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Preface

in gpite ot the uncertalnties surrounding the predicled climate changes, greenhouse gases seem to
have accumulated in the atmosphare ta auch a lkeval that the changas may have starled and their cantinuation
may now be inevitabla,

The environmental problams agsociated with the potantial impact of expacted climate changes may
prove to be among the major emvironmental problems facing the marine environment and adjacent coasial
areas in the near futura, Therefore, in ting with the Dacisicn of the Fourteenth Session of the UNEF Gavarning
Council on "Global Climate Changa", the Ocaans and Coastal Areas Programme Activily Centre [OCA/PAL)
of UNEP |lzunched and supported a numbar of activities designed to assess the potential impact of climate
changes and to assist the Governments in identification and implementaticn of suitable rasponse Measures
which may mitigale the nagative consequences of the impact.

Task Teams on Implicaiions of Cimate Change have so far been established for nine regions covered
by the UNEP Hagional Seas Programme (Mediterranean, Wider Caribbean, South Pacitic, East Aslan Seas,
South Asian Sezs, South-East Pacific, Eastern African, West and Central African and the Kuwak Action Elan
region).

The initlal objectives of the Task Teams are to prepare regional averviews and site-specific case
sludies on the possible impast of expected cimate changes on ihe ecolbgical systems, as well as on the
socio-economic structures and activities of their respective regions.

The ragional overviews, are intended to cover the marine anvironment and adlacent coastal areas
influanced by or influencging the maringe arvironment.

The regional overviews, preparad by the Task Teams are planned fo be presented 10 ihe
Intergovernmental Meetings convened in the framework of the relevant Regional Seas Action Fians in order
to draw the countries” attantion o the problerms assoclatad with expecled climate change and 10 prompl their
involvement in development of policy optlons and mapanse measures suitable for iheir region.

Once ihe site-specliic case studies developed by the Task Teams {(impad studies) is achieved,
emphasis will be placed on providing assistance to natlonal authorities in detining specific policy options and
suitgble response measures,

To complemeant the actlvitles being undertaken by the Eastern African Task Team, a consullant was
commissioned to camy out a preliminary study on the disappearance of Maziwi Island off the Tanzanian coast
in the early 1980's. The siudy was undertaken in October 1985.

The tasks of the cansultant wars 1o0:

(il compare aeral photographs from diffierent years of the island;

fiif compile seismic and meteorological data for the critical period;

(i} carry out tield work around the Maziwi corzl reel in order to ascertain the former position of

Maziwi Island; study the present topography of the reef; study the distribution of sand on the reef

flat and around the reef: collact samples of sand for laboratory analysis: and estimate current
velacities, wave direction and ampliudas arocund Maziwi Island; and




(iv} carry out lahoralory analysis: mineralegical and granuiomeiric propartias of the sand collected
from Maziwi coral reef.

This document is 4 comprahensive report on tha findings of the study as outlined in i) to (v} above,
including conclugions and cancrete proposals on furher studies on Maziwi and other islands ol the Eastern
African region which might be suhject to similar gircumstances.



The Island that disappeared (Maziwi Isiand)

Aerial photograph of Maziwi Island taken in 1975.
Photo courtesy of Dr. Lutz Werding,
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Introduction

Since at least two decades most of those sactions ol the shoreline of Tanzania which are built up by
anconsolidated sadiments have bean showing a tremendously Increased rate of erosion. Many good exampies
of this rapid coastline retreat can be siudied in the area north of Dar es Salaam {Beach Erosion Monitoring
Commiltee 1982) and belwean Pangani and Tanga {northern Tanzania). The average rate of coastline
displacement for the Dar es Salaam area is estimated to be about 3 metressyr, in certain places this rate
exceeds 5 metres/yr (Fay, in prep.}. Along the mosi developed parts of the coast {i.e. tourist hotel complexes
north of Dar es Salaam} this devslopmeni means a catasirophe to the national economy jeopardizing the
Tanzanian efforts of promoting the tourism industry.

Large parts of the backshoreg area in this region ara composed of Holocena terrigenous sands {ancient
beach ridges, Alexander 1363). Norih of Dar es Salaam this belt is up w 0.5 km wide. Pangani town is situaled
on a mare than 1 kmwide ¢trip of ancient beach rdges running approximately paraidlel 10 the present sharaline.
Since thase sands ara only very litlle exposed above the present high tide level (centimetres to decimetres),
It can be assumed that thay formedd after tha last post-glacial rise of sea level, Le. after 7000-5000 years B.P.
{Seibold & Berger 1982, p.117). These, in geological tems, very young sand accumulations are presently
being eroded and redistributed alony the beaches gnd in the shallow pants of the confinental shelf. Although
a few sections of the coast still show & seawand shifting of the beachline {i.e. portions directly downdrift of
imemuptions of the beach, which means usually areas north of river mouths and tidal channels}, tha general

-trend has reversed from progradation to ratrogradation.

Slmilar observations can be made |n the extensive mangrove swamp argas in the estuaries ang dehtas
of the Tanzanian coast. In the Ruvu delia, mangroves are rapidly eroded {pers. comm., A K. Semesi,
University of Dar &5 Salaam). According 1o the Fishery Cfficers in Pangani, alf mangrove swamps along the
river Pangani estuary prasently underjo erbsion,

Due to the predominant southeasterly winds, ongshore transport along the coast north of Dar &3
Salaam is commonly directed norttwards. Exceptions from this trend can ondy be chservad at strongly
embayed sections where the general wave pattern is disturbed by intensive refraction around haadlands.
According to the observations made by the author and by other researchers (Brycoson & Stoermer 1580},
waves generated during the season of the NE-monsoon are not able 10 reverse this trend signilicantly.

There has been a controversial discusslon among scienlists working in Tanzania about the possible
causes for the Increased rate of coastal erosion. Various factors have been made responsibie: Extraction of
sand from rivers 1or construction pumpases, destruction of the fringing and barrier coral reefs by dynamita
fishing, removat of vegetation from the mangrove swamps, rise of the relative sea level (Bgach Eroslon
Muonitoring Committee 1988, Fay & Griffith 1987).

Due to lack of basic dala, no satisfactory angswer can be glven up 1o now. What is mainly missing is
tha tollewing Information:

» Dala on hislorical shareling changes.

= A serigs of topographic maps and air photographs of sufficiently Ia:ge gcale and accuracy to allow
analyses o shoreline retreat during the last decades. Air photos are available since 1953, but they
do not cover the entire Tanzanian coast.

* Records gn 1he former and present sediment discharge of the rivers (most of them flowing
seasonally only).

+  Continuous and relighle tidal gauge data of the Tanzanian barbours for the 1ast decades.
* A coastal inventery and a litoral data base, as sugyested by Qudlannec & |be {1888), forming a

kasis for identlfylng areas which are presently or might be in the near future subject to arosion and
for initiating research into such areas.



This study on & smail island off the Tanzanian coast ought to be régarded as a first step towards 3
hetter understanding ol the progesses which are presently causing coastal eroslon along ihis part of the East
African coast.

Why Maziwi Island?

Maziwi island {also Maziwe Island) is [or better: was) located at the noithem end of the Zanzibar
Channel approximately 50 km south of the town ol Tanga {northem Tanzania), 8 km soulheast of the mouth
of the Fangani river ffig.1}. Latitude and longitude values are 05 degrees 30°S and 39 degrees 04 E,
raspectively. The clogest settlement is Pangani town, from which the island can be visited by using a boat.
Pangani iz accessible from Tanga on an all-weather dust road. '

Mazm tsland was famous for being 1he most important singte nesting ground in East Africa for {hree
species of endangered maring turles: Lapidochelys olivacea [olive ridisy turtle), Cheloria mydas (green
turlle), and Eretmochedys imbricata {hawksbill wrile)(Erazigr 1974, Shadd 1974). During the period July to
Ociober 1974 more than 25 females nesled on Maziwi Island, which wag the highest concentration of nesting
turles in Tanzania (Shedd 1974, p.2). Lack ol veriebrale predators and only accasional visits by humans
{tisherman, who used the igland for stop-overs) made Maziwi Island an almost ideal sanctuary for turtles.
Hence, the Tanzanlan Govemnment intehded to protect the island by Game Laws ("Maziwi Island Reserve").
In 1982 It was reportad that Maziwi shand was submerged and therefore unsuitable for nesting of turtias
(IUCH/UNEP 1382, p.36, Mainoya & Pratap 18B8).

Choosing Maziwi island for a case study on beach arosion processes has 2 number of merifs
compared to mainland beaches:

= Since the igland was not inhabited by hurmans, certain cauzal factors of baach eroslon, such as
sand extractlon, considerable deveqetation, and marine construction works, can he excluded.

= The terrestrial part of the Island has aways been sufflclantly smail to lat people who reguiarly
visited it {Tishermen) notify any changes of the beachline configuration. A loss of 50 metres of land
on an island wilh a diameter of only & tew hundred metres might be much more conspicuous than
the same loss of land along a mainfand ceast with scattered selttlements.

* Al aast a few sciemtists {zoologists) visited Maziwi Island for studies, and reliable information can
b& abtained from 1heir sctentific reports.

Investigation methods applied

Air photagraphs and maps

Although air photos of the Pangant coast ara availabla from Nowember 1953, September 1861, January
1876, and June 1952, Maziwi Island was completely shown only on photos taken on 14th December 1832,
and its weastarnmost pan on the 1st June 1982 photos. During this time, the island was already submerged.
Inorder ko have an impression of the currem situation, the author 1ok obligue-view air photos of Maziwt lsland
on 3rd November 1589,

The following sea charts have been uged:

» British Admiralty sea chart No. 3310 {Africa-East Coast, Dar e Salaam 1o Wasin Island, scale
1:300,000, published 1965).

» (German sea chart Mo. 127 {Indischer Ozean, Kenianische und Tansanische Kueste, Mombasa bis
Ras Kanzi, scale 1:300,000, published 1874 with minor corections 1982, by Deulsches
Hydrographisches Institut, Hamburg)



Review of publications and unpublished reports

Raporis of J.G. Frazier ard co-workers on the marine urtle population on and in lhlﬂ watars around
Mazhwvl Island. Determined and descritzed samples of the lormer vegetation of the island are kept in tha
collection of the Dapartmenti of Betany, University of Dar es Salaam.

Site investigations

Maziwi Island was visited by the author on five days during low tide (4th, 5th, &th, $th, and 10th
Movambor 138%). The size ol its remaining terreskrial part during low and high fides, inclination angles of beach
slopee, #ipple patterns and other sedimentary structures, the boundary 10 the sumounding caral platfform and
the distribution of remnants of the former vegetalion were siudied. The submarine parl down to 8 depth of 35
metras was investigated by SCUBA diving. The water depths on the northern and wesiern side of the Island
wera determined by echo sounding. Samgples for laboratory studies were taken from the suprafidal, Intertidal,
and subtidal parls of the iland.

Short vistts wers paid to the malnland beaches around Pangani fown.

Interviews with Pangan! fishermen

Four fishermen frem Pangani iowr:, whe used fo fish in the watérs around Maziwl Island singa 1924,
1926, 1948, and 1955, ware questioned about the history of disappearance ¢! the island and about the current
and wave regimas of the study area. On one day the fishermnen accompanied the auibor to the island and
gave Informatlon on the Spot.

Geography and geology of the Pangani area

The coagHline in the northern part of Tanzania (Pangani-Tanga area} is characterized by altemating
sandy beaches {composed of Holecene and Pleistocene terrestriai sands; recant carbonate sands on pocket
beaches), autcrops of raised Pigistocene coral reef limestone {forming clifis), and estuarnies or small deitas with
extensive growth of mangroves. The Pangani mouth is an estuary partially fringed by mangrove swamps.

Locally, tringing coral reefs are developed. At a distance of several kikhmetres (mainly 5 to 8 km) from
the shoreline a NNE-SSW tranding bamier reef ocours, which is intermepied by down to 40 meires deap and
several kilometres wide channels. Some of the reefs are attached fo raised Pleistocens imestonas [ia.in the
Tanga area), others could have grown up from the $a floor during the post-glaciat rise of the sez level 15,000
10 5,000 years ago. Assuming a sea leval risa from -40 melres to the presant positlon during the pariod 9000
1o 5000 yoars B.P. (Seibold & Barger 1982, p.117) and a maximal vertical growth rate of hermatypic corals
of 1 ¢m per year (Schybmacher 1976, p.178), ceral growth could have coped with the rising sea lavef.

Some of the resfs have been given names, such as {from N te 5) Fungu Tongong, South Head Reed,
Mwamba Mawe {drying up 1o 0.6 m durng neap tides), Maziwi Islang, Fungu Ya Zinga, Fungu Ushongu,
Fungu Datcha, and Kipumbwe Reefs [fig.1). Of those, anly Fungu Tongone. (approx. 256 km northeast of
Pangani) and Maziwi bear {or had borne) small (ferrestrial) islands with vegetafion. Small intartidai sand spits
{composed of carbonate sand) are found gquite commonly on these reet platforms. In the vicinily of Maziwi
Island interlidal sand splis occuron Fungu Ya Zinga and Fungu Ushongo. According to the Pangani fishermen,
these sard spits had never bome any vegetation.

The Pangani mouth 2 located between the Zanzibar Channeid to the south and tha Pemba Channel
io tha north. The water depths In tha Zanzibar Channel da not excaed 60 metres, indicating that, geologically,
Zanzibar is parl of the African continant. In contrast, Pemha Istand is separated from the mainiand (and from
Zanzibar} by a more ihan 800 matras deap submarine canyon, a isctenical and momhological graben structure
along the Tanga fauk zone (Kent ot 8. 1971, p.94, fiz.42) which shows strustural similarifies with the eif}
valleys In eastern Africa (1ig.2). Between Zanzibar and Femba Islands, this canyon trends ESE-WNW, then
turning into a north-nartheastarly direction, running approximately paraliei to the shoreline of 1he mainland.



The coral reaf structure on which Maziwil Island was situated has a nearly oval shape {length of long
axis 2.2 km, length of short axis 1.35 km, trend of long axis approx. 30 degrees). The temrestrial part of Maziwi
Island was located on the westem slde of this plattorm. The maximum water depth, measured by echo
sounding, in the [agoon betwean the mainland and the island was 42 meires (al mid-tide). The hase of tha
Maziwi coral reef lies at 30-25 metres depth. On the back-reef side (W) the coral fackes is replaced by jagoonal
calcareous, sandy mMuds or silty sands (at depths greater than 30 meires), which are strengly bioturbatad. On
the fore-reef side (E) the sea fioor, beneath iba base ot the rasf slope, continues dipping steeply towards the
submarine canyott menfioned abova, reaching the 200 metres depth contour &t a distance o' 4 Kilometras,
oniy. This cormespands to an average slopg of the sea fioor of 3 degrees.

Climate, currents, waves and tides in the area
Climate

The climate of the entire Tanzanian coast is warm and humid with mean day-time temperatures
ranging from 22 {e 30 degrees G and an avarage preciptation rate of 1100 mm par annum.

The cpastal area is aflected by seasonally blowing winds (irade winds or mehsoons) whose direclions
depend on the pasition of the equatorial trouah: The SE-moensoan from March 1o SeptemberOctober and the
NE-monsoon from October 10 March, Bamween March and May winds are genarally weak and accompanied
by heavy rainfall (long rainy season). From June o Septemberseany October winde are sirong, often stormy,
and the pracipitation rate reaches its minlmum. From Cetober o December winds are usually weak and
directions tand to vary. This is 1he period of 1he "short rainy seasen™. From January to March winds blow
canstantly from NE with variable, but usually fow intensity. This peried is commonly dry and very hot.

Wind velocity data ara not availabiz for the Pangani araa. For the Dar as Salaam area, wind speeds
vary betwaen 1.5 and 8 mfs {average 5 mvs) during the peried of the NE-mgnsoon. During the SE-monscon
season winds are generally stronger with an average of 8 mys (Beach Ergsion Moniloring Committeg 1988,
p-21.

Currents

The area is inffuenced by the gensrally north-flowing East Afrlcan Coastal Current, whose velocity
varigs belwsaen 0 25 and 2 mvs, the higher spesds occuring during the period of the SE-monsoon. According
1o 1he Pangani fisharmen, during the NE-rmonsoon (October to March), surface currents are directed southward
on both, the landward ang seaward sides of Maziwi island {fig.3). During the SE-monsoon [April to September)
currents are running in the opposite direction. These currents ars generally weak and not abig fo move
sediment of sand size. During the author's diving excursions it was not obsarved that any sand-sized sediment
particles were transpoited due to currents. '

Howewer, according to the fishgrmen there seems to be a strong wind-genérated current llowing E-W
from the open sea towards Maziwi |slang akays for about two weaks at the end of the NE- and 5E-monsoon
periods. This current is espaclally strong during mights, when the wind is blowing most intensivaly,

Waves

The ganeral wave patiern around Maziwi Island 18 oriented E-W, varying sllgthly wilh the season {wave
approach frarm MNE to E during the NE-monsoon, from SE te E, occasionally alse S during the SE-mongoon),
Waves break, during low tides, at the reef Trart on the #astern side of the island. Due to refraction along the
raef slope and on the coral reef flat, waves approach the western part of the island from N and S {figs 4-6).
Dwring high tides waves do not break any more at the eastern margin, but travel across the reef platform a2nd
causa gand io move In a wasterly diraction.

Wave penods observed during the 1ime of the aulhors leld work were ranging from & to 8 secontds,
corresponding to deep-water wave [engths of 50 to 100 metras. According to the infermation given by the



Pangani fishermen, normal desp-water wave heights are generally less than 0.5 matras. During storms, i.e.
in Saptamber, waves heights rarely exceed 2 metres.

Tidas

Tides aleng the Tanzanian coast are semi-diumal. Tids tables far the poris of Dar es Salaam and
Zanzibar are published by the Tanzania Harbours Authority. The minimal/maximal theoretical tidal range values
(for 1987, axtreme neap/spring tides) are .33/2.82 and 0.38/4.56 metres for the Dar es Salzam and Zanzibar
haroours, respectivaly. Tidal range data are not available for Pangani. Tha auihar estimates thal the maximum
tigal range in this area is approximately 4 matres.

Aihough fidal currents are spectacular In 1he Pangarl estuary and mouth, strong lidal currents were
not cbserved by tha auihor around Maziwi Island during his fiald work, The fishermen could not give any clear
Infermatlon on this item.

All fishermen interviewed agreed that thera has been no significant change in the current pattem or
In tha wave climate since the time they started fishing in tha waters around Maziwi Island.

The present status of Maziwi Island

The largast pari of Maziwi island & a shallow coral reaf flat reaching the sea level only during neap
lides. This coral flat is characlerized by coral specles showing masslve growth forms (8.0, Porites, Goriastes,
Montastrea). Branching types of stony corals (e.g. Acropora 6f. scandens) and oclocorals { Tubipora musica)
are scarcely jound. Crustose coraline red algae contribute considerably to the framework of the reel. The
voids between the coral celonfes are fillad with calcareous sand ard gravel originated from the destruclion of
ihe reef by breakers, swell and boving organisms as wall as from the decay of the skeleions of calkcareous
green algas (i.e. Halimeda) and arkulated covalling red algae. Nodules of crustose coralling red algae
contriibute 10 the sedimend, 1oo.

On the westem margin of the reef platform a sand spit composed of carbonale particles (obviously
detived from the caral reef flat) occurs (figs.7-10). From the air this sand spit looks tongue- to hook-shaped,
its convex side pointing nerth and westward. The easternmast portion of the sand spit is founded on Lthe coral
platfonn, while its central and western parts cover the back-rael slopa and marginal parts of the back-regt
lagocn.

Milllman {1574, p.185f.) classified carbonate sand cays on reed flats info six types:

Submerged sand bar, possibly only emergent at low tide.

The simple law-lying sand or shingle cay.

The low-lying cay with pioneer strandling plant communities, such as craepars and shrubs.
Higher starnding cays with more complex and better-developed pland cover, often induding trees.
Sand cays with mangrove growth and sometimes mangrove swamps.

Gays with exposed platiorms or IMeriors of older rocks.

SR R

The present Maziwi sand spit balongs to type Na.1 of this classification,

Supra- and intertidal part of the sand spit

The fength of the sand spl exposed 1o air during low lida [E-W) is about 320 metres, is width (N-8)
130 metres. The vertical distance batwean low tida lavel and the top of the sand spit is about 3.5 metres. The
size of its uppermost part, which is usually still poeitioned above high tide level, is aboul 70 metres (E-W) by
40 metres {N-5). Occasionally, duting extrems spring tides, this part of the sand spit seems to be submerged,
oo
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Angles of inclination of the beach slope, measured at approximate midpoinis between low and high
tide lavels, arg uhiformly 8 degreas on the northern, westem am southern flanks, and 1 to 2 degrees on tha
eastem flank. The uppermost part of the sand spit is neady horizontal.

The sand is enlirely composzad of carbonata particles derived from the surrpunding resef platfomn.
Terrigenous constituents, such as quartz, are missing. The sand is medium-grainad (medtans between 0.31
and (.41 mm for sampies taken in the cendral part of the baach slope} and moderataly wall to well serted.
Gravel-sized fragments of corals and abraded coralling red algas noduies (“rhedslites”) are found scattered
nh the surface of the beach slepe; accumulations of them ocour close Lo the foct of the beach slopa.

The grain size-beach slope relationship can be used to estimata the degres of exposure of a beach
to wave attack (Wienel 1964, fig.14-17, cit. Petlijohn ef al. 1573, p.481}. According to this relationship, the
northern, westem, and southem Ranks of the sand spit are classhied as "protected”, ihe eastern flank as
‘exposed”. '

Slighlly asymmetrical, laddarbacked oscillation ripples with truncated crests characterize the
easternmost, lowest portion of the sand spit. The crests of the wave ripples are oriented E-W; the average
ripple lenglh 15 20 cm. The type of asymmetry of the wave rippies (azimuth of steeper flanks approx. north)
indicates transportiation of sand from S 1o N. The lee-sides of the small current ripples oceurring in the troughs
of the osgillation ripples dip towards east,

In the western part of the sand spit, rill marks are common features found at the foot of the beach
slopa. The beach slope shows plane bedding with swash marks. Close 1o the high tide mark, burrows of crabs
{ Ceypode sp.) frequently occur. Small wind ripples can occasionally be obsarved on the uppermost, dry part
of the beach,

The coral reef flat in the vicinity of the sand spit te the southeast, gast, and northeast is composed of
dead coral bocks partially covered by calcareous sand. A fragmanted and slightly tilted sheet of beach rock
is exposed on the soulhwastern side of the sand apit during low tide.

Sublidal part of the sand splt

To the north, west, and southwest the subaeria! part of the sand spit is fringed by a very genily inclined
ptatform, which is buit up by medium-grained calcareous sand characterized by oscillation tipples and patchy
growth of seawesds. A! a distance of 70 to 100 melres from the beachling and at a watar depth of 3 to 4
metras below low tide leve! a sham break ccturs, The slope of the s2a floor rapidly increases from less than
2 to 40-45 degrees, and osdillation ripplas are replaced by a plane bed. At one point along this slope {close
to the southern margin of the sand spit at 8 m depth) a still living coral colony was observed, which was just
abou! 1o be covared by sand. No sessile fauna or flora was observed, ancther indicator for rapid, still
continuing sedimentation of sand. The anly macro-crganisms found were numerous specimens of
bottorn-gwelling fish {stonedish, a warning to future researchers!). On the southwestern flank of tha sand spit
the base of this slope lias at 5 to 10 m water depth. The sand at the base is coarse-grained to very
coarse-graingd and cantains a high proportion of pebble-sized coral fragments.

Seawards tha sea ticor is only weakly inclingd and compesed of medium to fing-grainsd sand and
isolated coral colonies. Gnthe weslern and northem side, the slope angle decreases again at depths between
25 and 30 m, and here the medivm-grained sand is replaced by a slightly silty fine-grained carbonate sand,

~ which is strangly biolurbated by worms {lagoonal facies below wave base). Also this sand consisis nearly of

100% of caleium carbanate particles derived from organisms. In a thin section of one impregnated sample from
this place only very few siliciclastic grains were seen. The terrigensus influence on sedimentation in this area
iz, therefore, very little. Besides its smaller grain size, the lagoonal sand differs from the fan depasit in its
content of tests of calcareous foraminifera and about 0.1 mim larga, oval, micritic particles which are probably
faecal psllats.

Here, a very pronounced 1hermosling was Tell during diving at 3 depth of approximately 23 metres,
which might ba related 1o upwelling deep-water from the nearby submaring canyon. The entire struciure of
this part of the sand spit resembles the lzeward side of a large sand dune migrating over a reef slope.



To the south there is a transilion from fhe sand facies into the reef flat facles with living corals. To the
east of the sand spit, corals are dead, and the surtace of the reel fial looks abraded, indicating that large pans
of the reef ffat ware ance covered by sany. '

In the vicinity of the sand spit, remains of treas, some of them mors than 6§ matres long, give evidence
of a faormer vegetational cover of Maziwi [sland. The wood of the stems is in an advanced staga of dacay,
intensively drilled and penetrated by marine crganisms (mainly Tersdo sp.). Some of the stems still show pans
of the roots, indisating that the trees were not cui by people, but fall into the sea due to erosion.

Summary of the ohservations

The sand sph at the weslern edge of the Maziwi coral platform can be regarded as a (mainly
submaring) fan deposit shifting from east o west across the back-reef slope into a 40 metres deep lagoon,
covering fine-grained (agoonal sands. Only a small proportion of the jan {212:) is exposed above high tide
laval. The tatal valume of eand accumulated in the fan is estimated as 1.5 milllon cuble metres. The samd is
dsrived from central parts of the raef platform, most likely from those areas which ara still cowered by a thin
blarket o 2and and whera no living coral colonies cecur. Terrigenous constituents are missing in this sand
and are also very rare {«1%] in tha fine-grained lagoonal sediments near ko the sand spit.

The strongest wave attack takes place on the eastarn side of the epit during high fides, when the
waves are nol broken by the coral reef. Sediment transport in the Intenidal zone is tw beach drift
{swash-backwash towards west), In tha shallow subtidal zone by wave driift, and along the slopes of the
underwater fan by gravitation (grafn flow). The measured slope of 40 to 45 degrees corresponds 1o the angle
of internal friction ("angle of Inital yleld™) which can be expected for moderately 1o poorly 2oned 2ands with
rough grain surface texturg (Allan 1982, pp.eafi ).

The history of Maziwi Island

Based on the reporis of fishenmen, scientific papers of zoologists, and on fhe fleld observations nf the
authar, the history of Maziwi Island I3 reconsiucted as Tollows;

Unill the 19608 a {terrasirial) island existed on the Maziwt coral rea platforin. [t has been shown on
maps dating back to the early colonial imes of East Africa (fig.11, Stuhimann 1894). Qriginally, the shape of
this istand was roughly circufar with a diamater of 500 1¢ 600 rmetres, correspanding 1o a 1errestial surface
area of 20 to 28 hectares. The fishermen reported that aboul 45 minutes were needed to walk once anound
the fsland. The island was ¢levated about two metres above maximum high lide level, its base was ihe reel
flat surface, about 4 metres below maximum high tide level. Based on these figures, the total valume of
calcaraous sand that was accumulated on the reef platiorm amounts t 1.2 to 1.7 million cubic metres. This
corrgsponds well with the estimaled volume of 1he present submarine sand fan ol 1.5 millon cubic metres.
The position of the island was 1o the east of the present sand spit, which did not exist by thal ims {fig.12).
Its maximal extension is roughly indicated by the distribution of the thin blankat of coral sand on the reet
platform.

Generally sand cays or sand islands on coral reef platforms are formed by sweeping of Galcareous
sand from the interstices of a reef flat into mound-like structures by vagaries of wave refraction around and
on a goral reef (James 1580). During siorms even malerial from the fore-resl slope may be washed up onlo
the reef flat. Maziwi Island was built up in this way more than 100 years ago.

The island was situated on the westarn, more protecied leeward side of the coral ree! plalform. Such
a position seems o be typical for the cays on the majority of 1he small Indian Ccean islands. Milliman (1974,
p.195) presumes that this featurs is due 1o the lack of coralling algal ridges on most of the Indian Ccean raef
flats which results in a greater exposure to wave and swell energy than on the more protected Pacilic Ocean
reef flats where algal ridges are usually well developed, resulting in cays preferably forming on the windward
side of the reef llats.

Maziwi island was vegetated by up 1o 25 metres high trees of the species Casuaring eguisetifolia L.

o temm————



Brexiaceas; Suahili nams: Mkungurufu), Shedd {1574) reported also ipormea pses-capra®, a beach pionger
species, t0 oceur, While B. rmadagascariensis is 4 woody shrub growing to a height of 3 metres, C.
equiselifolia is a "ree quick growing in dry and inledtile areas and 1herefore widely planted for emament,
firewood or soil stabilisation and shefter, The nodular reots fix nitrogen” (Wilmot-Dear 1985, p.7}. | is common
on "sandy areas above or even on seashore above high tide mark, coastal bushland” {1..). 1t is native o
Australia, SE Asia and Poiynesia, and was most likely introduced to East Afrlca by early iraders or settlers
{Le.). The Germans used 1o plant these 1raes for omament and shelter along the beaches {e.q. hamour road
in Pangani town, also there 20 to 25 metres high; sea froris in Dar 85 Salaam), and il is tharefore possible
that these irees were planted on Maziwi Island during the Gemnan colonlal period. The fishemmen gave
contradictory ahswers to the author's quastion, whether or not the trees were placed in a regular patern and
whether they were of approximately equal helght. Therefore, sef-sowing by sea-bome inifis cannot be
axcluded. Very few planted coconut paims existed on the island.

The chance of a sand cay on a reef flat 10 surviva tor a long ime depends mainly on its ability to
stabilize the accumulated carbenate sand, A high degras of stabilily can be attained by growth of a dense and
decply rooted vegatational cover (Milliman 19274, p.196). A cay may lhus reach a state of lablls equilibrium
with the eroding forces. Maziwi Island had cbviously reachad this slale, and according 1o 1he sand cay
clagsification of Mifliman (1974, see above) it belonged, dusing this period, to type No 4. Any change of this
state of labile equilibrium could, howsver, lead to & destruction of the island by migration ol sand Into tha
lagoon.

Belwean the 19205 and the 1950s Maziwi Island lost liitle of ks beaches {nol more thar aboul 15
meires on all sides acoording to the Pangani fishermen). No considerakle shifting of sand and no building-up
of new beaches was oheerved during this period. The rate of ergsion increased iremendously during the
sacond half of the 1860 decade. Tha first Casuaring irees were araded on the eastern side of the island during
the second half of 1968 {mainly during high tides in combination with storms between June and Sepiember).
The mosi intensive arosion took place on the eastern slde, bot the other beaches were affected as wall.
Severa! tens of metras were iost within one year. The eroded sand was carriad wesiward by beach drilt
furming new beaches closer to the westem margin of the coral platform. Shrubs (but no Casuaring trees)
starled growing in the supratidal zona of the newly formed beaches. During the early 19703, the migrating
sand reached the weetem reef edge. Par of it moved down the reef slope into the lagoen and Lhe submaring
fan began fo form.

Uniif 1374 the terrestrial part of Maziwt 15land had shrunk to the sire shown in fig.12. The approximale
ziza and position of the island n July-Oclober 1574 is documented in a sketch given by Shedd (1974). Frazier
(1974} describes the siluation as follows: "Ergslonal forees cause the [sland’s 1emrestrial zrea to be constantly
shifting, keeping the vegetation in & continual state of flux. Consequently there are large building beaches and
beact platiorms where sand has been recently deposted, and climax woodiand with dense vegetation does
not have the opportunity to dominate™ {p.11.

Shedd {1974) observed that "Unusually high spring tides were eating away metres of shoreling. Nests
{of turtles] that were two and three metres above the cresl ware entirely washed out before 1he incutation
period (48 to B2 days, author after Shedd 1974} was over, and nests that ware ten and filtean metres inland
were flooded during these tides” [p.6i.). The zookgists used to fransier eogs of lurtles that ware laid below
the beach crest: “We dug them out .. and we transfemed them to a safer place inland. All of these sites were
aroded away hefore a weok passed” {L.c.). "The east side of 1he izland was surrounded by fallen trees which
wrmad an effective impasse {for the wriles) from sea to beyond the beach crest. Tha west side was the only
gide with a deep water approach - no reef sirmounding it. There was very little vegetation on the west as it was
- often flaoded by high tides. The north and south sides were surrounded by the reef {1.¢., p.11). Shedd
supplied a skelch showing a typical beach prafile during this period and the difficulties turtles were facing in
climbing up to the dry beach (fig.13).

The last Casparing trea fall mosi likely in 1877, In 1378 the entire area of the "original island was
submerged. The newly formed sand spit to the west bore only shrubs which were not higher than 2 metres
and, therefore, not older than a few years, The langth of the vegetated pant of the splt was about 50 maters.
Between 1978 and 1882 the sand spit shitted 1o ity present position. The last (small) vagetation disappeared
most likely in 1980.



Assuming a constant annual rate ol arosion betwean 1358 and 1982, the island must have lost about
100,000 cubic metres of sand per yaar into the lagocn. Since 1982 the sand spit has not changed ils posiiion
significantly. Chwviously, the same amount of sand that is presenily carfied down its submarine slopes into the
lagoon, Is supplied to the spit from the coral reef plafform. i can, therefore, be assumed that a stale of
equillbrium was reached again, when all sand was submerged below spring tide level. This assumption s also
supporied by the author's observations an other intertidalssuitical sand spits. Fungu Yasin, 8 sand spit al the
northem end of a large coral platform 24 km NNW of Dar a5 Sajaam has not changed its size or position at
least for the last two decades. The same seems to be 1rue for the sand spits on Fungu Ya Zinga and Fungu
Ushongo =outh of Maziwi Island.

A chance of naturai re-building of a largs terestrial sand island on the Maziwi coral platform in the
near fulure does not exist. Sand onca logt into the deep back-reef fagoon is lost for ever, at least measured
on & human time scale. The amount of new calcareous sand produced by abrasgion and by decay of skelatons
of organisms is an Insufficient source. Fuithermore, there are reasons 1o presume that the farces which are
rasponsibie for the disappearance of the sland ara still active {see below).

Causes of the disappearance of Maziwi Island

The Pangani fishermen belng questioned whether the vegetation on Maziwi Island was cut by people
for firewood or othsr purposes answered that only dry wood was collecied by fishemmen during their stop-overs
onh the island for making small camp fires. The only incident in whigh Iving vegetation was purposely remaoved
occurred about 25 years ago, when people from Pemba Island came 10 Maziwi Island and cut small trees for
charcoal production. These activilies were immediately stopped by the Tanzanian Governmeant.

The fishery officers in Pangani reported that dynamite fishing was a commeon practica in the area
before nets were introduced a tew years back. This fishing method has definitely damaged 1he ecosystam of
the coral reaf community, and il mighl have reduced the overall growth rate of the reef (i.e. the capability of
ihe hermatypic crganisms to cope with a rising sea level), but it has not dastroyed the existing geclogical
structura "coral reef".

Since direct interlerence of humans with the ecosystem of Mazhwl Island can be largely excluded as
a main causal factor {not considering global 1actors, such as increased carbon gdioxide content in the
atmosphere due to buming ol lessll fusls and vegelation), possible reasons for the disappearance of the
terrestrial part of the island might have been:

{a} Rapid tectonic subsidence {e.g. caused by an earthquake).

(b Erosion due to extraordinarily heavy storm event(s).

{c) Wave erosion due to a higher sea level or due to a significantly changed long-term wava climaig.
{d} A combination of {a}-{c}.

Subsidenca of land due to crustal movements

The seismic data available for this section of tha East African coast exclude the possibility of rapid
subsidence caused by &n #arhguake. There have not bean any earthquake tremors during the last decades
with epicentres close to Pangani and of magnitudes high enough (at least magnitude 5 on ihe Richter scale)
to initiate such movements. This conforms with the ebservations of old inhabitants of Pangani fown, who are
not aware of any such evenis having occurred since their childhood.

The author had all earthquaks epicentre and magnitude data frem 15 July 1971 to 27 September 1986
aveilable, but unfortunately no earlier data. During this period, eanhquakes of low magnitude (closest to
Pangani) accurred on 07.06.1873 at 06 deqgrees 00° 5/40 degrees 50" E {in ihe oeeanic crust east of Zanzibar)
and on §5.05.1575 at 06 degrees 00'S/40 dagress 30°E (in the oceanic crust E of Pemba Island). A series
of weak earthquake tremors was reported betwesn 14.06.1985 and 03.12.1985 east of Pemba and Zanzibar
belween 5 and & degrees & and at around 41 degrees E. All of the epiceniras ware much too distant from
Pangani {=100 km} to cause any crustal movemeants in this area. The coast batween Dar es Salaam and
Tanga seems to be seismically very quiet.



The movements along the NNE-irending Tanga fault {vetizal throw of rare than 3000 matras), which
resulted in the formation of the submarine ¢anyon or graben between the mainiand and Pemba Island, are
of pre-Middle Jurassic age. Subseguenily only minor warping occurred, and there is no indication of any
reactivation of 1his faull during the Holocene [HKent &t al. 1871, p.58}).

The general trand of crusta! movemants along the East African coast since the Pleistocene has been
pasilive (uplilt). Raised Pleistocene coral reef terraces, which occur almest everywhere in the coastal belt from
Mozambigue o Somalia, give evidence of this phenomenon.

Furthermore, Maziwi Island is siluated at a sufficiently large digtance fram any river dalta (B0 km from
the Wami River defta) 1o exclude the possibility of local subsidénge due to rapid deltaic sadimentation. The
Pangani river mouth is an estuary, a river valley drowned during the post-glacial rise of s8a level, and fluvial
scdiment discharge into the sel is low.

Meteorological factors

Al flshermen the author interviewed said, they were not of the im@ression thal wind, current, or wave
regimes argund Pangani have changed, comparsd 1o the ime they 1irst began fishing (1924, 1928, 1948,
1955). The peried of the year during which erosion of ihe Maziwi Island beaches was most inlensive, Jung
to Oclober (SE-monscon), has always beean slormy and waves have been high. Unfortunately, precise
meteorological data for the Pangani area (even recent ones) are net available, and. to the author's knowladge,
also wave periods and armplitudes have never baen measured. However, there is no reason to assums that
any significani changes have occurred since the 1920s.

Sea level rise

All fishermen said, thair Impresslon was thal, the sea level today is higher than i former times. They
astimated a rize by 1 10 1.5 feet (30-45 cm) since the 1920s. Ahhough these figures sasem o e
pverestimatad, their observation conforms with the globally cbserved trand. According 1o the data published
by UMEP {1987, p.113, 1able 2.6), a eustatic risg of the global relalive sea level by 10 cm during the period
1920 to 1980, seams 1o ba a reallstic estimate. Such a rise will ingvitably affect the equilibrium of sand supply
- gard remuoval along beaches, will causs sand to be deposited furiher affshore, and will cause retreat of most
lewe-lying coastlines composed of unconsolidated sediment by a horizontal distance hundreds to a few
thaugands times the amount of the vertical rige (gee Filkey 1983). Even a small rise ot the sea laval wiil disturb
the sensiive state of labile equilibrium under which a vegetated sand cay like Maziwi 1sland can ex]st.

The extremely rapid erosion of the beaches of Maziwi Island occorred only during high tides in the
stormy pariod between July and October. During low tides waves and swell approaching fram easi broke (and
still break) at the raef front. During high tides waves had to travel across the anly very genily inclined reef flat
for mare 1han half of & kllometre before they reached tha beach of the island, dissipating a large proportion
ot their energy by friction with the coral flat surface. Sinca 1the orbilal diameter ol a wave decreasas
sxponertially with the dislance from the surface of the saa, a rise in saa lewel of anly 10 centimetres, which
canngt be compensated by upward growth of the reef-building organisms due to various reasons (8.4.
damages to the ecosystem caused by dynamite fishing), would considerably diminish the loss of wave energy
due to friction with the sea floar,

A zea laval ise nol compansated by caral growth will also allow a larger number of wavas o reach

- the beach. A gimple computar simulation modsl (madified afler Martingz 1987) assuming a wave period of §

seconds, a desp-watsr wave amplitude of 2 metres {mean) varying according {o a Rayleigh distribution, and
a breaking criterion of (height of breaking wave/water depth) = 0.78 shows that, after a rige of sea lavel by
10 cm, particularly during mid-tide a considerably higher proportion of waves will reach the beach without
being broken {5 10 15% more compared ta the number of waves reaching the beach before the sea level rise,
fige.14a.b). During high tide no changes cccurred, because already initially, befere sea leval rise, nzady all
waves proceeded to the beach face unbroken.

In any case, the amounl of wave energy dissipated at the sandy beach will increase and will afiect the
sensilive balance between the various physical parameters which permitted the island 10 exist for many
Mararas Aar avan lar cernlirisas



This factor alans, the rise of the sea level, could be the reason, why the temestrial part of Maziwi Island
disappeared within less than two decades. The sediment this island was composed of was espeacially sutable
for belng eroded easily, once a disequilibrium situation ecourred. It was not only unconsolidated (loose sand),
but alse incchesive {no clay, line siltt or organic componenis).

The critical pericd for Maziwi Island began in the lale 1$60s. About the same time an increase of tha
rate of eresicn of many beaches in Tanzanls was observed. The Pangani fishermen reported that in & village
close to Pangani {Buyoni) people had to shift their huts o places further Inland since 1863, There was no
erosion before this time. Erosion of the Funguni beach, a few hundred matres north of the Pangani river mouth
started in the sarly 1970s and I still continuing. Heavy minerzal placers (mainly composed of gamal and
limenita), whizh can only form on epen shores under ercslve conditions (high wave anargy combinad with little
sediment supply, Fay 1888, Tanhner 1981), and fallen wvegetation are clear ndicators. This beach was
prograding before this fime. South of Pangani the firgt ¢ogotwt palm trees fell into the sea in 1987, The road
along ihe Pangani harbour was probably tooded for the first time during the 1560s. In September 1987 and
Septernber 1988 high floods eccurred in the Pangani estuary and damaged the embankment. The three
kilometres long proiection wall which was buitt by the Germans at the and of the 19th century, is now
collapsing making Pangani town vulnerable to flooding {Daily News of 18 November 1888, Dar es Salaam).

The rate of erasion along 1he beaches north of Dar es Salaam has increased gince the 18608 and has
meanwhile reached an alarming magnilude, Ocean Road in Dar s Salaam and several places along other
beaches in this area were Tlooded during a spring tide in September 1987, According to reparts of villagars,
the dry parts of sandy beaches on Mbudya and Bongoya 1slands norih of Dar es Salaam wers floodad during
this tide for the first time. It must be assumed that thea situation is similar for most parls of the Tanzanian coast,
but unforiunately little ressarch has been done until now.

Possible implications for other coral islands

The fate of Maziwl Island demonstrates what might {not must) happen to similar islands in the near
future if the sea level continues {o rize. Particulary vulnerable are islands whose terrestrial area consists
entirely or largely of unconsolidated sediments, ke many atolls In tha Indlan and Pacitic Cceans (Laccadives,
Malivas, Chagos Archipelago, Diego Carcla, Amiranis Islands, Aldabra, Farguhar, Cocos [slands and others
in the Indian Ocean: a large number of atoll islands in the Central and Scuth Pagilic, like the Caroline,
Marshall, Gilbert, Ellice, Fiji, and Bora Bora Islands). Compared to these Islands Maziwi 1sland was vary small,
and il was never inhabited by people. Many of these atolis are danzely inhabited.

Adong the coasts of most mainlands, a 1oss of 2 strip of saveral hundreds of meires or even a lew
kitometfres of coastal land by erosion usually doss not mean a significant loss of kand if the fotal ares of a
courttry is considered., If the Tanzanian coast retragis by ons kilometre in average, 1he country would lose less
than 0.1% ol its total terestrial area. Under the same clrcumstances the Malkdive Islands would virfually vanish.
Examples of the probable fate of some of the smaller South Pachic Islands are given by Huim {1989).

The high slabilization and restoratlon costs for beaches along mainland coasts are, therefore, unider
naiignal-economic and environmental aspects only Justilled for towns, harbour entrances and other valuatle
constructions. For undeveloped or poorly daveloped shorelines many scientists congemed with ¢oastal
processes recommend the no-action option, acéepting coastal erosion as & phenomenon which cannot be
sugcessiully foughl by engineering methods on the long range (see Pikey 1983). 1t is clear that this option
does not exist for small islands.

The authors prallminary study on the disappearance of Maziwi igland could not be based on
quantiiative cceanographic data, bacause such data have simply never been obtained in this araa inthe pasl.
Evan sclentlsis who worked on the island during & period, when it wag about 10 be dastroyad, ware not aware
of 1he fact thal they were withessing its death, but recommended that the island become 3 marina game
resarve.

Maziwl Island was situated on a coral platform in an arez of high tidal range. Most of ils sand was lost
when high tides were accompanied by strong winds of ihe SE-mongoon. The siuation is differand or most of
the islands in the Indian and Pacific Oneans. Tidal rannes arg osually mich amallar e n antraxe O B matras



only on Maurhius, Fagoone 1988), and coral reels are, therefore, much more efficient in breaking waves and
raducing wave energy than along the East African agast. On the other hand, tha impagl of storms [ generally
greater on thess Isfands. The spectacular example of the destruction of Maziwi island, howewver, shows that
the rate of grosion an such islands can ba much higher than zlong beachas of mainlands, which may result
in he disappearance af 2 whole island within 8 Jew y&are. Continuous monitoring of the shore processes and,
if necassary, prompt decisions on appropriate beach defense measures, are absohutely essential prerequisites
for successfully tighting erosion of isiand beaches.

Recommendations for further studjes along the Tanzanian coast

Mazlwl Island

The present preliminary siudy lacks accurate oceanographic data (waves, tides, currents). The
conclugions the author draws of his own observalions and the informalion given to him by other persens would
have & stronger scientific base, K such dataz ware available. it is therafors suggested to obtain these data
during the caming year(s). OF particular interast are data on the winds, cumanis, and on the wave climate in
Lhe vicimily of 1h= island during the SE-monsoon season. Such studiss cowld be combinad with studies on other
islands in 1his reglon {see below).

Other islands off the Tanzanlan coast

A large number of smaller and larger islands {not considenng Pemba, Zanzibar and Mafla Islands)
ocour ofl the coast of Tanzania. Virtually all of them are siluated on ancient or Recent coral reefs. The greal
majority of these islands are composed of raised reef limestone exposed a few metres above high tide level
and forming a rogky shore with cliff development. Unconsolidated sediments {carbonate sands, mangrove
swamp deposits) ocour mainly In pocket beaches aron the lagoonai sides and are, therefore, betier sheltered
than Maziwi Island which had no such protection at all. This is most likely the reason why it became the first
viclim of the sea level rise. However, from reports of people who visited soms of these islands it seems to be
clear that almost aft beaches composed of unconsolidaled sediment, even mangrove swamps, are cumently
undeargoing severe erpsion.

In ardar to exclude the possibility that the disappearance of Maziwi 1sland was a unique gvent due to
Iacal actors, the author sugoests case studies (similar to the present one) to be done on a small number of
these islands in the region. The follewing islands between Pangani and Tanga are regarded to be suitable
{fig. 15):

Fungu Tongone

A small Island 25 km south of Tanga, vary similar to Maziwi Island (typa 1 or 2 of Milliman 1974,
p.1851). Air photographs of 1882 show only a sand spit on the western side of a coral platform obviously
shifting into the back-reef lagoon, and the author assumes that it has experienced or is gbout 1o experience
the game fate as Maziwi island.

Karange and Yambe Islands

Larger islands situated southeast o Tanga and consisting of raised reet imestone fringed by mangrove
swamps and sandy beaches. The mangrove swamps on these wo islands have been studied during the past
years by Dr. A.K. Semesi, botanlst at the University of Dar es Salaam. The wo islands belong to types 5 or
6 of the classffication of Miliman (l.c.).

There is a good chancs that air photos from various years are available 1or comparalive studies. The
studias should alzo include measurements of the metecrological and physical cceancgraphic parameters
ralavant to erosion throughout the year {wind, precipitation rale, tides, waves, currents, sedimeni transport
diractions and rales), forming the base for developing a computer simulation model which can be used to
explain the erosional processes on these islands quantitatively and to make predictions about future
developments.



Fungu Kizlmkeazl

A most mterasting place for furlher studies is Fungu Kszimkazi {also known as Lathami Island) situated
56 km southeast ol Zanzibar and 50 km off the mainiand coast of Tanzania (fig.16). Fungu Kizimkazi Yies
puisids the continental shelf and ralses from a depth ol more than 500 metres up to sea level. It "marks the
culmination of a large submearged bark known from seismic survey 10 be a structural upwarp far out in the
Indian Og¢aan, and is more nearly anabgous to the three large Islands {Pemba, Zanzibar, Maiia) naar the
coast than to the other small fealures” (Kent et al. 1971, p.49). The structure is possibly caused by upnise of
a salt dome in the subsurface. Evaporites are known io scour in the uppermost Kamoo (Lower Jurassic) of the
souihern mainland of Tanzania (e.g. Mandawa anticing).

The island's terrestrial pan s only a few hundred metres in diameter and consists of sand covered by
guand derived from seabirds which use this place for nesting {type 2 ol Millimgn 1.c.). Probably because of
excasgsive manuring by guano, the island does not bear any vegstation. A meteorological {tidal) station was
established hera during colonlal times which Is mearwhiie oul o1 funciion,

Fungu Kizimkazi is "tha most important seabind breeding station along 1he emntire easiem Africa coast
and the only known breading ground of the Masked Booby and Cresled Tem® (Howell 1988), Furthermore,
the island is known as a breeding site lor green turtles. it has been proposed to becomme a maring prolected
area (category V1, Resource Reserve, IUCH/AINEP 1984, p.5g).

The authgr suggests a short study to be performed on the present status of the island with respect
-te erosion. This study should include a prediction of Ihe consequences for Lhis island of a furlber risa of the
sea level and of 1he likelihood that this imporlant seabkird sanctuary will disappear within the coming decades.

Coast of Tanzanla maintand and of the large islands
(Zanzibar, Pemba, Mafia Islands)

Tanzaniz urgenly needs the astablishinent of a coastal invertory and of a littoral data base for her
ertire shorefine, comparable to ihe one existing for the West and Central Alrican region
(UNEPUINESCO/AIN-DIESA 1355). As a tirst step, the guthor suggests 2 modem classification of the coast
10 be worked out, following the guidslines given by Quélennec & Ipe {1889). This can be achieved by analysis
of air photos accompanied by ground control methods, The results of this study will be used for [dantification
of coastal segments undergeing or being endangered by eroslon and as a base tor advising the Tanzanian
Government regarding Tuture coastal development plans and coastal protaciionsrestoration maasures.

Faodunately, the largest part ot the Tanzanian coastling, axcopt for the vicinity of 1owns and chies, is
slill poorly developed. The negative experience of the rapid development of the beaches norih of Dar es
Salaam since the eady 19705, all of which are now affected by intensive erosion as well ag by desperate
efforts of Individuals and companies trying 1o save their proparty, must not be repaated in other areas in futura.
These fommerly baautiful beaches are now lost as residence areas: houses, hotals, and olher constructions
being continuously damaged or destroyed. They are lost as racreatlonal ar¢as, too; ruins, collapsed saa walls
and grains will spoil the beaches and tidal flats for many decades. If no buldings had bean builk near 1o the
beach and if a set-back ling of several hundred metres had been introduced twanty years ago, the aconomic
problem of baach arosion would nol have arisen for a kong time. The beach had retreated landward eroding
mainly coastal bushland, but il had continued 1o exist as 2 natural anvirenment. It is obvicus that some of the
beach protection measures have aven caused a more intansive arogion along unprolected sections of the
beach {e.g. Bahatl Beach Hotel and Lhe coasl nodh ef it). The proposed establishmant of a littoral data base
woukl help 10 avold such fatal mistakes in future. On the advice ot the Coastal Erosion Moniloring Committaa
ot the University of Dar es Salaam, the Tanzanian Governmend introduced in 1988 a set-back line of 150
metras from any beach for new constructions. In practice, however, peopie continue to build on the beaches,
and backing of this measure by legislation seems to be necessary =0 that individuals whe ignore it face
prosecution (Coastal Erogion Monioring Committes 1583, p.52}.

If Tanzania should contrbute to the global monitaring of shert and long-tarm saa level fluctuaiions,

sek- recnrdlng tldal gauge 3 st&tn::uns are required to be ingtalled in thg maijor harbours of Tanzania {Tanga, Dar
sl fan mmnectlns kA mbobaes el o trainad  Tha manng chans



published during the 19808 show several fidal stations zkng the Tanzanian coast (e.q. off Pangani, Latham
Island). According to the information the author recalved fromm colleagues, none of themn is shill in operation.
Up o now, only ong modern device has been installed in the Dar g5 Salaam port in July 1986. Due to lack
of trained manpowsr, tidal staff readings have not beerrtaken daily, as required for calibration, and, therefore,
possible calibration smrors do hot allow drawing any conclusions about eventual small annual changes of the
mean sea level.
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Fig.1:

Fig.2:

Fig.3:

Flg.4:

Fig.k:

Figs.7.8:

Fig9:

Fig.10:

Fig.11:

Fig.12:

Fig.13:

Fig.14a,b:

Explanation of figures

Location map. (from British Admiralty chart no 3310,5cale 1:300,000,1866)

Physicgraphic map of the sea fioor along the East Alrican coast showing Zanzibar (Z.) and
Pemba Islands and the 800 metres deep submarine canyen in betwean {frem Bruca C. Heezen
& Marie Tharp 1288},

Position of coral reefs [after air photograph June 1282) and currents {according fo reports of
Pangani fishermen) around Maziwi Island.

Wave reftaciion patterm around Maziwi Island.

View from air towards east orito Maziwi Island. The emall goral reef in the foreground {bearing
a sand spit at Its norhermn end) is Fungu Ya Anga. Photo taken on 3 Novermber 1982 at 17
hours,

View from air fowards southwest actoss the Maziwi coral platform. Obsanvye wave pattarn {waves
approaching island from aast) and breaking waves at reef front during low tide. The small
supratidal part of the sand spit siluated on the western side of the reef plaliorm is claarly
recognizabla by ds darker colour. In the background the shoraling of the mainland south of
Pangani. Photo taken on 3 Hovember 1888 at 17 hours.

Air view and sedimentary facies distribution around the sand spit on the westem slde of MazZiwi
Island near to low tide. The photograph shows how the sand spit has moved across the
back-reefl slope. A-B and C-D lines indicate the locations of the cross sections shown in fige. @
and 10, respectively. Pholo taken on 3 Novembar 1989 at 17 hours.

Morth-south cross saction through the Maziwi sand spit showing tha calcarecus sand now
covering the former back-reef slope. Note that horizontal and vadical scales are different.

East-west cross section through the intertidal part of the Maziwl sand epit showing the
calcareous sand gverlying coral reef fiat facies inthe aast and the lormer ree! edge in the wast.
Nata 1hat horizontal and verlical acalas are diffarant.

Stuhimann's geological map of coastal Tanzania {1894) showing Maziwi Island oif tha Pangani

Aver moauth.

RHeconstruction of the shifting of the terrastrial pant of Maziwi Igland. Red line - approximate
beachline beforg 1868, grean ling - approximate baachling in JulyOctober 1974 (after Sheokd
1874); blue fine - present high tide level an sand spit. Note the back-reef edge in the lowear left
corner and in the middle of the right margin of the phoatagraph. The sand spit has shitted from
a more cantral position on the coral reef platform across the back-reef edge and slope into the
deap lagoon (dark blue) between 1288 and 1982 The original position of the terrestrial par is
rughiy Indicated by the extension of a thin blanket of calcareous sand on tha reef platiorm
shown as difiuse light coloured palch on the pholograph. Air pholo taken on 3 November 1588
at 17 hours.

Sketch showing the difficulies for turlles 1o climb the strongly sraded, staeply inclined beach
slope of Maziwi Island in 1974, "A turtle comes up against a sand wall which has besen crealed
by aregion during high tides. The turtles which came up against this weara not able o Zlimb it to
get onto dry beach above the beach crest” {Shedd 1974, p.8, 1ig.1).

Resulls of a computer simulation showing the absolute {a) and relative incredsa {p) of the
number of waves reaching the sandy beach unbroken after a 10 cm sea level rise (sae text).



Fig.15:

Flg.16:

Fig.17:

Fig.18:
Fig.19:

Fig.20:

Fig.21;

Fig.22:

Fig.23:
Figs.24,25:
Fig.28:

Fig.27:

Fig.28:

Map showling Fungu Tongone, Karangs and Yambe Istands proposed {or futhar rasearch ffrom
Garman sea charl no.127, scale 1:300,000).

Map showing the pesilion of Fungu Kizimkazi (Latham Island) proposed for further rasearch
ffrom German sea chad ne.127, scale 1:300,000],

Viow towards west trom the eastern end of the Maziwi sand spit. Node the truncated pscillation
ripples in the foreground {direction of crests E-W}. Inclination angle of baach face oa the eastem
side is 2 degresas.

Baach slope on the nardham slde of the Maziwi sand spit with swash marks. The mainland coasl
is shenwn in the background.

Calcareous gravel concentraled on the plahe-bedded sandy sedimend surface of the
notthwestern beach slope. Angle of inclinalion 18 6 dagrees.

High tide mark on ti'la Waziwi sand spit.

Wiew towards the eastern end ol the Maziwl sard spit at mid-lide. Due 1o refraction waves
approch the sand spit frem south {right) and norb (lefi) and collide on the spit (breakers).

The photograph shows the place whera the waves break in fig.21, now at low lide. A regular
system of asymmetrical ladderbacked osclialion ripples formed {Cigarelte box for scale). The
crests are oriented east-west and are always Sieeper on the northermn sides of ihe crasis,
pointing to sand transpon frem south to north across the Adge {and probably further into the
lagoony.

Fishermen still yse Maziwi Island for stop-overs. Mote the rempnants ol trees {shown in
Jigs.24 25) in the water to the right of the boat.

Stems of {Casitanng trees on the northem side of the sand spit give evidence of the former
vegetatien on Maziwi lsland. These remains of trees are fourd in large numbears &Y around the
sand spit.

Burrows of Oeypnde are frequently found on 1the sand spit close fo the high tide mark.

But the {urtles have gone.

View towards south onte the Maziwi Island sand spit during mid-tide. The water daplh at the
pasition of the boat is approximately 40 metres.
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TABLE 1: Grain size parariieters of calcarenites from the M
{based on moments)

Hete;  phic-leg, D, whera O a grain diameter in milimeres and O, = 1 mm.
D

a

vearbal descripion of samples;

OS118%3;
0511B52:
4118941
051185311
1011894 -
10711882
tdl‘iﬁﬂﬂ:
10118574:

1011BG:

Sample Mo, Pegsifion on sand spit hgtiandphifmng) Moan(phifmm) | Sorting{ph
05114903 baza of slope Wozide, depts 5 m .54 27 {1,555 46 1;1_5“_
05118072 | base of skpe Woside, dupth 10 m 057067 05410 68 008
2411891 baza of slope W-sida, deplh 25 m 27BN 15 2.68M, 16 072
051131 lagenn, M-side of spit depth 35 m 26590, 18 254015 DS
1011804 | N-side, mid-beach slope, &° 1280 41 1.13:0 46 0.72
101188/2 | E-side, mid beach siope, 2° 1.520.35 1.41/0.38 0.47
101 1803 S-side, mid-boach slope, & 1.5640.34 14040 38 .85
161185 Wside, naid-besach slope, 5 1.6540.91 1 530 33 b 46
101188/5 Top dry beach 1.40¢0.38 1.2rmae .08

—_— A

Vary coarse=grained, gravelly calearenite . modaralaly somed, nearly symmetical disiributon; plakykutic.

Very coarsz—grainad, slightly gravelly calcarandty; moderaloly soriad; neany symmenical disinbubon; lepiokurtic,

Fine-grained cakcananite; moderamly wall soned: nogatively skewad; keptokuris,

Fine-prained =alcaranite; mederatoly well soried: negalively skewed; loptolimic,

Medlum-grained calearonils; moderately well sored; negatively skewed; fepmhuriic.

Madium-grainad calcarenite; well soned; negativaly skewad; mesckurtc,

Modiymgrained calrenite: moderalely well soded:; vory nogatively skewed; mesokiatic,

Medium-grainzd calcarenlte; well =erted; negatively skewed; lapiokunic

Medlum-grainad calcarenie; modetasly wall sorted; negatvaly skewed, mesckuntc,
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