T he structural aspect in the ecology
of sea-grass communities

CorNELIs DEN HAarTOG

Rijksherbarium, Leyden, Netherlands

KURZFASSUNG: Der strukturelle Aspekt in der Okologie von Seegras-Gemeinschaften.
Seegriser sind aquatische Angiospermen, welche vollkommen an das Leben im Meer angepafit
sind. Sie gehdren zu zwei Familien, den Potamogetonaceen mit 9 und den Hydrocharitaceen
mit 3 marinen Gattungen. Fiir das Leben im Meer sind sie gut ausgeriistet mit Eigenschaften,
die unbedingt fiir eine erfolgreiche Existenz erforderlich sind: hohe Salztoleranz, Fihigkeit,
ganz untergetaucht zu gedeihen, Vorhandensein gut entwickelter Rhizome, hydrophile Bestiu-
bung und ein ausreichendes Konkurrenzvermogen. Eine erfolgreiche Ansiedlung im Meer ist
bereits ausgeschlossen, wenn die zuletzt erwihnte Eigenschaft nicht vorhanden ist. Es gibt
nimlich eine Reihe von Gattungen, die in ihrer Beziehung zur Umwelt, insbesondere zum Salz-
gehalt, eine viel groflere Toleranz besitzen als die Seegriser, aber ungeniigend konkurrenz-
fihig sind gegeniiber stenobionten Wasserpflanzen. Diese Gattungen sind beschrinkt auf
poikilohaline Gewisser und unstabile Siiiwasserbiotope. Die Gesellschaften dieser Pflanzen
werden zur Klasse der Ruppietea gestellt. Die echten Seegrasgesellschaften werden zusam-
mengefaflt in der Klasse Zosteretea. Diese Gesellschaften sind noch ungeniigend studiert wor-
den; daher wird ihre Struktur von vielen Pflanzensoziologen nicht korrekt beurteilt. Der Ver-
fasser bereitet eine Monographie {iber die Seegriser vor; er hatte Gelegenheit, alle bis jetzt
bekannten Arten griindlich zu untersuchen und die Wichtigkeit ihrer morphologischen Merk-
male fiir die Okologie zu priifen. Es stellte sich heraus, dafl unter den Seegrisern 6 Wuchs-
formen unterschieden werden konnen, welche charakterisiert sind durch das Veristelungssystem,
die Blattform und die Natur der Blattscheiden. Jede Wuchsform hat ihren eigenen Platz in der
Zonierung und in der Sukzessionsreihe, und jede bedingt im groflen und ganzen die Struktur
der von ihr konstituierten Pflanzengesellschaft.

INTRODUCTION

Sea-grasses are aquatic angiosperms which are completely adapted to life in the
sea. They occur in shallow coastal waters and are able to penetrate to some extent into
estuaries and other brackish waters; they are, however, completely absent in fresh
water. The exceptional ecological position of the sea-grasses is also demonstrated by
the taxonomical composition of the group. Altogether 47 species are considered to be
sea-grasses. These are grouped into 12 genera, 9 of which belong to the Potamoge-
tonaceae sensu lato and the other 3 to the Hydrocharitaceae, both families being classi-
fied into the monocotyledonous order of the Helobiae. The taxonomical composition
of the group is shown in Table 1.
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Table 1
Taxonomical composition of the group of the sea-grasses
Families G N b f :
and subfamilies enera umber of species
Potamogetonaceae:
Zosteroideae Zostera 11
Phyllospadix 5
Heterozostera 1
Posidonioideae Posidonia 3
Cymodoceoideae Halodule 6
Cymodocea 4
Syringodium 2
Amphibolis 2
Thalassodendron 2
Hydrocharitaceae:
Hydrocharitoideae Enbalus 1
Thalassioideae Thalassia 2
Halophiloideae Halophila 8

PROPERTIES REQUIRED FOR LIFE IN THE MARINE ENVIRONMENT

According to ArBER (1920) there are four properties, which are indispensable for
a marine water plant. In the first place, it must be adapted to life in a saline medium.
Secondly, it must be able to grow when completely submerged. Thirdly, it must
have at its disposal an anchoring system which is sufficiently developed to withstand
wave action and tidal currents. Finally, it must have the capacity for hydrophilous
pollination because no aerial method seems to be effective. In other words, the plants
must be able to achieve their vegetative as well as their generative cycle in a saline
medium, while completely submerged, and must be securely anchored in the substrate
or be fixed to the substrate.

All sea-grasses possess the first two properties. Furthermore, sea-grasses possess
more or less strong rhizomes, which are branched sympodially or monopodially, depen-
ding on the genus, and show a tendency to grow in large groups; this fulfills the third
requirement. Finally, all sea-grasses are well-equipped for hydrophilous pollination,
for which a remarkable scale of variation exists. Entirely submerged pollination takes
place in most genera. Adaptations to this type of pollination are the confervoid pollen
grains of the Potamogetonaceous sea-grasses and the moniliform chains of globular
pollen grains of the genera Thalassia and Halophila. Other adaptations are the elon-
gate hypanthia of Thalassia and Halophila, the long styles in Halophila and Halodule,
and the very long stigmata in Cymodocea, Amphibolis and Thalassia. Semi-aquatic
surface pollination, whereby the pollen drifts on the water surface and the styles are
at least partially in contact with the water surface, has been described for Phyllospadix
(DupLeY 1893) and Zostera, but in these genera completely submerged pollination
occurs just as often. Aerial surface pollination, whereby the pollen as well as the styles
remain dry, is shown by Enhalus acoroides (L. f.) Rich. ex STEUD. The flovrer biology
of this species is completely adapted to the tidal cycle (SvepeLius 1904, TrorL 1931,
Dex HarTOG 1957).
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Although all sea-grasses satisfy the 4 criteria of ARBER, there are a few other taxa
which also fulfill these conditions, viz. Zannichellia, Lepilaena, Althenia, Ruppia and
Potamogeton subgen. Coleogeton (with P. pectinatus L.), all of which are represent-
atives of the family Potamogetonaceae. The range of salinity which they can tolerate
is greater than that of the sea-grasses, as they are to be found in fresh water, in brackish
water and in hypersaline waters where the salt-content of the sea may be considerably
exceeded!. Further, they are able to stand much greater and sudden fluctuations in
salinity. With relation to the chemical composition of the salt water, they are not quite
as restricted as the sea-grasses. Ruppia, for example, occurs not only in waters where
NaCl is the dominating salt, but also in waters where Na2SO4 and MgSOy are the
dominating salts. Zannichellia and Potamogeton pectinatus inhabit waters where
Na22COs is the dominant salt. Nevertheless, these euryhaline taxa seldom penetrate into
the purely marine environment. They sometimes occur together with the most eury-
haline sea-grasses in brackish waters such as estuaries and lagoons. Generally, they
appear to be restricted to poikilohaline waters, i. e. waters characterized by an instable
salinity. The inability of these taxa to populate the marine environment must be
ascribed to a low competition capacity, as it does not lie with their tolerance to salinity.
It is probably a basic rule of ecology that a wide tolerance with relation to environ-
mental fluctuations is coupled with a reduced capacity to compete with more steno-
biontic taxa in more or less stable habitats.

In this respect it is interesting that the late Dr. E. Y. Dawson collected Ruppia
maritima L. in Peru under true marine conditions in an environment where sea-grasses
would normally be expected. Thus in salt waters two groups of water plants can be
distinguished: (1) the true sea-grasses (Table 1), which are more or less stenohaline and
confined to the homoiohaline, marine environment, and (2) the group of extremely
euryhaline genera which are neither marine nor maritime but confined rather to
poikilohaline waters.

There are some representatives of the second group, which can thrive in fresh
water occurring especially in places subjected to instable environmental factors,
e. g. in waters where the level strongly fluctuates and which sometimes dry up com-
pletely, or in places where two types of water of different chemical composition mix.

In the phytocenclogical system these two groups are classified separately. The
communities of the true sea-grasses are placed in the class of the Zosteretea, while the
communities of the euryhaline taxa are for the greater part placed in the class of the
Ruppietea (DEny HarTOG & SEGAL 1964).

GROWTH-FORMS OF SEA-GRASSES

Sea-grasses show a high degree of uniformity in their vegetative appearance. All
genera have well-developed subterranean rhizomes and linear or strap-shaped leaves.
It is only in the genus Halophila that other leaf-shapes, e. g. elliptic, ovate and lanceo-
late leaves, also occur. Therefore, sea-grasses generally have been regarded as an

L Ruppia spiralis L. ex Dum. has been found even at a salinity of 64 %o Cl’ (Den HarTOG
1964b).
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homogeneous group and in growth-form systems they were referred to as ,enhalids®.

A closer study showed, however, that they exhibit a considerable degree of diversity in

the mode of growth, in the branching system and in the anatomical structure. Accord-

ing to the growth-form system, recently developed by DeEN HarToG & SEGAL (1964),

the sea-grasses are comprised of more than one category, the vallisneriids, the elodeids,

and a third category composed of the majority of the Halophila species. Further sub-
division of the sea-grasses is possible, however:

(A) Vegetative system monopodially branched; herbaceous.

(1) Parvozosterids, with fine linear leaves: Halodule, Zostera subgen.
Zosterella.

(2) Magnozosterids, with wide linear leaves, the laminae of which are shed
before the sheaths; these sheaths either decay completely or remain membranous,
but do not persist as fibres: Zostera subgen. Zostera, Cymodocea, Thalassia.

(3) Syringodiids, withlong subulate leaves: Syringodium.

(4) Enhalids, sensu stricto, with leathery linear or coarse strap-shaped leaves, the
laminae of which are shed before the leaf-sheaths; the remains of the sheaths form
thick paint-brushlike fibre bundles at the base of the plant: Enbalus, Posidonia,
Phyllospadix.

(5) Halophilids, delicate plants with elliptic, ovate, lanceolate or linear leaves:
Halophilat.

(B) Vegetative system sympodially branched, lignified.

(6) Amphibolids, with erect vegetative stems: Amphibolis, Thalassodendron,
Heterozostera.

Between some of these categories transitional cases occur. Wide-leaved forms of
Halodule uninervis (Forsk.) Ascuers. and Zostera capricorni ASCHERS. fit in quite well
in the magnozosterids, while narrow forms of Zostera marina L. or Cymodocea nodosa
(Ucria) Ascuers. are perhaps better classified as parvozosterids. The separation of
magnozosterids and enhalids is stricter. Although coarse forms of Thalassia testudinum
BaNks ex KONIG sometimes closely approach the enhalid growth-form, their sheaths
never persist as fibrous bundles.

The various growth-forms seem to be linked with differences in ecological
behaviour. This is particularly obvious in the tropical and subtropical seas, where the
number of species is higher than in the temperate seas, and where a distinct zonation
can be observed. Species of Halodule often form extensive vegetations in the intertidal
belt of the tropical seas. At about low-water-mark, or, more exactly, between the
levels of mean low-water neap (MLWN) and mean low-water springs (MLWS), the
parvozosterid Halodule vegetation becomes replaced by a vegetation of coarser sea-
grasses like Thalassia and Cymodocea which belong to the magnozosterids. In the
upper sublittoral the magnozosterid vegetation becomes replaced in its turn by the very
coarse amphibolids and enhalids. At the greatest depths in which angiosperms are able
to live, they are usually represented by the tiny halophilids.

The general sequence of the zonation of the sea-grass communities is not often

Y Halophila stipulacea (Forsk.) AscHERs. can also be regarded as a parvozosterid. The
branching system of H. spinulosa (R. Br.) Aschers., the habit of which shows a striking
similarity to that of Groenlandia densa (L.) FOURR., needs reinvestigation.
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realized. Local hydrographic or edaphic circumstances, absence of representatives of
certain growth-forms in extensive areas, and disturbances of the vegetation by natural
or human factors often cause the zonation to become simplified and incomplete. These
deviations from the ideal pattern of zonation make it possible to gain an insight into
the ecological capacities of the various genera.

Closed vegetations of Halodule species occur not only in the intertidal belt;
they also occur at low-water-mark and in the sublittoral. When a bed of Thalassia
testudinum has become damaged by a storm, shipping or other causes, the empty space
soon becomes populated by Halodule beandettei (Den Harroc) DEN HarTOG. After 2
time Thalassia begins to penetrate into the Halodule vegetation, pushing it back and
finally superseding it (PHiLLIps 1960, STRAWN 1961, MooRE 1963). H. beaudettei is
also dominant in the sublittoral when coarser sea-grasses are absent, e. g. along the
Pacific coast of Central America (Den HarToG 1961). It is noteworthy that Halodule
species penetrate further into the estuaries than do species of Thalassia, Cymodocea
and Syringodium. Generally, the Halodule species behave as rather eurybiontic pioneer
species, which are only permanent in biotopes unfavourable to the other more steno-
biontic species or in biotopes where the latter are absent.

Representatives of the genus Halophila also occur almost everywhere from the
intertidal belt down to a considerable depth. Unlike Halodule, the ecological range of
the separate species of Halophila is not equal to the ecological range of the genus.
H. ovalis (R. Br.) Hook. f. and H. stipulacea often grow in the company of Halodule
species in the intertidal belt, locally forming pure stands; they occur also lower down,
intermingled with Cymodocea rotundata FuRENB. & HEMPR. ex ASCHERS. & SCHWEINF.,
C. serrulata (R. BR.) AscHERs. & MaGNuUs, Syringodinm isoetifolium (ASCHERS.)
Danoy, Thalassia hemprichii (Enrens.) AscHERs. and Enbalus acoroides. The annuals
Halophila minor (Zoir.) DEN HarTOG and H. beccarii AscHERS., which can occur on
mud as well as on sand bottoms, are mainly intertidal; the first-mentioned species,
however, is confined to euhaline shores, while the latter seems to be restricted to
brackish estuaries. H. decipiens OsTENFELD, H. spinulosa (R. BRr.) Ascuers., H. bail-
lonis Ascugrs. ex Hoox. f. and H. engelmanni AscHERS. occur mainly in deep water;
they are sometimes found near low-water-mark in the undergrowth of dense vegeta-
tions of coarser sea-grasses, e. g. in Thalassia beds, which provide the necessary shade
and shelter.

The other growth-forms are much more restricted with respect to their occurrence.
The Syringodium species with their stiff, subulate leaf-blades, the erect amphibolids
and the coarse Posidonia species do not stand desiccation, not even for very short
periods, and as a matter of course they populate the upper sublittoral. Their lower
limit is determined by the light conditions and therefore is largely dependent on the
transparency of the water. Extensive sea-grass meadows generally do not occur below
a depth of 10 to 12 m, although several species may occur scattered at a much greater
depth. Posidonia oceanica (L.) DeLILE is the only species for which beds have been
reported from depths to ca. 30 m (FELDMANN 1937). Enbalus acoroides is also restrict-
ed to the upper fringe of the sublittoral owing to its flower biology. The vegetations
of the amphibolids and enhalids are usually very dense, so that there is hardly any
place left for other bottom-rooting species. When, however, enhalids and amphibolids
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Fig. 1: Bed of Zostera marina L. at Herm (Channel Islands) on sandy bottom, during a very
low spring tide. The Zostera bed is confined to the area around low-water-mark and does not
extend downwards (September 1960)

are absent from an area, their place is taken by magnozosterids, which elsewhere
mainly inhabit the belt around low-water-mark. This is obvious in the Caribbean,
where the magnozosterid Thalassia testudinum is the dominant sea-grass in the sub-
littoral, where it forms extensive, dense beds (PuirLies 1960). In the Indo-Pacific
waters beds of Thalassia bemprichii, Cymodocea rotundata, C. serrulata and wide-
leaved Halodule uninervis are usually limited to the area around low-water-mark,
being replaced in the sublittoral by dense vegetations of Thalassodendron ciliatum
(Forsk.) DEN HarTOG or Enhalus acoroides (MacNae & Kark 1958, 1962, Puam-
Hoane Ho 1961). Where the two last-mentioned species are absent, the magnozos-
terids may extend to a considerable depth (Tanaxa, Nozawa & Nozawa 1962), and
the vegetation is supplemented with Syringodium isoetifolium. A similar situation has
been recorded from the Mediterranean, where Cymodocea nodosa often precedes
Posidonia oceanica in the succession and reappears again when the Posidonia beds
become degraded (MovLiNIER & Picarp 1951, ALeem 1955).

Table 2 shows the zonation pattern of the genera grouped according to the
growth-forms. It appears that in the eulittoral parvozosterids are dominant, often
accompanied by halophilids. Around low-water-mark they become replaced as domi-
nants by magnozosterids, which in the sublittoral have to give way to the coarse
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enhalids and amphibolids when these are present. In the lower sublittoral sciophilous
halophilids, which are only scattered in the undergrowth of the upper sublittoral sea-
grass vegetations, become able to form independent communities without admixture of
other sea-grasses.

The places of the various growth-forms in the succession series coincide with
their places in the zonation. Parvozosterids and halophilids form separately or together
the pioneer communities and are followed by magnozosterids and syringodiids. These
in their turn are followed by enhalids or amphibolids or mixed vegetations of both
growth-forms.

THE STRUCTURE OF THE SEA-GRASS COMMUNITY

Phytocenologists generally consider the sea-grass communities to be of a very
simple structure. In a recent survey by LoHMEIJER c. s. (1962), in which the higher
phytocenological units of Central and North-western Europe were arranged according
to their sociological progression, i. e. according to increasing structural complexity, the
Zosteretea were placed at the very beginning of the system, together with the
Lemnetea. Other classes of water plants such as the Ruppietea and the Potametea were
classified with obviously higher organized vegetation units. It must be admitted that
the sea-grass communities are poor in species and generally do not exhibit the variety
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Fig. 2: Mixed vegetation of Zostera noltii Hornem. and Z. marina L. on detritus-rich fine

sand on the intertidal flat of Kattendijke (Netherlands). Z. noltii mainly inhabits the small

well-drained elevations, while Z. marina is confined to the little depressions in the flat, where
the plants remain covered by a thin layer of water, also during low tide (August 1965)

of growth-forms which is found in the limnetic water-plant communities of the Pota-
metea. From a structural point of view there are, however, few differences between
the various classes of rhizophytic water plants. As in the case of the limnetic water-
plant communities, the sessile frame-work of sea-grass communities is almost com-
pletely composed of one layer of angiosperms; in tropical and subtropical waters “rhi-
zophytic” algae, e. g. species of Penicillus and Caulerpa, may also be included in the
composition of the vegetation, especially in the more open sea-grass beds. The density
of the vegetation is to a high degree determined by the mode of growth of the compo-
nent species. Species with long and thin internodes form relatively open communities,
while the species with short, contracted internodes and the sympodially branched spe-
cies with their numerous upright stems form very dense beds.

The organization within the sea-grass communities is in fact a function of the
succession. The organization of an eulittoral vegetation of parvozosterids is very
simple; there are hardly any epiphytes or other accompanying species, and its bottom
fauna shows only quantitative differences, if any, when compared with the bottom
fauna of similar eulittoral biotopes without vegetation. The same is true for the vege-
tations dominated by Halophila species.

The vegetations of magnozosterids show, however, a definite differentiation. In
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well-developed beds of Zostera marina and Thalassia testudinum the leaf-blades,
particularly their apical parts, become densely overgrown by algae, bryozoa, hydroids,
tunicates, sponges, etc. Humm (1964) recorded for Thalassia testudinum in Florida
113 algal epiphytes. The number of epiphytes of Zostera marina is certainly of the
same order. Most of these algae are only facultative epiphytes, which grow on rock and
algae as well. Some of them seem to have their greatest abundance in sea-grass vege-
tations. The number of species confined exclusively or almost exclusively to sea-grasses
and completely adapted to the growth rhythm of the leaves is fairly small. Rhodo-
phycean examples are Rhodophysema georgii Bartr., Melobesia lejolisii Rosan. and
Erythrotrichia bertholdii BaTT., and Phaeophycean examples are Cladosiphon zosterae
(J. Ac.) Kyuin, C. occidentalis KyviN, Myriotrichia clavaeformis Harv., M. sub-
corymbosa (HoOLDEN) BLoMQuisT, Ascocyclus magnusii Sauv., and Stictyosiphon sub-
simplex Horpen. This list will certainly be extended when sea-grasses in other parts
of the world have been subjected to intensive ecological investigations.

While most of the epiphytes occur the whole year round, other species are present
only during a limited period of the year. The distribution of the epiphytes on the leaves
also shows some differentiation. Rbodophysema georgii and Acrochaetinm species
usually form a red fringe at the leaf-edges, but are absent on the flat sides of the leaves.
Many species occur in the somewhat worn apical leaf-parts. The crustaceous epiphytes,
e. g. Ascocyclus, Myrionema, Melobesia, Epilithon and Corallina, also occur on the
smooth leaf-surfaces. The lime-encrusted Melobesia species form in their turn a suitable
environment for the germination of epiphytic algae, which do not occur on the surface
of the sea-grass leaves themselves. Strong epiphyte development leads to early mortal-
ity of leaves.

The most pronounced differentiation is shown by the very dense communities of
enhalids and amphibolids. The epiphytic vegetation of the Posidonia oceanica com-
munity in the Mediterranean consists in fact of 2 different associations (MOLINIER
1959-60, 1960, Kerneis 1960). On the leaves an association of photophilous algae
occurs, the floristic composition of which shows an obvious affinity to the epiphytic
associations on Zostera and Thalassia leaves. On the rhizomes a sciophilous association
dominated by Peyssonnelia squamaria (GmeL.) Drcne and Udotea petiolata (Turra)
BoreG. occurs; this association has already been described by Ferpmann (1937) from
shaded sublittoral rocks in sheltered places where it was completely independent of
Posidonia.

FUNCTIONS OF THE SEA-GRASS COMMUNITIES

Inereased complexity of the sea-grass communities increases their influence on the
physical environment. The parvozosterids and halophilids exercise only a rather small
influence on their surroundings; their main function is stabilizing the bottom. The more
closed vegetations of magnozosterids, enhalids and amphibolids slacken the water
movements, causing sedimentation of suspended matter. The plants themselves produce
great quantities of litter; part of this material is deposited on the bottom of the sea-
grass bed; most of it, however, drifts away and becomes washed upon the beach or
sinks to the bottom in deeper water. The dense vegetations of sea-grasses consolidate
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the bottom very effectively. THoMas, MOORE & WoRrkK (1961) described the influence
of the tropical hurricane Donna on beds of Thalassia testudinum in Florida and found
that although a great deal of Thalassia leaves were washed ashore, the beds themselves
appeared to be hardly damaged. Stabilization of the bottom during hurricanes is,
according to STRAWN (1961), one of the major benefits derived from sea-grass mead-
ows.

The sea-grass vegetations are of further importance as food resources, shelters and
nurseries for many marine organisms. Although the number of marine organisms
feeding on the sea-grass itself is not very high, the food facilities of the sea-grass beds
are very extensive due to the numerous epiphytes. The sea-grass vegetations which
become uncovered during low-tide are of paramount importance as a food resource
for many water fowl. This became obvious when in 1931 Zostera marina was struck
by the wasting disease which strongly reduced its numbers in a large part of its Atlantic
area.

SUMMARY

1. Sea-grasses are aquatic angiosperms which are completely adapted to life in the
marine environment. They belong to 2 families, the Potamogetonaceae with 9
marine genera and the Hydrocharitaceae with 3 marine genera.

2. All sea-grasses satisfy the following indispensable conditions for a successful exist-
ence in the sea: (a) high salt tolerance, (b) ability to grow when fully submerged,
(c) well-developed rhizomes, (d) hydrophilous pollination, and (e) sufficient com-
petitive power in the marine environment.

3. Plant taxa which fulfill the first 4 conditions excellently, but have a reduced com-
petition capacity, are unable to establish themselves successfully in the marine
environment and are restricted to poikilohaline environments, such as brackish
waters and continental salt waters. Moreover, some of these taxa occur in instable
fresh-water environments.

4. Within the group of the sea-grasses 6 different growth-forms can be distinguished:
parvozosterids, magnozosterids, syringodiids, enhalids, halophilids and amphibolids.

5. The growth-forms are linked with the environmental conditions: they show a
distinct horizontal zonation and in the succession series they follow each other in a
fixed sequence.

6. The structure of the communities is also dependent on the dominating growth-
forms. The communities of parvozosterids and halophilids are very simple in struc-
ture. The magnozosterid vegetations show some differentiation. In the enhalid and
amphibolid communities a marked stratification occurs, as an upper layer, charac-
terized by photophilous epiphytes on the leaves, and a lower layer with sciophilous
epiphytes on the rhizomes can be distinguished.

7. Sea-grass communities alter the physical environment by stabilizing the bottom,
slackening the water movements and increasing the sedimentation.

8. Sea-grass vegetations form a food resource for many marine organisms and water
fowl, and are also of some importance as shelter and nurseries for a number of
animal species.
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Discussion following the paper by DEN HarTOG

KEssELER: Sie erwihnen, dafl Seegrasarten nur wenig von Tierfrafl befallen werden. Haben
Sie eine Vorstellung, weshalb die Pflanzen als Futter gemieden werden? Enthalten die Zellen
Substanzen, welche die Tiere veranlassen, sie zu verschmihen? Gibt es Literatur zu diesem
Thema?

pEN Hartog: I really do not know, why the sea-grasses are not popular as food for sea-
animals. The dugong and the manetee seem to prefer them as food, but almost all other species
seem to prey on the associated organisms.

RemmerT: Grofipflanzen werden unter Wasser sehr hiufig nicht von Tieren angegriffen — das
gilt im Siiflwasser fiir Potamogetonaceen, im Meer fiir Tange und Zostera. Sowie sie frisch
angespiilt am Lande liegen, werden sie von vielen Tieren gefressen (Orchestia, Milben, Kifer,
Fliegen): ich glaube daher nicht, dafl chemische (toxische?) Stoffe eine Rolle spielen. Warum
Grofipflanzen im Wasser weniger als am Lande gefressen werden, kann ich mir auch nicht
erkliren.

Giaccone: Est-ce que vous avez étudié le développement et la diffusion des phanerogames
marines par rapport au procés de humification qui se realize dans le substrat ol elles vivent?

DEN HARTOG: Sea-grasses establish themselves only on bottoms which already contain some
organic matter. Due to accumulation of their debris and of the remains of their epiphytic flora
and fauna they cause considerable changes in the composition of the upper layer of the bottom
in the course of time. Further, the current velocity is slackened by their dense growth; this
causes sedimentation of suspended material. This process of bottom-enrichment may be linked
to some extent with the succession of sea-grass communities. There is no evidence, however,
that the local distribution of the sea-grass communities is determined by this process.

GEssNER: Posidonia oceanica hat im Mittelmeer eine Tiefengrenze bei etwa 45 m. Wenn wir
bedenken, dafl Siiffwasserphanerogamen nicht tiefer als 10 m vorkommen, stellt Posidonia
einen Ausnahmefall dar. Er kdnnte dadurch bedingt sein, dafl die Blitter mit zunechmender
Tiefe die Gasriume reduzieren und dadurch unempfindlich gegen den hydrostatischen Druck
werden.

DEN HarTOG: Posidonia oceanica aus seichtem Wasser hat grofie Luftkanile und viele Inter-
zellularen. Halophila hat keine Luftkanile und ist in dieser Hinsicht mehr mit zarten Algen
zu vergleichen. Halophila engelmanni wird noch autochthon angetroffen in einer Tiefe von
91 m. Andere Angaben tiber Funde in grofen Tiefen (Thalassia aus 80 m) beziehen sich meines
Erachtens auf verdriftetes Material.



