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Professor Adelaida K. Semesi, 1951–2001
This book is dedicated to the memory of Professor Adelaida Kleti Semesi, who died
in February 2001.

Prof. Adelaida Kleti Semesi was born in 1951 in Haubi in the Kondoa district in
Dodoma Region, Tanzania. After school she joined the University of Dar es Salaam
(UDSM) B.Sc. degree programme and graduated in 1975. She joined UDSM as a
Tutorial Assistant in 1975 and rose to the rank of full Professor.

For her PhD, Prof. Semesi studied polysaccharides from Tanzanian marine algae,
and during the course of her career she produced over 100 publications in the form
of books, journal papers and scientific reports. She also supervised over 20 MSc and
10 PhD students. Her research activities had both academic and economic impacts.
The seaweed research she conducted since 1982 has greatly improved the
introduction and establishment of the seaweed industry in Zanzibar and along the
coast of mainland Tanzania. This industry is currently employing a significant
number of coastal villagers, particularly women, and is contributing to the national
economy of Tanzania.

Prof. Semesi had many international contacts, and worked with scientists in the
eastern African region as well as Europe, the Americas and Asia. She was the first
botany co-ordinator for the Sida/SAREC bilateral Marine Science Programme, and
the programme owes much of its progress to her important input. It was while in
this programme that Adelaida Semesi had the idea of producing this flora. She
realised the great need and potential for seaweed research in Tanzania and
understood the usefulness of a simple identification tool. During the years, she has
continually inspired the work with enthusiasm and a sense for the practical.

Apart from being an excellent scientist, Professor Semesi was also a very warm and
special person. We who had the pleasure of working with her during these years
miss her deeply.
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Preface
This is a book about the macroscopic marine plants of Tanzania, namely the seaweeds or
benthic macroscopic algae and the seagrasses, that are marine flowering plants.

Having flourished in the 19th century and the beginning of the 20th century, taxonomic studies
then became less popular and the emphasis of biological investigations turned to other aspects
of biology. However, after realising how important the conservation of biodiversity is, we are
now experiencing a new interest in a more naturalistic approach to biology. But today this
“romantic” approach is often fuelled by extensive bioprospection, the search of new drugs and
gene conservation for use in transgenic organisms of commercial value. This in itself could justify
the production of a new book to stimulate interest in such a diversified group as the marine plants.

The paramount importance of marine plants as primary producers, fixing carbon dioxide and
releasing oxygen in the process of photosynthesis, is obvious. In addition, benthic marine
plants provide food, shelter, spawning areas and structural framework for a multitude of animals.
In spite of their importance, they have largely gone unnoticed, and remain poorly known in most
coastal areas of the world.

Thanks to pioneering and excellent work by Erik Jaasund, who published his Seaweeds in
Tanzania in 1976, the marine plants of Tanzania did not go unnoticed. Seaweeds in Tanzania
provides thorough species descriptions and excellent drawings, many of which are reprinted in
this book, but it has been out of print for many years. In addition, it does not include seaweeds
found below the low tide line nor seagrasses and it is based on material collected in the 1960s.
Another excellent book, A guide to the seashores of Eastern Africa and the Western Indian Ocean
islands, edited by M. Richmond was recently published. This is, however, a more general field
guide and, although beautifully illustrated, includes only a small fraction of the marine plants
of Tanzania and lacks identification keys.

The amateur naturalist, as well as the biology student, lack an accessible text that would help
them identify and learn more about these organisms. The purpose of this book is to provide
students and the interested layman with basic information about the seaweeds and seagras-
ses of Tanzania. Therefore, we have restricted the botanical jargon to a necessary minimum. To
make the identification process easier, we also provide colour photographs supplemented by
illustrations and identification keys.

The content of this book is based on collections made especially for the book by K. Österlund
and E. Oliveira during several visits to Tanzania in 1995–2000. Material was collected during
low-water spring tides, using snorkel or SCUBA diving gear. We have also studied material
deposited at herbaria in Dar es Salaam, Zanzibar Town, Gothenburg and London (The British
Museum and The Natural History Museum). The excellent work by E. Jaasund (1976) and the
monumental publication of Silva, Basson and Moe (1996) have been instrumental to our work.
Other small publications scattered in several scientific journals were also perused, although
references are not given here.

Eurico C. Oliveira            Katrin Österlund            Matern Mtolera            Mats Björk
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Habitats of macroscopic marine plants
Macroscopic marine plants in Tanzania live in a wide diversity of biotopes, typical of the tropical
Indo-west Pacific oceans. While some plant communities are adapted to specific environments,
such as seagrasses in sheltered lagoons and rock-hard coralline algae on the exposed outer side
of fringing reefs, others are opportunistic, such as competitive Ulva species colonizing areas near
freshwater outlets, wastewater discharges or affected by storms. In this chapter, features of the
Tanzanian coast, key biotopes, habitats and factors affecting marine plant life are described to
enable the reader understand some of the reasons why plants live where they do in the intertidal
zone.

General features of the Tanzanian coast

The coastline of mainland Tanzania is about 800 km long. The continental shelf is rather narrow
(4-35 nautical miles wide) with a total area of 17, 500 km2, including three large islands, Unguja,
Pemba and Mafia, as well as numerous smaller islands. Several river estuaries, with associated
coastal lagoons and mangrove swamps, interrupt the coastline. Their catchment area, including
the major rivers Ruvuma, Mbwemkulu, Matandu, Rufiji, Ruvu, Wami and Pangani, covers 20 % of
the country. Most of the marine pollution in Tanzania comes from land-based sources and rivers
often carry pollutants and excessive nutrients from agricultural areas, improperly treated sewage
and industrial effluents to the coast, causing localised pollution and eutrophication problems.

The coastal climate can be described as wet and warm, with seawater temperatures ranging
from 22-30°C and air humidity often reaching 90 % in the rainy season. The climate is
influenced by the NE monsoon (locally known as Kaskazi) that blows from November to April
(average wind speed 5 ms-1) and the SE monsoon (Kusi) that blows from May to October
(average wind speed 8 ms-1). During monsoon reversals (April-May and October-November)
the sea is relatively calm. The main rainy season is March to May and intermittent rains
frequently occur in October to December. The coolest time of the year is between June and
September and it is at this time that algal beds are most diverse.

The coastal zone is characterised by mangrove forests, fringing coral reefs, sand beaches, river
estuaries and rock outcrops, and the continental shelf is home to a great diversity of plants and
animals. The most productive ecosystems in the coastal zone are wetlands (mangroves and
salt marshes), seagrass beds, benthic algal communities and coral reefs. Whereas mangroves
survive at the sea-land interface, seaweeds and seagrasses occupy the intertidal to subtidal
zone, down to a depth of 50 metres or more depending on water transparency. Wetlands (tidal
swamps) cover over 1,800 km2 of the coastal zone, including more than 1,300 km2 of mangrove
forests, and coral reefs cover nearly 2,200 km2. For example, Unguja (often referred to as
Zanzibar Island) and Pemba are surrounded by a reef area of about 90 km2. Extensive seagrass
meadows are often found between mangroves and coral reefs but, in general, seagrasses
flourish in bays, river estuaries and on the western side of the islands where major groundwater
outlets are found.
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 Beach, East coast of Zanzibar
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 Oyster bay at low tide
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 Winds and currents greatly affect the coastal habitats and communities. The monsoon
winds that blow from November to April (W1) and May to October (W2) even affect
the direction of the currents. The South Equatorial Current (SEC) flows west at about
10° south of the Equator during both monsoons and when it approaches Tanzania, it
splits into the Madagascar current (M1), the Mozambique current (M2) and the East
African Coastal Current (EACC). During the SE monsoon (W2), the EACC flows as far
as Southern Somalia, where it joins the Somali Current (S1), but during the NE monsoon
(W1) the reversed Somali Current (S2) and a now relatively weak EACC meet and form
the eastward flowing Equatorial Counter Current (ECC).
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Some key communities in the coastal zone

Mangrove forests
Mangrove forests occur along the entire coastline of Tanzania and around the islands. The
most extensive forests are found in the Rufiji delta and around Mafia Island. Mangrove
communities are often called mangals and are locally known as kapa or kokoni.

Mangroves are salt tolerant trees able to grow in soils periodically inundated by seawater. They
are found in deltas, river estuaries, creeks and coastal areas, often in areas where freshwater
mixes with seawater. Mangal stands may stretch from the supratidal zone, which is submersed
or receive sprays only a few days a year during the highest tides, to the intertidal zone.

Ten species of mangrove are found in Tanzania. The local name for mangrove tree, mkoko, may
have come from the scientific name of the most dominant mangrove species Rhizophora
mucronata Lamarck (Rhizophoraceae), which locally is known as mkoko magondi or msanizi. Other
mangrove species found in Tanzania include mchu (Avicennia marina [Forskål] Vierh., Avicennia-
ceae), mkadaa/kilahamba (Lumnitzera racemosa Willd., Combretaceae), mkaa pwani (Pemphis
acidula Forster, Lythraceae), mkomafi (Xylocarpus granatum Koenig, Meliaceae), mkomafi dume

 Mangrove aerial roots at low tide
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(Xylocarpus mekongensis Pierre, Meliaceae), mshinzi/mfinzi (Bruguiera gymnorhiza [L]
Lamarck, Rhizophoraceae), mkandaa/mkandaa mwekundu (Ceriops tagal [Perr.] C.B. Robinson,
Rhizophoraceae), mpira/mlilana/mtonga (Sonneratia alba J.E. Smith, Sonneratiaceae) and
mkungu/msikundazi (Heritiera littoralis [L] Dryand, Sterculiaceae).

The algal component of the mangrove communities consists mainly of filamentous algae, such
as Rhizoclonium tortuosum (a green alga) that form loose mats on muddy substrates, and leafy
forms, such as Caloglossa leprieurii, Bostrychia radicans, Bostrychia tenella, Bostrychia binderi,
Murrayella periclados and Catenella nipae (red algae) that attach directly to the specialised
mangrove roots (pneumatophores) of Sonneratia alba and Avicennia marina. They all prefer
shaded habitats, with Bostrychia occurring in the upper zone and Caloglossa and/or Catenella
species in the lower eulittoral zone. The algal mats may play a useful role in trapping fine
sediments.

Seagrass beds
Seagrass meadows are important habitats for many organisms. As hosts for epiphytes,
seagrasses provide shelter for a diverse range of micro- and macroalgae and sessile inverte-
brates. In addition, the ability of seagrasses to absorb nutrients from the soil and to shelter
nitrogen-fixing organisms capable of fertilising the water column with limiting nutrients make
seagrass meadows a unique and productive environment.

Seagrasses are submersed monocotyledons adapted to marine life (probably 70-140 million
years ago). They are the only higher plants that live entirely submerged in the sea, completing
their full life history in the water. The basic morphology consists of a creeping stem or rhizome
with shoots and roots developing from internodes. They generally grow in shallow coastal waters,
from the intertidal zone to depths up to 20 metres, although a few species may grow deeper
down if there is enough light.

Of the 58 species of seagrasses reported worldwide, only ten are found in Tanzanian waters
(see Magnoliophyta page xx). The species Thalassodendron ciliatum forms extensive mono-
specific stands on sandy or muddy substrates in permanently submerged habitats. In areas
receiving extra nutrients from groundwater, fertilised farmlands or human settlements, it may
grow as high as 1 metre. Thalassia hemprichii is one of the most common seagrasses in Tanzania,
found on almost all kinds of substrates, from fine silt to coarse coral rubble. It forms
monospecific stands as well as mixed meadows in association with Halodule wrightii and
Halodule uninervis. Species of the genus Halodule occur on various intertidal substrates,
ranging from soft mud to coarse sand. They usually form sparse stands in deep water and
dense meadows in shallow muddy habitats. Cymodocea ciliata and Cymodocea rotundata
occur on diverse substrates, varying from silt to coarse sand. They prefer shallow-water habitats,
where they form monospecific stands. They may also occur in association with T. hemprichii.

Seaweeds living in association with seagrasses include the epiphytic green algae Enteromorpha
clathrata frequently found on seagrasses in less exposed areas and Ulva fasciata that thrives on
Thalassodendron ciliatum. T. ciliatum is also a substrate for brown algae of the genus
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Sphacelaria and the red algae Herposiphonia insidiosa, Haliptylon subulata, Gracilaria corticata,
especially in places such as Chwaka bay, Oyster bay, Kunduchi Beach and Mkokotoni where
epiphytic red calcareous algae also are abundant. Colonies of Caulerpa sertularioides and
different Halimeda spp. are also often mixed with seagrasses.

 Seagrasses and seaweeds in the intertidal, exposed by the low tide. Chwaka bay, Zanzibar
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 Halimeda spp. are often associated with seagrasses in sandy areas and also produce a
calcareous sand. Chwaka bay, Zanzibar (kursivera Halimeda)
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Coral reefs
Coral reefs are key habitats supporting a great diversity of species. Thousands of free-living
animals are associated with and depend on the complex three-dimensional structure of well-
developed reefs. Fringing and patch reefs predominate in Tanzania, and about two thirds of the
Tanzanian coast is lined with fringing reefs. Along the mainland coast, fringing reefs have a reef
flat and a limited slope. Around the major islands shallow patch and fringing reefs occur along
the more sheltered western coast, while the more exposed eastern coast is lined with better-
developed fringing reefs.

Coral reefs are associated with a rich algal flora, especially in the lower part of the intertidal zone.
However, only a few species of macroalgae really live among the corals and they are usually
restricted to areas with dead corals. Nevertheless, many species are found on the coarse
calcareous sediment and biodetritic debries (e.g. coral rubble) within and around the reefs.
Characteristic in this environment are crustose species of Corallinaceae that may form thick,
calcareous layers on both living corals and the areas around them. Other red algae of the genera
Liagora, Predea, Titanoderma, Peyssonnelia, Halymenia and Kappaphycus are also associated
with coral reefs. In addition, species of the green algae Chlorodesmus and Lobophora
variegata, and some Dictyota spp. among the brown algae also inhabit the reef environment.
At the side of coral reefs exposed to waves, free-living calcareous red algae, rhodoliths, may
form extensive beds.
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 Coral reefs, Chumbe Island 
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Algal communities

Benthic algal communities are home to a variety of organisms, providing them with food, nursery
grounds, shelter when tides are in and moisture protection when tides are out. The exact role
and composition of algal communities depends on the habitat, but they may also have a
stabilising effect on habitats by minimising erosion, and calcareous algae contribute to the sand
budget of intertidal pools and beaches.

Seaweeds are commonly found on rocky shores, in mangals, seagrass beds, coral reefs, rocky
shores, sandy beaches, mud flats and lagoons. The interface between the supratidal and
intertidal zones, an area wetted by spray and water splashes at spring high tides, is dominated
by lichens and cyanoprokaryota. In the intertidal zone, rocky shores support more productive and
extensive seaweed populations than sandy beaches or mud flats. In addition to lower turbidity,
a rocky substrate is more stable and its tiny depressions offer better wave protection for
germinating algal spores.

The intertidal zone may be divided into different zones subject to variable periods of emersion,
and organism zonation is fairly obvious. A key factor in controlling the vertical distribution of
intertidal algae is the time of exposure to air, which is dependent on the vertical level of an
organism. In the subtidal zone, organism zonation is subtler. Factors affecting algal zonation
include light (intensity and quality) and water movement. Other important factors are the
interaction between different organisms, epiphytism, predation by herbivores and competition
for space and light. These factors act synergistically in a complex way.

Algal habitats
Algal populations in each of the environments mentioned below would be maintained at or
below carrying capacity depending on how successful their spores or seedlings and adult
plants are in interacting with their environment (see Factors affecting algal life in the sea).
Lichens and cyanoprokaryota dominate the supratidal fringe. In areas frequently exposed to
disturbances, opportunistic plants, such as species of Ulva and Enteromorpha, are found.
Intertidal areas with oligotrophic water, on the other hand, supports a rich diversity of seaweed
species and the algal zones reflect the tidal zones. Green and red algae dominate the upper and
the lower intertidal zones, respectively, while the mid- to lower intertidal zone supports a mixture
of green, brown and red algae, sometimes dominated by browns. In the water column, unicellular
algae and cyanoprokaryota abound, but floating seaweeds such as species of Sargassum,
Ulva, Chaetomorpha and Boodlea are also common.

The inability of most seaweeds to effectively anchor in muddy or sandy substrates may explain
their absence in river mouths and areas exposed to waves, such as sandy beaches. Those areas
are usually colonised by seagrasses forming extensive meadows and species of Halimeda,
Udotea and Caulerpa that have penetrating, root-like holdfasts.
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 Rhodoliths form extensive beds on the wave exposed side of many reefs.

Matemwe reef, Zanzibar
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 Reeftop covered with opportunistic green algae (Ulva spp.) and various
Sargassum species. Matemwe, Zanzibar
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Cliffs: A few algae thrive on cliffs, and are normally submersed during high tide but exposed
during the lowest tides. The green macroalgae Bryopsis pennata, Cladophora sibogae and
Valonia macrophysa are often found in the shadow of overhanging cliffs, while Anadyomene
wrightii thrives in crevices under overhanging cliffs. Cladophoropsis sundanensis forms firm
cushions or mats on cliffs exposed to surf and may also be found on rocky shores. Valonia
macrophysa and Bryopsis pennata grows between boulders and in shallow crevices. Some red
macroalgae, including Gelidium pusillum and G. micropterum, can also be encountered on
overhanging cliffs. Bostrychia binderi and B. tenella may be found growing on eroded ends of
stony islets.

Intertidal zone: The interface between the supratidal and the intertidal zones is generally
green and slippery due to both macroalgae and mats of microalgae and cyanoprokaryota. In
Fumba, Zanzibar fishermen frequently visit upper intertidal areas to collect blue-green algae
for fish bait. Filamentous green algae such as Enteromorpha and blade-like green algae such
as Ulva dominate this zone. Other common species include Codium, Gelidium and Bostrychia.
The mid-intertidal zone supports genera such as Caulerpa, Hypnea, Laurencia, Bryopsis and
Ulva. Others are Amansia, Laurencia (with Hypnea and Ceramium as epiphytes) and Champia.
Species of Sargassum, Dictyota, Dictyosphaeria, Padina, Gracilaria and Boodlea occupy the
lower intertidal zone and may extend to the subtidal. In Fumba and Oyster Bay, Eucheuma
denticulatum and Kappaphycus striatum are very conspicuous during the cooler months (June
to August).

Intertidal pools: Algal life in intertidal pools is influenced by climatic factors such as rainfall
and the associated salinity fluctuations, sunlight and air temperature, which in turn affect
photosynthetic and respiratory rates. Intertidal pools in the upper intertidal zone support a less
diverse flora than those in the lower intertidal zone.

The most critical factors in the upper intertidal pools are salinity and temperature. Higher
temperatures increasing respiration and subsequently the level of dissolved CO2 may lower the
pH value in the pool. But on a bright day, a high photosynthetic rate may increase the pH
instead. Among the algae that thrive in tidal pools with extreme temperatures (up to 40°C) and
salinity are Enteromorpha. Species of that genus may also be found in river estuaries and
shallow intertidal pools. Other green algae common in intertidal pools are Ulva, Boergesenia,
detached masses of Chaetomorpha and Cladophora.

Pools rich in coralline sand may be inhabited by Caulerpa, as in Bwejuu, whereas Udotea and
Halimeda are common in shallow lagoons. Among the brown algae commonly found in shallow
intertidal pools are Dictyota, Padina, Stoechospermum, Sargassum and Cystoseira. Tidal pools
in the lower intertidal are normally occupied by genera typically found in the lowest intertidal
belt (subtidal fringe).
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 A coral head in a seagrass bed with various algae and seagrasses. Fumba, Zanzibar
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Wave-exposed rocks: Some species inhabit areas exposed to great mechanical forces.
Species characteristic of surf areas include Rhizoclonium grande, Calpopeltis rigida, Caulerpa
lentillifera, Turbinaria decurrens, Cladophoropsis sundanensis and Laurencia columellaris.
Whereas Caulerpa lentillifera and Turbinaria decurrens may be found on reefs, cushions or mats
of Cladophoropsis sundanensis are common on cliffs and rocky shores and Rhizoclonium
filaments grows in between Sphacelaria and Centroceras in the upper intertidal zone. Other
species adapted to rocky shores exposed to surf include Laurencia columellaris (upper part of
the intertidal zone). Opportunistic algae frequently found in exposed rocky areas include
Enteromorpha species and Ulva rigida. Submersed areas exposed to surf are often inhabited
by Sargassum, Cladophora, Turbinaria, Gracilaria and Halimeda species. Halimeda renschii and
H. tuna prefer sandy or rocky substrates.

Sandy and/or muddy intertidal areas: Some seaweeds are adapted to sandy and muddy
substrates. Several species of Halimeda are common on sandy flats in close association with
seagrasses and other macroalgae, such as Caulerpa lentillifera, Avrainvillea erecta and
Udotea orientalis (especially in Mbegani, Marumbi and Chwaka).
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Shade: Several species of seaweed are adapted to lower light intensity. They thrive in crevices,
under overhangs, in shallow caves or deeper water, as well as in more turbid waters. Cave
inhabitants include Phacelocarpus tristichus, Anadyomene wrightii, Valonia ventricosa, Valonia
macrophysa, Bryopsis pennata, Caulerpa fastigiata, Gelidium pusillum, Cladophora sibogae and
Bostrychia species. Chamaedoris delphinii inhabits rock crevices and spaces under rock
boulders.

Subtidal zone: The most common genera of the subtidal zone are similar to those in the
subtidal fringe. They include some species of Sargassum, Caulerpa, Halimeda, Eucheuma,
Turbinaria, Gracilaria, Spatoglossum, Pterocladia, Spyridia, Amphiroa, Laurencia and Sarconema.
The deepest range is dominated by richly pigmented red algae.

Factors affecting algal life in the sea

Algal growth and distribution are primarily controlled by light, temperature, nutrients (especially
carbon and nitrogen) and salinity. Other contributing factors are water motion, the ability of
the different algal species to withstand desiccation, mechanical forces from waves and the
mechanisms they use to attach themselves to the substrate. Biological factors, especially
epiphytism and grazing, are also of importance.

Light: Like all plants, algae depend on light for photosynthesis. During photosynthesis, sunlight
provides the energy needed for assembling elements such as carbon, oxygen, hydrogen,
nitrogen and phosphorous into food substances, such as starch. The longer the wavelength of
light, the lower is the energy it contains. The spectral ranges of sunlight reaching the surface
of oceans include near ultraviolet (UV) light (290–380 nm), light visible to the human eye
(380–760 nm) and infrared light (760–3,000 nm). Light of wavelengths between approximately
400–700 nm is capable of inducing photosynthetic activity and therefore referred to as
photosynthetically active radiation or PAR.

The UV range of the sunlight may be hazardous to algae, especially in shallow areas (less than
5 metres deep at high tide). Factors affecting the quality and quantity of light underwater include
water depth, cloud cover, solar angle to the water surface, water quality (e.g. turbidity due to
sediments and phytoplankton) and tidal regime. In water, wavelengths between 600–700 nm are
usually absorbed first, and light therefore becomes bluish with depth. In Tanzanian intertidal
surface waters, the amount of light at midday varies between 1,500 and 2,500 micromole
photons per square metre per second (µM ph.m-2s-1).

Nutrients: Seaweeds require various mineral ions and vitamins for growth; C, H, O, N, S, P,
Mg, Ca, K, Cu, Mn, Fe, Zn and Mo are required by all seaweeds. H, Mg, S, K, Ca, C, N and P are
so called macronutrients, required in larger amounts, and Zn, Fe, Cu and Mn are micronutrients.
Only some algae need Na, Co, V, Se, Si, Cl, B and I, whereas elements such as N, P, Fe, Co and
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Mn, which usually occur in very low concentrations in seawater, are known to limit algal growth.
Shallow coastal waters and estuarine systems may contain relatively high levels of nutrients due
to different allochtonous sources such as river input, agricultural run-off, sewage effluents and
other anthropogenic sources.

High nutrient levels (eutrophication) may contribute to a reduction in species diversity, since
they often result in an increase in suspended and settled sediments, more filter feeders and/or
grazers, reduced light penetration in the water column and excessive growth (blooms) of certain
opportunistic algae. In addition, carbon stress may be induced by algal blooms and result in the
eradication of sensitive species, and anoxic conditions caused by the decomposition of large
amounts of biomass may kill species sensitive to lower oxygen levels. Sheltered areas such as
bays, estuaries, lagoons, harbours, reefs and shallow coastal areas with gentle slope and/or
standing waters are particularly susceptible to eutrophication. Opportunistic algae, such as
species of the green algae Ulva, Enteromorpha, Cladophora, Chaetomorpha and Caulerpa,
quickly exploit eutrophicated habitats. Opportunistic brown algae include species of Ectocarpus,
whereas among the red algae, species of Gracilaria, Corallina, Polysiphonia, Ceramium, Hypnea
and Gelidium may be mentioned.

Salinity: Seawater salinity in Tanzanian waters is 30-35 ‰, but in the coastal region it may
be highly variable, especially in the intertidal zone, estuaries and rock pools. With few exceptions,
the spring tidal range of the entire coast of East Africa is 2-4 metres. Marine plants maintain
constant cellular turgor pressure by regulating cell contents of ions such as Na+, K+ and Cl-

and low molecular weight organic compounds (LMWOC) such as sucrose or polyols (mannitol,
glycerol) in Chlorophyta, mannitol in Phaeophyta and floridoside or digeneaside in Rhodo-
phyta. During hyperosmotic stress (increasing salinity), LMWOC are released into the
cytoplasm and extra Na+, K+ and Cl- are taken up from the medium, while during hypo-osmotic
conditions (decreasing salinity) the reverse is taking place.

Desiccation: Although periodic exposure to air may be beneficial to some algae, helping them
escape predation and limiting epiphyte growth, only a few species can withstand the stress
involved. Experiments show that algal or seagrass metabolic activities such as photosynthesis
gradually decrease during prolonged desiccation until they are undetectable by usual methods.
In such a situation, algae or seagrasses may lie dormant (hibernate) until tidal waters return,
giving them an opportunity to reactivate normal metabolic activities.

The tolerance to desiccation varies greatly between species. While a thallus of Eucheuma
denticulatum that has lost 30-40 % of its water content may need up to six hours to recover its
photosynthetic activity, Ulva rigida may recover in less than an hour. This partially explains why
a vertical or accentuated slope on a rocky coast appears to be banded with different colours and
textures when seen from a distance. This distribution of algae and animals, known as vertical
zonation, is a universal feature of rocky coasts all over the world.
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Resistance to mechanical forces: Ocean waters are in constant motion induced by
oceanic and tidal currents, waves, wind and local water density changes. Hydrodynamic force
is a direct environmental factor, but water motion also affects other factors, including nutrient
availability, light penetration, temperature and salinity changes. Productivity is usually very high
on wave-beaten shores. Plants in exposed areas develop characteristic adaptations such as a
hydrodynamic morphology, a non-rigid thallus and rhizoids for firm attachment, or they grow in
clusters like in seagrasses or within rock crevices. Hard basaltic and granite rocky shores
generally support greater algal populations than softer erodable chalk, sandstone, sand or
muddy shores. However, seagrasses and some species of Halimeda, Caulerpa and Avrainvillea
are adapted for life on sandy and muddy substrates.

Biological factors: Biotic interactions include competition within and between species for
space, light, nutrients or any other limiting resource. Interference competition for space takes
place among algae and sessile animals, and different algae compete for light and nutrients.
Epiphytism is a solution to crowding for the epiphyte but creates problems for the anchor
species.

Predator-prey relations at several levels also affect seaweeds directly. Juvenile mortality is
partly caused by grazing. Three groups of herbivores are important in seaweed communities:
fish, sea urchins and mesograzers. Species of the families Siganidae and Scaridae (parrot fish),
locally known as “tasi” and “pono”, are the most common fish herbivores. Other common
herbivores are sea urchins and sea cucumbers, also known as “mashanuo” or “urumba” and
“majongoo bahari” respectively. The damage caused by grazers depends on the extent of the
encounter, how much is eaten or broken off, which parts are lost and when. The losses may
also affect reproduction and hence the fitness of the individual.

Parasitism and mutualism are common in the sea, and some involve seaweeds. Strictly parasitic
algae are confined to the Rhodophyta, and they parasitise other, usually closely related, red
algae as in the case of Hypneocolax. Partially endophytic or hemiparasitic algae may also
cause damage to their hosts. A well-known example in Zanzibar is the association of Kappa-
phycus alvarezii and different Polysiphonia species. In 1994, K. alvarezii could not be cultivated
in Paje because of infection by Polysiphonia spp. Transfers of various carbon compounds from
the host to the parasite have demonstrated the dependence of the parasites. No mutualistic
associations have been well-documented among seaweed species in the tropics, and mutualism
may be restricted to rare instances of species-specific associations. However, mutualistic
associations between microalgae and animals are very common, and corals are the most
notorious example. There are also a few well-known examples of mutualistic associations
between macroalgae and animals, such as the associations between the green algae Clado-
phoropsis vaucheriaeformis and the sponge Halichondria or the red algae Ceratodictyon
spongiosum and a sponge of the genus Sigmadocea. Epiphytism is extremely common. Many
species of smaller algae grow on larger ones or on seagrasses, but only a few seem to be species-
specific. The epiphytic habit is certainly an adaptation of many species to compensate for their
smaller and more delicate thallus, allowing them to get a better supply of light.
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Benthic marine plants are photosynthesising organisms that live attached to a substrate, such
as rock, sediment or another plant. This book includes various groups of multicellular algae and
flowering plants that remain covered by water for most of their lives. Mangroves are not included.

Marine flowering plants comprise only two families of monocotyledons, the Hydrocharitaceae
and Potamogetonaceae, which are also common in freshwater habitats. The algae, on the other
hand, comprise a broad array of unrelated phyla classified as belonging to two, or even three
different kingdoms, which, beside their use of chlorophyll a, have very little in common with one
another. As we have not included the unicellular and colony forming algae, the book is restricted
to some genera of the Cyanophyta and the genera of Rhodophyta, Phaeophyta and Chloro-
phyta known to occur along the Tanzanian coast.

The classification of algae

Since the beginning of last century, algae have traditionally been arranged into large groups
called phyla, or divisions, according to their colour to the naked eye. Even today, in the era of
electron microscopy and molecular biology, this approach to classification is used. At first sight,
the grouping of genera by colour might seem artificial. But since the complex of pigments that
characterise each group is well associated with other chemical and ultrastructural features it is
not only convenient but also appropriate. It is, however, outside the scope of this book to get into
details of ultrastructure and biochemistry that show differences and similarities among the algal
phyla. This subject is dealt with in most textbooks on phycology.

The names of the phyla reflect, in their Greek or Latin roots, the predominant colour of the algae,
followed by the suffix phyta, that denotes the phyla category as established by the International
Code of Botanical Nomenclature. As this book includes only benthic and macroscopic forms of
the most common marine algae, the following phyla will be treated: Cyanoprokaryota (Cyanophyta),
Rhodophyta, Phaeophyta and Chlorophyta. We have included the Cyanophyta even though it
has been quite well established now that this group belongs to the Monera kingdom and
accordingly should be called Cyanoprokaryota.

Some other groups, such as diatoms (Bacillariophyceae, Chrysophyta) and yellow-green algae
(Xanthophyceae, Chrysophyta), may include filamentous genera that can be spotted with the
naked eye. In the case of diatoms, the macroscopic filaments are not multicellular organisms, but
colonies of independent cells surrounded by gelatinous matrix. Nevertheless, they look very
similar to filamentous brown algae in the field. None of these groups have been included. Most
of the genera within each phylum mentioned above exhibit the dominant colour specified in the
name, but there are exceptions, especially within the Rhodophyta and the Cyanoprokaryota.
When colour is mentioned in this book, it is because it can be of some help in recognising the
genus. Unless specified, we always refer to the colour of live plants, since many species change
colour when dead, preserved in liquid or pressed on paper.
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The taxonomic groups, or taxa (plural of taxon), down to the level of genera, are placed in the
supposed evolutionary sequence. The genera within each family, however, are listed in alphabeti-
cal order.

Nomenclature
The nomenclature of algae, as well as that of plants in general, is controlled by an International
Code of Botanical Nomenclature, updated every five years on the International Botanical
Congress. According to the Code, names denoting categories above genera should have special
endings, such as: phylum = -phyta; class = -phyceae (exclusive for algal groups); order = -ales;
and family = -aceae. The taxonomist may freely create names of new genera and species,
provided that they are treated as Latin words. This world-wide nomenclature system is binomial,
meaning that the name of a species is composed of two words. The first, the name of the genus
with a capital initial, is followed by a second word, the specific epithet written in lower case.
Scientific names are usually written in italic or underlined, in order not to be confounded with
other words in the text. A complete citation of the name of a species also includes the name of
the first author who effectively published its name. Sometimes, further investigation shows that
the first author to name the species classified it in the wrong genus. In this case, the name of
the first author appears between brackets, followed by the name of the author who put the
species in the correct genus. Further instructions on plant nomenclature are given in recent
editions of the International Code of Botanical Nomenclature.

Reproduction
All algal groups reproduce sexually and/or asexually, though only asexual reproduction has been
found in the Cyanoprokaryota. Sexual reproduction always involves meiosis and cell and nuclear
fusions. Cell fusion takes place between gametes, which may be morphologically identical or very
different, mobile or immobile. When and where in the life history of an algae that the reductional
division of chromosomes occurs, however, may vary a lot within an algal group. Asexual
reproduction is very common and attained by fragmentation of the thallus, propagules, other
sorts of special propagation structures, or spores. Life histories vary among groups and even
within groups, but this is not described in detail here, as it can be found in more specific academic
textbooks.

Morphology
Algal morphology is extremely variable. Even multicellular algae visible to the naked eye may
range in size from a fraction of a millimetre to several metres, exhibiting all sorts of shapes and
colours. Some algae resemble terrestrial plants but, as they lack a system of vessels to conduct
water and mineral salts, they do not have true stems, roots and leaves. The name usually used
for the body of an alga is thallus (pl. thalli).
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Distribution
Seaweeds are ubiquitous in all seas, especially in shallow waters where solid substrates are
available. The assemblage of seaweeds found along the Tanzanian coast is a part of the rich Indo-
Pacific flora.

The mantle of seaweeds seen at low water spring tide constitutes a remarkable feature of the
rocky intertidal. The rich species associations are not randomly distributed, but occur in specific
patterns of vertical distribution, known as zonation. This indicates that species that appear higher
up in the intertidal are more tolerant to parameters that control the vertical distribution of
seaweeds, such as desiccation (drying), excess light, temperature and salinity variations.
Biological interactions, among which competition and predation are notorious, can also explain
some patterns of distribution.

Even though most seaweeds are more conspicuous on rocky substrates, including dead corals,
some species are also adapted to grow on soft, sandy or muddy substrates, were they attach
themselves by root-like organs called rhizoids. Seaweeds are not normally free-floating – most
seaweeds that we see floating or rolling in the surf were torn loose from their normal substrate
and will die sooner or later. A particular group of seaweeds colonise the stems, prop roots and
pneumatophores of mangrove trees, and quite a few species are epiphytic on other algae or
seagrasses.

Collection
The best time to collect seaweeds is at low water spring tide, which occurs a few days every
fortnight, during the periods of full and new moon. Divers using snorkel or SCUBA may collect
specimens whenever the weather is favourable. If you are not diving, consult a tide table and
plan to arrive on the selected spot at least one hour before low tide. Collect whole specimens,
and carefully remove the holdfast from the substrate with a small knife. Keep the specimens
wet and in the shade until you reach your lab or house. For safety, put the specimens in plastic
or, even better, fabric bags or in small plastic vials. Do not forget to label your samples! Use
graphite on water-resistant paper and label each sample, including the place and date of
collecting, the collector’s name and other information that may be relevant for identification,
such as habitat. If the time between collecting the samples and studying them is longer than one
hour, the use of an insulated box is advisable. Ice or other cooling media can be used on a hot
day, but the specimens should not be in direct contact with the ice or its melting water.

Collect with parsimony, and take only specimens necessary for your purposes.

Preservation
The usual fixative for seaweeds is a solution of 4-5 % commercial formaldehyde or formalin in
seawater. After specimens have been immersed in this solution for 12 to 24 hours, they can be
taken out of the solution and stored wet for longer periods. Always protect preserved material
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from strong light, because red pigments tend to oxidise and specimens will bleach after some
time in the light.

Note of caution: formaldehyde is very toxic. Always wear gloves and work under a fume
cupboard or in a well-ventilated place.

Specimens should be washed several times in running seawater when dissecting or processing
for a herbarium. For those who do not want to use formaldehyde, alternatives are direct
herborisation (see below) or liquid preservation in 70 % ethanol. However, drying can make later
anatomical studies more cumbersome and ethanol preservation accelerates bleaching and
shrinking of the tissue, which is inconvenient for further studies.

Preparation of herbarium sheets (herborisation) is the best way to assure long-term preserva-
tion, and it does not need to be preceded by liquid fixation if specimens are processed shortly
after collection. To prepare an exsiccate (dried herbarium sheet), place the specimen in a tray
with clean seawater, spread the specimen on a sheet of good white paper, remove the sheet with
the specimen from the tray and carefully arrange the seaweed with the help of forceps and
brushes, avoiding too much overlay of branches (some may be cut in densely branched
specimens). Then drain as much of the water as possible and put the sheet on a piece of
cardboard or newspaper, covering the specimen with a piece of thin fabric and add some
newspapers on top of the fabric. A pile of specimens prepared this way are then squeezed in a
traditional herbarium press, or between two pieces of wood with a weight on top, and left to dry
in the sun or in an oven (not over 60oC). Until the specimens are dry, the press should be opened
and wet newspapers replaced with dry ones once a day. Most species will adhere to the paper,
but some have to be glued onto it. Do not forget to label each sheet with the place and date of
collection, the collector’s name and the species name – if you already know it. Dried specimens
should be stored in paper sheets in dry cabinets protected from light, dust and insects. If not
properly dried, specimens will get moldy after some time.

Key to the most common genera of marine macroalgae
Identification keys are devices aimed to help you reach the most probable name of a
specimen in the shortest time and the easiest way possible. Because of that, identification
is not always conclusive and the name should be checked against the description and
figures. Ideally the specimen under identification should also be compared to material
deposited in herbaria.

There are a few different kinds of keys. The one we use is known as a dichotomous key. It
presents the reader with only two options for each character. After selecting the option (a or b)
that best fits your specimen, proceed in the same manner until you reach the name of a taxon.
If at any point the best option is unclear to you, follow both leads and then compare your
specimen with both descriptions to see which one fits better.
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Below, a key to the phyla, or botanical divisions, is included to help you identify the highest
groups in the taxonomic hierarchy. For orders or families you should go to the corresponding
key for the phylum and follow that until you reach the name of a genus. If the genus to which
your specimen belongs is represented by more than one species in Tanzania, you should then
go to the key for species level identification.

We have tried to make the keys as simple as possible, avoiding utilisation of reproductive
structures since they are neither always present in a specimen nor easy to interpret. Neverthe-
less, for proper identification you will in most cases either have to use a microscope after
dissecting the algae or make hand sections to see the thallus structure. With a little practice,
this is quickly done with needles or a razor blade. A solution of aniline-blue, 1 % in water,
makes some structures more visible under the microscope.

General key to the phyla

1. a. Thallus usually a thin filament or a crust or cushion of filaments, with abundant
mucilage; cells very small, around 2-5 µm, without chloroplasts ..... CYANOPROKARYOTA

(page 29)

b. Thallus of various shapes; cells 10 µm or more, or acellular,
with chloroplasts ............................................................................................................ 2

2. a. Colour grass green ........................................................................................................ CHLOROPHYTA
(page xx)

b. Other colours when alive, rarely grass green................................................ 3

3. a. Colour brown, yellowish brown or greenish brown .................................... PHAEOPHYTA
(page 149)

b. Colour various shades of red, but also pinkish,
blackish or greenish ..................................................................................................... RHODOPHYTA

(page 37)




