently needs the estabrstment ef a coastal inVl,lntory and of a littoral data base for her
erere shereline, comparable to the one existing tor lhe West and Central African region
IUNEPIUNESCO/UN-DIESA 1985). As a lirat slep, the aulhor suggests a modem classification of tne OOa5t
to be worked out, following the guidelines given by Quelennec & lbe (1989). This can be achieved by analysis
of air photos accorrpenreu by ground control methods. The results of this study will be used for Idemifica\ion
ef coastal se{Jments undergoing or being endangered by erosion and as a base lor advisfng the Tanzanian
Government regarding future coastal development plans and coastal protection/restoralion measures.

Fot1Unately, the largest part 01 the Tanzanian coastline, except tor the vicinity ct towns and cities, is
sHU poorly developed. The negative experience of the rapid developflll,lnt of the beaches nerfh of Dar es
Salaam since the eMy 1970s, all of Which are now aHected by intensive erosjcn as well as by desperate
ellOl1s of IndMduals and coTT1lan;"'s tlj'ing 10save their property, must not be repealed in ofher areas in future.
TheSe tormerly beautiful beaches are now lost as residence areas; houses, hotels, and o1herconstructions
being continuously damaged or destroyed. They are lesl as recreational areas, too; ruins, COllapsed sea wals
and groins will spoil the beaChes and tidal flats for many decades. If no bUllclings had been b1Ji_ near to the
beacn and if a set-back line Ofseveralbundred metres had been inlroduced twenty years age, the econemrc
problem of teacn erosion WOuld not have arisen for a iong time. The beach had retreated landward eroding
mainly coastal bushland, but i1 had continued 10 exist as a natural environment. It Is cevcus that some of the
beach protection measures have "",en caused a more jntensfve erosion aiong unprotected sections ot the
beach le.g. Baharl Beach Hotel and me coast north cf ill. The proposed eSlablishment of a littoral data base
WOuld help 10aVOid such fatal mistakeS in future. On the advke olthe Coastal Erosion Monitoring Committee
01 the University ot Dar es Salaam, the Tanzanian Govemmenl introduced in 1988 a set-back line of 150
metres from any beach for new constructons. In practice, hcwever, people continue to build on the beaches,
and backing of this measure by legislation seems to be necessalj' so that indiVlctlals who ignore It face
prosecution (Coastal Erosion Mon~ortng Commillee 1988, p.52).

If Tanzania should ccrarbute to the global monitoring of short ano lOng-term sea level fluctuations,
sen-recording IIdal gauge stations are required to be Instalieo in the major harbours of Tanzania (Tarlga, Dar

_ u ...... _,



published during the 1960S show several tidal stations along the Tanzanian coast re.c. off Panl;janl. Lalham
lslanf}. According to the informal;on the author receivad Iromcolleagues, none Q/ them is still In operation.
Up to now, only one modern device has been installed in the Dar es Salaam port in July 1006. Due to Iadl
01 trainedmanpower, tidal staff readings have not beentaken daily,as requiredlor calibration, and. th8l'afore,
possible calibration errors do not allow drawing any conclusions about eventual small annual changes 01 the
mean sea Ieval.
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Explanation of figures

Flg.1: Location map. ttrorn Br~;sh Admiralty chart fIO.331 O,scale 1:300,000,1966)

Fig.2: Physiographic map of the sea floor along the East African coast showing Zanzibar (Z.) and
Pemba Islands enetre 800 metres deep submarine canyon In between (from Bruce C. Heezen
& Marie Tharp 1988).

Fig.3: Pos~ion of corer reefs (alter air photograph June 1982) and currents (acCOluing 10 reporis of
Pangani fishermen) around Maziwi Island.

Flg,4: Wave refraction pattern around Maziwi Island,

Fig,5: View from air towards east onto Maziwi Island. The small coral reef in the foreground (bearing
a sand sp~ at Its norihem end) is Fungu Va Zinga. Photo taken on 3 November 1989 at 17
hours,

Fig,S: View from air towards southwest across lhe Maziwi cmi platform. ObselVe wave pattern (waves
approaching isiand from easf) and breaking waves at reef fronl during low tide. The small
supratidal part 01 the sand sp~ s~uated on the western side of the reef pla1fonn is clearly
recognizable by lis darker coeur. In lhe background the shoreline of the mainland south of
Pangani. Photo taken on 3 November 1989 al 17 hours.

Figs.7,8: Air view and sedimentary facies dislribution around the sand spit on the western side 01 Maziwi
Island near to low tide. The phologra;jl shows how the sand eplt has moved across me
back-reet slope, A·B and C·D lines indicate the locations of the cross sections shown in figs. 9
and 10, respectively, Pho1o taken on 3 November 1989 at 17 hours.

Fig.9· North-south cross section through me Maziwi send spit showing the calcareous sand now
covering the former back-reel slope. Note that horizontal and vertical scales are different,

Fig.l0: East·west cross section through the intertidal part 01 the Maziwl sand spil showing the
calcareous sand overlying coral reef flat facias in the east and the termer reef edge In Ihe west.
Note that horizontal and vertical ecaiee are dillerent.

Flg.l1: Stuhlmann's geological map of coastal Tanzania (1894) showing Mazlwi Island olf the Panqanl
river mouth.

Fig.12: Reconstruction of the shilling of the terreslrlal part of Maziwi Island. Red line - approximate
beacnune bercra 1968; green jna . approximate beachline in July/OCtober 1974 (after Shedd
1914); blue me . present high tide level on sand spit. Note the back-reel edge in the lower lefl
corner and in the middle of the right margin of the photograph. The sand spit has shifted lrom
a more central position on the coral reel platform across the back-reel edge and slope into lhe
deep lagoon (dark blue) betwe\!n 1988 and 1982. Th\! original position of the terresmar part is
roughly Indicated by the extehsion 01 a thin braraet of calcareous sand on the roe! plallorm
shown as dttluse light ccroured patch on the pholograph, Air photo taken on 3 November 1989
at 17 hours.

Fig.13 Sketch showing the dttficumes for turuee 10 climb tha strongly eroded, steeply Inclined beach
slope of Maziwi Island in 1914. '"A turtle cernes up against a sand wall which has been creeiee
by erosion during high tides. The turtles which came up against this were nof able to climb ij to
get onto dry beach above the beach eesr' (Shedd 1974, p8. tig.l).

Fig,14a,b: Results of a compuler simulation showing the absolute (a) and relative increase (b) of the
number of waves reaching the sandy beach unbroken aaer a 10 cm sea level rise (see text).



Fig.15;

Flg.16:

Fig.17:

Fig.1a:

Fig,19:

Fig.20:

Fig,21;

Fig.22:

Fig,23:

Map shawlng Fungu 'rongone. Karange and Yambe rstancs propcseotortcrther research (from
German sea chart no.127, scale 1:300,000).
Map showing the posmcn of Fungu Klzimkazi (Latham Island) proposed lor further research
(from Gennan sea chan no.127, scale 1:300,000),

View towaros west trom the eastern end of the Maziwi sand spit. Note the truncated oscillation
ripples in 1he lomground (direction at crests E-W) Inclinationangle of beach face on lhe eastern
side is 2 degrees.

Beach slope on the northern side or tne Iolaziwl sand spttwtth swash marks The mainland coast
is shown in the background.

Calcareous gravel concentrated on the p1ane-bedcl9d sandy sedimen1 surtace of the
northweSlern beaCh slope Angie ot inclinaHon Is 6 dagrees.

High lide mark on the Maziwi sand sptt.

View towards lhe eastern end 01 the Maziwl sand sptt at mid-tide. Due 10 refraction waves
approch the sand sptt from south (righl) and north (left) and collide on lhe sptt (breakers).

The pholograph shows the place where the waves break in fig.21, now at low tide. A regular
system of asymmetricslladdercacked cscueucn ripples ermee (cigarette box for scale). The
crests are onereec east-west and are always steepel on the northern sides of lhe crests,
painting to sand transport from south fO north across the ridge (and probably further in10 the
lagoon).

Fishermen still use Maziwi Island jor stop-overs. Note the remnants 01 trees (shown in
ligs.24,25) in the water to the right of the boat.

Figs,24,25: Stems of Casuarina lrees on the rormem side Of lhe sand sptt give evidence of tne 10nner
vegetation on Maziwi Island, 1hese remains of frees are found in large numbers all around lhe
sand sptt.

Fig,26: Burrows 01 OCypode are frequently found on the sand sptt cose to the high tide mark.

Fig.27: act me 1urtles have gone,

Fig.28: View towards south onto the Maziwi Island sand sptt during mid-tide. The water depth at the
position 01 the boat Is approximataiy 40 metres
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TABLE 1: Grain size parameters of calcarenites from the M
(based on moments)

~

&Imp. No PQ'\('oo "" "no ,pH Mo<llarl(phVmml Mean(p~ml Sortin!llph

0511S9", base 01 slope W-,O;\e, dep" 5 m .Q.34'1,21 .Q.5511.46 1.16

051189/2 ba"" of slof><> W.,;ide, ooplfl 10 rn 0,57/1l.67 O.54/1l.69 ,ro
O41180i1 b"". oJ.lope N.,;idl, <i"~Il125 m 2.72KU5 2.6M),16 0."
051lBWl ta!1<>"", N.,;ide oJ 'J'i( depltl 35 m 2.69I'l.1S 2,6410.1' ,.
10118911 N.,;id., mkl-beach slope, 6' 1.2&Ul 1.1310,46 eza
10116912 E·skl., mid b""ch slope, 2' 1.S2IU.:l5 UU'.JS 0,47

1011S9iS s-.;o., mid·_ .Iopo, if 1.56.0.$4 1.4OXl.38 0-55

1011B914 W..·'de, m',O-_ slope,- 1.&ai1J.21 1.1ml.33 ,.
101189'" Top dry beach 1,400.38 1.2710.42 ••

No',,, phi c .Iog, Q, wn"", D • g""n <I"..m.ter ,n m,nl"""",s an<! 00 = 1 mm

'0

0511/111/2;

VSI1l19J2'

04118911'

(15118911.

10IHl9Il :

1011Il9/2,

to,15\l13:

10118914:

1011!l9J<i:
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