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EPIPHYTES ON THE SEAGRASSES OF ZANZIBAR ISLAND (TANZANIA),
FLORISTIC AND ECOLOGICAL ASPECTS

F. LELIAERT, W. VANREUSEL, O. DE CLERCK & E. COPPEJANS
Laboratory of Botany, Ghent University, K.L. Ledeganckstraat 35, B-9000 Ghent, Belgium

SumMmary. — The species composition and ecology of the seagrass epiphytes of Zanzibar
Island (Tanzania) are discussed. Thalassodendron ciliatum, a subtidal seagrass species, had the
highest epiphyte cover, followed by Enhalus acoroides, Halodule uninervis, Cymodocea rotun-
data and Thalassia hemprichii. A total of 49 taxa of macroalgae (5 of which are new records
for the East African coast) was recorded as epiphytes on seagrasses ; the Rhodophyta form the
largest fraction, exceeding the Chloro- and Phaeophyta both in species number and abundance.
The preference of the epiphytes for certain host plants was mainly related to the ecological
parameters of the habitat of the hosts such as tidal level, depth and relative rate of water flow.
Epiphytes were most abundant in the subtidal zone where they were best developed on the
perennial stems rather than on the ephemeral leaves. Differences in species composition and
abundance were also observed between different parts of the stems and leaf tufts. Distinctive
species compositions characterize these different habitats and plant parts. The zonation of sea-
grasses and their associated epiphytes along transects through a tide channel in Chwaka Bay is
also described.

Key worps. — Seagrass, epiphytes, seaweeds, (macro-)algae, Zanzibar.

INTRODUCTION

Sandy and muddy habitats in tropical areas
are often characterized by seagrass communities
(McRoy & HeLrrericH 1977 ; Phillips & McRoy
1980). According to some phytosociologists, sea-
grass communities are the most simply structured
associations of rooted plants, because they are
mostly composed of a single rooting species. This
often results in the monotonous appearance of
seagrass meadows which can form a single zona-
tion band from the high tide level to the subtidal
(CorppEIaNS et al. 1992). The structure of these uni-
form-looking seagrass beds however contains a
great diversity of floral and faunal components.

Four main sub-habitats can be recognised : (1) the
leaf epiphyton comprising algal microflora with
associated small animals including nematodes,
polychaetes and crustaceans, together with sessile
fauna, such as hydroids, anemones, snails and
echinoderms ; (2) stem and rhizome biota which
include various epiphytes, polychaetes, amphi-
pods and bivalves ; (3) species swimming among
the leaves including fish and crustaceans ; and (4)
sediment flora and fauna, although this may differ
little from that of the surrounding benthos
(McRoy & HELFrERICH 1977) .

Seagrass meadows are very productive
ecosystems of which a large proportion is often
attributed to the epiphytes (WETzEL & PENHALE
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1980, SmitH & PENHALE 1980, BoruM & WiuMm-
ANDERSEN 1980, Heps 1984, 1985, Brouns &
Heus 1986). Epiphytes can represent up to 50 %
of the total above-sediment biomass of a seagrass
meadow, although others (VERHEU & ERFTEMEUER
1993) state that only 5-10 % of the total above-
ground biomass of seagrass beds in reef flat envi-
ronments is contributed by associated algae.
Epiphytes can therefore play an important role in
the functioning of seagrass ecosystems. Neverthe-
less epiphytes on seagrasses in tropical regions
remain poorly studied. From the tropical East
African coast almost nothing is known on the
species composition of the seagrass epiphyton.
CorppEIaNS et al. (1992) made a first attempt to
study the epiphytes on Thalassodendron ciliatum
in Gazi Bay (Kenya). The data presented here are
the results of the MSc-thesis of VANREUSEL (1998).

MATERIAL AND METHODS

General sampling. Sampling was carried out on
Zanzibar Island (Tanzania) from 15/07 to 5/08/1997. A
general collection of seagrasses with epiphytes was
made in different intertidal and subtidal biotopes at 8§
sites around the island : Nungwi, Matemwe,
Kiwengwa, Pongwe, Uroa, Chwaka, Paje and Mbweni
(Fig. 1). The samples were labelled and preserved in a
5% formaldehyde-seawater solution. A detailed study
of the epiphytes was carried out in the laboratory. The
epiphytes were removed from the host and stained with
aniline blue or fast green, for the purpose of identifica-
tion. All specimens are deposited in the Herbarium of
the University of Ghent (GENT).

Vegetation survey. For the phytosociological
study, seagrasses were sampled along two transects in
the western tide channel of Chwaka Bay mangrove sys-
tem (Fig. 2). Both transects were situated parallel to
each other over the whole width of the channel.
Transect A, situated close to the mouth of the channel,
contained 14 sampling plots ; Transect B, situated more
inland, contained 6 plots. In each plot 1-6 specimens of
each seagrass species were collected. The following
environmental variables were measured : depth ; sub-
strate ; slope angle ; seagrass species composition, den-
sity and height ; and surrounding macroalgal vegetation
were noted. Fig. 2C shows the relative depth of the
sampling plots, the mean high and low water mark, the

extreme low water mark, and the occuring seagrass
species.

For each epiphytic species the abundance on the
seagrasses was quantified by cover estimates using %
values. If several layers of epiphytes were present, the
sum of the cover estimates was calculated ; this
explains % values of more than 100%. Distinction was
made between the leaves and stems (if present) of the
seagrass. In order to enable us to study the differences
in epiphytic species composition along a stem, the
length of each stem was first measured and cut into
pieces of 7 cm (starting from the stem apex). Epiphyte
cover was then estimated for each portion. For the
investigation of the differences in species composition
between different leaves of the same plant, each leaf
was studied separately. Also, differences between the
inner and outer surface of the leaves were investigated.
Each stem-portion and each leaf-side will hence forth
be refered to as a relevé. The numbers of the leaf
relevés are as follows :“sample_number.seagrass_num-
ber.L.I/O” (“I” for inside, “O” for outside) ; the num-
bers for the stem relevés are indicated as “sample_num-
ber.seagrass_ number.(subnumber for side branch if
present). A/B/C/etc. (A for the upper, youngest stem
part, etc.). The numbers of the seagrass specimens with
corresponding species can be found in Table 1. Next to
the cover estimates per leaf relevé, the distribution of
the epiphytes in each relevé was drawn schematically.

TaBLE 1

Seagrass species and corresponding numbers of

the seagrass specimens. The numbers consist of

two subnumbers, the first one refers to the sam-

ple number, the second one to the seagrass num-
ber in the specific sample.

Species Seagrass numbers

Cymodocea rotundata| 8.1 ; 8.2 ;8.3;25.2;25.3

Enhalus acoroides 1.2;13.1;133;17.2;25.1

1.1;1.3;9.1;9.2;9.3,10.6;
10.7;11.2;13.2;13.4;13.5

Halodule uninervis

Halodule wrightii 21.4;21.5;21.6;35.1

Thalassia hemprichii |3.1;3.2;33;4.1;4.2;5.1;
: 52; 53; 54; 62; 254;
34.1;34.2;343;34.4

Thalassodendron

ciliatum 10.1;10.2;103;11.1;12.1;
15.1;16.1;16.2;18.1;18.2;
18.3;19.1;21.1;21.2;21.3;

23.1
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Fig. 1. — Location of Zanzibar Island off the coast of Tanzania, and location of the 8 sample sites around Zanzibar.

Data analysis. The cover estimates are expressed
in % values. The data set consists of 520 relevés (365
from leaves and 155 from stem portions) from 64 sea-
grass specimens. A two way indicator species analysis
(TWINSPAN) (HL 1979) was chosen as classification
method.

RESULTS

FLORISTIC ASPECTS

DEN Hartoc (1984) mentions 10 seagrass
species for Zanzibar Island : Cymodocea rotunda-
ta Ehrenberg et Hemprich ex Ascherson, C. serru-
lata (Brown) Ascherson et Magnus, Enhalus

acoroides (Linnaeus f.) Royle, Halophila ovalis
(Brown) Hooker f., H. stipulacea (Forsskal)
Ascherson, Halodule wuninervis (Forsskal)
Ascherson, H. wrightii Ascherson, Syringodium
isoetifolium (Ascherson) Dandy, Thalassia
hemprichii (Ehrenberg) Ascherson, Thalassoden-
dron ciliatum (Forsskal) den Hartog.

All 10 species were collected during our sur-
vey but Cymodocea serrulata, Halophila stipu-
lacea and Syringodium isoetifolium did not occur
in our transects in Chwaka Bay. We therefore have
no detailed data on epiphytic growth on these
species. Halophila ovalis and H. stipulacea are
fast growing pioneer species with short living
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Fig. 2. — A. Chwaka Bay with indication of the western tide channel. B. Detail of the western tide channel, with the situation

of the two transects; the dotted lines represent the extreme low water mark, numbers represent the sample plots. C. Cross section
through the two transects showing the relative depths of the sampling plots. Tide levels: MHW: mean high water mark, MLW:
mean low water mark, ELWS: extreme low water mark. Composing species: CR: Cymodocea rotundata, EA: Enhalus acoroides,

HU: Halodule uninervis, HW: Halodule wrightii, TC: Thalassodendron ciliatum, TH: Thalassia hemprichii.
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leaves and no lignified stem. They are therefore
not suitable for epiphyte growth ; only a few epi-
phytes have been found on the old decaying
leaves. Halodule uninervis is a pioneer species
characterized by narrow strap-like leaves (up to
3.5 mm). This species was found in a wide range
of habitats with an epiphytic cover related to its
position in the intertidal and varying from 0 to 50
%. The leaves of Halodule wrightii are even nar-
rower and were almost devoid of epiphytes.
Thalassodendron ciliatum is a subtidal species,
growing from just below low water mark down to
-10 m. It is characterized by a lignified stem up to
70 cm long and terminal tufts of 3-10 distichous-
ly placed, recurved, strap-like leaves. The stems
were densely covered by diverse epiphytes ; the
leaves form a good substrate for crustose
corallines but were less suitable for other epi-
phytes. Enhalus acoroides usually grows in
monospecific stands in shallow subtidal habitats
down to 4 m deep. The leaves are broad and
tough, up to 1 m long, and are a suitable substrate
for numerous epiphytes. Thalassia hemprichii
prefers mid to high intertidal habitats and in gen-
eral had a very low epiphyte cover. Cymodocea
rotundata is common in the infralittoral fringe
and therefore is submerged almost continuously ;
the leaves were sometimes fully covered by
Ceramium flaccidum.

The epiphytic species composition did not
differ markedly between the 8 sites around the
island. All epiphytic species found at these sites,
were also collected at Chwaka Bay. In total 49
algal species were found on the different seagrass
species : 27 Rhodophyta, 14 Chlorophyta, 6
Phaeophyta and 2 Cyanophyta. The Rhodophyta
also exceeded the other groups in total cover
(83%) ; Phaeophyta (14%), Chlorophyta (1%)
and Cyanophyta (2%). The species with the
acronyms used in the TWINSPAN classification
are listed in Table 2 ; also mentioned are the eco-
logical preferences, notes on morphology and dis-
tribution, and references to representative illustra-
tions. Neither the Cyanophyta, nor the encrusting
Corallinales were identified to species level. Two
entities or growth forms of Cyanophyta were
recognised : isolated filaments and tuft forming

specimens. Filamentous Cyanophyta were found
to be common epiphytes on leaves, but they never
occurred in large quantities. In contrast to
macroalgal leaf epiphytes which were found to be
more dominant on the older leaf apices, the fila-
mentous blue-greens were more common at the
leaf basis.

EcoLOGICAL AND PHYTOSOCIOLOGICAL ASPECTS

From the 520 leaf and stem relevés, 80 were
devoid or almost devoid of epiphytes. These
relevés were not used in the TWINSPAN. Most
‘empty’ relevés were from plants growing in the
mid or high intertidal, a zone where epiphytic
growth is less developed. As discussed previously,
the leaves of the two Halophila species and
Halodule wrightii were almost always devoid of
epiphytes. Young leaves of other seagrass species
are equally epiphyte-poor, partly because of the
short colonisation time, partly because they are
protected by the older leaves of the same shoot.
Other relevés with very few epiphytes were from
habitats with a very high water flow rate which
might hamper the settlement of epiphyte spores.

The total cover of the epiphytes on subtidal
seagrasses was much higher than on intertidal
specimens (Fig. 3) ; plants from the infralittoral
fringe (between mean and spring low tide)
showed an intermediate epiphytic cover. This
indicates that permanent submersion, creating a
far more stable habitat, is a very important factor
in determining epiphytic growth. The total epi-
phyte cover on stems (if present) exceeded the
cover on the leaves. In habitats with a high water
flow rate the cover on the leaves was very low
whereas the cover on stems did not seem to be
affected by this factor (at least in the upper parts).
Leaf sheaths were devoid of epiphytes and there-
fore were excluded from this study.

The differences in total cover on the leaves
varied significantly between the different species,
but this was mainly a consequence of the different
habitats in which they occured. In similar ecolog-
ical conditions no host preference could be
observed between the different seagrass species
(except for Halodule wrightii). The subtidal
species Thalassodendron ciliatum had the highest
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Fig. 3. — Average epiphyte cover on the seagrasses of the
sample plots of transect A. Bars indicate the average epiphyte
cover (%) per relevé of the seagrass specimens in a sample.
The line indicates the depths (m) of the sample plots.

epiphyte cover, followed by Enhalus acoroides,
Halodule uninervis, Cymodocea rotundata and
Thalassia hemprichii with intermediate cover, and
Halodule wrightii with extreme low cover
(Table 3). The leaves of Thalassodendron ciliatum
were mainly covered by crustose corallines and
despite their permanent submersion they were
poorly covered by other macroalgal epiphytes.
The high cover values on Cymodocea rotundata
and Enhalus acoroides, which were growing in
high intertidal, warm pools, are a result of high
covers of Ceramium flaccidum.

Differences in total epiphyte cover were
observed between leaves of the same plant as well
as between leaf-sides of the same leaf. Older
leaves had a higher cover than younger ones :
fig. 4 shows a linear correlation between leaf age
and epiphytic cover in Thalassodendron ciliatum.
This is easily explained by the fact that the
colonising time of older leaves is longer. It should
be stressed that the meristem of the leaves of sea-
grasses is basal. Therefore apical parts are older
and frequently more epiphytised ; basal parts are
younger and epiphyte-poor. Differences in total
cover on the inner (“upper”) and outer (“lower”)
surface of the leaves was tested using a Wilcoxon
signed rank test (Clarke 1994 : 99-100). No sig-
nificant differences were found for the leaves of
Thalassia hemprichii and Halodule uninervis. On
the leaves of Thalassodendron ciliatum the epi-
phyte cover was significantly higher on the inner

70
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20
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Fig. 4. — Epiphyte cover related to the relative age of the
4 oldest leafs of Thalassodendron. The cover values represent
the average epiphyte cover (%) per leaf relevé. 1-4 : relative
age of the 4 oldest leaves (4 : oldest, 1 : youngest).

surface. This difference was caused by crustose
corallines which were the dominant group and
prefered the upper side (exposed to the sunlight)
of the leaves. The cover of other algae was similar
on both sides. Here too, the epiphyte cover was
higher at the leaf apex than at the base ; filamen-
tous Cyanophyta were more abundant at the pro-
tected leaf base.

Stems form an ideal substrate for epiphytes
as a result of their hard texture and long life span.
Total cover of the 155 stem portions studied here
was found to be mostly high, varying from 0-196
% with an average of 80 %. Only two seagrass
species from the study area possess upright
stems : Halodule uninervis occasionally, and
Thalassodendron ciliatum which always forms a
well developed stem of variable length. Epiphyte
cover on Thalassodendron stems varied from 0 to
196 % with an average of 83 %. This was higher
than the cover on Halodule which ranges from 1
to 110 % and an average of 48 %. The total cover
on stems did not differ significantly between the
various sites along the transects, and does not
seem to be influenced by the water flow rate or the
substrate type on which they grow.

Within the stem of the same plant (both of
Thalassodendron and Halodule) differences in
epiphyte cover could be observed between the dif-
ferent portions. The growing point of the stem is
located just under the leaf sheats ; the youngest
stem portions therefore are situated at the apex.
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TABLE 3

Differences in epiphyte cover on the leaves of six seagrass species. Average cover (%) per leaf relevé
of all epiphytes, encrusting corralines, and non-encrusting epiphytes ; number of relevés examined,
number of relevés devoid of epiphytes, and the % value of these empty relevés.

Species Average cover of | Average cover of Average cover of |#relevés | # empty | % empty
all epiphytes (%) encr. corr. (%) non-encr. cort. (%) relevés | relevés
Thalassodendron 29.6 28.3 1.3 160 22 13.7
ciliatum
Enhalus acoroides 12.2 6.0 6.2 34 7 20.5
Halodule uninervis 11.3 7.6 3.7 48 11 229
Cymodocea rotundata 6.5 0 6.5 26 13 50
Thalassia hemprichii 1.9 0.3 1.6 79 27 342
Halodule wrightii 03 0 0.3 10 6 60

Here the epiphytic cover was low, increasing
downwards, remaining constant over the middle
portion, and decreasing towards the base (Fig. 5).

CORRELATIONS BETWEEN EPIPHYTE COMPOSITION,
HABITAT AND SEAGRASS PORTION

For the TWINSPAN analysis average cover
values of the stems and blades per plant were
used. The TWINSPAN classification of plots is
shown in Figure 6. Indicator species (marked by
“*#7) as well as preferential species are indicated at
each division. Acronyms of the species names are
listed in Table 2. At the first division the sea-
grasses of intertidal habitats are separated from
the subtidal ones. Some relevés with aberrant
species composition do not follow this division
(indicated in italic in Fig. 6). The intertidal group
(T) is mainly characterized by Ceramium flac-
cidum. The subtidal group (ST) is mainly charac-
terized by crustose corallines, Gracilaria cortica-
ta, Dictyota humifusa and Herposiphonia secunda
f. tenella. The intertidal plots are divided into a
group with seagrasses of plot 13 and some epi-
phyte poor seagrasses (IT-1), characterized by
Laurencia minuta and Centroceras clavulatum,
and all other intertidal samples (IT-2), character-
ized by filamentous Cyanophyta and Enteromor-
pha sp. Plot 13 (IT-1.1) is situated in a shallow
pool and is the only plot where seagrasses were
growing on a substrate of low intertidal rhodoliths

instead of coral rubble or sand. Samples 10.6,
13.4 and 35.1 (IT-1.2) are characterized by a
species poor epiphyton. The IT-2 group is divided
into a group from shallow, sandy, warm pools
which remain submerged at all times (IT-2.1), and
a group with similar pools which emerge regular-
ly (IT-2.2).

The subtidal group is divided into a group
with all leaf samples (ST-L) and a group with all
stem samples (ST-S). The ‘subtidal-stem’ group is
mainly characterized by the indicator species
Dictyota humifusa, Gracilaria corticata, Gelidi-
opsis intricata and Jania pumila. The ST-S group
is divided into samples from the shallow channel
face (ST-S.1) and samples from the deeper part of
the channel (ST-S.2). The subtidal-leaf group is
not characterized by common species but rather
by the absence of the ST-S indicator species. The
Halodule wrightii samples (ST-L.1) form an
exception in the ST group since this seagrass
species grows normally in the intertidal zone ; this
group is characterized by a low and species poor
epiphyton. The ST-L.2 group is divided into a
subtidal leaf group of Thalassodendron ciliatum,
Halodule uninervis and Enhalus acoroides (ST-
L.2.1), all characterized by a high cover of
encrusting corallines, and a leaf group from the
infralittoral fringe (ST-L.2.2), characterized by
filamentous Cyanophyta. Further division of this
last group is mainly based on the ecological para-
meters depth and rate of water flow.
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Fig. 5. — Average epiphyte cover per stem portion of all Thalassodendron and Halodule (with stems) specimens. 1-11 : rela-

tive age of the portion (1 : youngest, most apical portion, etc.).

On the basis of distribution data,
TWINSPAN results, and ordinations (Principal
Component Analysis), the epiphytes can be clas-
sified according to their ecological preference as
summarised in Table 2 : (1a) species restricted to
the intertidal zone, (1b) species with a distinct
preference for intertidal habitats, (1c) species with
a scattered distribution but with higher abundance
values in intertidal habitats, (2a) species restricted
to subtidal zones, (2b) species with a marked pref-
erence for subtidal habitats, and (3) species with-
out preference for a specific tidal zone. Class (2a)
and (2b) can be divided into subclasses according
to their substrate preference : (L) species found
exclusively on leaves, (L) species with a distinc-
tive preference for leaves, (S) species growing
exclusively on stems, (S’) species with a marked
preference for stems.

ZONATION ALONG THE TRANSECTS

On hard substrate (fossil coral, sometimes
with a very thin layer of sand) the Thalassia
hemprichii meadows of the mid intertidal were
characterized by a very poor epiphytic composi-
tion : Cladophora vagabunda, Chondria pygmaea

and a sporadic Ceramium mazatlanense were the
only epiphytes. Laurencia papillosa and Cysto-
seira myrica (S. Gmelin) C. Agardh were the
main accompanying epilithic macroalgae. In the
infralittoral fringe the epiphytic flora became
slightly richer, including next to the above
mentioned species, the first crustose corallines,
blue-greens, Enteromorpha sp., Centroceras
clavulatum and Ceramium flaccidum. Their cover
remained low. Accompanying epilithic species
were : Gelidiella acerosa (Forsskél) J. Feldmann
& G. Hamel, Dictyosphaeria cavernosa
(Forsskal) Bgrgesen and Turbinaria tanzaniensis
Jaasund.

On sandy substrate the seagrass vegetation
was more varied. In the upper intertidal Halophila
ovalis formed open stands sometimes combined
with Halodule wrightii ; both species were almost
devoid of epiphytes. The mid intertidal zone was
characterized by patches of Thalassia hemprichii,
Halodule uninervis and H. wrightii. Locally these
species grew in mixed stands. The epiphytes were
rare : blue-greens, Ceramium mazatlanense,
scarce and small Caulacanthus ustulatus and
Dictyota humifusa. In the infralittoral fringe and

This content downloaded on Fri, 11 Jan 2013 04:37:51 AM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

‘uonjeue[dxa ISYMNJ 10] 1X3) 93§ "OI[eIl Ul PajedIpur oIe uonisod
-Wo0 sa10ads JueLIaqe IIM SPAS[QI YL "WYY MO[3q PIISY] 1e $3103ds [enuaagard pue () & AQ POdIEUI QI UOISIAIP Yora Je $910ads 10jeo1puf ‘sjofd Jo uoneonIsse[d NVASNIAL — 9 “S1q

TT61
TES
TT81 (44
TT81 1848
TTLY Trst
TITST TTst
TTST st
Tr8 T (A 8¢
TES TEOT TTET e T
TSET TVST TTS TLO0T TTTOT  TET1T €T TTTI
TEET TISE TEST TTS TTre TE1 TV TTIT 8 A (A1 14 T (4 £or
TTEL Tr'el TTST Ty TTPE T9'1T TT1 TT0T  TTIT Tan iz (4:1% 6 ot ot
TUEL 7901 TUST TT¢ TT€¢ TEE TH1T Trre Tr1 TE6 TT6 T'€T 901 T8I T'6t TT61 ot

#l§ BAD | zew 1)

sooms | Seaw) W po oomp | qumpp

09s jog M v M EL
*A0U ydg waou yds W PH
RN #YS ISH | wos oog

4709 11y

ys Y wnd wer
acuydg Suydg wny a5
8 39D nne) +Iu duy

epu) | g Jsnney Ll
SEGNET |y oy Suyds  aocuydg
sumyorq  und ey

WUEPD 400 83D

Sea e wmd usg 71 PO
#9¢f 13D WS BH uny o1
#5002 BID) #3500 1D

This content downloaded on Fri, 11 Jan 2013 04:37:51 AM
All use subject to JISTOR Terms and Conditions


http://www.jstor.org/page/info/about/policies/terms.jsp

16 BELGIAN JOURNAL OF BOTANY 134

in deeper intertidal pools Cymodocea rotundata
appeared with a low epiphyte cover, composed of
Enteromorpha sp. and sometimes large numbers
of Ceramium flaccidum in the warm pools.
Accompanying epipsammic macroalgae were

Halimeda opuntia (Linnaeus) Lamouroux, H. ma-

croloba Decaisne and H. simulans Howe,
Avrainvillea amadelpha (Montagne) A. Gepp &
E. Gepp, Udotea orientalis A. Gepp et E. Gepp
and Caulerpa spp. Just under spring low tide level
a narrow band of Enhalus acoroides occured on
both sides of the tide channel (in transect B this
narrow zone was also found just above spring low
tide). Its leaves were rather well covered by crus-
tose corallines, combined with sporadic speci-
mens of the intertidal epiphytes. Thalassodendron
ciliatum and Halodule uninervis appeared deeper
along the channel slopes. They had a completely
different epiphyte composition although some of
the intertidal species still occured occasionally.
Amphiroa rigida formed thick clusters on the
stems of Thalassodendron ciliatum, Jania pumila
was abundant, Sphacelaria rigidula and S. novae-
hollandiae, Caulacanthus ustulatus and Herposi-
phonia secunda f. tenella appeared. Halimeda
spp. and Caulerpa spp. were accompanying
macroalgae.

In the central part of the tide channel, more
than 1.5 m under low tide level the Thalasso-
dendron ciliatum plants had a maximum epiphyt-
ic composition and cover ; differences between
leaf and stem epiphytes were marked. The leaves
were well-covered but species poor (marked dom-
inance of crustose corallines) ; whilst the stems
were densely covered and species rich. The
youngest, subapical parts, were first colonised by
crustose corallines and Gelidiopsis intricata, they
were followed by Gracilaria corticata which
prefered the epiphyte-poor parts of the stems
(between the subapical and middle part). Just
above halfway the stem the epiphytic clusters
were most dense and thick : Dictyota humifusa,
Sphacelaria rigidula, S. novae-hollandiae, Caula-
canthus ustulatus, Falkenbergia hillebrandii-
phase, Jania pumila, J. adhaerens, Herposiphonia
secunda f. tenella were the most frequent species.

Locally the epiphytic composition could be
strongly different because of altered ecological

conditions : especially in shallow side channels,
where currents were very strong at in- and outgo-
ing tide the epiphytic vegetation of the leaves
became very poor : Hincksia rallsiae was the only
species that was well-developed. The species
composition of the stem epiphytes was also
impoverished but total cover was still high;
Asteronema rhodochortonoides. and Acrochae-
tium caespitiforme formed a typical association
and were abundant. In depressions covered by
rhodoliths the epiphytic composition was also dif-
ferent : Herposiphonia secunda, Chondria pyg-
maea, Centroceras clavulatum, Laurencia minuta
and Ceramium flaccidum were richly represented.
The seasonal aspect, especially on the abun-
dance of species, should also be emphasized : dur-
ing a visit to the same area in June 1999,
Thalassodendron stems in the tide channel were
dominated by Falkenbergia hillebrandii, resulting
in a pinkish tinge of this biotope instead of the
blue-iridescent colour of Dictyota humifusa.-

DISCUSSION

FLorIsTICS

All epiphytic species from the 8 sampling
sites around Zanzibar were also collected along
the two transects in a tidal channel of Chwaka
Bay. The total number of 49 epiphytic macroalgal
taxa is relatively restricted when compared to
other, similar studies in other parts of the world.
HumwMm (1964) mentions 113 species on Thalassia
testudinum Konig in South Florida (this is 20-
25% of the complete macroalgal flora of the
region). VERHEU & ERFTEMEUER (1993) observed
117 associated macroalgae, of which 13 strictly
associated with seaweeds and 18 were epiphytic
on seagrasses in Indonesia. BounoURESQUE (1968)
found 81 species and Van der Ben (1969) 90 on
Posidonia oceanica Delile in the Mediterranean
Sea. BrRauner (1975) identified 79 species on
Zostera marina Linnaeus in North Carolina.
Ballantine & Humm (1975) observed 66 epiphytes
on the 4 seagrass species in an estuary in Florida
(this is 65% of all attached macroalgae in the
region). Heijs (1983) found 93 epiphytic species
on Thalassia hemprichii during a year cycle in
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Papua New Guinea. The data presented in these
papers are generally the result of rather extensive
research projects over several seasons. VERHED &
ERFTEMEDER (1993) and ReYEs & Sansén (1997)
studied the temporal distribution of epiphytes on
seagrasses and found seasonal variation in the
number of some species. Reasons for the limited
number of epiphytes in this study are : (1) proba-
bly some species are missing because of their sea-
sonality (this study was carried out during one
month in the dry season) ; (2) some taxonomic
groups were not identified (not even to genus
level), e.g. the crustose Corallinaceaec. WALKER
and WOELKERLING (1988) identified 3 genera in
their study in Shark Bay, Western Australia. Here
they are regarded as a single taxon. (3) Some
species such as Hypnea spp. and Tolypiocladia
calodictyon were previously observed as epi-
phytes on seagrasses but are not included as such
in this study ; (4) as the main purpose of this study
was an ecological approach (distribution of epi-
phytes along a transect and on individual plants)
smaller species have probably been overlooked.
Although the number of macroalgal epiphytes is
limited, they contain 4 species (Chondria pyg-
maea, Laurencia minuta, Acrochaetium caespiti-
forme and Hypoglossum simulans) and one genus
(Derbesia sp.) new for the East African coast.
They were recently reported for the East African
coast by CoppelaNs et al. (2000). Hypoglossum
simulans is discussed in WyYNNE & DE CLERCK
(2000).

The Rhodophyceae represented by 27
species, are dominant in species number and con-
tribute for 83% of the epiphyte cover. This is
mainly due to the cover by crustose corallines, but
also the frequent presence of Gelidiella lubrica,
Gelidiopsis intricata, Ceramium flaccidum, C.
camouii, Jania pumila and Gracilaria corticata.
According to Heijs (1985) and Brouns & Heijs
(1986) crustose Corallinaceae also are the domi-
nant epiphytic species on seagrasses in Papua
New Guinea throughout the year, with a mean
cover of 18% per plant. Research in Australia
(WALKER & WOELKERLING 1988) shows that 40%
of the dry weight of the leaves of Amphibolis
antartica (Labillardiére) Sonder et Aschers is
composed of CaCO; from the epiphytic Corallina-

ceae (Fosliella, Pneophyllum, Melobesia). These
Corallinaceae considerably contribute to the sedi-
ment composition (up to 15-30%). In Chwaka
Bay they are present in 65% of the relevés pre-
senting epiphytes. On the leaves they have a mean
cover of 14%, on the stems of 41%. The cover on
the leaves of the different seagrass species is
strongly divergent : 28% on Thalassodendron ci-
liatum, 7.5% on Halodule uninervis, 6% on
Enhalus acoroides and 0.3% on Thalassia
hemprichii. Cymodocea rotundata and Halodule
wrightii were devoid of corallines. This distribu-
tion does not reflect a preference for a specific
seagrass, but rather the biotope where it occurs :
corallines thrive best under continuous submerged
conditions and therefore are best developed on
Thalassodendron ciliatum. As the surface area of
the leaves is many times larger than that of the
stems the total biomass of epiphytic corallines on
the leaves is much higher than on the stems.
WALKER & WOELKERLING (1988) found 60% more
coralline biomass on the leaves of Amphibolus (a
morphologically similar seagrass to Thalasso-
dendron ciliatum) than on the stems.

The Phaeophyceae epiphytes are only repre-
sented by 6 species, but they contribute for 14%
of the epiphytic cover.. The large quantities of
Sphacelaria rigidula and S. novae-hollandiae, as
well as of Dictyota humifusa on Thalassodendron
stems, are mainly responsible for this relatively
high cover. The green algal epiphytes, represented
by 14 species contribute for only 1% of the epi-
phytic cover. They are mainly small and rarely
occurring species. The blue-greens, which were
not identified, represent 2% of the total cover.

GENERAL ECOLOGICAL ASPECTS

Species number, as well as cover, of seagrass
epiphytes are highest in the subtidal zone, espe-
cially on Thalassodendron ciliatum. Permanent
submersion resulting in more constant tempera-
ture, salinity and pH, and the presence of perenni-
al substrates (the stems) are the main factors opti-
mising their development. Even in this subtidal
biotope, leaves are a less suitable substrate for
epiphytic growth than stems. Possible reasons
could be : (1) the smooth surface of the leaves
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prevent spore attachment, (2) the motion of the
leaves in currents or waves (shear stress) detach
spores or germlings, (3) the densely packed leaves
partly cover each other, prevent colonisation, (4)
the scouring effect of the leaves among them-
selves eliminating developing epiphytes, (5) the
presence of the leaves to the water surface result-
ing in a (too) strong irradiation for most species
(except for corallines which are partly protected
against strong light by the CaCO, impregnation),
(6) the relatively short life span of leaves not
allowing the development of numerous epiphytic
species. The greatest number of epiphytes and the
densest cover are found on the oldest parts
(apices) of the upper surface of the oldest leaves
(the lowermost ones). Only blue-greens are more
abundant on younger (basal) leaf parts. This may
be due to the fact that Cyanophyta frequently are
early colonizers which are easily outcompeted by
the crustose corallines. Under some conditions
(nutrient rich environment) they can remain abun-
dant.

Seagrass stems are an optimal substrate for
epiphyte growth because of (1) the rough surface
(leaf scars), optimising spore fixation, (2) less
subject to continuous motion, (3) more spaced,
allowing water currents, optimalising the supply
of spores, (4) less strong irradiation (shaded by
the leaf cover), (5) the perennial nature of the
stem allowing the development of slow growing
species. The subapical (youngest) part of the stem
has a low epiphytic cover due to the short coloni-
sation time. The maximum density of epiphytes is
generally situated above halfway the stem. Then
the cover decreases towards the stem base, possi-
bly as a result of the decrease in light intensity and
the increasing scouring effect of bottom sedi-
ments.

Sublittoral populations of Halodule uni-
nervis generally have a high epiphytic cover on
the leaves. When stems are formed, epiphytic
cover is variable but in general smaller than on
similar Thalassodendron ciliatum stems. A possi-
ble explanation is that the stems of Thalasso-
dendron have a harder texture and make them
more suitable for epiphyte growth. Enhalus
acoroides also is a subtidal seagrass species, but

the long (up to 1 m), tough, perennial, vertically
placed, strap-like leaves are not highly epiphy-
tized, even when growing mixed with Thalasso-
dendron ciliatum with dense epiphytic growth on
the stems and leaves. No explanation was found,
but the production of exudates preventing spore
germination may be a hypothesis. :

In the intertidal, some seagrasses are (al-
most) devoid of epiphytes : Halophila ovalis has
small, very short-lived leaves and grows in high
intertidal, shallow, warm pools, an environment
which is not suitable for macroalgal development.
Halodule wrightii is growing in similar pools and
also has short-lived, narrow leaves ; it rarely has
any epiphytic growth. In some cases (not in
Chwaka Bay) populations have been formed in
pools with a pinkish red fringe at the leaf margins
composed by Ceramium sp. The other intertidal
species Thalassia hemprichii, Cymodocea rotun-
data and Halodule uninervis have a similar, rather
poor, epiphytic flora, the composition of which
greatly depends on the habitat in which they grow
(level above low tide, intertidal pools or emerged
tidal flats).

The list with ecological preferences of epi-
phytic species should be considered with caution :
it is exclusively based on observations in a single
area, in one season ; data from other tidal chan-
nels (possibly with freshwater influence),
lagoons, open-sea areas should be added.
Moreover, some species were only observed occa-
sionally, obfuscating clear conclusions.

The zonation scheme of seagrasses and as-
sociated epiphytic flora described here is based on
two transects only. Rough observations and
comparisons with other sites around Zanzibar
seem to confirm that it can be generalized for the
island. Along open sea coasts of Tanzania (south
of Dar es Salaam) Thalassodendron ciliatum
stems are characterized by large quantities of
Dictyota species (of which the newly described D.
rigida DE CLERCK et CoPPEIANS). Similar studies in
other East African areas would therefore be of
great importance to test the conclusions and
hypotheses formulated here. As stated previously,
these are preliminary results for the East African
coast.
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