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Preface 

In spne ot the uncertainties surrounding the predicled climate changes, greenhouse gases seem to 
have aooumulated in the atmosphere to such a level !hat the changes may have started and their oontinuation 
may now be inevnable. 

The environmental problems associated with the potential Impact of exp,1cted climate changes may 
prove to be among lhe major tmvironmental l)ltlblems facing the marill!! environment and adjacent coastal 
areas in the near future. Therefore, in line with the Decision of the Fourteenth Session of the UNEP Governing 
Council on "Global Climate Change"'. the Oceans and Coastal Areas Programme Activity Centre (OCAIPAC) 
of UNEP launched and supported a number of activities designed to assess the potential i~act of climate 
changes and to assis1 the Governments in identification and implementation of suitable response measures 
which may mnigate the negative consequences of Ille impaet. 

Task Teams on lmplica1ions of Ci mate Change have solar been established for nine regions covered 
by the UNEP Ragional Seas Programme (Mediterranean, Wider Caribbean, South Pacific, East Asian Seas, 
South Asian Seas, South-East Pac~ic, Eas1em African, West and Central African and the Kuwait Action Plan 
region). 

The initial objectives of the Task Teams are to prepare reglonal overviews and sne-specmc case 
s1udies on the possible impact ot expected dimate changes on 1he ecological systems, as well as on the 
socio-economic structures and activities of their respective regions 

The regional overviews, are intended to cover !he marine environment and adjacent coastal areas 
Influenced by or influencing the marine environmem. 

The regional overviews, prepared by the Task Teams are planned to be presemed 10 the 
1me,govemmema1 Meetings convened in the framework of the relevam Regional Seas Action Plans in order 
to draw the countries· attention to the problems associated with expecled climate charge and to prompt their 
involvemem in developmem of policy options and response measures suttable for 1heir region. 

Once Jhe site-specific case studies developed by the Task Teams (impact studies) is achieved, 
emphasis will be placed on providing assistance to national authorWes in delininQ specific policy options and 
suitable response measures. 

To complement the activities being undertaken by the Eastern Alric.in Task Team, a consultant was 
commissioned to carry out a preliminary study on the disappearance 01 Maziwl Island off Iha Tanzanian coast 
in the earl)' 1980's. The srudy was um1Bnake11 In October 1989. 

The tasks ol the consultam were to: 

Ii) compare aertal photographs from different years of the island: 

(ii) compile seismic and meteorological data !or the c:rltical period; 

(iii) carry out Held work around the Maziwl coral reel in order to ascertain the former position o( 
Maziwi Island; study the presen! 1opography of the reef: study the distribu1ion of sand on the reef 
flat and around the reef; collect samples of sand for laboratory analysis; and estimate current 
velocities, wave direclion and amplitudes around Mazlwl Island; and 



(iv) carry out labora1ory analysis; mineralogical and granulomelric properties of the sand collected 
from Maziwi coral reef. 

TMs documem is a comprehensive report on the findings or 1he study as outlined In (i) to (v) above, 
Including conclusions and concrete proposals on further studies on Mazlwl and other islands o11he Eastern 
African region which might be subject to similar circumstances. 



The Island that disappeared (Maziwi Island) 

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

Since at least two decades mos1 of those sections o11hil shoreine of Tanzania which are built up by 
unconsolidated sediments have been showing a tremendously Ina-eased rate of erosion. Many good examples 
of this rapid coastline retrnat can be S1udied in tha area north of Dar es Salaam (Beach Erosion Morltorlng 
Comm~tee 1982) and b9\ween Pangani and Tanga (oonhern Tanzania). The av11rage rat11 ol coastline 
dlsplacemerrt for the Dar es Salaam area Is estimated to be about 3 metres/yr, in ce,tain places this rate 
exceeds 5 metres/yr~ in prep.). Along the mos1 developed parts of the coast (i.e. tourist hotel complexes 
nonh of Dar es Salaam) this developmen1 means a catas1roph!l to the national economy jeopardizing the 
Tanzanian efforts o! promoting th11 tou1ism industry. 

Large parts of the backshore area in 1h05 region are composed of Holocllne terrigenous sands (ancient 
beach ridges, Alexander 1969). North of Dar es Salaam this belt Is up to 0.5 km wide. Pangani town is sttua1ed 
on a more than 1 km wide strip of ancient beach ridges running approximately parallel 10 the present shoreline. 
Since these sands are only very litlle exposed above tha present high tide level (centimetres to decimetres), 
tt can be assumed that !hay formed atler the last post--glacial rise of sea level, I.e. after 7000·5000 years B.P. 
(Seibold & Berger 1982. p.117). These, in geological terms, very young sand accumulations are presently 
being eroded and redistributed along the t>eaches and in the shallow parts of the con1inental shef. Although 
a few sections of the coast still show a seawatl'l shifting o1 the t>eachline (Le. portions directly downdrift of 
interruptions of the beach, which means usually areas north of river mouths and tidal channels), the general 
trend has reversed from prograda!ion to retrogradation. 

Similar observa1ions can be made In the extensive mangrove swamp areas In the estuaries and deltas 
of the Tarizanlan coast. In !he Auvu delta, mangroves are rapidly eroded (pers. comm., A.K. Semesl, 
UniversHy o1 Dar es Salaam). According to the Fishery Officers In Pangani, all mangrove swamps along the 
river Pangarn estuary presently undergo erosion. 

Due to tne predominant southeaste,1y winds, longshore transport along the coast oorth of Dar es 
Salaam Is commonly directed northwards. Exceptions from this trend can only be observed at strongly 
embayed sections where the general wave pattern is disturbed by intensive refraction around headlal'lds. 
According to the observations made by the author anct by other researchers [Bryceson & Stoe11119r 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 scientists working in Tanzania about the possible 
causes for the lricreased rate of coastal erosion. Various factors have been made responsibJe: Extraction of 
sal'ld Imm rivers 1or cons!ruction purposes. destruction 01 the fringing and barrier coral reefs by dynamite 
fishing, removal of vegetation Imm the mangrove swamps, rise of the relative sea level (Beach Erosion 
Monitoring Commiltee 1988: Fay & Griffith 1987). 

Due to lack of b.asic data, no satisfactory answer can be given up lo now. What is mainly missing is 
the following lnforma1icm: 

• Data on his1orlcal shoreline changes. 

A series of topographic maps arid air photographs ot sufficiently large scale and accuracy to allow 
ana!yses of shoreline retreat during the last decades. Air photos are available since 1953, but they 
do not cover the en11ra Tanzanian coast. 

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

• C<Jntinuous and reliable tidal gauge data of 1he Tanzanian harbours for the las\ decades. 

• A coastal Inventory and a littoral data base, as suggested by Qu~lenneo & lbe (1989), forming a 
basis for identltylng areas which are presently or might be in the nearlu!ure subject to erosion and 
for initiating research into such areas. 



Thjs study on a small islarid oft the Tanzanian coast ought to be regarded as a first step towards a 
better understanding o1 the processes which are presently causing coastal erosion along this part of the East 
African coast 

Why Maziwi Island? 

Maziwi Island (also Maziwe Island) 1s (or better: was) located at the northern end of the Zanzibar 
Channel approximately 50 km south of the town ot Tang a (northern Tanzania), 8 km southeast of the mouth 
of the Pangani river (fig.1) Latitude and longitude values are 05 degrees 30'8 arid 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 from Tanga on an all-weather dust road. 

Maziwl lslarKI was famous for being 1he most MTljlortant single nesUng ground in East Alrica for 1hree 
species of endangered ma,ine turtles: tepidochelys olivacea (olive ridley turtle), Cha/onia mydas (green 
turtle), and Eretmochelys imbnca/a (hawksbill turtlel(Frazier 1974, Shedd 1974). Durlng !he period July to 
October 1974 more than 25 lemales nes1ed on Maziwi Island, whiCh was the highest concentration of nesting 
turlles in Tanzania (Shedd 1974, p.2) Lack o1 vertebra1e predators and only occasional visits by humans 
{fishermen, who used the island for stop-overs) made Maziwi Island an almost ideal sanctuary for turtles. 
Hence, the Tanzanian Government intended to protect the island by Game Laws ("Maziwi Island Reserve"). 
In 1982 It was reported that Maziwi Island was submerged and therefore unsuttable for nesting of tunles 
(IUCNIUNEP 19B2, p,36, Mainoya & Pratap 1988). 

Choosing Maziwi Island for a case studv on beach erosion processes has a rumber of merits 
compared to mainlarKI beaches: 

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

The terrestrial pert of the Island has always been su1flclently small to let people who regularly 
vistted it {lisherme11) r,otify any changes of the beachline configuration. A loss of 50 metres ot land 
on an island w~ll a diameter of only a few hundred metres might be much more conspicuous than 
the same loss of land alor,g a mainland coast with scattered settlements. 

• Al least a few scientists (zoologists) visited Maziwi Island for studies, and reliable Information can 
be obtained from 1heir scientific reports. 

Investigation methods applied 

Air photographs and maps 

Although air photos of the Pangani coast are avajlable from November 1953, September 1961, January 
1976, and June 1982, Maziwi Island was completely shown only on photos taken on 14th December 1982, 
and its westernmost par1 on the 1st June 1982 photos. During this 11me, the island was already submerged. 
In order to have an impression of the currern s11ua11on, the author look oblique-view air ph:,tos of Maziwt Island 
on 3rd November 1989. 

The following sea charts have been used. 

• Br~1sh Admiralty sea chart No. 3310 (Africa-East Coast, Dar es Salaam lo Wasin Island, scale 
1:300,000, published 1966). 

• German sea chart No 127 (lndischer Ozean, Ken<anische undTansanische Kueste, Mombasa bis 
Ras Kanz1, scale 1:300,000, published 1974 with minor correciions 1982, by Deutsches 
Hydrographisches lnst1tut, Hamburg) 



Review of publlcatlons and unpublished reports 

Reports ol J,G. Frazier and 00--wmkers on Iha marine lurtle populalion on and in the waters around 
MazMII Island. Detennined and described samples ol lhe lorn-er vege!alion ol 1he island are kepi in Iha 
collection of the Department ol Botany, Uni~ersity ol Dar es Salaam. 

Site Investigations 

Mazlwl Island was vistted by the author on five days Wring low tide (4th, 5th, 61h, 9th, and 10th 
November 1989]. The size o1 Its remaining terrestrial part during low and high tides, inclination engles of beach 
slopes, ripple patterns and other sedimentary strucb.Jres, the bot.lndary to the surrounding coral platform and 
Iha distribution ol rermams or the former vegeta1ion were s1udied. lhe submarine part down to a depth of 35 
metres was invesligated by SCUBA dving. The water depths on the northern and western side of the Island 
were determined by echo sounding. Sal!l)les for laboratory studies were taken from the supra1idal, Intertidal, 
and sublldal parts of the island. 

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

Interviews with Pangan/ fishermen 

Four fisherman from Pangani lown, who used to fish In the waters around Mazlwl Island slnoo 1924, 
1926, 1948, and 1955, were queslioned about the history o! disappearance ol the island and about the current 
and wave regimes ol the study area. On one day the fishelm9n accolJllanied the au1hor to the island and 
gave lnlorma!lon on the spot. 

Geography and geology of the Pangani area 

The coasUine in the northern part of Tanzania (Pangani•Tanga area) Is characterized by alternating 
sandy beaches (oomposed of Holocene and Pleistocene terrestrial sands; recent carbonate sands on pocket 
beaches), outcrops of raised Pleis1oc:ene coral reef limestone (forming cliffs). and estuaries or small deltas with 
extensive growth ot mangroves. The Pangani mou1h Is an estuary partially fringed by mangrove BwarllJs. 

Locally, lri'lging coral reefs are developed. At a dlstallCll ol several kilometres (mainly 5 to 8 km) from 
the shoreline a NNE-SSW trending barrier reef occurs, which Is lntemJpled by down to 40 metres deep and 
several kilometres widt1 channt1ls. Some of the reefs are attached 10 raised Pleistocene amestonas (i.e. in the 
Tanga area), others could have grown up from the sea floor during the post-glacial rise ol the sea level 15,000 
105,000 )lilars ago. Assuming a sea level rise from -40 melres to the present pnsftlon ciJring the period 9000 
10 5000 )lilars B.P. {Seibold & Berger 1982, p.117) and a maximal vertical growth rate ol hermatypic corals 
of 1 cm per year (Schutrnacher 1976, p, 17ll), coral growth could have coped with the rising sea level. 

Some of the reefs have been given names, such as (from Nto S) Fungu Tongone, South Head Reet, 
Mwamba Mawe (drying up lo 0.6 m during neap tides), Maziwi Island, Fungu Ya Zinga, Fungu Ushongu, 
Fungu Datcha, and Kipumbwf! Reefs lfig.1). 01 those, only Fungu Tongone (approx. 25 km northeast of 
Pangani) and Mazlwi bear (or had borne) small (terrestrial) island& with vegetation. Small lntarl1dal sand spits 
(con,posecf of carbonate sand) are found qutta commonly on these reel platforms. In the vic1nijy of Mazlwl 
Island interlidal sand spits occur on Fungu Ya Zings and Fungu Ushongo. According to the Pangani fishermen, 
these sand spits had mwer borne any vegetation. 

The Pangani mouth Is located between the Zaruibar Channel to the sou1h and the Pemba Channel 
to Iha north. Thewaterdeplhs In the Zaruibar Channel do nof exceed 60 metres. indicating that, geologically, 
Zaruibar is pari of the African continent. In contrast, Pemba Island is separated from the mainland (and from 
Zanzibar) by a more lhan 800 metres deep submarine canyon. a 1eclonical and morphological graben strucb.Jre 
along the Tanga 1au~ zone (Kent et al. 1971, p.94, fig.42) which shows structural similarities wtth the rill 
valleys In eastern Africa (1ig.2). Between Zanzibar and Pemba Islands, this canyon trends ESE-WNW. then 
turning into a north-northeasterly direction. running approximately parallel to the shoreline of the mainland. 



The coral reef structure on whjch Maziwi Island was situated has a nearly O'lal shape (length of long 
axis 2.2 km, length ol shon axis, 35 km, trend of long axis approx. 30 degrees). The terrestrtal part of Maziwi 
Island was located on the western side of this platform. The maximum water depth, measured by echo 
sounding, in the lagoon between the mainland and the island was 42 metres (a! mid-tide). The base of the 
Maziwi coral reef lies at 30-JS me1res depth. On the back-reef side (W) the coral facies is replaced by !agoonal 
calcareous, sandy ITT.Ids or silty sands (al depths g1ea1er than 30 metres), which are strongly bioturbafed. On 
the fore-reef side (E) the sea floor. beneath 1ha base ot the raef slope, con!lrues dipping steeply towards the 
submarine canyon men11oned above, reaching the 200 metres depth contour at a distance of 4 kilometres, 
only, This corresponds lo an average slope of the sea lloor of 3 degrees. 

Climate, ,currents, waves and tides In the area 
Cllmate 

The climate ol 1he entire Tarizanlan coast is warm and humid wijh mean day-time temperatures 
ranging from 22 lo 30 degrees C and an average precipitation rate of 11 00 mm per annum, 

The coastal area is affected by seasonally oJowlng winds (1rade winds or monsoons) whose directions 
depend on the position of the equatorial trough: The SE-monsoon from March 10 September/October and the 
NE-monsoon from October to March. Between March aoo May winds are generally weak and accompanied 
by heavy rainfall (long rainy season). From June to September/early October winds are s1rong, often stormy, 
and the precipttation rate reaches ill; minimum. From October lo December w100s a,e usually weak and 
directions land to vary. This is the period of the "short rainy season", From January to March winds blow 
constantly from NE wtth variable, but usually tow lntenstty. This period is commonly dry and very hot. 

Wind veloctty data are not available for the Pangan/ area, For the Dar es Salaam area, wind speeds 
vary between 1 5 and 8 mis (average 5 mis) during the period of the NE-monsoon. During the SE-monsoon 
season winds are generally stronger with an average ot 8 mis (Beach Erosion Monitoring Committee 1988, 
p.21), 

Currents 

The area is inffuenced by the generally north-flowing Eas1 African Coastal Current, whose velocity 
varies between 0.25 and 2 mis, the higher speeds ocwrring during the period of 1he SE-monsoon, According 
10 1he Pangani fishermen, durlng the NE-monsoon (October to March), surface currents are directed southwald 
on both, the landward and seaward sides of Maziwi Island (fig.3). Durtngthe SE-monsoon (April to September) 
currents are running in the opposite direciion. These currents are generally weak and not able to move 
sedimenl cl sand size, During"the authors diving excursions tt was not observed that any sand-slz9d sediment 
particles were transported due to rurrents. 

However, according to the fishermen there seems to be a strong wind-generated current !lowing E-W 
from the open sea towards Mazlwi Island amays for about two weeks at the end ofthe NE- and SE-monsoon 
periods, This current '5 especially strong during nights, when the wind is blowlng most intensively. 

Waves 

The general wave pattern around Maziwi Island ls oriented E-W, varying sllg!hlywHhthe season (wave 
approach from NE to E during the NE-monsoon, from SE to E, occasionally also S during the SE-monsoon). 
Wav,;s break, during low tides, at the reef front on lhe aastern Side ot the island. Due to refraction along the 
reel slope and on the coral reef flat, waves approach the western part of the island from N and S (tigs.4-6), 
During high tktes waves do not break any more at the eastern margin, but !ravel across the reef platfom, and 
cause sand to move in a westerly direction. 

Wave periods observed during the lime or the aulhor's 11eld work were ranging lrom 6 to B seconds, 
corresponding to deep-water wave lengths of 50 to 100 metres. According to the information given by the 
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Panganl flshennen, normal deep,-water wave heiglts are generally less 1han 0.5 metres. During storms, i.e. 
In Sep1en1ler, waves heights rarely exooed 2 metres. 

Tides 

Tides along the Tanzanian coast are semi-diurnal. Tide tables for the ports of Dar es Salaam and 
Zanzibar are published by the Tanzania Harbours Authority. The minimal/maximal theoreticaltidal range values 
(for 1987, extreme neap/spring tides) are 0.3313.82 and 0.38/4.56 metres for the Dares Salaam and Zanzibar 
harbours. respectively. H:lal range data are not avaTlablefor Pangani. llle au1horestlmates tha1 the maxirrum 
tidal range in this area is approximately 4 metres. 

Alhough 1idal currents are spectacular In 111e Panganl estuary and mouth, strong 1idal currents were 
not observed by the aulhor around ~aziwl Island during his fieldwo!k. The !lshermen couk:I not give any clear 
lnlom1atlon on this Item. 

All fishermen Interviewed agreed \hat \hara has been no signtticam change in the current pattern or 
In the wave cllma\e since the time they started fishing in Iha watera around Maziwi Island. 

The present status of Maziwi Island 

Tilt, largest part of Maziwi lsfand is a shallow coral reel flat reaching the sea level only during neap 
!ides. This coral flat is characterized by coral spedes showing massive growth lonns 1e.g. Porites, Goniastrea, 
Montastrea). Branching types of stony corals (e.g Acropora cf. scandenS) arid octocorals (Tubipora musica) 
are scarcely found. Cruslose coralline rad algae contribute considerably to the framework of Iha real. The 
voids between the coral colonies are filled wtth calca1eous sand and gravel originated from thtl destruction of 
1he reef by breakers, swell arid boring organisms as well as from the decay of the skeletons of calcareous 
green algae (i.e. Halimeda) and articulated coralline rad algae. Nodules of crustose coralline red algae 
contribute to the sediment, too. 

On the western margin of the reef platform a sand sptt composed of carbonate particles (obviously 
derived from the coral reef flat) occurs (figs.7-10). From the air this sand spit looks tongue- to hook-shaped, 
its convex side pointing north and westward. The eastermmst portion of the sand sptt is lourided on the coral 
platform, while its central and western parts cover the back-reel slope and marginal parts of the back-reef 
lagoon. 

MIiiiman (1974, p.1951.) classified carbonate sand cays on reel flats ln1o 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 wtth pioneer strandline plant oomrrunities, such as creepers and shrubs. 
4. Higher standing cays with more complex and better-developed plan1 cover, often including trees. 
5. Sand cays with mangrove growth and sometimes mangrove swamps. 
6. Cays wth exposed platforms or Interiors of older rocks. 

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

Supra- and intertldal part of the sand spit 

The length of the sarid spH exposed 10 air during low lide (E-W) is about 320 metres, its width (N-S) 
130 metres. The vertical distance between low tide level and the top of 1he sand spit is abou1 3.5 metres. The 
size of its uppermost part, which is usually still positioned above high tide level, is aboul 70 metres (E-W) by 
40 metres (N-S). Occasionally, during extreme spring tides, this part of 1he sand spit seems to be submerged, 
loo 



Angles of inclination of the beach slope, measured at approximate midpoln1s between low atKl high 
tide levels, are unilormly 6 degrees on the northern, western and southern tlanks, end 1 to 2 degrees on 1he 
eastern flank. The uppermost part of the sand spit is nea~y horizontal. 

The sand is entirely composed of carbonate particles derived from the surrounding reel platform. 
Terrigenous constituents, such as quartz, are missing. The sand is medium.gained (medians between 0.31 
and 0.41 mm !or samples taken In the cen1ra1 part ct the beach slope) and moderately well to well sorted. 
Gravel-sized fragments ol oorals and abraded coralline red algae nodules ("'rhodoliles") are found scattered 
on the surface of the beach slope; accumulations of them occur close to the foot of the beach slope. 

The grain size-beach slope relationship can be used to estimate the degree of exposure ol a beach 
to wave anack (Wiegel 1964. fig.14-17, ctt. Pettijohn et al. 1973, p.481). According to this relationship, the 
northern, western, and southern 11anks o! the sand spit are classified as "protected", Iha eastern flank as 
"exposed". 

Sllgh11y asymmetrical. ladderbacked oscillation ripples wilh truncated crests characterize the 
easternmost, lowest ponlon of the sand spit. lhe crests of 1he wave ripples are oriented E-W; 1he average 
ripple length is 20 cm. The 1ype of asymme1ry of the wave ripples (azimuth of steeper flanks approx. north) 
indicates transportation of sand from S to N. The lee-sides cf the small current ripples cccurnng In the troughs 
of the oscillation ripples dip towards east. 

In the western pan of !he sand spit. rill marks are common features found at 1he foot of the beach 
slope. The beach slope shows plane bedding with swash marks. Close 1othe high tide mark, burrows of crabs 
(Ocypode sp.) frequently occur. Small wind ripples can occasionally be olJserved on the uppermost, dry part 
of the beach. 

The coral reef flat in the vicinity of the sand sptt to tha southeast. east. and northeast is composed of 
dead coral b1ocks parHally covered by calcareous sand A fragmerned and slightly lilted sheet of beach rock 
is exposed on the soul11eas1ern side of the sand spit during low licte. 

Subtldal part of the sand spit 

To the north, west, and southwest the subaerial part of the sand spn is fringed by a very gen11y inclined 
ptatlorm, which is buih up by med;um-gra1ned calcareous sand characterized by oscillation ripples and patchy 
growth cf seaweeds. Al a distarice of 70 to 100 me1res from the beachline and at a water depth of 3 to 4 
metres be~~ tide level a sharp break occurs. The slope cf the sea floor rapidly iricreases from less than 
2 to 40-45 degrees, and oscillation ripples are replaced by a plane bed. At one point along thi<l slope (close 
to the southern margin of the sand spn at 8 m depth) a still living coral oolony was observed, which was just 
abou1 10 be covered by sand. No sessile fauna or flora was observed, another indicator for rapid. still 
conUnuing sedimentation ot' sand. The only macro-organisms found were numerous i;pecimens cl 
bottom-<Jwelling fish (stone1ish, a warning to future researchers!). On the southwestern flank of the sand spit 
the base of this slope lies at 5 lo 10 m water dep1h. The sand at the base is coarse-grained to very 
coarse-9rained and contains a high proportion of pebble-sized coral fragments 

Seawards 1he sea tloor 15 only weakly inclined and composed of medium to fine-grained satKl and 
isolated coral colonies. On the western and northern side. the slope angle decreases again at depths batween 
25 and 30 m, and here the medium-grained sand is replaced by a slightly silty tine-grained carbonate sand, 
which is strongly b101urbated by worms (lagoonal facies below wave base). Also this sand oonsists nearly of 
1 00% of calcium carbonate particles derived from organisms. In a 1hin section of one impregnated sample from 
this place only very few s111ciclastlc grains were seen. The terrigenous influence on sedimentation in this area 
is, 1herefore, very little. Besides its smaller grain size, the lagoonal sand differs from the fan deposn in its 
content of tests of calcareous fcramlnnera and about 0.1 mm large, oval, micritlc particles which are probably 
faecal pellets. 

Here, a very pronouncsd 1hennocline was fell during diving at a depth of approximately 23 metres, 
which might be related to upwelling deep-water from the nearby submarine canyon. The entire structure of 
this part of the salld spit resembles the leeward side of a large sand dune migrating over a ,eef slope. 



To the south there is a transhion from 1he sand tac1es lnto the reef flat facles wtth living corals. To 1he 
east of the sand spit, corals are dead, and the surtaoe of the reel flat looks abraded, Indicating that large parts 
of !ha reel flat were or,ce covered by sand. 

In 1he vicinity of the sand spit, remains of trees, some of them more than 6 metres long, give evidence 
of a lorme1 vegetatlonal cover of Maziwi Island. The wood of 1he stems is in an advanced stage of decay, 
intensively drilled and penetrated by marine organisms (mainly Terada sp.). Some of the sterns still show parts 
of th9 roots, indicating that the trees were not cut by people, but !all Imo the sea due to erosion. 

Summary of the observations 

The sand spit at the western edge of 1he Maziwi coral platform can be regarded as a (mainly 
submarine) fan deposit shifting from east to west across the back-reef slope imo a 40 metres deep lagoon, 
covering fine-grained lagoonal sands. Only a small proportion o1 the 1an (.:1%) 1s exposed above high tide 
level. Th9 total volume of sand aocumulated in the fan is estimated as 1.5 million ruble metres. The sand is 
de11ved 1rom central pans of the reef platform, most likely from those areas which are still covered by a thin 
blanket 01 sand and where no living coral colonies occur. Terrioenous constttuents are missing ln this sand 
and are also very rare (.:1%) in the !Ina-grained lagoonal sediments near to the sand sptt. 

The strongest wave attack takes place on th9 eastern side ol the spit during high tides, when the 
waves are no1 broken by 1he coral reef. Sediment transport in the lmertidal zone is by beach drill 
(swash-backwash towards west), In the shallow subtidal zone by wave drift, and along the slopes o1 the 
underwater fan by gravtatlon (grain flow). The measured slope or 40 to 45 degrees corresponds to the angle 
of internal friction ("angle of lnltlal yield") which can be expected for moderately to poorly sorted sands wtth 
rough grain surface texture (Allen 1982, pp.60!!.). 

The history of Maziwi Island 

Based on the reports of 11shermen, sciemific papara of zoologists. and on 1he field ot>servatlons of the 
author, the history of Maziwi Island Is reconstructed as follows: 

Until the 1960s a (terrestrial) island existed on the Maziwl coral reel platform. It has been shown on 
maps dating bacll to the early colonial times of East Africa (fig.11, Stuhlmann 1894). Originally, the shape of 
th'6 island was roughly circular with a diameter ol 500 10 600 metres, correspondlrg to a terrestrial sulface 
area of ~Oto 28 hectares. The fishermen raponed that abou1 45 minutes were needed to walk once around 
the Island. The island was elevated about two metres above maxirrum high 1ide level, its base was 1he reel 
flat surface, about 4 metres below max1rrum high tide level. Based on these figures, 1he total volume 01 
calcareous sand that was accumulated on the reef platform amounts to 1.2 to 1.7 million cubic metres. This 
corresponds well wijh the estimated volume of the present submarine sand Jan 01 1.5 million cubic mat res. 
The posttion of the island was to the east of the present sand sptt, which did not exist by thal Ume (fig.12). 
Its maximal extension is roughly il'Oicated by the distribution of the thin blanket of coral sand on the reel 
platform. 

Generally sand cays or sand islal'Os on coral reef platforms are formed by sweeping ot calcareous 
sand 1rom the interstices of a reef flat into mound-like structures by vagaries of wave refraction around and 
on a coral reef (James 1980). During storms even ma1erial 1rom the fore-real slope may be washed up on10 
the reef flat. Maziwi Island was bl.lilt up in this way more than 100 years ago. 

The island was sftuated on the western, more protected leeward side of th9 coral reef plalform. Such 
a position seems lo be typTcal for the cays on 1he majorly of 1he small Indian Ocean Islands. Milliman (1974, 
p.195) presumes that this feature is due to the lack of coralline algal ridges on most of the Indian Ocean reef 
flats which results in a greater exposure to wave and swell energy than on the more prolected Pacific Ocean 
reef flats where algal ridges are usually well developed, resulting in cays preferably forming on the windward 
side of the reef 11ats. 

Maziwi island was veQetated bv up to 25 metres hiQh trees of the soecies Casuarim1 eau/setilolia L. 



Brexiaceae, Suahili name: MkunguruluJ. Shedd (1974) reported also lpomea pBS-caprae, a beach pioneer 
species, to occur. While B. mildagascarlensis is a woody shrub growing to a height of 3 metres, c. 
equiset/folla is a "tree quick growing In diy and inlertila areas and therefore widely planted for ornament, 
firewood or soil stabilisation and shelter. Toe nodular roots fix n~rogen" (Wilmot-Dear 1985, p.7). It is common 
on '"sandy areas above or even on seashore abo\le high tide mark. coastal bushland" (I.e.). It is native lo 
Australia, SE Asia and Polynesia, and was most likely Introduced to East Africa by earty 1raders or settlers 
(I.e.). The Germans used to plant these trees for ornament and shelter along the beaches (e.g. harbour road 
in Pangani town. also there 20 to 25 metres high: sea 1ron1s in Dar es Salaam). and ~ is therefore possible 
that these 1rees were planted on Maziwi Island during the German colonial period. Toe fishermen gave 
contradictory answers to the author's question, whether or n01 the tr11es were placfld In a regular pattern and 
whether they were ol approximately equal height. Therefore. seK-sowin~ by sea-borne 1rufts cannot be 
excluded. Very few planted coconut palms existed on the island. 

The chance of a sand cay on a reef fla11o survive tor a loog time depends mainly on Its ability to 
stabilize the accumulated carbonate sand. A high degree of stability can be ana;ned by growth of a dense anct 
deeply rooted vegetational oover (Milliman 1974, p.196). A cay may thus reach a stale of labile equrnbtium 
wi1h the eroding forces. Maziwi Island had obviously reached this s1ala. and acce>rlling to Illa sand cay 
classffication of Milliman (1974. see above) n belonged, during !his period. to type No.4. Any change of this 
state of labile equilibrium could, however, lead to a destruction ol 1he island by mi,1ration o1 sand Into the 
lagoon. 

Be1ween the 1920s and the 1950s Maziwi Island lost l~tle offs beaches (not more than abou1 15 
me1res on all sides according to the Pangani fisherman). No considerable shitting ol sand and no building-up 
of new beaches was observed during this period. The rate of erosion Increased 1remendously during the 
second half of the 1960 decade. Tho first Casuarinatreeswere eroded on Iha eastern side of the island during 
the second half of 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 westwarll by beach drfft 
forming new beaches closer to the western margin of the coral platform. Shrubs (but no Casuarina trees) 
started growing in the supratidal zone of the newly formed beaches. During the early 1970s. the migrating 
sand reached the western reef edge. Part of ij moved down the reef slope Into the lagoon and Iha submarine 
fan began lo form. 

Un1il 1974 the terres1r;a1 part of Maziwi Island had shrunk to the size shown in fig, 12. The approximate 
size anct posftlon of the island In July-Ociober 1974 is dooomented in a ske1oh given by Shedd (1974). Frazier 
(1974) descrlbes 1he sfluation as follows: "Erosional forces cause the Island's 1errestrial area to be constantly 
shifting. keeping the vegetation in a continual state of fklx. Consequently there are large building beaches and 
beach platlorms where sand has been recently deposited, and climax woodland with dense vegetation does 
not have the opportunity to dominate" (p.1). 

Shedd (1974) observed that "Unusually high spring tides were eating away metres of shoreline. Nests 
(of turtles) that were two and three metres above tho cres1 were entirely washed out before 1he Incubation 
period (48 to 62 days. author after Shedd 197 4) was over, and nests that were ten and fifteen metres inland 
were flooded during these tides" (p.81 .). The zoologists used to 1ransfer eggs of 1urtles that were laid below 
the beach crest "We dug them out. and we 1ransferred them to a safer ptace inland. All of these snes were 
eroded away before a week passed" (I.e.). "The east side ot 1he island was surrounded by fallen trees which 
1ormed an effectWe impasse (for the turtles) from sea to beyond the beach crest. Toe west side was 1he only 
side with a deep water approach - no reef surrounding it. Tllere was very little vegetation on the west as ft was 
often flooded by high tides. The north and south sides were surrounded by the rear• (I.e., p.11). Shedd 
supplied a sketch showing a typical beach profile during 1his pe!'iod and the difliculties turtles were facing in 
climbing up to the dry beach (fig.13). 

The last Casuarina tree fell mos1 likely in 1977. In 1978 the entire area of the "originar island was 
submerged. The newly formed sand spij to the west bore only shrubs which were not higher than 2 metres 
and, therefore, not ok:ter than a few years. The length of the vegetated part of the spit was about 50 meters. 
Between 1978 and 1982 the sand spit shlltod to its present position. Toe last (small) vegetation disappeared 
most likely in 1980. 



Assumllg a con5tant anrual rate o! erosion between 1968 and 1982, the island must have lost about 
100,000 cubic metres of sand per year Into the lagoon. Sirce 1982 the sand Slltt has not changed tts position 
slgnmcanuy. Obviously, the 5ame amount of sand that is presently earned down tts submarine slopes Into the 
lagoon, Is supplied to the spit from the coral roof platform. It can, there!ore, be assumed that a stale of 
equilibrium was reached a~in, when all sand was submerged below Sjlnngtlde level. This aS5umption Is also 
suppo!ied by the authors observations on other lntertidaltsl.btidal sand sptts. Fungu Yasin, a sanct Slllf at the 
nonhem end of a large coral platform 24 km NNW of Dar es Salaam has not changed its size or position al 
least lorthe last two decades. The same seems to be true for the sand spits on Fungu Ya Zlnga and Fungu 
Ushongo south of Maziwi Island. 

A chance of natural re-building of a large terrestrial sand island on the MazlWi coral plattorm ,n the 
near future does not exist. Sand once ios1 into the deep back-reef lagoon is lot;t for ever, at least measured 
on a human time scale. The amount of new calcareous sand produced by abrasion and by decay of skeletons 
of organisms is an Insufficient source. Furthermore, there are reasons to presume that the forces whlch are 
responsible for the disappearance ot the island are still active (see below). 

Causes of the disappearance of Mazlwi Island 

The Pangani fishermen being questioned whe1her 1he vegetation on Maziwi Island was cut by people 
for firewood or other purposes answered that only dry wood was oollected by flshennen during their stop-overs 
on the island for making small campfires. The only incident in which IMng vegetation was purposely removed 
occurred about 25 years ago, when people from Penila Island came to Maziwi Island and cut small trees tor 
charcoal production. These activities were immediately stopped by the Tanzanian Government. 

The fishery officers in Pangani repo!ied that dynamtte fishing was a common practice in the area 
before nets were Introduced a few years back. This fishing method has definitely damaged the ecosystem of 
the coral reef communtty, and tt might have reduced the overall growth rate of 1he reef (i.e. the capablllty of 
1he hermatypic organisms to cope wtth a rising sea level), but It has not destroyed the existing geological 
structure "coral reef". 

Since direct Interference at humans with the ecosystem ol Maziwl Island can be largely excluded as 
a main causal factor (not considering global !actors, such as increased carbon dioxide content In the 
atmosphere due to burning o1 lossJI fuels and vege1ation), possible reasons for 1he di5appearance of the 
terrestrial pa!i of the Island might have been: 

(a) Rapid tectonic subsidence (e.g. caused by an earthquake). 
(b) Erosion due to extraordinarily heavy stonn event(s). 
(c) Wave erosion due to a higher sea level or Weto a signtticantly changed long•term wave clima1e. 
(d) A combination of (a)-(c). 

Subsidence of land due to crustal movements 

The seismic data available for 1hls section of Iha East African coast exclude the possibillty of rapid 
subsidence caused by an earthquake. There have not been any earth:tuake tremors during the last decades 
with epicentres close to Pangani and of magnitudes high enough (at least magnitude 5 on 1he Richter scale) 
to initiate such movements. This conforms wi1h the obse;vation5 ot old inhabitants of Pangani town, whJ are 
not aware of any such events having occurred since their childhood. 

The au1horhad all ea!ihquake epicentre and magnitude data from 15 July 1971 to 27 September 1986 
available, but unfortunately no earlier data. During thi5 period, earthquakes of low magnitude (closest to 
Pangani) occurred on 07.06.1973 at 06 degrees 00' S140 degrees 50' E Un the oceanic crust east of Zanzibar) 
and on 05.05.1975 at 05 degrees OO'S/40 degrees SO'E (in the oceanic crust E of Pemba Island). A series 
of weak earthquake tremors was repo!ied between 14.05.1985 and 03.12.1985 east of Pemba and Zanzibar 
between 5 and 6 degrees S and at around 41 degrees E. All of 1he epicenlres were much too distant fr<Jm 
Pangani 1~100 km) to cause any ~rustal movements jn this area. The coast between Dar es Salaam and 
Tanga seems to be seismically vt>ry quiet. 



The movements along the NNE-trending Tanga fault {wrt;c:al throw of more than 3000 matres), which 
resulted in the formation of the submarine canyon or graben between the mainland and Pemba Island, are 
of pre-Middle Jurassic age. Subsequen11y only mloor warping occurred, and there is no indication of any 
reactivation of \his fault duling the Holocene (Kent e1 al. 1971, p.98). 

The general trend of crustal movements along the East African coast since !he Pleistocene has been 
posi1ive (upmt). Raised Plcistocono coral reef terraces, which occur almost everywhere in the coastal belt from 
Mozambique to Somalia, give evidence of this p!leoomenon. 

Furthermore, Maziwi Island is situated al a sufficiently large distance from any river delta (BO km from 
the Waml River delta) 10 exclude the possibility of local subsidence due to rapid deltaic sedimentation. The 
Pangan; river mouth is an estuary. a river valley drowned during tho post-glacial ~se of saa level, and fluvlal 
sediment discharge into !he se"a is low. 

Meteorological factors 

All fishermen the au1hor interviewed said, 1hey were not of the i~ression that wind. current, or wave 
regimes around Pangani have changed, compared lo the time they 11rst began 11shing (1924. 1928, 1948, 
1955). The period of the year during which erosion of 1he Mazlwi Island beaches was most intensive, June 
to October (SE-monsoon), has always been stormy and waves have been high. Unfortunately, precise 
meteorological data for the Pangani area (even recenl ones) are not available, and. to the author's knowledge, 
also wave periods and amplitudes have never been measured. However. there is no reason to assume 1hat 
any significant changes have ooc:uned since the 1920s. 

Sea level rise 

All fishermen said, their l~resslon was tha1. the sea level today is higher than in former times. They 
estlma1ed a rise by 1 to 1 5 1eet (30-45 cm) since the 1920s. Ahhough these figures seem to be 
overestimated. their observation conforms with the globally observed trand. Accoltl1ng to the data published 
by UNEP (1987, p.113, !able 2.6). a eustatic rise of the global rela11ve sea level by 10 cm during the period 
1920 to 1980. seems 10 be a realistic estimate. Such a r1se will inevitably altectthe equilibrium o1 sand supply 
- sand removal along beaches, will cause sand to be depostted lur1her offshore, and will cause retreat of most 
low-lying coas111nes composed of unconsolidated sediment by a horizontal distance h.Jndreds to a Jew 
thousands times the amount of the vertical rise (see Pilkey 1983). Even a small rise ot the sea lewl will disturb 
the sensij1ve state of labile equ1l1brium under which a vegetated sand cay like Maziwl Island can exist. 

The extremely rapid erosion of the beaches of Maziwi Island occurred only during high tides In the 
stormy period between July and October. During low 1Ldes waves and swell approaching from eas1 broke (and 
still break) at the reef front. During high tides waves had to travel across the only very gently inclined reef flat 
for more than half of a kilometre before they reached the beach of the island. d1sspat1ng a large prop0111on 
of their energy by friction with the coral flat surtace. Since 1he orbital diameter 01 a wave decreases 
exponentially with the dis1ance from the surtace of the sea, a rise in sea level of only 10 centimetres. which 
cannot be compensated by upward growth of the raef-build1ng organisms ck.le to various reasons (e.g. 
damages to the ecosystem caused by dynamite tish1ng), would considerably diminish the loss of wave energy 
due to friction with the sea 11oor. 

A sea level rise no1 compensated by coral growth will also allow a larger number of waves to reach 
the beach. A simple computer simulation model (modmed after Martinez 1987) assuming a wave period of 8 
seconds, a deep-water wave amplitude of 2 metres (mean) varying according to a Rayleigh distribution, and 
a breaking criterion of (height of breaking wave/Water depth) ~ 0.78 shows that, atte, a rise of sea level by 
,o cm, particularly during mid-tide a considerably higher proponion of waves will reach the beach without 
being broken (5 to 15% more OOlfl)ared to the number of waves reaching !he beach before the sea level rise, 
ligs.14a,b). During high tide oo changes occurred. because already initial!)'. before sea level rise, nearty all 
waves proceeded to the beach face unb,oken. 

In any case, the amount of wave energy dissipated at the sandy beach will increase and will atrect the 
sensmve balance between the various physical parame1ers whjch permitted the island to exist for many 
n .. r.,,rl<>s nr <>VPn 1..-.r ~Pn111r,,.s 
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only on Maurhlus, Fagoone 1988), and coral reels are, therefore, much more efficien1 in breaking waves and 
reducing wave energy than along the East Alrican coast. On the other hand, the impact ot stomis Is generally 
greater on these Islands. The spectacular example of the destruction of Maztwl Island, however, shows that 
1he ra1e of erosion on such islanct! can be much higher than along beaches of malnlarKls, which may result 
in 1he disappearance of a whole island within a 1ew years. Cominuous monttoring of the shore processes and, 
if necessary, prompt decisions on appmpria1e bead1 defense measures, are absoutely essential prerequisites 
for successfully lighting erosion of island beaches. 

Recommendations for further studies along the Tanzanian coast 

Mazlwl Island 

The present preliminary s1udy lacks accura1e oceanographic data (waves, tides, currents). The 
conclusions the author draws of his own observations and the informal ion given to him by other persons would 
haVfl a stronger scientific base, H such data were available. II is therefore suggeS1ed to obtain these data 
during the coming year(s). Of particular Interest are data on the wincts, currems, and on the wave climate in 
l11e vicinity of the island during 1he SE-m::,nsoon season. Such S1udies could be combined with studies on other 
islands in this region (see below). 

Other Islands off the Tanzanian coast 

A large number of smaller and larger islands (not considering Perrt,a, Zanzibar and Mafia Islar.els) 
OGCUr off 1he coast of Tanzania. Virtually all of them are situated on anciem or Recem coral reefs. Tha grea1 
majority of these islands are composed of raised reef limestone exposed a few metres above high tide level 
and forming a rocky shore with cliff development. Uncoosolidated sediments (carbonate sands, mangrove 
swamp deposits) occur mainly In pocket beaches or on the legoonal sides and are, therefore, better sheltered 
than Maziwi Islar.cl which had no such protection at all. This is most likely the reason why tt became the first 
viC1im of the sea level rise. However, lrom reports of people who vistted some olthese islands it seems to be 
clear that almost all beaches composed of unconsolidated sediment, even mangrove swamps, are curremly 
undergoing severe erosion. 

In order to exclude the possibility tha1 the disappearance of Ma:ziwi Island was a unique event due to 
local factors, the author suggests case S1udies (similar lo the present one) to be done on a small number of 
these islands In the region. The following islands between Pangani and Tenga are regarded 10 be suitable 
(fig 15): 

Fungu Tongone 

A small Island 25 km sou1h of Tanga, mry similar to Maziwi Island (type 1 or 2 of Milliman 1974, 
p.1951.). Air photographs of 1962 show only a sand spit on the western side of a coral plat1om1 obviously 
shifting Into the back-reef lagoon, and the author assumes 1hat tt has experfenced or is about to experience 
the same fate as Maziwi Island. 

Karange and Vambe Islands 

Larger islands situated southeast o1 Tanga and consisting of raised reel limestone fringed by mangrove 
swamps and sandy beaches. The mangrove swamps on these two island& have been studied during the past 
years by Dr. A.K. Semesi, botanist at the University of Dar es Salaam. The two islands belong to 1ypes 5 or 
6 of the classification o1 Milliman (I.e.). 

There is a good chanco that air photos from various years are available 1or corl1)ara1ive studies. The 
studies should also include moasurements of the meteorological and physical oceanographic parameters 
ralevant to erosion throughout the year (wind, precipitation ra1e, tides, waves, curren1s, sediment transport 
directions and ra1es), forming the base for developing a computer simulation m::idel which can be used to 
explain the erosional processes on these islands quantitatively and to make prediciions about future 
developments. 



Fun11u Klzlmkazl 

A most interestlrig µlace for further studies is Fungu K"!Zil'T'J<azi (also known as Latharri Island) silualed 
56 km southeast 01 Zanzibar and 50 km off the mainiand coasl of Tanzania (fig.16). fungu Kizimkazi lies 
outside the continental sheH and raises from a depth 01 more 1han 500 metres up to sea level. It "marks the 
culmination of a large submerged bank known 1rom seismic $Urvey 10 be a structural upwarp far out in the 
Indian Qeean, and is more nearly analogous to the three large Islands (Pemba, Zanzibar, Malia) near the 
coast than to the olhe1 small features" (Kent et al. 1971. p.49). Tlle structure Is possibly caused by uprise of 
a salt dome in the subsurface. Evaporites am known to occur In the uppermost Karroo (Lower Jurassic) of the 
sou1hern mainland of Tanzania (e.g. Manclawa ant.cine). 

The island's terrestnal part ~ only a few hundred metres in diameter and consists ol sand covered by 
guano derived !rom seabirds whlch use !his place for nesting (type 2 01 Miliman Le.). Probably because of 
excessive manuring by guano, the island does not bear any ve!)9tallon. A meteorological (tidal) station was 
established here during colonial times which Is meanwhile ou1 o11unction. 

Fungu K1zim<a:zi is '1he most important seabird breeding station along the entire eastern Africa coast 
and the only known breedirig ground of the Masked Booby and Cres1ed Tern" (Howell 1988). Furthermore. 
the island ls known as a breeding site 1or green tunles. It has been proposed to become a marine protected 
area (category VI. Resource Reserve, IUCNIUNEP 1984, p.59). 

The author suggests a short study to be pertormed on the present status ot the Island with respect 
to erosion. This study should include a prediction ot \he consequences for this island ot a turther rise of the 
sea 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, Mafia Islands) 

Tanzanta urgently needs the establishment of a coastal inventory and of a littoral data base for her 
entire shoreline, comparable to the one existir,g for the West and Central African region 
(UNEPIUNESCOIUN-DIESA 1985). As a first step, the author suggests a modem classification ot the ooast 
to be worked out, following the guidelines given by Qulllennec & lbe (1989). This can be achieved by analysis 
of air photos accoITl)anled by ground coritrol methods. The results of this study will be used for lderit,tication 
of coastal se{Jments undergoing or being endarigered by erosion and as a base tor advising the Tanzanian 
Government regarding future coastal development plans and coastal protection/restoration measures. 

Fortunately, the largest part ot the Tanzanian coastline, except for the vicinity ot towns and cities, is 
still poorly developed. The negative experience of the rapid development of the beaches north of Dar es 
Salaam since the early 1970s. all of which are now affected by intensive erosion as well as by desperate 
ettons of Individuals and coTr4Janies trying to save their properly, must not be repeated in other areas in future. 
These formerly beautilul beaches are now lost as residence areas; houses, hotels, and other constructions 
beingcontlnuously damaged or destroyed. They are lost as recreational areas, loo; ruins, collapsed sea wals 
and groins will spoil the beaches and tidal flats for many decades. If no buiidings had been buil near to the 
beach and ii a set-back line of several t.Jndred metres hsd been inlroduced twenty years ago, 1he economic 
problem ol beach erosion would not have arisen for a long time. The beach had retreated landward eroding 
mainly coastal bushland. but i1 had cominued 10 exist as a natural environment. It is obvious that some of the 
t,each protection measures have aven caused a more intensive erosion along unprotected sectlons of the 
beach (e.g. Baharl Beach Hotel and the coast north of it). The proposed establishment of a littoral data base 
woukl help 10 avoid such 1atal mistakes in future. On the advlce olthe Coastal Erosion Monttorlng Committee 
ot the University of Dar es Salaam. the Tanzanian Govemmen1 introduced in 1988 a set-bad<. line ot 150 
metres from any beach for new constructions. In practice, however, people coritinue to buiid on the beaches, 
and baci<.ing of this measure by legislation seems to be necessary so that individuals who ignore tt face 
prosecution (Coastal Erosion Monttortng Committee 1988, p.52). 

If Tanzania should contribute to the global monitoring of short and long-term sea level fluctualions, 
seH-recordirig !ldal gauge stations are required to be installed in the major harbours ol Tanzania (Tanga, Dar 

- . ,.. ' . .. - . 



published during the 1 960s show several tidal stations along the Tanzanian coast (e.g. off Pan.iani, La1ham 
lslaricl). According to the informa1ion 1he author received trom colleagues, none of them is still in opera1ion, 
Up to now, only one modern device has been installed in the Dar es Salaam port in July 1986, Due to ladl 
ot trained manpower, tidal staff readings have not been taken daily, as required for calibration, and, 1herafore, 
possible calibration errors do not allow drawing any conclusions about eventual small annual changes of the 
mean sea level. 
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Figures 1 - 28 

Table 1 



Explanation of figures 

Flg.1: Location map. lfrom Brtt;sh Admiralty chart no.3310,scale 1:300,000,1966) 

Fig.2: Physiographic map of the sea floor along the East African coast showing Zanzibar (Z.J and 
Pemba Islands and the 800 metres deep submaline canyon In between (from Bruce C. Heezen 
& Marie Tharp 1968). 

Fig 3: Posttion of ooral reefs (alter air photograph June 1982) and currents (according lo repolis of 
Pangani fishermen) around Maziwi Island. 

Flg.4: Wave refraction pattem around Maziwi Island. 

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

Fig.6: View 1rom air towards southwest across Iha Maziwi coral platform. Obser,e wave pattern (waves 
approaching island from aas1) and breaking waves at reef front during low tide. The small 
supratidal part of Iha sand spit situated on the western side of the reef pla1fonn is clearly 
recegnizabla by Its darker colour. In the background 1he shoreline of the mainland soLrth of 
Pangani. Photo taken on 3 November 1989 at 17 hours. 

Figs.7,8: Air view and sedimentary facies dis1ribution around the sand spit on the western side ol Maztwi 
Island near to low tide. The pho10graph shows how the sand spit has moved across the 
baci<-reef slope. A-Band C-D lines indicate 1he locations of the cross sections shown in figs. 9 
and 10, respectively, Pho1o 1aken on 3 November 1989 at 17 hours. 

Fig.9· North-south cross section through the Maziwi sand spit showing the calcareous sand now 
covering the Janner back-reef slope. Note that horizontal and vertical scales are dl!farent. 

Fig.10: East•west cross section through the intertidal part of the Maziwl sand spn showing 1he 
calcareous sand overlying coral reef flat lacies in the east and the 1ormer reef edge In the wast. 
Note 1hat horizontal and verlical scales are different. 

Fig.11: Stuhlmann·s geological map of coastal Tanzania (1894) showing Mazlwi Island o1f the Pangan I 
river mouth. 

Fig.12: Reconstruction of the shifting of the terres1rtal part of Maziwi Island. Red line - approximate 
beachl1ne before 1 968; green line • approximate beachllne In July/October 1 974 (after Shedd 
1974); blue tine - present high tide level on sand spit Note the back-reef edge in the lower left 
corner and in the middle of !he right margin o11he photograph. The sand spit has shifted Jrom 
a more central position on the coral reef platform across the back-reef edge and slope into 1he 
deep lagoon (dark blue) between 1988 and 1982. The original position of the terrestrial part is 

roughly Indicated by the extension of a thin blanket ol Calc:areous sand on Iha reef plattorm 
shown as dnruse light colour&! patch on the pho1ograph. Air photo taken on 3 November 1989 
at 17 hours. 

Fig.13 Sketch showing the dnf1culties for turtles 1o climb the strongly eroded, steeply Inclined beach 
slope of Maziwi Island in 1974. ""A turtle comes up against a sand wall which has been crea1ed 
by erosion during high tides. The turtles which came up against this were not able to climb tt to 
get onto dry beach above the beach cresf' (Shedd 1974, p 8. 1ig.1 ). 

Fig.14a,b: Results of a computer simulation showing the absolute (a) arict relative increase (b) of 1he 
number of waves reaching the sandy beach unbroken attar a 10 cm sea level lise (see teJ<I). 



Fig.15. 

Flg.16: 

Fig.17: 

Fig.18: 

Fig.19: 

Fig.20: 

Fig.21: 

Fig.22: 

Fig.23: 

Map showing Fungu Tongc,ne, Karange and Yambe Islands proposedlorfuithar research (from 
German sea char! no.127, scale 1:300,000). 
Map showing the position of Fungu Klzimkazi (Latham Island) proposed for further research 
(from Gennan sea char! no.127, scale 1 :300,000). 

View towards west from the eastern end of the Muiwi sand spit Nole the truncated oscillation 
ripples in the foreground (direction o! crests E-W) lnclinatlonangleof beach face on the eastern 
side is 2 degrees. 

Beach slope on the northern side of the r.taziwl sand spit with swash marks The mainland ooas1 
is shown in the background. 

Calcareous graVel ooncentra1ed on the plane-bedcled sandy ~ediment surlaCl:I of lhe 
northwestern beach slope Angle ot inclination Is 6 degrees. 

High tide mark on the Muiwi sand spit. 

View towards the eastern end ol the Mazlwl sand spit at mid-tide. Due 1o refraction waves 
approch the sand sprt !mm south (right) and north (tell) and collide on the spit (breakers). 

The photograph shows the place where the waves break in fig.21, now at low 11de. A regular 
system of asymmetrical ladderbacked osc:lltaHon ripples tonned (cigarette box for scale). The 
crests are oriented east-west and are always s\eepe1 on the northern sides of Iha crests, 
pointing to sand transport from south to north across the ridge (and probably further into the 
lagoon). 

Fishermen st;11 use Maziw1 Island Jor stop-overs. Note the remnants o1 trees (shown in 
1ir,Js.24,25) in the water to the right of the boat. 

Figs.24,25: Stems of Casuarina trees on the northern Sida of lhe sand spit give evidence of the fonner 
vegetation on Maz1wi Island. 1hese remains of trees are found in large numbers all around 1he 
sand spit. 

Fig.26: Burrows oi Ocypode are frequently found on the sand spit ciose to the high tide mark. 

Fig.27: But \he turtles have gone. 

Flg.28: View towards south onto the Muiwi Island sand spit du~ng mid-tide. The water depth at 1he 
position o1 the _boat Is approximately 40 metres 
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Sample No 

0511e9r:J 

05118912 

041180.'1 

051189/1 

101189/1 

10118912 

10\1S9/S 

10118914 

10118915 

TABLE 1: Grain size parartleters of calcarenites from the M 
(hased on moments) 

Po,i,ion on .. ,o spit Me<llar,(phi/mm] Mean(p-m) SortJn!l(ph 

base of slope W-,,;le, depOa 5 m -0.3411,27 -0 55/1.46 1.16 

ba,e of Sbf><> W-,;ide, deplf, 10 m 0,57/0 67 0 54/0 69 •• 
ba.o o1 slope t1«1da, deplll 25 m 2.72Kl.15 2 SMJ.16 o.n 
la9<>on, N«ide o1 >j)i( dcplh 35 m 2 69/0.15 i.64/0.10 •• 
N-s1de, mkl-beach slope, 6' 1.2&U1 1.13/0,46 o.n 
E-sklo, mid boach sloi>e, 2' 1 SMJ.:15 141<138 0.47 

S-.kle, mid•beael1 slopo, ff' 1.56.0.$4 1.40,0 38 0.55 

W-,;1de, mid-beach slope, , 1.&ai0.S1 , __ •• 
Top dry beach 1.400 38 1.2710.42 •• 

"°"'' phi c -log, Q , whora D • grain ,:l',amoter in m1mme1res and 00 = 1 mm 
o, 

V- doacrlpl<>t, of oam,ol•o: 

0511119/3, 

0511119/2· 

041189/1· 

O!i1!89/1, 

10111)9/1: 

101100/2; 

101151113: 

10118914: 

101189J<i: 

V•ry ooar-,e-gra'1od, ~ral/elly oaloarenite: mode~ soltad, r>early ,aym- clistrib,uioo; plalylu.nic 

Very coarse--grairlM, siighlly gra""lly a,lcar,,n,te, mODl!ralely sorlad; neany oymmot,oal dislribuoon: laptokur!io. 

Fine-grained calcarenit<t; .,_,.,,l!lly wen - ne~li,oly ""9we0, leptokunio, 

Fine-grane<I oalca,en1ta; m<>deram[y W&II sor19d: oegalively skewed: lapt<>kurllc. 

Modlumilraif1ed cak:aron1ta, moderately weN oorted; "8Qa1ively sl<ewea: lepr,IOJno. 

Muum-gra,ned "'lcaremte; well soned: nogaWety ,k<lwed; mesolo.ncs 

l,lodlJm-g,...... cak-.ana,,lt<t, well •""80; negativ .. y .-.o; leplol(Lnio. 

ModlumilraiMd calcafllfWle; mo:le.-ately well oMod: negali,ely si.e-d; mosokur1io, 
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