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INTRODUCTION A N D SCOPE OF THE RESEARCH. 

Since the foundation of the Laboratory of Aquatic Ecology of the Catholic 

University of Nijmegen in 1973, research has focussed on the structure, 

function and dynamics of macrophyte-dominated aquatic ecosystems (Den 

Hartog, 1976). Intensive surveys have concentrated on some selected 

freshwater ecosystems (Van der Velde, 1980; Delbecque, 1983; Brock, 1985; 

Roijackers, 1985), brackish-water ecosystems (Verhoeven, 1980; Van Vierssen, 

1982; Van Wijk, 1983) and marine ecosystems (Jacobs, 1982). 

Seagrasses are monocotyledons from the order of the Helobiae. Twelve 

genera in this order are restricted to the marine environment. Nine of these 

genera, of which five occur in Papua New Guinea, belong to the family 

Potamogetonaceae. The remaining three genera, all present in Papua New 

Guinea, belong to the family Hydrocharitaceae (Den Hartog, 1970). 

In the last decade, seagrass ecosystems have become recognized as one of 

the most productive of ecosystems (Mann, 1973; McRoy and McMillan, 1977). 

The marine angiosperms are widely distributed along the coasts of temperate 

and tropical seas. Although fully submerged, seagrasses are able to fulfill 

all normal metabolic activities. Like all other marine plants, seagrasses 

are able to absorb nutrients from the overlying water. However, unlike all 

marine algae, they are also able to absorb nutrients from the bottom and to 

transport these to the leaves. As primary producers, the seagrasses are 

able to store a large amount of energy, which becomes available to the 

higher trophic levels by means of a complex food web. 

The importance of the seagrass system has only been recognised recently. 

The decimation of the seagrass beds in the North-Atlantic, resulted in a 

growing concern and interest, which in turn led to the recognition that the 

seagrass ecosystem needed to be studied more intensively and extensively. 

During the International Seagrass Workshop, held in Leiden, The Netherlands, 

in 1973, recommendations were presented for further research on seagrass 

ecosystems (McRoy, 1973). A wide variety of papers concerning the structure, 

function and dynamics of seagrass communities, have since been published 

(e.g. McRoy and Helfferich, 1977; Phillips and McRoy, 1980 and special 

issues in Aquatic Botany (1975, 1976, 1979, 1984), Aquaculture (197A, 1977), 

Marine Technology Journal (1983) and Estuatine and Coastal Marine Sciences 

(1985)). 
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The Dutch contributions have focussed on the structural and functional 

aspects of temperate seagrass communities along West-European coasts 

(Jacobs, 1982) and seagrass communities in the tropical West-Pacific (this 

thesis). 

The papers presented in this thesis form a continuation of and a supplement 

to the research on Zostera along the West-European coast. The tropical 

West-Pacific setting was chosen because of the dominance of multispecies 

seagrass communities as opposed to mono- and/or bispecific seagrass beds, so 

characteristic for the Caribbean region. Furthermore, since the seagrass 

communities of the tropical West-Pacific are more diverse, they will have a 

higher complexity than those occurring in the Caribbean and adjacent waters. 

The functional component of the seagrass community is expressed by the 

production, biomass, decomposition, etc., of the different elements involved 

(e.g. rhizophytic macroalgae, epiphytes, macrofauna, bacteria, etc.). 

The structural component of the seagrass community consists of several 

elements (Den Hartog, 1979). Apart from the seagrass, constituting the 

frame of the community, other organisms (e.g. marine algae, bacteria, 

invertebrates and vertebrates) determine to some extent the structure of the 

community as a whole. The vertical distribution, i.e. the zonation pattern 

of the various organisms, is generally the result of abiotic factors (e.g. 

exposure, water depth), whereas the horizontal pattern reflects substrate 

differences and variation in hydrodynamic conditions. Epiphytic algae and 

epifauna, bottom algae and fauna, rhizophytic algae, infauna, bacteria and 

free-swimming fauna, all occupy a specific niche and therefore play an 

important role in the three-dimensional structure of the seagrass community. 

The interactions between the organisms within the community (e.g. 

competition for space, light) and with the surrounding biotic and abiotic 

environment (e.g. grazing, mechanical wear and tear, exposure) are also 

important. 

In the course of time the seagrass community may change in its floristic and 

faunistic composition. These changes can have a natural cause (e.g. 

succession towards a more stable situation, or extreme weather conditions), 

or may be man-induced (e.g. industrial pollution, tourism, dredging). The 

temporary changes, due to extreme weather conditions (e.g. storms), usually 

affect the community to a lesser extent, and the community can regain its 

original state. However, long-term changes (e.g. succession, man-induced 

changes), will generally lead to a new terminal state ("steady state"). 

Changes caused by human impact, may have negative implications, and lead to 

the loss of seagrass beds, often causing the loss of nursery grounds, which 

are economically important. In addition, erosion of the coast, following the 
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disappearance of the seagrasses, may increase due to the increased water 

movement and currents. It is therefore necessary to conserve these seagrass 

communities by proper planning and management. 

From July 1980 through to January 19B3, some structural and functional 

aspects of the seagrasses and accompanying marine algae were studied 

separately, in monospecific and mixed seagrass communities in Papua New 

Guinea. This in order to get more insight in how the coexistence of more 

seagrass species within the mixed seagrass meadow, influences the 

differentiation within the seagrass community. This integrated approach to 

seagrass ecosystem studies, will result in a better understanding of the 

structure, function and dynamics of the seagrass community as a whole. 
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ABSTRACT 

The distribution and occurrence of the common marine algae and macrofauna, associated with 
seagrass beds are presented In the study area, Bootless Bay, Papua New Guinea, monospecific and 
mixed seagrass beds are found The mixed meadows with mostly 7 seagrass species, are dominated 
by Thalassta hemprichu (Ehrenb.) Aschers. Data on abiotic factors are also presented. 

INTRODUCTION 

Seagrasses are marine angiosperms which are completely adapted to life in 
the marine environment. They are widely distributed along the coasts of 
temperate and tropical seas, and may be considered a conspicuous feature of 
the shore. Seagrasses are able to fulfill their normal metabolic activities when 
fully submerged in scawatcr. Other essential properties are: possession of a 
well-developed anchoring system to withstand waves and tidal movements, the 
ability to compete successfully with other organisms of the marine environ
ment, and finally, a very important feature, hydrophilous pollination (Arber, 
1920; Den Hartog, 1979). 

Seagrass ecosystems have become recognized as one of the most productive 
of ecosystems, in the last decade (Mann, 1973; McRoy and McMillan, 1977). 
The key position is obviously held by the seagrasses themselves as primary pro
ducers. Few species feed directly upon the seagrasses. Seagrass production is 
mainly utilized through the detritus food chain. Other ecologically significant 
functions of the seagrass bed are: stabilizing the bottom; providing substratum 
for epiphytes and epizoa; and providing food, shelter and nursery grounds for 
fish and numerous invertebrates. 
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The structure of a seagrass community consists of at least three major com
ponents, which are interrelated: firstly, the floristic and faunistic composition 
of the community, secondly, the arrangement of the organisms in time and 
space and thirdly, the relations between the organisms within the community 
and their interactions with the surrounding environment (Den Hartog, 1979). 

Most seagrass work has been carried out on the temperate species Zostera 
marina L. (McRoy, 1970, 1974; Jacobs, 1979; Jacobs and Noten, 1980) and a 
tropical representative, Thalassia testudinum Banks ex Koenig (Humm, 1964; 
Patriquin, 1972, 1973; Zieman, 1974, 1975; Ballantine and Humm, 1975), 
which occurs in Florida and the Caribbean. The seagrass beds of the Caribbean 
are regarded as being poor compared to the tropical West Pacific. However, 
the tropical seagrass communities have been most thoroughly studied in the 
Caribbean and adjacent waters. Papua New Guinea was chosen for studies on 
seagrass ecosystems, because a relatively large number of species (13) has been 
recorded from this area. Furthermore, the presence of both monospecific 
seagrass beds as well as mixed meadows, so commonly found throughout the 
tropical west Pacific, enables one to study the differences and similarities be
tween the two types of seagrass meadows. 

The history of seagrass studies in New Guinea is brief. From the waters of 
Irian Jaya, a former Dutch colony, only 8 species have been collected: 7 from 
Sorong at the western end of the Vogelkop (Cenderawasih peninsula) and one 
from Warbusi in Geelvink Bay (Cenderawasih Bay) on the north coast (Den 
Hartog, 1970). Between 1950-1960, more records of seagrasses have been 
reported from both Irian Jaya and Papua New Guinea, and one new species 
was added to the known list of seagrasses for New Guinea (Den Hartog, 1970). 
Recent work on the distribution of seagrasses in Papua New Guinea waters, has 
shown the existence of 13 species (Johnstone, 1975, 1978a, 1978b, 1979). 

LOCATION AND GEOMORPHOLOGY 

Port Moresby, the capital city of Papua New Guinea, is situated at 9° 29' 
S latitude and 147° 09' E longitude (Fig. 1). The landscape of the Port Moresby 
area is dominated by a series of near-coastal, low parallel spinose ridges, 
separated by broad flat or gently undulating valleys. The ridges rise to an 
average altitude of 250 m above sea level. The coastal hills and ridges fall steep
ly to the sea and form a rocky coastline, with shallow embayments, that are 
commonly fringed by mangrove swamps. The vegetation ranges from 
mangrove swamp (in the north of the Port Moresby area) to dense woodland 
(in the north-east) and to savanne grassland over the rest of the area. The 
savanne type grasses are very tall, sometimes up to 2 m high. During the dry 
season (May-November), local inhabitants ignite grass fires, which denude the 
hills partly or completely of vegetation (pers. observ.). 

The coastline is protected against marine erosion by fringing coral reefs up 
to 500 m wide. A barrier reef has developed about 5 km offshore, with a max
imum width of about 2 km. This forms an effective breakwater and reduces the 
effect of wave attack on the shore. 

14 



Fig 1 The island of New Guinea situated north of Australia, with Port Moresby as the capital city 
of Papua New Guinea 

Bootless Bay, which lies approximately 15 km SE of the capital city, and Port 
Moresby harbour, are both part of the Papuan coastal lagoon (Fig. 2). The 
discontinuous and partly submerged barrier reef separates the lagoon from the 
open ocean, protecting the Bootless Bay embayment against the heavy ocean 
swell. Water depth within the lagoon does not exceed 50 m. In Bootless Bay a 
few small cigar-shaped islands occur, the two larger islands arc Motupore and 
Loloata. Both are covered with monsoonal scrub, palms and mangroves. Pan
danus spec, and cultivated coconuts are restricted to the northern, sandy, part 
of the islands. Mangroves, mainly Rhizophora stylosa Griff, form a closed 
vegetation along the eastern (leeward) side of the islands. Extensive fringing 
reefs are prominent on the southern and western sides of the islands. These 
sides are exposed to the prevailing wind and incoming waves. Isolated large cor
al colonies and conglomerates are formed on the two remaining sides. The 
islands are virtually surrounded by seagrass beds. 

Geologically the islands and the spinose ridges on the mainland around 
Bootless Bay, a drowned valley, belong to the same formation. This formation 
consists of chert (amorphous silicagel), silicious argillite and bioclastic 
calcannite. The bioclastic calcarimte contains larger foraminiferids, common 
algal fragments and varying amounts of echmoids and bryozoan debris; the 
silicious argillite contains abundant radiolarian tests and sponge spicules 
(Rogerson et al., 1981). 

Cl [MATE 

a. Temperature 

The climate is tropical, dry with high temperatures occurring throughout the 
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Fig 2 Map of Boolless inlet, situated 15 km SE of Port Moresby 

year. The mean monthly air temperature is 26.8± 1.10C. (Rogerson et al., 
1981) The average monthly maximum and minimum air temperatures for the 
period 1960-1980 are presented in Fig. 3. The mean annual maximum and 
minimum air temperatures are respectively 30.9oC and 22.30C. The average 
daily temperature of the seawater in 1982, measured around noon above the 
seagrass beds, 1 m below the water surface, ranges from 24.90C (August) to 
31 6CC (February), with an annual average of 28.50C (Fig. 4). The average dai
ly range in the seagrass beds is 4°C. 
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Fig. 3. Climatogram with ihc mean monthly meteorological data for the period 1960-1980 from 

Jackson's Airport, Port Moresby. 
(Δ Δ) rain (mm); ( · · ) max. air temp. (°C); (O O) evaporation (mm); (A --- A) mm. 

air temp. CC); prevailing winds (arrows). 

b. Light 

Landsberg et al. (1966), reported a global radiation, the sum of direct solar 

radiation and diffuse sky radiation, of 140 Kcal/cm2/yr for the area. The quan

tities measured in 1979 and 1980 on the University campus, 15 km north-west 

of the study site, were 158 and 161 Kcal/cm2/yr respectively (Anonymous 1980, 

1981). The average number of sunshine hours per day for the area is 6.8 in 

January, 4.8 in July with an annual mean of 5.5 hours (Landsberg et al., 1966). 

At the study site the irradiance was recorded almost continuously with an ac-

tinograph (OTA Tokyo, Japan). The intensity of the photosynthetically active 

radiation (PAR 400-700 nm) was measured and integrated over the day, during 
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several months, by a quantum sensor and integrator (Li-Cor, Lincoln, USA). 
These values in E/m2/day, were used as the calibration of the actinograph 
recordings. The PAR data and the interpolated actinograph data are jointly 
given, for 1981 and 1982, in Fig. 5. 

с Precipitation 

The mean total monthly rainfall from 1960-1980 as recorded on the airport 
5 km north of Motupore Island is given in the climatogram (Fig. 3). The 
average annual amount is 1145 mm. Although the annual rainfall is con
siderable, a seasonal rainfall is marked. Most rain is recorded during the wet 
season (December-April) with an average monthly rainfall of 167 mm. The dry 
season (May-November) however, is characterized by predominantly south
easterly winds and a little rain (average monthly rainfall 44 mm). Total monthly 
precipitation, recorded from 1980 to 1984 at the study site on Loloata Island, 
is presented in Table I. 

d. Wind speed and wind direction 

There are two major prevailing air streams changing with the season: in the 
wet season, moisture laden air is being forced over the inland ranges by the 
north-west monsoonal winds. In the dry season, however, the south-east mon-
soonal winds run parallel to the coast. These "south-easterlies" cannot fully be 
attributed to the tradewmds, as they are the resultant of the tradewind and the 
sea breeze. However, the average velocity of the south-easterlies (12 knots), 
may be compared with the average velocity of the south-east tradewinds of the 
south Atlantic. 

By the end of May the south-east monsoonal winds are usually firmly 
established. They reach their peak in September (700/o of all winds). The highest 
average velocity of maximum gusts also occurs in September. Between seasons, 
brief transitional periods of light and variable winds occur. From November to 

Table 1 Monthly ramlall in mm on I oloala island in 1980, 1981, 1982 In parentheses the number 

of days with precipiution 

January 

I ebruary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

1980 

108 8(12) 

78 2(17) 

55 8(14) 

1 6( 2) 

8 6( 1) 

1 6( 1) 

( 0) 
36 6( 4) 

4 0( 1) 

1 0( 1) 

56 6( 3) 

1I0 0( 9) 

462 8(65) 

1981 

222 2( 

23 8( 

67 2( 

193 4( 

37 6( 

19 0( 

9 4( 

12 0( 

10 0( 

74 4( 

28 4( 

259 2( 

23) 

7) 

7) 
10) 

6) 

6) 

4) 

5) 

5) 

15) 

10) 

20) 

956 6(118) 

1982 

267 0(16) 

72.4(14) 

296 6(17) 

66 6( 9) 

59 8( 8) 

0 8( 1) 

4 4( 2) 

128 8( 2) 

( 0) 

1 8( 1) 
20 8( 1) 

0 2( 1) 

919 2(72) 
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April, winds vary greatly in direction and are spread over all points of the com
pass by Seabreeze. The strongest north-west monsoonal winds are associated 
with tropical lows and cyclones in north Australia and the Coral Sea. The max
imum gusts in this period are usually associated with squalls in this stream 
(Glcndinning, 1959). 

The changing of the season is also characterized by a recurring haze, brought 
in by the sea breeze. The haze originates over the ocean during calms of the 
night and early morning and is added to locally by the smoke of grass fires. As 
the south-east monsoon becomes well established, the occurrence of these early 
morning fogs is rare. During the north-west monsoon, squalls known as 
"guba", sometimes develop. These squalls descend out of the relative calm 
overnight conditions and are quite often accompanied by rain and winds with 
velocities up to 40 knots. 

OCEANOGRAPHIC DATA 

Tides 

The Papuan coastal lagoon and hence the study area is subject to a mixed, 
predominantly semidiurnal, tidal regime. The levels of high and low water of 
each successive tide differ distinctly from the previous corresponding tide and 
the following tide. The tide becomes diurnal during very limited periods of each 
month (Fig. 6). The tidal range is approximately 2.8 m. 

Water level Im abo»e datum) 

30 -

ОБ - ' | ' 

00 L 1 1 1 1 1 1 — r E L W S 

1 6 10 15 20 25 31 
January 1982 

Fig 6 Diagram of the tidal oscillation from January 1982 in Port Moresby 

In the north-west monsoon the spring tides occur during the hours of 
darkness (between 01.00-03.00 h) in December and January. During the south
east monsoon, however, the spring ebb tides occur just after midday, i.e 
13.00-15.00 h (Fig. 7). In the dry season (south-east monsoon), large seagrass 
areas are exposed to the sunshine during spring ebb tide. This results in a mark
ed degree of "burning" of the seagrass leaves, especially after several days of 
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Fig. 7. Diagram of the lowest daily tide recordings during 1982. 

extreme low tide. The lowest tide recordings (0.1 m ELWS) during daylight 

hours are in the months July and August. The tide level during extreme low 

water drops to chart datum (0.0 m) only once every few years. 

The exposure frequency of the intertidal levels is summarized in Table II. 

Currents 

The residual direction of the currents in the Papuan coastal lagoon is to the 
south-east. The gentle waterflow above the major seagrass beds on the reef flat 
is, parallel to the shore of the islands in a northerly direction. This direction 
is maintained throughout the year by the incoming waves and the ocean swell. 
This longshore surface current is accelerated by the south-easterly winds during 
the dry season. The change of the prevailing wind direction in the wet season, 
however, does not reverse the direction of the flow on this side of the islands. 
The direction of the current above the seagrass beds along the eastern side of 

Table 2. Frequency (days/year) of exposure with tidal level during 1982. 

Tide level above chart 

datum (m) 

Exposures during 

06.00-18.00 h (days) 

Cumulative days of 

exposures during day 

lime 

Exposures during 

18.00-06.00 h. (days) 

1.0 50 237 40 

0.9 43 187 37 

0.8 47 144 28 

0.7 41 97 34 

0.6 20 56 27 

0.5 14 36 30 

0.4 5 22 15 

0.3 9 17 6 

0.2 5 8 6 

0.1 3 3 3 

0 0 0 0 0 
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the sandspits, however, can eventually be reversed after a change of the wind 
direction. 

LITTORAL HABITATS 

Reefs and mangroves are the main features of tropical shores. These can also 
be found bordering the mainland and islands in Bootless Bay. Here the 
mangroves are almost continuous along the mainland shore, while on the 
westside of the islands the coastline is determined by the fringing coral reefs. 
The mainland is clearly protected by the islands, hence the occurrence of a con
tinuous mangrove zone. Seaward of these mangroves the receding tide leaves 
extensive areas of sand, fine mud or a mixture of sand and mud, exposed to 
the wind and sun. The marine angiosperms, the seagrasses, are a prominent 
feature here. 

On the westside of the three major islands in Bootless Bay, i.e. Motupore, 
Loloata and Manunouha island, the white line of waves breaking on the 
seaward edge of the reef platform is a familiar sight, except during high water. 

The reef platform consists of the whole semi-horizontal platform of a coral 
reef structure, which can be divided in an outer reef and an inner reef flat (Bat-
tistini et al., 1975). The outer reef consists of the immerged fore part of a coral 
reef, and the reef crest, which is mostly emerged at low water spring tides. The 

Plate I. An aerial view of Loloata Island, showing the sand spit, seagrass beds and fringing reefs. 
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inner reef flat is characterized by the coral-built formations, such as scattered 
coral colonies and/or micro-atolls. The distance from the shore to the reef edge 
varies from place to place and ranges from 0.03-1.0 km according to the Ad
miralty charts (Royal Australian Navy). During low water of spring tides it is 
possible to walk on the uncovered or almost uncovered inner reef flat to the reef 
edge. Although the reef platform from the shore to the reef edge, on the whole, 
shows a very gentle slope, the surface can be very uneven, with parts completely 
uncovered and parts with shallow water, larger or smaller pools and sometimes 
channels. The inner reef flat gives rise to a very complex community that makes 
it difficult to recognize zones or belts of flora and fauna such as have been 
delimited for temperate coasts. This difficulty is being enhanced by the great 
variation from place to place: 

- Micro-atolls, localized in the inner reef flat, are formed by corals which have 
a massive growth form, i.e.. Pontes spp. The Pontes corals are subcircular 
and levelled off at the top. The living coral tissue is only found at the 
periphery, which remains covered during low water spring tide. A wide varie
ty of algae and invertebrates is found living and growing on the flat upper 
surface of the colony. 

- A more or less continuous and luxurious cover of seagrasses can be seen on 
isolated spots or large areas. However, within these seagrass stands, channels 
can develop due to the effect of tide currents and wave scour. Hollows in the 
seagrass bed are the consequence of scour or, locally, a lack in sediment 
deposition. 

Plaie II. The inner reef flat on the exposed westside of Motupore Island. The dark areas are sea
grass patches. 
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Plate 111. The sand bar of I oloata Island, facing north. Picture taken at low tide (0.2 m ELWS) 

and showing the exposure of the seagrass flat, with elevations and depressions. 

The sandy accumulations in the inner reef flat, are the resultant from an in
tense activity of burrowing invertebrates, that transfer much sediment from 
the underlying strata to the surface. These sediments are subsequently 
reshaped, resorted and spread over by the currents. Sand accumulations can 
facilitate new settlement of seagrasses. 

The upper reaches of the inner reef flat often carry an accumulation of wave 
rounded boulders (Fig. 8 and 9; zone 5). 

^ V C O B B L E Z O N E 
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Fig. 8. The inner reef flat on the NW tip of Loloata island. Bootless inlet 
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Plate IV. A close-up from the inner reef flat, showing the uneven surface throughout the seagrass 
bed. 

The varying topographic features of the inner reef flat must always be con
sidered, if the zonation pattern is to be properly understood. 

Facing north-east, both Loloata and Motupore island are characterized by 
the presence of a sand bar. Dense mixed seagrass meadows are found on 
Motupore from +0.4 m ELWS to -5 .0 m ELWS along the entire eastside of 
the sand spit. The bottom consists of white sand up to + 1.2 m ELWS, a mix
ture of sand and gravel from + 1.2 to -3 .0 m ELWS, and below - 3 . 0 m depth 
predominantly fine sand. No coral growth occurs along the sand bar, however, 
further south along the island, where mangroves are conspicuous, occasional 
large coral colonies and isolated conglomerates can be seen. The shape of the 
sand bar, with its coarse sandy substrate mixed with small cobbles (stones), 
varies depending on the season. During the NW monsoon the sand spit becomes 
wider, while during the SE monsoon the sediment moves alongside the sand 
spit, extending the tip in the north-west direction. With the changing of 
seasons, a considerable amount of sediment is moved around. 

MARINE ANGIOSPERMS 

The two families of marine angiosperms are well represented in Bootless Bay: 
Potamogetonaceae: 

Cymodocea serrulata (R.Br.) Aschers, and Magnus 
Cymodocea rotundata Ehrenb. and Hempr. ex Aschers. 
Halodule uninervis (Forssk.) Aschers. 
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LOLOATA ISLAND; N-W TIP 

Fig. 9. A detailed map of the NW tip of Loloata island. 

1 = limestone, cobbles, large fucoids; 2 = limestone, sand, small brown algae; 3 = limestone, 
bare; 4 = sublittoral zone, coral boulders, coral rubble; 5 = coral boulders, sand, no macrophytes; 
6 = mixed seagrass bed, all species; 7 = monospecific seagrass patches, all species; 8 = mixed 
seagrass bed, Thalassia hemprichu, and Cymodocea rolundata; 9 = mixed seagrass bed, Thalassia 
hemprichü, and Enhalus acoroides; 10 = cliff. 20 cm line = 20 cm ELWS; I-IV = line transects; 
1-4 = seagrass quadrats; CR = Cymodocea rolundata; CS = Cymodocea senulala; SI = Syr-
¡ngodlum ¡soeli/olium; TH = Thalassia hemprichii; EA = Enhalus acomides; HU Halodule 
uninervis. 

Halodule pinifolia (Miki) den Hartog 
Syringodium isoetifolium (Aschers.) Dandy 

Hydrocharitaceae: 
Thalassia hemprichii (Ehrenb.) Aschers. 
Enhalus acoroides (LA.) Royle 
Halophila ovalis (R.Br.) Hook.f. 
Halophila ovata Gaud. 
Halophila decipiens Osten f eld 

All the species, with the exception of the pantropical Halophila decipiens, are 
restricted to and distributed throughout the tropical Indian and Pacific ocean. 
Thalassodendron ciliatum (Forssk.) den Hartog and Halophila spinulosa 
(R.Br.) Aschers., do occur in the Papuan coastal lagoon, but were not found 
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Plate V. Dense fringes of seagrasses (Thalassia, Cymodocea) around "bare" blow-outs. Note the 
uneven surface of the inner reef flat. 

in Bootless Bay. The most prominent species are Thalassia hemprichii and 
Enhalus acoroicles. 

Thalassia hemprichii can be found at various depths where it forms either 
monospecific stands or grows together with one or several of the afore mention
ed species, forming an extensive mixed seagrass meadow. The species occurs on 
all types of substrate: mud, muddy sand, sand and coral debris, in which it is 
firmly anchored by the well developed rhizomes. In and around pools growth 
is usually luxuriant, whereas on the intertidal flats a marked degree of "burn
ing" can be seen after spring ebb tides. It can also be found in extremely dense 
mats of Halimeda opuntia (L.) Lamour., that give shelter to many small in
vertebrates. In fine silty mud T. hemprichii, together with the green algae 
Halimeda macroloba Decaisne and several Caulerpa spp., is found in the 
undergrowth of extensive Enhalus acomides stands. T. hemprichii grows in
terspersed between the branches of the living finger-coral Montipora spec, in 
isolated patches on the western side of Motupore. T. hemprichii is also the 
dominant species in most mixed seagrass meadows. 

Enhalus acoroicles is a tall seagrass with long straplike leaves up to 1.20 m 
length. The rhizome is stout and covered with persistent, bristle-like, fibrous 
strands of decayed leaves. It grows on sandy and muddy bottoms, forming 
usually a closed vegetation. Monospecific meadows of E. acomides are only 
found at the northern, sheltered sides of the islands. Here, in deeper water, the 
meadow becomes monospecific below the depth range of Thalassia hemprichii. 
In mixed meadows, E. acomides can also be found interspersed among other 



Plate VI. Monospecific bed of Cymodocea sermlala. 

seagrasses. In some localities, this species occurs in patches with a diameter up 
to 7 m across. Isolated smaller patches that can consist of one single plant with 
sometimes a large number of shoots are typical for the steeper slopes of the 
sandspit. Pollination occurs only during daytime spring ebb, when the female 
inflorescences can reach the water surface. In deeper water female in
florescences do develop, but pollination cannot lake place. Flowering and 
fruiting are yearround phenomena, but the frequency shows a distinct seasonal 
pattern. This seagrass does not occur on Manunouha island. 

Cymodocea rotundata is most luxuriously growing on sandy-mud bottoms in 
shallow, sheltered areas at the lowest low water mark. On the inner reef flat, 
C. rotundata, preferably inhabits shallow pools that are left behind by the 
outgoing tide. C. rotundata shows a wide range in occurrence around Bootless 
Bay and can be found virtually everywhere within its depth range: 
- on the north-west side of Loloata, monospecific patches of C. rotundata are 

found around the extreme low water mark, and when in the lower eulittoral, 
only in pools, where no exposure to desiccation occurs. In mixed seagrass 
beds however, C. rotundata together with 7". hemprichii, is found higher in 
the intertidal ( + 0.8 m) (zone 8, Fig. 9). 

- near Tubusereia, this species forms an extensive meadow on sand banks in 
the intertidal, where it is subjected to exposure during spring ebb. 

- on the Motupore sand bar, in a mixed seagrass meadow, this species occurs 
down to -0 .8 m depth; however, C. rotundata is absent from +0.60 m to 
-0.10 m depth. 

28 



I 

'0 

\ 

Ш%т^ 
4g. 
Ш ^ 

S« 
•*1 і̂ 

éJ r' I'M ; ί 

Plate VII. Mixed seagrass bed on the sand spit of Loloata Island. The tall seagrass is Enhalus 

acomides, with a mixed undergrowth. 

C. rotundata can also be seen as a colonizer creeping up from the sublittoral 

into the eulittoral zone; this phenomenon is mainly seen along the sand bars of 

Motupore and Loloata. 

Cymodocea serrulata differs from C. rotundata in that the leaves are wider, 

with serrate to dentate leaf tips, and the rhizome is more robust. It is usually 
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Plate Vili. A close-up of a mixed seagrass bed. 
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Plaie IX. A group of juvenile Siganids feeding on the seagrass epiphyles. 

found below mean low water spring on coral sand or mud covered coral debris; 
it occurs also on other substrata. In mixed seagrass stands the substratum con
sists of coral sand or muddy sand; monospecific stands occur predominantly 
on mud covered coral rubble. On slopes the rhizome of C. serrulata grows 

Plate X. The sea urchin Tripneustes gratula wrapped in seagrass leaves, is an important grazer. 
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downward to deeper water. In Bootless Bay this species reaches the same depth 
as Halodule uninervis. 

Syringodium isoetifolium with its erect, cylindrical leaves is locally quite 
common. This species is very sensitive to desiccation and can only tolerate very 
short periods of exposure. On the reef platform, in the sublittoral zone, S. 
isoetifolium, can be found on sandy bottoms or on coral rubble. In 
homogeneously mixed seagrass meadows it grows interspersed with T. hem-
prichii, C. rotundata, and C. serrulata as the dominant species. Flowering and 
fruiting take place the whole year around. This seagrass also is absent from the 
most seaward island, Manunouha. 

Halodule uninervis has two distinct forms: 
- a narrow-leaved form, with leaves up to 1 mm wide, and 
- a wide-leaved form, with leaves from l-3.5(-4) mm in width. 

Both forms occur in the littoral belt, although only the wide-leaved form is 
found in the sublittoral zone down to 10 m depth. The narrow-leaved form of 
ƒ/. uninervis develops monospecific stands high in the intertidal on exposed, 
sandy bottoms. In sheltered muddy localities the wide-leaved form occurs. 
Because of this variability den Hartog (1970), considered these forms as en
vironmental modifications. The narrow-leaved form is predominantly found on 
sandy bottoms in the Bootless Bay area. However, substrata varying from mud 
to coarse sand and coral rubble, are suitable for the wide-leaved form. In mixed 
seagrass meadows only the wide-leaved form was found, with relatively few 
plants (95-142 shoots per m2). In pure vegetations one can find up to 15.000 
shoots per m2. 

Halodule pinifolia differs from //. uninervis in the shape of its leaf tip. The 
leaf tip of H. pinifolia is obtuse with numerous serratures, while H. uninervis 
has a tridentate tip, of which the median tip varies from obtuse (widc-lcaved 
form) to acute (narrow-leaved form). H. pinifolia is only found at Tubusereia 
where it grows next to H. uninervis (wide-leaved form), C. rotundata and C. 
serrulata. This species, in Bootless Bay, forms a pure stand on muddy bottoms 
or mud covered coral debris, in the upper sublittoral zone. 

Halophila ovalis and Halophila ovata are easily recognized by the oblong-
elliptic or ovate, paired leaves. H. ovalis occurs on all kinds of substrate, while 
//. ovata only occurs on muddy or sandy bottoms. H. ovata inhabits the lower 
eulittoral and upper sublittoral; in contrast H. ova//shas a depth range starting 
from the lower eulittoral down to ca. 10 m depth. H. ovata can easily be 
overlooked, because the tiny plants are often completely buried in the sand or 
mud. H. ovalis with leaves up to 4 cm long, is much larger than H. ovata, with 
leaves only 1-1.5 cm long. 

Halophila decipiens is the only pantropical species. It is distributed in the 
tropical Indo Pacific as well as in the Caribbean. The paired leaves, are oblong-
elliptic, obtuse or rounded, and cunéate at the base. In Bootless Bay, this 
species has been found on Loloata, Motupore and Manunouha island, only 
at depths greater than 8 m, on sandy or coral sand bottoms, not accompanied 
by any other seagrass species. H. decipiens is the only seagrass species that is 
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collected from the Papuan barrier reef, where it is occasionally found on deep 
sandy patches. 

Virtually all seagrass beds in the intertidal of Bootless Bay arc protected 
against wave action by a fringing reef, a sandbar or a sandflat. An exception 
is the north-west corner of Loloata Island (Fig. 9). Here the reef platform is 
relatively narrow and the influence of waves can be considerable. Breaking 
waves occur regularly. This small area appears to be highly dynamic. Although 
monospecific patches normally arc rare, here these patches are manifold, 
especially near the lower low water mark. All patches, are expanding and 
pioneer into the zones without seagrasses (zones 1, 2 & 3 in Fig. 9). Because of 
this expansion neighbouring, monospecific, patches intermingle. Any combina
tion of 2 and most combinations of 3 seagrass species can be found in places. 
This highly diverse zone (zone 7 in Fig. 9) eventually gives rise to the most wide
ly spread type of meadow with 7 species of seagrasses rather homogeneously 
mixed. This type of community covers most of the shallow sublittoral and the 
lower intertidal (zone 6 in Fig. 9). 

Upwards from 20 cm ELWS level most seagrasses disappear from the sandy 
gradual slope. Two species, Thalassia hemprichii and Cymodocea rotundata, 
remain. This distinctive belt (zone 8 in Fig. 9) separates locally, along the entire 
exposed west side of Loloata, the 2 zones that are free of seagrasses. The lower 
zone ( # 1 in Fig. 9) consists of limestone with occasionally small coraJ boulders 
and is characterized, during the appropriate seasons, by large fucoid algae. The 
scour from the breaking of waves keeps this area free of sediment. The upper 
boundary of this seagrass belt is formed by boulders and cobbless that arc of 
terrestrial origin. 

A slightly elevated ( + 0.4m), sandy patch (#9 in Fig. 9) is covered by a type 
of community that appears in most intertidal areas on the protected, northern 
sides of the islands. Isolated plants of Enhalus acomides with only one or a few 
shoots inhabit an otherwise monospecific meadow of Thalassia hemprichii. The 
patch on the NW tip of Loloata is exceptional only in the relatively high density 
that is reached by T. hemprichii. This patch is on all sides invaded by 
Cymodocea rotundata and Syringodium isoetifolium. 

On the NW tip of Loloata Halophila ovalis is only found mixed with other 
seagrasses. However, on the sandbar of Motuporc and Loloata, H. ovalis is 
found throughout the intertidal and in the sublittoral down to - 3 m depth. At 
greater depth ( - 3 to - 5 m ELWS), H. ovalis and Halodule uninervis are 
usually found in a homogeneously mixed situation, which eventually (at - 8 to 
- 10 m ELWS) gives rise to a monospecific seagrass bed of Halophila ovalis. 

Aspects of production, biomass and growth of the seagrasses will be publish
ed elsewhere (Brouns, in prep.). 

The spatial distribution of seagrasses in two different localities is presented 
in Fig. 10. The zonation of seagrasses along transect II (Fig. 9), on the NW tip 

·*— Fig. 10. The spatial distribution of seagrasses along transect II from the NW tip of Loloata (a) and 
from a mixed meadow on the east side of the Motupore island sand bar (b). (transect C ) . 
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of Loloata island, a formerly monospecific bed of T. hemprichii, is 
demonstrated in Fig. 10 a. Fig. 10 b illustrates the spatial distribution of 
seagrasses in a mixed seagrass meadow on the east side of the sand bar on 
Motupore island, (transect C ) . 

MARINE Al.GAE 

The marine algae can be divided into five categories: 
- rhizophytic macroalgae of the seagrass beds 
- algae of the hard and rocky substrata in and around the seagrass bed 
- epiphytic algae on the leaves and rhizomes of the seagrasses 
- epiphytic algae on the rhizophytic macroalgae in the seagrass bed 
- loose-lying and washed-in algae, continuing their growth among the 

seagrasses. 
The macroscopic algal flora of the sandy and muddy areas is usually not 

abundant, although locally a green algal cover may develop. In the soft mud 
at Tubusereira several Halimeda spp., i.e. H. macroloba, H. opuntia, H. 
discoidea Decaisne and H. tuna (EU. & Sol.) Lamouroux, are quite common. 
The green calcified H. opuntia is locally abundant and forms dense clumps of 
segmented branches. These clumps vary in size from 10 cm to several m in 
diameter. Usually only the outer segments arc alive and the inner ones are 
bleached and corroded. Segments of dead Halimeda colonies are important 
sediment contributors (Hillis-Colinvaux, 1980). / / . macroloba is less heavily 
calcified and restricted to shallow areas. 

Furthermore, during the SE monsoon, algae with a more or less seasonal 
distribution appear, i.e. Caulerpa taxifolia (Vahl) C.Ag., C. serrulata (Forssk.) 
J.Ag. and C. sertularioides (Gmel.) Howe, which are an important feature of 
the inner reef flat. Other algae with a seasonal distribution, are Neomeris van-
bosseae Howe and N. annidata Dickie, very common on small stones or pieces 
of hard rubble, and the red algae Gracilaria edulis (J.Ag.) Silva and Acan-
thophora spicifera (Vahl) Börgesen, which are not as abundant as the green 
algae. 

The sandy areas within the inner reef flat and on the north-east side of 
Motupore and Loloata, show a completely different picture. Here the green 
alga Avrainvillea erecta (Berk.) Gcpp & Gepp, is the most common species. 
Others, such as Boodlea composita (Harv.) Brand with its lacework of small 
cushions and tufts, Codium spp. and several Caulerpa spp. do occur, but only 
as occasional isolated plants. 

In the period from June to November the algal cover and diversity increases. 
On cobbles or dead coral in the seagrass beds on the westside of Motupore and 
Loloata, representatives of the brown algae are flourishing: Cystophyllum 
trinode (Forssk.) J.Ag., Padina tenuis (Bory) Womersley and Bailey, P. 
australis Hauck and several Dictyota spp. Cystophyllum trinode grows as loose 
fronds, sometimes over 1 m long, and develops where ever there is a suitable 
hard substrate on which to attach. A small epiphyte, Jania spec, is often found 
covering large parts of С trinode, especially the lower parts of the thallus. 
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In the group of the red algae, Hypnea spp. and Graalana spp are playing 
a major role. The most important species are Hypnea boergesenn Tanaka, H. 
valenttae (Turn.) Montagne, Graalana edulis and G. blodgettu Harvey. Other 
frequently occurring but less abundant species are Champia párvula (C.Ag.) 
Harvey, Tolypiocladia glomerulata (J.Ag.) Schmitz and Hauptfleisch and 
Acanthophora spiafera. The above mentioned representatives of rhodophy-
cean algae are found on hard substrata (rock, coral) as well as entangled among 
the seagrasses. 

On the eastside of Motupore, not characterized by a reef platform, but a 
gently sloping sand bar, large loose-lying and washed-m algae determine the 
algal pattern. Predominantly masses of Hydroclathrus clathratus (C.Ag.) 
Howe, Colpomenia sinuosa (Roth) Derbes & Solier and Rosenvingea intricata 
(J.Ag.) Borgesen are found. Of the rhodophycean algae, Tolypiocladia 
glomerulata and Graalana spp. are among the seasonal representatives. 

On the west side of Motupore, the inner reef flat locally harbours areas which 
are dominated by Halimeda opuntia, the finger coral Montipora spec, and 
seagrasses. The algal cover associated with these communities, occupying 10-80 
m2, consists of many species. The Chlorophyceae include Dictyosphaena caver
nosa (Forssk.) Borgesen and D. versluysu Weber-van Bosse, which form stiff, 
cartilaginous vesicles broadly attached to the surface; Volontà ventneosa J.Ag., 
a single-celled alga, V. aegagropila C.Ag., Chlorodesmis fastigiata (C.Ag.) 
Ducker, Struvea anastomosons (Harv.) Piccone and Halimeda opuntia. The 
commonest phaeophycean alga is Padma tenuis, and included among the red 
algae are Amansia glomerata C.Ag., Graalana salicorma (J.Ag.) Dawson, 
Eucheuma striata Schmitz and the coarsely branched Amphiroa fragilltsima 
(L.) Lamouroux and A. tnbulus (Ell. & Sol.) Lamouroux. 

The rocky area around the seagrass beds consists mainly of old dead coral 
heads and living coral boulders, which provide a suitable substrate for 
Sargassum oligocystum Montagne, Turbinano ornata (Turn.) J.Ag., the com
mon and rather variable T. conoides (J.Ag.) Kutzing and Hormophysa tn-
quetra (L.) Kutzing. Sargassum and Turbinano spp arc often found on the 
edges and upper surfaces of ridges, which are regularly emerged. They are able 
to resist insolation, desiccation and wave action. Sargassum and Turbinano 
both are often infested with a small epiphytic calcareous alga, Jama spec, 
sometimes smothering complete fronds This epiphyte is more common on the 
inner reef flat and almost absent on the reef crest. On the inner reef flat, 
Sargassum oligocystum, Turbinano ornata and 7". conoides are common. 
However, towards the seaward edge of the inner reef flat, Sargassum 
oligocystum is gradually replaced by Sargassum cnstaefolium C.Ag., and both 
Turbinano spp. are replaced by Turbinano murrayana Barton, a species with 
short conical growths and thick resistant pinnules. 

Sargassym cnstaefolium and Turbinana murrayana are characteristic of the 
landward side of the reef crest. The reef crest itself, with an irregular surface 
contour, often consists of dead coral debris, unconsolidated limestone and liv
ing coral. The living coral is found partly on top but mainly on the surf swept 
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Fig. 11 The algal zonation along transect II from the NW tip of Loloata island (a) and in a mixed seagrass meadow on the east side 
of the Motupore island sand bar (transect C) (b). For symbols see Fig. 10. 



side. The most important algae in the upper fringe of the sublittoral zone arc 
the encrusting calcareous rhodophyccan algae, with their wide range in colour 
and growth form. No representatives of the larger fucoid algae occur in this 
zone. 

Fig. 11a, represents the algal pattern along transect II (Fig. 9) on the NW tip 
of Loloata island. The spatial distribution of algae associated with the mixed 
seagrass meadow on the east side of the Motupore sand bar (transect C.) is 
illustrated in Fig. 1 lb (for the corresponding seagrass distribution see Fig. 10a 
and Fig. 10b). 

A more detailed description of the rhizophytic macroalgae associated with 
seagrass beds will be presented in a separate paper (Heijs, in press). 

EPITLORA AND EPIfAUNA OF SEAGRASS LEAVES 

The epiphytic component can be divided into: 
- a photophilous community on the leaves, 
- a sciaphilous community on the vertical and horizontal rhizomes. 

The sciaphilous community is only found when rhizomes are exposed and 
algae and invertebrates are able to settle. This is only possible for some seagrass 
species. From the 13 seagrass species recorded from Papua New Guinea waters, 
one can only differentiate between a sciaphilous and a photophilous communi
ty, when studying Thalassodendron ciliatum. 

The photophilous community consists of: 
- epiphytic microflora and micro- and meiofauna living in this algal mat, 
- sessile fauna attached to the leaves, 
- mobile creeping fauna, and 
- mobile, swimming animals, using the leaf blades to rest on. 

The algal epiphytes can roughly be divided into three groups, when consider
ing the importance of the leaves as a substrate: 
- epiphytes found exclusively, or nearly so, on seagrass leaves, i.e., Myrionema 

magnusii (Sauv.) Lois. (Jacobs et al., 1983) and Cladosiphon zosterae(J.Ag.) 
Kylin (Humm, 1964; Jacobs et al., 1983). Although Fosliella farinosa 
(Lamour.) Howe is considered a characteristic species for seagrasses (Humm, 
1964), it is also found on other hosts i.e. macroalgae (Humm, 1964; 
Chamberlain, 1977; Coppejans, 1980). No epiphytes have been recorded ex
clusively on Thalassia hemprichii. (Heijs, 1985). 

- species that occur on seagrass leaves and complete their life history in this 
habitat, but are also found on other hosts and non-living substrata. The ma
jority of epiphytic algae is included in this category. 

- algae growing on other substrata, but occasionally attached to seagrass 
leaves. This group of algae generally consists of species with large and/or 
broad thalli that are easily ripped from the host and continue their life history 
on the bottom of the seagrass bed, or are being washed away by the currents 
(Dictyota, Hypnea, Gracilaria spp.). 
Colonization always occurs from the tip to the base of a leaf, resulting in a 

maximum cover at the leaf apex. Since the leaf apex of a fully grown leaf is 

38 



the optimum place for settlement and development, the highest diversity of 
epiphytic algae is also found at the leaf apex. 

The leaves of seagrasses, particularly those of Thalassia hemprichii, Enhalus 
acoroides and the two Cymodocea spp., provide a suitable substrate for small 
epiphytic microalgae. Among the most important are Ceramium graciHimum 
(Harv.) Mazoyer, Centroceras clavulatum (C.Ag.) Montagne and Polysiphonia 
savatierii Hariot. These rhodophycean algae are very common and form dense
ly branching tufts, that together with the network of filaments formed by 
Audouinella spp., provide a mechanism for trapping sediment particles. Quan
titatively however, the encrusting coralline algae dominate (Heijs, 1983, 1985). 
Fosliella farinosa is one of the commonest representatives of these encrusting 
Corallinaccae found on seagrass leaves, sometimes covering almost the 
whole leaf surface of the oldest leaf blades. Humm (1964), suggested that these 
encrusing red algae contribute significantly to the calcareous sediments of the 
seagrass beds, since a large proportion of the old and dead crusts is sloughed 
off the leaves before they decay or become detached. 

Chaetomorpha spp. and Cladophora spp. are found throughout the year, 
however, their abundance on seagrass leaves varies (Heijs, 1985). The 
phaeophycean algae are poorly represented by a few occasional thalli. Mainly 
in spring and autumn diatoms and blue-green algae form a thick coating on the 
leaves in certain parts of the seagrass bed, giving the leaves a furry appearance. 

In addition to the autotrophic producers (epiphytic algae), large numbers of 
heterotrophic organisms are epiphytic on seagrass leaves (Sieburth et al., 1974). 
No special study has been made of the epifauna associated with seagrass leaves. 
From the Bootless Bay area, however, some general remarks can be made. The 
sessile fauna includes hydrozoans, actinians, bryozoans, foraminiferans and 
tube dwelling polychaetes. The mobile creeping fauna consists of gastropods, 
turbellarians, nemertini, crustaceans and echinoderms. 

Few animals feed directly upon the seagrass leaves and the grazers are mainly 
sea urchins and vertebrates. Sea urchins are known as active grazers, however, 
their main food is not the seagrass leaves but the associated algal flora (Kikuchi, 
1980). According to Kristensen (1972), most marine invertebrates cannot digest 
structural carbohydrates due to the absence of adequate enzymes. The feeding 
types of the epifaunal community can be summarized as follows: 
- herbivores; these are found among the nematodes, polychaetes, amphipods, 

harpacticoids, ostracods, tardigrades, prosobranchs and opisthobranchs 
(Lewis and Hollingworth, 1982). The herbivorous fauna is capable of directly 
scraping the epiphytic microflora off the seagrass blades (Randall, 1965; Carr 
and Adams, 1975). 

- among the detritus feeders the same taxonomie groups are included. 
- the predators are less abundant and include turbellarians, nematodes, 

polychaetes, opisthobranchs, hydroids and sea anemones. 
The epifauna itself serves as a food source for numerous larger invertebrates 

as well as vertebrates. Mclntyre (1969), reports prédation by fish, hydroids, 
polychaetes and turbellarians. Copepods are being consumed by fish and 
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nematodes (Hagerman, 1966). Polychactes are important food for fish, crabs 
and shrimps (Kikuchi, 1974), and some polychaetcs in turn feed upon the 
turbellanans. 

Since there are few grazers, most plant material produced is deposited on the 
bottom or exported outside of the seagrass bed. This organic matter is decom
posed by microorganisms and utilized through the detritus food chain. 

MACRO-FAUNA OF THE SIAGRASS BEDS 

Although no special study has been made of the macrofauna in the seagrass 
beds, a few general remarks can be made. Most species recorded in Table III 
are collected because of abundance, size, colour and/or occurrence in the 
sampling quadrats. Quite a few organisms do occur in large numbers 
throughout the seagrass beds. 

The most abundant echinoderm is Tnpneustes grattila (fam. Toxo-
pneustidae). Although living on the open surface, this species wraps itself in 
seagrass leaves, mainly of Thalassta hemprichit, which are held in place by the 
tube-feet. Occasionally their tests are covered with coral debris and bivalve 
shells. This may be protection against insolation or camouflage. Toxopneustes 
pileolus, found only occasionally, and Tripneustes gratilla both have 
pcdicellaria with poison glands around the teeth, to paralyze any potential 
predator. Stomach contents of Tripneustes grattila show large quantities of 
fragmented seagrass leaves (unpubl. data). Other members of the class 
Echinoidea are Echinometra mathaeti, common in the mid- and lower eulit-
toral, Heterocentrotus maimllatus, in the lower eulittoral and sublittoral fringe, 
and Diadema setosum, found throughout the reef platform, where it forms ag
gregations in the seagrass beds and among corals. Echinometra mathaeti is 
abundant beneath coral blocks, often in deep cavities that appear to have been 
excavated. 

The most conspicuous feature of the seagrass communities however, is the 
abundance of holothurians. Several species are represented. They belong to 
four families: 
*Holothuroiidea (smooth) 
*Stichopodidae (stiffly papillose) 
*Synaptidae (vermiform, slender) 
*Cucumaridae 

The largest representative is the synaptid Synapta maculata, common on 
seagrass flats. It is thin-skinned, over 1 m long and 3-4 cm in diameter, wholly 
flaccid or tensely inflated with water. The most common species is the black 
Halodeima atra, which has the habit of lying on open patches of sand in 
shallow water, where it covers itself more or less completely with sand, stuck 
on by mucus. The long, sausage-like Halodeima edulis, very similar to H. atra 
but far less abundant, is easily recognized by the deep pink or red underside 
contrasting with the dark brown or black upperside. Other common species are 
the reddish brown Acttnopyga maunttana and Metnatyla scabra, a species that 
buries itself partly in the sand, especially during low water. Bohadschta argus, 
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Table 3. Macrofauna collected in the seagrass beds of Bootless Bay. + 

mon; + + + = abundant; remaining spp. are rare. 
present; + + = com-

Phylum: 
Class: 
Order: 
Family: 

Phylum: 
Class: 
Order: 

Phylum: 

Class: 
Subclass: 
Order: 
Family: 

Order: 
Family: 

Sarcodina 
Rhizopodea 

Forammifcrida 
Peneropidae 
Margmopora veriebralis (Quoy & Gaimard) 

Coelenterata 
Scyphozoa 
Rhbostomae 
Cassiopeia andromeda Eschscholtz 

Mollusca 

Gastropoda 
Prosobranchia 
Archaeogastropoda 
Trochidae (top shells) 
Trochas maculants Linné 
T. incrassalus Lamarck 
Mesogastropoda 

Cerithiidac 

Family: 

Family: 

Family: 

Order: 
Family 

Cerilhium aluco Linné 

C. nodulosum Brug. 

Strombidae (conch shells) 
Strombus lenliginosus Linné 

5. aunsdianae Linné 
S. luhuanus l inné 

S. gibberulus Linné 

S. labiatus Roding 
Lambis lambis Linné 
L. chiragra Linné 
Terebellum terebellum Linné 

Tonnidae (tuns) 
Tonna cunaliculuta Linné 

T. perdi* Linné 
Cypraeidae (cowries) 
Cypraea lynx Linné 

C. carneóla Linné 
С vilellus Linné 

С erosa Linné 

С. arabica Linné 

С. Iigris Linné 
С. moneta Linné 
С. annulus Linné 

С. erronés Linné 

C. asellus Linné 

C. staphylaea 1 inné 

C. eburnea Barnes 

С. cylindrica Born 

Ovula ovum I inné 

Neogastropoda 

Muricidae (drills) 
Chicoreus brunneus Link 

+ + + 
+ + 
ι + 
+ + 

+ 
+ 
+ + 
f + + 

+ + + 
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Table 3 (continued) 

Family 

Family 

Family 

I amily 

Family 

Subclass 

Order 

Family 

Order 

1 amily 

Class 

Subclass 

Order 

Family 

Family 

Family 

Phylum 

Subphylum 

Class 

Subclass 

Superorder 

Mitndae (miter shells) 

Mitra nutra Linne 

Ferebndae 

Terebra undulatu Gray 

Τ dimidiata Linne 

Τ guttata Roding 

Τ siibulata Linne 

Τ areolata I inne 

/ babylonia 1 amarck 

Τ pertusa Born 

Vcxillidae 

Vextllum vulpeculum Linne 

У rugosum Gmelin 

Olividae (olive shells) 

Oltia texlillma I amarck 

O tesselata Lamarck 

Comdae (cone shells) 

Conus arénalas Hwass 
С eburneus Hwass 

С leopardus Roding 

С Itvidus Hwass 

С arenalus Linne 
С litteratus I inne 

С virgo Linne 

С textile Linne 

С st rial us I inne 
С geographicus Linne 

Opisthobranchia 

Aplysiacea 

Aplysndae 

Aplvsia sonerbvi (Pilsbry) 

A dacnlomela Rang 

Dolabella aunculana (I ightfoot) 

Notaspida 

Plcurobranchidae 

Pleurobranchus peroni Cuvicr 

Bivalvia 

Ptenomorpha 

Mynloida 

Mynlidae (mussels) 

Modiolus spec 
Pmnidae (pen shells) 

Pinna nobilis Linne 
A Irina spec 

Ptendde (winged ovsters) 

Malleus malleus Linne 

Arlhropoda 

Crustacea 

Malacostraca 

Eumalacostraca 

Eucanda 

+ 

+ 

+ + 

+ 

+ + + 
+ 

+ 

+ 

+ + 

+ + 
+ 
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Table 3. (continued) 

Order: 

Family: 

Family. 

Family: 

Superorder: 

Order: 

Phylum: 

Class: 
Subclass: 
Superorder: 
Order: 

Family: 

Decapoda 
Thallassiniidae 

Calianassa spec. 
Porcellandidae (porcelain crabbs) 
Pelrolislhes maculalus II. Milne-Edwards 
Calappidae (box crabbs) 

Manila plampes Fabncus 
Hoplocandae 

Slomatopoda 
Gonodactylus spec. 

Echinodermata 
Echinoidca 

Euechmoidea 
Diademaiacea 
Diadematoida 
Diadcmatidae 

Superorder: 
Order: 
Family: 

Order: 
' ліпііу: 

Class: 
Order: 
Family: 

Order: 
Family: 

Family: 

Diadema selosum (Leske) 
D. savignyi Michelin 
Echinolhrix calamans (Pallas) 
E. diadema (Linné) 
Echinacea 
Tcmnopleuroida 
Toxopneuslidae 
Toxopneustes pileolus Lamarck 
Tnpneusles grattila Linné 
Lchinoida 
Echinometridae 

Echmomeira malhaeii (de Blainville) 
Helerocenlrolus mamnulatus (Linné) 
H Ingonarius (I amarck) 
Holothuroidea 

Dendrochirouda 
Cucumandae 
Penlacta quadrangulans (Lesson) 
Aspidochirotida 
Sticopodidae 

Thelenota anax H.L. Clark 
T. ananas (Jager) 
Stichopus vanegatuì Semper 
S. chloronoius Brandt 
Holothuriidac 
Halodenna aira Jäger 
H. edulis Lesson 
Melnatyla scabra Jager 
Hotolhuna hartmeyen Erwe 
Mtcrothele nobilis (Selenka) 
Actmopyga mauniiana (Quoy & Gaimard) 
Bohadschta argus Jager 
В. graffei (Semper) 
В. marmoraius viiiensis Jager 

+ 
+ 
+ 
+ 

+ + 
¥ + 

+ + 
+ 
+ 
+ + 
ι + 
+ 
+ + 



Table 3 (continued) 

Order: 
Family: 

Class: 
Subclass: 
Order: 
Family: 

Family: 

Family: 

Family: 

Family: 

Order: 
Family: 

Class: 
Family: 

Family: 

Family: 

Phylum: 
Subphylum: 
Superclass: 
Subclass: 
Order: 
Family 

Class: 

Apodida 
Synaptidae 
Synapta maculata (Chamisso & Eysenhardt) 
Stellcroidea 
Asteroidca 
Paxillosida and Valvatida 
Astropeclinidae 
Astropecten polyacanihus Muller & Troschel 
Archastcridae 
Archaster typicus Muller & Troschel 
Orcasteridae 
Culata novaegumeae Muller & Troschel 
Protoreaster nodosus (Linné) 
P. lincki (de Blainville) 
Asteropidae 
Asteropsis carmfera (Lamarck) 
Ophidiaslendae 
Fromia milleporella (Lamarck) 
F. elegans H.L. Clark 
F. months Perrier 
Linckia laevigata (Linné) 
L. multi/ora (Lamarck) 
Nardoa pauaforis (von Martens) 
N. novaecaledoniae (Perrier) 
Ophidiaster granifer Lutken 
Spinulosida 
hchinastendae 
Ethmaster callosus von Marenzeller 
E. luzomcus (Gray) 
E. purpurens (Gray) 
Ophiuroidae 
Ophiocomidae 
Ophiocoma ermaceus Muller & Troschel 
O. pica (Muller & Troschel) 
O. schoenleinii (Muller & Troschel) 
Ophiundae 
Ophiolepis superba H.L. Clark 
O. ancla Muller & Troschel 
Ophiothricidae 
Macrophiothrix rhabdota H.L. Clark 
Ophiothnx armala Koehler 
O. purpurea von Marlens 

Chordata 
Craniala 
Gnatostomata 
Selachi 
Rajiformes 
Dasyatidae (stingrays and stingarees) 
Dasyatis spec. 
Ostcichthyes 

+ 
+ + 
+ 

+ 
+ + 

+ + 
+ + 
+ 

+ + 
+ 
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Table 3. (continued) 

Superorder: 
Order: 
Suborder: 

Pamily: 

Order. 
Family: 

Order: 
Suborder: 
Family: 

Family 

Family: 

Family: 

Family: 

Family: 

Suborder: 
Family: 

Family: 

Suborder: 
Family. 

Suborder: 
Family: 

Suborder: 
Family: 

Teleostei 
Beloniformes 
Exocoeloidei 
Hemiramphidac (halfbeaks) 
Hemiramphus far (Forssk.) 

Syngnatiformes 
Syngnatidae (pipefish) 
Hippocampus spec. 
Perei formes 

Percoidei 
Lutjanidae (snappers) 
Luljanus gibbus (Forssk.) 
Plectorhynchidae (sweetlips) 

Plectorhynchus celebicus Bleeker 
Carangidae (trevallies and kingfish) 
Caranx melampygus Cuvier and Valenciennes 
С. ferdau (Forssk ) 
Carangoides fulvoguttatus (Forssk.) 
Mulüdae (goatfish) 
Parupeneus barbennus (L acépède) 
P. mdicus (Shaw) 
Upeneus viltatus (Forssk.) 
Spandae (emperors) 
Lelhnnus nebulosus (Forssk.) 
L. lentjan (Laccpède) 
L. ramak (Forssk.) 
L. hypselopterus Bleeker 

Gerndae 
Gerres macrosoma Bleeker 
G. abbrevwtus Bleeker 
Labroidei 
Labridac (wrasses) 
Chetilo inermis (Forssk.) 

Choerodon schoenleim (Cuvicr and Valenciennes) 
Scaridac (parrotfish) 

Scarus hand Valenciennes 
Siganoidei 
Siganidae (rabbitfish) 
Stganus oramin Bloch and Schneider 

5. /meatus (Valenciennes) 
5. javus (Linné) 
S. chrysospilos (Bleeker) 
Selar hoops (Cuvier and Valenciennes) 
S. crumenopthalmus (Bloch) 

Acanthuroidei 
Acanthundae (surgeonfish) 

Acanthurus xanthopterus Valenciennes 
Ballistoidei 
Ballistidae (tnggerfish) 
Ballistes flavimargmatus (Ruppcll) 
Ballistoides vindescens (Bloch) 

+ + + 

+ + + 

+ 

+ + 
+ 

( 
' 
+ + 

+ + 

+ + 

+ + 
+ 
1 

+ 
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also called spotted or leopard fish, is marked with conspicuous "eyes" of con
centric, contrasting rings on a yellow brown or grey background. 

Tropical holothurians often feed on living micro-organisms and on the 
organic content of sand, mud, ooze and detritus. However, an array of food 
items may be typical of quite a number of tropical holothurians: ooze from 
seagrasses and algae, filamentous bluegreen algae, fragments from Halimeda, 
foraminiferans and small invertebrates (Bakus, 1973). Studies indicate that 
tropical holothurians are relatively efficient in processing sediments, since their 
assimilation efficiency is approximately 50%. Apart from moving sediments, 
holothurians are of major importance in working over the sediments, which 
results in destruction of the initial stratification (Bakus, 1973). 

One of the Holothuroiidae deserves special mention, because of its commer
cial value as a food source for human consumption, bêche-de-mer or trepang. 
It is the teatfish, Microthele nobilis, also known as mammyfish, because of five 
or six large conical elevations along each side. Microthele occurs in two colour 
phases, which are found in different habitats: the white teatfish usually occurs 
on sandy bottoms in deeper water (5-30 m); the black teatfish is often found 
on sandy or coral sand substrata in shallow water among seagrasses. Other 
species are also used for consumption, e.g. the sun-dried body walls of 
Halodeima, Stichopus and Thelenota are used in soups; Japanese species of 
Stichopus and Cucumaria are eaten raw. Trepang is consumed in many tropical 
localities; however, in temperate latitudes, holothurians are seldom utilized, ex
cept in the Orient (Bakus, 1973). Holothurians are not utilized locally. 

The Asteroidea are abundant in the seagrass area. Many species favour a san
dy substrate, often with seagrasses, though some are found on rocky substrata. 
Protoreaster nodosus, with its brick-red and white colour, is very common in 
mixed seagrass meadows and monospecific seagrass beds. Less abundant and 
very variable in colour and tuberculation, is Culata novaeguineae, with an 
almost round appearance due to the very short arms. The bright blue Linckia 
laevigata is found in seagrass beds as well as exposed on rocks or coral debris. 
The form and arm number of L. laevigata are irregular; parts of single arms 
tear themselves off and regenerate to form at first a comet with usually six 
arms. The new arm is growing in an attempt to reach equality with the original 
arm, but never quite succeeds. The burrowing Archaster typicus and 
Astropecten polyacanthus, lie just below the surface sand in the eulittoral and 
sublittoral zone, often not emerging until twilight. 

The commonest species in the class of the Gastropoda (phylum Mollusca) 
belong to the following families: 
*Strombidae 
*Cypraeidac 
*Conidae 

Most species recorded in Table III occur in the eulittoral as well as in the 
sublittoral belt. Strombus luhuanus and S. gibberulus usually form aggrega
tions with sometimes up to 20-30 individuals per m2. They live on and among 
the seagrass leaves, the sediment surface and under coral lumps. Especially 
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juveniles are found epiphytic on seagrass leaves. The spidershell Lambis lambis, 
and several Strombus spp. are collected for consumption. Cypraea annulus and 
C. moneta are very characteristic of the seagrass beds and occur in great 
numbers, this in contrast to C. tigris and C. carneóla, which are common but 
less abundant. Conus litteratus is found throughout the seagrass bed and has 
a thick periostracum which is usually heavily colonized by green an calcareous 
algae, and is therefore well camouflaged. Other frequently encountered Con-
idae are C. leopardus and C. marmoreus. Pinna nobilis and Malleus malleus, 
belonging to the molluscan infauna, are living vertically almost wholly buried 
in the sediment, with only the gaping valve edges protruding above the surface. 
Both species are found in the intertidal and sublittoral zone. 

The fishes recorded in Table III were seen or caught in the seagrass beds. 
These fish are using the seagrass beds for various reasons. 
1. Among the herbivores feeding directly on the seagrasses and epiphytes, are 

the parrotfishes (Scaridae), the surgconfishes (Acanthuridae) and the 
halfbeaks (Hemiramphidae). 

2. Juveniles from the surgconfishes, snappers (Lutjanidae) and puffers 
(Tetraodontidae) are using the seagrass leaves as food and shelter (Ogden, 
1980). 

3. Residents, using the seagrass beds only for shelter, include pipefishes 
(Syngnatidae), eels and wrasses (Labridae). 

Few herbivores are exclusively seagrass dwellers. They usually move between 
the reef areas and the seagrass beds hence are capable of channelling plant 
material out of the seagrass beds to the surrounding communities, where it 
becomes available to the higher trophic levels. The movements of these 
macroconsumers form a conspicuous link between the seagrass bed and the ad
jacent communities such as coral reefs and mangroves. However, further 
research is needed to illuminate and understand the close association of these 
three major tropical communities. 

As mentioned before, the structure of a seagrass community consists of at 
least three major components: floristic and faunistic composition, arrangement 
in time and space, and their interaction within the community and with the sur
rounding environment. Den Hartog (1979), gives an extensive list of structural 
elements that one can distinguish, which is an indication of the rather com
plicated architecture of the seagrass community. The function of seagrass com
munities, however, is the accumulation of all the activities performed by the 
organisms belonging to this community (primary production, respiration etc.). 
Structural changes within the seagrass community, take place in the course of 
time, resulting usually in a more differentiated and stable community (succes
sion). Succession is a long-term process, however, short-term changes also oc
cur due to unfavourable weather conditions and disturbances. 

The framework of most seagrass communities consists of one species. There 
is little known as to how the coexistence of more seagrass species within a mixed 
community, influence the differentiation within the seagrass community. An 
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integrated approach to seagrass ecosystem studies, will be achieved by a better 
understanding of structure, function and dynamics of the seagrass community. 
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ABSTRACT 

Brouns, J.J.W.M., 1985. The plastochrone interval method for the study of the productiv
ity of seagrasses; possibilities and limitations. Aquat. Bot, 21: 71—88. 

The plastochrone interval (PI) technique (leaf replacement) for the study of the 
productivity in seagrasses was statistically analysed. The measurements were made in a 
monospecific stand of Thalassia hemprichii (Ehrenb.) Aschers, in Papua New Guinea. 

The minimum value of the standard error of the mean that could be reached con
sistently was between 6 and 8% of the mean PI. The minimal time interval, between 
marking and counting, necessary to reach this lower limit was 10 days. 

The parameters of the leaf-length distribution of the youngest leaves of this seagrass 
(e.g., mean, median, skewness) could be correlated with the measured plastochrone 
interval throughout all studied intervals. A certain degree of synchronization of the 
output of new leaves by the spring tides of the new moon is indicated. 

INTRODUCTION 

Seagrass ecosystems are a major component of the shallow water ecosys
tems in Papua New Guinea. Thirteen species of seagrasses belonging to 8 
genera have been reported from the south coast of Papua New Guinea 
(Johnstone, 1978, 1979). In Bootless Bay, an embayment of the Papuan 
coastal lagoon 15 km south east of Port Moresby, 10 species of seagrasses 
belonging to 6 genera are widely distributed (Brouns and Heijs, 1985). 
The most abundant seagrass species is Thalassia hemprichii (Ehrenb.) 
Aschers., which is found in both monospecific seagrass beds and extensive 
mixed meadows. 

The data available on tropical seagrasses concern almost exclusively 
T. testudinum Banks ex König, the Atlantic counterpart of T. hemprichii. 
Studies on the productivity of T. testudinum are numerous (Zieman, 1968, 
1974, 1975; Patriquin, 1973; Bittaker and Iverson, 1976; McRoy and 
McMillan, 1977). Seagrass beds from the Atlantic are mostly of a mono
specific nature. Mixed meadows, that are so characteristic for the Indo-

0304-3770/85/$03.30 © 1985 Elsevier Science Publishers B.V. 
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Pacific, also occur in the Caribbean, but consist there of only 2 or 3 species. 
Since relatively little information exists on the seagrasses of the tropical 

Indo-West Pacific, a program was initiated to study seagrass communities 
in Papua New Guinea. Mixed meadows as well as monospecific stands 
were included. Some emphasis was given to T. hemprichii because of its 
abundance in the study area and the comparability with T. testudinum. 

The productivity of seagrasses can be studied in a number of ways (for 
review, see Zieman and Wetzel, 1980). The release of oxygen or the incor
poration of 14C during photosynthesis have been applied widely for aquatic 
macrophytes. Both methods have fallen into disuse after Hartman and 
Brown (1967) demonstrated the cycling of oxygen in the internal lacunar 
system of aquatic macrophytes. Hence, results based on these techniques 
are considered questionable (Jacobs, 1979; Zieman and Wetzel, 1980). 
The radio-carbon method is virtually restricted to the laboratory and suitable 
mainly for short term, in vitro, studies. The application of this technique 
was not feasible in Papua New Guinea. 

The marking of leaf blades, developed by Zieman (1968, 1974, 1975) 
is used frequently, but is not suitable for the measurement of total produc
tion. This marking technique measures the production of leaf blades only. 
The technique was recently updated for the study of Posidonia oceanica 
(L.) Belile (Bédhomme et al., 1983). 

A modification of this technique is based on the plastochrone interval: 
the time interval between the initiation of 2 successive leaves on a shoot 
(Tomlinson, 1972, 1974; Patriquin, 1973). The technique was applied for 
the study of Zostera marina L. (Jacobs, 1979). The sample size (4 X 400 
cm2), employed throughout his study, limited the "standard error of the 
mean" (SEM) to less than 10%, but a detailed statistical analysis of this 
method was not included. 

The plastochrone interval method is based on the assumption that the 
output of new leaves, within statistical limits, is a continuous process, so 
that an equal number of new leaves emerges every day. Soon after the start 
of the productivity measurements, for this study, the impression was gained 
that the lengths of the youngest leaves were not evenly distributed through 
the observed range. The length distribution appeared to be indicative of a 
certain degree of synchronization between shoots. It could not be excluded 
with certainty that this would influence the measured plastochrone interval. 

Throughout productivity studies, the youngest leaves were stapled close 
to the sheath-bundle. Therefore, small youngest leaves had to be stapled in 
the fragile leaf tip. It has already been established that the loss of staples, 
mainly due to the loss of stapled leaf tips, was considerable and increased 
rapidly with the increase of the time interval between marking and counting. 
However, the staples in the basal parts of the leaves were seldom lost. This 
loss of stapled leaf tips, from shoots with very young youngest leaves on the 
day of stapling, would cause an undersampling of these shoots, which would 
result in an over-estimation of the production (Brouns, 1985). 
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Furthermore, it was expected that possible fluctuations in the plasto-
chrone interval during the year, in this tropical system, would be gradual 
and slight. In order to detect fluctuations in the productivity it was con
sidered necessary to limit the "standard error of the mean" (SEM) to 10% 
or less. 

The degree of synchronization in the output of new leaves and the in
fluence of this on the time interval between the appearance of 2 successive 
leaves were studied and statistically analysed. 

MATERIAL AND METHODS 

The research was carried out at "Motupore Island Research Centre", a 
field station of the University of Papua New Guinea, in Bootless Bay. A 
relatively small, homogeneous patch of Thalassia hemprichii in front of the 
centre was chosen on the basis of accessibility. The size of this monospecific 
patch would not support a continuous sampling throughout a year. Substrate 
level was 0.1 m below ELWS. The site was partly protected from wave ac
tion by a sandbar, a sandflat and coral conglomerates. 

Two series of measurements were made; the results of the first series 
were taken into account during the second series. 

In December 1980, 48 numbered quadrats, 400 cm2 each, were estab
lished in a continuous array of 4 X 12. Twelve random groups, 4 quadrats 
each, were compiled prior to the experiment. The quadrats were used 
only once. Repetitive marking of the shoots in the same quadrats was ex
pected to inflict too much damage to the young leaves. 

On 12 consecutive days, starting on 4 December, the youngest leaves 
of all shoots in one group of quadrats were measured and stapled. If the 
youngest leaves were too small for stapling then the second leaf was marked 
with a brightly red coloured staple (nailpolish). The youngest leaf that 
should have been marked was stapled in the usual way, after it reached a 
suitable size, some days later. The number of new leaves appearing on 
shoots that had been stapled on preceding days were counted frequently. 
An attempt was made to count the new leaves on all stapled shoots every 
day. However, the total number of shoots involved (756 at the end of the 
experiment) made daily counts impractical. On 13 December only the new 
leaves in the quadrats that had been stapled on the previous day were count
ed. The new leaves were not counted on the 17 and 19 December. This 
experiment was ended on the 20 December. 

The experiment, modified and simplified, was repeated in March 1981. 
The number of quadrats was increased to 56. The youngest leaves of the 
shoots were treated as in the previous experiment. However, a new set of 
quadrats was treated on every second day. A complete tidal cycle of 28 days 
could be covered this way. The experiment started on 1 March 1981. 

On the basis of the preliminary results of the December series, the num
ber of new leaves were counted only on the 8th and the 14th day after the 
stapling of the shoot. 
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The plastochrone interval (PI) was calculated according to Jacobs (1979): 

Number of shoots counted X time interval in days 
PI ^ 

Number of new leaves 

The following notation will be used throughout the paper: PI.n is the 
plastochrone interval as calculated from the new leaves that were counted 
on the nth day after the stapling of the shoot. 

In February 1981, prior to the second experiment, the linear growth of 
the leaves of the seagrass at this site was measured using the technique 
described by Zieman (1974). On 2 and 4 February small holes were punch
ed, by a syringe needle mounted on a forceps, on the level of an aluminium 
reference frame. The displacement of the first hole relative to the second 
hole was measured. 

The irradiance at the study site was measured with a quantum-sensor 
and integrator (Li-Cor). The actual amount of light reaching the seagrasses 
is less than the measured amount due to reflection and absorption. The 
total daily variability in the amount of absorbed light, as a result of the 
changes in the water-level due to the tides, is small compared to the variabil
ity in the values for albedo and absorption at the water surface, according 
to the literature (Weinberg, 1976). The irradiance was measured above water. 
These values were used in the analysis. 

The data on the tides were extracted from the tide tables for Port Mores
by. 

All statistical tests are based on Sokal and Rohlf (1981). 

RESULTS AND DISCUSSION 

Linear growth 

The linear growth of the youngest leaves of T. hemprichii in this popula
tion was 9.4 (±1.0) mm per day from 2 to 4 February 1981. 

Distribution of leaf lengths 

The experiments were designed in order to analyse the precision attain
able using the chosen method for the determination of production in sea-
grasses. However, this paper also deals to some extent with the a posteriori 
analysis of some measurements. 

Some characteristics and parameters of the distribution of the lengths 
of the youngest leaves of T. hemprichii, at this site, are summarized in 
Table I. The distribution of the lengths of all youngest leaves jointly is 
presented in Fig. 1. 

The data from the 4 quadrats, measured on the same day, were tested 
for homogeneity (Kruskal-Wallis test; Ρ < 0.05). Of the 26 groups in the 2 
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TABLE I 

Some parameters of the youngest leaves of Thalassia hemprichii on the day of marking 

Date Number of Lengths youngest leaves 
shoote M e a n M e d i a n M a x 9 0 % 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

63 
63 
75 
64 
55 
57 
62 
72 
64 
60 
51 
70 

March 1981 
1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 

58 
51 
55 
55 
56 
67 
56 
72 
59 
68 
67 
68 
75 
48 

60 
58 
63 
67 
61 
64 
60 
62 
70 
67 
53 
57 

60 
65 
60 
56 
53 
51 
65 
48 
63 
58 
63 
61 
59 
49 

57 
57 
60 
70 
58 
68 
52 
65 
75 
75 
50 
55 

60 
68 
58 
52 
42 
50 
64 
40 
63 
54 
63 
58 
65 
48 

136 
122 
119 
135 
121 
127 
123 
133 
134 
117 
133 
124 

114 
124 
121a 

113a 

125 
114 
132 
107 
116 
120 
127 
126a 

126a 

113 

'indicates groups in which the distributions of the lengths of the youngest leaves in 
the 4 quadrats were not homogeneous. 

series, consisting of 4 quadrats each (December 1980 and March 1981), 
4 groups were not homogeneous. These groups are marked in Table I. The 
range of the median length of the youngest leaves in the 2 series was 25 
and 27 mm, respectively. Similarly, the range of the mean length of the 
youngest leaves was 17 mm in both series. These values would represent a 
shift in the average age of the youngest leaves of 1.8 (mean) or 2.8 (median) 
days. This change indicates a degree of synchronization in leaf development 
between shoots. 

The skewness of the distribution of the leaf lengths appeared to be a 
useful parameter. The skewness is related to Poisson or comparable para
metric distributions. The leaf lengths of the youngest leaves in plants with 
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a similar growth form as T. hemprichii (straplike leaves emerging apparently 
continuously from a basal meristem), are never normally distributed. The 
skewness of the distribution of the lengths as given in Fig. 1 is +0.21, in
dicating the gradually diminishing number of leaves in the longer length 
classes. Therefore, a negatively skew distribution was useful as an indicator 
of a disproportionate large number of long youngest leaves. The param
eters are given in Fig. 4C (December) and Fig. 8A (March). 
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Fig. 1. The distribution of the lengths of all youngest leaves of Thalassia hemprichii 
during December 1980 and March 1981. 

The plastochrone interval 

December 1980 
The results of the plastochrone interval determinations in the 12 groups 

of 4 quadrats each (counted repeatedly on a series of consecutive days) 
are given in Figs. 2—4 and Table II. 

Repeated counting enabled 364 individual values for the PI to be ob
tained in 91 groups of 4 quadrats. The means of the 91 groups are given 
according to the date of counting in Fig. 2. This composite graph indicates 
a reduced output of new leaves around 8 and 9 December. 

Table II lists the characteristics of the PI values according to the time 
interval between the day of marking and the day of counting. All the 
quadrats that were counted after a certain number of days are included, 
irrespective of the actual date. The formula for the calculation of the PI, 
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TABLE II 

The summary of the measured plastochrone intervals (PI) in December 1980 

Time 
interval 
between 
marking 
and 
countmg 
days 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
12 
13 
14 

Number 
quadrats 
i n 

sample 

4 4 
4 0 
4 0 
36 
36 
32 
28 
24 
2 0 
2 0 
16 
12 

8 
8 

Range of the 
plastochrone 
interval (PI) 
of individual 
quadrats 

2.3 
4.3 
6.0 
6 . 9 - 7 0 . 0 
7.1—15.0 
8 . 2 - 4 2 . 0 
7.9—19.8 
8 . 0 - 1 6 . 0 
9 . 0 - 1 9 . 1 
9.5—15.5 
9.4—14.4 
8 . 7 - 1 2 . 0 
8 . 1 - 1 3 . 0 
9 . 9 - 1 4 . 0 

Number 
quadrats 
without 
new 

21 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

leaves 

ANOVA (1-way) between 
groups of 4 quadrats, 
F (dfl, df2) and level 
of significance 

+ = Student's 

F , , » = О·»* 
F , , » = 0-97 
F 8 „ = 1 . 8 2 
Fe\7'2.65 
F7,'24 = 1.48 
F , i a i = 2.35 
F 5 ,, = 0.43 
F « ; . . = I - I O 
F 4 i l 5 = 2.32 
Г з > і а = 3.13 
F3,» = i · 8 7 

t* ' = 1.01 
t* = 1.02 

f 

NS 
NS 
NS 
Ρ < 0.05 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

Overall 
mean PI of 
separate 
quadrats 

1 0 . 3 * 
15.0* 
16 5* 
15.7 
13.8 
12.7 
11.3 
10.5 
11 4 
11.4 
11.5 
11.2 
11.1 
11.8 

Standard 
deviation 
of mean PI 

4.7 
10.3 
12.6 
12.0 

8.6 
6.5 
2.9 
1.9 
2.3 
1.3 
1.4 
1.2 
1.7 
1.5 

Range of the 
Standard error 
of the mean PI 
within groups 
of 4 quadrats 

15—55 
8 - 4 5 
6 ^ 1 
1 - 3 4 
6—35 
4 - 1 9 
5—16 
5 - 1 5 
3 - 7 
4— 7 
1— 7 
7— 8 
6 - 7 

Percentage 
groups 
with a 
SEM less 
than 1 0 % 
of the 
mean PI 

0 
10 
11 
Б6 
25 
71 
67 
6 0 

100 
100 
100 
100 
100 

Sehe f f e' test 
all groups 
(Number of 
significantly 
different pairs 
and number of 
tested combina
tions) 

4 ( 4 5 ) 
2 ( 4 5 ) 
2 ( 3 6 ) 
8 (36) 
0 ( 2 8 ) 
7 ( 2 1 ) 
0 ( 1 5 ) 
0 ( 1 0 ) 
0 ( 1 0 ) 
К 6) 
К 3) 
0 ( 1) 
0 ( 1) 

•Quadrats in which no new leaves were found, have not been included. 
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Fig. 2. The means of the PI in all groups of 4 quadrats. 

a division by the number of new leaves, is meaningless when no new leaves 
are found. This only occurred during the first 3 days; 21 times after 1 day, 
3 times after 2 days and once after 3 days. The quadrats "in which this 
was the case were omitted from the calculations summarized in Table 
II. The maximum calculated PI was still 70 days after an interval of 4 days. 
The maximum value decreased rapidly after an interval of a week. 

The lowest values for the PI were also recorded during the first days. A 
PI of 2.3 after 1 day originated from a quadrat in which 43% of the shoots 
showed a new leaf 1 day after marking. 

The analysis of variance (ANOVA, one way), among the groups that 
were counted after an identical time interval, showed a significant difference 
(P < 0.05) only in the set with the 5-day interval between marking and 
counting. In this large set (36 quadrats) only 56% of the individual groups 
of 4 quadrats reached the desired 10% limit of the SEM. This 10% limit 
of the SEM was reached after a minimum time interval of 10 days between 
marking and counting for all groups. However, the range of the PI values, 
within the groups, became lowest after an interval of 12 days. Student's 
i-test was used for the comparison of the sets with only 2 groups of quadrats 
(13 and 14 days). 
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All groups, within a set of identically-treated quadrats, were tested for 
significant differences with all other groups in that set (Scheffé, Ρ < 0.05). 
The number of significantly different combinations are listed in Table II. 
No such difference could be found after 8, 9 and 10 days, notwithstanding 
the relatively large number of groups (6, 5 and 5, respectively). However, 
a significant difference between the plastochrone intervals in the groups 
after 11 and* 12 days could be located. It appears that, while the range of 
the PI between the groups reached the lowest values, the ranges of the Pi's 
within the groups were also sufficiently small to enable the detection of 
differences between the groups. 

The time interval of 12 days between marking and counting, an interval 
slightly longer than the average PI, was most suitable for the purpose of 
long term studies of the production of this seagrass at this study site. How
ever, the regression analysis of the maximum and minimum values for the 
separate quadrats (sample size = 400 cm2) suggests a continuing improve
ment of the attainable precision beyond the 12 days (Fig. 3). The regressions 

PLASTOCHRONE INTERVAL DAYS 1 

100 r 

1 1 ' ' ' ' ' ' ' ' ' [ ' ' L » ' 
1 2 3 4 5 6 7 θ 9 10 11 12 13 U 

DAYS AFTER MARKING 

Fig. 3. The least squares regression curves of the measured maximum and minimum PI 
during December 1980 calculated for single quadrats (sample size = 400 cm2) and for 
groups of 4 quadrats jointly (sample size = 1600 cm2). R2 is the coefficient of determina
tion. 
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for the groups treated as single samples (sample size = 1600 cm2) intercepted 
after 11.4 days. All regressions are highly significant (P < 0.001). 

The minimal attainable limit of the SEM is between 6 and 8% in the 
samples of 4 quadrats. 

Repeated counts of new leaves on the same shoots on consecutive days 
enabled estimation of the plastochrone interval from day to day according 
to the modified formula for the PI. 

PI = 
No. of shoots counted 

No. new leaves — No. new leaves on the previous day 

Figure 4B gives the percentages of shoots on which a new leaf emerged 
during the previous 24 h. Figure 4A presents the PI calculated from those 
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Fig. 4. (A) The daily PI calculated from all quadrats in which the number of new leaves 
on the previous day was known. ( ) indicates the PI calculated after a 2-day interval 
between successive countings. (B) The percentage of the shoots on which a new leaf 
appeared during the previous 24 h. The percentage equals the reciprocal of the PI times 
100. ( ) indicates a result from a 2-day interval. (C) The skewness of the distribu
tion of the youngest leaves on the day of marking. 
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Fig. 5. The plastochrone interval arranged according to the date of marking. The time 
interval between marking and counting was 8 (PI 8) or 14 days (PI 14). The standard 
error of the mean of the 4 quadrats is given for PI 8 and only half is drawn to one side 
of the curve. 
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Fig. 6. The plastochrone interval arranged to the day of counting of the new leaves. 
The time interval was 8 (PI 8) or 14 days (PI 14). Half of the SEM is indicated for PI 
14, to one side of the curve only. The 2 Pi-values on a date are from different groups of 
quadrats. 

61 



data. The results indicate that the output of new leaves was reduced during 
the initial period of this experiment. During the 24 h, beginning in the 
afternoon of 8 December, a new leaf appeared on only 4.9% of all of the 
329 shoots in the 20 quadrats that had been marked or counted on both 
8 and 9 December. The PI during this period was exceptionally high, 20.4 
days. Since the start of counting the PI had been increasing, conversely, 
the output of new leaves was reduced. The lowest values for the PI, on the 
other hand, were found 2 days later, on 11 December. The PI of 8.5 days, 
was the result of newly emerged leaves on 11.8% of the shoots in 28 
quadrats. The shapes of the 2 graphs in Fig. 4B (% shoots on which a new 
leaf appeared during the last 24 h) and 4C (the skewness of the distribution 
of the lengths of the youngest leaves measured on that day) show some 
similarity. A high correlation was found between these figures (Kendall 
rank correlation^ < 0.01). 

March 1981 
The Pi's, calculated from the counts on the 8th and the 14th day after 

stapling of the youngest leaves in 4 quadrats, are given in Figs. 5 and 6. 
Both PI 8 and PI 14 have been arranged according to the day of marking 
in Fig. 5. In this figure the SEM is given only for the PI 8. In Fig. 6, the 2 
PI values are arranged according to the day of counting. Hence, the values 
on a specific date originate from different quadrats. The SEM of the PI 
14 is given in this figure. 

A comparison of the 2 figures shows that the similarity in the fluctua
tions is much more evident in the arrangement of the results according to 
the day of stapling than according to the day of counting. This suggests 
strongly that the status of the shoots on the day of marking and more 
specifically the distribution of the leaf lengths has a pronounced and pos
sible trailing effect on the PI. A corrective influence of the additional 6 
days (from PI 8 to PI 14) is indicated. 

The overall means of all 56 PI 8 and all 56 PI 14 values were virtually 
identical; 10.31 and 10.26 days, respectively. However, the increase of the 
time interval between marking and counting reduced the variability of the 
results by 31%. 

Statistical analysis 

A highly significant correlation can be shown between PI 8 and PI 14 
from the same quadrats (P < 0.001). The least squares regression: PI 14 = 
PI 8/(0.065 PI 8 + 0.327), is given in Fig. 7. The denominator becomes 1 
and hence PI 8 and PI 14 become identical on 10.35 days, avalué very close 
to the overall means of both the 2 PI values. The regression expresses the 
foUowing relationship; if PI 8 > PTS then PI 14 < PI 8; if PI 8 < PI 8 then 
PI 14 > PI 8. Thus, if the PI 8 of the shoots in a quadrat was lower than 
the average PI 8 of all the quadrats during the whole period, then the output 
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Fig. 7. The least squares regression between PI 8 and PI 14 from the same quadrats. 

of new leaves, during the next 6 days, decreased. Conversely, if the PI 8 
of a quadrat was higher than the average PI 8 (too few new leaves), then the 
deficit would be reduced, but not necessarily removed after an additional 
6 days. This effect of the increased time interval recurred in the ranges of 
the mean Pi's of the groups. The range of PI 8 was from 9.0 to 12.8 days. 
The range of PI 14 was from 9.4 to 11.1 days, a reduction in the range 
by 55%. 

A significant linear relation (P < 0.01) can be found between the PI 8 
and many parameters of the leaf length distribution on the day of stapling 
(e.g., mean, median, average length of the smallest 50% of the leaves). 
The slopes of these regressions are all of the same order of magnitude 
(—0.58; —0.64; —0.61). These slopes average to —0.61, or. the PI 8 decreases 
with 0.61 days if the value of the parameter of the leaf lengths increases 
with 1 cm. Equally significant is the relation between the skewness of the 
distribution and the PI 8. 

The effect of any parameter of the leaf lengths decreased with the in
crease of the time interval between the day of marking and the day of 
counting. The correlation between the median or the skewness and the 
PI 14 was still significant (P < 0.05), but the к 'el of significance is reduced. 
The reducing effect of the additional 6 days, on the influence of the leaf 
length distribution on the day of marking, is more clearly demonstrated 
by the decrease of the slope of the linear regression of the median and the 
PI 14, to —0.18. The trailing effect of a change of 1 cm in a parameter of 
the leaf lengths induces only the minor change in the PI 14 of 0.18 days. 

When summarized, the results appear to form a cyclic relation of inter
dependence that probably is sustained by external factors. 
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The analysis of the PI from day to day, as presented for the December 
data in Fig. 4, was possible because in many quadrats counting was done 
on successive days. The fixed and relatively long intervals between marking 
and counting during the experiment in March did not enable such an analysis 
directly. However, comparable but estimated data could be obtained in
directly based on the observed linear growth and the measured lengths of 
the youngest leaves. However, the following calculations are only valid, 
when the linear growth of the leaves is not greatly influenced by the amount 
of light reaching the seagrasses in this population. This was supported by 
measurements in another meadow of Thalassia hemprichii in 1982 (Brouns, 
1985). The light saturation for the photosynthesis is reached at the level 
of 10% of full sunlight in a number of seagrasses (Drew, 1979). Data on 
the linear growth of seagrass leaves during varying light regimes are limited. 
An artificially-created increase of the ambient light in a shallow water 
population of Zostera marina induced no significant increase in the leaf 
production (Dennison and Alberte, 1982). 

The length of the leaf and the linear growth per day (9.4 mm) were 
used to estimate the date on which the leaf had appeared in the centre of 
the bundle. The number of leaves was used for the calculation of the PI 1 
on that date. The number of length classes was taken in such a way that a 
PI 1 could be calculated for every day (the leaves were measured only every 
second day) in 8 quadrats (Fig. 8B). 

Irradiance 

The PI 1 of a day, estimated in this way, was related to the amount of 
light (P < 0.05, Kendall rank correlation) on that day. A regression analysis 
of the estimated PI and the amount of light on the previous day resulted 
in: PI = 44.4 — 8.5/nX, in which X represents the photosynthetically active 
radiation (400—700 nm) E/m2/day (P < 0.01). However, the curve is based 
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Fig. 8. (A) The skewness of the distribution of the youngest leaves of Thalassia hemp-
richii during March 1981. The solid line represents the smoothed curve. (B) The percent
age of shoots on which a new leaf appeared during that day, estimated from the lengths 
of the youngest leaves. See the text for the explanation. 

on many datapoints that were concentrated at the end of the scale and 
only 9 datapoints throughout the rest of the range. Furthermore, it should 
be emphasized that the leaf was counted after emerging from the sheath-
bundle. The time during which the leaf remained hidden is not taken into 
account. 

This indication that the output of new leaves is influenced by the amount 
of light appears to be supported by the skewness in the distribution of 
the youngest leaves on the day of marking (Fig. 8A). The irradiance was 
highly variable and in average low during the last days of February and the 
first week of March. The irradiance is consistently high, with cloudless 
skies, during the remaining part of March. The influence of the irradiance, 
as suggested by the derived PI values, is not supported by data from Decem
ber. The insolation at the study site was not recorded during December. 
However, the data on the hours of sunshine, recorded on the University 
campus 15 km NW of Motupore Island, showed no comparable fluctuations. 
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Tide 

The increased output of new leaves, presented as the percentage of new 
leaves in Figs. 4B and 8B, coincides with the spring tide following the new 
moon of 8 December and 6 March. The tidal range reached the maximum 
amplitude (1.7 m in December and 2.3 m in March) 2 days later. The in
creased production is also reflected in the skewness of the distributions 
of the leaf lengths. The maximum values for the skewness were record
ed shortly after the spring tides. 

The synchronization of biological phenomena with the tidal or lunar 
cycle is known from several marine organisms (Den Hartog, 1970; Enright, 
1975). In seagrasses the tide synchronizes the flowering of Enhalus acoroides 
(L.f.) Royle (Troll, 1931). The advantages for the seagrass with an increased 
output of new leaves during spring tides, are difficult to envisage. The 
initiation or the development of new leaves might be enhanced by the in
creased water exchange and nutrient transport during spring tides. 

Temperature is an important factor to be considered in the ecology and 
productivity of seagrasses (Zieman, 1975; Penhale, 1977; Drew, 1978). 
However, the lowest water levels occur during the night in the spring tides 
of the summer. The water level is relatively high during daytime. The ex
change of water between the seagrass bed and the surrounding deeper chan
nels can happen freely during the daytime spring flood. An increase of the 
diurnal variation of the temperature is therefore highly unlikely during 
these summer spring tides. 

The large diurnal variation in the hydrostatic pressure on the seagrasses 
may also be of influence. 

CONCLUSIONS 

The plastochrone interval technique is a fast method for the assessment 
of the productivity in seagrasses. It is less tedious to determine the average 
biomass of fully grown leaves than to measure the production by means 
of the numerous pieces of leaves that have developed between the 2 mark
ings as is required for the technique of Zieman. It is more important that 
the Pi-technique enables the direct measurement of the production of other 
plant parts (sheaths and intemodes of the short shoot) in most seagrass 
species. The method can be used, for productivity studies that include all 
plant parts, especially in seagrasses that have a growth form like Zostera 
marina and Enhalus acoroides where a leaf is formed on every internode of 
the rhizome. However, a minimum time interval between marking and 
counting, slightly longer than the PI of the species and preferably including 
both a spring and a neap tide is necessary. The technique is not suitable 
for short term studies of the productivity in situ because of the necessary 
time interval of approximately 1 PL However, long term measurements 
will lose accuracy owing to the loss of staples and parts of the leaf if the, 
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fragile, youngest leaves are stapled. This can be circumvented by stapling 
of the second leaves, preferably in the basal part. The damage of the leaf 
blade remains recognisable if the staple is lost. 

The strong indication that the output of new leaves is influenced by 
the tidal cycle needs additional research, preferably during more and suc
cessive tidal cycles. The possible influence of the amount of light reach
ing the seagrasses can neither be accepted nor rejected. The simultaneous 
occurrence of increasing amounts of irradiance and increasing tidal ampli
tude in the days preceding the new moon in March, might have induced 
an artificial correlation. 
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ABSTRACT 

The Plastochrone Interval of the Rhizomes (PIR) was determined in the 
monopodially branching seagrasses Cymodocea rotundata Ehrenb. et Hempr. ex 
Aschers. (1981), Cymodocea serrulata (R.Br. )Aschers. et Magnus (1981), 
Syringodium isoetifolium (Aschers. )Dandy (1982), Halodule uninervis 
(Forssk.)Aschers. (1982) and Halophila ovalis (R.Br.)Hook f. (1982). The 
growth rate during 1981 was in all species, including Thalassia hemprichii 
(Ehrenb.)Aschers. constant during the year and the PIR amounted to 6.7 days 
{Cymodocea serrulata) and 3.9 days (Cymodocea rotundata). However, the 
PIR observed in 1982 showed in all species an unimodal pattern and a 
decrease during June, July and August. The plastochrone interval of the 
rhizomes was 6.3 days in Halodule uninervis while an interval of 5.2 days 
was calculated in Syringodium isoetifolium. 

The growth rates of the horizontal and vertical axes (rhizomes and 
shoots) were correlated. A regression between the number of leaves on the 
shoot and the number of nodes on the rhizome resulted for most species in a 
linear correlation. The slopes of the calculated correlation were rather 
similar in the three species with a comparable morphology; 0.44 in 
Cymodocea serrulata, 0.43 in Cymodocea rotundata and 0.49 in Halodule 
uninervis. In Syringodium isoetifolium the longevity of the leaves 
increased, during ageing of the shoot. 
The proliferation ratio (the ratio shoots/rhizome apices) was measured in 
all species. A maximum of 0.41 was observed in Thalassia hemprichii This 
species and Cymodocea rotundata showed an unimodal pattern. In the last 
species the ratio ranged from 0.03 to 0.13. The ratio was constant during 
the year in Cymodocea serrulata and Syringodium isoetifolium. Proliferation 
by means of monopodially branching of the rhizome was of little importance 
in Halodule uninervis. The pattern of proliferative and reiterative 
branching in the Cymodoceoideae is illustrated by an image of 123 days of 
growth in the fastest growing specimen. 
Most species showed growth in fronts. The expansion of monospecific seagrass 
fringes was monitored by repetitive mapping. The pattern of succession in 
subtidal meadows was determined. 
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INTRODUCTION. 

From August 1980 to January 1983, structural and functional aspects of 7 

seagrass species have been studied in Bootless Inlet, Papua New Guinea, viz. 

Thalassia hemprichii (Ehrenb. )Ascherb (Brouns, 1985a), Enhalus acoroides 

(L.f.)Royle (Brouns and Heijs, 1986), Cymodocea rotundata Ehrenb. et 

Hempr. ex Aschers., Cymodocea serrulata (R.Br.) Aschers. et Magnus, 

Syringodium isoetifolium (Aschers. )Dandy, Halodule uninervis 

(Forssk. )Aschers. (Brouns, 1987a) and Halophila ovalis (R.Br.)Hook. f.. 

The investigations included the production, biomass and phenology of all 

different plant parts. For the determination of the production of 

below-ground plant parts it was necessary to assess the growth patterns of 

rhizomes and roots. The coherence between above-ground production and 

below-ground production was studied. In this way observations over a longer 

period of time provided a control for the short-term (14 days) production 

estimates. A second goal was to measure possible seasonal changes. 

Furthermore, the possibility and feasability of productivity studies by 

marking of the relatively persistent rhizomes, was studied. 

MATERIAL A N D METHODS 

Of the above-mentioned seagrass species with the exception of Enhalus 

acoroides, which has a different growth form, the following data, were 

collected (for details see Brouns, 1985a, Brouns and Heijs 1986): 

-the Plastochrone Interval of the Leaves (PIL); 

-the Plastochrone Interval of the Rhizomes (PIR) ; 

-the number of leaves plus leaf scars on shoots of a known age; 

-the density of the shoots; 

-the number of rhizome apices; 

-the number of internodes on the rhizomes; 

-occurrence of reiterative and proliferative branching. 

The data originate from samples taken for the productivity studies, from 

tagging of the rhizomes and from repetitive mapping of fringes of seagrass 

growth. 
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RESULTS and DISCUSSION 

Growth rates of the rhizome 

Cymodocea serrulata 

The mean plastochrone interval of the rhizome (PIR), ι e the time interval 

between the formation of two successive nodes, was constant during the year 

(ANOVA) The annual mean was 6 7 ± 1 7 days, but no data were obtained 

during November and December The reciprocal of the PIR (internode day
1
) is 

presented in Figure 1 The annual mean was 0 15 internode day
1 

Growth rhizomes (internodes day-

0 30 

0 20 

010 

005 

4=4: 

Cymodocea rotundata 

Cymodocea serrulata 

J J S 0 

1961 

Figure 1 The reciprocal of the Plastochrone Interval of the Rhizome (PIR) 
(internode day

1
) of Cymodocea serrulata and Cymodocea rotunda

ta (±s d ) The horizontal bar represents the observation peri
od The rhizomes in which the correlation between PIL and PIR was 
measured are indicated by an open circle 

The PIR varied considerably between individual plants and ranged from 2 6 to 

11 1 days Total growth of the most vigourously growing specimen (PIR=2 6 
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days), over a period of 123 days, starting June 1st 1981, is presented later 

(Figure 12). 

The mean length of the mternodes remained constant (ANOVA) during the year 

Measurements were obtained from 39 rhizomes which had a mean PIR of 6 5 

days The mean length of the internodes, as well as the PIR, varied 

considerably between the individual plants The mean length ranged from 29 

to 55 mm. The variability in the length of the internodes of a single 

rhizome, was relatively small The average coefficient of variation (V) in 

the samples was 18% The mean internode length and the PIR were related The 

correlation is best described by a part of an hyperbola (Figure 2) (r=0 62, 

p<0 01). A linear regression (line 2) (r=0 59, p<0 01) calculated a 

reduction in the mean internode length of 2 mm for an increase of the PIR by 

one day As a result the shoots became rather evenly spaced (39 (s e. 7) 

mm) 

Mean lenght mternodes, mm -

SS 

50 -

It) 

35 

30 

Cymodocea serrulata 

-Γ ι ι 
1 2 3 <· 5 6 7 Í 9 10 11 

PIR.days 

Figure 2 The regression of the mean length of the mternodes and the 
measured PIR of the rhizomes in Cymodocea serrulata l=best 
fitting curve (r=0 62) 2=linear regrebsion (r=0 59) 

Cymodocea rotundata 

The set of data for the rhizome growth in this species is less detailed 

Measurements were made during 2 periods in 20 rhizomes. The PIR did not 

change during these two periods The observed mean was 3.9 ± 0.7 days The 

results are presented, as the reciprocal (Figure 1). 
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The length of the internodes between shoots varied only slightly in this 

species (36-49 mm, overall mean 44 mm) No correlation was found between the 

PIR and the mean length of the internodes 

Halodule uninervis 

The growth rate of the rhizomes of this species showed an unimodal pattern 

(Figure 3) The annual mean PIR was 6 3 days or 0 16 internodes per day. 

The lowest growth rate (0 13 internodes day1) occurred from June to August 

Growth rhizomes (internodes day 

0 20 

- i l 

015 

010 

J F M J J S 0 N 0 
1982 

Figure 3. The growth rate of the rhizomes of Halodule uninervis (±s d ). 
The horizontal bar represents the observation period 

The mean length of an internode, measured in colonizing plants, was 33 (±8) 

mm. No correlation could be calculated between PIR and internode length 

Syringodium isoetifolium 

The changes in the growth rate of the rhizomes during 1982 were most 

pronounced in Syringodium isoetifolium (Figure 4) The maximum rate (0 29 

internodes day"1) was observed in October. During July and August the growth 

of the rhizomes was relatively slow (0 11 internodes day"1) Mean internode 
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length was 28 (±7) mm and was not related to the PIR. The annual mean PIR 

amounted to 5.2 days or 0.193 internode day
1
. 

Growth rhizomes (internodes day - ' ) 

030 -

0 25 

0 20 

015 

010 

τ 

τ ! 
ι I 
I I 

Ι - Τ 
ι 

• 

S O N O 
19Θ2 

Figure 4. The growth r a t e of the rhizomes of Syringodium isoetifolium 
( ± s . d . ) . The h o r i z o n t a l bars represent the observation per iod. 

The growth ra tes of the rhizome in these four Cymodoceoideae should be 

compared with t h e growth r a t e of the rhizome in Thalassia hemprichii 

(Brouns, 1985a). The s t r i k i n g agreement in the p a t t e r n of the PIR of these 

five species ind ica tes major year t o year differences in the growth r a t e of 

the rhizomes. In 1981 Cymodocea serrulata, C. rotundata and Thalassia 

hemprichii showed a v i r t u a l l y constant growth r a t e of the rhizome. The 

r e s u l t s from the measurements in 1982, in Halodule uninervis, Syringodium 

isoetifolium and Thalassia hemprichii, however, showed a c l e a r unimodal 

p a t t e r n . All data indicated the decrease of the growth r a t e s t o begin in 

May. This suggests an environmental disturbance with a major impact. 

Exposure during daytime was assumed t o be the probable cause for Thalassia 

hemprichii (Brouns, 1985a) because no major di f ferences occurred in the 

annual cycle of temperature and i n s o l a t i o n over the 2 y e a r s . The low-water 

level during spring t i d e s was 10 cm lower in 1982 compared t o 1981. Exposure 
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of the intertidal study site therefore was more frequent and longer m 

duration The Syrmgodium isoetifolium and Halodule unmervis meadows, 

however, were below ELWS, hence were never subjected to exposure Only one 

particular event, might possibly be a connection On May 12th 1982, a calm 

day, a zone of brown-coloured water, was observed for the first and only 

time during the entire study period (July 1980 - January 1983) in Papua New 

Guinea The boundary between the relatively clear blueish water of the 

Papuan coastal lagoon and this brown-coloured water was sharp, not wider 

than 5 m This, river runn-off, was moved over the seagrass beds by the 

incoming tide During a short period the visibility was less than 50 cm 

The relation between the plastochrones of the horizontal and vertical axes 

All species are monopodial in their branching pattern (Tomlinson, 1974, 

1982) The Cymodoceoideae are continuous and branching of the rhizome is 

the mam mechanism for vegetative propagation of the plants In an 

established meadow of Halodule unmervis most shoots develop from menstems 

on the vertical axes Monopodial branching appeared to be important only 

when this species colonizes an area by means of the rhizomes 

Cymodocea serrulata 
The number of leaves plus leaf scars on a shoot and the number of nodes 

between that particular shoot and the apex of the rhizome was counted in 30 

rhizomes The mean PIR in this sample was 5 7 days The regression between 

the two, resulted in a highly significant correlation of the function Y=l 63 

± 0 44b (r=0 95, n=30 means), in which Y is the number of leaves plus leaf 

scars and b the number of plastochrone intervals between the shoot and the 

apex (Figure 5, line 2a) From this slope and the mean PIR, a PIL of 12 9 

days can be calculated The maximum distance between a shoot, included in 

this sample and the apex of the rhizome was 34 nodes Substitution of the 

actual age of the shoot (from PIR and position), resulted in a line with a 

slope of 0 089 , hence a mean PIL of 10 2 days (Figure 5, line 2b) The mean 

PIL, measured by marking the shoots, in 11 periods of 14 days was 11 0 days 

(Brouns, 1987a) 

Cymodocea rotundata 
The correlation between the PIL and PIR was determined in a similar way as 

described above* The regression (Figure 5, line la), has a slope of 0 43 

An estimated PIL of 9 1 days was calculated from these two figures 

Substitution of the actual age of the shoots resulted in a calculated PIL of 

10 8 days (Figure 5, line lb) The maximum age of a shoot in this sample was 
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Figure 5. The regression between the plastochrones of the short shoot (ss) 
and plastochrones of the long shoot (rhizome. Is) of Cymodocea 
serrulata and Cymodocea rotundata. The age of the nodes on the 
rhizome was calculated from the PIR. 

123 days. The mean PIL, determined by marking of the leaves during two 4 

month periods (January-April; July-October) was 11.4 days. 

Halodule uninervis 

The relation between the plastochrones of the vertical and horizontal axes, 

determined as described above, resulted in this species in a line with a 

slope of 0.49 (Figure 6). The mean PIR in these samples (March-May and 

September-December) was 5.9 days, which results in a calculated PIL of 12.0 

days. The PIL obtained by marking of the leaves, in this meadow and during 

the same period, was 12.1 days (Brouns, 1987a). 

The differences between the estimated production of leaves obtained by 

the counts of leaves plus leaf scars on shoots of which the age could be 

determined from the tagging of the rhizomes, were not consistent in the two 

Cymodocea species. The regression of numbers resulted in a 17% 

overestimation of the PIL in Cymodocea serrulata and in a 19% 

underestimation of the PIL in Cymodocea rotundata. After substitution of 

real ages, the difference between measured and estimated PIL decreased to 

-7% and -5%. This is well within the error obtained from the results of 

marking of the leaves. The figures were more precise in Halodule uninervis 
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and in Thalassodendron cili'atum (Forssk )den Hartog (Brouns, 1985b) but 

then only one value for the PIL was obtained Nevertheless, the long-term 

estimation of production, determined by marking of rhizome apices appears to 

be the most efficient method for the collection of data. 

Syringodium ¡soetifolium 
The correlation between the plastochrones of the 2 axes in the species 

mentioned above were linear and nearly so in Thalassia hempnchii. A 

regression between the plastochrones of the two axes, according to the 

methods described above, resulted for Syringodium ¡soetifolium in an 

exceptional correlation, compared to all other species in this study 

(Figure 6). 

Plastochrones short shoot 

0 20 LU 60 60 
Plastochrones long shoot 

Figure 6. The regression between the number of plastochrones of the short 
shoot and the plastochrones of the long shoots (rhizome) of Syr
ingodium ¡soetifolium (line 1) and Halodule unlnervis (line 2). 
Lines 3 (Cymodocea rotundata), 4 (Cymodocea serrulata) and 5 
(Thalassia hemprichii) are redrawn for comparison The horizontal 
bars represent the s d.. 

The longevity of the leaves increased considerably during ageing of the 

shoot. The leaves on young shoots succeeded each other quickly. The fifth 
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leaf on a shoot had a life-span of 7x PIR. The ninth leaf remained on the 

shoot as long as 13x PIR The total number of leaves plus leaf scars was, 

after 1 year, only 11. The calculated regression is presented in Figure 6. 

The correlations between PIL and PIR of the other species are redrawn in 

this figure to facilitate the comparison. 

Thalassia hemprichii 

Branching m Thalassia hemprichii is periodic and irregular. This species 

differs from the four previously mentioned species, because 2 successive 

vertical shoots are separated by 9-21 nodes on the rhizome. The growth rate 

of the rhizome in Thalassia hemprichii was relatively slow in the intertidal 

monostand with a densely packed substrate (slope=0 64), intermediate 

(slope=0 40) in a subtidal mixed meadow and fastest (slope=0 28) in a 

subtidal area with loose sand as substrate (Figure 7). 

Plastochrones short shoot 
ι 

1 1 1 1 r-| 1 1—ι 1 1 • 
0 10 ' 20 30' 10 Plastochrones lonq shoot 

Figure 7. The calculated regressions between the number of plastochrones 
of the short shoot and the plastochrones of the long shoot (rhi
zome) of Thalassia hemprichii Line 1 originates from a popula
tion in the intertidal, line 2 from a subtidal mixed meadow and 
line 3 from colonizing rhizomes m the subtidal in loose sandy 
substrate. 
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H al о phi I a oval i s 

The growth rate was measured during three, approximately 1 month long 

periods from August to November 1982. The growth rate of the main axis, 

varied between 0.28 and 0.75 internode per day. The three monthly means were 

not significantly different. The mean growth rate during the whole period 

was 0.45 ± 0.19 internodes per day, comparable to the rate measured in 

Halophlla hawaliana Doty and Stone (Herbert, 1986). 

Pieces with a maximum of 33 nodes on the main axis were retrieved and 

analysed. Older parts were never encountered and of the oldest parts, only 

the nodes could be recognized. The leaf pairs on the nodes detached or 

disintegrated between 1.6 and 5.6 plastochrones, depending on the order of 

the axis. All connected branches were harvested. The whole plants were 

reconstructed in the laboratory. It appeared that: 

- A new axis (axis of the 2nd order) developed on all nodes of the main 

axis. 

- On 90% of the nodes on axes of the 2nd order, a branch (axis of the 3rd 

order) was observed. The remaining 10% was probably present previously, 

but was disconnected during transport or broke off at the site. The young 

axes of the 3rd order were relatively thin and vulnerable. 

- On 8% of the nodes on the 3rd order axes a branch axis of the 4th order 

was observed. These 4th order axes were very small and thin. Many may have 

broken off but many meristems had not developed to a new axis. As can be 

seen in the regression of the number of nodes on the main axis and the 4th 

order axis in Figure 8 (line 4), the first leaf pair on the 4th order axis 

developed 20 plastochrones after the connecting node of the main axis (via 

the 3rd and 2nd order axes) had been the terminal meristem. 

Many of the 2nd order axes had, at that stage, disconnected due to the 

decay of the rhizome. Reconstruction of the plant was impossible in many 

cases. Another limitation originates from the progression of an axis to 

an axis of a next higher order during growth. 

- The rhizome diameter of the axis of the 2nd order was smaller than the 

diameter of the main axis during the first 14 (±2) plastochrones. 

- The linear growth rate of the 2nd order axis was equal to the linear 

growth rate of the main axis after 9 plastochrones of the branch axis. 

Hence, a 2nd order axis existed as a distinguishable and morphologically 

different unit between 9 and 14 plastochrones. After a maximum of 14 

plastochrones the 2nd order axis became identical to the main axis in all 

aspects and should be considered as a main axis henceforth. All axes 

beyond that point move up one order in the ranking. 
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Figure 8. The regression between the growth rates of the branch axes, of 
the first, second and third order, and the main axis of Halophila 
ovalis. The lines were recalculated from the regression between 
an axis and the axis of the next higher order. The insert illus
trates schematically the growth pattern of this species. 

A regression was calculated between the growth rates of an axis and the axis 

of the next higher order (Figure 8). The growth rates of higher order axes 

were recalculated to compare the rates with the rates of the main axis. The 

resulting equations were: 

(A2)= 0.18 (Al)1"41 (r2=0.98 n=18 means) 

(A3)= 0.13 (A2)1·36 (r2=0.98 n=14 means) 

(A4)= 0.16 (АЗ)
1
"

3 6
 (r

2
=0.95 n= 6 means) 

In which; 

(Al)= nodes on the main axis. 

(A2)= nodes on the axes of the second order, branches of the main axis. 

(A3)= nodes on the axes of the third order, branches of the axes of the 2nd 

order. 

(A4)= nodes on the axes of the fourth order, branches of the axes of the 3rd 

order. 
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In a linear regression, the slopes of the 3 lines were 0.71, 0.34 and 0.41 

for the data pairs (A1)-(A2), (A2)-(A3) and (A3)-(A4) respectively. From 

interpolation of the regressions the time-lag in appearance of the first 

nodes on the branch axes could be estimated. The first node on (A2) appeared 

after 2.7 plastochrones, the first on (A3) after 8.5 and the first node on 

(A4) after 20.4 plastochrones of the main axis. 

Recalculation of the growth rates of the different axes to the rate of the 

main axis resulted in; 

Growth rate (A2) =0.71 growth rate (Al). 

Growth rate (A3) =0.24 growth rate (Al). 

Growth rate (A4) = 0.10 growth rate (Al). 

Proliferation ratios 

The proliferation ratio, the ratio between the number of shoots and the 

number of rhizome meristems, was calculated. The ratio was constant in 

Cymodocea serrulata (0.09 ± 0.02) (Figure 9 b) and in Syringodium 

¡soetifolium (0.13 ± 0.03) (Figure 9 a). The proliferation by branching of 

the rhizome was of little importance in Halodule un'mervis at established 

sites. Branching of the vertical axes is the main mechanism for this 

species to maintain a meadow. Only 3 rhizome meristems were observed in the 

44 samples collected for productivity studies during 1981 (Brouns, 1987a). 

The proliferation ratios were variable and showed a distinct unimodal 

pattern in Thalassia hemprichii and Cymodocea rotundata. The proliferation 

ratio was highest in Thalassia hemprichii (annual mean 0.31). The maximum 

mean proliferation ratio was observed in August (0.41) (Figure 9 a). The 

minimum mean occurred in March (0.21). The proliferation ratio in this 

species was inversely proportional to the water temperature. Maximum water 

temperatures were measured in February, while in August the lowest water 

temperatures were recorded (Brouns and Heijs, 1985). The decrease of the 

proliferation ratio was gradual, as was the increase. 

In Cymodocea rotundata (Figure 9 b) the differences in the mean 

proliferation ratio were most pronounced. The ratio was constant at 0.03 

from February to May. The ratio was also constant (0.13) from June to 

September. The increase occurred within one month, after the first daytime 

exposure of the meadow. The decrease appeared to be gradual from September 

onwards. This sudden increase of the proliferation ratio of Cymodocea 

rotundata was preceeded by an increase of the number of proliferating 

shoots. These shoots, characterised by branching of the vertical axes and 

morphologically resembling double or sometimes triple shoots, increased from 
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ProlrfflralKMi ratio 

Figure 9. The proliferation ratio (+s.d.)· T.h = Thalassia hemprichii, S.i 
= Syringodium isoetifolium, Cr = Cymodocea rotundata.C.s = 
Cymodocea serrulata 

September onwards to a maximum of 50 dichotomised shoots m2 in March. The 

distribution of these dichotomised shoots was irregular between the samples. 

On all days one or more samples without any were collected. The standard 

deviation is therefore omitted in Figure 10. 

None were observed in May but this may be a sampling artefact. One of the 

two shoots on the same vertical axis, developed into a new rhizome in May. 

The study site was exposed for the first time during a daytime spring low 

tide in May. Whether this acted as a trigger remains to be investigated. 

The increase in the number of "double" shoots appeared to be gradual from 

September onwards. This coincided with the rise in the water temperature 

(Brouns and Heijs, 1985). Causal relationships are not known and remain to 

be studied. 

The simultaneous branching of the shoots of Cymodocea rotundata, in May, 

resulted in a rapid decrease of the shoots-nodes ratio, which is an 

indication of the initiation of new shoots (Figure 11). In Cymodocea 

serrulata the shoots-nodes ratio remained constant during the year. The 

shoots-nodes ratio was not measured in Halodule uninervis and Syringodium 

isoetifolium. 
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Figure 10. The density of the proliferating, dichotomized shoots of the 
seagrass Cymodocea rotundata. 

Growth patterns 

Cymodoceoideae 

The growth patterns of the rhizomes of Cymodocea serrulate, C. rotundata, 

Halodule uni'nervis and Syringodium isoetifolium are rather similar. The 

branching of these species is monopodial and continuous. The short shoots 

can revert into long shoots. According to Tomlinson (1974) and Bell and 

Tomlinson (1980), based on detailed morphological studies, branching of the 

rhizome directly, into two rhizomes, is not possible in Syringodium spp.. 

However, the macroscopical appearance of rhizome branches of this species 

were in all respects comparable to the branches in the rhizome of the three 

other species. The first internode, after "forking", of a branch rhizome 

could reach a length of 20 mm. Lacking a detailed microscopical 

examination, the occurrence of direct branching of the rhizome in 

Syringodium isoetifolium should be regarded with some reservation. The 

comparable growth patterns of the previously mentioned Cymodoceoideae will 

be illustrated by means of the specimen of Cymodocea serrulata which grew 

most vigourously (PIR=2.6 days) (Figure 12). 

The maximum distance covered by the rhizomes of this plant was 2.5 m (axis 

14 plus axis 16) during 123 days, or 7.4 m year"
1
. During this period 19 
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Shoot/nodas ratio 

Figure 77. The ratio between the number of shoots and the number of inter-
nodes of the rhizome in the seagrasses Cymodocea serrulata 
(C s) and Cymodocea rotundata (C r) 

leaves were produced on the oldest shoot, hence the mean PIL was 6 5 days 

The potential capacity to proliferate is illustrated by the fact that 31 new 

rhizome menstems, either reiterative or proliferative, had developed during 

this period. Nine of these had been broken off or decayed and 3 had reverted 

into a short shoot (axes 12, 14 and 21) The last two appeared to have made 

the transition shortly after monopodial branching, the end of the rhizome 

was dichotomized and had the appearance of a double shoot Eight shoots were 

apparently in the initial stage of the transition to a long shoot (last 

internodes >20 mm and much longer than the penultimate one) 

Fifteen branches had directly developed from the rhizome (connecting 

internode ±20 mm and identical in appearance as the following mternodes and 

the internodes of the parent rhizome) It should be emphasised that this 

specimen was chosen as an example All phenomena were observed in other 

specimens and were not unusual However, plants in which only monopodial 

branching occurred and which were harvested as a straight unbranched rhizome 

with shoots at all nodes were encountered as well 
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The number of plastochrones of the leaves between the initiation of a shoot 

and the phase change to a long shoot again is variable in all species. Up to 

60 leaf scars were observed on the erect axes, connecting 2 rhizomes, in 

Cymodocea ser rulota and С. rotundata. In Syringodium isoeti: folium this 

change occurred predominantly after 7-13 plastochrones of the leaves. The 

highest number of leaf scars was 16, low in comparison to the maximum number 

in Cymodocea spp. 

Branching of the short shoot appeared to be the mechanism to maintain a 

meadow of Halodule uninervis in the intertidal belt. Repetitive branching of 

the vertical axes, resulting in a cluster of erect short shoots, was an 

usual feature. Development of a short shoot into a new long shoot or rhizome 

was rarely observed at these sites. This pattern is most likely caused by 

accumulation of sand between the numerous short shoots (maximum observed 

density was 18.300 shoots m
2
) . An infection of Plasmodlophora diplantherae 

(Ferdinandsen & Winge) Ivimey Cook, as proposed by Tomlinson (1974), is an 

unlikely cause of this branching pattern. The characteristic, swollen 

internodes (Den Hartog, 1970) caused by this fungus were not observed. 

However, the plants were not examined microscopically. 

Halophila ovalls 

From the means of the parameters for the growth of Halophila ovalis an 

idealized image of the growth pattern was reconstructed (Figure 13). In 

this reconstruction, the differences in the growth rates of the 

distinguished branches were taken into account, as was the longevity of the 

foliage leaf pairs (in plastochrones of the appropriate branch). A leaf 

Figure 12. The whole new growth during 123 days of the most vigourously 
growing specimen of Cymodocea serrulata. The vertical lines are 
approximately to scale. The horizontal connections between dif
ferent axes are highly exaggerated (none was longer than 30 mm). 
l=terminal meristem of the rhizome. 2=terminal meristem of the 
rhizome in the initial stage of development. 3=foliage leaf 
present. 4=broken off shoot, part of vertical axis present. 
5=shoot, the number denotes the number of plastochrones since 
origin. 6=dead or dying terminal meristem of the rhizome. 7=leaf 
scar of a shoot, preceding the proliferation of a new horizontal 
axis. 8=shoots in the transition phase before the development 
into a new rhizome. 9=rhizome, internode length > 30 mm. 
10=Broken off rhizome. ll=horizontal axis part, internode length 
< 5 mm, preceeding the change from rhizome to shoot. 12=vertical 
axis part, internode length < 5 mm, preceeding the change from 
vertical axis into a new rhizome. 13=dead, decaying rhizome. The 
different rhizome branches are numbered at the top of the fig
ure. 
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Figure 13. The whole new growth during 50 days of Halophila avails, recon
structed from the means as observed in 30 specimen. l=Leaf pairs 
on the main axis present. 2=Leaf pairs on the axes of the second 
order present. 3=Leaf pairs on the axes of the third order pres
ent. 



pair on the main axis had a mean life-span of 5.6 (+1.1) plastochrones of 

the main axis. The leaf pairs on the nodes of the 2nd order axis 

disappeared after a mean of 3.2 (±1.5) plastochrones of this branch, while 

those on the 3rd order axis were gone after 1.6 (±0.7) plastochrones. The 

infrequently encountered axes of the 4th order are not included in the 

figure. The angle between two successive axes varied between 20° and 120° 

but was mostly between 30° and 60°, and is taken as 45° for all axes in the 

figure. The leaves on the three axes, in these young growing fronts, 

maintain a closed vegetation and application of the statistical means in the 

drawing resulted in zones without overlap. The leaf pairs on the 2nd order 

axes have disappeared before the leaves on the 3rd order axes 'reach" the 

site. A consequence of this well maintained growth pattern is the temporary 

reduction in the density of the seagrass near the area where the apex of the 

main axis was at the beginning of the period, provided only one specimen 

occurred at this site. Eventually a rhizome developed from an axis of the 

"5th order" will reach this site. 

Colonization 

All species were observed as colonizers of bare substrate and involved in 

extending their area. The Cymodoceoideae and the Halophiloideae were 

observed most frequently as colonizers, the probable result of the 

relatively fast linear growth of the rhizomes and the capability of 

reiterative and proliferative production of rhizomes. These sub-families 

have the better chance in reaching a bare site first. In suitable locations 

with respect to depth and substrate, Thalassia hemprichii will at some stage 

invade and eventually dominate the meadow, if this species is near the site 

or if fruiting occurs near-by. Colonization of new substrate and the shift 

of the areas with a dense cover was recorded, by means of repetitive 

mapping. Two examples, illustrating the general pattern, will be presented. 

Example 1 

The expansion of a monospecific meadow of Cymodocea serrulata was monitored 

during 592 days, from 5 May 1981 to 18 December 1982. This seagrass was 

invading a 9 m wide zone (on the first day of mapping) of Halodule pinifolia 

(Miki) den Hartog with an under-growth of Halophila avail's. These 2 species 

in turn were colonizing a bare sandy area. See Figure 14 for the details. 

- Cymodocea serrulata expanded at a mean rate of 9.3 mm day"1 (day 0-183, 

9.6 mm day"1; day 183-294, 11.3 mm day1; day 294-592, 8.4 mm day1)· 

- the density of Cymodocea serrulata varied with time in a specific 

quadrat. The percentage cover, along line 1-2 in Figure 14, showed the 
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Figure 14. Changes in the d i s t r i b u t i o n of seagrasses in a 2x16 m p l o t dur
ing 592 days. A. Cymodocea serrulata ( C S ) . В. Halod ui e pi ni fo
lia [HP). С. Halodule uninervis [HU). D. Thalassla hemprichii 
[TH). E. Scale. F. The approximate s i t u a t i o n at the beginning 
of the study and the d i r e c t i o n of migration of the seagrasses 
(HO = Halophila oval is). 
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following sequence: 80%, 35%, 80% and 40%; and along line 3-4: 60%, 50%, 

25% and 70%. In Figure 14, the blocks with a low and a high cover 

alternate. The cover sequence represents a sequence in time. The blocks 

appear to "shift" to the right with time, in the direction of the 

colonized area. Cymodocea serrulata showed growing fronts in cohorts. 

- the front of Halophila ovalis colonized the sandy area at a mean rate of 

5.5 mm day1 . This mean rate was rather slow for the potential rate at 

which this species can grow. Movement of the relatively loose sand, 

necessitating repeated recolonization of the same area, is a possible 

cause. 

- growing fronts of Halodule pinlfolia lagged approximately 1 m behind the 

foremost Halophila ovalis and showed a mean growth rate of 6.7 mm day"1. 

- Halodule pinlfolia disappeared at a mean rate of 2.5 mm day1 at the back of 

this zone. This species showed no indication of growing in cohorts. 

- Halodule uninervis invaded the site but flanked the area covered by the 

larger seagrasses (Figure 14). The density of Halodule pinifolia decreased 

after the invasion of Halodule uninervis. The linear growth of the 

rhizomes of Cymodocea serrulata was apparently not influenced by the 

presence of Halodule uninervis. However, the increase in density was 

affected. The percentage cover of Cymodocea serrulata (Figure 14) 

decreased. 

- Thalassia hemprichii invaded the rectangle at approximately the same time 

as Halodule uninervis, but covered a shorter distance. Halodule uninervis 

remained at the outside of the Cymodocea serrulata meadow and migrated 

mainly within the zone dominated by Halodule pinifolia. Thalassia 

hemprichii entered the Cymodocea serrulata meadow. 

The recolonization of an area, devastated by a cyclone, was studied 

during a decade in Cockle Bay, Queensland, Australia (Birch and Birch, 

1984). The first species to recolonize the intertidal were Halophila ovata 

Gaud, and H. ovalis. Halodule uninervis invaded the area subsequently and 

this species was outcompeted by Cymodocea serrulata in the following years. 

This pattern is comparable to the succession as presented in Figure 14 but 

some different species were involved. Halophila ovata did not occur. The 

first colonizer was Halophila ovalis. The second species to colonize the 

area was Halodule pinifolia which in turn was outcompeted by Halodule 

uninervis and Cymodocea serrulata. The succession in Cockle Bay continued 

and eventually the alga Halimeda opuntia (L.)Lamour. dominated the meadow. 

This alga occurred in Bootless Inlet (Heijs, 1984, 1985a; Brouns 1986a) and 

at the study site (Heijs, 1985b) but never in larger areas. The succession 

in these fringes in Papua New Guinea will continue by the appearance of 
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Thalassia hemprichii and this species will eventually dominate the site, 

provided the substrate characteristics are favourable for the species. 

Thalassia hemprichii was rare and a poor seeder in Cockle Bay, which makes a 

comparison of the succession pattern after the decline of Cymodocea 

serrulata impossible. 

Birch and Birch (1984) included Cymodocea serrulata and Syringodium 

isoetifolium in the class of competitors and stated that these species, 

lacking disturbances, would out-compete other seagrasses. No evidence to 

support this conclusion was found in the seagrass meadows of Papua New 

Guinea. All Cymodoceoideae and Halophila species elongate their rhizomes 

rapidly (±1 cm day"1) while proliferative branching of the rhizome results in 

a continuous increase of the number of actively growing rhizome apices. 

Thalassia hemprichii expands comparatively slow. However, the profuse 

branching of its short shoots (proliferation ratios >0.7 were observed) and 

the longevity of its rhizomes will result in the dominance of this species. 

With the exception of Enhalus acoroides all other species mentioned in this 

paper should be considered ephemeral. The species "pass through". On a 

larger scale (the meadow) and within the population, the Cymodoceoideae will 

be a stable element because the rhizomes will continue their progression in 

the upper layer of the substrate, because they are always present in the 

meadow. The processes can be visualized as a stationary frame of Thalassia 

hemprichii and moving, interwoven in the frame, fronts of Cymodocea 

serrulata, C. rotundata, Halodule uninervis and Halophila ovalis. These 

species have the capacity to reach a site first and may become temporarily 

dominant, at least in Papua New Guinea. 

Mixed meadows in which Thalassia hemprichii dominates, cover most of the 

seagrass area in Papua New Guinea (Brouns and Heijs, 1985, Heijs and Brouns, 

1986). 

Example 2 

An area of 80 m2 was mapped (quadrat size 625 cm2) at the end of April 1981. 

The cover of each seagrass species was estimated according to a modified 

Braun-Blanquet scale (Barkman et al., 1964) (see Heijs, 1985b) The baseline 

(0 m in Figure 15 and Figure 16) was positioned on the most landward 

terminal meristem of a rhizome, parallel to the shore and perpendicular to 

the predominant direction of incoming waves. Syringodium isoetifolium 

colonized a zone, 1.9 m wide, of bare substrate during the first 306 days. 

This expansion showed little variation (Figure 15). 
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Ш 75-100% cover (20-1.-1981) 

Figure 15. The extension of the Syringodium isoetifolium vegetation during 
589 days. A= A large coral head, situated between 8 and 9 m of 
the initial rectangle. The lines represent the position of the 
most landward rhizome meristems on the observation date. 

This regularity in the rate of colonization had disappeared 283 days later. 

Three distinct zones could be distinguished: 

- from 0-4 m the seagrass bed extended 1.1 m (0.4 cm d a y
1
) . 

- from 4-8 m the seagrass covered a distance of 3.7 m , equivalent to a mean 

rate of 1.3 cm day
1
. 

- between 8 and 9 m of the baseline the seagrass had expanded 6.8 m (2.4 cm 

day"
1
). This area of maximum growth was in the shelter of a coral head (1 m 

diameter, 0.6 m h i g h ) , protected from the incoming waves. The protection 
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Changes in the cover of a Syringodium isoetifolium stand between 
April 1981 and January 1983 A The situation in April 1981 The 
broken line outlines the area where this seagrass occurred. The 
filled-in area had a cover >50% B. As in A, but in January 
1983 C. The difference between maps A and В The filled-in part 
represents the area in which the cover (initially < 50%) of this 
seagrass had increased to a cover of > 50% between the 2 dates. 
D The difference between maps A and В The filled-in part rep
resents the area in which the cover (initially >50°i) of this 
seagrass had decreased to < 50% 



of this boulder was probably of some benefit to the plant. Behind this 

boulder a relatively thick layer of loose sand had accumulated which could 

have stimulated or facilitated the growth. 

The meadow dominated by Syringodiutn ¡soetifolium and Thalassia hemprichn, 

with monospecific patches of either one of the two species, was mapped in 

April 1981 and January 1983. The results as presented in Figure 16 are 

details from the same area as shown in Figure 15. The virtually 

monospecific area, covered by Syringodlum ¡soetifolium had shifted towards 

the land while seaward a reduction in the density was observed. The 

percentages increase (Figure 16C) and decrease (Figure 16D) in cover, both 

approximately 50%, were calculated from the Braun-Blanquet scale. 

These examples support the conclusion that all species proceed as a front 

while the density decreases some distance behind the front. An exception to 

this rule is Thalassia hemprichii. The proliferation capability and the 

longevity of the shoots are probably a reason for the dominance of this 

species in the study area. But, the Thalassia hemprichii meadows may be 

invaded by the relatively fast growing other species, in suitable localities 

with respect to substrate and substrate level. The thick, entangled, mat of 

rhizomes and roots of Thalassia hemprichii is the stable element. The 

frequent proliferative branching and the longivity of the rhizomes result in 

a three dimensional framework of connected short and long shoots. A maximum 

of 5 rhizomes was observed on a single, still living, short shoot of 

Thalassia hemprichii. The rhizomes of this species generally were covered 

by a 2-3 cm layer of sand entrapped between the persistent leaf sheaths. The 

rhizomes of Cymodocea serrulata and C. rotundata grew in the first few cm 

of the substrate, while the long roots had grown through and below the 

root-rhizome layer of Thalassia hemprichii. The top layer of the 

root-rhizome mat in a mixed meadow was occupied by the rhizomes of 

Syringodium ¡soetifolium, Halodule uninervis and Halophila ovalis The first 

two species rooted relatively shallow, with most roots spreading sideways. 

Halophila ovalis extends the roots vertically, but the roots of this species 

remain short (3-5 cm). 
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ABSTRACT 

Brouns, J.J.W.M., 1985. A comparison of the annual production and biomass in three 
monospecific stands of the seagrass Thalassia hemprichii (Ehrenb.) Aschers. Aquat. 
Bot., 23: 149-175 . 

Annual production and biomass data were collected in three seagrass communities of 
Thalassia hemprichii (Ehrenb.) Aschers, from Papua New Guinea. Leaf growth rates, 
determined by the marking technique, resulted in a growth rate of 8.3 mm day"' for the 
youngest leaves. Production of above-ground plant parts was assessed by the plastochrone 
interval. The annual mean values were 9.3, 10.0 and 9.9 days for Sites 1, 2 and 3, respec
tively. Annual mean total above-ground production amounted to 2.1 mg ADW shoot"1 

day"1 at Site 1, and 5.5 and 4.5 mg ADW shoot"' day"' for Sites 2 and 3, respectively; 
73— 89% of the total net production was contributed by the leaves. Rhizome production 
was correlated to the plastochrone interval of the leaves. Annual mean biomass of leaves 
amounted to 16—27% of the total biomass. The mean biomass of the other plant parts 
remained constant during the year. The annual mean turnover time of the different plant 
parts (above- and below-ground) varied considerably between the sites. 

INTRODUCTION 

In Papua New Guinea, seagrasses are an important element of the near-
shore waters. Consequently the seagrass communities contribute significantly 
to the primary production of these waters. The most abundant seagrass, Tha
lassia hemprichii (Ehrenb.) Aschers., is also often the dominant seagrass in 
mixed meadows, so commonly found throughout the tropical West-Pacific. 
The available data on tropical seagrass, however, are almost exclusively from 
its Atlantic counterpart Thalassia testudinum Banks ex König (Tomlinson, 
1969, 1972, 1974; Patriquin, 1972, 1973; Zieman, 1974, 1975; Bittaker 
and Iverson, 1974; Buesa, 1974). 

Although the above-ground biomass of seagrasses might be considerable, 

0304-3770/85/$03.30 © 1985 Elsevier Science Publishers B.V. 
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the larger part of the plant biomass (rhizomes and roots) is in the sediment. 
Few complete measurements of the biomass of all different plant parts have 
been reported; most research is only concerned with leaf bio mass. Several 
techniques have been used to estimate the production of Thalassia testudi-
num; marking technique (Zieman, 1968, 1974, 1975); incorporation of 14C 
(Bittaker and Iverson, 1974; Penhale, 1977); the release of oxygen by 
photosynthesis (Jones, 1968). None of these techniques appeared to be en
tirely satisfactory. The first method gives no measure for rhizome and root 
growth. The last two methods have the gas storage problem as a disadvantage 
(Hartman and Brown, 1967). For a review see Zieman and Wetzel (1980). 
Patriquin (1973) developed the plastochrone interval technique to estimate 
underground production. Brouns (1985) evaluated this method prior to the 
present study. 

The objective of this study was to assess the biomass and production of 
the different plant parts (leaves, roots and rhizomes) in order to achieve a 
better estimate of the yearly production of the seagrass Thalassia hem
prichii. 

STUDY SITES 

The three study sites near the islands Motupore Loloata are located in 
Bootless Bay, an embayment of the Papuan Coastal Lagoon, approximately 
15 km south east of Port Moresby. The sites are the same as those where the 
research of Heijs (1984, 1985a, 1985b) was conducted. A description of the 
area is given in Brouns and Heijs (1985). 

Siie 1. This site is a homogeneous bed of Thalassia hemprichii on the north
west tip of Loloata Island, covering about 500 m2. The average shoot density 
per m2 is 2100. Isolated specimens of Enhalus acoroides (L.f) Royle occur 
dispersed throughout the meadow. Occasionally, small patches of Halodule 
uninervis (Forssk.) Aschers, occur, colonizing elevated sandy spots. The bot
tom consists predominantly of white coral sand and little coral debris. A few 
scattered small coral colonies can be found in this seagrass meadow. Sub
strate level is 0.4 m above chart datum. This area is partly protected from 
wave action by a 5—10 m wide zone of large coral conglomerates, upon 
which large brown algae are quite abundant during the "winter" months. 
During the dry season (mid April—mid October), when strong monsoonal 
winds are blowing from the south-east, spring-ebb low water occurs just after 
midday, exposing this area to the wind and burning sun. After several days 
of extreme low tides, the effect of exposure is very prominent in large areas 
of the intertidal belt. 

Siie 2. This area is basically a Halimeda—Thalassia commyhity, with Hali-
meda opuntia (L.) Lamour. as the dominant green alga, which forms an ex
tremely dense algal mat in which T. hemprichii is found with comparatively 
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long shoots and a density of 530 shoots m-2. The bottom consists of coral 
sand, some coral debris and calcareous algal fragments. This seagrass bed is 
surrounded by an extensive mixed seagrass meadow and is situated well with
in the reef platform. Occasionally, small micro-atolls and scattered coral 
heads are observed on the reef platform. Even at extreme spring-ebb tides, 
this Halimeda—Thalassia community remains covered with water. Substrate 
level is —0.3 m below chart datum. 

Sííe. 3. This study site harbours a rather complex community in which the 
finger coral Montipora sp. and Halimeda opuntia are dominant species. Tha-
lassia hemprichii reaches, in this community, a shoot density of 430 m"2. 
The bottom mainly consists of coral rubble, which together with the algal 
mat and living coral branches provides shelter, food and substrate for numer
ous invertebrates and algae. This community is situated within the reef 
platform, where smaller or larger areas are partially or completely exposed 
only during extreme low tides. However, this study site remains completely 
covered with water throughout the year. Substrate level is —0.5 m below 
chart datum. 

Tidal regime 

The tides in the study area are mixed and predominantly semidiurnal. 
Maximum tidal range is 2.9 m. The semi-monthly inequality gives rise to 
alternating fortnightly periods of spring and neap tidal cycles. The parallax 
inequality induces monthly maximum spring tides. The tidal amplitude 
reaches maximum values in December and January, when ELWS occurs 
shortly after midnight and in July and August, when ELWS is shortly after 
midday. Daytime ELWS levels were 0.2 and 0.1 m above chart datum in 
1981 and 1982, respectively. The meadow at Site 1, on a substrate level of 
0.4 m above chart datum, becomes exposed at least once a month during 
most of the year, with the exception of April and May. The frequency and 
the duration of the exposure in a tidal cycle change monthly. A more de
tailed account is given elsewhere (Brouns and Heijs, 1985). 

MATERIAL AND METHODS 

Leaf growth 

The linear growth of the leaves of Thalassia hemprichii was measured near 
Site 1 according to the method of Zieman (1974). An aluminium frame, 
40 X 40 cm, was secured in the substrate and a T-bar sliding over this frame 
was used as the reference level. On this level a small hole (φ 1 mm) was 
punched, through the leaf clusters of 40 shoots, by a syringe needle. The 
shoots within the frame were punched again after 2 and 4 days at approxi
mately the same time. 
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At another site, the procedure was repeated whereby punch holes were 
made in 30 shoots at intervals of 12 h, starting at sunrise, in order to dis
tinguish between the structural growth during the day and the night. The 
increase in length of all leaves on the shoots was measured to the nearest 
mm and plotted against the estimated age of the leaf. The age was calcu
lated from the length of the youngest leaf, the growth per day of this leaf 
and the plastochrone interval. 

Production measurements 

Above-ground plant parts 
All measurements were based on the Plastochrone Interval (PI), i.e., the 

time interval between the initiation of two successive comparable plant 
parts. The production of the plant parts on the vertical axis (leaf blades, leaf 
sheaths and internodes of the shoot) was calculated from the Plastochrone 
Interval of the Leaves (PIL) and the average biomass ofthat particular plant 
part. Blades and sheaths have been distinguished because remnants of the 
sheath remain at the site, while the blades can be exported. The PIL has been 
measured frequently from November 1980 through December 1982. The 
sampling schedule is given in Table I. 

At Sites 2 and 3, the data on the PIL and the biomass of plant parts were 

TABLE I 

Sampling schedule for measurements of the plastochrone interval of Thalassia hemprichii 
in permanent and random plots during 1980, 1981 and 1982 at the three study sites. 

Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1980 

Site 

1 2 3 

R a n d o m 

4* 4 4* 
4* 4 

1981 

Site 

1 

Permanent 

4 
8 
8 
8 
8 
7 
8 
8 
8 

Random 

8* 
8 
6* 
4* 
2 
4* 
2* 
4* 
4* 
4* 
4* 
6 

2 3 

R a n d o m 

4* 4 
8 8 

5 
8* 8 
8 8 
4 4 
4* 3* 
4* 7* 
4* 4* 
4* 4* 
4 

1982 

Site 

1 

Permanent 

8 
8 
8 
4 
8 
8 
8 
4 
4 
4 

4 

Random 

4 * 

8* 

4* 
3 * 

4* 

4* 
4* 

: Biomass samples 
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collected in 4 quadrats of 400 cm2 each. At these two sites, the sampling was 
often restricted to those plant parts needed for the calculation of the pro
duction of the shoots (Site 3) or both the shoots and the rhizomes (Site 2). 
Quantitative removal of the underground plant parts was very difficult at 
Site 3 due to coarse coral rubble and living coral. The production rate for the 
rhizomes at this site was determined infrequently. 

The determination of the biomass in the samples from Site 2 was omitted 
on a number of dates because of time restrictions. The plant parts for pro
duction studies on above-ground material and rhizomes were counted and 
subsampled on all dates, but on a number of dates the bulk of the material 
was discarded without further processing. 

The studies at Site 1 started in November 1980 in the same way as at sites 
2 and 3. However, in March 1981, 4 permanent plots, each consisting of six 
400 cm2 quadrats, were placed in the meadow. The PIL was measured fort
nightly in a quadrat from each of the 4 plots. The PIL was also measured on 
a monthly basis in quadrats of 150 cm2 that were randomly placed in well 
established, virtually monospecific areas. These samples were harvested and 
taken to the laboratory for analysis. 

The 4 permanent quadrats at Site 1 are given in Brouns and Heijs (1985, 
Fig. 9). All samples were taken in an area between Transects II and IV (Heijs, 
1985b, Fig. 1). 

In the permanent plots, the youngest leaf of approximately 50 shoots was 
marked with a small staple. In the random plots, all shoots were marked. 
After 14 days, the new leaves were counted in situ in the permanent plots at 
Site 1, while the plant material of the random plots at the three sites was col
lected and taken to the laboratory for production measurements. The plants 
were separated into the following components in the laboratory: leaf blades, 
leaf sheaths, remnants of leaf sheaths, vertical rhizome or short shoot, hori
zontal rhizome or long shoot, roots, fruits and apical shoots. The biomass of 
these plant parts was determined. The average biomass of the third leaf blade 
and sheath of the shoots was measured in quadruplicate. The biomass of the 
internodes of both types of rhizomes and the apical shoots was measured 
from subsamples. The mean biomass of the apical shoots was measured from 
all samples together. Additionally, the number of new leaves, rhizome apices 
and branches of the short shoots were counted. 

Leaf blades and sheaths were first soaked in 5% phosphoric acid to remove 
epiphytes and subsequently rinsed in tap water. All other components were 
rinsed in tap water only. All samples were oven dried at 105°C and weighed. 
The dry matter of samples of identical plant parts was combusted jointly at 
550°С for 3 h and weighed again to determine the ash content. All biomass 
is presented here as the epiphyte-free ash-free dry weight (ADW), which ap
proximately equals the organic weight. 

From the branches of the short shoot, giving rise to a rhizome with the 
apex present, the number of nodes on the rhizome and the number of leaves 
plus leaf scars on the short shoot were counted. 
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The plastochrone interval of the leaves (PIL) was calculated as: 

Number of new leaves since marking 
PIL 

Number of days between marking and harvesting 

Below-ground plant parts 
The linear growth of the rhizomes of Thalassia hemprichii was measured 

continuously from April 1981 through November 1982 near Site 1. Follow
ing the removal of the sediment, a numbered tag was attached to the rhi
zome. The number of shoots between the tag and the rhizome apex was 
counted, as was the number of nodes after the youngest shoot. Afterwards, 
the rhizomes were covered again by a layer of sediment and the substrate 
was reconstructed as far as possible. These rhizomes were harvested, often 
partially, after irregular time intervals, while simultaneously new rhizomes 
were tagged. In this way, the rhizome growth could be measured in periods 
with some overlap to detect possible detrimental effects of the handling of 
rhizome or substrate. 

From the harvested rhizomes the following information was gathered in 
the laboratory: (1) the number of new shoots and nodes; (2) the number of 
nodes between shoots; (3) the position of roots; (4) the dimensions of the 
leaves on the shoots relative to the position of the shoot on the rhizome; (5) 
the number of leaves and the number of leaf scars (= leaves lost) on the 
shoot, relative to the position of the shoot on the rhizome; and (6) the oc
currence of secondary rhizomes. The number of scars below and the number 
of scars plus leaves above the rhizome branch were counted as was the num
ber of nodes on the new rhizome. 

The production of the remaining components (rhizomes, roots and small 
shoots), all on the horizontal axis of the plant, was based on the Plasto
chrone Interval of the Rhizome (PIR), the time interval between the initia
tion of two successive nodes on the rhizome. The PIR was measured from 
April 1981 through November 1982 near Site 1. A derived value for the PIR 
(see Results) was used in the calculations. The plastochrone Interval of the 
Rhizomes (PIR) was calculated analogous to the PIL. 

The rhizome production values were based on the correlation PIL/PIR, 
the number of rhizome apices, the average biomass of an internode of the 
rhizome, the number of shoots and the PIL. 

The production of the roots was calculated in two ways. The first esti
mate is based on the assumption that the turnover times of roots and rhi
zomes are identical. The production of roots is estimated as biomass 
roots:turnover time of rhizome. The second method is only used in the pro
duction studies at Site 1. This estimate is based on the average biomass of a 
fully grown root, the number of rhizome apices, the PIR and the distribution 
of roots on the rhizome. 
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RESULTS 

Leaf growth rates 

The results of the leaf growth rate study are summarized in Fig. 1. The 
frame was situated a few cm above the substrate level. Hence growth rates 
during the first 2 days of age of the youngest leaves could not be determined. 
However, the recorded lengths of leaves not punched at the second time 
never exceeded the length increase of the leaves that had received both 
punches. A possible different growth rate, immediately after emergence, 
is therefore not indicated. The least squares regression analysis of the data 
resulted in two straight lines with some overlap. 

(1) The growth rate of the leaves during the first 13 days is constant at 
8.4 mm day"1. 

(2) The growth rate of the leaves subsequently decreased, with a constant 
rate (n = 56; r = 0.79; Ρ < 0.001) of 0.73 mm or 8.4% day"1. The decrease 
started not before the leaf had become the second youngest on a shoot. 

(3) Growth of the leaves ceased after approximately 24 days, within a few 
days after emergence of a second new leaf on the shoot. 

The data for the 12th and the 13th day fitted both regressions and have, 
therefore, been used in the calculations of both lines in Fig. 1. From this it 
can be concluded that the growth rate started to decline on the 12th day 
after the emergence of the leaf from within the cluster of leaf sheaths, in fact 
when it becomes the second leaf on a shoot. 

Growth rate ( mm day"1) Leaf length (cm) 

5 10 15 20 Leaf age (days) 

Fig. 1. The growth rate of the leaves of Thalassia hemprichii characteristic for an area 
in the upper sublittoral (substrate level — 0.2 m (ELWS). The vertical bars represent the 
standard deviation. The leaf number is indicated by the horizontal bars. Leaf 1 is the 
youngest leaf. 
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The structural growth of the leaves of Thalassia hemprichii continued dur
ing the night at a slightly reduced rate. Of the total length increase of a leaf 
during 24 h, 44% occurred between sunset and sunrise. 

The Plastochrone Interval for the Leaves (PIL) 

An increase of the PIL (unit days) indicates a decrease in production. To 
improve visualization, a reciprocal value for the PIL, representing the per
centage of shoots on which a new leaf per day had emerged, is chosen for the 
figures. 

Site 1. This parameter is presented in Fig. 2, for both the permanent and 
random plots at Site 1. Exceptionally low rates of succession occurred in 
June and July of 1982. This decrease was not observed in 1981. The levels of 
ELWS were lower during 1982 than during 1981. Hence, the duration of the 
exposure of this seagrass bed was longer and the number of days on which 
exposure occurred was higher. This may have caused the pronounced de
crease in production. 

New leaves (7o day"1) 1 

• · permanent 

. · random 

' ' ' I I I I I I , I I I I I I ! I • 

Q N O J F M A H J J I S Q N D J F M A M J J A S O N D 
1980 1981 1982 

Fig. 2. The leaf succession rate in the permanent and random quadrats at Site 1. The 
plastochrone interval of the leaves (PIL) is presented as % day"' (= (PIL)"1 X 100). The 
standard error is indicated by the vertical bars and given to one side of the line only. 

Consistent during the 2 years was the lower rate of succession of leaves 
dviring December and January. This lower rate coincided with the onset of 
the wet season (January and December 1981). Otherwise the PIL remained 
rather constant throughout the year. The overall mean PIL in the two series 
at Site 1, exclusive of the data for June 1982, was 9.3 for the random plots 
(Table II) and 9.0 for the permanent plots. 
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TABLE II 

A summary of the data for the PIL, the shoot density and the production (mg ADW shoot ' 1 day' 1 ) for the seagrasses at the three 
The level of significance of the observed differences is indicated (* = Ρ < 0.05, * * * = Ρ < 0.001) 

Site 1 Site 2 Site 3 

Min Max Mean Min Max Mean Min Max Mean 

7.4 11.6 9 . 3 * * * 7.6 12.1 1 0 . 0 * * * 7.7 
1840 2420 2 0 6 0 356 588 485 306 

7.4 11.6 9 . 3 * * * 7.6 12.1 1 0 . 0 * * * 7.7 
1840 2420 2 0 6 0 356 588 485 306 

7.4 11.6 9 . 3 * * * 7.6 12.1 1 0 . 0 * * * 7.7 
1840 2420 2 0 6 0 356 588 485 306 

Plastochrone interval 
Shoot density η m'2 

Total above ground 

Rhizomes 
Roots 
Apical shoots 

1.0 
0.3 
0.07 

1.7 

0.16 
0.09 
0.03 

1.9 
0.8 
0.17 

2.6 

0.59 
0.54 
0.17 

1.5 
0.5* 
0.12 

2.1 

0.29* 
0.27* 
0.08 

3.7 
0.9 
0.15 

4.9 

0.23 
0.17 

5.5 
1.5 
0.22 

7.2 

0.37 
0.30 

4 . 3 * * * 3.0 
1 1 * * * 0.4 

0.17 0.14 

5.5*** 3.6 

0.25 0.17 
0.22 

11.8 
608 

4.5 3.7 
1.0 0 .6*** 
0.21 0.17 

5.5 4.5* 

0.32 0.25 

Production 
Leaf blades 
Leaf sheaths 
Internodes short shoot 

9.9 
4 3 0 



Sites 2 and 3. The rates of leaf initiation at these two stations followed com
parable patterns during the sampling period of 13 months. The lowest rates 
at both sites occurred during the first months of the wet season. Maximum 
values were recorded, simultaneously for both sites, in March. 

The succession rate is given in Fig. 3. The overall mean yearly rate was 
10.0% day"1 for the shoots at Site 2 and 10.1% day"1 at Site 3. These mean 
yearly rates can be considered identical (Table II). 

New leaves (% day"1) 

^ i ' Ι I I I I I I I I I I 

N D J F M A M J J A S O N 
1980 1981 

Fig. 3. The leaf succession rate in the random quadrats at Sites 2 and 3. The plastochrone 
interval of the leaves (PIL) is presented as % day"1 (= (PIL)"1 X 100). The standard error 
is indicated by the vertical bars. 

Reproduction 

Flowering shoots of Thalassia hemprichii were present in January and 
from June to December. No flowers were found during the period with the 
highest water temperatures (Brouns and Heijs, 1985). Fruits of this seagrass 
were found in all months, except in March and April. Fruits were most abun
dant in August. 

Production per shoot per day 

Leaf blades 
Site 1. The mean production of leaf-blade biomass at Site 1 ranged from 
1.02 to 1.88 mg ADW shoot"1 day"1. However, the seasonal variability in leaf 
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blade production showed no significant changes (ANOVA). (Data for June 
1982 were not available). The overall yearly means in 1981 and 1982 were 
1.45 and 1.59 mg ADW shoot"1 day-1, respectively. No correlation was found 
between the means of the PIL and the production of leaf blade biomass. 

The production of leaf blade material was closely related to the average 
biomass of the leaf blades of a shoot. The overall mean biomass of the leaf 
blades per shoot (from the samples of a day) ranged from 17.8 to 36.7 mg 
ADW shoot - 1. A regression of these averaged data (Fig. 4) resulted in ρ = 
0.48 + 0.035 В, in which ρ is the production (mg ADW shoot"1 day"1) and В 
is the biomass (mg ADW shoot"1) of the leaf blades (r = 0.84; η = 18; Ρ < 
0.01). 

πυυυιιιυιι icaι uidues 

1 mg ADW shoot"1 day"1) 

1 
2.Q 

1.B 

16 

Η 

12 

1.0 

-

• · 
• 

*·* 
• 

IB 20 22 24 26 28 30 32 34 36 38 

Biomass leaf blades Img) 

Fig. 4. The correlation between the measured production of leaf blades and the biomass 
of leaf blades, both in mg ADW shoot"1, for Thalassia hemprichii at Site 1. 

As stated earlier, the succession rate of the leaves at this site was rather 
constant, with only slight fluctuations. From observations, it became ap
parent that the standing crop at this site varied noticeably during a month. 
Averaging of the mean production rates of leaf blades according to the lunar 
cycle (synodic month) and hence the tidal cycle, revealed a relation between 
tide and measured production (Fig. 5). Highest average production rates oc
curred in the week after new moon. Conversely, lowest rates were obtained 
in the week foUowing full moon or ELWS. This treatment of the data re
sulted in correlations that can be described by two significant linear regres-
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Production leaf blades 

I mg ADWshoof'day"1) 

I B -

17 -
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15 

H -
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12 

4 
•V 
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moon 

\ \ 

\ \ 

/ / / 

• / / / / 

X 

12 follie 
moon 

2 0 2 1 28 new <· 
moon 
Days synodic month 

Fig. 5. The linear regression lines between the overall mean of the production of leaf 
blades of all samples from Site 1, averaged according to the day of the synodic month on 
the date of harvest. For details see the text. 

sions. The production decreased linearly at a rate of 0.035 mg ADW shoot-1 

day"1, beginning at the fifth day after new moon (r = —0.89; η - 6 means; 
Ρ < 0.05). The production increased at a rate of 0.026 mg ADW shoot"1 

day"1 from the 18th day after new moon onwards (r = 0.97; η = 9 means; 
P< 0.01). 

The two regression lines intercept at 5.6 days after new moon (production 
rate of 1.75 mg shoot"1 day- 1) and 18.3 days after new moon (production 
rate of 1.32 mg shoot"1 day"1 ) Fig. 5. The decrease in production rates con
tinued for 12.7 days. During the remaining 16.7 days of the synodic lunar 
cycle, the production rate increased. Because of this difference in duration, 
the fluctuations could not be described as a sine function, which the figure 
resembles. 

Production data from July 6 1982, at full moon, were not available. How
ever, at this date both the highest PIL and the lowest biomass per m2 were 
recorded. The leaves in this sample were not separated in the usual way, be
cause no intact leaves and only a few staples were present. The estimated 
production value, from biomass and PIL, would result in a value close to or 
below 1.2 mg ADW shoot"1 day"1, supporting the afore-mentioned observa
tion. 
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Production leaf blade 
( m g A D W - s h o o ^ d a y 1 ) 

7 

ι ι ι I 

N D J F 
19B0 1961 

J J S 0 
19B1 

Fig. 6. Leaf blade production in mg ADW shoot"' day"' for Thalassia hemprichii at Site 2. 

Production leaf blade 
(mg AOW shoot"1 day"1) 

M J J S 0 N D J F M A 
1980 19Θ1 1981 

Fig. 7. Leaf blade production in mg ADW shoot"' day"' for Thalassia hemprichii at Site 3. 
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Sites 2 and 3. The production rates of leaf blade biomass are given in Fig. 6 
(Site 2) and Fig. 7 (Site 3). At Sites 2 and 3, both not subjected to exposure 
during spring-ebb tides, the production of leaf blades was related to the 
plastochrone interval of the leaves. The equations describing the correlations 
between the means are: 
Site 2: Production = 7.70 - 0.344 PIL mg ADW shoot-1 day-1. 
Site 3: Production = 7.14 - 0.344 PIL mg ADW shoot"' day"1. 
The yearly mean biomass of the third leaf blade was 41.8 mg ADW at Site 2 
and 35.8 mg ADW at Site 3. 

The data for Site 2 indicate that the production during the wet season was 
approximately 17% higher than during the dry season. This is partly caused 
by an increase of the average biomass of all third leaf blades by 13% during 
the wet season. Production changes significantly during the year. No seasonal 
differences were apparent for either production or biomass for Site 3 
(Table II). 

Leaf sheaths 
Site 1. The biomass of the leaf sheaths of all third leaves was closely related 
to the biomass of the corresponding blades. Of the total biomass of this third 
leaf, the sheaths contributed 26% of the biomass of small leaves and 20% of 
the large leaves. The maximum recorded average biomass of this sheath was 
9.4 mg ADW. The lowest encountered value was 2.4 mg ADW. However, 
analysis of variance of the mean biomass of the mature sheaths dici not indi
cate a significant difference between the means of the samples during the 
study period. The yearly mean biomass was 4.35 (± 0.8) mg ADW. The pro
duction rate for this tissue was calculated from the average biomass in a 
specific sample and the corresponding PIL in that sample (Table II). 

Siies 2 and 3. The mean biomass of a mature leaf sheath of the seagrasses at 
Site 2 was 10.9 (range 8.3—12.6) mg ADW. For Site 3, this value was 7.0 
(range 4.2—9.4) mg ADW. The variability in the production rate of this 
plant part was considerable (Table II). 

Internodes 
The contribution of the internodes on the vertical rhizome to the above-

ground production per shoot and per day was also variable (Table II). This 
variability reflects both changes in the PIL and the average biomass of an 
internode. 

Total above-ground production per shoot per day 
The production values of the above-ground plant parts, leaf blades, leaf 

sheaths and internodes of the short shoot were summed for all samples 
separately. The means from the sample dates, expressed as mg ADW shoot-1 

day"1, are presented in Tables III, IV and V for Sites 1, 2 and 3, respectively. 
This above-ground production differed not significantly at Site 1 during the 
study period. The variability was significant at Sites 2 and 3. 
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TABLE III 

The production (± s.e.), expressed as mg ADW shoot"' day"' and as g ADW m" 
1980 to November 1982. An asterisk indicates a single sample 

day"' of Thalassia hemprichii at Site 1 from November 

Harvest date 

4 Nov. 80 
6 Dec. 80 

16 Jan. 81 
30 Jan. 81 
28 Feb. 81 
28 Mar. 81 
24 Apr. 81 
25 May 81 
22 Jun. 81 
21 Jul. 81 
19 Aug. 81 
16 Sept 81 
14 Oct. 81 
11 Nov. 81 
29 Dec. 81 
29 Jan. 8 2 

1 Mar. 82 
29 Mar. 82 

5 May 82 
3 Jun. 82 

17 Aug. 82 
12 Oct. 8 2 

mg ADW shoot 

Total above 
ground 

1.92 ± 0.12 
2.25 * 
1.99 ± 0.16 
2.40 * 
2.38 * 
2.01 ± 0.41 
2.23 ± 0.54 
2.24 ± 0.75 
1.43 ± 0.10 
1.97 ± 0.10 
2.03 ± 0.24 
1.73 ± 0.16 
1.90 ± 0.10 
2.06 ± 0.23 
1.78 * 
1.77 ± 0.15 
2.38 ± 0.35 
2.63 ± 0.28 
2.14 ± 0.46 
2.63 ± 0.28 
2.14 ± 0.39 
1.69 ± 0.22 

"' d a y ' 

Rhizomes 

0.16 ± 0.02 
0.52 * 
0.25 ± 0.06 
0.22 * 

0.25/± 0.06 
0.25 ± 0.11 
0.26 ± 0.05 
0.33 ± 0.14 
0.59 ± 0.03 
0.36 ± 0.05 
0.27 ± 0.06 
0.35 ± 0.06 
0.30 ± 0.06 

0.30 ± 0.06 
0.17 ± 0.03 
0.22 ± 0.05 
0.27 ± 0.09 
0.38 ± 0.08 
0.20 ± 0.04 
0.19 ± 0.06 

Roots 

0.16 ± 0.04 

0.20 * 
0.15 * 

0.20 ± 0.11 
0.19 ± 0.10 

0.39 ± 0.04 
0.54 ± 0.08 
0.34 ± 0.14 
0.19 ± 0.04 
0.32 ± 0.05 
0.27 ± 0.06 

0.37 ± 0.16 
0.17 ± 0.05 
0.09 ± 0.02 
0.22 ± 0.04 
0.41 ± 0.04 
0.34 ± 0.09 

g ADW m"' day 

Total above 
ground 

3.95 ± 0.32 
4.14 * 
3.74 ± 0.66 
4.67 * 
4.64 * 
4.03 ± 0.64 
4.28 ± 0.28 

2.77 ± 0.26 
4.12 ± 0.62 
3.88 ± 0.10 
3.32 ± 0.24 
3.63 ± 0.36 
4.23 ± 0.39 
3.78 * 
3.57 ± 0.45 
5.52 ± 1.00 
5.53 ± 0.44 
4.79 ± 0.13 
5.16 ± 0.85 
3.95 ± 0.54 
3.89 ± 0.30 

- 1 

Rhizomes 

0.32 ± 0.04 
0.96 * 
0.47 ± 0.14 
0.43 * 

0.50 ± 0.16 
0.48 ± 0.03 

0.63 ± 0.24 
1.20 ± 0.21 
0.69 ± 0.09 
0.52 ± 0.14 
0.67 ± 0.08 
0.73 ± 0.10 

0.62 ± 0.15 
0.39 ± 0.09 
0.46 ± 0.10 
0.55 ± 0.12 
0.78 ± 0.19 
0.51 ± 0.03 
0.43 ± 0.06 

Roots 

0.32 ± 0.08 

0.41 * 
0.29 * 

0 4 0 ± 0.17 
0.38 ± 0.04 

0.81 ± 0.04 
0.88 ± 0.10 
0.72 ± 0.03 
0.53 ± 0.16 
0.69 ± 0.08 
0.55 ± 0.04 

0.62 ± 0.22 
0.38 ± 0.10 
0.31 ± 0.05 
0.52 ± 0.07 
0.80 ± 0.11 
0.55 ± 0.16 

Apical 
shoots 

0.32 ± 0.14 
0.15 ± 0.02 
0.30 ± 0.06 
0.17 ± 0.03 
0.21 ± 0.06 
0.09 ± 0.03 

0.12 ± 0.04 
0.10 ± 0.03 
0 12 ± 0.03 
0.08 ± 0.03 
0.10 ± 0.05 
0.24 ± 0.04 

F Anova 1.33 1.89 2.29 7.94 2.00 2.46 2.03 
n.s. Ρ < 0.05 Ρ < 0.05 Ρ < 0.001 Ρ < 0.05 Ρ < 0.05 n.s. 



TABLE IV 

The production (± s.e.), expressed as mg ADW shoot"' day"' and as g ADW m" 
1980 to December 1 9 8 1 . An asterisk indicates a single sample 

day"' of Thalassia hemprichii at Site 2 from November 

Harvest date mg ADW shoot"1 day" 

Total above 
ground 

Rhizomes Roots 

g ADW m"1 day-

Total above 
ground 

Rhizomes Roots 

10 Nov. 8 0 
10 Dec. 80 
17 Jan. 81 

1 Feb. 81 
15 Feb. 81 

3 Apr. 81 
17 Apr. 81 

1 May 81 
20 May 81 

3 J u a S l 
15 Jul. 81 
26 Aug. 81 
3 0 Sep. 81 
28 Oct. 81 
26 Nov. 81 

4.94 ± 
5.94 ± 
5.82 ± 
5.65 ± 
4.89 ± 
7.17 ± 

6.28 ± 
5.50 ± 
5.09 ± 
5.08 ± 
4.96 ± 

5.29 ± 
5.08 ± 
5.21 ± 
5.25 ± 

0.24 
0.20 
0.22 
0.19 
0.34 
0.15 
0.23 
0.42 
0.19 
0.56 
0.30 
0.26 
0.41 
0.17 
0.20 

0.28 ± 
0.31 ± 
0.27 ± 
0.26 ± 
0.23 ι 
0.37 ± 
0.32 ± 
0.28 ± 
0.24 ± 
0.27 ± 
0.28 ± 
0.31 ± 
0.29 ± 
0.23 ι 
0.28 ± 

0.03 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
0.04 
0.13 
0.06 
0.13 
0.10 
0.11 
0.08 
0.02 

0.17 * 

0.30 ± 0.05 

0.20 ± 0.05 
0.20 ± 0.05 
0.19 ± 0.05 
0.23 ± 0.02 

1.95 ± 
2.52 ± 
2.26 ± 
2.65 ± 
2.60 ± 
3.68 ± 
2.24 ± 
2.37 ± 
2.99 ± 
2.61 ± 
2.60 ± 
2.71 ± 
2.54 ± 
2.83 ± 
3.09 ± 

0.12 
0.46 
0.19 
0.33 
0.22 
0.71 
0.18 
0.32 
0.25 
0.48 
0.34 
0.16 
0.27 
0.60 
0.58 

0.11 ± 
0.13 + 
0.11 ± 
0.13 ± 
0.13 ± 
0.19 ± 
0.11 ± 
0.12 ± 
0.14 ι 
0.14 ± 
0.15 ± 
0.16 ± 
0.15 ± 
0.14 ± 
0.18 ± 

0.01 
0.05 
0.02 
0.04 
0.02 
0.08 
0.02 
0.03 
0.07 
0.05 
0.09 
0.07 
0.04 
0.10 
0.06 

0.06 

0.15 0.07 

0.10 ± 0.03 
0.11 ± 0.03 
0.09 ± 0.02 
0.13 ± 0.03 

F Anova 4.54 1.04 1.10 1.16 0.73 0.41 
Ρ < 0.001 η.s. n.s. n.s. η.s. n.s. 



TABLE V 

The production (± s.e.), expressed as mg ADW shoot"1 day- 1 and as g ADW m_ J day"1 of 
Thalassia hemprichii at Site 3 from November 1980 to November 1981. An asterisk indi
cates a single sample 

Harvest date 

10 Nov. 80 
28 Jan. 81 
11 Feb. 81 
25 F e b . 81 
11 Mar. 81 
25 Mar. 81 

8 Apr. 81 
22 Apr. 81 

6 May 81 
20 May 81 

3 Jun. 81 
1 Jul . 81 
1 Aug. 81 

26 Aug. 81 
30 Sep. 81 
28 Oct. 81 

F Anova 

mg ADW shoot 

Total above 
ground 

4.46 ± 
3.70 ± 
3.85 ± 
4.37 ± 
3.56 ± 
5.04 ι 
4.82 ± 
4.61 ± 
4.72 ± 
5.46 ± 
4.55 ± 
5.32 ± 
4.03 ± 
4.28 ± 
4.34 ± 
4.47 ± 

2.15 

0.25 
0.18 
0.45 
0.61 
0.20 

0.21 
0.64 
0.32 
0.21 
0.28 
0.14 
0.16 
0.14 
0.22 
0.57 

P< 0.05 

•· day-

Rhizome 

0.32 ± 
0.32 i 
0.17 ± 
0.20 ± 

3.60 
n.s. 

0.09 
0.05 
0.10 
0.06 

g ADW m " · day 

Total above 
ground 

1.42 ± 
2.05 t 
1.39 ± 
1.66 ± 
1.28 ± 
1.96 ι 
2.39 ± 
1.63 ± 
2.08 ± 

1.71 ± 
1.63 ± 
1.98 ± 
2.27 ± 
2.68 ± 
2.00 ± 

1.76 
n.s. 

0.23 
0.19 
0.38 
0.29 
0.29 

0.38 
0.12 
0.20 

0.32 
0.20 
0.26 
0.43 
0.36 
0.57 

-1 

Rhizome 

0.15 ± 0.03 
0.18 ± 0.05 
0.10 ± 0.05 
0.12 ± 0.04 

0.90 
n.s. 

Shoot density 
The density of the shoots remained rather constant during the study per

iod. Analysis of variance (ANOVA) of the number of shoots revealed no sig
nificant changes at any of the three sites (Table II). 

Production per m2 per day 
Site 1. The seasonal production rates for the above-ground plant parts, calcu
lated for the individual shoots (Table II), indicated no differences between 
the samples. The production per shoot showed a positive correlation with 
the biomass of the leaves on the shoot (Fig. 4). The biomass of the leaves on 
a shoot was negatively correlated with the density of the shoots. These two 
correlations were not sufficiently large to compensate each other fully. The 
differences in the seagrass density resulted in a highly significant variation 
(ANOVA), during the study period, in the calculated production rates when 
these were expressed in g ADW m"2day"1 (Table II). Highest production 
rates were observed in March 1982 (5.52 g ADW m^day - 1 ), but a seasonal 
periodicity in the production rates is not supported by the results from the 
same period in 1981. The third largest value (5.16 g ADW m"2 day"1) was re-
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corded for June 1982. This was in contrast to the lowest recorded value 
(2.77 g ADW пГМау"1), also in June, but in 1981. This suggests a major in
fluence of the tide. Sampling in 1981 occurred 19 days after new moon, 
while the sample of 1982 was taken on the 10th day after new moon. 

Sites 2 and 3. The calculation of the above-ground production per shoot and 
per day resulted in significant changes during the year for both sites. How
ever, when production is expressed on an area basis (g ADW пГМау"1) the 
differences became negligible at both sites (Tables IV and V). 

Plastochrone interval for the rhizomes (PIR) 

Tagging experiments 
The determination of rhizome growth, by means of marking and harvest

ing, was performed near Site 1 (Fig. 8). With the exception of the growth 
rates obtained from observations in the periods ending on 6 July and 22 
August 1982, the growth rates were rather constant. An analysis of variance 
(ANOVA), exclusive of the two above-mentioned periods, indicated no sig-
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Fig 8 The growth rate of the rhizome of Thalassia hemprichii as number of internodes 
day"1, the reciprocal of the plastochrone interval of the rhizomes (PIR) - 1 . The horizontal 
bar represents the sampling period. The standard deviation is indicated by the vertical 
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nificant difference in the growth rates throughout the year. However a pair-
wise comparison of the data (test of Scheffé) indicated a unimodal pattern in 
the growth rates, with highest values during the doldrum and the subsequent 
beginning of the dry season (April—May). Growth rates were lowest during 
the major part of the dry season. The decrease was only minor during 1981, 
but pronounced and highly significant during the "winter" of 1982. This de
crease coincided with the decrease in above-ground production rates and was 
probably related to the increased duration of exposure and desiccation, due 
to the lower tidal levels of ELWS during the day in 1982 compared to 1981 
(Brouns and Heijs, 1985). 

From the harvested rhizomes, the number of leaves and leaf scars on the 
shoots were counted as well as the number of nodes on the rhizome between 
that particular shoot and the apex of the rhizome. The growth rates of both 
these axes, the erect or short shoot and the horizontal rhizome or long shoot 

Plastochrones short shoot 

20 

15 

10 

©^(SS-LSj) 

0 10 20 30 L0 50 60 
Plastochrones long shoot (Rhizome) 

Fig. 9. The correlations between the plastochrone interval of the leaves (SS = short shoot) 
and the plastochrone interval of the rhizomes (LS = long shoot). LS 1 is the main rhi
zome, tagged at the beginning of the observation period. LS 2 is a secondary rhizome 
originating from branching of a short shoot. 1 = Branches from Site 1 ; 2 = Branches from 
Sites 2 and 3; 3 = Branched shoots and secondary rhizome branch on the tagged rhizome; 
4 = Main rhizome and shoots of the tagging experiments. The dates of harvest trom the 
interpolated points for 7 separate regressions of the plastochrones of the primary rhizome 
and the number of leaves plus leaves lost (plastochrones short shoot) are given in the in
serted box. 
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(Tomlinson, 1982), were closely related. Least-squares regression analysis 
of the pairs of numbers thus obtained resulted in a power function of the 
type Y = aXb, in which Y is the number of leaves present plus leaves lost on 
the vertical axis and X represents the number of nodes between that shoot 
and the apex of the rhizome on the horizontal axis. The correlation (line 
No. 4, Fig. 9) was highly significant (n = 220; r = 0.96; Ρ < 0.001). 

The correlation was also analysed for each of the 7 most complete data 
sets spread throughout a year. These 7 sets always followed a similar pattern 
as the regression for all data together and reached an identical level of sig
nificance. The interpolated points of these curves are indicated in Fig. 9. The 
function clearly illustrates the rapid succession of the scale leaves and smal
lest leaves on the newly developing shoots, close to the terminal meristem 
of the rhizome. The steepness of the very first part of the curve is probably 
exaggerated due to a reduction in the growth rate of the rhizome during the 
initial growth of a new shoot. The average number of nodes between the 
youngest and the second youngest shoot on the rhizomes in this sample was 
15.8 (± 0.9). The range of these, always odd, numbers was 11—23. However, 
the numbers of nodes between the youngest shoots and the apices of the rhi
zomes were not evenly distributed. The number of nodes between the apical 
shoot and the apex of the rhizome was 1.7 times more often lower than half 
the number of nodes between this shoot and the second youngest. There
fore, it can be concluded that the growth rate of the rhizome decreases after 
dichotomising and during the initial development of the youngest (apical) 
shoot. 

Direct measurement of the production of the rhizomes, simultaneously 
with the production of above-ground plant material, was not possible in the 
randomly selected study sites because: (1) the required time intervals be
tween marking and harvesting, for production measurements of plant parts 
on the two axes, differed, and (2) on most sites the rhizome apices could 
not be studied without heavy disturbance of the substrate. Roots and termi
nal meristems would probably be damaged. Nevertheless, an indirect ap
proach to the production of the rhizomes at the production study sites could 
be developed from these tagging experiments. 

On older shoots of the tagged rhizomes, vegetative branches, giving rise to 
a new, second, rhizome could be observed frequently. This proliferation of 
the rhizome occurred after an average of 14.3 (± 2.4) plastochrone intervals 
of the leaves. The new rhizome and the shoot share one node on the short 
shoot. The number of leaves plus leaves lost (leaf scars) on the shoots above 
this communal node were counted, as was the number of nodes on this 
branch rhizome. Regression analysis of the data obtained from these 
branches resulted in a straight line (line No. 3, Fig. 9) with a slope of 3.4 
(n = 45; r = 0.91; Ρ < 0.001). A linear regression of the numbers obtained 
from the main rhizome resulted in a line with a slope of 3.5 (n = 220; 
г = 0.95; Ρ < 0.001). The fit of this straight line is slightly less than the 
previously given power curve, but interpolation errors would only occur 
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for data points from the initial stage of development of the youngest 
shoot. These two regressions of the PIL of the shoots and the PIR of either 
the primary or secondary rhizome indicated that the growth rates of these 
two rhizomes were identical. The secondary rhizome was only structurally 
distinguishable because of the attached parent shoot. Morphological dif
ferences did not otherwise exist. 

It appears that a similar analysis of shoots and attached branch rhizomes 
from the samples would result in a reliable correlation between PIL and PIR. 
The PIR, therefore, can be calculated from the counts on the branched 
shoots, as described and the PIL calculated from the marking and harvest
ing of leaves. Analysis of all data pairs jointly for the branched shoots at Site 
1 resulted in a straight line (line No. 1, Fig. 9) with a slope of 1.56 or PIL = 
1.56 PIR (η = 52; r = 0.88; Ρ < 0.001). The treatment of the counts obtained 
at Sites 2 and 3 results in PIL = 1.69 PIR (n = 30; r = 0.87; Ρ < 0.01), line 
No. 2 in Fig. 9. 

Production per shoot per day 

Rhizomes and roots 
Site 1. The production rates for the remaining plant parts are summarized in 
Table III. The production of the roots is calculated in two ways for Site 1. 
The first method was based on the turnover rate of the rhizomes. The 
second method was based on phenological characteristics of the tagged rhi
zomes, the average biomass of a mature root and the proliferation rate of the 
rhizome. This data base was only available after the first harvest of the 
tagged rhizomes. A comparison of the two production estimates reveals a 
considerable difference on a number of dates. However, the overall means of 
the two methods are virtually identical. The mean value resulting from 
Method 1 is 0.30 mg ADW shoot"1 day"1. Method 2 results in 0.29 mg ADW 
shoot"1 day"1. The average of the two rates is given in Table III. Both the 
production of the rhizomes and the roots changed significantly (ANOVA) 
during this study. 

Si'ies 2 and 3. The production of the rhizome is measured on 6 dates at Site 
2 (Table IV) and 4 times at Site 3 (Table V). Significant changes during the 
year were not observed for rhizomes or roots. 

βίο ma ss 
In Table VI, the mean biomass values from Site 1 are presented. The anal

ysis of variance (ANOVA) revealed only significant differences in the mean 
biomass of the leaf blades. The mean biomass values of the remaining plant 
parts (leaf sheaths, both types of rhizomes and roots), were statistically iden
tical throughout the sampling period. The mean total seagrass biomass did 
not change during the study period. 

The biomass values for the two other sites are also listed in Table VI. 
Quantitative samples for the determination of the biomass were taken less 
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TABLE VI 

Yearly mean biomass values in g ADW m'2 (± s.e.) of the different plant parts of Thalassia 
hemprichii at the three sites. An asterisk indicates a single sample 

Biomass yearly mean (g ADW πΓ 2) 

Site 1 Site 2 Site 3 

Leaf blades 56 ± 7 39 ± 3 22 ± 3 
Leaf sheaths 103 ± 1 2 6 0 + 5 28 ± 3 
Rhizome (vertical) 117 ± 1 5 47 ± 3 20 ± 4 
Rhizome (horizontal) 352 ± 32 130+ 10 71 ± 8 
Roots 327 ± 3 6 86 ± 10 101 * 

Total 986 ± 77 361 ± 10 242 ± 19 

frequently for these sites. Analysis of variance indicated no major changes in 
the biomass of the seagrasses at these sites. None of the means were different 
on the Ρ < 0.05 level. 

The turnover rates for the main plant parts from the means of the samples 
of Site 1 are given in Table VII. 

TABLE VII 

Yearly mean turnover time (B/P ratio), in days, of the different plant parts οι Thalassia 
hemprichii at the three sites 

Turnover time (days) yearly mean 

Site 1 Site 2 Site 3 

Leaf blades 
Leaf sheaths 
Rhizome (vertical) 
Rhizome (horizontal) 

DISCUSSION 

Leaf growth 

19 
107 
457 
635 

19 
112 
568 
956 

13 
108 
273 
660 

The growth of individual leaves of Thalassia hemprichii differs in some re
spects from that of the other species in this genus, Thalassia testudinum. 
Patriquin (1973) concluded from his observations that the growth rate of the 
leaves decreased linearly with age from the maximum occurring rate, which 
is instantaneously or shortly after the emergence of the leaf. In contrast, 
Zieman (1975) reported a constant growth rate during the first 15—20 days 
and an exponentially decreasing rate as the leaf aged. Thalassia hemprichii 
shows a similar growth pattern as that reported by Zieman (1975). The two 
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species differ in their rate of decrease as the leaves age. The growth rate of 
Γ. testudinum decreases exponentially, while the species under consideration 
shows a linearly decreasing growth rate (Fig. 1). Similar patterns have been 
reported for Zostera marina L. (Jacobs, 1979) and Enhalus acoroides (John
stone, 1979). The growth rate of the leaves of Thalassia hemprichii was also 
measured in Palau (Ogden and Ogden, 1982). The growth rate varied from 
1.7 to 4.3 mm day"1 and is considerably lower than the rate of 8.4 mm 
day"1 from this study in Papua New Guinea. Preliminary results of the 
growth pattern of other tropical seagrasses with strap-like leaves from Papua 
New Guinea, studied in the course of this project, indicate similar growth 
patterns for the individual leaves (Brouns, in preparation). 

The plastochrone interval 

The measurement of the plastochrone interval for the leaves has some 
limitations (Brouns, 1985), but gives consistent results throughout a year. 
The utilization of the PIL for the calculation of total production, including 
all different plant parts, is an important feature of the technique. The rela
tionship between the growth rates of the two axes (horizontal and vertical) 
appears to be consistent. The lowest growth rates of the horizontal rhizome 
(Fig. 8) coincide with the lowest replacement rates of the leaves (Fig. 2). 
The use of this correlation, therefore, enables one to study the productivity 
of this species and probably of most other species on a long-term basis. Pro
duction studies based on the elongation of the leaves, as introduced by Zie-
man (1974), require repetitive visits within a few days. Production studies 
based on the plastochrone interval of the leaves require a return to the site 
within 12 days and 3 weeks. However, production estimates based on the 
plastochrone interval for the rhizome can, without difficulty be made from 
a harvest several months after the marking of the rhizome. The longest un
interrupted interval for a determination of the PIR, in this study, was 5 
months (Fig. 8). Longer periods, up to 1 year, appear feasible, but can be
come impractical because of the necessity to remove large areas of sediment 
and careful removal of the rhizomes that would have grown in the upper 
layer of the substrate. 

Turnover rate 

The mean turnover rate of the leaves (leaf blades and leaf sheaths) was 
0.026, 0.026 and 0.037 day"1 for Sites 1, 2 and 3, respectively. The turnover 
rate is the same as the production—biomass ratio, P/B. Buesa (1974) re
corded a mean turnover rate of 0.012 day"1 for Thalassia testudinum in 
Cuba. Bulthuis and Woelkerling (1983) observed maximum values for 
Heterozostera tasmanica (Martens ex Aschers.) den Hartog of 0.021—0.041 
day"1, depending on the site, during the summer when maximum water tem
peratures averaged 30oC. West and Larkum (1979) recorded a maximum tum-
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over rate for the leaves of Posidonia australis Hook. f. of 0.018 day"1. A 
turnover rate of 0.055 day"1 was measured by Bay (1984) for Posidonia oce
anica (L.) Belile in the Mediterranean. This value was recorded while a new 
leaf crop was initiated. During the remainder of the year, the P/B ratio of 
Posidonia oceanica from Corsica was <0.02 day - 1. A high P/B ratio was also 
recorded for Zostera marina in Denmark (Sand-Jensen and Borum, 1983), 
but this high rate (0.045 day"1) occurred during the period of steadily in
creasing biomass (April—June). The ratio declined rapidly during the sum
mer, as a result of the increase in biomass. The rates obtained during this 
study in Papua New Guinea can, therefore, be considered comparable to 
those of other species. 

Another parameter for the productivity of Thalassia testudinum was pre
sented by Bittaker and Iverson (1974). They expressed the productivity as 
mg С (g ADW)"1 day"1 and reached a value of 8.7 for this parameter. Assum
ing an identical carbon to ADW ratio of 0.36 for the two Thalassia species 
would result in 19.9, 19.3 and 26.0 mg С (g ADW)"1 day"1 for Sites 1, 2 and 
3, respectively, for Thalassia hemprichii from Papua New Guinea. These 
values represent leaf blades only. The leaf-blade production expressed 
per unit area results in 1.49 (Site 1), 0.94 (Site 2) and 0.67 (Site 3) g С 
m"2 day"1. The maximum values of net leaf productivity reported for Thalas
sia testudinum, originating from data obtained by leaf marking techniques, 
were 3.0—5.6 g С т " г day"1 (Zieman and Wetzel, 1980). 

The leaves (blades + sheaths) contributed 73, 89 and 85% of the total net 
production at Sites 1, 2 and 3, respectively (Table II). The values from Sites 
2 and 3 are in good agreement with those reported by Patriquin (1973), 
where rhizomous production accounted for 10—13%. Net leaf production 
is considerably lower at Site 1. Bio mass values for the leaves are of the same 
order. The leaves contribute 16, 27 and 21% to the total biomass of the sea-
grasses at Sites 1, 2 and 3, respectively. Zieman (1975), recorded a contribu
tion of 15—22% to the total biomass for Thalassia testudinum leaves. The 
production at Site 1 can be summarized by the calculated efficiency of solar 
radiation conversion. The yearly incoming radiation at the university 
campus, 15 km north-east of the study site, amounts to approximately 16 X 
108 cal m"2 year"1 (Anonymous, 1980,1981). Utilizing the caloric content of 
the plant parts of Thalassia testudinum (Dawes and Lawrence, 1983) results 
in a mean overall production at Site 1 of 7.16 X 106 cal m"2 year"1. This 
would amount to an overall efficiency of 0.45%. Jacobs (1979) computed 
this parameter for Zostera marina at Roscoff, France as 0.50%. The effi
ciency is considerably lower at the other two sites, 0.28% at Site 2 and 
0.19% at Site 3. 

None of the three sites can be considered optimal for seagrasses in general 
or Thalassia hemprichii in particular. Site 1 is subjected to frequent desicca
tion and wave action. The unfavourable environment for the species is re
flected by the low standing crop. The two remaining sites cannot be con
sidered optimal because of the thick (10—20 cm) mat formed by the green 
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alga Halimeda opuntia at Site 2 and the closed layer of living coral and H. 
opuntia at the third site. This is illustrated by the low density of seagrass 
shoots. Favourable locations for seagrasses in this area are widely available 
and extensive seagrass beds occur. However, these sites are never mono
specific and, therefore, not included in this paper. 

The above-ground biomass and hence above-ground production of this 
species is actually restricted to the leaf blades and sometimes to part of the 
leaf sheaths. This plant part can be exported from the system after abcission 
or fragmentation. The other plant parts, often including the sheaths, remain 
at the site. The mean biomass of these plant parts remained unchanged dur
ing the year, or during almost 2 years at Site 1 (Table VI). The production 
rates calculated in the usual way are difficult to compare with production 
rates originating from studies in temperate areas, in which a measurable 
increase of the biomass and, therefore, an undisputed production occurs. 
Zieman and Wetzel (1980) defined production as: "The weight of new 
organic matter formed over a period of time, plus any losses during that 
period. Production therefore refers to the increase in biomass observed 
over a period plus any losses". 

The losses are generally not measured. The growth of the seagrasses is usu
ally considered the measure of productivity. However, the observed constant 
biomass of Thalassia hemprichii at the three study sites suggests that produc
tion and losses are in equilibrium. 
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ABSTRACT 

Brouns, J.J.W.M., 1985. A preliminary study of the seagrass Thalassodendron ciliatum 
(Forssk.) den Hartog from Eastern Indonesia. Biological results of the Snellius II 
expedition. Aquat. Bot., 23: 249—260. 

Two dense meadows of the seagrass Thalassodendron ciliatum (Forssk.) den Hartog 
were sampled during the Indonesian—Dutch Snellius Π expedition to Eastern Indonesia. 
Production data were obtained from one of these meadows. The production of leaf 
biomass was measured by the leaf marking technique of Zieman and by the plastochrone 
interval method. The two methods reached comparable results. The production of leaf 
tissue was 4.2 mg ADW shoot"' day"1. The production of rhizome biomass was calculated 
in a similar way, based on the plastochrone interval of rhizome nodes. The production 
of the meadow, exclusive of the production of roots and fruits, amounted to 4.5 g 
ADW т " г day"1. A significant correlation between the growth rates of rhizomes and 
leaves was observed. Biomass data from the second site are given. 

INTRODUCTION 

During the Dutch—Indonesian Snellius II expedition, the opportunity 
was taken to investigate the seagrasses on a number of islands in Eastern 
Indonesia. Detailed information on the distribution of seagrasses in this area 
is lacking (den Hartog, 1970). This study concerns the seagrass Thalassoden
dron ciliatum (Forssk.) den Hartog (Fig. 1), which is widely distributed 
in the tropical part of the Indo-Pacific region. The following areas were 
visited during the two cruises for Theme 4, "Coral Reefs and Seagrasses" 
(Fig. 2). The cruise numbers are given in brackets: Ambon (1), Lucipara 
islands ( 1 and 2), Tukan Besi islands (1), Sumba (1), Komodo (1 and 2), 
Sumbawa (1 and 2), Taka Bone Rate islands (1 and 2), Salayer (1 and 2) 
and the Spermonde archipelago (2). T. ciliatum has been found in all loca
tions except the first two and the last one. The distribution on most of these 
study sites was irregular and patchy, but on fringes of reefs and islands of 

0304-3770/85/$03.30 © 1985 Elsevier Science Publishers B.V. 
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Fig. 1. Thalassodendron ciliatum. (Left) Composite drawing of fruiting, primary shoots 
and secondary shoots. (Right) Rhizome apex and young shoots. The approximate age of 
the shoots is indicated. 
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Fig. 2. The various islands and island groups visited during the two cruises of the "Coral 
Reefs and Seagrasses" theme of the Snelhus II expedition in Eastern Indonesia. 1 = 
Ambon; 2= Lucipara Islands; 3= Tukan Besi Islands; 4= Sumba;5= Komodo;6= Sumba-
wa, 7= Taka Bone Rate; 8= Salayer, 9= Spermonde Archipelago. 
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Tukan Besi and Taka Bone Rate, T. ciliatum forms very extensive meadows. 
This paper reports on leaf growth, rhizome growth, biomass and production 
of T. ciliatum. 

STUDY SITES 

Eight areas have been surveyed, from 3 September to 2 October 1984, 
during the first cruise of this theme of the SneUius II expedition. Four of 
these sites were selected for a more detailed study during the following 
cruise from 5 October through 3 November 1984. 

Extensive meadows, stretching along at least a few km, of T. ciliatum 
were found in two localities. The first covered the fringes of Kaledupa 
reef in the Tukan Besi islands. Kaledupa reef is an open sea atoll with ex
tensive reef flats and a large lagoon. The approximate location of the mead
ow is 5° 57' S; 123° 47' E (Theme 4, Station 16). The second dense meadow 
of T. ciliatum was found on the seaward edge of Tarupa Kecil (6° 30' S; 
121° 08' E), an island of Taka Bone Rate, a very large "pseudo atoll" (Theme 4, 
Station 139). 

Production studies could be initiated only in those localities that were 

Fig. 3. A detail of the Thalassodendron ciliatum meadow at Kaledupa. The larger struc
ture is an unidentified colony of "soft corals" (order; Alcyonacea). 



chosen for a second visit. Only one area (Tarupa Kecil), with dense mead
ows (Fig. 3) of T. ciliatum included in both cruises. 

MATERIAL AND METHODS 

Production estimates were obtained at Tarupa Kecil in three ways, of 
which the first two started during the first cruise, on 25 September: 

(1) The second youngest leaf of a number of shoots of T. ciliatum was 
marked by a small staple. These shoots were harvested on 17 October. 
The number of new leaves on the shoots were counted and subsequently 
the plastochrone interval of the leaves (PIL) was calculated. 

(2) Rhizome apices of T. ciliatum were located and after removing the 
top layer of the sediment, the rhizome was marked with a numbered tag. 
The number of nodes on the rhizome relative to the tag was counted. The 
sediment was restored afterwards. These rhizomes were harvested on 17 
October. Rhizomes with an apex and up to seven shoots were analysed. 
The number of new nodes on the rhizomes was counted for the determi
nation of the plastochrone interval of the rhizomes (PIR). Simultaneously, 
the number of leaves and leaf scars on the shoots relative to the rhizome 
apex was noted. 

(3) The production of leaf tissue was also estimated according to the 
leaf marking technique of Zieman (1974). All leaves of the whole cluster 
of 30 shoots were punched simultaneously by a syringe needle. Of these 
shoots, some received multipe punches to obtain a means to check for 
leaf elongation other than the growth from the basal meristem. The exper
iment started on 14 October. The shoots were harvested 3 days later. The 
growth of the leaves was measured to the nearest mm. 

The plant parts for production estimates (leaves, internodes of the stems 
and the rhizomes) were dried to constant weight at 60oC and in subsamples 
the ash content was determined after combustion at 550°C. In both locali
ties, Tukan Besi Islands (Kaledupa) and Taka Bone Rate (Tarupa Kecil) 
4 ( 400 cm2 each) samples were taken at random to determine biomass 
and the number of shoots. At Kaledupa, only the above-ground biomass 
(standing crop) was harvested. The standing crop and the top layer of the 
rhizome mat was collected at Tarupa Kecil. 

Both meadows had conspicuous blowouts. The edges of these blowouts 
revealed a rhizome layer of up to 70 cm thickness. No attempt was made to 
collect the underground biomass quantitatively. From the rhizomes only, 
those parts with attached shoots were collected. These rhizome fragments 
were all located in the upper 10 cm of the rhizome mat and in these samples 
the number of rhizome meristems was counted. Additionally, the number 
of shoots was counted in a number of quadrats, without harvesting. 

The plastochrone interval, the time interval between the formation of 
two successive comparable plant parts, is calculated in a similar way for 
both the leaves (PIL) and the rhizomes (PIR). 
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(Number of new leaves (nodes) since marking) 

(Number of days between marking and harvest) 

RESULTS 

A large percentage of the primary shoots in both localities had almost 
mature fruits (54% at Kaledupa; 23% at Tarupa Kecil). The fruits in the 
samples harvested on 17 October were in the initial stage of germination. 

Growth rates 

Rhizome growth 
Analysis of the 30 rhizome pieces that were tagged during the first cruise 

(22 days prior to the harvesting) resulted in a mean plastochrone interval 
of the nodes (PIR) of 8.6 days. Branching of the rhizome of T. ciliatum 
was periodic and regular and a new shoot was produced on every fourth 
node. Hence, the time interval between two successive shoots was approxi
mately 35 days. 

Rhizomes with up to 30 nodes or up to 7 attached shoots, representing 
approximately 250 days of growth, were collected. The relationship between 
the mean number of leaves plus leaf scars on shoots in an identical position 
on the rhizome and the number of nodes on the rhizome between these 
shoots and the apex of the rhizome, can be expressed by the equation: 
σ= 1.14+ 1.21 b (n = 30;r = 0.99) in which о is the number of leaves plus 
leaf scars, i.e., the vertical growth rate and b is the number of nodes between 
that shoot and the apex of the rhizome. Hence ò represents the horizontal 
growth rate. This rate, PIR, was calculated to be 8.64 days during the 
sampling period. From this value and the regression, a first value for the 
plastochrone interval of the leaves (PIL) was calculated and found to be 
7.14 days during this period. 

Leaf growth 
The growth rate of the individual leaves is summarized in Fig. 4. The 

leaves are numbered according to their position and hence age in the leaf 
cluster; number 1 representing the youngest leaf. The mean growth rate of 
the fourth leaves seems slightly lower than that of the youngest three leaves. 
However, the difference is not statistically significant (ANOVA). Hence the 
mean growth rate of the four youngest leaves was 2.73 mm day"1. A meas
urable growth of the fifth leaf was observed only twice. The growth of the 
leaves of this seagrass stops rather abruptly. The mean lengths of the un
damaged leaves in the sample are also given in Fig. 4. The mean lengths 
of Leaf 5 through Leaf 8 were identical. Leaf 9 showed a small, but signif-

129 



Leaf growth (mm day-1] Leaf length |mm) 

100 

С· 

-

i - ' ' 

- о -Ч 

, / 
/ 

*' 

-f 

V 

Λ 

>--

\ 
\ 

Û 

_ , • - - - • - * • . 

• 

50 

0 1 2 3 5 6 θ 9 
Leaf number 

Fig. 4. The leaf growth rate of T. ciliatum (solid line) and the mean lengths of intact 
leaves (dashed line) in the sample from Station 139 (Tarupa Kecil). Leaf 1 is the youngest 
leaf. 

icant shrinkage. Most older leaves, however, were frayed and no intact 

Leaf 10 was observed. This resulted in the decrease in mean biomass of the 

leaves (Fig. 5). The difference in the lengths of two successive leaves and 

their observed growth rate are two parameters that can be used to estimate 

the plastochrone interval. This calculation resulted in the second value 

(7.22 days) for the PIL. 
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Fig. 5. The mean biomass in ash-free dry weight (ADW) of T. ciliatum leaves, intact 
and frayed, according to the position of the leaf in the cluster (open). The dashed col
umns represent the ash content of these leaves. Leaf 1 is the youngest leaf. 
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The plastochrone interval of the leaves 
A third value for the rate of leaf renewal was obtained from the number 

of new leaves that appeared on the marked shoots. This directly obtained 
value of the plastochrone interval was 7.20 days. The three values for the 
PIL (7.14, 7.22 and 7.20 days) are of the same order. 

Production 

Leaves 
Two types of shoots were present in the samples. The density and their 

biomass is given in Table I. The first type ("primary" shoots) comprised the 
bulk of the biomass. These shoots were uniformly large (Fig. 1) and were 
all located in the canopy. The second type ("secondary" shoots) developed 
from a branch of the stem. These shoots were mostly well below the level 
of the primary shoots, under the canopy. The secondary shoots can develop 
to a similar size as the primary shoots as soon as the latter disappear. Two 
"primary" shoots on one stem were observed occasionally. 

Two methods have been used to estimate the production of leaf biomass. 
The first method is based on the length increase of the leaves and the ash-
free dry weight (ADW) per unit length of these leaves and amounts to 
4.11 mg ADW shoot"1 day"1. However, the ash content of the leaves in
creases with increasing leaf age (Fig. 5) and as a result the organic biomass 
of the ageing leaf decreases. A correction for these changes has been applied 
according to the method described in Bédhomme et al. (1983). This resulted 
in a production value of 3.54 mg ADW shoot"1 day"1. 

No indication was found for an elongation of the leaf blades after emer
gence. The distances between the multiple punches remained identical in 
all leaves of a shoot. 

A second value was calculated from the mean biomass of mature leaves 
(Leaf 5) and the PIL. This resulted in a production value of 4.22 mg ADW 
shoot"1 day-1. 

The following calculations are based on this value because it is the result 
of the longer observation period. The turnover rate for the leaves of primary 
shoots amounts to 0.032 day"1, consequently the turnover time for the 
primary shoots is 31 days. 

The PIL for the small secondary shoots was not determined. Assuming a 
comparable turnover rate for the leaves of these shoots, a production of 
0.54 mg ADW shoot"1 day"1 can be expected for these leaf clusters. 

Stem 
The production of stem biomass was calculated from the PIL and the 

mean biomass of an internode of the stem. The stem contributed 0.30 mg 
ADW day"1 to the above-ground production of a shoot. 
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TABLE I 

Some characteristics of the Thalassodendron cihatum meadows in Eastern Indonesia 

DW = Dry Weight, ADW = Ash free Dry Weight 

Area 

Kaledupa Reef' Taka Bone R a t e 2 

Density ( m " 2 ) 

Shoots primary 
Shoots secondary 
Shoots fruiting 
Rhizome m e n s t e m s 

Leaf Area Index m 2 m 2 

1 2 5 0 + 71 
1 5 3 8 ± 336 

6 7 5 ± 80 

8 3 1 ± 97 
519 ± 131 

194 ± 139 
75 ± 46 

44 

Biomass ( m - 2 ) 

Leaves DW (g) 
ADW (g) 

Stems DW (g) 
ADW (g) 

Fruits DW (g) 
ADW (g) 

Ash c o n t e n t (%) 

Leaves 
Fruits 
Stems 
Rhizome 

R o o t s 

406 ι 

285 ± 

432 + 

348 ± 

56 

31 

22 

16 

146 ± 

113 ± 

434 ± 

348 ± 

31 ± 

24 * 

23 

18 

85 

68 

9 

7 

30 

19 5 

10 

26.5 

23 

21 

20 

8 

25 

Per shoot 

Primary shoots 
Biomass ADW (mg) 

Secondary shoots 
Biomass ADW (mg) 

126 i 14 

17 ± 3 

1 Stat ion n u m b e r 16, sampling date 25th Sep 1985 
2 Station number 139, sampling date 17th Oct 1985 

Rhizome 
Rhizome production was calculated from the mean biomass of the inter-

nodes and the PIR. The production of a terminal meristem of the rhizomes 
was 4.6 mg ADW day"1. The biomass of the rhizome internodes was averaged 
from the whole sample. Any losses due to ageing of the internodes have 
not been taken into account. 
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Shoot densities and the average number of rhizome meristems per m2 

are presented in Table I. From these mean values and the production data 
for a shoot and a rhizome apex, the production was calculated for the 
T. ciliatum meadow at Station 139. This value, which does not include 
root production and the contribution from ripening- fruits, amounted to 
4.5 g ADW π Γ 2 day"1 (5.6 g DW пГ 2 day" 1), of which 3.8 g ADW (4.7 g 
DW) was contributed by the leaves of the two types of shoots. 

DISCUSSION 

The branching of the erect stems in T. ciliatum is an unusual feature, 
according to den Hartog (1970). Most of the herbarium specimens listed in 
his monograph originate from the western part of the Indian Ocean. Branch
ing is also infrequent according to Tomlinson (1982). Drew (1980), however, 
noted branching in several specimens from the Chagos Archipelago, but 
the relative frequency was not given. Branching of the stem is very common 
in the two populations reported on in this paper. Repetitive branching 
was not unusual, but more than 3 shoots on one stem have not been seen. 
Resting buds on the stems were always observed in the rhizome pieces 
that were studied for the PIR. Up to 4 buds on the first 20 nodes of the 
stem have been found. The two study sites were characterized by a closed 
vegetation of uniformly sized shoots which form a canopy. The small, 
secondary shoots remain below this canopy. 

The percentages of primary shoots having fruits differ significantly be
tween the two study sites (54% and 23%, respectively). It is not known 
whether this difference is caused only by the abscission of mature fruits 
between the two sampling dates (25 September and 17 October). The 
fruits in the samples obtained on 17 October detached easily from the stems 
and some were in the initial stage of germination. 

The biomass of the rhizome—root mat of T. ciliatum has not been sam
pled. Lipkin (1979) concluded from his study in the Red Sea that the 
biomass of the rhizome—root layer may reach values > 100 kg пГ 2 . The 
solid layer of rhizomes, roots and cemented coral rubble with a thickness 
of up to 70 cm, visible on the edges of blowouts, supports his estimate. 
The top layer of 5—10 cm thickness, described by den Hartog (1970), how
ever, contained virtually all rhizome parts with shoots attached. 

The growth rate of the rhizomes of the most abundant seagrass in Eastern 
Indonesia, Thalassia hemprichii (Ehrenb.) Aschers, has been monitored 
continuously during 18 months in Papua New Guinea (Brouns, 1985b). 
The data for this species show a rather constant growth rate, which is only 
affected by exposure during low tides. T. ciliatum, in the present study 
areas, is never exposed to desiccation: the extensive meadows are well below 
the spring low water level. High water temperatures are also unlikely to 
occur due to the steep drop-off into deep water bordering these meadows. 
Therefore, it appears likely that the growth rate of the rhizome remains 
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constant during the year. The observed ratio of PIL and PIR, from the 
counts of new leaves and new nodes, is 1 : 1.20 during the study period. 
Analysis of the rhizomes with an approximate age of 250 days results in 
a PIL/PIR ratio of 1 : 1.21. This good correlation between these two ratios 
can, therefore, be an indication for a probably constant rate of leaf produc
tion throughout the year. For the study site with the lower density and 
biomass (Station 139, Tarupa Kecil), the estimated yearly production 
of the above-ground plant parts is 1.5 kg ADW m"2. From the growth rate 
of the rhizomes and the density of rhizome apices, one can estimate that 
the primary shoots are renewed in approximately 390 days. Therefore, 
this production (mean biomass: 390) of 106 g ADW m"2 year"1 should be 
added, which results in a yearly mean production of 1.6 kg ADW rrf2 

year"1. The biomass of the leaves at the other site (Station 16, Kaledupa 
Reef) is 2.5 times higher. The density of primary shoots, however, is only 
1.5 times as high. The number of attached leaves was higher at Site 16, 
as is also indicated by the ash content of leaves. It is, however, not clear 
whether this relatively high biomass of the leaves per shoot originates solely 
from the number of leaves in a cluster or also from an increased biomass 
of the individual leaves. A higher number of leaves on a shoot is not neces
sarily associated with a higher production per shoot, in contrast to a higher 
biomass of the individual leaves. This meadow of T. ciliatum, extending 
beyond the relatively short (2 km) stretch of the reef that has been surveyed, 
seems, therefore, a considerable source of organic material in the middle of 
the Banda Sea. 

The results of this study are in good agreement with those reported by 
Johnstone (1984), who studied the leaf dynamics of T. ciliatum in the 
Red Sea, on Thursday Island and the coast of Papua New Guinea. His 
production values of 4.18 and 3.56 mg ADW shoot"1 day"1 are comparable 
to the result from this study, 4.11 mg ADW shoot"1 day"1, obtained by the 
same method (marking technique of Zieman). Net leaf productivity in the 
three populations studied by Johnstone were similar, ranging from 1.70 to 
1.78 cm2 shoot"1 day"1. The results from this study show a lower value. 
The mean leaf surface (one side only) produced was 1.45 cm2 shoot"1 

day"1. 
With the two leaf marking techniques, used simultaneously in one popu

lation, similar results were reached. The losses calculated for the changes 
in organic content of the leaves while ageing amounted to 14%. The leaf 
marking technique, as developed by Zieman (1974) and refined by Béd-
homme et al. (1983), has a high degree of accuracy, but is very laborious 
and due to the complexity, sensitive to errors. The plastochrone interval 
method, with which a similar results was reached, could be performed in 
less than 10% of the time needed for the Zieman technique. The plasto
chrone interval method has its own limitations (Brouns, 1985a) and is not 
suitable for the study of species in which the output of new leaves is a dis
continuous process or in which new generations of leaves appear seasonally, 
as, e.g., in Posidonia oceanica (L.) Delile (Bay, 1984). 
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In Syringodium filiforme Kütz., only one leaf is actually growing (Fry, 
1983). Often two and sometimes three leaves are actively growing in sea-
grasses with strap-like leaves, e.g., in Thalassia testudinum Banks ex König 
(Patriquin, 1973; Zieman, 1974), Thalassia hemprichii (Brouns, 1985b) 
and Zostera marina L. (Jacobs, 1979), but the growth rate decreases soon 
after the emergence of a new leaf. Thalassodendron ciliatum differs consid
erably. The growth rate remains virtually unchanged until the leaf approach
es its mature size. The growth rate curve (Fig. 4) does not resemble a near-
asymptotic curve as in the species mentioned above. 

The production of leaf material per shoot in T. ciliatum is within the 
range measured in September 1981 for the sites with the largest specimens 
of Thalassia hemprichii in Papua New Guinea (Brouns, 1985b), where 4.2 
and 4.7 mg ADW shoot-1 day"1 were recorded. 

The production of leaf material by Thalassodendron ciliatum amounted 
to 4.7 g DW m"2 day"1. This value is of the same order as the maximum 
recorded production for the south temperate seagrass Heterozostera tasma-
nica (Martens ex Aschers.) den Hartog by Bulthuis and Woelkerling (1983), 
but slightly lower than the maximum rate of 5.5 g DW πΓ2 day"1 for the 
also southern-temperate Posidonia australis Hook f. (West and Larkum, 
1979). 
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ABSTRACT 

Biomass and production data oí the seagrabses Cymodocea serrulate 
(R. Brown 1 Aschers and Magnus. Cymodocea rotundata Ehronb et Hempr. ex 
Ascners., Halodule uninervis (Forssk.) Aschers and Syringodium Isoetifolium 
(Aschers.) Dandy were collected in monospecific stands in Bootless Inlet, 
Papua New Guinea. Cymodocea serrulata and Cymodocea rotundata were 
studied from November 1980 to November 1981. lotal annual mean biomass 
amounted to 354 and 201 g AD\v m2 respectively. The largest proportion of 
these biomass values was contributed by the rhizomes (Wo and T6°0 
respectively) and leaf biomass was ±30°a for both species. Halodule 
uninervis was studied at an intertidal and a subtidal site. The highest 
total annual mean biomass (600 g АПК m2

) was recorded at the intertidal 
site, of which R5°„ was found below-ground The largest proportion of the 
biomass, at both sites, was contributed by the below-ground vertical axes of 
the shoots. The biomass of the rhizomes was relatively low (9-12°«) for 
Halodule uninervis. Proportionally the largest above-ground biomass (40

ο
ί) 

was recorded for Syringodium isoetifolium of which the annual mean biomass 
amounted to 481 g ADV' mV 

Total production (above and be low-ground! was 4.9 and .4.0 g ADV m
2
 day

1 

for Cymodocea serrulata and Cymodocea rotundata, respectively 
Approximately 70°o was production of leaves Total production amounted to 6 0 
and 4.0 g ADV' m"

2
 day"

1
 for Halodule uninervis at the intertidal and subtidal 

sites respectively The maximum production was recorded for Syringodium 
isoetifolium. 60% of the 9.0 g ADV' m

2
 day

1
 was contributed by the leaves. 

All species reached the maximum production during February and March, when 
the water temperatures were highest and water was retained above all sites, 
at all times. Trie increase of the leaf production was mainly due to the 
increase in biomass of the mature leaves. Significant changes in the 
plastochrone interval of the leaves were not observed during this period. 
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INTRODUCTION 

The four seagrasses Cymodocea serrulata (R.Brown) Aschers, and Magnus, 

Cymodocea rotundata Ehrenb. et Hempr. ex Aschers., Halodule uninervis 

(Forssk.) Aschers, and Syrmgodlum isoetlfohum (.Aschers.) Dandy are widely 

distributed in Papua New Guinea (Den Hartog, 1970, Johnstone, 1976, Brouns 

and Heijs 1985, Brouns, 1986, Heijs and Brouns, 1986) These species mostly 

occur in mixed vegetations consisting of at least two seagrass species. 

Monospecific meadows of these four Cymodoceoideae are rare in Papua New 

Guinea. Monospecific fringes, apparently a temporary phenomenon, have been 

found in Bootless Inlet and viciniti, the main study area The seagrass 

meadows of this area are generally dominated by Thalassia hemprichii 

(Ehrenb.) Aschers. Production and biomass data of this latter species were 

published earlier (Brouns, 1985b) as were the results of the study on the 

largest seagrass in the area, Enhalus acoroides (L.f.) Royle (Brouns and 

Heijs, 1986) This paper reports on the production and biomass of the four 

above-mentioned Cymodoceoideae in monospecific patches or fringes. 

MATERIAL A N D METHODS. 

Study sites 

For details on the study area and the environment (tidal regime, 

insolation, water temperature) see Brouns and Heijs (1985, 1986). The 

numbers of the stations refer to the maps in (Brouns, 1985b, Brouns and 

Heijs, 1985, Heijs 1985a) 

Cymodocea serrulata occurs as small monospecific patches bordering the 

mixed seagrass meadows that surround the two largest islands in Bootless 

Inlet, Loloata Island and Motupore Island. None of these patches was 

suitable for a long-term study, which involved frequent harvesting Only one 

monospecific meadow (Station 5) of a suitable size was found, which was 

located near the village of Tubusereia (Heijs. 1985a, Brouns and Heijs, 

1985). The substrate of this meadow consisted of coarse, partially 

consolidated, coral rubble with a thin layer of silt and sand. Substrate 

level was between -0.1 and -0.3 m ELWS (Extreme Low Water Spring). The 

meadow was bordered by a fringe of Halodule uninervis with patches of 

Halodule pinifolia (Miki) den Hartog towards a sand bank. See Brouns (1987) 

for a detailed map of this area A monospecific vegetation of Cymodocea 

rotundata and a fringe of Halodule pinifolia separated the meadow from the 

mangroves. 
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Cymodocea rotundata was studied at two sites. The first site (station 

15) (substrate level 0.1-0.3 m above ELWS) was the narrow meadow, bordering 

the Cymodocea serrulata fringe described above (station 5). Data were also 

collected on the north-west tip of Loloata Island where an area without 

seagrasses was surrounded by a 5-10 m wide zone of Cymodocea rotundata 

(Station 4) (substrate level -0.1 m ELWS). 

The wide leaved form of Halodule uninervis was mainly studied in small 

patches (station 7) with a high number of relatively small shoots, near the 

site where Thalassia hemprichii was studied (station 1, in Brouns, 1985b). 

The substrate level varied between 0.3 and 0.4 m above ELWS. A limited 

number of observations was made in the monospecific fringe, at a level of 

-0.2 m ELWS (station 16), between a sand bank and the meadow of Cymodocea 

serrulata described above (station 5). 

One suitable patch of Syringodium ¡soetifolium was found on the west side 

of Loloata Island (Station 6). The substrate (0.1- 0.2 m below ELWS) 

consisted of loose coral sand. The site was bordered by an area of 

consolidated coral rubble, covered by a layer of sand and bare coral heads 

upon which a seasonal occurrence of Phaeophyta and Rhodophyta was observed 

(Heijs, 1985a). 

For more details on stations 4, 6 and 7 see Brouns and Heijs (1985). 

Methods . 

Determination of the production of Cymodocea serrulata, C. rotundata 

and Halodule uninervis is based on the Plastochrone Interval of the Leaves 

(PIL) and of the Rhizome (PIR). The youngest leaves of the first two species 

were marked with a staple in at least 50 shoots per quadrat in 4 random 

quadrats of 400 cm2 at the main study sites (Stations 5 and 15) from October 

1980 to October 1981. Cymodocea rotundata was also studied at station 4 

from June 1981 to August 1982 to provide data for the productivity of 

epiphytes (Heijs, 1985b). Here the PIL was measured in approximately 40 

shoots. The shoot density was determined in April and October 1981. 

The leaves of Halodule uninervis were too small for a staple. The youngest 

leaves were therefore punched by a shortened syringe-needle. This species 

was studied in 4 samples of 150 cm2 (station 7). Additional data were 

collected, in 2 samples, at station 16 in 1982. 

Total plant biomass, above- and below-ground, was collected at irregular 

intervals. Below-ground biomass was not collected of Cymodocea rotundata 

at station 4. 

See the appropriate tables and figures for sampling dates. 
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Initially it was attempted to measure the PIL also in Syringodium 

isoetifohum For this purpose small numbered rings, open to one side, 

prepared from parts of stretched fish tags , were clamped around the 

cylindrical leaves The occurrence of a younger leaf was noted The length 

of this younger leaf was measured However, the PIL could not be used as a 

parameter foi productivity Therefore the rings were attachea at the level 

of a reference frame, the increase of the leaf length was measured and used 

m productivity calculations Data were collected from March to November 

1982 

All samples were harvested approximately 14 days after marking. Total 

plant biomass was collected on most occasions In the laboratory the number 

of shoots, new leaves, total leaves, rhizome apices, branches, internodes of 

the rhizome, flowers and fruits were counted The ash-free dry weight (ADW1 

was determined after drying (100 "O and combustjon (3h at 550 "CI. Prior 

to drying the leaves were soaked in 5°„ phosphoric acid and rinsed with 

water The mean biomass was determined of: new leaves, mature leaves, intact 

and damaged, senescent leaves, mature leaf sheaths, leaf sheath remnants, 

young leaf sheaths and leaf primordia, mternodes of the vertical axis, 

total vertical axes, mternodes of tne rnizome, total rhizome and roots 

(for details see Brouns, 1985b). 

Above-ground production (mg AD\\ shoot-1 day1) was calculated from the 

average biomass of the mature leaves (blad» and sheath) of the marked shoots 

and the PIL The P/B ratio or specific growth rate (R= (g ADW (g ADW)"1 

day"1), dimension; day1) was calculated from the production (mg ADW shoot"1 

day1) and the biomass of these shoots. The production per area (g ADW m2 

day1) was calculated from the standing crop and R The resulting production 

per unit area is conservative. The shoots in which the staple was still 

present were, generally, the largest shoots in the samples Some of the 

smallest shoots might have been overlooked during stapling and the loss of 

leaves, including the staple, resulted in a lower biomass The alternative, 

production (mg ADW shoot1 day1) multiplied by the density will result in a 

higher value for the production m g ADW m2 day1 The difference in 

percentage is identical to the percentage "leaf biomass lost" in the tables 

Below-ground production was calculated from the growth rate of the rhizome 

(PIR) (Brouns, 1987), the biomass of an internode and the proliferation 

ratio ( number of rhizome apices / number of shoots) in the sample 

The change in leaf growth rates due to ageing was determined for 

Cymodocea serrulate, Cymodocea rotundata and Halodule uninervis. For this 
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purpose punches were made through the leaf cluster in approximately 50 

snoots, on the level of a reference frame, during 6 days and at 48h 

intervals. The elongation of the leaves was measured to the nearest mm. 

Simultaneously the PIL in this group was determined, l'or more details on the 

different calculations see Zienian (1974), Brouns (1985a,b) and Brouns and 

Heiis (1986). 

RESULTS. 

Reproduction 

Flowering was observed in a l l 4 Cymodoceoideae. Cymodocea serrulata 

flowered from March t o July . Fjowers were present in Cymodocea rotundata 

in March, June, July and from September t o December. Halodule umnervis 

flowered from June t o December and flowers of Syrmgodium isoetifolium were 

seen year-round except in June and July F r u i t s of a l l species were found, 

in low numbers, but year-round 

Density 

Cymodocea serrulata. 

An analysis of variance, conducted on all counts of the number of shoots, 

showed that the density was constant (Γ
0
 , = 1.14, η.s.). Nevertheless, the 

shoot density of Cymodocea serrulata (.station 5) increased significantly 

(t-test, P< 0.01) from April to June (the onset of the dry season) (Fig. 

la) The minimum mean density was recorded in April (1500 ±215 shoots m
2
) . 

Maximum density (2040 + 200 shoots ni
2
 ) was found two months later, in June. 

The decline in the number of shoots appeared to be very gradual (± 50 shoots 

m
2
 month"

1
). The decrease in the average number of shoots per unit area, 

however, is for a large part caused by the increase in patchiness of the 

meadow. The maximum number of shoots in a 400 cm
2
 sample was 104 which was 

recorded m September while the lowest value (25 shoots per quadrat) was 

ODserved in October The impairment of the homogeneity is expressed by the 

coefficient of variation (V) of the means. V averaged to 12
0
<, from March to 

July. V increased to an average of 26% during the remainder of the year, 

which is indicative for patchiness 

Cymodocea rotundata 

The density at the main study site (station 15) is presented in Fig. lb, and 

shows a clear ummodal pattern. An ANOVA was significant (F- n
n
 =3.53 
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Figure 1. The density (shoots m1 ± s.d.) of the seagrasses Cymodocea ser-
rulata at station 5 (A) Cymodocea rotundata at stations 4 and 15 
(B) Halodule uni nervis ai stations 7 and Ιό (С) and Syringodium 
isoetifolium at station 6 (D). Note the different scales. The den
sity of Syringodium isoetifolium, observed in November 1982, is 
placed on the left side of the diagram. 

P<0.05). The density reached a maximum of 1770 (±260) shoots ni
4
 in February 

and decreased in the following months, at a rather uniform rate (±180 shoots 

month"
1
) to the lowest observed density of 1040 (±340) shoots m

2
 in June. The 

number of shoots appeared to be constant from June-September and gradually 

increased afterwards. The reduction of the mean densities could not be 

attributed to an increase in the patchiness of the meadow. V varied 

between 13 to 33% but without any pattern. Although the changes were 

significant, only 30?, of the total variance could be explained by 
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differences between sampling dates The remaining 70'Ό is a consequence of 

the variability in the density in 4 to 8 samples (400 cm
2
 each). 

Halodule uninervis 

The monthly mean density of this seagrass, growing in elevated patches 

between a Thaiassia hemprichii meadow and a bare zone, varied between 7000 

(February) to 18300 (May) shoots m
2
 (Fig. 1c). A reduction of the mean 

biomass of the leaves occurred simultaneously with this striking increase in 

density Dormancy appeared to be a normal ohenomenon in well established 

populations of Halodule uninervis in which proliferation mainly occurs 

through branching of the vertical axes. The average number of dormant 

menstems of the vertical axes (small etiolated leaves, 1 mm long, 1 mm 

wide) amounted to 60°o of the number of full-sized above-ground shoots In an 

experiment the shoots in 4 plots were clipped below the meristem The number 

of normal shoots in the 4 control plots was 98 ± 14. The number of normal 

shoots in the clipped plots, after 23 days, had reached 33 ± 11. In the 

clipped plots 45 ± 8 dormant shoots were counted, while the number of 

dormant shoots in the control plots amounted to 80 ± 10 Tins single 

experiment was performed in June 1982 at station 7. 

At station 16 the lowest density was recorded in March, but the differences 

between monthly means were not significant (F, , =1.35, n.s.). 

Syringodium isoetifolium 

The density of this species showed an increase from 5700 (April) to 7600 

shoots m
2
 (May) (Fig Id) The variability of the total, limited (6 dates 

with 2 samples each) database was, however, not significant (F- , = 0.78, 

η s . ). 

Above-ground biomass 

Cymodocea serrulata 

The mean shoot biomass ranged from 51 to 93 mg ADW. The maximum was observed 

in April 1981 (Table 4), but an unambiguous temporal pattern was not found. 

The standing crop of the meadow varied, between 75 and 122 g ADW m
2 

Cymodocea rotundata 

The range of the shoot biomass, with maximum values between January and 

April, was from 49 to 71 mg ADW at station 15. Due to the increase in 

density and the increase of the shoot biomass a profound seasonal pattern 

was observed in the standing crop (Table 5). Maximum above-ground biomass 

(January 1981) amounted to 94 g ADW m
2
 while the minimum of 38 g ADW m

2 
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T a b l e 1 

The b i o m a s s o f t h e l e a v e s o f a m a r k e d s h o o t (mg ADW ± s . d . ) , t h e s t a n d i n g c r o p (g ADW 
m" ± s . d . ) , t h e b e l o w - g r o u n d b i o m a s s (g ADW m ' ± s . d . ) and t h e d i f f e r e n t b e l o w - g r o u n d 
p l a n t p a r t s ( g ADW nf* ± . s . d ) o f t h e s e a g r a s s Helodule unmervis f r o m November 1980 
t o November 1981 a t s t a t i o n 7 . 

D a t e 
H a r v e s t 

2 6 . 1 1 . 8 0 
1 0 . 1 2 . 8 0 
1 9 . 1 .81 

2 . 8 1 
3 . 8 1 
4 . 8 1 
5 . 8 1 
6 . 8 1 
7 . 8 1 
9 . 8 1 

9 
2 6 . 
2 2 . 
2 9 . 
19 . 
15 . 

1 . 
9 . 1 0 . 8 1 

S h o o t | B i o m a s s I L o s t | B iomass | B i o m a s s | B i omass | B iomass 
b i o m a s s | l e a v e s | b i o m a s s | v e r t i c a l j r h i z o m e s I r o o t s ¡ b e l o w - g r o u n d 

I I l e a v e s I a x e s j | | 
mg ADW | g ADW m" I % | g ADW m 1 | g ADW ni11 g ADW ПГ | g ADW m 1 

Mean 

7 . 7 
7 . 5 
9 . 9 

1 8 . 1 
1 2 . 7 

9 . 5 
7 . 1 
5.1» 
7 . 0 
6 . 6 
9 . 5 

9 . 2 

79 
72 
59 
76 

105 
121» 

98 
69 
73 
81» 

121» 

88 

17 
11» 

9 
11 
2 1 
21» 
16 
13 
18 
18 
23 

9 
12 
27 
i»0 
25 
19 
25 
28 
37 
25 
11 

2 1 0 ± l»5 76 ± 30 192 ± SU 

192 ± 2 3 77 ± ЗИ 2 1 1 ± U1 

2 3 0 ± 5 6 21» ± 12 2 2 6 ± 51 

275 ± U l 38 ± 16 2 2 7 ± 36 

2 2 7 54 2 1 4 

4 8 0 
500 
540 
4 8 0 
5 4 0 
5 1 0 
4 8 0 
560 
510 
440 
540 

510 

110 
100 

90 
90 
40 
70 

110 
140 
100 

90 
60 

occurred in July These changes re f lec t the impact of the exposure during 

day-time spring lou water levels 

The annual mean biomass of the shoots was lower at s t a t i o n 4 (Table 61 Tlie 

maximum (60 mg ADW; and minimum (38 mg ADW) were observed in another year, 

but in the same month 

T a b l e 2 

The b i o m a s s o f t h e l e a v e s o f a m a r k e d s h o o t (mg ADW ± s . d . ) , t h e s t a n d i n g c r o p ( g ADW 
nf' ± s . d . j , t h e b e l o w - g r o u n d b i o m a s s ( g ADW m* ± s . d . ) and t h e d i f f e r e n t p l a n t p a r t s 
( g ADW m* ± . s . d . ) o f t h e s e a g r a s s Halodule umnems f r o m F e b r u a r y 1982 t o November 
1982 a t s t a t i o n 1 6 . The n u m b e r s i n p a r e n t h e s e s a r e t h e p e r c e n t a g e s p o s i t i v e d i f f e r 
e n c e b e t w e e n c a l c u l a t e d a n d m e a s u r e d a b o v e - g r o u n d b i o m a s s . 

D a t e I S h o o t I B i o m a s s I L o s t I B i o m a s s I B i o m a s s I B i o m a s s I B i o m a s s 
H a r v e s t I b i o m a s s I l e a v e s | b l o m a s s j v e r t i c a I I r h i z o m e s I r o o t s I be I o w - g r o u n d 

I j j l e a v e s j a x e s j I I 
| mg ADW | g ADW m11 % | g ADW m I g ADW n r I g ADW m* | g ADW m" 

9. 2.82 
8. 3.82 
14. 4.82 
26. 5.82 
9. 7.82 

20. 9.82 
25.10.82 

Mean 

14.5 ± 3.1 
19.3 ± 4.1 
14.5 ± 2.9 
16.3 ± 3.2 
16.9 ± 1.7 
16.9 ± 3.6 
14.7 ± 2.5 

16.2 

68 ± 11 
66 ± 10 
58 ± 8 
69 ± 14 
70 ± 7 
75 ± 8 
71 ± 13 

68 

12 
(10) 
26 
23 
23 
15 

(15) 

11 

159 ± 48 

138 ± 41 

160 ± 38 
140 ± 34 
105 ± 28 

140 

46 ± 

62 ± 

42 ± 
28 ± 
42 ± 

44 

10 

18 

16 
9 
11 

99 ± 14 

134 ± 31 

133 ± 28 
110 ± 27 
83 ± 19 

112 

304 ± 88 
280 ± 58 
334 ± 61 
270 ± 59 
335 ± 42 
278 ± 51 
230 ± 29 

290 

На/od ule unmervis 

Profound seasonal changes in the shoot biomass were observed in t h i s species 

a t s t a t i o n 7 (Table 1) The maximum biomass (18 mg ADW) was recorded in 

February The mean biomass decreased to 5 4 mg ADW in June a f ter the s i t e 
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became exposed during spring tides. The variability of tne standing crop was 

much smaller because the shoot density (Fig. 1) increased simultaneously 

with the decrease of the shoot biomass The annual mean standing crop at 

this site amounted to 86 g ADV* m
2
. 

At the second study site maximum snoot biomass (19.j mg ADW) was recorded in 

March (Table 2). However, changes in the shoot biomass and the standing crop 

were minor. The meadow was submerged at all times. 

Table 3 

The biomass of the leaves of a shoot (mg ADW ± s . d . ) , the standing crop (g ADW m' 
± s . d . ) , the below-ground biomass (g ADW nf' ± s . d . ) and the d i f f e r e n t plant parts (g 
ADW nr ± . s . d . ) of the seagrass Syringodium isoetifolturn from March 1982 to December 
1982 at s t a t i o n 6. 

Date 
Harvest 

22.03.82 
26.C».82 
17.05.82 
3.03.82 

31.09.82 
30.11.82 

Mean 

IB 
lb 
I 

i oma s s I 
lades I 

I 
I mg ADW I 

30.6 
26.0 
23.0 
24.9 
26.2 
22.7 

25.6 

Biomass 
blades 

g ADW m 

138 ± l»0 
116 ± 22 
133 ± 31 
m ± J»2 
126 ± 28 
128 ± 42 

131 

| Β ι oma s s I 
1 leaves 1 

1 1 1 g ADW m I 

193 ± 16 
173 ± 29 
206 ± 30 
203 ± 38 
191 ± 28 
196 ± 32 

194 

В i oma s s 

vert ica 1 

axes 
g ADW 

69 ± 
52 ± 
67 ± 
56 ± 
66 1 
59 ± 

61 

m 

9 
12 
8 
13 
9 
12 

I Biomass 
I rhizomes 

I I g ADW m 

119 ± 23 
UI ± 28 
130 ± 16 
118 ± 21 
П 2 ± 15 
130 ± 7 

130 

| Β ι oma s s 
1 roots 

1 
| g ADW m 

86 ± 18 
105 ± 23 
96 ± 11 
95 ± 21 

111 ± 20 
81 ± 28 

96 

Syringodium isoetifolium 

The l imited data concerning t h i s species revealed no s ign i f icant changes m 

shoot biomass (25.6 mg ADWÌ or standing crop (131 g ADW m2) (Table 3) . 

From the mean biomass of marked shoots and the mean densi ty , one should 

be able to ca lcu la te the t o t a l biomass of the leaves per uni t area This 

ca lcula ted value, which i s not presented, was always higher than the 

measured biomass in Cymodoceo serrulata, Cymodocea rotundata, Syringodium 

isoetifolium and Halodule uninervis at s t a t i o n 7. At s t a t i o n 16 the actual 

standing crop of Halodule uninervis was 10-15", higher than the calculated 

one, in two samples. The difference between measured and calculated maximum 

standing crop varied between da tes . The annual mean difference was 20°„ for 

Cymodocea serrulata, (Table 4 ) , 33°, for Cymodocea rotundata (Table 5 ) , 

29% for Syringodium isoetifolium (Table 9) and 22?, and 11?, for Halodule 

uninervis a t s t a t i o n s 7 (Table 1) and 16 (Table 2) respect ive ly . 
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Biomass of vertical axes 

Cymodocea serrulata 

The biomass of the rhizomatous parts of the short shoots changed 

significantly during the year (F
7 4 0

 =3 17, P<0 01) The maximum biomass was 

recorded m February (52 g ADV* m
2
) , U H I L the lowest value of 26 g ADV* m

2 

was measurea m April (Fig 2a) The annual mean biomass of the vertical 

axes was 38 g ADVv m
2 

Biomass rhizomes gAOWm-?-

200 -

100 

T\i-W-

Biomass rhizomes gADWm ! -

H D J F M A M J J A S O 
ieeo ΐθβι 

mo 

so 

N O J F H A M J I A S O 
19Θ0 1081 

Figure 2 The biomass m g ADW m
2
 (± s d ) of the rhizomes (long shoots = 

Is) and the vertical axes (short shoots = ss) of the seagrasses 
Cymodocea serrulata (A) and Cymodocea rotundata (B) 

Cymodocea rotundata 

The mean biomass of the vertical axes of Cymodocea rotundata was 

calculated as constant (33 g ADV* m
2
) during the year (ANOVA, F

0
 „ 1 38, 
8 , ч2 

η s ) The observed values are presented m Fig 2b The maximum measured 

biomass (46 2 g ADlv m
2
 in April), however, differed significantly from the 

recorded biomass in the next four months (t-test, P<0 05) and an ummoda] 

pattern with a decrease after May and a gradual increase from September 

onwafds was indicated 

Halodule unmervis 

Proliferation of this species, in well established patches, occurred mainly 

by branching of the short shoots The biomass of the vertical axes, was 

comparatively high (±40
 0
„ of the total biomass) an this species (Table 1, 

station 7) (Table 2, station 16) 
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Biomass of rhizomes (long shoots) 

Cymodocea serrulate 

The biomass of the rhizomes appeared to be constant during the year (F, ,. 

=1.13; n.s). The annual mean contribution of this plant part was 173 (s e 

41) g ADVi ni
2
 (Fig. 2a). The apparent decrease curing the second half of the 

wet season could not be substantiated statistically. 

Cymodocea rotundata 

The available data revealed no temporal significant changes (Fj, ,„ =0.52, 

n.s.). The annual mean biomass of the long shoots amounted to 72 (s.e. 8) g 

ADW m
2
 (Fig. 2b). 

Halodule uninervis 

The biomass of the rhizomes was comparatively low (±10% of the total plant 

biomass) in this species (Tables 1 and 2). At station 7 the rhizome had a 

woody appearance, was dark brown in colour and was situated in the lower 

levels of the seagrass mat Young, greenish and herblike rhizomes were 

rarely encountered. In contrast, the rhizomes at station 16 consisted only 

of young rhizomes The samples were taken several metres from the edge of 

this still expanding meadow. The difference m the age of the rhizomes comes 

to expression in the ash content, which was 31"„ at station b and ІО-ІЗ
0
» at 

station 16. 

Biomass of roots 

The biomass of the roots was studied in less detail. Quantitative 

sampling of the roots was not possible in Cymodocea serrulata due to the 

substrate. The meadow was situated on partiallly consolidated coral rubble 

and lime stone below a 6-15 cm layer of muddy sand. The turf had to be torn 

loose and it was obvious that many of the roots had penetrated the hard 

layer. The variability of the root biomass was very high (V max 60°i) · The 

annual mean was 45 g ADW m
2
, which is an underestimation. 

The biomass of the roots was quantitatively sampled at 7 of the 11 sampling 

dates for Cymodocea rotundata and showed within these samples no 

significant variation. The mean from these samples was 34 g ADW' m
2 

The harvest of the below-ground biomass of Halodule uninervis was easy. This 

species occupied areas with a substrate of loose sand. The separation of the 

numerous, very fine roots, growing mainly from the vertical axis, was too 

tedious for the little additional information resulting from this. 

Separation was therefore undertaken on only 4 of the 11 sample dates at 
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Leaf length; cm 
• — r * Leaf growth, mm day " ' 
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I Ч 
20 

Age days 

Figure 3. The growth rate of the leaves (mean + s.d.) from emergence to 
maturity and the length increase during ageing of the leaves of 
the seagrasses Halodule unmervis (A) , Cymodocea serrulata (B) 
and Cymodocea rotundata (C) The horizontal bars indicate the 
position of the leaf (leaf number, 11 is the youngest leaf). 
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station 7 and in 5 of the 7 samples at station 16 (Tables 1 and 2) The 

annual mean biomass of the roots was relatively high in Halodule unmervis, 

214 g ADW m2 at station 7 while 112 g ADto m"2 was recorded at station 16 

The annual mean biomass of the roots was 96 g ADW ni2 for Syringodium 

isoetifolium (Table 3) 

Leaf growth rates 

In Cymodocea serrulata the growth rate increased slightly during ageing 

The growth rate decreased after the appearance of a new leaf The decrease 

was slow durang the first days (leaf age 1-1 5 PIL) and rapid m leaves 

older than 1 5 PIL Leaf growth stopped at an age of 18 davs (Fig 3b) In 

Cymodocea rotundata the initial growth rate was also the maximum growth 

rate (13 mm day"1) The growth rate decreased linearly (at a rate of Ü 35 mm 

day1) while the leaf was the youngest on the shoot Shortly after the 

emergence of a new leaf, elongation decreased rapidly Generally growth 

stopped within 4 days after the day the leaf became the second youngest 

leaf Some growth, however, was still measurable in a few leaves (Fig 3c) 

Leaf growth continued longer m Halodule unmervis Growth appeared to be at 

an uniform, maximum, rate during the first 4 days after emergence of the 

leaf Thereafter growth graduall> decreased, but at a much slower relative 

rate than in the 2 other species Growth stopped definitively after the 

leaf became the third youngest leaf, 2 plastochrones after emergence (Fig 

За) 

Leaf growth rates, measured by sequential marking, were not determined in 

Syringodium isoetifolium 

The Plastochrone Interval of the Leaves (PIL) 

Cymodocea serrulata 

The mean PIL on the sampling dates varied from 9 1 to 12 9 days The range 

in individual samples, containing at least 50 shoots, was 8 3 to 13 2 days 

The differences between dates were significant (F..
 Q
 =2 81, P<0 01), 

however, a seasonal variability was not indicated The change in the PIL 

could be quite large within a forthmght The PIL, measured on 14 April was 

10 7 days, while one week later (21 April) a P1L of 12 о days was 

calculated Differences of this magnitude appear to be a consequence of the 

technique and were also observed during a detailed study of Thalassia 

hempnchii (Brouns, 1985a) The annual mean PIL of Cymodocea serrulata was 

11.0 (±1 3) days (n=53) (Table 4) 
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Tabi θ 1» 

The Plastochrone I n t e r v a l of the Leaves ( ± s . e . ) , the bι oma ss of a marked shoot (mg 
ADW ± s . d . ) and of the standing crop (g ADW m' ± s . d . ) and production values (g ADW m' 
day') of the seagrass Cymodocea serrulata from November 1980 to November 1981. An 
a s t e r i s k indicates a single sample. 

Date IPlastochronel Shoot IP/B rat ίο|Вlomass (Production I Lost {Production 
Harvest I Interval ¡biomass I leaves ¡leaves I leaves jbiomassj tota l 

I Leaves I I I I I І Э Б I 
I (days) | mg ADW I R day |g ADW m Ig ADW m day) % Ig ADW m'day 

1.11.80 

18.11.80 
9. 2.81 

8. 3.81 
7. 4.81 

11». 11.81 
21. 1».81 

5. 5.81 
26. 5.81 

9. 6.81 
17. 7.81 

19. 9.81 

25.10.81 

Mean 

11.2 

11.0 
10.8 

11.1» 
10.2 

10.7 
12.6 

10.1 
11.4 

9.3 
12.9 
12.3 

9.1 

11.0 

± 
± 
± 
+ 
± 
+ 

ΐ ± 
± 
± 

± 
± 

1.1 
0.1« 
1.5 
0.5 
1.6 
0.5 
0.9 
1.3 
0.7 
0.5 

0.8 
0.6 

60 
66 
53 
63 
93 
75 

63 
82 
51 
67 
84 
62 

68 

± 
± 
± 
± 
± 
± 

± 
± 
± 

± 
± 

8 
3 
6 
6 
4 
8 

11 
16 
4 

# 
8 
7 

0.041 
0.034 
0.036 
0.036 
0.036 
0.036 

0.043 
0.035 
0.045 
0.034 
0.029 
0.037 

0.037 

86 
122 
85 
87 
98 
100 

75 
111 
92 

121 
103 

98 

± 
± 
± 
± 
± 
± 

± 
± 
± 

± 
± 

24 
22 
26 
12 
21 
8 

11 
23 
12 

17 
13 

3.5 
4.1 
3.1 
3.1 
3.5 
3.5 

3.2 
3.9 
4.1 

3.5 
3.8 

3.6 

3 
17 
2 
16 
37 
16 

33 
32 
13 

35 
14 

20 

4.8 
5.4 
4.4 
4.4 
4.8 
4.8 

4.5 
5.3 
5.5 

4.9 
5.1 

4.9 

Cymodocea rot und ata 

The annual mean PIL at the maior study s i t e ( s t a t i o n 15Ì was 11 3 days The 

monthly means чеге s i g n i f i c a n t I v dif ferent (F g . . =2.5o, P<0 05) and ranged 

from 9 b days m April to 12.9 days m February (Table 5) The output of 

new leaves was highest (lowest PIL) from March to May while the PIL 

increased with an average of 1 days from September-Novembor The PIL was 

also measured at s t a t i o n 4 A mean PIL of 11 5 days at t h i s s i t e was 

observed m a d i f ferent period (July 1981-August 1982) (Table 6) 

Halodule unmervis 

At s t a t i o n 7 the monthly means differed s i g n i f i c a n t l y ( F l n , , =6 64, P<0 01) 

and ranged from 7 8 (August) to 12 4 days in June (Table 7) The PIL 

remained constant (F _ =1 15, η s 1 a t the second study s i t e ( s t a t i o n 16) 

where a l imited number of observations were made 

However, the maximum monthlj mean PIL (13 4 da>s) at t h i s s i t e was recorded 

in Septemoer (Table 8) 

Syrmgodium isoetifolium 

The determination of the PIL was not a s u i t a b l e technique for t h i s species 

An attempt was made t o measure the PIL by marking the leaves with a p l a s t i c 

r ing The observed PIL dif fered between the two samples on the f i r s t attempt 

by a factor of more than 2 The c a l c u l a t i o n of the production in t h i s 

species was based on the elongation of the leaves (Zieman, 1974) From the 

counted new leaves a value for the PIL could be ca lcu la ted, which ranged 
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Table J 

The Plastochrone I n t e r v a l of the Leaves ( ± s . e . ) , the biomass of a marked shoot (mg ADW ± s . d . ) and of the standing crop 
(g ADW tri1 i s . d ) and production values (g ADW m d a y ' ) of the seagrass Cymodocea rotundata from November 1980 to November 
1961 a t s t a t i o n 15. An a s t e r i s k indicates a s ingle sample. 

Date 
Harvest 

18.11.80 
10. 1.81 
9. 2.81 
β. 3.81 
14. l».81 
5. 5.81 
9. 6.81 
17. 7.81 
18. 8.81 
19. 9.81 
25.10.81 

Mean 

Plastochrone 
Interval 
Leaves 
(days) 

12.0 
10.9 
12.9 
10.7 
9.6 
10.1 
11.3 
11.0 
11.5 
12.1» 
12.2 

11.3 

± 
± 
± 
± 
± 
± 
± 
± 

± 
± 

1.0 
O.It 
1.6 
0.6 
0.6 
0.9 
1.1 
o.t 
# 
0.9 
1.1 

1 Shoot 1 P/B ratio 
Ib i oma s s 

I 
1 mg 
ι 
I 

50 71 
65 
70 
71 
59 
5* 
49 
55 
61 
53 

60 

ADW 

± 
± 
± 
± 
± 
± 
± 
± 

± 
1 

11 
19 
11 
14 
16 
7 
9 
9 
# 
14 
β 

leaves 

R day 

0.034 
0.031 
0.034 
0.030 
0.038 
0.039 
0.032 
0.033 
0.031 
0.025 
0.026 

0.032 

Biomass 
leaves 

g ADW m' 

57 
94 
83 
78 
65 
51 
48 
38 

49 
59 

62 

± 
± 
± 
± 
± 
± 
± 
± 

± 
± 

11 
14 
11 
7 
15 
7 
9 
12 

14 
8 

IProduction | 
I leaves |h 
1 . J

1 

Ig ADW m day| 
| j 1 1 

1.9 
2.9 
2.8 
2.3 
2.5 
2.0 
1.5 
1.3 

1.2 
1.5 

2.0 

Lost 
i orna ss 
eaves 

% 
10 
29 
39 
36 
56 
49 
18 
36 

32 
26 

33 

1 Product ion 
I vertical 
I axes 

IP 
I 
J 

|g ADW m day! g 

0.16 
0.25 
0.22 
0.23 
0.25 
0.23 
0.18 
0.15 

0.14 
0.18 

0.20 

1 

roduct ion 
rhizomes 

ADW m da 

0.66 
0.48 
0.32 
0.45 
0.14 
0.36 
0.83 
0.58 

0.87 
0.72 

0.54 

1 Production 

1 

1 

1 

roots 

ADW m'day 

0.31 
0.18 
0.10 
0. 18 
0.05 
0.11 
0.64 
0.39 

0.42 
0.23 

0.26 

1 Product 
1 total 

1 
Ig ADW m 
1 

3.0 
3.8 
3.4 
3.2 
2.9 
2.7 
3.2 
2.4 

2.6 
2.6 

3.0 
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Table 6 

The Plastochrone 
the P/B ratio (R, .. .. 
to August 1982 a t s t a t i o n Ц. 

me I n t e r v a l of the Leaves, the bι oma ss of a marked shoot (mg ADW) and 
(R) of the leaves of the seagrass Cymodocea rotundata from June 1981 

Date I PIastochroneI Shoot IP/B r a t i o 
Harvest) I n t e r v a l Ibiomass I leaves 

I Lea ves I I 
I (days) | mg ADW I R day 

2 . 
1 . 

1 1 . 
1"». 
1 7 . 
1 2 . 
1 0 . 
1 5 . 
2 6 . 

2 . 
7 . 

1 3 . 

7 . 8 1 
Θ.Β1 
9 . 8 1 

1 0 . 8 1 
1 1 . 8 1 

1 . 8 2 
2 . 8 2 
3 . 8 2 
4 . 8 2 
6 . 8 2 
7 . 8 2 
8 . 8 2 

1 1 . 0 
1 1 . 5 
12.1» 
1 1 . 9 
1 2 . 0 
1 1 . 9 
1 2 . 9 
1 0 . 7 
1 0 . 5 

9 . 6 
1 0 . 8 
12.1» 

4 0 . 9 
4 3 . 6 
4 7 . 0 
4 0 . 9 
4 0 . 0 
6 0 . 0 
5 3 . 0 
5 4 . 7 
5 8 . 4 
4 2 . 7 
3 8 . 1 
4 0 . 7 

0 . 0 2 9 
0 . 0 3 1 
0 . 0 3 1 
0 . 0 2 9 
0 . 0 3 1 
0 . 0 3 0 
0 . 0 2 7 
0 . 0 3 2 
0 . 0 4 2 
0 . 0 4 0 
0 . 0 2 8 
0 . 0 2 9 

Mean 11.5 46.7 0.032 

Table 7 

The Plastochrone I n t e r v a l of the Leaves ( ± s . e . ) and production values f o r the d i f 
ferent plant parts (g ADW rri' d a y ' ) of the seagrass Halodule un ι nervi s from November 
1980 to November 1981 at s t a t i o n 7. 

D a t e 
H a r v e s t 

2 6 . 1 1 . 8 0 
1 0 . 1 2 . 8 0 
1 9 . 1 . 8 1 

9 . 2 . 8 1 
2 6 . 3 . 8 1 
2 2 . 4 . 8 1 
2 9 . 5 . 8 1 
1 9 . 6 . 8 1 
1 5 . 7 . 8 1 

1 . 9 . 8 1 
9 . 1 0 . 8 1 

Mean 

P l a s t o c h r o n e 
1 n t e r v a 1 

l e a v e s 
( d a y s ) 

9 . 6 
1 0 . 2 
1 0 . 4 

9 . 8 
1 0 . 7 
1 0 . 4 
1 0 . 9 
1 2 . 4 
1 1 . 2 

7 . 8 
9 . 2 

1 0 . 2 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

1.0 
0 . 8 
0 . 8 
1.1 
0 . 5 
0 . 8 
0 . 7 
1.4 
0 . 7 
0 . 7 
1.1 

P/B r a t i o 
l e a v e s 

R day" 

0 . 0 5 3 
0 . 0 6 1 
0 . 0 6 3 
0 . 0 3 9 
0 . 0 3 9 
0 . 0 5 2 
0 . 0 5 1 
0 . 0 3 9 
0 . 0 5 3 
0 . 0 8 5 
0 . 0 5 7 

0 . 0 5 4 

P r o d u c t ion 
l e a v e s 

g ADW m d a y ' 

4 . 2 
4 . 4 
3 . 7 
3 . 0 
4 . 1 
6 . 4 
5 . 0 
2 . 7 
3 . 9 
7 . 1 
7 . 1 

4 . 7 

P r o d u c t ion 
v e r t i c a 1 
a x e s 

g ADW m day 

0 . 5 7 
0 . 5 5 
0 . 4 1 
0 . 3 5 
0 . 5 5 
0 . 8 1 
0 . 9 2 
0 . 8 9 
0 . 8 3 
0 . 8 5 
0 . 7 3 

0 . 6 8 

P r o d u c t ion 
t o t a l 

g ADW m day 

5 . 3 
5 . 5 
4 . 7 
3 . 9 
5 . 2 
7 . 8 
6 . 5 
4 . 1 
5 . 3 
8 . 5 
8 . 8 

6 . 0 

between 21 and 80 days These values were not used for ca lcu la t ions I t 

seems appropriate t o a n t i c i p a t e on some of the r e s u l t s t o explain t h i s 

phenomenon The c o r r e l a t i o n between the Plastochrone Interval of the leaves 

(PIL) and the Plastochrone Interval of the Rhizomes (PIR) was, in most 

species which were studied during t h i s p r o j e c t , l i n e a r . Syrmgodium 
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isoetifolium was the only exception to this rule. The leaves on young snoots 

quickly succeeded each other, but the total number of leaves produced during 

a year on a shoot was only 11. The longevity of a leaf increased as the 

shoot became older. The fifth leaf on a shoot had a life-span of 7x PIR. The 

ninth leaf, in contrast, remained 13x PIR on the shoot. 

Table β 

The Plastochrone I n t e r v a l of the Leaves ( i s . е . ) , and production values f o r the d i f 
ferent plant parts (g ADW m* day') of the seagrass Halodule uninervis from February 
1982 to November 1982 at s t a t i o n 16. 

Date I PlastochroneIP/B ratio|Product ion {Production {Production {Production 
Harvest I I n t e r v a l I leaves I leaves | v e r t i c a l I rhizomes I t o t a l 

I Leaves I _ I | axes j J 
I (days) I R day' Ig ADW m day j g ADW m2 da/I g ADW m day | g ADW m day" 

9. 2.82 
8. 3.82 
1U. 4.82 
26. 5.82 
9. 7.82 

20. 9.82 
25.10.82 

Mean 

13.0 ± 1.1» 
11.3 ± 1.0 
12.7 ± 0.9 
11.1» ± 0.5 
12.1 ± 1.1» 
13.1» ± 1.0 
11.5 ± 1.1 

12.2 

0.01(1 
0.055 
0.038 
0.01(1 
0.038 
0.033 
0.038 

0.01(1 

2.8 
3.6 
2.2 
2.8 
2.7 
2.5 
2.7 

2.8 

0.69 
0.42 
0.68 
0.74 
0.70 
0.68 
0.56 

0.64 

0. 12 
0.08 
0.22 
0.16 
0.08 
0. 10 
0.09 

0.12 

4.1 
4.6 
3.6 
4.2 
4.0 
3.8 
3.9 

4.0 

The observed P[L in a sample was apparently strongly affected by tne mean 

age of the shoots at the s i t e . For the est imation of the production of leaf 

sheaths and the v e r t i c a l axis an estimated mean PIL of 20 days was assumed 

from the mean turno\er time of the leaf blades (34.3 days) and the mean 

number of leaves on d shoot ( 1 . 7 ) . 

Above-ground production 

The above-ground production was ca lcula ted from the PIL, the average 

biomass of the leaf blades and leaf sheaths of the t h u d leaf and the 

biomass of the v e r t i c a l axis between two successive leaf s c a r s . In 

Syrmgodium isoetifolium the elongation of the leaves was used for the 

c a l c u l a t i o n of the leaf blade production. 

Cymodocea serrulata 

The production of leaves (blades plus sheaths) ranged from 1.9 (February) t o 

3.4 (April) mg ADh shoot 1 day"1 (Fig. 4 ) . The production was highest during a 

three month period (March-May) at the end of the wet season and the s t a r t of 

the doldrums. During the remaining 9 months the production was ra ther 

constant . To c a l c u l a t e the t o t a l above-ground production, the production of 
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the vertical axes should be added to the annual mean leaf production of 2.5 

mg ADW shoot"
1
 day"

1
. 

Production leaves, mg ADW shoot"1 day" 1 -

35 

30 

25 

20 

15 

" С 1 • — ( - 1 

O N D J F M A M J J A S 0 

1960 1961 

Figure 4. The production of leaves (blades plus sheaths) (± s.d.) in mg 
ADW shoot

1
 day

1
 of the seagrass Cymodocea serrulate. 

The average Ьютаьь between 2 leaf scars was 1.8 mg ADW, which resulted in 

an annual mean contribution of 0.16 mg ADW shoot
1
 day

1
, or 6% to the total 

above-ground production. 

The R of the leaves (Table 4) varied between 0.029 day
1
 (September) and 

0.045 day
1
 (June). The R was identical (0.036 day

1
) in the samples with 

the highest as well as the lowest leaf production. Annual mean R was 0.037 

day
1
. 

Cymodocea rotundata 

The production of leaves at the two study sites is presented m Fig. 5. 

March and April appeared to be the most productive months as the leaf 

production reached 2.7 and 2.4 mg ADW shoot"
1
 day

1
. The two curves, 

partially from different years, show a comparable pattern. The annual mean 

leaf production was 1.5 and 1.9 mg ADW shoot
1
 day

1
 for stations 4 and 15 

respectively. 0.36 mg (station 4) and 0.42 mg (station 15) was contributed 

by the production of the leaf sheaths. 

The R at both sites had an annual mean of 0.032 day
1
. For the leaf blades 

only (without sheaths), this rate would decrease to 0.030 day"
1
 at station 4 

and 0.034 day
1
 at station 15. (Table 5 and Table 6). The contribution of 
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Production leaves mg AOW shoot" day" 

30 - I · »Station 15 

Figure 5. The production of leaves (blades plus sheaths) (± s.d.) m mg 

ADW shoot"
1
 day

1
 of the seagrass Cymodocea rotundata. 

the vertical axis (average weight 1.6 mg) was 0.14 mg shoot
1
 day

1
 which 

should be added to the leaf production to calculate total above-ground 

production. 

Halodule uninervis 

The leaf production reached a maximum of 0.61 rag ADW shoot"
1
 day"

1
 at station 

7 in February 1981. Production decreased gradually to the lowest recorded 

value of 0.21 mg ADW shoot
1
 day

1
 in June (Fig. 6). June was also the month 

in which minimum production (2,7 g ADW m
z
 day

1
) on an area basis was 

recorded. The increase m density resulted in a maximum production (7.1 g 

ADW m
2
 day

1
) during September and October (Table 7). At the other site 

(station 16), where additional data were collected during 1982, maximum 

production of leaves occurred in March (1.0 mg ADW shoot"
1
 day

1
) (Fig. 6). 

The pattern did not change after calculation on an area basis. R reached 

the maximum value of 0.085 day
1
 in September (Table 7). This was also the 

maximum observed rate in all 4 species. The R was relatively low during 

the period when the biomass of the shoots was highest. 

Maximum production per unit area occurred in March 1982 at station 16 and in 

April 1981 at station 7. 

The biomass of the vertical axis between two scars was measured in random 

samples (40 χ 10 parts) in November (0.47 mg ADW) and May (0.53 mg ADW) at 
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Produdion leaves mg ADW shoot " ' day - ' 

| о o siation 16,1982 

! · · Station 7 , 1980-1981 

1 ' • ' 

N D J F H A M J J A S O 

Figure 6. The production of leaves (blades plus sheaths) (± s .d . ) in mg 
ADW shoot"1 day 1 of the seagrass Halodule unmervis 

s t a t i o n 7. The mean (0 5 mg ADh ) was used in the ca lcu la t ions for the 

remaining sampling d a t e s . The average biomass of the v e r t i c a l axis between 

two leaf scars was l .b mg at s t a t i o n 16. This par t of the seagrass 

contr ibuted 0.13 ( s t a t i o n 161 and 0 05 mg ADVv shoot"1 day"1 ( s t a t i o n 7) to the 

above-ground production. Tne density had a considerable effect on the 

ca lcula ted production of the v e r t i c a l axis which ranged between 0.35 and 

0.92 g ADW m* day1 (Table 71 at s t a t i o n 7. 

Syringodium isoetifolium 

The above-ground production of the three above mentioned species was based 

on the biomass of a mature leaf and the P1L. The PIL could not be used as a 

parameter t o study the production of Syringodium isoetifolium. The 

production of leaf blades (Table 9) was determined by the elongation of the 

leaves. Leaf sheath production was estimated from the mean biomass of a 

mature sheath (5 mg ADW) and an estimated value for the PIL f20 days) during 

the sampling period. The sheath production was taken as a s ingle value (0.25 

mg shoot 1 day 1 ) because of the uncer ta inty about the PIL. 

In Table 9 the R of the leaves is presented. The R for the blades only was 

0.001 higher. The R of the leaves was used in the c a l c u l a t i o n s . The annual 

mean R was 0.028 day"1. The v e r t i c a l axis contr ibuted approximately 0.09 mg 

AD\v shoot"1 day"1. 

156 

1 0 

05 



Table 9 

The production of the leaves (mg ADW shoot" d a / ' ) and (g ADW iff* day*') and production 
values f o r the d i f f e r e n t plant parts (g ADW riT' d a / ' ) of the seagrass Syringodium ι sos
ti folium from March 1982 to December 1982 a t s t a t i o n 6. 

Date I Product ioniP/B ratio|Product Ion I Lost {Production IProduction I Production 
Harvest I leaves j leaves I leaves ¡biomassj rhizomes I roots I t o t a l 

I mg ADW I _ | | leaves I J J 
I shoot day) R day |g ADW m da/ I % Ig ADW m'daylg ADW nTdaylg ADW m day 

22.03.82 1.20 0.030 5.8 37 3.0 1.3 10.7 
26.Ok.82 1.06 0.029 5 0 28 1.8 1.0 8.3 
17.05 82 0.94 0.029 6 0 31 2 .1 1.0 9.8 

3.08 82 1.00 0.030 6.1 19 1.8 0.7 9.2 
31.09.82 0.93 0.025 4 .8 31 1.0 0.6 6.9 
30.11.82 0.86 0.027 5.3 26 2.3 1.0 9.3 

Mean 1.00 0.028 5.5 29 2 .0 0.9 9.0 

Proliferation ratios 

The number of internodes and the number of actively growing apices of the 

horizontal rhizome were counted From the density of the shoots and the 

number of terminal meristems of the rhizome, a proliferation ratio (number 

of apices per shoot) could be calculated For Cymodocea serrulata the 

calculated mean rate in the samples was constant at Ü 090 (±0 016 ( s e ) or, 

on average 1 rhizome apex occurred per 11 shoots (F.. ,_ =1 09, η s ) The 

annual mean number of rhizome apices was 160 m
2 

The proliferation ratio was very variable in Cymodocea rotundata and 

ranged from 0 01b to 0 150 The annual mean number of rhizome apices per 

shoot was 0.076 

The proliferation ratio was comparatively low m Halodule unmervis at 

station 16 (0 013), an indication that shoot renewal was preaominantly 

caused by branching of the vertical axis A proliferation ratio for this 

species at station 7 could not be calculated Only 3 rhizome meristems were 

encountered in the 44 samples 

The proliferation ratio was highest ^annual mean 0 13) in Syringodium 

isoetifolium For details see Brouns (1987) 

Production of rhizomes 

Cymodocea serrulata 

From the shoot density (1780 shoots m
2
) , the proliferation ratio and the PIR 

(6 7 days) it would follow that the turnover time of this meadow was as 
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short as 74 days However, from the counts of the number of large internodes 

on the rhizome a multiplication factor for this turnover time can be 

calculated The ratio shoots / rhizome nodes was constant during the year 

(F
7 4 7

 =1.14, n.s ) but ranged from 0.27 (±0 06) in February to 0.39 (±0.07) 

in November The annual mean of tms ratio was 0 35 f±0.04 ь.е.) which would 

result in a mean turnover time of the rhizomes of 220 days. 

The production of rhizome biomass by the long shoot is not separately listed 

in Table 4. The production would oe based on calculations which involve the 

PIR and the proliferation ratio Both parameters were constant (ANOVA). 

The most influential variable would be the shoot density, of which the 

variability leaves some doubt (ANOVA η s.) The production of the rhizome 

was therefore considered constant throughout the year The calculation, 

based on the mean PIR, the mean proliferation ratio, the mean density and 

the mean biomass of an internode (35 mg ADW) resulted in 0.83 g ADV ni"
2
 day

1 

The mean biomass of the rhizome was 17b g AD\s nf
2
 Hence, the turnover time 

of the rhizome, calculated from these values, was 212 days, comparable to 

the value reached in a different manner. 

Cymodocea rotundata 

The production of the rhizome was calculated for all samples as described 

above. The highly variable proliferation ratio had a profound influence on 

the calculated rhizome production. The production ranged from 0.14 to 0 87 

g ADW m"
2
 day

1
 (Table 5). The average biomass of the rhizome was 73 g ADV» 

m"
2
, while the annual mean production was 0.54 g ADW ni

2
 day

1
 The turnover 

time for the rhizome, therefore, was calculated as 135 days. 

The shoot/nodes ratio showed an unimodal pattern in Cymodocea rotundata 

with a maximum of 0.55 in January and a minimum of 0.26 in June Most of 

this decrease occurred in May and June (Brouns, 1987). 

The number of proliferating shoots (2 or 3 shoots on a single vertical axis) 

were counted. The variability was high and on all dates one or more samples 

without any proliferating shoots were encountered The number of 

proliferating shoots increased from November onwards to a maximum of 50 

pairs m
2
 in May. The number was constant (13 pairs m

2
) from June to 

September None were observed in May. These proliferating shoots give rise 

to 1 and very rarely 2 new long shoots (horizontal rhizomes). The new shoots 

on these new rhizomes caused the increase of the density and hence the 

increase of the shoot/nodes ratio. 

Halodule uninervis 

An estimation of the production of the rhizomes could only be calculated for 

Halodule uninervis at station 16 (Table 8). Rhizome production was low 
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(annual mean 0.12 g ADW ni
2
 day

1
) Mean biomass of an internode, calculated 

from 6 samples in which the number of internodes were counted was 11 mg ADW 

The long shoot has an important function when this species colonises new 

areas, but little importance after the site has been occupied. 

Syringodium isoetifolium 

In Cymodocea serrulata and Cymodocea rotundata the average biomass of an 

internode of the rhizome was calculated from the biomass and the known 

number of internodes in the sample The counts of the number of internodes 

were omitted in Syringodium isoetifolium. The average biomass of the rhizome 

changes while ageing The mean biomass was 5.6, 7 7, 9.1 and 9 2 mg ADW cm"
1 

for the first 10 cm, and the following pieces of 10 cm length, respectively. 

The presented production (Table 9) is based on the weight of 7.7 mg ADW cm
1 

Production of roots 

Cymodocea serrulata 

The production of the roots was estimated from the mean biomass of the roots 

(45 g ADW m
2
) and the mean turnover time for the rhizomes (212 days) and 

resulted in 0.21 g ADW m"
2
 day

1
, a probable underestimation. 

Cymodocea rotundata 

The production of the roots was calculated from the average biomass of a 

mature root (29 mg ADW), the average time to reach this weight (14 χ PIR), 

the mean PIR (3.9 days), the average number of roots per node (2), the 

density, the proliferation ratio and the shoot/nodes ratio. This 

manipulation resulted in a considerable variability in the calculated 

production of roots (Table 5). This was largely due to the proliferation 

ratio The annual mean, calculated accordingly, was 0.26 g ADW m
2
 day"

1
. The 

average biomass of the roots, sampled on 7 of the 11 dates, was 34 g ADW m
2
. 

These two values would result m a turnover time for the roots of 131 days. 

As expected, this figure is comparable to the estimated turnover time of the 

rhizomes (135 days). 

Halodule unmervis 

Root production at station 7 was estimated as a single value from the mean 

biomass of the roots (214 g ADW m
2
) and the calculated turnover time (334 

days) of the vertical axes. Root production was 0 55 g ADW ni
2
 day

1
. The 

estimated root production, calculated accordingly for station 16, was 0.51 g 

ADW m
2
 day

1
 The turnover time of the vertical axes was 219 days (mean 

biomass 140 g ADW m
2
, mean production 0.64 g ADW m'

2
 day

1
). 
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Table 10 

Ash content as percentage of dry-weight of the d i f f e r e n t plant parts of four Cymodo-
ceoideae. The data from lyophi l ized leaves were determined a f t e r removal of e p i 
phytes by scraping. 

Halodule I Halodule ICymodocea ICymodocea ISynngodium 
unmervis | un inervi si rotundata ¡serrulata | isoet ι fol ι um 

Stat ion 7 I 16 I 15 I 5 I 6 

Mean % ash 

Leaf 1 
Leaf 2 
Leaf 3 
Leafbundle (oven dried) 
Leafbundle (lyophι Iized) 
Sheath leaf 3 
Sheathbundle 
Vertical axes 
Rhizomes 

15 ± 1 
17 ± 2 
18 ± 1 
18 ± 2 
13 ± 3 
37 ± 1» 
35 ± 3 
21» ± 2 
31 ± 4 

15 ± 1 
17 ± 1 
18 ± 2 
18 ± 2 

34 ± 3 
35 ± 2 
21 ± 2 
12 ± 2 

15 ± 1 
19 + 2 
21 ± 2 
20 ± 2 
14 ± 2 
44 ± 3 
39 * 4 
28 ± 2 
22 ± 2 

12 ± 1 
18 1 2 
23 ± 2 
20 ± 2 
14 ± 2 
43 ± 3 
31 ± 2 
25 ± 3 
16 ± 2 

35 ± 2 
40 ± 3 
37 ± 3 
38 ± 3 
40 ± 4 
32 ± 3 
33 ± 3 
22 ± 3 
18 ± 2 

Syrmgodium isoettfolium 

The roots of the 4th node from the apex of the rhizome reached the maximum 

biomass (24 8 mg ADW) The biomass of the roots from node 5 to 15 did not 

change (23-26 mg ADW) The production of the rootb (Table 9) uas babed on 

this biomass, the PIR, the proliferation ratio and the densitv of the 

shoots The mean production during the sampling period could be calculated 

from the means of the parameters and resulted in 0 90 g ADW m
2
 da>' 

Table 11 

Some selected c h a r a c t e r i s t i c s of the biomass and production of the four Cymodoceoi-
deae. 

Halodule IHalodule ICymodocea ICymodocea ISynngodium 
u n m e r v i s ¡unmervis ¡rotundata ¡serrulata ¡ i soet i fo l lum 

Stat ion 7 I 16 I 15 I 5 I 6 

Total annual mean 
bι orna ss, g ADW m 

Contribution m 

Above-g round 
Below-ground 

Vertical axes 
Rhizomes 
Roots 

% 

598 

15 
85 

38 
9 

36 

358 

19 
81 

38 
12 
31 

201 

31 
69 

16 
36 
17 

354 

28 
72 

11 
49 
13 

481 

40 
60 

13 
27 
20 

Total production; 

g ADW m day 6.0 4.0 3.0 4.9 9.0 

Contribution m % 

Leaves 78 70 67 74 61 

Vertical axes 12 15 7 5 7 
Rhizomes - 3 17 16 22 
Roots 10 13 10 4 10 
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Table 10 lists the ash content of the different plant parts as percent of 

the dry-weight Lyophilized strap-like leaves of which the epiphytes were 

removed by scraping consistently showed a lower ash content than oven dried 

leaves The removal of adherent calcareous deposits by 5°o phosphoric acid 

was probably not quantitative 

A compilation of the annual mean values of the most important 

characteristics of the four Cymodoceoideae is given in Table 11 

DISCUSSION 

The potential biomass of the site, without disturbances by man, animals 

or exposure to waves, can be obtained by the multiplication of density and 

biomass of marked shoots These shoots, marked at the beginning of the 

observation period, in which the mark was recognisable after the harvest, 

generally were the largest shoots in the samples The production (.mg ADW 

shoot-1 day"1) was calculated in these shoots R was calculated from the 

biomass (mg ADW shoot"1) of these, separately measured, shoots and the 

production (mg ADV* shoot"1 day"1) The total standing crop was generally louer 

than the potential biomass (from density and biomass of marked shoots) 

Because of the large possiblh source of error the production per unit area 

(g ADW m2 day1) was calculated from the real standing crop and R 

The above-ground biomass of the 4 seagrass species showed different 

seasonal patterns during the year These patterns appear to be related to 

the tidal cycle, the substrate level with respect to the ELWS and the 

temperature and/or the insolation Three cycles can be distinguished in 

these abiotic environmental factors 

- The temperature has a unimodal pattern with maximum water temperatures in 

February-March (31-32 °C) and lowest water temperatures (25-27 "C) in 

August 

- Low water spring tides occur in December-January ("summer") during the 

night and around midday in July and August ("winter") In the last season 

the interLidal seagrasses are exposed both to wind and sunshine The leaf 

blades of these exposed seagrasses generally die off and as a consequence 

the intertidal seagrass areas have a black appearance after daytime spring 

ebb tides During March-May ("autumn") and September-November ("spring ), 

water is retained above the vegetation at all study sites 

- Maximum insolation at the study site (9° South) occurs when the sun is in 

zenith (beginning of March, middle of October) (See Brouns and Heijs, 
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1985). However, cloud-cover is generally higher in March (wet season) 

compared to October (dry season). 

These three annual cycles cause changes in the abiotic environment which can 

be summarized as follows; 

Spring, no exposure (minjmum water level 0.^ m above datum); lowest water 

levels during the night; minimum water temperatures, and high light 

intensities (dry season, September-November). 

Summer, exposure of mtertidal seagrass meadows during the night (minimum 

water level 0 1 m above datum); water temperature increases to a 

maximum, and light intensities are intermediate (wet monsoon, 

December-February). 

Autumn: no exposure of seagrass beds (minimum water level O.b m above 

datum), the water temperature decreases; and intermediate to high 

light intensities (end of wet and beginning of dry season, 

March-May) 

Winter· exposure of mtertidal seagrass meadows during the day (minimum 

waterlevels 0.1 m above datum), and low light intensities (dry 

season, June-August). 

The environmental conditions during the end of the "summer", and the 

beginning of "autumn" (the end of the wet season), had a positive effect on 

the above-ground production in all species. As a consequence the shoot 

biomass increased. Changes in temperature are considered more important 

than changes in light with respect to the effect on productivity (Kirkman et 

al, 1982). The maximum leaf production occurred during February and March 

when highest water temperatures were recorded. The increase of the leaf 

production was mainly due to the increase in biomass of the mature leaves. 

Significant changes in the PIL were not observed during this period. The 

positive correlation between water temperature and leaf production was also 

observed in Enhalus acoroides at a relatively deep (-2.5 m ELWS) site 

(Brouns and Heijs, 198b). The maximum biomass of the epiphytes was recorded 

in March and April for Cymodocea serrulata, Cymodocea rotundata and 

Halodule uninervis. Maximum leaf and epiphyte biomass were observed in 

August for Syringodium isoetifolium. The biomass of the epiphytes added 30°« 

of the leaf blade biomass to the total standing crop (Heijs, 1985b). 

In Cymodocea serrulata and to a lesser extent in Cymodocea rotundata, 

the R or P/B ratio appeared to be of limited value to quantify small 

changes. The variability in the number of leaves older than ± 20 days 

(observation period plus 0.5 PIL) influenced the calculated R. In 
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Cymodocea serrulate these older leaves contributed 12-40oo of the total leaf 

blade biomass. Lowest values were recorded in February (12°»), on 5 May (15°o) 

and in June (15%). The contribution of these older leaves was high in March 

and April (36%) and in September (35%) The range of R (0.029-0 045 day1) 

would cnange to 0.032-0 041 aay'1 when the proportion of the older leaves, in 

the calculations, was adjusted to the annual mean biomass of the older 

leaves (26%) This manipulation resulted in a pattern in R comparable to 

the pattern of the observed production of the leaves (Fig. 2b). The effect 

of this 'correction" would be similar but smaller in Cymodocea rotundata. 

The environmental conditions of the summer appeared to have a profound 

influence on Halodule uninervis at the intertidal site (station 7) The 

mean biomass per shoot (Table 1) increased sharply, but the simultaneously 

occurring decrease in the density, prevented large changes in above-ground 

biomass The leaf production per shoot (Fig 5) at this site reflects the 

increase in the size of the shoots, howevei the R during this period of 

maximum temperatures was lowest (0 039 day"1) 

The production of leaves increased also at the second study site for 

Halodule uninervis (station 16) where the production of leaves was almost 

doubled. Other aspects were relatively constant at this site, which 

illustrates the importance of the substrate level This second site was 

always covered by a water layer of at least 30 cm. The maximum recorded R 

(0 085 day"1) occurred in September This is also the season when the 

maximum R (0.110 day"1) was recorded for the Atlantic counterpart Halodule 

wrightii Aschers in Florida (Virnstein, 1982). Furthermore, Virnstein 

observed a logistic curve in the rate of new growth of the clipped leaves of 

Halodule wrightii. Such a curve could not be calculated from the leaf 

elongation between repetitive marking of Halodule uninervis The P/B ratio 

(R) was 0 047 day1 during the whole period of new growth in this experiment 

in which the leaves were clipped The two results are not fully comparable 

Morgan and Kitting (1984), reported that the new growth of clipped shoots of 

Halodule wrightii did not reach the size of the control population. 

Clipping of the leaves reduced the production of Enhalus acoroides 

drastically (Brouns and Heijs, 1986). 

The P/B ratios for the leaves of Thalassia hemprichii at three nearby 

study sites were 0.026, 0.026 and 0.037 day1 (Brouns, 1985b). These values 

were calculated from total biomass, including the biomass of the persistent 

leaf sheaths. The P/B ratio or R, for the blades only, amounted to 0.053, 

0.053 and 0.077 day1. The R of leaf blades only was 0.040, 0.033, 0 028 

and 0 029 day1 for Cymodocea serrulata (station 5), Cymodocea rotundata 
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(station 15), Halodule uninervis (station 7) and Syrmgodium isoetifolium 

(station 6) respectively For Enhalus acoroides this value was 0 023 day1 

(Brouns and Heijs, I486) Thalassia hempnchn therefore, remains the most 

productive seagrass, in the study area, when the specific grouth rate (R) 

of the leaf blades is considered 

The total mean production of Thalassia hempnchn in the meadow without 

large quantities of algae or living corals (station 1), was 5 6 g AD\v ni4 

day1 The production of the two Cymodocea species is less (Table 11) 

The most productive seagrass in the area, however, was Syrmgodium 

isoetifolium (9 0 g ADVi m2 day1) 

Values of R were published or could be calculated for other seagrass 

species The conversion factors in Westlake (1965) and Atkinson and Smith 

(1983) were usod to change production and biomass. values to the same 

parameter, if needed The above-ground, maximum or mean R for some 

sub-tropical species were 

Zostera capricorni Aschers , 

0 031 day1 max (Larkum et al, 1984), 

0 035 day1 max (Kirkman, 1982) 

Syrmgodium filiforme Kutz , 

0 025 day1 max (Barber and Behrens, 1985) 

Thalassia testudmum Banks ex König , 

0 038 day1 max (Barber and Behrens, 1985), 

0 041 (Bittaker and Iverson, 1974) 

Halodule wnghtn, 

Posidoma australis Hook f 

0 011 day"1 max (Morgan and K i t t i ng , 1984) 

0 013 day1 (S i lbe r s t e in et a l , 1986), 

0 018 dav1 max (West and Larkum,_ 1979) 

Thalassodendron ciliatum (Forssk )den Hartog, 

0 032 day1 (Brouns, 1985) 

Heterozostera tasmamea (Martens ex Aschers )den Hartog, 

0 041 day1 max (Bulthuis and Vvoelkerling, 1983) 

The list indicates that the annual means of the specific grouth rates (R) 

of the seagrasses in Papua New Guinea compared well with the specific growth 

rate of many other species 

Maximum total mean biomass m this study was recorded for Halodule 

uninervis (600 g ADW m2) but onlv 15% of this biomass was contributed by the 
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leaves Maximum total biomass in this study area was recorded for Thalassia 

hemprichü (Brouns, 1985b) The largest seagrass in the Indo-West Pacific, 

Enhalus acoroides, with a shoot biomass of over 6 g ADW , reached, due to 

the low density, a total biomass of only 600 g ADW ni4 (Brouns, 198e>). All 

these biomass figures, however, are very low compared to the total biomass 

of Thalassodendron ciliatum, which had a root-rhizome layer of up to 75 cm 

thickness (Brouns, 1985c) and of which Lipkin (1979) estimated a maximum 

possible biomass of more than 100 kg DW m2 The standing crop was low 

compared to the maximum standing crop (±300 g ADW m2) of Posidoma oceanica 

(Bay, 1984) and 330 g ADW m2 of Zostera manna L (Jacobs, 1978). Within 

the observed range were the standing crop (140 g ADW m2) of Posidonia 

austrahs (Silberstein et al., 1986), and Heterozostera tasmanica (170 g 

ADW ml) (Bulthuis and Woelkerling, 1983). Larkum et al (1984) recorded 

maximum above-ground biomass (191 g ADW m2) for Zostera capricorni during 

the summer and a below-ground biomass of 380 g ADW m2 

Syrmgodium isoetifolium (Table 11) had an annual mean above-ground biomass 

of 194 g ADW m2, and below-ground biomass amounted to 287 g ADW m2. Gilbert 

and Clark (1981) recorded ± 30 g ADW ni2 as maximum standing crop in 

Syringodium filiforme. For more recorded values of seagrass biomass see the 

reviews of McRoy and McMillan (1977) and Zieman and Wetzel (1980). 

Density and proliferation ratios 

At the end of the wet season the proliferation ratio in Cymodocea 

serrulata increased slightly This was subsequently followed by an increase 

of the density and biomass of the rhizomes It remains to be investigated 

whether this increase is facilitated by the use of nutrients stored in the 

rhizome Resorption of stored metabolites would explain the increase of the 

ash-content of the rhizomes from 14 5°» in February to 17°,, in March and 

April 

In the, though limited, observations, Syrmgodium isoetifolium showed 

changes in density of which the pattern was comparable to that found in 

Cymodocea serrulata The density was lowest in April, following the period 

of maximum leaf production and highest water temperatures. The substrate 

level of both seagrass beds was approximately the same. 

Cymodocea serrulata, Halodule uninervis and Syringodium isoetifolium 

reached maximum densities m May-June (Fig. 2a), the beginning of "winter". 

Cymodocea rotundata differed in this aspect. The density of this 

species increased after the increase of the number of rhizome apices. The 

proliferation ratio reached the maximum in June and decreased continuously 
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thereafter It appeared that a proliferation ratio of 0 08 would be 

bufficient to maintain the meadow The densitv of Cymodocea rotundato 

increased from "spring" onwards to a maximum in February, when maximum water 

temperatures were recorded This species showed a cyclic pattern during the 

year m more aspects Following the maximum density, the maximum number of 

proliferating shoots (dichotomized, "double" shootsi were recorded This 

maximum was of a snort duration and was followed by a rapid increase in the 

number of actively growing rhizome apices (terminal menstems). One of the 2 

(very rarely both) shoots on a loint shoot base (vertical axis) developed to 

a new rhizome The increase in the number of terminal menstems preceded the 

gradual increase of the density The cycle was closed in February The 

density, however, parallels the annual temperature pattern closely for a 

large part, the decrease could also be explained by the reduced 

oroliferation rate which caused too few shoots to be recruted to replace the 

"normal" number of d>ing shoots Temperature and the changes in the 

phenology may act syncrgisticaily Experimental separation of cause and 

effect is needed 

The manipulation of the 7 means, used to calculate the production of root 

material in Cymodocea rotundata (Table 5;, is questionablt The end result 

fits the turnover time of the rhizome, but the dominant influence of the 

oroliferation ratio on the calculated production ran be disputed 1 have 

not performed anv experiments to substantiate an effect on the production of 

root material by the decrease of the number of active rhizome menstems 
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ABSTRACT 

Brouns, J.J.W.M. and Heijs, F.M.L., 1986. Production and biomass of the seagrassEnhalus 
acoroides (L.f.) Royle and its epiphytes. Aquat. Bot, 25: 21—45. 

Annual production and biomass of seagrasses and attached epiphytes was determined 
for Enhalus acoroides (L.f.) Royle from Papua New Guinea. 

The leaf growth rate, assessed with the marking technique, resulted in a constant 
rate during the first two months and was subsequently followed by a decrease in leaf 
growth of 0.37 mm day"1. The leaf growth increased with 1.8 mm day"1 for an in
crease of 1°C in water temperature. Production of the leaf blades and basal plant parts, 
was 17.5 and 5.2 mg ADW shoot"' day"1, respectively. 

Total annual mean plant biomass (above- and below-ground), amounted to 600 g 
ADW m"1, of which the largest part (73%) was contributed by the rhizomes. 

Flowering occurred all year round. The maximum number of inflorescences (male 
and female) was observed in June. Successful fruit formation occurred predominantly 
between April and August. 

A total of 66 algal epiphytic species was identified on leaves of Enhalus acoroides 
of which the majority (in number and in abundance) was found in the shallower stations. 

Annual mean biomass of epiphytes varied from 22 to 78 mg ADW shoot"1. The 
epiphytes contributed 3—17% to the total annual mean above-ground plant biomass. 

Annual mean production of epiphytes ranged from 38.5—65 mg ADW m"2 day"'. 
An estimated 2—9% of the total annual mean above-ground plant production was pro
duced by the epiphytic community. 

INTRODUCTION 

Enhalus acoroides (L.f) Royle is the largest of the seagrass species found 
in Papua New Guinea. This seagrass is very abundant and exhibits a wide 
range in distribution. It is found in the intertidal, usually in pools left 
behind by the receding tide, and down to - 6 m chart datum (Troll, 1931; 
den Hartog, 1970; Johnstone, 1979; Brouns and Heijs, 1985; Heijs and 
Brouns, 1986). It occurs on muddy sand, coral sand and on coarse coral rubble 
substrates, both in protected and exposed localities. Enhalus acoroides 
occurs in mixed meadows either interspersed among the accompanying 
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seagrass species, or in small isolated patches, consisting of 25—200 shoots. 
Monospecific Enhalus acoroides stands are frequently observed at depths 
below - 1 m chart datum. In the intertidal area, particularly when bordering 
mangrove zones, Enhalus acoroides can form large monospecific stands 
(Heijs and Brouns, 1986). 

Because of its growth form (long strap-like leaves), Enhalus acoroides 
forms a major part of the total plant biomass of shallow-water seagrass 
beds, and the leaves of this seagrass often accumulate detritus on which 
a variety of invertebrates grazes. Furthermore, the tall leaves provide a 
significant amount of additional substrate for other organisms. In a mixed 
seagrass meadow, the epiphytes on the leaves of Enhalus acoroides can 
obtain a more favourable position in the water column than on other sea
grass species, with respect to light conditions, nutrient supply, etc. In con
trast, because of its long strap-like leaves, the mechanical interactions (e.g. 
leaves rubbing against each other, wave action) are more severe. This could 
restrict the occurrence of epiphytes on leaf edges, particularly of those 
epiphytes with relatively long and/or broad thalli. 

Johnstone (1979) studied some aspects of the production of Enhalus 
acoroides in the shallower areas near Port Moresby, Papua New Guinea. 

The objective of this study, therefore, was to investigate structural and 
functional aspects of Enhalus acoroides and its epiphytic community during 
a yearly cycle, and to quantify the occurrence of reproductive organs and 
successful fruit formation of this seagrass species. 

MATERIAL AND METHODS 

Study sites 

Four stations, in Bootless Bay, Papua New Guinea, were selected for 
production and biomass studies of Enhalus acoroides and its epiphytes 
(Fig. 1). Two of these stations were monospecific meadows. The numbering 
of the stations is the same as described in Heijs (1985b, 1986). 
Station 8: A large monospecific meadow on the northern end of Loloata 

Island at a depth of -2.0 to -3.0 m ELWS. The upper edge of 
the Enhalus acoroides meadow was bordered by a mixed mea
dow of Enhalus acoroides and Thalassia hemprichii (Ehrenb.) 
Aschers., and the lower edge was composed of bare sand with 
coral conglomerates (see also Heijs, 1985b). 

Station 11: Located on the west side of Motupore Island, a mixed meadow, 
with up to 7 seagrass species was separated from an almost 
bare sandy area by a dense monospecific fringe (width 10 m) 
of Enhalus acoroides (Station 11). The sampling was carried 
out a t -1 .0 m ELWS. 

Station 12: This area, a large mixed meadow on a sandy slope, was located 
along the entire length of the sand spit of Motupore Island 
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Fig. 1. Map of the study area on the south coast of Papua New Guinea, 15 km south 
east of Port Moresby. 

(east side). The dominance of the occurring seagrass species 
changed with increasing depth. Enhalus acoroides was found 
interspersed throughout this meadow from +0.5 m ELWS 
down to -2.0 m ELWS. Thalassia hemprichii was dominant 
throughout the whole seagrass bed. The sand spit was subject 
to changes caused by the seasonal variation in the prevailing 
wind direction. 

Station 13: This study site was a wide mixed meadow on the west side 
of Loloata Island, located well within the reef platform at 
-0.3 m ELWS. The meadow was protected from wave action 
and composed of a Thalassia hemprichii—Synngodium isoeti-
folium (Aschers.) Dandy—Cymodocea serrulata (R. Brown) 
Aschers, association with lesser amounts of Cymodocea rotun-
data Ehrenb. and Hempr. ex Aschers., Halophila ovalis (R. 
Brown) Hooker f. and Halodule uninervis (Forssk.) Aschers. 
interspersed. Enhalus acoroides formed small circular patches 
in this meadow with generally 25—50 shoots, and occasionally 
patches with up to 200 shoots. 

The reproduction of Enhalus acoroides was studied at a fifth study site 
(Station 14) where fruiting was observed previously. Pollination of this 
species requires the female inflorescence to reach the water surface during 
spring-ebb tides (Troll, 1931; den Hartog, 1970). 
Station 14: A seagrass bed located on the north-west tip of Loloata Island 

at +0.3 m ELWS, on a sandy substrate, and consisting of a 
Thalassia hemprichii community with interspersed small groups 
of Enhalus acoroides. At the seaward edge of this Enhalus 
acoroides—Thalassia hemprichii association a mixed meadow 
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with 5—7 seagrass species was found. The landward side was 
composed of a Halodule uninervis fringe and subsequently 
a zone of dead coral and limestone. 

Methods 

Seagrass 
The biomass of the seagrass leaves was determined at Stations 8, 11 , 

12 and 13. Rhizome and root biomass were sampled at Station 8. Produc
tivity was studied at Stations 8 and 11 , and reproduction at Station 14. 

The Plastochrone Interval (PI) and the growth of the individual leaves 
were measured at Station 8 during a whole year. The growth of the leaves 
was also studied at Station 1 1 , however, during a shorter period, August 
1981—May 1982. For sampling dates see the appropriate tables. 

The PI was measured in 4 permanent plots, each divided into 6 qua
drats of 40 X 40 cm. The PI was calculated from the number of new leaves 
on all shoots in 8 of these 24 quadrats, chosen at random, in which the 
second leaf of all shoots was stapled a month earlier. 

The growth of the individual leaves was measured with the technique 
of Zieman (1974), by punching holes through the leaf clusters, on the level 
of a reference frame at an interval of 8 days. For a more detailed study of 
the growth rates, holes were punched every other day during 14 days at 
the beginning of the study. The new growth of the individual leaves was 
measured to the nearest mm, separated, subsequently deep frozen, lyophil-
ized, freed from epiphytes and oven dried for 24 h at 105oC to determine 
dry weight (DW). After combustion for 3 h at 550oC, the ash-free dry 
weight (ADW) was calculated. The biomass of leaf sheaths, internodes of 
the rhizomes, total rhizome, single roots and total roots were determined 
(DW and ADW). 

The reproduction of Enhalus acoroides was quantified in an area of 100 
m2 (Station 14) which was surveyed monthly shortly after the day-time 
spring low tide. A numbered tag was wrapped around the peduncle of all 
observed female inflorescences. Male and female inflorescences were count
ed. The age of the fruits was estimated m SÍÍU from their size and listed 
together with the number of the tag. The actual age was determined later 
from the tag number and the percentage of correct field estimates was cal
culated; 89% of the field estimates were correct. This comparison between 
field estimates and measured age was needed for a later correction of the 
estimates from the first survey. The number of shoots was counted only 
once in the middle of the study period. 

Epiphytes 
Biomass and production of epiphytes were studied at Stations 8,12 and 13 

according to methods described by Penhale (1977) and Heijs (1984, 1985c). 
Twenty shoots were collected randomly at each station monthly. The leaf 
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clusters were separated according to leaf age, quickly frozen on dry-ice, 
lyophihzed and scraped to remove the epiphytes. Biomass of seagrass leaves 
and epiphytes were determined separately and expressed as dry weight 
(DW) and ash-free dry weight (ADW). The leaf area (L.A.) was determined 
with an area meter. For calculations on epiphyte biomass and production 
the L.A. was doubled to account for the two sides of a leaf. The leaf age 
was determined with the PI (see above) and a punch technique (see above). 
Biomass values are only presented for the whole shoot. Production values 
were calculated using biomass data from the whole shoot and from the 
leaf parts of leaf 2 (Fig. 2). The production of epiphytes was determined 
in two ways· 
(1) The absolute growth rate (Ge), where a least squares linear regression of 

epiphyte biomass versus leaf age is used to estimate the rate of biomass 
accumulation (Bulthuis and Woelkerlmg, 1983, Heijs, 1984, 1985c). 

(2) The specific growth rate (Re), which represents the efficiency of the 
epiphytes as producers of new material (Causton and Venus, 1981; 
Heijs, 1984) is calculated according to: 

_ In Ъг - In bi 

Fig 2 A visualization of the marking technique used for the study of the production 
of the seagrass and the epiphytes The leaf number represents the position of the leaf 
at the beginning of the observation period, when all leaves were simultaneously marked 
by punching a hole through the cluster of leaves The leaf parts are numbered All sec 
tions 1 represent new growth of the leaf blade Leaf 2 is divided in parts of identical 
length, which are numbered consecutively (part 2—1 to 2—5) The percentages are the 
deviation of the leaf blade biomass (mg ADW cm"*), with regard to leaf part 2—1 being 
the reference value and therefore taken as 100% 
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-"e = specific growth rate 
In = natural logarithm 
bi = biomass ^ g ADW. cm2) of the epiphytes on leaf 1 
b2 = biomass (ng ADW. cm2) of the epiphytes on leaf 2 
i, = average leaf age of leaf 1 
¿з = average leaf age of leaf 2 

When calculating production of epiphytes according to Method 1, the 
minimum net overall production is determined, because influences over 
short-term periods (e.g. losses due to grazing, senescence etc.) can be con
sidered minimal. Method 2, the relative growth rate (or specific growth 
rate), represents the efficiency of the epiphytes as producers of new ma
terial. Not only does this method indicate the efficiency of epiphytes 
through biomass increase, but it also expresses the relation between the 
initial biomass, the final biomass and the growth period. 

As was described above, the leaf growth rate was determined with the 
punch technique. This resulted in the recognition of leaf parts of which 
the exact age was known. Since the growth of leaf 2 was linear, this leaf 
blade could be divided in leaf parts of identical length of which the age 
could be calculated (Fig. 2). The time interval between two successive 
punch holes, leaf part 2—1, is 8 days. Therefore the average age of that 
particular part was 4 days. Consequently leaf part 2—2, was on average 
4 + 8 = 12 days old, and so on. 

To determine the production of epiphytes on leaf 2, similar calcula
tions were used as described above. However, instead of the biomass of 
the epiphytes on a whole leaf only the biomass of the epiphytes on the 
leaf parts was used. This would result in: 

_ In 02- In bi 

bi = biomass ^ g ADW. cm 2 ) of the epiphytes on section 2—1 
& 2 = biomass (¿ig ADW. cm2) of the epiphytes on section 2—4 
ii = average age of leaf section 2—1 
<2 = average age of leaf section 2—4 

RESULTS 

Seagrasses 

Biomass 
The mean biomass of the leaf blades of Enhalus acomides at the 4 sta

tions is presented in Table I. The biomass at the two deep stations (Stations 
8 and 11) was considerably higher than in the two shallow stations (Stations 
12 and 13, mixed meadows). At Stations 8 and 11 , the minimum mean 
biomass of approximately 20 shoots was 617 and 645 mg ADW shoot"1, 
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respectively. The maximum mean biomass was recorded in August 1982 
at Station 8 (1055 mg ADW shoot"1). This maximum biomass coincided 
with the lowest temperature of the ambient water, but no significant cor
relation was found between shoot biomass and temperature after analysis 
of all data. The yearly means of the above ground biomass, leaf blades and 
epiphytes, are presented in Table II. Some characteristics of the leaf blades 
(leaf-area, percentage ash and biomass) for each age group are given in 
Table III. 

Biomass changes were also observed during ageing of the leaves. The 
annual mean biomass of leaf part 2—1 is taken as the reference value (100%). 
The annual mean biomass of the new growth of leaf 1 (leaf part 1—1) is 
slightly less (-2%). The biomass of the leaf tissue increases during the next 
8 days (leaf part 2—2, +7%) (Fig. 2). This part has the highest specific 
biomass in mg ADW cm"2. 

The remaining data (Table IV) used to calculate the production of 
Enhalus acoroides, were not significantly different (ANOVA) during the 
year. The annual mean at Station 8 was 97 ± 10 shoots m"2 and at Station 
11, 131 ± 12 shoots m"2. The total plant biomass data were not statistically 
different during the year; the annual mean was 600 g ADW m"2. 

TABLE I 

The mean biomass of leaf blades and epiphytes in mg ADW shoot -1 during the study 
period 

Station 11 Stations Station 12 Station 13 

Leaves Leaves Epiphytes Leaves Epiphytes Leaves Epiphytes 

1981 
12 Jun. 
6 Jul. 

10 Aug. 
11 Sep. 
14 Oct. 
17 Nov. 

— 
— 
966 
765 
845 
830 

792 
837 
904 
693 
804 
735 

1982 
12 Jan. 
10 Feb. 
15 Mar. 
26 Apr. 
2 Jun. 
7 Jul. 
13 Aug. 
13 Sep. 
20 Oct. 
16 Nov. 

779 
720 
645 
816 
— 
— 
— 
— 
— 
— 

924 
833 
706 
714 
617 
765 
1055 
— 
— 
— 

9 
7 
24 
28 
18 
28 
40 
— 
— 
— 

502 
425 
296 
414 
— 
— 
329 
619 
774 
743 

93 
16 
43 
63 

— 
— 
91 
117 
80 
93 

604 
518 
362 
406 
302 
356 
320 
352 
419 
392 

87 
72 
78 
102 
45 
111 
105 
56 
58 
62 
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TABLE II 

The mean annual biomass of leaf blades and epiphytes in g DW shoot ' and g ADW 
shoot"1 

Component DW ADW 

Station 8 

Station 12 

Station 13 

Leaves 
Epiphytes 

Total 

Leaves 
Epiphytes 

Total 

Leaves 
Epiphytes 

Total 

0.956(92)' 
0.081 (8) 

1.037 

0.618(70) 
0.262(30) 

0.880 

0.506(60) 
0.342 (40) 

0.848 

0.799(97) 
0.022 (3) 

0.821 

0.513(87) 
0.074 (13) 

0.587 

0.368 (83) 
0.078 (17) 

0.446 

Figures in parentheses expressed as percentages. 

TABLE III 

The annual mean values of the leaf area (cm2), % ash and biomass (mg ADW cm"2) 
for the leaf blades at Stations 8, 12 and 13 

L.A. (cma) %Ash Biomass (mg ADW cm"1) 

Station 8 

Station 12 

Station 13 

Leaf 1 
Leaf 2 
Leaf 3 
Leaf 4 

Total 

Leaf 1 
Leaf 2 
Leaf 3 
Leaf 4 
Leaf 5 

Total 

Leaf 1 
Leaf 2 
Leaf 3 
Leaf 4 

Total 

40.3(3.6)" 
84.6(3.7) 
77.8 (3.7) 
18.0(4.5) 

221 

32.5(2.3) 
63.8(3.9) 
56.9(6.3) 
30.5(6.6) 
12.0(2.5) 

196 

22.5(1.7) 
56.5 (4.2) 
49.9(3.3) 
14.3(2.9) 

143 

15.3(0.5) 
16.1 (1.4) 
17.4(1.5) 
23.5(1.4) 

14.2(1.6) 
15.9(0.8) 
18.4(0.8) 
18.4(1.4) 
23.3(1.3) 

14.5(0.5) 
18.5 (0.9) 
21.4(1.1) 
23.6(1.0) 

3.29(0.10) 
3.77 (0.18) 
3.63(0.18) 
3.45 (0.14) 

2.49(0.12) 
2.85 (0.08) 
3.03(0.11) 
2.81 (0.12) 
2.91 (0.06) 

2.49(0.08) 
2.93 (0.11) 
3.22 (0.09) 
3.04 (0.09) 

1 S.E. indicated in parentheses. 
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TABLE IV 

97 ± 

131 ± 

799 ± 

796 ± 

270 ± 

4490 ± 

630 ± 

64 ± 
88 ± 

81 ± 

10 

15 

32 

34 

18 

141 

64 

4 

8 

10 

Some selected characteristics of the seagrasses at the study sites 

Density (shoots m" 1) 
Station 8 
Station 11 

Biomass (mg ADW shoot" 1) 
Leaf blades (Station 8) 

(Station 11) 
Leaf sheaths (Station 8) 
Rhizomes (Station 8) 
Roots (Station 8) 

Biomass (mg ADW unit" 1) 
Leaf sheath 3rd leaf 
Internode rhizome 
Root 

Plastochrone interval 
The Plastochrone Interval (PI) was measured at Station 8. The PI ranged 

from 26.8 to 35.4 days (Table V). The difference between the separate 
values is statistically (ANOVA) not significant. The data were collected 
in 8 quadrats and comprised approximately 100 shoots. Nevertheless, 
temperature and mean PI were significantly related. The PI decreased with 
1.6 days for every 10C raise of the temperature (n = 10 means, г = -0.87). 
Extrapolation of the regression resulted in a calculated maximum PI of 
37 days for August 1982 when the water temperature dropped to 24.40C. 
The yearly mean PI was 31 days, hence the mean replacement rate was 
3.2% day"1. 

Leaf growth rates 
Detailed measurements on the growth rates of the leaves of Enhalus 

acoroides at the two sites were made in early July 1982. A constant mean 
rate of 14.6 mm day - 1 during the first 55 days was calculated, from the 
PI and the linear growth, for the leaves of Enhalus acoroides at Station 
11. At Station 8, this value was 14.1 mm day"1 during 78 days. The decrease 
of the growth rate was identical at both sites. Following the period of 
constant growth, the growth rate decreased by 0.37 mm d a y ' . Growth 
stopped ±37 days later. 

The mean growth rate at the shallower station (-1.0 m ELWS; Station 
11) changed only slightly during the study period (15.4—18.3 mm day"'). 
In Fig. 3 the production of leaf material (cm2 shoot"1 day"1) and the water 
temperature are presented. At the deeper station (-2.5 m ELWS; Station 8) 
pronounced seasonal, apparently temperature related, changes were ob-
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TABLE V 

Production parameters of the seagrasses and epiphytes PI = plastochrone Interval of the leaves Gj = 
production of seagrass leaves in mg ADW shoot 1 day 1 Ge ~ production of epiphytes in ¿ig ADW 
cm a leaf_surface day 1 R^ = Re • specific growth rate in mg ADW (g ADW) 1 day l for either sea
grasses ( ß , ) or epiphytes (Re) 

Station 

1981 
12 Jun 

6 JuJ 
10 Aug 
11 Sept 
14 Oct 
17 Nov 

1982 
12 Jan 
10 Feb 
15 Mar 
26 Apr 

2 Jun 
7 Jul 

13 Aug 
13 Sept 
20 Oct 
16 Nov 

Leaves 

PI 

8 

33 9 (3 6) 1 

34 7 (3 8) 
35 4 (3 6) 
32 4 (2 3) 
32 1 (1 0 ) 
26 8 (2 7) 

— — 
28 8 (1 6) 
27 6 (1 0 ) 
28 5 (1 5) 
30 9 (2 2) 

— — 
— — 
— — 
— — 
— — 

G, 

8 

17 4 
16 0 
18 1 
20 4 
17 0 
19 1 

19 Б 
17 2 
21 2 
19 5 
15 4 
16 1 
12 8 
14 8 

— 
— 

11 

_ 
— 
20 2 
19 3 
17 1 
18 1 

19 7 
16 2 
20 3 
20 8 

— 
— 
_ 
— 
_ 
— 

я. 

8 

22 
19 
20 
29 
21 
26 

21 
21 
30 
27 
25 
21 
12 

— 
— 
— 

11 

— 
— 
21 
25 
20 
22 

25 
23 
32 
26 

— 
— 
— 
— 
— 
— 

Epiphytes 

С 

8 

leaf 2 

— 
— 
— 
4 30 
5 96 
4 55 

2 79 
1 31 
2 79 
5 08 
1 83 
0 86 
3 10 

— 
_ 
— 

12 13 

Я. 

8 

whole whole whole leaf 2 
shoot 

— 
— 
— 
— 
— 
— 

0 69 
0 40 
1 0 5 
1 11 
1 40 
1 18 
0 76 

— 
— 
— 

shoot 

— 
— 
— 
— 
— 
— 

2 91 
0 75 
1 82 
2 72 

— 
— 
6 8 3 
3 30 
2 4 3 
2 25 

shoot 

— 
— 
— 
— 
— 
— 

2 49 
4 53 
3 9 3 
6 43 
2 84 
7 05 
7 91 
3 62 
4 38 
4 65 

— 
— 
— 
75 
54 
65 

117 
118 
114 

60 
64 
48 
57 

— 
— 
— 

12 13 

whole whole whole 
shoot 

— 
— 
— 
— 
— 
— 

77 
99 

116 
66 
60 
54 
42 

— 
— 
— 

shoot 

— 
— 
— 
— 
— 
— 

39 
56 
20 

108 

— 
— 

74 
35 
65 
82 

shoot 

— 
— 
— 
— 
— 
— 

55 
50 
64 
43 
59 
59 
61 
69 
82 
78 

1 S E indicated in parentheses 

c m ' leaf s h o o t ' day t e m p e r a t u r e seawater 'C 

J J A S O N D J F M A M J J A S 
1981 1962 

Fig 3 Production of leaf blade surface area at two study sites (8 and 11) and the water 
temperature during the study period 
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served. The minimum mean growth rate was 11.8 mm day"1, which was 
recorded in August 1982 when the water temperature dropped to 24.40C. 
The maximum mean growth rate was 25.1 mm day"1, which occurred 
during the period with maximum water temperatures, March 1982 (30.8CC) 
(Brouns and Heijs, 1985). Temperature and growth rate are related (n = 
13 means, г = 0.92, Ρ < 0.01). Interpolation of the regression resulted in 
an estimated increase of the linear growth of the leaves by 1.8 mm day"1 

for an increase of the water temperature by 1CC within the observed range 
(Fig. 4). No correlation is indicated between the total data base of leaf 
production and the insolation at the water surface during the 8 days of 
the observation periods (n = 14 means, r = 0.01). 

cm2 leat shoor'day ' mg AOW cm"? 

¿2 

40 

38 

36 

34 

32 

30 

23 2Д 25 26 27 26 29 30 31 

temperature seawater eC 

Fig. 4 The regression curves reflecting the relation between the water temperature 
and the production of leaf blade surface area (cm2 leaf shoot"' day" 1), the mean linear 
growth of leaf 2 (mm leaf day"') and the specific biomass of the leaf blade (mg ADW 
cm"') at Station 8. 

Productivity 
The production of seagrass leaves and the epiphytes is presented in 

Table V. 
Cropping of the shoots and the subsequent harvest of new growth is 

a technique sometimes used to study productivity. This method appeared 
useless for the study of Enhalus acoroides. The new growth in a cropped 
plot, harvested 1 month later amounted to a mean production of 0.4 cm2 

leaf surface shoot"1 day"1. The result obtained in the same period, with the 
punch technique was 5.5 cm2 shoot"1 day"1. 

The production of leaf blade surface area, measured with the punch 
technique, of leaf 2 as well as of the whole shoot, was approximately dou-

mm leat day"' 
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-22 

-20 

-16 
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Ь °β5| 

0 

[ТТОГ5І· 

Г''°921 

179 



bled from the lowest (24A0C) to the highest (30.8oC) water temperature 
(Station 8). However, this increase is less pronounced m the production 
of the seagrass when biomass is chosen as a parameter. While the growth 
of the leaves increases, the mean biomass per unit leaf surface (mg ADW 
cm" 2 ) decreases from a maximum of 4.3 mg ADW cm" 2 at the lowest water 
temperature to a minimum of 3.4 mg ADW cm" 2 at the highest temperature. 
A significant negative correlation was calculated between the biomass per 
cm2 and the temperature (r = -0.85, Ρ < 0.01) (Fig. 4). The temperature-
induced higher growth rates have apparently negative effects on the biomass 
per unit leaf surface. 

Leaf blade production at Station 8 ranged from 12.8 to 21 2 mg ADW 
shoot" 1 day" 1 . The annual mean production of leaf blades was 17.5 mg 
ADW shoot" 1 day" 1 . During the period in which both stations were studied 
(August 1981—April 1982) the mean production was identical at the two 
sites (19.0 mg ADW shoot" 1 day" 1 ) . In Table V the specific growth rate 
Ri (mg ADW (g ADW) ' day ') is presented. The annual mean of this 
parameter was 22.6, which results in a P/B ratio of 0.023. The P/B ratio 
was also identical at the two stations during the time in which data were 
collected at both sites. 

All plant parts contribute to the production. Because of the constancy 
of the plastochrone interval and the biomass of the basal plant parts 
(rhizome, internodes of rhizome, leaf sheaths and roots) (see Table IV), 
the production of all parts, except the leaf blades, is calculated as a single 
value. A leaf sheath and an mternode of the rhizome are produced during 
1 plastochrone interval. To estimate root production, it is assumed that 
the turn-over rate of rhizomes and roots is identical. The data for these 
basal plant parts, in Table IV, then result in a production of 2.0, 2 8 and 0 4 
mg ADW shoot" 1 day" 1 for leaf sheaths, rhizomes and roots, respectively. 
Total production of these plant parts was 5.2 mg ADW shoot ' day" 1 . 
The total production at Station 8 ranged from 18 to 26 4 mg ADW shoot" 1 

day" 1 or from 1.75 to 2.56 g ADW m" 2 day" 1 . The mean turnover time 
for the rhizomes was calculated as 1580 days. The mean turnover time 
for the leaves is 56 days. 

Reproduction 
The results of the 13 surveys are summarized m Fig. 5. The age of the 

fruits, as presented for May 1981, are the estimates m siíu All other ages 
were derived from the tag numbers. The number of shoots, counted only 
once, was 997 in November 1981. The site was not surveyed in December 
1981. However, flowers were observed during this month, elsewhere in 
Papua New Guinea (Milne Bay, personal observation) and at the site, in 
the previous year (personal observation). Flowering appears to be a year-
round phenomenon. Pollination occurred from March to August at this 
site. All conclusions concerning pollination were drawn from encountered 
young fruits, one month after the tagging of the female inflorescences. 
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It appears that pollination occurs only during sufficiently low tides, during 
day-time, of the new moon spring tidal levels. Young fruits were observed 
a month after a spring low water level of 0.7 m above datum or less (Fig. 
6). The substrate level of this station was 0.3 m above datum. Hence, the 
maximum water level above the seagrass bed for pollination is 0.4 m. The 
percentages of one-month-old fruits from May to July 1981 were 71, 65 
and 78%, respectively. Fruit formation was reduced to 33% in August. 
The number of one-month-old fruits that developed to an age of two months 
during this period was 82, 98, 80 and 97%, respectively. No pollination 
was indicated during January, February and March. Fruit formation was 
very low during the following months of the first half of 1982. Of these 
fruits none developed, or were encountered again, after the first month. 

The fruit capsule disintegrates and decays within a few days after opening. 
Nevertheless a large proportion of recently burst fruits was seen during 
the surveys. This is an indication that the opening of the fruits occurs 
also predominantly during spring-ebb tides, and possibly when the ripe 
fruit is near the water surface. The time of development and ripening varied 
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Fig. 5. The results of the surveys at Station 14 for flowering and fruiting of Enhalus 
acoroides. 
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Fig. 6. The changes in the lowest daytime water level on the day with the lowest tidal 
level, during the year. The level during new moon spring tide and the full moon spring 
tide are given. A bar indicates the period in which successful pollination was ascertained. 
The elongation of the bar to one side (broken lines) represents the period where pol
lination was observed during the previous or following year. 

considerably, without a clear seasonal pattern. Twenty-five percent of the 
fruits opened 3 months after pollination, 63% after 4 months and 13% after 
5 months. The number of seeds in a fruit also varied considerably. A mini
mum of 2 seeds in a fruit was observed once. 24% of the fruits had 9 seeds 
and 35% 7 seeds. In 10% of the harvested fruits, 5, 6, 10 and 11 seeds 
were seen, but 3, 4 or 8 were never observed. 

All seeds (embryos) were in the initial stage of germination when the 
fruits opened. The embryos with the testa loosely attached floated at the 
water surface (in the experimental tank with stagnant water for almost 
2 days). The embryos without a testa sank immediately. From the bottom 
of the embryo (the position was always upright) numerous hair-like struc
tures developed within a few days. On a sandy substrate these fibres at
tached a cone of sand to the embryo. The embryo also attached to smooth 
surfaces, e.g. fibreglass; this enabled easy observation. The origin and 
nature of the hair-like structures remain to be studied. They resemble 
wet cotton wool macroscopically, and under the microscope they closely 
resemble fungal hyphae. 

Epiphytes 

Species composition 
In Table \ I ti e algal epiphytes on leaves of Enhalus acoroides are pres

ented. A total of 66 epiphytes has been identified, of which 62% is con
tributed by the Rhodophyceae. The majority of the epiphytes has been 
observed on Enhalus acoroides from the mixed meadows (Stations 12 
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and 13) whereas only a few have been found in the monospecific Enhalus 
acoroides stands (e.g. Ceramium gracillimum, C. tayloriiy Griffithsia spec, 
Chondria dasyphylla, C. collinsiana, Cladophora spp., Chaetomorpha spp. 
Calothrix spp. and Lyngbya spp.). 

The epiphytic community was qualitatively dominated by the Ceramiales 
and quantitatively by the encrusting coralline red algae (e.g. Fosliella fari
nosa and Melobesia membranacea). 

The same algal epiphytes have been found on leaves of other seagrass 
species from that locality, either in monospecific seagrass beds or in mixed 
meadows (see Heijs, 1985a, 1985c, 1986). Furthermore, an increase in num
ber of species as well as in their abundance was observed from the youngest 
to the oldest leaves. 

TABLE VI 

Species list of the identified epiphyt ic algae on leaves of Enhalus acoroides 

Cyanophyceae 
Calothrix ae rugi ne a (KÜtz.) Thuret 
Calothrix pilosa Harv. 
Hormothamnion solutum Bornet & Klahault 
Hormothammon enteromorphotdes 

Bornet & Flahault 
Lyngbya aestuaru (Mert ) Liebm. 
Lyngbya confervoides Gomont 
Lyngbya majuscula Gomont 

Chlorophyceae 
Chaetomorpha spp. 
Cladophora spp. 
Codium arabicum KÎïtz. 
Derbesia attenuata Dawson 
Enteromorpha flexuasa (Wulf ex Roth) J Ag 
Enteromoipha ramulosa (Sm.) Hook 
Entocladia . iridis Reinke 

Phaeophyceae 
Colpomenia sinuosa (Roth) Derbes & Soher 
Dictyota spec. 
Dictyota divaricata Lamour. 
Feldmanma indica (Sonder) Worn. & Bail. 
Giffordia mitchellae (Harv.) Hamel 
Giffordia rallsiae (Vickeis) Taylor 
Hydroclathrus clathratus (C Ag.) Howe 
Phaeophila dendroides (Crouan) Batters 
Rosenvingea intricata (J Ag ) Borg 
Sphaceíana furcigera KÜtz 
Sphacelana nova-holíandiae Sonder 

Rhodophyceae 
Asterocytis ornata (С. Ag ) Hamel 
Audouinella spp. 
Centroceras clavulatum (C Ag.) Mont. 
Ceramium camouu Dawson 
Ceramium codu (Richards.) Feldm. Mazoyer 
Ceramium gracillimum (Harv.) Mazoyer 
Ceramium mazatlanenze Dawson 
Ceramium tayloni Dawson 
Champ ia párvula (С Ag.) Harv. 
Chondria collmsiana Howe 
Chondria dasyphylla (Woodw ) С Ag. 
Crouama attenuata (Bonnern )J Ag. 
i i ryfhrofnchia carnea (Dillw ) J . Ag. 
Fosliella farinosa (Lamour.) Howe 
Fosliella lejolisii (Rosanoff) Howe 
Graci/σπα spec, (arcuaío?) 
Griffithsia spec, (thyrsigera/tenuis?) 
Griffithsia rhizophora (Grün ) Weber-v Bosse 
Griffithsia weber van bosseae Borg 
Herposiphoma dendroidea Hollenberg 
Herposiphonia obscura Hollenberg 
Herposiphoma parca Setch. 
Herposiphonia te η e Ila (С. Ag ) Ambronn 
Hypnea boergesenu Тапака 
Hypnea valentiae (Turn.) Mont. 
Jama spec 
Laurencia spec. 
Leveillea jungermannioides (Mart. & Her ) Harv. 
Liagoга spec. 
Melobesia membranacea (Esper) Lamour. 
Polystphonia delicatula Hollenberg 
Polysiphoma mollis Hook. & Harv. 
Polystphonia savatieni Hariot 
Polystphonia scopulorum Harv 
Polysiphoma sparsa (Setch ) Hollenberg 
Polysiphoma sphaerocarpa Borg. 
Polystphonia tenuis Hollenberg 
Polysiphoma upolensis (Grün.) Hollenberg 
Spy ridia filamentosa (Wulf.) Harv 
7olyptocladia glomerulata 

(С Ag ) Schmitz & Hauptfleisch 
Wrangelta argus (Mont.) Mont 
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At Station 8 (monospecific bed), no seasonal pattern could be deter
mined for the algal component, whereas at Stations 12 and 13 the domi
nance of certain epiphytes changed during the year. For instance, Griffithsia 
spec, (tenuis/thyrsigeral) dominated from May to July; Derbesia attenuata 
was most abundant in February and March; the encrusting species reached 
the highest cover percentage in August. The Cyanophyta showed two peaks, 
May—June and September—October; and Ceramium gracillimum, the most 
common epiphyte on seagrass leaves from that area, was most abundant 
in May. 

The epiphytic community was most diverse and abundant during May 
and June(n = 40; diversity index (Shannon) = 4.65; evenness = 0.95; cover 
= 120%). 

Biomass 
In Table II the annual mean biomass of the above-ground plant parts 

(leaves and epiphytes) is presented for Stations 8 (monospecific stand), 
12 and 13 (both mixed meadows). The contribution of the epiphytic compo
nent to the total above-ground biomass is lowest at Station 8 (3%) and 
highest at Station 13 (17%). Mean annual biomass of epiphytes at Stations 8, 
12 and 13 amounted to 22, 74 and 78 mg ADW shoot ' , respectively. 

The differences between DW and ADW values at Stations 12 and 13 can 
be explained by the quantitative abundance of carbonate-containing species 
and also by the incorporation of sediment and diatom frustules in the 
algal mat. 

The differences in biomass between Stations 12 and 13 are minor. In 
contrast, the biomass at Station 8 (monospecific stand) was considerably 
lower than at Stations 12 and 13 (mixed meadows). The biomass of the 
seagrass leaves, however, is highest at Station 8 (see Table II). 

The seasonal pattern in epiphyte biomass for Stations 8, 12 and 13 
is presented in Table I. Unfortunately a few data points are missing, making 
a comparison between the stations more difficult. At Station 8, the biomass 
of seagrass leaves peaks in August 1982. From the available data on epi
phytes and the trend in leaf biomass one may conclude that epiphyte bio-
mass was also highest in August. 

There is an apparent difference in the seasonal pattern of epiphyte 
biomass from Stations 12 and 13 (both mixed meadows). At Station 12 
the lowest value is found in February and the highest in September. At 
Station 13 the highest epiphytic biomass was found in July—August and 
at the end of April. 

Epiphyte biomass per unit leaf surface increased with increasing leaf 
age (from the youngest leaf (leaf 1) to the oldest leaf (leaf 4)). A similar 
trend was found for the leaf parts of leaf 2: from leaf part 2—1 (youngest 
part) to leaf part 2—4 (or 2—5) (oldest part). The position of the leaf blade 
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is also important for the increase in epiphyte biomass. The yearly mean 
increase in biomass on the new growth of leaf 1, 2 and 3 (leaf part 1—1, 
2—1, 3—1; Fig. 2) were in the proportion 1 : 2 - 3 . 

Productivity 
The production of epiphytes on leaves of Enhalus acoroides has been 

calculated from biomass values. As was mentioned before, two methods 
have been used: (1) The absolute growth rate (Ge) i.e the rate of biomass ac
cumulation, and (2) the relative growth rate (Re) 

In Table V the production of epiphytes at Stations 8, 12 and 13 is pres
ented. At Station 8, production of epiphytes has been determined for the 
whole shoot (or leaf cluster) and also for leaf 2, whereas at Stations 12 
and 13 epiphyte production has only been calculated for the whole shoot 

The mean annual absolute growth rate (Ge) or rate of biomass accumula
tion was highest at Station 13 (4.68 ßg ADW (cm2 leaf surface) ' day"1)) 
and lowest at Station 8 (0.94 μg ADW (cm 2 leaf surface)"1 day" 1 )) Station 
8 showed the highest value in June 1982, whereas Stations 12 and 13 both 
showed the highest rate in August 1982. At Stations 8 and 12, the lowest 
recordings for the rate of biomass accumulation were found in February 
1982, and at Station 13 in January 1982. 

The mean annual Ge for leaf 2 at Station 8 is 3.26 jug ADW (cm 2 leaf 
surface)"1 day" 1 , i.e. a considerably higher rate than that calculated for 
the whole shoot. This is possibly caused by loss of epiphyte-covered leaf 
tips of the older leaves due to senescence, mechanical wear and tear, etc. 
(the leaf area (L.A.) decreases with increasing leaf age (see Table III)) Leaf 
2 is the largest leaf, indicating a subsequent loss of leaf tips of the oldest 
leaves, which then results in lower biomass values. Consequently, produc
tion of epiphytes, calculated from epiphyte biomass values, will be lower 
for the whole shoot than for leaf 2 only. 

The specific growth rate (Re) calculated for the whole shoot, was highest 
at Station 8 in March 1982 (116 mg ADW g 1 day" 1 ) , closely followed 
by Station 12 in April 1982 (108 mg ADW g"1 day" 1 ) The annual mean Re 

for the whole shoot was 73.4, 59.9 and 62.0 mg ADW g"1 day" 1 at Stations 
8, 12 and 13, respectively. For leaf 2 only (Station 8), an annual mean 
specific growth rate of 77.2 mg ADW g"1 day" 1 was found 

At Station 8 a significant correlation was found between the water tem
perature and the Re f o r j h e whole shoot (P < 0 0 1 ; b = 8 64 mg ADW 
g"1 day" 1 "C" 1 ) and the Re for leaf 2 (P < 0.05; b = 9.15 mg ADW g"1 

day" 1 "C" 1 ) 
No correlations could be found between the water temperature and the 

specific growth rate of epiphytes at Stations 12 and 13 This is probably 
a consequence of the location of these stations. Stations 12 and 13 are 
both situated at -0.2 m ELWS, whereas Station 8 occurs at -2.5 m ELWS. 
Above and around the extreme low water mark, temperature changes are 
mainly influenced by tidal movements and not so much by seasonal changes 
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in the main water body. At greater depths, however, a seasonal change in 
temperature is probably more important. Temperature changes due to 
tidal movements are there probably negligible. 

DISCUSSION 

Seagrasses 

Production 
Enhalus acoroides has been studied earlier in this area by Johnstone 

(1979) in the intertidal and the upper subtidal to a depth of -0.4 m below 
chart datum. This depth range is not included in this study. He observed 
a slight decrease in linear growth of the leaf blades at the deepest station 
in his study. His expectation that this decline of the growth rate would 
continue with increasing water depth is not supported by the results of 
this study. In his study the maximum growth rate, recorded in November 
and December in 2 plants, was 23.3 mm day"1. In our study the maximum 
mean growth rate, recorded in March in 22 plants, was 22.9 mm day 1 . 
The observed maximum rates in a single specimen during this study were 
27.1 mm day"1 (Station 8) and 21 mm day"1 (Station 11) in March 1982. 
A seasonal pattern of leaf growth rates was not observed by Johnstone 
(1979) in his study in the shallow areas, nor was this indicated in the shal
lower station (Station 11) of this study. However, a seasonal, unimodal, 
pattern in growth rates existed in the deep meadows of Enhalus acoroides. 
This difference might be attributed to a different regime in the water tem
perature. The surface water can be quickly warmed by insolation. In the 
intertidal belt, Enhalus acoroides tends to be restricted to tide pools and 
small depressions; these are characterized by occasionally very high water 
temperatures. The average biomass of the leaf blades of Enhalus acoroides 
found by Johnstone (1979) was 4.43 mg ADW cm"2. The highest recorded 
biomass in our study was 4.24 mg ADW cm"2, which occurred during the 
period with the lowest water temperatures, while an increase of the water 
temperature coincided with a significant decrease of the leaf blade biomass 
(minimum 3.4 mg ADW cm"2). Because no temperature data were pres
ented by Johnstone, it is unclear whether this high biomass in the shallow 
sites has to be attributed to temperature or to water depth relative to the 
spring tide low water level. The last possibility appears to be the most 
plausible because it is to be expected that the water temperature is highest 
in the intertidal and the higher subtidal. The impact of night-time chill on 
the ambient water temperature is not known. 

Barber and Behrens (1985) studied the increase of the productivity 
in relation to elevated water temperature in two tropical seagrass species 
from Florida. In Thalassia testudinum Banks ex König the percentage 
increment increased by 0.09 for a raise of the temperature by 1°C. In 
Syringodium filiforme Kütz. an increase of 0.08% per degree was reported. 
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From the temperature and the i?, data from this study (Table V) a sig
nificant (P < 0.05) regression can be calculated between the temperature 
and the percentage increment day"1. For Enhalus acoroides an increase 
of 0.14% "CT1 was calculated. This would indicate that Enhalus acoroides 
is more sensitive to changes in the water temperature. 

The productivity of the seagrass Thalassia hemprichii was studied during 
approximately the same period at three nearby study sites in the lower eulit-
toral and the higher subtidal (Brouns, 1985a). The maximum recorded 
mean leaf blade production was 4.3 mg ADW shoot 1 d a y 1 . This is low 
compared to the yearly mean of 17.5 mg ADW shoot - 1 day"1 in Enhalus 
acoroides. This difference can be fully attributed to the relatively high 
biomass of the leaf blades of the latter species. A more appropriate and 
comparable parameter is therefore the P/B ratio. The annual mean P/B 
ratios of Thalassia hemprichii for the leaves (leaf blades plus leaf sheaths) 
were 0.026, 0.026 and 0.037 day"1 for the 3 study sites in Bootless Bay. 
The annual mean P/B ratios for Enhalus acoroides were 0.023 for the leaf 
blades and 0.018 for the whole leaves (blades plus sheaths). The recorded 
range was 0.011—0.024 for the above ground P/B ratio. Enhalus acoroides 
is therefore less productive. For comparisons with other seagrass produc
tivity data see Brouns (1985a,b). 

The plastochrone interval, measured at only one station was statistically 
(ANOVA) constant. However, the data, with a maximum of 35.4 days 
(August 1981) and a low value of 27.6 days in March 1982, strongly sug
gest a pattern. A regression between the temperature and the PI is highly 
significant. The pattern is only disturbed by the recorded minimum PI 
(26.8 days) in November 1981. Exclusion of that figure improves the cor
relation coefficient to r = -0.95. This decrease of the PI (a higher produc
tion) might be attributed to the 10% higher insolation during this month 
than during the previous months. However, no correlation could be com
puted from the total data base (n = 10 means, г = 0.30). This has no effect 
on the calculated production of the leaf blades. Those figures were ob
tained by direct measurements. Usage of the measured PI, instead of the 
mean PI, changes the production value for the leaf sheaths and the rhizome. 
This temporal difference has only a minor effect. The minimum contri
bution of these plant parts then becomes 4.7 mg ADW shoot"1 day"1 while 
the maximum recorded value is raised to 5.9 mg ADW shoot"1 day"1. How
ever, because the largest part of the production was contributed by the 
leaf blades, the correction after use of the real PI, changes the total pro
duction per shoot by ±3% (range: 17.5—27.1 mg ADW shoot"1 day"1). 
The influence of the temperature on the PI as well as on the leaf growth 
rate seems plausible and would be consistent. A correlation between the 
leaf production and the insolation has not been found after an analysis of all 
available data. The decrease of the leaf production during February 1982 
might be attributed to the fact that the insolation was 20% lower during the 
8 days of this measurement than during the preceding or the following 
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month. For insolation data, see Brouns and Heijs (1985). An effect of the 
insolation is indicated. The data base was not suitable for the separation of 
the influence of the temperature and light. 

Reproduction 
The water level above Station 14 during new moon spring low tides 

was sufficiently low for pollination during September and October. During 
these months the number of female inflorescences was comparably low. 
The conclusion that pollination does not occur during these months might 
not be justified because only a few female inflorescences were observed. 
During January and February the water level of the day-time spring low 
tide and the number of inflorescences appeared to be suitable for pollina
tion, but fruits developed from these inflorescences were not observed in 
a following survey. From this it was concluded that the spring tidal levels 
of the new moon tidal cycle were decisive. However, the prevailing wind 
direction in these months was from the north-west and hence the wind-
driven surface current reached the site after a long stretch of deep water. 
The male flowers are hydrophobous, float on the surface and are wind 
driven. The most extensive seagrass beds on the island are all located to 
the south-east of the study area (Station 14, see Fig. 1). It is possible that 

Fig. 7. Trapped and conglomerated male flowers of Enhalus acoroides between the 
phaeophycean algae Padina tenuis (Bory) Wom. & Bail, and Padina australis Hauck. 
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during the NW monsoon the retention time of the floating male flowers, 
originating at the site, was too low. During the SE monsoon the wind is 
parallel to the shore and the wind-driven surface current passes over the 
extensive seagrass beds where Enhalus acoroides is common. Many of the 
male flowers originating there will pass over Station 14. This resulted, on 
some days, in a white appearance of the water edge and of the surface of 
the small tide pools, due to all trapped and conglomerated male flowers 
(Fig. 7). 

Epiphytes 

Species composition 
When considering the epiphytic component on leaves of Enhalus acor

oides, the same characteristics as for other seagrass species in that area, 
are found (Heijs, 1985a,c) 
(i) the number of algal epiphytes and their abundance is of a comparable 

order; 
(n) there is an increase in number of epiphytic algae and their abundance 

with increasing leaf age (from leaf 1 (youngest) to leaf 4 (oldest)); 
(in) a significant difference exists in number of epiphytes and cover per

centage on the upper- (oldest) and lower (youngest) leaf part; 
(iv) no significant difference was found m abundance and number of 

epiphytic species on the inner- and outer face of each leaf age group; 
(v) the Ceramiales dominated the epiphytic community qualitatively, 

whereas the encrusting coralline algae dominated quantitatively. 
Some of these features have also been found to be characteristic for the 
epiphytic community on leaves of some temperate seagrass species (e g. 
Zostera manna L. (Brauner, 1975; Jacobs et al , 1983), Posidonia oceanica 
(L.) Belile (Van der Ben, 1971) and Amphibolis antárctica (Labili.) Sonder 
et Aschers. (Ducker et al., 1977)), a tropical Atlantic seagrass (e.g. Thalas-
sia testudinum (Humm, 1964)) and macroalgal hosts (Ballantine, 1979). 

Biomass 
As is presented in Table II, mean annual biomass of epiphytes in the 

monospecific Enhalus stand (Station 8), was much lower than in the mixed 
meadow (Stations 12 and 13) The contribution of the epiphytic com
ponent to the total above-ground biomass (expressed in g ADW shoot"1) 
at Stations 8, 12 and 13 was 3, 13 and 17%, respectively. The percentages 
determined for epiphytes on Enhalus leaves from the mixed meadows 
(Stations 12 and 13), are comparable to those found for epiphytes in the 
monospecific Thalassia hempnchu beds (Stations 1, 2 and 3, 13—15%; 
m Heijs, 1984). The epiphytes on leaves of other seagrass species (e g 
monostands of Cymodocea rotundata, C. serrulata, Halodule unmervis, 
Syrmgodium isoetifohum), contributed 22—24% of the total standing 
crop (m ADW) (Heys, 1985c) 
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For comparison with other seagrass species, biomass values for leaves 
and epiphytes, are also presented in DW. 

On leaves of Zostera marina and Halodule wrightii Aschers., 24—47% 
could be attributed to the epiphytic component (Penhale, 1977; Borum 
and Wium-Andersen, 1980; Morgan and Kitting, 1984), and epiphytes 
on leaves of the various seagrass species of the Bootless Bay area (Stations 
1—14), contributed 29—53.5% to the total above-ground biomass. (Heijs, 
1984, 1985c.) The variability in epiphyte biomass during the year is not 
only caused by abiotic factors (e.g. water temperature, tidal movements, 
exposure, etc.) but also by biotic factors (e.g. grazing, senescence, growth 
characteristics of the seagrass leaves, etc.). 

Production 
The mean annual increase in biomass (or absolute growth rate) was 9, 

29 and 47 mg ADW m"2 leaf surface per day at Stations 8, 12 and 13, 
respectively. These values are considerably lower than those found for 
epiphytes on other seagrass species of that area, where mean production 
values for epiphytes ranged from 95 mg ADW m"2 leaf surface day - 1 on 
Thalassia hemprichii (Stations 2 and 3) to 250 mg ADW m"2 leaf surface 
day"1 on Syringodium isoetifolium (Station 6) (Heijs, 1984, 1985c). 

On an area basis the annual mean production of epiphytes amounted 
to 38.5 and 55 mg ADW m"2 day"1 for Stations 8 and 12, respectively. 
No estimation for Station 13 could be determined, since the Enhalus shoots 
occurred there mostly in small isolated patches throughout the mixed 
meadow; this in contrast to Station 12, where the Enhalus plants are found 
interspersed among the other seagrass species. At Stations 8 and 12, the 
density was 97 and 48 shoots m"2, respectively. When assuming that the 
density of Enhalus shoots in both mixed meadows (Stations 12 and 13) 
is comparable, the production of epiphytes on an area basis, would amount 
to 65 mg ADW m - 2 day"1 at Station 13. 

Production of seagrass leaves at Stations 12 and 13 was not determined. 
Consequently, the contribution of the epiphyte production to the total 
above-ground production can only be determined for Station 8. As was 
mentioned above, the epiphyte production at Station 8 was 38.5 mg ADW 
m"2 day"1 on an area basis. This would result in 0.4 mg ADW shoot"1 

day"1 , which is 2.2% of the total above-ground production (leaves plus 
epiphytes). 

The production of seagrass leaves does not differ significantly between 
the deeper Stations 8 and 1 1 . Mean annual production at Station 8 was 
17.5 mg ADW shoot"1 day"1 and at Station 11 , 19.0 mg ADW shoot"1 

day"1 was found from August to May. When using these production values, 
an average of 6—7% of the total above-ground production at Stations 12 
and 13, may then be attributed to the epiphytes. Production values for 
seagrass leaves from the shallower stations (Stations 12 and 13), can also 
be derived from Johnstone (1979), who studied the productivity oí Enhalus 
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leaves along the same sand bar as where Station 12 is located. He mea
sured a production of 321 mg ADW m - 2 day"1, which is 12.8 mg ADW 
shoot 1 day"1 (25 shoots πΓ 2). In this case, the epiphytes contribute 8.2 
and 9.5% to the total above-ground plant production at Stations 12 and 
13, respectively. 

The epiphytes on other seagrass species in Bootless Bay, contributed 
19—44% to the total above-ground production (Heijs, 1984, 1985c), values, 
which are much higher than for E. acoroides and of the same magnitude 
as for other seagrass species, e.g. for Zostera marina 20—50% was found 
(Penhale, 1977; Borum and Wium-Andersen, 1980), for Halodule wrightii 
43—57% (Morgan and Kitting, 1984) and for Thalassia testudinum 20% 
(Jones, 1968). 

For the specific growth rate, values are expressed in mg ADW g"1 day"1. 
The mean annual values for the whole shoot at Stations 12 and 13, are 
of the same order. The mean annual Re of epiphytes at Stations 12 and 
13 hardly differ. At Station 8, a significant correlation was found between 
the water temperature and the Re. This means that an increase of 1°C 
in water temperature causes an increase of epiphyte production of 1% 
per day. Such a correlation was not found at the shallower stations, 12 
and 13. This is possibly a consequence of a temperature regime, caused 
by the tidal movements, rather than temperature changes of the main 
water body. Stations 8 and 11, at -2.5 m ELWS, are not so much affected 
by the tides, hence seasonal changes in the water temperature are likely 
to be more important. 

The seasonal variability in the production as well as in the biomass of 
epiphytes at Station 13 is rather low, which is apparently a consequence 
of the more stable environmental conditions at this particular location 
(e.g. protected from wave action by a wide zone of coral boulders and 
coral conglomerates, no exposure to wind and sunshine, low turbidity). 
In contrast, Station 12 is more affected by abiotic factors, because it is 
located on a gradually sloping sandy beach. The shape of the sand bar 
changes depending on the season, hence a considerable amount of sedi
ment is moved around. Furthermore, this station is more subject to wave 
action which results in a higher turbidity. Also, during the SE monsoon 
(April—November), large parts of the sand bar are exposed due to day
time spring ebb-tides. 
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ABSTRACT 

Aspects of production and biomass were studied m six seagrass species, 
which together formed the mixed seagrass meadows in Papua New Guinea, from 
November 1981 to November 1982. These species, viz. Thalassia hemprichii 
(Ehrenb. )Aschers., Cymodocea serrulata (R.Br )Aschers. et Magnus, 
Cymodocea rotundata Ehrenb et Hempr. ex Aschers., Syrlngodium isoetifolium 
(Aschers. )Dandy, Halodule uninervis (Forssk )Aschers. and Halophila avails 
(R.Br )Hook.f.. were studied in monospecific seagrass beds previously. 
Thalassia hemprichii was the dominant species, followed by Syringodium 
Isoetifolium. These two species were present in all samples and evenly 
distributed. Cymodocea serrulata and С .rotundata were respectively 
recorded in 91% and 86% of the quadrats sampled. The density, however, 
varied considerably. Shoots of the remaining two species were found m less 
than 50% of the samples. The percentage presence increased when 
below-ground plant parts were taken into account. 
Significant differences in the shoot density were only found m Syringodium 
isoetifolium. The distribution of the five other species remained unchanged 
during the year. Annual mean shoot density amounted to 860 for Thalassia 
hemprichii, 2100 for Syringodium isoetifolium, 200 for Cymodocea serrulata, 
250 for C.rotundata and 54 for both Halodule uninervis and Halophila avails. 
All species reached their maximum density from September - November. The 
mean above-ground production was 3 9 g ADW m"

2
 day"

1
 , of which 64% was 

contributed by Thalassia hemprichii. Syringodium isoetifolium, which had the 
highest shoot density, contributed only 17%. 
The Plastochrone Interval of the Leaves (PIL) was constant in all species 
and the mean ranged from 10.1-11.1 days. The PIL was virtually the same in 
monospecific seagrass beds and in this mixed meadow. Furthermore, the 
above-ground relative growth rate, was also constant during the year. 
Thalassia hemprichii was the most productive seagrass (mean 0 043 day"

1
), 

whereas the lowest mean relative production was observed for Syringodium 
isoetifolium (0.030 day

1
). Total mean production was 6.4 g ADW m

2
 day

4
, of 

which 39% was contributed by the vertical axes, the rhizomes and the roots. 
The caloric production efficiency of the meadow was 0.58% of the total 
insolation at the water surface. 
Thalassia hemprichii was, because of its morphology, the stable element in 
the meadow. All other species were present at all times and exhibited a 
continuative process of recolomzation. 
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INTRODUCTION 

Thirteen seagrass species, belonging to eight genera, have been recorded 

from Papua New Guinea. Six species viz. Zostera capricorni Aschers., 

Thalassodendron ciliatum (Forssk.) den Hartog, Halophila spinulosa (R.Brown) 

Aschers., Halodule pinifolia (Miki) den Hartog , Halophila decipiens Ostenfeld 

and Halophila ovata Gaud, have a restricted distribution (Den Hartog, 1970, 

Johnstone, 1978a, 1978b, Brouns and Heijs, 1985, Brouns 1985c, Heijs and 

Brouns, 1986). The remaining 7 species, Thalassia hemprichii 

(Ehrenb. )Aschers., Enhalus acoroides (L.f.)Royle, Cymodocea rotundata 

Ehrenb. et Hempr. ex Aschers., Cymodocea serrulata (R.Br. )Aschers. et 

Magnus, Syringodium isoetifolium (Aschers. )Dandy, Halodule uninervis 

(Forssk. )Aschers, and Halophila ovalis (R.Br. )Hook. f. are represented in 

most seagrass meadows. Aspects of production and biomass of these species 

have been studied in monospecific seagrass stands or fringes (Brouns, 1985b, 

1987b, Brouns and Heijs, 1986). However, monospecific meadows are rare in 

Papua New Guinea and generally indicate only that the site is less 

favourable for other species. Monospecific fringes in the lower intertidal 

and the upper subtidal (±0.4 to -1.5 m ELWS) will eventually become invaded 

by other species if these species occur in the vicinity or if buoyant fruits 

are produced in the area. All monospecific seagrass habitats were invaded by 

other species and consequently study sites had to be relocated a few metres, 

to continue studies conducted at the monospecific sites. 

Thalassia hemprichii was the stable element in this mixed meadow. In some 

parts Enhalus acoroides was present and occurred there predominantly in 

small groups (1-4 leafbundles; one plant). Occasionally isolated circular 

patches, with up to 200 shoots, of this seagrass were seen. The other five 

species were present, in low numbers, throughout the meadow. The branching 

pattern, proliferation capacity and rapid extension of the rhizomes enabled 

these species to persist, continuously recolonizing, in the meadow. These 

five species were highly dynamic and "moved" around, on top of the 

rhizome-root layer of Thalassia hemprichii. Seasonally large quantities of 

macroalgae occurred (Heijs, 1985, 1987a) while at some localities macroalgae 

surpassed the seagrasses in above-ground biomass (Heijs and Brouns, 1986). 

This study deals with production, biomass and some aspects of the dynamics 

of the seagrasses in the mixed meadow. 

196 



MATERIAL A N D M E T H O D S 

The study site was a mixed meadow on the western side of Loloata Island, in 

Bootless Inlet, near Port Moresby. The site has been described in Brouns and 

Heijs (1986) and Heijs (1987a, 1987b). Substrate level was -0.2 m ELWS. 

The homogeneous mixed meadow covered an area of more than 10 ha. Within the 

meadow three, easily recognisable, conglomerates of dead coral were used as 

markers. The boat was anchored near the first encountered marker and six 400 

cm2 quadrats were placed randomly within a 4000 m2 area on every sampling 

date. Data on the production and biomass were collected 11 times, during 1 

year, from November 1981 onwards. One additional series of samples, for 

biomass and density only, was taken in November 1982. 

The production was studied by measuring the Plastochrone Interval of the 

Leaves (PIL) (Patriquin, 1973, Jacobs, 1979, Brouns, 1985a) in Thalassia 

hemprichli, Cymodocea serrulata, Cymodocea rotundata and Halodule 
uninervis. The youngest leaves of the first three species were marked with a 

staple and of the last species this leaf was punched. The samples were 

collected approximately 14 days after marking. Total plant biomass was 

harvested and transported to the laboratory as a whole. The linear growth of 

the leaves was used as the parameter for the production in Syringodium 

¡soetifolium (Zieman, 1974). Leaves of this species were marked, in a 

separate quadrat (reference frame), on the level of the frame, with small 

plastic rings, in 40 shoots. The linear growth was measured after 7 days, at 

the site. The shoots were cut off below the meristem and in the laboratory 

the production-biomass ratio was measured. The total plant biomass in the 6 

samples was separated according to species and of each species according to 

the different plant parts. The method has been described in detail 

previously (Brouns, 1985b, 1987b). From the mature leaves of the marked 

shoots, the PIL and the biomass of these shoots, the production in mg ADW 

shoot1 day1 and the specific production (R), or P/B ratio (g ADW (g ADW)1 

day1), were calculated. Production per area (g ADW m2 day'1) was calculated 

from the total standing crop and R. The value, obtained in this way, is 

conservative. The alternative, production per shoot multiplied by the 

density, would result in a higher figure because the biomass of the marked 

shoots was generally larger than the average shoot biomass, as calculated 

from the number of shoots and the standing crop. 

The below-ground production of the rhizomes was calculated in either one 

of the following two methods. 

1. In Thalassia hemprichii, Cymodocea serrulata, C. rotundata and Halodule 

uninervis the rhizome production was obtained from: 

-the average biomass of an internode, 
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-the proliferation ratio (the ratio between shoots and rhizome apices), 

-the PIL and 

-the relation between PIL and PIR. 

In Thalassia hemprichli all four parameters were measured in material 

from the site. For the other three species data were used for the PIL/PIR 

relation and the proliferation ratio which had been obtained in different 

sites (Brouns, 1987a, 1987b). 

2. In Syringodium isoetifolium and Halophila ovalis the rhizome production 

was calculated from the PIR and the first two items in method 1. The PIR 

was measured at a nearby study site. 

The proliferation ratios, calculated from material from the mixed meadow, 

were compared with those obtained at the monospecific sites and were not 

significantly different in a X2 test. Rhizome production will therefore be 

based on the proliferation ratios as recorded in Brouns (1987a). 

The production of the rhizonatous parts of the vertical axes was 

calculated from the PIL and the average biomass of this plant part between 

two successive leaf scars. 

The production of the roots was estimated. It was assumed that the turnover 

time of the roots was identical to the turnover time of the rhizomes. This 

approach gave good results in the monospecific stands (Brouns, 1985b, 

1987b). 

All production and biomass values will be presented as Ash-free Dry Weight 

(ADW). Leaf blades were soaked shortly in 5% phosphoric acid to remove 

calcareous deposits. Plant material was dried (24 h, 1050C) and after 

weighing the ash content was determined (3h, 550<IC). 

RESULTS 

Density 

Shoots of Thalassia hemprichil and Syringodium isoetifolium were present in 

all 66 samples. Shoots of Cymodocea serrulata and Cymodocea rotundata 

were absent in 6 respectively 9 quadrats, while shoots of Halodule uninervis 

and leaf pairs of Halophila ovalis were encountered in less than 50% of the 

samples. The total shoot density showed an annual pattern. The minimum 

total number of shoots, of all species together, was found in January (2440 

shoots m 2 ) . The maximum total density was found in October (4560 shoots m2) 

(Table 1). The maximum mean density, in all species separately, occurred in 
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Table 1 

Shoot density of the seagrasses in a mixed meadow (shoots m'). In parentheses, in the first four species, 
the coefficient of variation and in the last two species the number of quadrats, out of six, in which 
this seagrass occurred. 

26. 

8. 

5. 

3. 

7. 

22. 

29. 

10. 

8. 

6. 

14. 

11. 

1. 

2. 

3. 

1». 

6. 

7. 

8. 

9. 

10. 

11. 

1981 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

Thai assi a 
hemprι eh 11 

850 

810 

780 

850 

950 

780 

7*0 

930 

ЮНО 

770 

1020 

(30) 

(19) 

(18) 

(27) 

(32) 

( Η ) 

(28) 

(32) 

(22) 

(60) 

(21) 

Cymodocea 
serrulata 

270 

150 

130 

160 

ito 

220 

210 

200 

200 

260 

230 

(26) 

(68) 

(54) 

(53) 

(85) 

(60) 

(43) 

(39) 

(78) 

(59) 

(86) 

Cymodocea 
rotundata 

310 

160 

260 

200 

220 

240 

250 

260 

200 

310 

310 

(53) 

(66) 

(36) 

(50) 

(67) 

(42) 

(96) 

(32) 

(96) 

(45) 

(53) 

Syrmgodium 
isoetifol turn 

2300 

1240 

1440 

1940 

1360 

2330 

2920 

1980 

2280 

3090 

2233 

(40) 

(16) 

(25) 

(28) 

(48) 

(65) 

(29) 

(30) 

(39) 

(33) 

(36) 

Halodule 
um nerv ι s 

96 

40 

63 

40 

96 

21 

20 

100 

46 

42 

18 

(3) 

(2) 

(3) 

(2) 

(3) 

(2) 

(2) 

(3) 

(1) 

(1) 

(2) 

HalophiI a 
oval is 

33 

42 

67 

17 

33 

50 

96 

88 

50 

100 

15 

(2) 

(3) 

(3) 

(1 ) 

(2) 

(3) 

(5) 

(5) 

(2) 

(3) 

(2) 

Total 

3870 

2440 

2740 

3210 

2790 

3640 

4220 

3560 

3820 

4560 

3830 

mean 864 197 246 2100 53 54 3514 

ANOVA F 0.99 0.90 0.73 3.13 



the period September-November. However, the differences during the year were 

ra ther small and not s i gn i f i c an t (ANOVA) except for Syringodium ¡soetifolium 

(Table 1). This difference might be caused by local v a r i a t i o n s , as a f i e ld 

s i t e i s never completely homogeneous. 

Table 2 

Spatial d i s t r i b u t i o n of seagrasses in a mixed meadow. Quadrat size was 1)00 cm'. 

Thai ass ι a Cymodocea Cymodocea Syringodium Halodule Halophila 
hempnchi ι serrulata rotundata ι soetifol ¡um unmervis oval is 

presence in % of 
quadrats (n=66) 

above-ground 
b e l o w - g r o u n d 

number o f shoots 

minimum p e r q u a d r a t 
maximum p e r q u a d r a t 

100 
100 

18 
68 

91 
100 

0 
2U 

86 
96 

0 
25 

100 
100 

31 
208 

39 
63 

0 
18 

l»7 
60 

0 
18 

The pa t te rn m the above-ground d i s t r i b u t i o n of the la rger seagrasses was 

cons is ten t throughout the study area (> 10 ha ) , which was par t of a much 

larger meadow The seagrass cover was est imated, in April 1982, according to 

a modified Braun-Blanquet sca le (Barkman e t a l . , 1964), in 24 random 

quadrats of 1 m2, each subdivided into 4. Thalassia hemprichli and 

Syringodium ¡soetifolium were present in a l l 96 r e l evés . Cymodocea 

serrulata was recorded in 94% and Cymodocea rotundata in 89% of the 

r e l evés . The two remaining species were seen in less than 20% of the 

quadrats (Figure 1) . The values o r ig ina t ing from the harvested samples are 

considered more r e l i a b l e . A s ing le shoot would be noticed during separat ion 

in the laboratory. 

The proport ional presence of below-ground p lan t p a r t s , predominantly 

rhizomes, increased to 100%, 96%, 63% and 60% in Cymodocea serrulata, C. 

rotundata, Halodule uni nervi s and Halophila ovalis r espec t ive ly 

Biomass 

Above-ground [Leaves). 

The mean biomass of the leaves (blades plus sheaths) showed a pronounced 

temporal pattern (Figure 2). The changes were most conspicuous in 

Cymodocea serrulata of which the shoot biomass varied between 32 (November 
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Figure 1 The d i s t r i b u t i o n of seagrasses in a mixed meadow in 96 re levés 
(62S cm2) according to a modified Braun-Blanquet sca le 
Τ b=Thalassia hempnchU S i=Syringodium isoetifolium 
С i=Cymodocea rotundata С s=Cymodocea serrulata H u=Halodule 
unmervis and H o=Halophila ovalis. 

1982) and 112 mg ADW (March, 1982) The changes were less than a factor of 2 

(52-95 mg ADW) in Thalassia hemprichii The annual mean biomass of a shoot 

was near ly i d e n t i c a l m these two spec ies , 65 and 66 mg ADW respect ive ly 

Total annual mean above-ground biomass (standing crop) amounted t o 100 g 

ADW m2. Proport ional ly the larges t par t (56%) was contr ibuted by the leaves 

of Thalassia hemprichii followed by Syringodium isoetifolium (22%) Halodule 

unmervis and Halophila ovalis added less than 1% to the t o t a l above-ground 

biomass (Table 3a) Maximum standing crop was recorded in March (136 g ADW 

m2) 

Below-ground 

The d i s t r i b u t i o n of the below-ground biomass was ca lcu la ted as constant , 

during t h e year, in a l l spec ies , in an ANOVA. The below-ground biomass was 

ra ther evenly d i s t r i b u t e d , in space and in t ime, an Thalassia hemprichii and 

Syringodium isoetifolium An ANOVA revealed no s i g n i f i c a n t changes in the 

below-ground biomass of the other species due t o the patchiness in the 

d i s t r i b u t i o n (Table 3b) 
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to 

Table 3 

Biomass values of the different plant parts of the seagrasses in a mixed meadow (g ADW m' ± s.d.). 

Thai assi a Cymodocea Cymodocea Syrmgodium Halodule Halophi la Total 
hempricht ι serrulata rotundata isoetifolium um nerv ι s oval is 

A. Above-ground; leaves 

26.11. 1981 55 ± 12 II» ± 7 10 ± 6 22 ± 9 1.6 0.1 103 

8. 1. 1982 54 ± 10 12 ± 8 5 ± 3 13 ± 3 0.6 0.1 85 

5. 2. 1982 59 ± 10 12 ± 4 11 ± 4 21 ± 5 1.2 0.2 lOU 

3. 3. 1982 81 ± 15 18 ± 8 10 1 4 26 ± 7 0.9 136 

7. I». 1982 60 ± 12 11 ± 8 10 ± 7 22 1 9 1.7 0.1 105 

22. 6. 1982 51 ± 4 13 ± 7 8 1 4 17 ± 7 0.3 0.2 90 

29. 7. 1982 1*6 ± 10 11 ± 6 8 1 7 39 ± 10 0.2 0.3 108 

10. 8. 1982 55 ± 11 13 ± ι» β ± 3 21» ± 7 1.5 0.3 102 

8. 9. 1982 55 ± 8 9 ± 6 6±i» 21» ± 7 0.8 0.2 95 

6.10. 1982 48 ± 15 11 ± 6 10 ± 4 17 ± 5 0.7 0.3 87 

14.11. 1982 53 ± 8 7 ± 4 9 ± 4 18 ± 5 0.3 87 

mean 56 12 9 22 0.9 0.2 100 

B. Below-ground 

Vertical axes 75 ± 1 9 9 ± 5 8 ± 4 17 ± 6 1.3 ± 0.9 - 110 

Rhizomes 150 ± 4 2 31 ± 19 18 ±11 49 ± 11 4.5 ± 3.2 0.8 253 

Roots 111 ± 2 2 15 ± 10 10 ± 6 27 ± 11 2.5 ± 1.7 166 

Total 336 55 35 93 9.2 529 



Biomass shoot, mg ADW 

H ' D H ' F ' M ' A ' M ' J ' J ' A ' S ' O ' M 
1981 1982 

Figure 2. The temporal p a t t e r n of the mean biomass (mg ADW) per shoot of 
the v a r i o u s seagrass species i n a mixed meadow. Τ h=Thafassia 
hemprichli S. i=Syringodium isoetifolium С. т=СутосІосеа rotundata 
С. s=Cyinodocea serrulataand H.u=Wo/odu/e uni nervi s. 

The annual mean t o t a l below-ground biomass was 529 g ADW m2 of which 64% 

consisted of p lant p a r t s of Thalassia hemprichli. The major p a r t (48%) of 

the below-ground biomass was rhizomes. 

Product ion 

Above-ground (Leaves). 

The Plastochrone I n t e r v a l of the Leaves varied only s l i g h t l y during the 

year. Signi f icant changes were not observed in any of the species . The 

annual mean PIL was ra ther s imi lar in the four species in which t h i s 

parameter was measured (Table 4 ) . 

The mean above-ground production, exclusive of t h e cont r ibut ion of the 

rhizomatous par t of the v e r t i c a l axes, amounted t o 3.9 g ADW m2 day"1 (Table 

5) . Thalassia hemprichli contr ibuted 64% to t h i s t o t a l . This species was 
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Table t» 

The Plastochrone I n t e r v a l of the Leaves (PIL) and the r e l a t i v e growth rate which 
remained constant (ANOVA), η.a. =• not a v a i l a b l e . 

A. PIL (days) 

minimum 
maximum 
mean 

Thalassia Cymodocea Cymodocea Syrmgodium Halodule 
hemprichi ι serrulata rotundata ι soettfol turn unmervis 

8.9 9.2 9.6 n.a. 9.8 
11 0 12 6 12.1» n.a. 12.1» 
10.1 10.9 11.1 n.a. 11.0 

0 0 3 8 
0 0 4 8 
0 . 0 4 3 

0 . 0 2 8 
0 . 0 3 6 
0 . 0 3 3 

0 . 0 3 0 
0 031» 
0 . 0 3 2 

0 . 0 2 7 
0 . 0 3 3 
0 . 0 3 0 

0 . 0 3 4 
0 0 4 1 
0 . 0 3 8 

F (ANOVA) 0.72 0.91 0.62 - 0.73 

В. R leaves , 

g А0И (g ADH) day
-
' 

mm ι mum 
maximum 
mean 

also the most productive in respect to the relative growth rate R (0 043 

day"
1
) (Table 4) Maximum production in this species was observed in March 

(3 6 g ADW m
2
 day"

1
) which was also seen in most other species The relative 

contribution of Thalassia hemprichi! increased only slightly (to 67%) 

Maximum production in Syrmgodium isoetifolium was recorded in July (1 16 g 

ADW m
2
 day

1
) Proportionally, the production of this species almost doubled 

in July (annual mean 17%, July 32%) This was mainly due to the reduced 

production of Thalassia hempnchii which decreased to 47% of the total 

above-ground production Because of the lower biomass of the leaves (46 g 

ADW m
2
) , the relative growth rate of Thalassia hempnchii remained still 

higher than the maximum relative growth rate (R) of the other important 

species 

The increase in the average biomass of a shoot was always caused by an 

increase of the biomass of all leaves, the average number of leaves on a 

shoot (3-4, in the species having strap-like leaves) did not change As a 

result of this characteristic and the constancy in the rate in which new 

leaves were produced (the PIL) the relative growth rate (R) remained 

identical throughout the year (Table 4), notwithstanding the changes in the 

absolute production (Table 5) 
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Table 5 

Leaf production (blades plus sheaths) In g AOW m' day' of the seagrasses in a mixed meadow. The s.d. 
could only be calculated in Thalassia hemprichiί. 

26. 

β. 

5. 

3. 

7. 

22. 

29. 

13. 

8. 

6. 

11. 

1. 

2. 

3. 

4. 

6. 

7. 

β. 

9. 

10. 

1981 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

1982 

Thalassia 
hemprι chi i 

2.1» 

2.3 

2.6 

3.6 

2.6 

2.5 

1.7 

2.И 

2.4 

2.0 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

0.8 

0.5 

0.6 

0.9 

0.1» 

0.4 

0.3 

0.5 

0.4 

0.3 

Cymodocea 
serrulata 

0.1*7 

0.38 

0.10 

0.65 

0.39 

0.41 

0.47 

0.41 

0.30 

0.30 

Cymodocea 
rotundata 

0.32 

0.34 

0.35 

0.31 

0.34 

0.27 

0.26 

0.23 

0.19 

0.32 

Syn ngodium 
¡soetifolium 

0.65 

0.38 

0.63 

0.80 

0.63 

0.55 

1.16 

0.64 

0.74 

0.50 

Halodule 
uni nervi s 

0.06 

0.03 

0.04 

0.04 

0.07 

0.01 

0.01 

0.05 

0.03 

0.03 

Halophila 
oval is 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.02 

<0.02 

<0.01 

<0.02 

Tota 

3.9 

3.4 

4.0 

5.4 

4.0 

3.7 

3.6 

3.7 

3.7 

3.2 

Mean 2.5 0.42 0.29 0.67 0.04 3.9 
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Below-ground. 

The below-ground production, including the v e r t i c a l axes, i s incorporated in 

Table 6 The proport ional contr ibut ion of these p lant p a r t s to the t o t a l 

production amounted t o 17% in Thalassia hemprichii, 34% in Cymodocea 

ser rulota, 50% in Cymodocea rotundata and 69% in Syringodium isoeti folium. 

Table 6 

Total production in g ADH m' day'' of the seagrasses in a mixed meadow. The above-
ground production is taken from Table 5 and the calculated production of the verti
cal axes, the rhizomes and the estimated annual mean contribution of the roots were 
added. Included in the total production were the values for Halodule unmervis and 
Halophila oval is, which contributed less than 1% to the total. 

Thai assi a Cymodocea Cymodocea Syringodium Total 
hempnchi ι serrulata rotundata isoetifolium 

26.11. 
β. 1. 
5. 2. 
3. 3. 
7. 1». 

22. 6. 
29. 7. 
13. β. 
β. 9. 
6.10. 

Mean 

1981 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 
1982 

2.9 ± 0.7 
2.8 ± 0.5 
3.1 ± 0.7 
4.0 ± 0.8 
3.2 ± 0.5 
3.0 ± 0.5 
2.2 ± 0.3 
3.2 ± 0.6 
3.0 ± 0.5 
2.6 ± 0.5 

3.0 

0 75 
0 57 
0 55 
0 85 
0.58 
0.61» 
0 73 
0 61» 
0 55 
0.57 

0 61» 

0.67 
0.51 
0.5"» 
0.50 
O.I»9 
0 67 
0.63 
0.61» 
0.52 
0.61» 

0.58 

2. te 
1 63 
2.00 
2.ι»1 
1.80 
2.00 
2.58 
1.75 
2 06 
2.57 

2.13 

6.8 
5.6 
6.2 
7.8 
6.1 
6.3 
6 2 
6 3 
6.2 
6.1» 

6.1» 

DISCUSSION 

The study of the dynamics of this tropical seagrass meadow was impaired 

by some methodological problems and time limitations Based on the results 

of the studies in monospecific seagrass beds, it was to be expected, that 

eventual changes would be small. The data concerning the density in the six 

quadrats from November 1981 were tested according to formulae in Sokal and 

Rohlf (1981) A 80% chance to detect changes in the order of magnitude of 

10%, would require 170 samples of 400 cm
2
 each An impossible prerequisite. 

The dynamics of this mixed meadow are largely determined by the 

configuration of the below-ground plant parts. This can be visualised as a 

three-dimensional frame of interwoven and interconnected horizontal 

(rhizomes) and vertical axes of Thalassia hemprichii. The rhizomes of this 

species are comparatively thick and fleshy. The rhizomes of Cymodocea 

serrulata are more tough due to fibers in the rhizome wall The rhizomes of 
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the other species are relatively brittle The dominance of Thalassia 

testud'mum Banks ex Ko'nig over Syringodium filiforme Ku'tz and Halodule 

wnghtii Aschers., in Florida, was attributed to the fleshy rhizomes of 

Thalassia testudinum (Dawes and Lawrence, 1979) The rhizomes of the other 

species at the present study site were always situated on top of the 

rhizome-root mat. The capacity of the shoots from Thalassia hemprichil to 

branch repeatedly and frequently results in the ability to build layer after 

layer of persistent rhizomes and to rejuvenate the shoots without a change 

in place. Halodule uninervis possesses the same capacity but by means of a 

different mechanism. In the intertidal, where the accumulation of sand is an 

important ecological factor, this species proliferates mainly by branching 

of the short shoots. Vegetative propagation, by means of monopodial 

branching of long shoots, occurs only when colonizing new substrate The 

growth pattern of Halodule uninervis in this mixed meadow was comparable to 

the pattern in the subtidal meadow where this species colonized (Brouns, 

1987b). Multiple branching of the vertical axes was never observed by me in 

Cymodocea serrulata and Syringodium isoetifolium and very rarely in 

Cymodocea rotundata. Within a small area all species, except Thalassia 

hemprichil', can be considered as temporarily present. They are capable of 

profuse reiterative and proliferative branching but the result of this 

architecture makes a sequence in time a sequence in space, i.e. the plants 

"move" around. Branching m Cymodocea, Halodule and Syringodium is 

continuous (Den Hartog, 1970; Tomlinson, 1974, Bell and Tomlinson, 1980; 

Brouns, 1987a), which implicates that a new shoot can develop on every node 

of the rhizome. The rhizome internodes in these species are straight and 

range from 20-55 mm in length. This in contrast to Thalassia hemprichil, 

where the shoots are separated by 9-23 short internodes. The rhizomes of 

Thalassia hemprichil are predominantly straight, but any shape has been 

observed, even half a circle This observation was made on fragments of the 

rhizome mat after a 20x20 cm sample had been separated and consequently 

broken up. It can be expected that the growth of the rhizomes of Thalassia 

hemprichil is much less unidirectional compared to the rhizomes of the 

Cymodoceoideae. The configuration of the plant and the persistence of the 

leaf sheaths of Thalassia hemprichil' might be an additional explanation for 

the success of this particular species. The leaf sheaths remain attached to 

the vertical axis and the mass of this dead plant material may occasionally 

surpass the biomass of the living leaves of the shoot. Within this bundle 

of dead and decaying plant tissue, numerous short unbranched roots develop 

from the vertical axis. This bundle protects the leaf menstem. Damage of 

these meristems may result in a slower regrowth and production (Greenway, 

1974). The new growth of Cymodocea rotundata is also protected by the 
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persistent leaf sheaths but the meristems of this species are mostly above 

the substrate surface The leaf sheaths of the other Cymodoceoideae decay 

rapidly. 

Table 7 

A comparison of some production and biomass values of the dominant seagrasses In a 
mixed and in monospecific meadows. 

Annual mean biomass 
of a shoot (mg AOW) 

Thalassi a Cymodocca Cymodocea Syringodium Halodule 
hempnchi ι serrulata rotundata ιsoetifol Him unmervis 

16 monospecI fic 
mixed 

50 - 110 
65 

68 
66 

U7 - 60 
36 

38 
9 

B. Annual mean biomass 
leaves (standing crop) 
g ADW mi 

monospecι fic 
mixed 

Annual mean ratio 
above/be 1ow-g round 

monospecific 
mixed 

28 - 70 
56 

0.09-0.38 
0.17 

98 
12 

0.38 
0.22 

62 
9 

0.45 
0.26 

194 
22 

0.68 
0.24 

86 - 88 
1 

0.17-0.23 
0.10 

D. Annual mean relative 
growth rate (day') 
g ADW (g ADW)' day' 

monospecific 
mixed 

0.056-0 080 
0.043 

0.037 
0.033 

0.032 
0.032 

0.028 
0.030 

0.041-0.054 
0.038 

Annual mean turnover 
time rhizomes (days) 

monospecific 635-956 220 135 65 370 

mixed 612 238 113 60 

The annual mean shoot biomass of most seagrass species was within the 

range observed in the respective monospecific stands, with the exception of 

Syringodium ¡soetifolium The mean biomass of this species in the 

monospecific meadow was 38 mg ADW shoot"1 (Brouns, 1987b), while the annual 

mean biomass of the shoots in the mixed meadow was as low as 9 mg ADW shoot"1 

(Table 6). As a result the ratio leaves/ below-ground plant parts was as low 

as 0 24. This in contrast to the ratio at the monospecific site (0.68) A 

significant reduction of the above-ground biomass in relation to the rest of 

the plant was observed in all species, except m Thalassia hemprichii. When 

comparing the substrate characteristics of all the study sites involved, the 
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substrate of the mixed meadow consists of the coarsest particles. The 

above-ground/below-ground ratio decreased with the increase of the 

coarseness of substrate in Thalassia testudinum (Burkholder et al., 1959) 

and the ratio observed in Thalassia hemprichü in this mixed meadow, fits in 

the ranking of the leaves/below-ground ratio compiled for Τ .testudinum. 

However this ratio was significantly lower in all other species when 

compared to the ratio calculated from the monospecific sites (Brouns, 1987b) 

(Table 6). 

As yet it remains to be investigated whether this difference is the result 

of an adaptation towards preferential rhizome growth in the competition with 

Thalassia hemprichü. However, a drastic reduction in the longevity of the 

shoots, caused by selective feeding of grazers would explain the phenomenon 

also, as would a shading effect, particularly for the smaller seagrasses. 

The turnover time of the rhizomes was comparable in the monospecific and 

mixed meadows (Table 7). 

The production increased in all species as the water temperature rose. 

Buesa (1974) related the standing crop at a place to the irradiance at that 

place three months earlier. Such a correlation could not be determined in 

these tropical seagrasses. The positive effect of the temperature on 

seagrass production, in a light-saturated environment, is supported by 

collaborating evidence e.g. Gilbert and Clark (1974), Drew (1979), Kirkman 

et al. (1982), Bulthuis (1983), Bulthuis and Woelkerling (1983), Barber and 

Behrens (1985), Brouns and Heijs (1986). 

The mean production in this mixed meadow amounted to 6.4 g ADW nf2 day"1 

and is well within the range observed in the monospecific seagrass stands in 

Papua New Guinea: Thalassia hemprichü, 5.6; Cymodocea serrulata, 4.9; 

Cymodocea rotundata, 3.0; Halodule uni nervis, 4.0; Syringodium 

isoetifol/um, 9.0 and Enhalus acoroides, 2.3 g ADW m"2 day"1. 

Utilizing the data for the organic carbon contents of aquatic macrophytes 

(Westlake, 1965) and the caloric content of Thalassia testudinum (Dawes and 

Lawrence, 1983) would result in a calculated production of 9300 Kcal ni2 

year"1. The solar radiation at a meteorological station nearby (Brouns, 

1985b) amounted to 16 χ 10* Kcal, in* year
4
. Based on these figures, the 

production efficiency of the mixed meadow was calculated as 0.58%. Jacobs 

(1979) recorded an efficiency of 0.50X in Zostera marina L. , at Roscoff, 

France. Recalculation of published production values, with application of 

more detailed data on the caloric content of seagrasses, would possibly 

reveal that these figures are general and of world-wide application. 
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ABSTRACT 

Heijs, F M L , 1985 The seasonal distribution and community structure of the epiphytic 
algae on Thalassia hempnchu (Ehrenb ) Aschers from Papua New Guinea Aquat 
Bot, 21 295-324 

Algae growing as epiphytes on leaves of Thalassia hempnchu (Ehrenb ) Aschers 
have been studied from November 1980 to December 1981, in the Port Moresby area, 
Papua New Guinea The epiphytic communities of 3 different monospecific seagrass 
meadows are compared for species richness, abundance and temporal pattern Seagrass 
shoots were studied separately, using the method of Braun—Blanquet, as adapted by 
Boudouresque By differentiating between the leaves of one single shoot, the inner-
and outer face of each leaf and the upper- and lower part of each leaf, the epiphytic 
community was studied from its initial colonization (Leaf 1) to the final "climax" 
situation (Leaf 4) The diversity and abundance were strongly related to the age of the 
seagrass leaves The Rhodophyta were best represented, with the Cryptonemiales domi
nating the community quantitatively, the Ceramiales predominated qualitatively The 
Phaeophyta were negligible in terms of abundance and diversity Differences between the 
3 study sites are presented 

INTRODUCTION 

Few studies have been concerned with the tropical Indo-West-Pacific 
representatives of the manne angiosperms. These macrophytes are important 
as primary producers, in providing habitat and food for numerous inverte
brates and as a substratum for epiphytes, which has been mentioned by den 
Hartog (1977, 1979), Zieman (1975) and others. 

Apart from the seagrass, which is the major autotrophic component 
of the seagrass ecosystem, the algal epiphytes also play an important role as 
primary producers (Penhale, 1977, Borum and Wium-Andersen, 1980; 
Heijs, 1984). 

A wide variety of epiphytic microalgae, invertebrates and microscopic 
organisms, are using seagrasses as a substratum (Kita and Harada, 1962, 

0304-3770/85/$03 30 © 1985 Elsevier Science Publishers В V 
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Humm, 1964; Nagle, 1968; Van der Ben, 1971; Sieburth and Thomas, 1973; 
Jacobs and Noten, 1980; Lewis and Hollingworth, 1982). Within the epi
phytic component, one can differentiate between a photophilous community 
on the leaves and a sciaphilous community on the rhizomes and stems of 
seagrasses; this was first recorded by Molinier (1960) and later by den Hartog 
(1967, 1977). The latter type is only found where the rhizomes are exposed, 
such as on Thalassodendron, Amphibolis (Ducker et al., 1977) and Posidonia 
(Boudouresque, 1974). 

The life-span of the seagrass leaves is influenced by biotic and abiotic 
circumstances. The life-time can vary considerably between shoots of the 
same species. For Zostera marina L. at Roscoff, France, values ranged from 
67—140 days (average 97 days) (Jacobs, 1979). The average life-time meas
ured for Thalassia hemprichii (Ehrenb.) Aschers, is 30 days (Brouns, 1985). 
The life-span of the epiphytes is determined by the life-time of the seagrass 
leaves. Therefore, the ephemeral character of seagrass leaves determines 
the floristic composition of the epiphytic algal community, as colonization 
is only possible during the reproductive phase. Some epiphytes have to 
complete their life-cycle within the life-time of the seagrass leaves, and as 
a consequence the specific seagrass epiphytes must have a higher turn-over 
rate than the leaves. 

The environment also places a high demand on the epiphytic community. 
Scouring of sediment and leaves rubbing against each other reduce the 
number of epiphytes. Algae, characterized by long and/or broad thalli, are 
especially vulnerable to wave action and can become detached. Other im
portant factors influencing the epiphytic community are temperature, 
the amount of light (Hellebust, 1970), the availability of nutrients (Wetzel 
and Penhale, 1979; Penhale and Thayer, 1980; Smith and Penhale, 1980), 
and grazing (Orth and van Montfrans, 1984). 

The most abundant seagrass inhabiting the near-shore waters in the 
Papuan coastal lagoon is Thalassia hemprichii. This seagrass is dominant 
in mixed meadows in which up to 7 seagrass species coexist. Occasionally 
T. hemprichii forms pure, monospecific stands. 

This study is concerned with the structure, abundance and seasonality 
of the photophilous epiphytes on Γ. hemprichii in 3 monospecific seagrass 
stands. 

The epiphytic Bacillariophyceae are not included in this study and will 
be reported on later. This is a consequence of their small size and the special 
research techniques required for diatom studies. 

STUDY SITE 

Motupore island and Loloata island, are two islands in Bootless Bay, 15 
km SE of Port Moresby, Papua New Guinea (Figs. 1A and B). The islands 
are surrounded by extensive seagrass meadows in the eulittoral and sub-
littoral zone. A general description of the study area, the distribution of 
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Fig. 1. (a) The island of New Guinea situated north of Australia, (b) The study area 
Bootless Bay, situated 15 km south east of Port Moresby. 

seagrasses, macroalgae and macrofauna, is given in Brouns and Heijs (1985). 
Data on temperature, rainfall, wind and insolation were routinely collected 
throughout the sampling period and recorded in the same paper. 

Three monospecific T. hemprichii stands have been chosen for studies 

215 



on the epiphytic community (Fig. IB); these localities are the same as those 
where biomass and production of epiphytes were studied (Heijs, 1984). 

Site 1 is a homogeneous bed of T. hemprichii on the NW tip of Loloata 
island. The average shoot density per m2 was 2100. The bottom consisted 
mainly of white coral sand with hardly any coral debris. This area was partly 
protected from wave action by a 5—10-m-wide zone of large coral boulders, 
on which the larger representatives of brown algae such as Turbinarla, 
Sargassum and Hormophysa were found. During the dry season (mid-April— 
mid-October), when strong monsoonal winds are blowing from the SE, 
the spring-ebb tides (0.1 m ELWS) occur just after midday, leaving large areas 
of the intertidal area exposed to the wind and burning sunshine. The effect 
of exposure was marked and visible throughout the eulittoral belt. 

Site 2. The dominant component in the seagrass community, situated 
at the NW tip of Motupore island, was the calcareous green alga Halimeda 
opuntia (L.) Lamour., which formed an extremely dense algal mat in which 
T. hemprichii occurred (density 520 shoots per m2). The bottom consisted 
of coral sand and coral debris. This monospecific seagrass bed was sur
rounded by an extensive mixed meadow, well within the reef platform. 
Throughout the reef platform occasional coral heads and coral boulders 
were found. Even at spring-ebb tides, a layer of 10—20 cm of water remained 
above the seagrass bed, protecting this community against desiccation. 

Site 3. This study site harboured a rich and complex community in which 
Halimeda opuntia and the finger coral Montipora were dominant species. 
In this community Thalassia hemprichii, reached a density of 430 shoots 
per m2. The bottom mainly consisted of coral debris, which together with 
the intricate mesh of Montipora and Halimeda opuntia, provided shelter, 
food and substrate for numerous invertebrates and algae. This study site 
was situated within the reef platform on the west side of Motupore island 
and surrounded by coral boulders and microatolls. Within the reef platform, 
smaller or larger areas were partially or completely exposed during spring-
ebb tides. However, this study site was completely covered with water 
throughout the year. 

MATERIALS AND METHODS 

Ten shoots of T. hemprichii were collected monthly and at random 
from the site, and taken to the laboratory. The samples from each site were 
then preserved in a buffered 5% formaldehyde—seawater solution, for later 
investigation. Collections were made from November 1980 through to 
December 1981. The qualitative and quantitative aspects of the epiphytic 
community were studied using the Braun—Blanquet method as adapted by 
Boudouresque (1971). Data were obtained by studying the different leaves 
of a shoot (Leaf 1 = youngest; Leaf 4 = oldest), the inner- and outer-face 
of each leaf and the upper- and lower-part of each leaf. Data from corre-
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sponding leaf parts of the different shoots were averaged per site for each 
sampling day. 

A naly tical parame ters 

Cover 
Each algal species is quantified by an approximate percentage of sub

strate covered when projecting this species. Values are recorded as 1,2,3... 
10,15,20....100%. The total cover of η species from one relevé can exceed 
100%, when several layers of epiphytes can be distinguished, i.e., coralline 
crusts, creeping species and erect species. Total cover (R(t)) from one 
relevé can thus be expressed as R(t) = Σ " , Д(і)» where η is the number of 
species and R(i) is the cover percentage of species i. 

Reproduction density 
In each relevé the presence and abundance (G) of sexual and asexual 

reproductive organs are recorded for each species. The reproduction co
efficient C(i) of species i, is found by multiplying the % cover of species 
i (Д(0) with the abundance value of the reproductive organs (G(i)) of the 
species considered. This value can be expressed as C(i) = R(i) X G(i)· The 
coefficient of total reproduction C(t) of one relevé, consisting of η species 
will be C(t) = Σ? R(i) X G(0. 

The reproduction density D{t), always expressed per relevé, is the sum 
of the reproduction coefficients of η species (C(t)) from that relevé, divided 
by the total cover of the corresponding species from that relevé (iï(i))· 
This results in the following expression 

D(t) = C(t)/R(t) 

Diversity index of Shannon (H) 
A measure of diversity is the number of species per unit area. 

s 

# = - £ ? , · in p,-
1=1 

where P(i) = relative cover of species i'; 
S = number of species. 

Evenness (J) 
The evenness of the different species is expressed as J = Я / Я т а х (Pielou, 

1969), where Я т а х = In S. 

Synthetic parameters 

The average abundance 
The average percentage cover of a species i in N relevés, is RMG(i) = 

R(i)IN. The Σ ,̂-ΚΛ/Ο is the sum of the average percentage of η species in 
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JV relevés. The Σ " l RMG can also be computed for a group of species (taxo
nomie or ecological). 

Presence (P) 
The Ρ of a species i is the number of releves in which this species occurs, 

expressed in percentages, where: 
0.5 = present in 0—10% of the releves; 
1 = present in 11—20% of the releves; 
2 = present in 21—40% of the relevés; 
3 = present in 41—60% of the relevés; 
4 = present in 61—80% of the relevés; 
5 = present in 81—100% of the relevés. 

Quantitative dominance (DR(i)) 
The quantitative dominance of a species i, in N samples containing η 

species, is the proportional contribution of species i to the total average 
percentage cover of η species in Af relevés: 

η 

DR{i) = RMG{i)/Y^RMG 
í = l 

Similarity coefficient of Sörensen (S(s)) 
This coefficient is used to determine the percentage similarity in epiphyte 

composition on the inner- and outer-face of a seagrass leaf. 
The similarity coefficient is determined using: 

S(s) = 2Cpq/(np + nq) 

where: 
Cpq = the number of species common to both samples ρ and q; 
np = the number of species present in sample ρ ; 
nq = the number of species present in sample q. 

Biological index 
The biological index indicates the quantitative importance of the species. 

This index can be determined in each sample by giving the species a rank 
from 1 to 10 according to their abundance. A value of 10 points is given to 
the species with the highest percentage cover; a value of 9 points is given to 
the second highest ranking species and so on. The maximum score a species 
can obtain corresponds to 18.2% of the total number of points awarded 
per year per site. 
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RESULTS 

The inner- and outer-face of a seagrass leaf 

Epiphytes colonizing the leaves of Thalassia hemprichii formed a distinct 
community, with little differences between the inner- and outer-face of each 
leaf. The same algal species were found to be epiphytic on the inner- and 
outer-face of each leaf. Furthermore, the abundance of each species, as well 
as the total percentage cover on the inner leaf face, was not significantly 
different (P < 0.01) from the percentage cover found on the corresponding 
outer leaf face (Table I). 

TABLE I 

Differences between the inner- and outer-face of leaves of Thalassia hemprichii presented 
per site, and the similarity coefficient (Sorensen) in species composition 

Site 1 

Site 2 

Site 3 

Leaf no. 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Sample size 

33 
33 
33 
26 

33 
33 
33 
24 

33 
33 
33 
22 

Percentage cover 

Inner face 

2.0 
16.2 ± 
37.7 ± 
56.1 ± 

3.0 
30.0 ± 
63.4 ± 
83.3 ± 

3.0 
19.8 ± 
50.3 ± 
77.1 ± 

1.8 
5.5 
5.7 

5.9 
5.2 
7.7 

2.4 
15.0 

7.2 

1 
Outer face 

2.5 
16.7 ± 
36.8 ± 
62.2 ± 

3.5 
29.4 ± 
62.8 ± 
77.1 ± 

3.0 
21.1 ± 
48.1 ± 
85.9 ± 

3.0 
5.6 
6.6 

4.9 
5.3 
8.5 

2.5 
3.9 
7.5 

Similarity in species 
composition (%) 

— 
74.0 
77.0 
73.0 

— 
76.0 
81.0 
77.0 

— 
76.0 
71.5 
72.0 

Different leaves of a seagrass shoot 

Floristic composition of the epiphytic community 
Table II illustrates the temporal pattern of epiphytes on leaves of T. 

hemprichii, for the youngest leaf (Leaf 1) and the oldest leaf (Leaf 4) 
from the material from Site 3. Only part of the data will be presented 
because the similarity in species composition was 80—90% between corre
sponding leaves of a shoot from the different localities. In view of this, 
the data presented in Tables II and III can be considered representative 
for all 3 sites. Author names in the text are only given for species that are 
not listed in Table III. 
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TABLE II 

Ordinated table of the general temporal pattern of the cover of epiphytes on the youngest (Leaf 1) 
and the oldest leaf (Leaf 4) of Site 3 The following notation is used * reduced vitality + present, 
1 endophyte, j juvenile, se epiphyte of second degree, t tetraspores, с conceptacula, s male reproductive 
organs, g cystocarps, ρ plunlocular sporangia 

Date 

25 Nov 
1 9 8 0 

14 Jan 
1981 

2 
4 

3 
lj 

28 Jan 
1981 

3 
3 

2 
lj 

11 Feb 
1981 

26 Feb 
1981 

11 Mar 
1981 

Leaf 1 
Number of spp. 
Total percentage cover 

Blue-green algae 
Polysiphonia savatleril 
Encrusting algae 
Ceramlum gracillimum 
Centroceras clavulatum 
Chaetomorpha sp, 
Cladophora sp 
Chondna dasyphylla 
Ceramium mazatlanenze 
Enteromorpha chaetomorphoides 

beali 
Number of spp. 
Total percentage cover 
Reproductive density 

14 
4 4 

2.13 

7 
66 

5 82 

8 
67 

3.73 

14 
62 

1.70 

23 
149 

4 06 

22 
85 

2.07 

Blue-green algae 
Encrusting algae 
Ceramium gracillimum 
Cladophora spp. 
Enteromorpha chaetomorphoides 
Polysiphonia savatierii 
Audoulnella spp 

Centroceras clavulatum 
Chaetomorpha sp. 
Herposiphoma parca 
Ceramium mazatlanenze 

Gnffithsia sp (thyrsigeraî) 
Derbesia attenuata 
Chondria collmsiana 
Ceramium codii 
Ceramium tayloni 
Polysiphonia delicatula 
Polysiphonia crassicollls 
Herposiphonla te nella 
Gnffithsia rhtzophora 
Polysiphonia sphaerocarpa 

Champia párvula 
Laurencia sp. 
Hypnea sp. 
Wrangella argus 

1 
с 15 
t 7 

β 

3 
1 

β 

te 48 

3 
2 
2 
4 

te 
6 

50 

2 
1 
2 
4 

te 

t 

10 
28 

2 
4 
6 
3 
4 

te 
t 

9 
43 
20 

5 
9 
2 
3 

14 
te 21 
t 6 

8 
9 

s 1 
3 

t 1 
1 

t 1 

s 1 

t 2 

20* 
2 
3 
3 
5 
2 
2 
4 
3 

Crouama attenuata 
Giffordta mttchellae 
Giffordia rails me 
Boodlea composita 
Ceramlella huysmansii 
Chondna dasyphylla 
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26 Mai 22 Apr 20 May 17 Jim 16 Jul 12 Aug 16 Sep 13 Oct 11 Nov 
1981 1981 1981 1981 1981 1981 1981 1981 1981 

7 
1 3 

4 
2 
3 
l i 
U 
1) 
1 

3 
3 

1 
1) 

1 

5 
6 

1 
2 
1 
1 

1 

5 
7 

1 
1 
2 
2 

1 

23 
81 

1.10 

15 
98 

3.06 

19 
1 1 4 

2.49 

15 
81 

0.32 

10 
8 4 

0.59 

8 
13 

3 
2 
2 
2 

1 
1 

и 1 

2 
2 

1 

1) 

12 
55 

0.20 

1 
1 

1 

17 
77 

0.20 

6 
6 

1 
U 
i j 

IJ 

и 
1 

24 
6 3 

0.98 

11 
с 20 

12 
3 
2 

t 4 
1 

β 

с 16 
t 36 

5 
3 

t 7 
2 

te 
t 

ts 

13 
21 
39 
12* 

5 
4 

с 
tg 

t 

8 
33 
20* 

4 
4 
1 
1 

с 
tg 

10 
4 0 
25 

1 
3 

3 

с 

sg 

5 
44 

2 
1 
1 
3 

с 
tg 

sg 

1Б 
25 

9 
3 
4 
4 
1 

9 
te 36 
tg 5 

3 
3 

g 2 
2 

t 3 

t 

t 
t 

ts 

5 
2 
2 
1 

1 
3 

1 
2 

t 

t 

t 

t 

2 

2 

8 

1 

6 

t 

ts 

t 

4 
2 
6 
2 

1 

1 
3 

sg 

U 
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TABLE II (continued) 

Sphaceiarta sp. 
Chaetomorpha indica 
Enteromorpha clathmta 
Dictyota sp. 
ErythroMchla carnea 
Griffithsia weber-van bosseae 
Griffithsia ovalis 
Phaeophila dendroide« 
Entocladia viridis 
Spyrldla filamentosa 
Tolyplocladia glomerulata 
Asterocytis ornata 
Ceramium camouit 

Date 

25 Nov 
1980 

1 
1 

t 1 

14 Jan 
1981 

l j 

28 Jan 
1981 

1 

t 1 

11 Feb 
1981 

1 
1 

26 Feb 
1981 

+i 
+i 

t 3 

11 Mai 
1981 

+i 

2 
1 

The Cyanophyceae have been recorded as one group because it was rather 
difficult to estimate the percentage cover of each species separately. Further
more, some cyanophycean algae could not be identified with certainty. 
The total number of Cyanophyceae found and identified with certainty 
is 9, of which Calothrix aeruginea (Kützing) Thuret, C. pilosa Harv., Lyngbya 
aestuarii (Mert.) Liebm., L. majuscula Gomont and L. confervoides Gomont 
were found all year round. Symploca hydnoides Kützing, Hormothamnion 
solutum Bornet & Flahault and H. enteromorphoides Bornet & Flahault 
were typically found in spring and autumn, when a luxurious growth of 
these algae together with Bacillariophyceae, were a conspicuous local feature 
in various parts of the seagrass bed. The occurrence of these algae formed 
local patches in various parts of the seagrass bed. 

The encrusting coralline algae (Cryptonemiales*) were also recorded as 
one group, because they were difficult to identify to species level. However, 
the most abundant and common species amongst them is Fosliella farinosa 
(Lamour.) Howe, a cosmopolitan species often found on seagrass leaves 
(Humm, 1964; Van der Ben, 1971; Jacobs et al., 1983). 

From the cluster in Table II two groups of epiphytes can be recognized 
on the basis of their seasonal distribution: i.e., species which tend to be 
present throughout the year, and species which tend to appear in autumn 
(March—April) and disappear in spring. Among the most important year-
round representatives were the Corallinaceae, small calcareous encrusting 
forms. Three species were identified with certainty: Fosliella farinosa, 
F. lejolisii (Rosanoff) Howe and Melobesia membranacea (Esper) Lamour., 
which often deposit a complete coating of calcium carbonate over the 
upper part of the older Thalassia leaves (Heijs, 1983). 

*A regrouping of the Rhodophyta has been suggested by Pueschel and Cole (1982a,b) 
on the basis of an ultrastructural survey of pit plugs. They suggest that the Corallinaceae 
and Hildenbrandiaceae be removed from the Cryptonemiales. 
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25 Маг 22 Apr 20 May 17 Jvm 15 Jul 12 Aug 16 Sep 13 Oct 11 Nov 
1981 1981 1981 1981 1981 1981 1981 1981 1981 

1 1 
l i 
1 1 
1 t 3 

t 1 
+i +i +i +i 

+i +i +i 
1 
1 

1 2 1 
1 

At all 3 sites 5 other species were found throughout the year, viz. Poly-
siphonia savatierii, Ceramium gracillimum, Enteromorpha chaetomorphoides, 
Audouinella spp. and Cladophora spp. The abundance of these algae, how
ever, fluctuates considerably. 

Among the most important micro-epiphytes with a seasonal distribution 
on leaves of T. hemprichii were: Griffithsia sp. (thyrsigera?)*; Polysiphonia 
sphaerocarpa; Chondria dasyphylla and C. collinsiana. The Phaeophyceae 
showed a very distinct temporal pattern; however, their abundance was 
negligible (less than 1% throughout the year, Table IV). Ceramium mazat-
lanenze, Herposiphonia parca, Centroceras clavulatum and Chaetomorpha 
sp. were present throughout most of the year, but had a seasonal abundance. 

A few macro-algae were also found seasonally. Champia párvula, Hypnea 
valentiae (Turn.) Mont., Gracilaria blodgettii Harv., Laurencia papillosa 
and several Dictyota spp., are included in this group. These algae were found 
only occasionally or as juveniles. After detachment from the seagrass leaves, 
these algae completed their life-cycle among the seagrasses or outside the 
seagrass bed where they were quite abundant. 

Cover and abundance 
At Site 3, 64 epiphytic species have been recorded on leaves of T. hem

prichii (Heijs, 1983). On one single leaf as many as 30 species were found 
and as few as 0. The total number of epiphytic algae at Site 1 and Site 2 
was 58 and 55, respectively (Heijs, 1983). 

T h e specimens of Griffithsia tenuis C.Ag., found in the Atlantic and the Indo-Pacific 
Ocean, are different from those in the Mediterranean Sea according to Boudouresque 
and Coppejans (1982). The difference manifests in the structure of the spermatangial 
heads and the tetrasporocysts. In view of this, they suggest the reintroduction of the 
name Griffithsia thyrsigera (Thwaites ex Harvey) Grunow for the extra-mediterranean 
species. However, it is possible that both species occur in the Indo-West-Pacific Ocean. 
This taxon needs further anatomical study. 
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Ν) 
TABLE HI 

The quantitative abundance (zRMG) and the presence class (P) of the epiphytes on leaves of T. hemprichii at Site 3, with 
respect to leaf age 

Leaf 1 

ERMG 

Leaf 2 

ΣΗΜΟ 

Leaf 3 

ΣΕΜΟ 

Leaf 4 

ΣΑΜΟ 

Cyanophyceae 
Blue-green algae 

Chlorophyceae 
Enteromorpha chaetomorphoides Borgesen 
E. clathrata (Roth) Grev. 
E. kylinii Sliding 
E. ramulosa (Sm.) Hook. 
Enteromorpha sp. 
Phaeophila dendroides (Crouan) Batters 
Chaetomorpha sp. 
C. indica Kiitzing 
Cladophora spp. 
Derbesia attenuata Dawson 
Boodlea composita (Harv.) Brand 
Entocladia uiridis Reinke 

Phaeophyceae 
Giffordia mitchellae (Harv.) Hamel 
G. railsiae (Vickers) Taylor 
*Sphacelaria sp. 
"Dictyota sp. 

Rhodophyceae 
Asterocytis ornata (С. Ag.) Hamel 
Ery thro trichia carnea (DiUw.) J. Ag. 
Audoìimella spp. 

1.20 

0,07 0.5 

0.20 

0.20 

4.13 7.67 9.07 

1.00 
— 
— 
— 
— 
— 
0.87 
— 
1.80 
0.53 
— 
— 

— 
— 
^~ 

0.07 
— 
0.07 

4 

4 

5 
1 

0.5 

0.5 

2.60 
0.13 
0.07 
0.07 
0.07 
0.04 
1.47 
— 
3.27 
0.40 
— 
0.03 

0.13 
— 
— 
— 

0.20 
0.07 
0.87 

5 
1 
0.5 
0.5 
0.5 
2 
4 

5 
1 

2 

1 

1 
0.5 
4 

3.93 
0.21 
— 
— 
— 
0.04 
1.64 
0.07 
4.43 
0.64 
0.14 
0.03 

0.21 
0.07 
0.07 
0.07 

0.29 
0.14 
2.00 

5 
2 

3 
4 
0.5 
5 
3 
0.5 
2 

1 
0.5 
0.5 
0.5 

2 
1 
4 



*Hypnea sp. 
Encrusting coralline algae 
Champia párvula (С. Ag.) Harv. 
Ceramium gracillimum (Harv.) Mazoyer 
C. codii (Richards.) Feldm. Mazoyer 
C. camouii Dawson 
C. mazatlanenze Dawson 
C. taylorii Dawson 
C. procumbens Setchell et Gardner 
Ceramiella huysmansii Weber-v. Bosse 
Centroceras clavulatum (C. Ag.) Mont. 
Griffithsia sp. (thyrsigera?) 
G. rhizophora (Grün.) Weber-v. Bosse 
G. ovalis Harv. 
G. weber-υαη bosseae Borgesen 
Spy ridia filamentosa (Wulf.) Harv. 
Wrangelia argus (Mont.) Mont. 
Crouania attenuata (Bonnern.) J. Ag. 
Chondria dasyphylla (Woodw.) C. Ag. 
C. collinsiana Howe 
•Laurencio sp. 
L. papillosa (Forssk.) Grev. 
Polysiphonia savatierii Hariot 
P. delicatula Hollenberg 
P. sphaerocarpa Borgesen 
P. sparsa (Setchell) Hollenberg 
P. crassicollis Borgesen 
Herposiphonia parca Setchell 
H. temila (С. Ag.) Ambronn. 
H. secunda (С. Ag.) Ambronn. 
H. variabilis Hollenberg 
Tolypiocladia glomerulata (C. Ag.) Schmitz & Hauptfleisch 

•Juvenile 

w 
ю 

— 
0.60 
— 
0.60 
— 
— 
0.07 
— 
— 
— 
0.07 
— 
— 
— 
— 
— 
— 
— 
0.13 
— 
— 
— 
0.73 
— 
— 
— 
— 
— 
— 
— 
— 
— 

2 

3 

0.5 

0.5 

1 

3 

— 
5.47 
— 
3.20 
0.07 
— 
0.60 
0.13 
0.13 
— 
0.47 
0.73 
— 
— 
0.07 
— 
— 
— 
0.27 
0.27 
— 
— 
1.87 
0.07 
0.20 
— 
0.07 
0.27 
— 
0.20 
— 
— 

5 

5 
0.5 

3 
1 
1 

3 
3 

0.5 

2 
2 

5 
0.5 
1 

0.5 
2 

1 

— 
16.27 
— 
7.73 
0.60 
0.13 
1.20 
0.87 
— 
— 
1.13 
1.47 
— 
— 
0.07 
0.20 
— 
0.07 
0.40 
0.47 
— 
0.07 
3.00 
0.27 
1.27 
0.07 
0.33 
0.47 
0.20 
— 
0.07 
0.13 

5 

5 
3 
1 
4 
2 

4 
4 

0.5 
1 

0.5 
2 
2 

0.5 
5 
1 
3 
0.5 
1 
2 
1 

0.5 
1 

0.29 
31.35 

0.14 
13.07 

0.64 
0.43 
1.71 
1.14 
— 
0.07 
1.71 
2.93 
0.43 
0.07 
0.29 
0.14 
0.29 
0.21 
0.14 
0.93 
0.14 
— 
2.57 
0.43 
1.00 
— 
0.64 
0.57 
0.50 
— 
— 
0.43 

0.5 
5 
0.5 
5 
2 
2 
4 
2 

0.5 
3 
3 
2 
0.5 

3 
1 

5 
2 
2 

2 
3 
2 

2 

10 24 38 44 



TABLE IV 

The quantitative (DRi) abundance and the relative abundance (zRMG) of different 
taxonomie groups of epiphytes on Leaf 3 and Leaf 4 of T. hemprichii from Sites 1—3 

Site 1 Site 2 Site 3 

ZRMG DRi ZRMG DRi 1.RMG DRi 

Leaf 3 
Cyanophyceae 
Chlorophyceae 
Phaeophyceae 
Rhodophyceae 

Bangiales 
Nemaliales 
Crypto nemiales 
Gigartinales 
Rhodymeniales 
Ceramiales 

Ceramiaceae 
Rhodomelaceae 

8.5 
4.1 
0.4 

0.1 
1.0 

16.0 
— 

0.1 

5.3 
2.2 

22,6 
10.7 

1.2 

0.1 
2.6 

42.6 
— 

0.1 

14.2 
5.9 

9.0 
8.0 
0.1 

0.1 
1.3 

25.4 
— 

0.1 

13.9 
5.7 

14.2 
12.6 

0.2 

0.2 
2.0 

39.9 
— 

0.1 

21.9 
8.9 

7.4 
7.1 
0.1 

0.1 
0.6 

16.0 

— 
— 

12.3 
5.5 

15.2 
14.4 

0.2 

0.3 
1.3 

32.5 

— 
— 

24.8 
11.3 

Leaf 4 
Cyanophyceae 
Chlorophyceae 
Phaeophyceae 
Rhodophyceae 

Bangiales 
Nemaliales 
Cryptonemiales 
Gigartinales 
Rhodymeniales 
Ceramiales 

Ceramiaceae 
Rhodomelaceae 

11.0 
6.1 
0.2 

0.1 
2.3 

29.0 
— 

0.4 

5.7 
4.3 

18.6 
10.3 

0.5 

0.1 
4.0 

48.9 
— 

0.6 

9.6 
7.4 

10.2 
7.9 
0.3 

0.4 
2.1 

36.9 
0.1 
0.1 

16.1 
6.0 

12.8 
9.8 
0.3 

0.5 
2.6 

46.3 
0.1 
0.1 

20.1 
7.4 

9.6 
10.2 

0.3 

0.3 
1.8 

31.3 
0.3 
0.1 

22.0 
6.2 

11.6 
12.6 

0.4 

0.4 
2.2 

37.8 
0.3 
0.1 

26.9 
7.7 

For Site 3 only, Table III gives a comparison of the annual percentage 
cover (ΣΚΜΟ) and the presence class (P) of each species, with respect to leaf 
age. An increase in the number of species and percentage cover of epiphytes 
was observed with increasing leaf age. The annual mean cover on Leaf 1 
was 4%, whereas on Leaf 4 it was 86%. The number of algal epiphytes 
increased from 10 to 44 species. 

Apart from the blue-green algae and encrusting algae present as initial 
colonizers, Ceramium gracillimum, Polysiphonia savatierii, Cladophora sp., 
Chaetomorpha sp., and Enteromorpha chaetomorphoides were found to 
persist through to the oldest leaf (Leaf 4). The presence class (P) of these 
colonizing algae, together with the cover values, indicated that these epi
phytes were the dominant algal species on all leaves. 
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In Fig. 2, the temporal pattern of the mean absolute percentage cover 
relative to leaf age has been recorded for the 3 different sites. For Site 1 
(Fig. 2A) the highest values were found in October 1981; lowest values 
were found in November 1980 as well as in November 1981. The highest 
cover at Site 2 was found in May 1981, with a second peak in February 
1981 (Fig. 2B). No shoots with 4 leaves were collected in February, there
fore no recordings for cover on Leaf 4 are available for that month. At 
Site 3, two peaks are found, the highest in February and the second highest 
in May (Fig. 2C). Both Site 2 and Site 3 show the highest abundance in 
February and May. 

Ш °L COVER 

SITE1 

N D J F M A M J J A S O N 

1980 1961 

Fig. 2. The temporal pattern of epiphyte cover in relation to leaf age at Site 1 (A), Site 
2 (B) and Site 3 (C). 
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In Fig. 3, recordings for the cover per shoot over the year are presented. 
The following patterns can be recognized: 

Site 1. Peaks in cover are found in late January—early February, May and 
October. The relative abundance of the Chlorophyceae was 10%, the Cyano-
phyceae 25% and the Rhodophyceae 65%. The highest values did not co
incide with the highest number of algal species recorded. The highest number 
of epiphytes was found in July (17), with a mean number of 11 species. 
The Rhodophyceae appear qualitatively and quantitatively the most im
portant group. 

Site 2. The highest cover values per shoot were recorded in February 
and May. These 2 values were in the same order. The annual mean cover 
per shoot is 45% of which 75% was contributed by the rhodophycean 
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Fig. 3. Seasonal variation in absolute percentage cover of epiphytes per Thalassia shoot, 
and the number of species (S) belonging to the different taxonomie groups. Site 1 (A), 
Site 2 (B) and Site 3 (C). 
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algae, 11 and 14% by the Chlorophyceae and Cyanophyceae, respectively. 
The annual average number of algal species found per shoot is 15, with a 
maximum number of species (21) recorded in late December 1980 and June 
1981, a minimum number of species (10) was recorded in late January 
and early March 1981. Qualitatively as well as quantitatively the Rhodo
phyceae are predominant. 

Site 3. The period from late February—June 1981 is characterized by 
high cover values. The mean annual cover per shoot is 42%, of which the 
red algae contributed 75% and the green and blue-green algae contributed 
12 5% each The number of algal species recorded is highest in O c t o b e r -
November 1981 (S = 23) and slightly lower throughout March 1981. The 
annual mean number of species recorded at this site is 17. 

The average number of green algae recorded on one shoot did not differ 
very much throughout the year, neither was a difference recognizable 
between the sites, when considering the average annual number of chloro-
phycean algae. 

The Phaeophyceae were quantitatively and qualitatively not important 
(Heijs, 1983). 

The Rhodophyceae were qualitatively as well as quantitatively the most 
prominent and persistent group at all 3 sites. 

The mean annual number of Cyanophyceae did not differ between the 3 
sites. Similarly, the average absolute cover percentage did not differ either. 
However, the relative abundance of the cyanophycean algae at Site 1 was 
twice that calculated for Site 2 and Site 3. 

Figure 4 shows, for idi 3 sites, the mean annual cover of epiphytes in 
relation to leaf age (Leaf 1—Leaf 4), differentiated into taxonomie groups. 
Differences in cover on the youngest leaf (Leaf 1) were minimal between 
the sites, but increased as the age of the leaves increased. The Cyanophyceae 
appear to be most abundant at Site 1, especially on Leaf 3 and Leaf 4. 
No significant difference in cover is found on the younger leaves, when 
comparing the 3 study sites (Fig. 4A). 

The annual mean cover of chlorophycean algae is highest at Site 2 for the 
younger leaves (Leaf 1 and Leaf 2). A considerable difference exists be
tween Site 1, and Sites 2 and 3, when comparing the percentage cover 
on Leaf 3 (Fig. 4B). 

As mentioned before, the rhodophycean species predominated the epi
phytic community quantitatively and qualitatively. Figure 4C shows that 
the average cover of epiphytes belonging to the Rhodophyceae was highest 
at Site 3 for the 2 younger leaves; Site 2 showed the highest cover values 
on Leaf 3 and Leaf 4. Within the phylum Rhodophyceae, different orders 
predominated at the different sites (Fig. 4D). These are as follows: 
— at Site 1 the Cryptonemiales predominate regardless of the age of the 

leaves, and the Ceramiales rank second. 
— at Site 2, the Cryptonemiales are dominant quantitatively, however, 

the Ceramiales are almost as important. 

230 



MEAN Ш и д і . . COVER • 

2 0 CYAN0PHVCE4E 

10 -

Um 
10 I " CHLOROPHYCEAE 

JL· 
- RHOOOPHYCEAE 

Ü 
leal number 1 2 3 1. 
SI'E 1 Ζ 2 1 2 3 1 2 3 1 2 3 

MEAN ANNUAL 7 . COVER -

OF RHOOOPHYCEAE 
70 

10 -

D CRYPTOHEMIALES 

С CERAMIALES 

• RESIGROUP I 

¡m к 

ι 

1 2 3 1. 

1 2 3 1 2 3 1 2 3 1 2 3 

Fig. 4. The mean annual percentage cover of the Cyanophyceae (A), Chlorophyceae 
(B) and Rhodophyceae (C + D) per site and in relation to leaf age. 

— at Site 3, the Ceramiales predominate the community, closely followed 
by the Cryptonemiales. 
When considering the other orders (Bangiales, Nemaliales, Gigartinales 

and Rhodymeniales), it appears that the highest mean annual cover is found 
at Site 2. 

In Fig. 5, the seasonal variation in abundance of epiphytes and the rela
tion between species richness and cover are given, expressed as diversity 
and evenness. 

At Site 1 (Fig. 5A) the average annual cover calculated for Leaf 3 was 
41%. The mean number of species found on Leaf 3 was 9; similarly, for 
Leaf 4 the mean value computed for cover was 64% and the mean number 
of species recorded was 11. Although values for the diversity indices varied 
considerably throughout the year, the mean value was 2.45, for both leaves; 
Leaf 3 shows a smaller range (1.99-3.35) than Leaf 4 (1.27-3.18). The 
evenness calculated for Leaf 3 is also higher than that for Leaf 4. 
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At Site 2 (Fig. 5B) the cover ranged from 27—92% on Leaf 3 with a mean 
value of 63%; for Leaf 4 values ranged from 51—165% (mean 80%). The 
mean numbers of species found on Leaf 3 and Leaf 4 are 13 and 14, respec
tively. The highest number of algal species on Leaf 4 was 22 (June) and on 
Leaf 3, 18 (December 1980, September 1981). The diversity index ranged 
from 2.03 to 3.83 (mean 2.82) for Leaf 3, with values computed for evenness 
of 0.55—0.92 (mean 0.76). The mean value for the diversity index (2.65) 
and the evenness (0.70) was lower for the fourth leaves. 

The degree of cover of epiphytes and the number of species found on Leaf 
4 at Site 3 (Fig. 5C) was high in late February; this resulted in a high diver
sity and evenness. Low values for the diversity and evenness were found in 
late January and September. On Leaf 3 a dense cover of epiphytes was found 
in April. The diversity indices fluctuated less compared to those of Leaf 4, 
and the evenness reached a peak in November 1980 (0.88) with the lowest 
value in July (0.66). 

% COVER 

SITE1 

H 7 . COVER-

Fig. 5. The seasonal variation of epiphyte abundance (percentage cover) on Leaf 3 and 
Leaf 4 of Thalassia hemprichii at Site 1 (A), Site 2 (B) and Site 3 (C), where S is the 
number of identified algal species(bars); percentage cover is the cover degree of all epi
phytic algae(bars); H is the diversity index (Shannon) and Jis the evenness index. 
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When comparing the 3 sites, the following phenomena can be noted: 
— annual mean values for cover, number of species, diversity and evenness 

were highest at Site 3 and lowest at Site 1; 
— the mean percentage cover and the number of species increased with 

increasing leaf age (see Heijs, 1983). However, the mean values for the 
diversity index and evenness of Leaf 4 were lower than corresponding 
values for Leaf 3. 

Quantiíaít'ue dominance 
The quantitative dominance (DRi) of epiphytes on the older leaves 

(Leaf 3 and Leaf 4) from the different study sites, is presented in Table 
IV, as well as the mean annual cover of epiphytes (ΣΚΜΟ). From Table 
IV the following can be noted: 
— the absolute average annual cover of epiphytes (ERMG) increases as the 

age of the leaves increases, with the highest mean annual values found 
at Site 2 and Site 3 (80%) (see Heijs, 1983); 

— quantitatively the Cryptonemiales predominate; 
— at Site 1, the Cyanophyceae are quantitatively as important as the Cerami-
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ales. However, at Site 2 and Site 3 the Ceramiales outrank the Cyano-
phyceae quantitatively; 

— the relative abundance of the Cryptonemiales is highest on Leaf 4, where
as on Leaf 3 the relative abundance of the Ceramiales is highest; 

— the overall number of Rhodomelaceae and Ceramiaceae does not differ 
significantly, however, the Ceramiaceae are much more abundant than 
the Rhodomelaceae. 
Using the biological index (Table V), the quantitative importance of a 

single species can be determined. The maximum score a species can ob
tain corresponds to 18.2% of the total number of points awarded per year 
per site. It appeared that the 3 study sites hardly differed in the most domi
nant epiphytes, i.e., at all 3 sites, the encrusting algae, blue-green algae and 
Ceramium gracillimum always gained the highest scores, and Cladophora 
sp. secured the fourth place. Polysiphonia savatierii, Enteromorpha chaeto-
morphoides and Chaetomorpha sp. ranked 5th, 6th and 7th on Leaf 3. 
On leaf 4 a slightly different pattern was observed; however, the same 
species were among the first 10 highest ranking species. 
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TABLE V 

Biological üidex of the dominant epiphytes on T. hemprichii at the 3 sites. The index is calculated 
for the whole year for Leaf 3 and Leaf 4. The frequency of scoring in number of months is in paren
theses 

Encrusting algae 
Blue-green algae 
Ceramium graciUimum 
Cladophora spp. 
Polysiphoma savatierii 
Enteromorpha chaetomorphoides 
Chaetomorpha sp. 
Audouinella spp. 
Gnffithsia sp. (thyrsigera?) 
Chondria dasyphylla 
Centraceras clavulatum 
Herposiphonia parca 
Polysiphonia sphaerocarpa 

Sitel 

Leaf 3 

16.0(H) 
16.5(12) 
13.5(12) 

7.5(11) 
6.3( 9) 
6.1( 9) 
5.2( 9) 
4.7(11) 
2.2( 5) 
1.9( 5) 
1.3( 4) 
0.3( 2) 
0.4( 1) 

Leaf 4 

17.9(12) 
16.4(12) 
11.9(12) 

7.9(11) 
6.8(12) 
6.5(11) 
3.3( 8) 
7.5(11) 
1.8( 4) 
0.9( 3) 
0.5( 4) 
1.8( 3) 
0.3( 4) 

Site 2 

Leaf 3 

18.0(12) 
15.5(12) 
14.4(12) 
10.6(12) 

7.2(12) 
6.6(11) 
4.4(10) 
3.3( 9) 
3.9(10) 
1.7( 6) 
4.2(10) 
1.2( 5) 
— 

Leaf 4 

17.9(12) 
15.8(12) 
14.1(12) 

9.0(11) 
5.2(10) 
7.1(11) 
5.6( 9) 
4.2( 7) 
3.7( 8) 
1.3( 3) 
5.5( 8) 
0.7( 4) 
0.2( 1) 

Site3 

Leaf 3 

17.6(12) 
10.8(12) 
13.3(12) 

9.4(12) 
9.3(12) 
8.4(12) 
3.5(10) 
2.6( 7) 
3.3( 9) 
0.8( 4) 
2.4( 9) 
0.7( 4) 
3.0( 8) 

Leaf 4 

17.9(11) 
14.4(11) 
12.2(12) 
9.9(11) 
6.6( 9) 
9.4(11) 
2.8( 8) 
4.4( 6) 
3.6( 3) 
0.3( 2) 
3.1( 7) 
0.8( 3) 
1.9( 5) 

Reproduction 

Three groups of epiphytes have been distinguished on the basis of their 
reproduction: 
— species that were fertile all year round: Fosliella farinosa, Ceramium 

graciUimum and Polysiphonia savatierii; 
— species that were fertile only during one or two seasons although com

monly present: Centroceras clavulatum, Herposiphonia parca 
— species which were not able to reproduce on T. hemprichii, probably 

because the optimal conditions for reproduction were not encountered. 
In this category were mostly macroalgae with a relatively large thallus, 
i.e., species of Laurencia, Hypnea, Gracilaria, Champia and Dictyota. 
Reproductive organs were mainly recorded in the Rhodophyceae, and, 

when present, in the Phaeophyceae (Table II). Among the Rhodophyceae, 
Ceramium, Centroceras, Polysiphonia, Herposiphonia, Chondria and Grif-
fithsia spp. were found with tetrasporangia, spermatangia and gonimoblasts 
or cystocarps. Female reproductive organs were only seen occasionally. 
More than one type of reproductive organ could be found on the same 
leaf (Table II). Ceramium graciUimum and Polysiphonia savatierii were 
fertile during the entire sampling period. Conceptacula of the Cryptonemiales 
were also recorded all year round, and tetraspores were recorded predomi
nantly in summer (January and February). Giffordia mitchellae and G. 
rallsiae, when present, always carried plurilocular sporangia (Table II). 
Sphacelaria spp. reproduce only vegetatively by means of propagules, when 
epiphytic on leaves of T. hemprichii. 
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Upper- and lower-part of a seagrass leaf 

In Table VI, differences between the upper- and lower-part of leaves are 
presented for cover of epiphytes, number of species and reproduction 
density. A significant difference existed between the apical and basal part 
of the leaves for the above mentioned parameters (P < 0.001). No reproduc
tive organs were found on Leaf 1 and the lower part of Leaf 2. The occur
rence of reproductive organs was highest on Thalassia leaves from Site 2. 
Furthermore, the reproduction density (D(t)) increased with increasing 
leaf age and was always highest on the apical parts of the leaves. 

The number of species as well as the average cover percentages were 
always highest on the upper part of the leaves. 

TABLE VI 

Mean values for abundance, number of species and reproduction density on the upper-
and lower-part of Thalassia leaves at the 3 sites 

Site 1 

Site 2 

SiteS 

Leaf No. 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Percentage cover 

Upper 

4 
25 
59 
88 

5 
46 
99 

109 

5 
49 
75 

104 

Lower 

— 
6 

17 
32 

1 
8 

27 
47 

1 
8 

21 
54 

N species 

Upper 

0.5 
4.5 
6.7 
7.4 

1.0 
6.2 
8.6 
9.6 

1.5 
6.1 
8.4 
9.4 

Lower 

— 
1.9 
3.8 
5.0 

0.06 
2.2 
5.1 
5.9 

0.01 
2.1 
4.3 
6.6 

Reproduction density 

Upper 

— 
— 
1.24 
2.28 

— 
0.14 
2.06 
3.55 

— 
0.40 
1.16 
1.42 

Lower 

— 
— 
0.05 
0.17 

— 
0.24 
0.65 

— 
0.09 
0.46 

DISCUSSION 

The leaves of T. hemprichii serve as a substratum for the attachment and 
development of a wide variety of algae, microscopic organisms and in
vertebrates. The total number of epiphytic algae recorded on leaves of this 
seagrass near Port Moresby was 83 (Heijs, 1983). Humm (1964) reported 
113 algal species epiphytic on Thalassia testudinum Banks ex König, a 
species from the Caribbean. In temperate waters the number of algal epi
phytes reported from Posidonia oceanica (L.) Delile (Van der Ben, 1971), 
Zostera marina (Brauner, 1975; Jacobs et al., 1983) and Amphibolis antarc-
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tica (Labili.) Sonder et Aschers. (Ducker et al., 1977) were all of the same 
order. 

The continuous production of new leaves and the loss of the oldest 
leaves determine, at least in part, the composition of the epiphytic com
munity. New leaves on a shoot appear between the older ones and grow 
primarily from the base. Consequently the leaf apices are first exposed and 
a difference in age between the apex (oldest part) and the base (youngest 
part) of a leaf exists. Because of the differences in age between the base 
and the apex of a leaf, and also between the leaves of a shoot, the epiphytic 
community can be studied from its initial colonization to the final "climax" 
situation on a single shoot. Van den Ende and Haage (1963) were the first 
to study the distribution and position of epiphytes on seagrass leaves in 
relation to the age of the seagrass leaves. However, their results are in con
trast with the findings of this study. They found a higher density of epi
phytes near the base of the younger leaves, whereas in this study the highest 
density and the highest diversity were found near the leaf apex (Table V). 
Jacobs et al. (1983) and Van den Ende and Haage (1963) both studied 
epiphytes from the temperate seagrass Zostera marina; however, Jacobs 
et al. (1983) found a higher density near the leaf apex. They suggested that 
this discrepancy could partly be explained by heavy gastropod grazing 
near the leaf apex, which would result in a higher abundance of epiphytes 
near the base of the leaves. Ballantine (1979) reported on the algal epi
phytes on macrophytes and observed a definite zonation pattern of epi
phytes on most macrophyte hosts. The older portions of the host showed 
a heavier epiphytic growth than the younger regions. Furthermore, he 
reported that both the number of species and their abundance decreased 
with proximity to meristematic regions. 

Table VI also illustrates that the occurrence of epiphytes in a reproduc
tive state, is higher on the upper parts of the seagrass leaves. This indicates 
a more mature algal community on the older parts of the host. This tendency 
was found on most macrophyte hosts (Ballantine, 1979). 

Differences between the inner- and outer-face of the seagrass leaves 
(Table I) were not as pronounced as the results reported by Van der Ben 
(1971). He found an average abundance of 40% on the outer face, 31.5% 
on the inner face and 48.5% on the leaf edges of Posidonia oceanica. Jacobs 
et al. (1983) found that the leaf edges of Zostera marina showed a higher 
coverage of epiphytes than the leaf faces. Although a similar colonization 
pattern was found for Thalassia hemprichii, from the leaf edge spreading 
over the leaf face and from the leaf apex to the base of a leaf, the differences 
between the leaf faces were not significant (Table V). This can probably 
be attributed to the growth characteristics of the leaves of Thalassia hemp
richii and its epiphytes. The average life-time of the leaves of T. hemprichii 
is 30 days (Brouns, 1983, 1985), whereas 97 days is reported for Zostera 
marina (Jacobs, 1979) and more than 1 year for Posidonia oceanica (Bay, 
1978). Consequently, the period available for establishment and colonization 
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is much longer for the 2 larger temperate species. Furthermore, leaves of 
Posidonm oceanica, are stiff and always in the same position. As a conse
quence of this, different light conditions exist for the outer leaf face than 
for the inner leaf face. This might also explain the higher abundance of 
epiphytes on the outer leaf face of Posidonm leaves. In contrast, the long 
leaves of Ζ marina are more flexible, and as a result the mechanical inter
actions are much more severe. This could possibly restrict the occurrence of 
epiphytes, with erect and/or large thalh to the leaf edges of the older leaves 
However, the encrusting algae are, due to their growth form, less influenced 
by mechanical interactions. Since the encrusting coralline algae virtually 
dominate the epiphytic community of T. hempnchn quantitatively (Table 
IV), differences between the leaf face and the leaf edge, and between the 
leaf faces, are not so marked. 

Although colonization takes place from the leaf edge spreading over the 
leaf face, specific places are apparently more favourable, e.g., Audoumella, 
which is predominantly found on the leaf edge even after the colonization 
pattern is obscured. Other species favouring the leaf edge, but not exclusively 
found there, are Asterocytis ornata, Chondna dasyphylla and С colhnsiana 
The encrusting coralline algae and the Ceramiales are initially found on 
the leaf edges, but as the abundance of epiphytes increases these algae 
spread out over the leaf face. Withm the Ceramiales, the Rhodomelaceae 
show a stronger affinity towards the leaf edge, whereas the Ceramiaceae 
are equally distributed on leaf edges and leaf faces. 

Differences in abundance and occurrence of epiphytes on the upper and 
lower part of a leaf are presented in Table VI. The initial colonizers are 
found on both parts, however, not with the same abundance. Furthermore, 
all species recorded in Table III are found on the apical part No species 
are recorded exclusively on the lower part of a leaf Chaetomorpha, Clado-
phora and Enteromorpha chaetomorphoides attain a similar abundance 
on the upper and lower part of the leaves. 

Table III shows that epiphytes found as initial colonizers on the youngest 
leaves, are persistent through to the older leaves Proceeding from the base 
of a leaf towards the apex and from the youngest leaf to the oldest leaf, 
the initial colonizing species become more abundant, and the epiphytic 
community more diverse During the life-time of the host, colonizing epi
phytic species are joined by other epiphytic species. Consequently, the 
composition of the epiphytic community becomes altered on subsequent 
older parts of the host. Succession, however, in which groups of colonizing 
species are replaced by other groups, does not take place. The original colo
nizing epiphytes are generally still present, and often, but not always among 
the dominant species (Tables II and III). 

The ultimate community found on leaves of Τ hempnchn, is largely 
determined by 
— the structure and growth characteristics of the host; 
— the life-cycles of the epiphytes; 
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— the time of the year, season, etc.; 
— the interactions between host and epiphytes (nutrient exchange); 
— the inter- and intra-specific interactions between the epiphytes (shading, 

competition); 
— the mechanical interactions (grazing, mechanical wear and tear). 

Figure 5 illustrates that the abundance of epiphytes and the number of 
species increases with increasing leaf age. Furthermore, the annual mean 
diversity and evenness both increased from Leaf 1 to Leaf 3. Leaf 4 shows 
a lower diversity and evenness at all 3 sites, indicating that the epiphytic 
community of Leaf 3 reaches a higher maturity in a more diverse com
munity. This can possibly be explained by: 
— elimination of certain epiphytes due to competition for space and light; 
— loss of more heavily epiphytized leaf tips, which can result in a lower 

diversity and evenness (Heijs, 1984); 
— selective grazing. 

Seagrass leaves as a substratum 

When considering the importance of seagrass leaves as a substratum, 5 
groups of epiphytes can be distinguished: 
— epiphytes found exclusively, or nearly so, on seagrass leaves, the so-

called "characteristic" species, which are completely adapted to the 
growth rhythm of the seagrass leaves. No epiphytes have been recorded 
exclusively on Thalassia hemprichii. However, Humm (1964), den Hartog 
(1983) and Jacobs et al. (1983), reported on a small group of epiphytes 
found predominantly on seagrass leaves (Myriotrichia subcorymbosa 
(Holden) Blomquist on Thalassia testudinum; Myrionema magnusii 
(Sauv.) Lois, and Cladosiphon zosterae (J.Ag.) Kylin on Zostera marina). 
Although Fosliella farinosa and F. lejolisii are considered as characteristic 
species for seagrasses (Suneson, 1943; Dawson, 1960; Masaki, 1968), 
they are also found on macroalgae (Humm, 1964; Chamberlain, 1977; 
Coppejans, 1980). 

— epiphytes which are able to settle and reproduce on leaves of T. hemprichii, 
but are also found on other hosts or non-living substrata, with a greater 
or lesser abundance. The majority of algal species from Table III is in
cluded in this category. 

— algae that are able to settle on seagrass leaves, but are not able to become 
mature on this substrate. Generally, the thallus of these algae becomes 
relatively large, which increases their resistance in the water column. 
This usually results in detachment from, or breaking off, seagrass leaves 
before the algae reach maturity. Consequently the detached algae have 
to continue their growth in the seagrass bed or are washed away by the 
currents. For Bootless Bay, this group includes representatives of the 
Punctariales (Hydroclathrus clathratus (C.Ag.) Howe), the Dictyotales 
(Dictyota bartayresii Lamour., D. adnata Zanardini, D. pardalis Kützing, 
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D. divaricata Lamour.), the Gigartinales (Hypnea valentiae, Gracilaria 
edulis (J.Ag.) Silva, G. blodgettii) the Rhodymeniales(C7iampta párvula) 
and the Ceramiales (Laurencia papillosa, L. majuscula (Harv.) Lucas). 

— epiphytes that grow not on the leaves themselves, but on the epiphytes 
(epiphytes of the second degree). This phenomenon was seen occasionally. 
However, one can consider a wide range of epiphytes as being epiphytes 
of the second degree, when the growth form of epiphytes is taken into 
account. The encrusting coralline algae, for instance, form a layer on 
both sides of a leaf and are usually among the first to colonize a leaf. 
Therefore, depending on when colonization takes place, the erect and 
creeping epiphytes attach onto the coralline crust or the leaf itself. 

— algal species that grow within the seagrass leaves either as a parasite, a 
symbiont or otherwise (endophyte). The most common endophytic 
algal species is Phaeophila dendroides, which is found almost throughout 
the year. 

CONCLUSIONS 

The following conclusions can be reached: 
— the epiphytic community on the different leaves of a shoot is strongly 

related to the leaf age (Tables II and III); 
— no significant difference is found between the epiphytic community 

on the inner face and corresponding outer face of the leaves (Table I); 
— a significant difference is found in number of epiphytes and the per

centage cover on the upper- and lower-parts of the leaves (Table VI); 
— the 3 study sites show no great difference in epiphytic distribution and 

community structure; 
— no characteristic species have been found on the leaves of Thalassia 

hemprichii. However, a combination of algal species (Ceramium grácil-
limum, Polysiphonia savatierii, Enteromorpha chaetomorphoides and 
Fosliella farinosa) was found to be characteristic for all leaves at all 3 
sites (Table V). 
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ABSTRACT 

Heijs, F.M.L., 1984. Annual biomass and production of epiphytes in three monospecific 
seagrass communities of Thalassia hemprichii (Ehrenb.) Aschers. Aquat. Bot., 20: 
195-218. 

The biomass of epiphytes and seagrasses has been measured in relation to leaf age in 
three monospecific seagrass stands of Thalassia hemprichii (Ehrenb.) Aschers, in Papua 
New Guinea. From June 1981 through August 1982, biomass values for epiphytes at the 
three sites ranged from 5 to 70 g ADW m" J sediment surface at site 1, from 5 to 14 g 
ADW m"2 at site 2, and from 3.5 to 7.0 g ADW m * at site 3. Annual mean epiphyte 
biomass values for the different sites were 1.3 g ADW m J leaf surface at site 1, 1.7 g 
ADW m"' leaf surface at site 2, and 1.5 g ADW m"2 leaf surface at site 3. 

The annual mean standing crop of T. hemprichii leaves was highest at site 1 (103 g 
ADW m"') . Values for site 2 and site 3 were 60 g ADW m"2 and 41 g ADW m 2, respec
tively. 

Production of epiphytes was calculated in three different ways: firstly, by using bio-
mass values for each specific leaf-age group, with corrections for colonization; secondly, 
by fitting the biomass values with a specific growth curve; and thirdly, by estimating the 
rale of biomass accumulation. On an area basis, production of epiphytes on leaves of 
T. hemprichii ranged from 0.55 to 3.97 g ADW m"' day"1 at site 1, from 0.17 to 0.73 g 
ADW m"2 day"1 at site 2, and from 0.24 to 0.68 g ADW m"2 day"1 at site 3. 

INTRODUCTION 

Seagrass ecosystems are among the most productive of all marine ecosys
tems (Mann, 1973; McRoy and McMillan, 1977; Zieman and Wetzel, 1980). 
These systems, which include seagrasses and algae as primary producers, are 
distributed in coastal waters throughout the temperate and tropical zones. 
Most research has concentrated on Zostera marina L. (Burkholder and Dohe-
ny, 1968; McRoy et al., 1972, 1973; Feldner, 1977; Jacobs, 1979) and 
Thalassia testudinum Banks ex König (Tomlinson, 1969a, 1969b, 1972; 
Patriquin, 1972, 1973; Zieman, 1974, 1975). Relatively few studies have 
been concerned with the epiphyte component so commonly found on sea-

0304-3770/84/$03.00 © 1984 Elsevier Science Publishers B.V. 
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grass leaves Most studies of seagrass penphyton have been of a descriptive 
nature. Algal epiphytes have been reported from Τ testudinum (Humm, 
1964, Reyes-Vasquez, 1970, Ballantine and Humm, 1975), Ζ manna (Ja
cobs and Noten, 1980; Jacobs et al , 1983), Posidonia oceanica (L ) Delile 
(Van der Ben, 1971) and several Australian species (Ducker et al , 1977, May 
étal ,1978) 

In addition to the autotrophic primary producers of these epiphytes, a 
wide range of heterotrophic organisms is also found on seagrasses The epi-
fauna, which includes actimans, hydrozoans, bryozoans, foramimferans and 
tube-dwelling polychaetes, has been studied from Τ testudinum (Lewis and 
Hollingworth, 1982) and Ζ manna (Ledoyer, 1962; Nagle, 1968, Marsh, 
1973) Harlin (1980) gave an extensive list of the epiphytic flora and fauna 
recorded from the various species 

When reviewing the current literature, it becomes clear that studies of 
seagrasses in the Indo West Pacific, and particularly of the epiphytic compo
nent, are sparse Den Hartog (1970) gave a comprehensive account of the 
distribution of seagrasses throughout the Pacific region. Recent reports con
cerning only the occurrence of seagrasses in the Indo West Pacific have come 
from the Philippines (Trono, 1972), Micronesia (Tsuda et al., 1977), the 
Solomon Islands (Womersley and Bailey, 1970), Papua New Guinea (John
stone, 1978a, 1978b) and Palau (Kock and Tsuda, 1978). 

Since seagrass leaves serve as a substratum for the attachment of epiphytes, 
the lifespan of the leaves determines the time available to the epiphytes for 
colonization. Changes in the seagrass community will influence the epiphytic 
component to a lesser or greater extent. The coexistence between host and 
epiphyte is also important in terms of nutrient exchange, e g , transfer of 
nutrients from the root—rhizome complex via the leaves to the epiphytes 
(McRoy and Goering, 1974, Harlin, 1973,1975; Penhale and Thayer, 1980). 
The epiphytes themselves play a major role, not only as primary producers, 
but also as a carbon source for the heterotrophic community grazing upon 
the epiphytes (Wetzel and Penhale, 1979, Smith and Penhale, 1980). There
fore, the structure, community composition and dynamics of the epiphytic 
component are of considerable significance within the seagrass ecosystem as 
a whole 

Productivity studies of epiphytes have been based on oxygen evolution 
and 14C-uptake measurements (Penhale, 1977) Biomass increment at succes
sive time intervals can also be used as an approximation of overall net 
production, when corrections are made for losses other than through respira
tion Losses can occur through both biotic (senescence, grazing) and abiotic 
factors (mechanical wear and tear, breaking-off of old epiphyte-covered leaf 
tips by wave action, currents or storms). 

The present study has concerned the productivity and biomass accumula
tion of epiphytes in three different monospecific seagrass stands of Thalassia 
hempnchn (Ehrenb.) Aschers., in order to determine the importance of the 
penphytic component within the seagrass system Data for Thalassia and its 
epiphytes are presented. 
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STUDY AREA AND MATERIALS AND METHODS 

Study area 

The study was carried out in Bootless Bay, Papua New Guinea. Bootless 
Bay is situated a 15 km south-east of Port Moresby, the capital city of Papua 
New Guinea (Fig. l a , b). Three cigar-shaped islands occur, surrounded by 
extensive seagrass beds. The seagrass beds are mostly of (homogeneously) 
mixed nature; however, a few monospecific seagrass stands do exist. For a 
more detailed description of the area, see Brouns and Heijs (1984). Three 
different habitats were chosen in order to study the aforementioned aspects. 

Site 1 is a homogeneous, monospecific seagrass stand of T. hemprichii 
which covers ~ 5 0 0 m2 . The substratum consists predominantly of white 
sand and a little coral debris. A few scattered small coral heads can be found, 
upon which large fucoid algae are quite common. This area is partly shelter
ed from wave action by a zone of large coral boulders breaking the waves. 
In the dry season, with strong winds blowing predominantly from the south
east, the spring ebb tides (0.1 m ELWS) occur just after midday, exposing 
this area to the wind and burning sun. After several days of extreme low 
tides, the effect of exposure is very prominent in large areas of the intertidal 
belt. 

Site 2 is basically a Hahmeda—Thalassia community, with Halimeda opun
tia (L.) Lamouroux as the dominant green alga, forming a closed vegetation. 
The bottom consists of coral debris and sand. Around this Halimeda—Thalas
sia bed a homogeneously mixed seagrass meadow can be found, with scatter
ed coral heads and occasionally small micro-atolls. The Halimeda—Thalassia 
community lies well within the reef platform, far enough from the reef edge, 
where waves are breaking continuously. Even at extreme spring ebb tides, 
this Halimeda—Thalassia bed is still covered by water. 

Site 3 harbours an extremely complex community: in addition to Halime
da opuntia and Thalassia hemprichii as the dominant species, the finger coral 
Montipora sp. is also very abundant. Occasionally Cymodocea serrulata (R. 
Br.) Aschers, and Magnus is found. The invertebrates and algae associated 
with this community would collectively form an extensive list. The substra
tum consists mainly of coral rubble. Even during low water of spring tides 
this part of the reef platform is covered completely. However, within the 
reef platform, smaller or larger areas are partly or completely exposed. 
Also, pools with greater or lesser depths of water and micro-atolls are con
spicuous features. Channels and breaks are cut into the reef crest, through 
which the water on the reef platform is constantly replenished. 

The horizontal and vertical distribution of the rhizophytic macroalgae 
associated with these different seagrass habitats will be dealt with in a 
separate paper. 
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Materials and methods 

Epiphyte biomass 
The epiphyte biomass on leaves of Γ. hemprichii was estimated by separat

ing this component from the seagrass leaves. At three sites, 20 shoots with 
attached epiphytes were collected and placed directly in plastic bags, under 
water, before being taken to the laboratory. Collections were made monthly 
from June 1981 through August 1982. The leaf clusters were rinsed carefully 
to remove inorganic salts, and separated according to age. The seagrass 
epiphyte samples were then packed in aluminum foil and deep-frozen on dry 
ice for several hours. After freeze-drying the samples for 6 days and subse
quent thawing, the epiphytes were removed carefully from the seagrass 
leaves by scraping with a spatula (Penhale, 1977). The epiphytes tended to 
flake off easily. After removal of the epiphytes, leaves of each specific age 
group were soaked in water to regain the original leaf surface. The leaves 
were then wrapped in plastic foil and the leaf area (L.A.) was determined 
using a portable area-meter (Li-Cor, model LI 3000). Plastic foil was used to 
protect the area meter. Finally, the epiphytes and seagrass leaves were dried 
to constant weight at 105°C for 24 h and combusted for 3 h at 550oC to 
determine the ash content. For biomass and productivity measurements on 
epiphytes, the L.A. was doubled (to account for the two sides on a leaf). 

Leaf age was estimated according to Brouns (1983) using the plastochrone 
interval (P.I.). i-e., the time interval between the initiation of two successive 
leaves on one shoot (see Jacobs, 1979). 
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Fig. 1. (a) Papua New Guinea with the capita] city Port Moresby, situated north of 
Australia. 

246 



Fig. 1. (b) Detailed map of Bootless Bay, showing Loloata, Motupore and Manunouha 
island. 

Epiphyte production 
Net production of epiphytes in the present paper is defined not as gross 

production minus respiration, but as gross production minus respiration 
minus losses due to grazing, mechanical wear and tear, and senescence. Three 
methods were used to calculate production of epiphytes from biomass val
ues. 
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The epiphyte biomass on leaves of T. hemprichii at a certain time results 
from the settlement of epiphytes, either as spores or as whole thalli, from 
epiphyte growth, and from losses due to grazing and senescence. To estimate 
the net increase in epiphyte biomass, two assumptions were made: firstly, 
that the colonization rate is constant, and secondly, that colonization on the 
youngest leaf is more important than production. Therefore, the epiphyte 
biomass of leaf 1 (age V2 P.I.) can be considered to be the approximate value 
for the colonization rate over the period V2 P.I. Consequently, colonization 
over one P.I. interval will be twice the epiphyte biomass of leaf 1. The total 
epiphyte biomass contributing to the biomass accumulation over one P.I. 
interval results from the biomass present at the start of that P.I., minus the 
colonization during one P.I. (2І?!). 

The net production of epiphytes, over one P.I., can thus be described as 
the net epiphyte biomass accumulation minus colonization, divided by the 
sum of the epiphyte biomass present at the start and the epiphyte biomass 
resulting from colonization. The estimate of the minimal net epiphyte 
production P3 thus obtained can be expressed as 

P3 = (b3-b2-2bi)/(b2 + bl) 

where b, is the epiphyte biomass on leaf 1 ( г P.I.), Ьг is that on leaf 2 (VA 
P.I.), and b3 is that on leaf 3 (21/2 P.I.). The production of epiphytes calculat
ed in this way is overestimated when low values for the colonization rate are 
found. Similarly, an underestimate of epiphyte production is given when the 
colonization rate is comparatively high. 

Another way to determine the productivity of epiphytes is by fitting the 
biomass values to a specific growth curve ( У = aebx), of the form 

P= a e b« 3 + i ) _ a e f > ( i 3 ) 

where a is a constant, e is the base of natural logarithms, 6(Í3) is the biomass 
after 2V2 P.I., and b(t3 + 1) is the biomass after 2V2 P.I. + 1 day. 

A third way to determine minimum net overall epiphyte production is 
through biomass accumulation per unit time. Epiphyte biomass is affected 
by losses due to grazing, senescence, etc. For short-term periods the in
fluence of these factors is small. Therefore, biomass increment can be used 
to provide a minimum net production value. A least-squares linear regression 
of epiphyte weight versus leaf age is used to estimate the rate of biomass 
accumulation (Bulthuis and Woelkerling, 1983). 

RESULTS 

Biomass of seagrassesplus epiphytes 

The annual mean standing crop of T. hemprichii (leaves only) and its epi
phytes varied considerably across the three sites (Table I). Site 1, with 213 g 
dry weight (DW) m - 2 , had the highest value, followed by sites 2 (105 g DW 
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TABLE I 

Mean annual standing crop of Thalassia hemprichii and associated epiphytes, expressed as 
g dry weight (DW) and g ash-free dry weight (ADW) m" ' sediment surface (in parentheses, 
proportional contributions of different components to average annual biomass) 

Site Component Dry weight Ash-free dry weight 

Site 1 

Site 2 

Site 3 

Epiphytes 
Seagrasses 

Epiphytes 
Seagrasses 

Epiphytes 
Seagrasses 

89.6 
123.7 

213.3 

34.2 
70.7 

104.9 

20.1 
48.3 

(42%) 
(58%) 

(33%) 
(67%) 

(29%) 
(71%) 

18.0 
103.4 

121.4 

9.6 
59.7 

59.3 

5.9 
40.7 

(15%) 
(85%) 

(14%) 
(86%) 

(13%) 
(87%) 

68.4 46.5 

m"2) and 3 (68 g DW m"2). The difference between site 1 and the other two 
localities can be explained partly by the different numbers of shoots per unit 
area (density); site 1 had on average 2070 shoots m"2, while sites 2 and 3 had 
520 and 430 shoots πΓ 2 , respectively (Brouns, 1983). 

Biomass of epiphytes 

Monthly biomass values for epiphytes at the three sites ranged from 30 to 
293 g DW πΓ 2 sediment surface at site 1, from 18 to 51 g DW m"2 at site 2, 
and from 12 to 38.5 g DW πΓ 2 at site 3 (Fig. 2a—c). Mean epiphyte bio-
mass values per m2 seagrass leaf surface were 6.5 g DW at site 1, 6.1 g DW at 
site 2, and 5.0 g DW at site 3. The ranges of epiphyte biomass for the three 
study sites can be found in Table II, which gives values expressed as DW and 
ash-free dry weight (ADW). It appears that the annual mean biomass of epi
phytes per m2 leaf surface is highest at site 2 (Fig. 2b); however, the highest 
monthly biomass of epiphytes was found at site 1 (Fig. 2a) in August 1981 
("winter"). Maximum values at site 2 occurred in February 1982 and at 
site 3 (Fig. 2c) in January 1982 (both in "summer"). 

TABLE II 

Range of monthly epiphyte biomass (g m 2 leaf surface) at the three sites, expressed as 
DW and ADW, and total leaf surface available to the epiphytes m" 1 sediment surface (m2 

m"2) (in parentheses, annual mean biomass of epiphytes) 

Site Dry weight Ash-free dry weight Leaf surface per m J sediment surface 

Site 1 2.2—21.4 (6.5) 0.73—5.08 (1.3) 13.7 
Site 2 3.2—9.1 (6.1) 0.89—2.45 (1.7) 5.6 
SiteS 3.0- 9.6 (5.0) 0.93-3.13 (1.5) 4.0 
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Fig. 2. Monthly biomass (g m" ' sediment surface) of epiphytes on leaves of Thalassia 
hemprichii expressed as dry weight (DW) and ash-free dry weight (ADW) : (a) site 1; 
(b)site 2; and (c) site 3. 

The biomass of epiphytes per unit leaf surface increases as the age of the 
seagrass leaves increases (from younger to older leaves). The calculated best-
fit curves, shown only for site 1 (Fig. 3), were calculated and coefficients of 
determination computed for each curve. The best-fit curve is that which 
resembles the specific growth curve best. 

The P.I. changes during the year (Brouns, 1983), and it shows even 
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fluctuations between different areas within the same study site. The an
nual mean P.I. site 1 was 9.6 days and at sites 2 and 3, 10.3 days (Brouns, 
personal communication, 1983). 

A leaf cluster consists on average of four leaves. The fourth leaf is З 2 P.I. 
old, which means that it is a little over one month old. Thalassia hemprichii 
has a basal growth zone, and hence a difference in age exists between the 
apex and base of a leaf. Colonization always occurs from the tip to the base 
of a leaf, resulting in maximum cover at the leaf apex. Since the leaf apex 
of older fully grown leaves is the optimal location for settlement and de
velopment, the highest diversity of epiphytic algae is also found at the 
leaf tips. Consequently, epiphytes are not distributed uniformly over the 
leaves. Leaf tips are more heavily epiphytized than leaf bases. 

The monthly changes in epiphyte biomass ^ g ADW c m - 2 leaf surface) on 
leaves of a specific age (youngest leaf, leaf 1) are given in Fig. 4a—с for 
sites 1—3, respectively. The maximum values were found in the dense 
monospecific stand (site 1) in August 1981 for leaves 1—4. The lowest val
ues were recorded in October 1981. After October, an increase in epiphyte 
biomass occurred, with leaf 3 reaching a second peak in February and leaf 4 
in April. Site 2 (Fig. 4b) did not show a clear maximum epiphyte biomass 
for any of the different leaf numbers. The cumulative biomass values for the 
whole leaf cluster, however, indicated a peak in February 1982. The lowest 
monthly epiphyte biomass value was found in March, both on younger 
(leaves 1 and 2) and on older leaves (3 and 4). This is possibly related to the 
monthly P.I. (7.6 days) measured in this period, suggesting that the time 
available was not sufficiently long for establishment and colonization of the 
epiphytes. The average net epiphyte biomass accumulation in the period be
tween VA P.I. and 2V2 P.I. was higher than the net epiphyte biomass accumu
lation in the period between 2V2 P.I. and З 2 P.I. 

At site 3 (Fig. 4c), the epiphyte biomass values for each specific leafage 
group follow each other quite well. However, the net epiphyte biomass 
accumulation in the period between 2 г P.I. and З 2 P.I. is also lower com
pared with the values of net epiphyte biomass increment in the period be
tween IV2 P.I. and 21/2 P.I., except for January and June 1982. The highest 
epiphyte biomass was found in January for each specific leaf age group. 

That the average net epiphyte bio mass increase in the period between 
IV2 P.I. and 2V2 P.I. (ДЬ 2 )з) is higher than the net epiphyte biomass incre
ment in the period between 2V2 P.I. and З 2 P.I. (ДЬз^) can be explained by 
the difference in L.A. of all third leaves compared to that of all fourth 
leaves. To test this hypothesis, the ratio L.A.4/L.A.3 was plotted against 
the ratio АЬ2,зІАЬ3^. This resulted in the following curve (see also Fig. 5): 

У = - 0 . 7 7 + 1.11/Х ( P < 0 . 0 1 ) 

The biomass accumulation of epiphytes in the period between 2V2 P.I. and 
З г P.I. was three times the epiphyte biomass accumulation for the period 
IV2 P.I. to 2V2 P.I., when L.A.4/L.A.3 = 1 (Y = 0.34 X). The theoretical value 
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Fig. 4. Monthly epiphyte biomass (jig ADW cm 3 leaf surface) on leaves of a specific age; 
(a) site l ; (b)s i te 2, and (c) site 3. 

for the epiphyte biomass can thus be estimated, assuming that the L.A. of 
the leaves does not decrease with age. Consequently, epiphyte biomass on 
leaf 4 (&„) = ЗДЬ2)з + epiphyte biomass on leaf 3 (&3). Much lower values 
were found. This suggests that heavily epiphytized material from the oldest 
leaves (leaf 4) is lost, resulting in lower epiphyte biomass values, and hence 
in a lower biomass increment of epiphytes. Figure 4b and с show that the 
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Fig. 5. Relation between the ratios L.A.4/L.A.3 and Δ^,,/Δί»^, (L.A., and L.A.4 are the 
leaf areas of leaf 3 and leaf 4, respectively; Δϋ 2 > 3 is the epiphyte biomass of leaf 3 minus 
that of leaf 2; Δ 63 4 is the epiphyte biomass of leaf 4 minus that of leaf 3). 

biomass increase of epiphytes in the period between 2V2 P.I. and З 2 P.I. 
sometimes exceeds that in the period between VA P.I. and 21/2 P.I. This 
means that at that particular time, relatively more intact leaves were found 
among all fourth leaves. Therefore, older parts of leaf 4 contributed to the 
epiphyte biomass, resulting in a higher accumulation of the latter. 

The biomass of epiphytes on leaf 4 can also be estimated from the produc
tion formula, on the condition that P3 (production of epiphytes on leaf 3) 
is the same as P4 (production of epiphytes on leaf 4): biomass on leaf 4 
(Ò4 = Рз(Ьі + Ьз) + Ьз + 2Ь1. The two theoretical values obtained by the P.I. 
method and the production formula are higher than the values for Ò4 that 
were actually found (Table III). This confirms the assumption that epi-
phytized material is lost (leaf tips of leaf 4). 

Production of epiphytes 

The rate of biomass accumulation versus the age of the seagrass leaves on 
one shoot is a measure of minimum net overall production. Estimates of the 
rate of biomass accumulation, expressed as μg cm"2 leaf surface day"1, are 
given as dry weight and ash-free dry weight in Table IV. At site 1 these 
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TABLE III 

Theoretical values for the biomass of epiphytes on leaf type 4 (calculated according to bt = P3 (b3 + b,) + b, + 2b1 and bt = Δ3ί»2)3 + 
b3), and values actually found at the three sites, expressed as Mg ADW cm" 1 leaf surface (for symbols and explanation, see text) 

Date 

1981 
17 J u n e 

9 J u l y 
12 August 
11 September 
14 October 

17 November 

1982 
12 January 
10 February 
15 March 
26 April 

2 J u n e 
7 Ju ly 

13 August 

Site 1 

bt from P3 

— 
2 3 8 
8 8 3 
885 
125 
4 2 9 

274 

649 
5 6 1 
6 0 3 
374 
697 
154 

Ь, =ЗьЬ2 

— 
380 

1279 
1228 

160 
497 

425 
804 
564 
704 
4 4 0 
610 
246 

, + Ь э b4 found 

— 
408 
894 
408 
149 
279 

2 2 3 
372 
129 
407 
327 
293 
149 

Site 2 

¿>4 from P3 

— 
644 

— 
332 
801 
3 6 1 

336 
1007 

208 
437 
436 
556 
638 

b, = З^Ь, 

— 
952 

— 
482 
816 
469 

538 
1 1 1 3 

226 
636 
546 
769 
6 7 8 

,э + г>> bA found 

— 
344 

— 
291 
286 
229 

360 
361 
148 
388 
355 
310 
428 

Site 3 

b4 [тот P} 

272 
447 

— 
314 
647 
3 1 4 

656 
472 
540 
206 
6 2 4 
6 2 6 

1029 

b, = 3*b7t 

432 
716 

— 
392 
6 1 5 
3 6 3 

862 
546 
755 
317 
4 6 8 
564 
981 

,з + * з b 4 found 

220 
329 

— 
190 
276 
146 

618 
238 
310 
217 
4 3 0 
2 6 8 
4 1 2 

O l 



TABLE IV 

Biomass accumulation of epiphytes on leaves of Τ hempnchu, expressed as Mg cm 5 leaf 
surface day l (in parentheses, coefficients of determination (R2)) 

Month Site 1 Site 2 Site 3 

DW ADW DW ADW DW ADW 

1981 
June 
July 
August 
September 
October 
November 

1982 
January 
February 
March 
April 
June 
July 
August 

Means 

— 
89(0 91) 

148(0 92) 
47(0 93) 
22(0 87) 
42(0 98) 

46(0 97) 
6 9 ( 0 96) 
47(0 91) 
65(0 93) 
68 (0 84) 
5 6 ( 0 91) 
22(0 93) 

60 

— 
14(0 96) 
29(0 96) 
16(0 93) 

6 ( 0 89) 
10(0 98) 

7 ( 0 98) 
13(0 98) 
13(0 94) 
16(0 92) 
12(0 91) 

7 ( 0 97) 
4 ( 0 94) 

12 

14(0 91) 
38(0 91) 
— 

36(0 98) 
30(0 90) 
23(0 96) 

32(0 90) 
4 3 ( 0 9 1 ) 
30(0 95) 
57 (0 96) 
37(0 97) 
38(0 94) 
52(0 97) 

36 

3(0 92) 
9 ( 0 89) 

— 
11(0 97) 
11 (0 96) 

7 ( 0 97) 

10(0 96) 
10(0 89) 

6 ( 0 98) 
13(0 98) 
11 (0 98) 

9 ( 0 94) 
13(0 98) 

9 

18(0 94) 
40(0 97) 
— 

23(0 99) 
30(0 93) 
18(0 97) 

56 (0 93) 
17(0 91) 
36(0 93) 
30(0 92) 
44(0 80) 
43(0 96) 
57 (0 95) 

34 

6 ( 0 99) 
11 (0 98) 
— 
6 ( 0 99) 

10(0 96) 
6 ( 0 94) 

17(0 93) 
7 ( 0 99) 
9 ( 0 95) 
7 ( 0 95) 

13(0 85) 
10(0 98) 
14(0 96) 

10 

rates were variable, a peak was reached in August 1981, with a second peak 
in April. 

At site 2 the rate of biomass accumulation was more constant throughout 
the year. The highest rate was recorded in August 1982 (13.4 μg ADW cm" 2 

leaf surface day" 1 ), but an almost identical rate was found in April (12 7 μg 
ADW cm" 2 leaf surface day" 1 ) 

Site 3 showed a maximum rate in January (early "summer"), followed by 
a decrease in February, March and April. 

The growth curve gives an average value for the net epiphyte biomass 
accumulation per unit time for an entire shoot. Table V gives values for the 
production of epiphytes estimated according to the growth curve (method 1) 
and according to Р3 = (bj — b 2 — 2&1)/(&2 + bi) (method 2). The productivi
ty values calculated from the growth curves range from 64 to 153 mg (g 
ADW epiphyte)" 1 day" 1 at site 1, with a mean value of 106 mg (g ADW epi
phyte)" 1 day" 1 . The mean values for sites 2 and 3 are 89 and 102 mg (g ADW 
epiphyte)" 1 day" 1 , respectively. The highest estimates for production at sites 
1 and 2 were found during Septembers-November 1981 ("spring") and 
during March 1982 ( " a u t u m n " ) . Site 3, however, showed high epiphyte 
productivity during June—August 1982 ("winter") and also during O c t o b e r -
November 1981. The values for July 1981 and 1982 are comparable; how
ever, estimated production in June 1981 is 50% lower than that of June 
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1982. The ratio L.A.4/L.A.3 in June 1981 is 0.43, compared to 0.66 in June 
1982. From this, it can be concluded that more of the older, heavily epi-
phytized leaf tips from leaf 4 were lost in June 1981, resulting in lower 
epiphyte biomass, and hence in lower calculated epiphyte production. 

TABLE V 

Net production of epiphytes on leaves of T. hemprichii at the three sites, calculated 
according to methods 1 and 2 (see text), both values expressed as mg (g ADW) ' cm"2 

day ' 

Date 

1981 
17 June 

9 July 
12 August 
16 September 
14 October 
17 November 

1982 
12 January 
10 February 
15 March 
26 April 

2 June 
7 July 

13 August 

Site 1 

Method 
1 

— 
90 

100 

130 
118 

126 

74 
100 
153 
121 
127 

64 

71 

Method 
2 

— 
2 

63 
178 

113 
148 

14 
115 
247 
168 

314 
182 

20 

Site 2 

Method 
1 

— 
58 

— 
86 

133 

9 1 

73 
78 

135 

95 
66 
73 

86 

Method 
2 

— 
50 

— 
25 

243 
95 

14 
131 
132 

53 

101 
60 

168 

Site 3 

Method 
1 

66 
8 1 

— 
95 

130 
124 

96 
106 

68 
8 1 

139 
88 

144 

Method 
2 

18 

47 

— 
102 
2 4 1 

148 

79 
116 

64 
32 

326 
238 

215 

Biomass of seagrasses 

The data concerning the seagrass components at each site are summarized 
in Table VI. More detailed information will be published elsewhere (Brouns, 
1983). The annual mean biomass of T. hemprichii leaves (Table I) was 
124 g DW m"2 (58%) at site 1, 71 g DW πΓ 2 (68%) at site 2, and 48 g DW 
пГ 2 (71%) at site 3 (the percentages represent the proportions of the total 
seagrass plus epiphyte biomass). 

Figure 6a and b show the monthly changes in biomass of Thalassia 
leaves at the three sites (as DW and ADW, respectively). The highest biomass 
values were recorded in February 1982 for sites 1 and 2. The maximum val
ue at site 3 was found in June 1981. Subsequently, leaf biomass seemed to 
decrease slowly throughout the remainder of the sampling period. Generally, 
the biomass values for seagrass leaves and epiphytes did not follow the same 
trend, except at site 3. Here the maximum values for epiphytes and seagrass 
leaves were recorded in the same period. 
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TABLE VI 

Compilation of data for leaves of Τ hemprichii at the three sites (all data are mean annual 
values) (data for oldest leaves (leaf 5) omitted in separating data according to leaf age, 
L A * , leaf surface, on one side only, m 2 sediment surface) 

Site 

Site 1 

Site 2 

S i t e 3 

Leaf 
N o . 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Ash (%) 

10 ± 
13 ± 
16 ± 
20 <• 

13 ± 
14 i 
16 ± 
17 ± 

14 « 
14 ± 
15 ± 
18 ± 

3 
2 
6 
7 

3 
3 
3 
3 

3 
1 
3 
2 

L A ( 

3 5 ± 
10 6 t 

9 7 ± 
6 7 ± 

7 0 ± 
16 2 ± 
17 3 ± 
10 0 < 

5 3 ± 
14 6 ± 
15 5 · 

8 1 ± 

cm 2 ) 

0 7 
4 5 
2 4 
2 5 

1 5 
4 2 
3 7 
3 6 

1 0 
2 1 
1 3 
1 8 

Biomass 
(mg ADW cm 2 ) 

1 39 ± 
1 6 8 i 
1 8 3 ± 
1 80 ± 

2 04 ± 
2 30 ± 
2 28 ± 
2 15 ± 

1 85 ± 
2 25 + 
2 32 ± 
2 24 ± 

0 25 
0 32 
0 30 
0 63 

0 22 
0 28 
0 27 
0 27 

0 42 
0 43 
0 18 
0 25 

P I 

9 6 

10 6 

10 3 

L A * 

6 8 

2 8 

2 0 

Biomass 
(g ADW m ») 

103 4 

59 7 

40 6 
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Fig 6 Standing crop of Τ hemprichii leaves at the three sites, expressed as (a) g DW m" 2 

sediment surface and (b) g ADW m J sediment surface ( 1 , site 1, 2, site 2, 3, site 3) 

There is an increase m leaf biomass per cm2 as the age of the leaves in
creases. This tendency continues to the oldest leaf. The fourth leaf shows a 
lower biomass per cm2 than the third and second leaf. This is most probably 
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due to the higher cover of epiphytes, which reduces the photosynthetic 
capacity of the oldest leaves (leaf 4) (Sand-Jensen, 1977), to physical dam
age, and/or to senescence. 

The total leaf area per shoot was 30.5 cm2 at site 1. This is considerably 
less than at sites 2 and 3, with values of 50.5 and 43.5 cm2. The increase in 
leaf area occurred mainly in the period between lh P.I. and V-h P.I. At site 1, 
the average annual L.A. decreased again after an interval of \xh P.I. This can 
be explained by environmental influences (grazing, mechanical wear and 
tear, senescence) resulting in loss of old leaf material. At the other two 
localities, a slight increase in L.A. was seen after IVfc P.I. The oldest leaves 
at all sites showed a lower value for the L.A. Very few old leaves (leaf 4) 
were still completely intact, confirming the loss of epiphyte-covered leaf 
tips. 

DISCUSSION 

Biomass of epiphytes 

The contribution of the epiphytic community on the leaves of Thalassia 
hemprichii to the average total annual biomass of seagrass plus epiphytes 
is 29-42% (Table I). Penhale (1977) reported 24% of the total Zostera 
marina leaves with epiphyte biomass per m2 bottom substrate. Borum and 
Wium-Andersen (1980) measured 35.7% of the total Z. marina leaf plus 
epiphyte biomass as the contribution of the epiphytic community to the 
seagrass system. These values agree well. However, when expressed as g ADW 
m"2 leaf surface, large differences are found. Values expressed in g DW m~2 

are usually overestimates, because large amounts of carbonate and sediment 
can be incorporated in the algal mat, contributing to a higher ash content. 

One of the present sites, site 1, was more subject to wave action, which 
together with the sandy substratum results in more sediment being suspend
ed in the water column, and hence in more sediment being incorporated in 
the algal mat. Total cover due to encrusting coralline algae, often covering 
the oldest leaves completely, was also higher at site 1 (Heijs, 1983, 1984). 
Both factors contribute to a high ash content. The density, i.e., number 
of shoots per m2, and the total L.A. available to the epiphytes for settlement 
control the maximum biomass on an area basis. Therefore, it seems more 
appropriate to express biomass in g ADW m"2 leaf surface than in g DW m"2 

sediment surface. 
The contribution of the epiphytic component to the total biomass (sea-

grasses plus epiphytes, expressed as g ADW m~2) shows a striking uniformi
ty, i.e., 13—15%, at all three study sites (Table I). The higher values of epi
phyte biomass on older leaves are consistent with the literature (Harlin, 
1980; Borum and Wium-Andersen, 1980; Bulthuis and Woelkerling, 1983). 
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Productivity of epiphytes 

There are few productivity estimates for epiphytes in the literature. Pen-
hale (1977) estimated the production of epiphytes on Z. marina to be 18% 
of the total eelgrass plus epiphyte production Borum and Wium-Andersen 
(1980) found that one-half of the total seagrass plus epiphyte production 
(48 g С m" 2 ) is contributed by the epiphytes on Ζ manna. Jones (1968) 
estimated that 20% of the average net production of Thalassia testudmum 
is produced by the epiphytic community. 

In the present study, the rate of biomass accumulation, which is a measure 
of approximate net production, varied from 22 to 148 ßg DW cm"2 leaf sur
face day"1 at site 1 Site 2 showed a range from 14 to 57 μg DW cm" 2 leaf 
surface day - 1 , and site 3, values from 17 to 56 jug DW cm" 2 leaf surface 
day" 1 Bulthuis and Woelkerlmg (1983) reported values ranging from 5 7 to 
104 μg DW cm" 2 d a y - 1 on Heterozostera tasmanica (Martens ex Aschers.) 
den Hartog, although they did not sample throughout a whole year. Their 
study concentrated on the time of the year when maximum epiphyte 
production could be expected (Bulthuis and Woelkerlmg, 1983). The rates 
of biomass accumulation in the months of June, July and August for site 1 
in 1981, compared with the values for the corresponding months of 1982, 
showed a drop of 50% in value. For sites 2 and 3, however, the values show
ed a tremendous increase m June and no change in rate for July The differ
ence in rate at site 1 can be explained partly by environmental circumstances 
Samples from August 1981 were collected before the series of lowest tide 
recordings for that month were due. In August 1982, however, samples were 
collected one week after the lowest tide recording for that month. This re
sulted in a considerable unfavourable influence of exposure on the epiphytic 
community This effect may have been enhanced by the high amount of 
rain recorded over a 24 h period (4th August 1982; 129 mm) at the time of 
low tide In August 1981, only 12 mm was measured, spread over 5 days 
(Brouns and Heijs, 1984). A third factor is the water temperature. The aver
age monthly water temperature in June, July and August 1982 was 2°C 
lower compared with the corresponding monthly values in 1981. Recordings 
in August for 1981 and 1982 were the lowest monthly recordings of the 
years 1981 and 1982. 

The amount of nutrients available to the seagrass—epiphyte complex can 
be of importance. McRoy and Goenng (1974) speculated that the epiphyte 
load on Ζ manna leaves is inversely related to the amount of nutrients 
available in the water column. Nutrients are transferred from the sediment 
via the roots and leaves to the epiphytic community. Harlin (1973) observed 
transfers of carbon and phosphorus from leaves to epiphytes. Penhale and 
Thayer (1980) showed that 12% of the carbon transferred from the root— 
rhizome complex accumulated in the epiphytic community; 15—100% of 
the phosphorus released by the seagrass leaves was taken up by epiphytes. 
Unfortunately, no data concerning the availability of nutrients are available 
for the present study. 
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Sites 2 and 3 are not so greatly influenced by precipitation, since these 
localities are not exposed at any time during the year. However, water 
temperature and the amount of nutrients in the water column affect these 
sites to the same extent. 

On an area basis, the minimum net epiphyte production varied from 
0.55 to 3.97 g ADW m" 2 day" 1 at site 1. The annual mean net production 
shows that 37% of the total seagrass leaves plus epiphyte production at site 
1 is contributed by the epiphytic community. At site 2, production ranged 
from 0.17 to 0.73 g ADW m" 2 day - 1 , and at site 3, values from 0.24 to 0.68 
g ADW m" 2 day" 1 were found. The epiphytes contributed 19% of the total 
leaves plus epiphyte production at sites 2 and 3 (Table VII). 

TABLE VII 

Summary of production and biomass ol 
ADW per shoot, g ADW m 3 leaf surface 

Pioduction/Biomass 

I'roductton 
shoot ' day ' 
m г leaf surf¡"-e day ' 
m 2 sediment surface 

day ' 

Biomass 
shoot l 

m 2 ieaf surface 
m J sediment surface 

S i t e l 

Seagrass 
leaves 

0 0 0 1 3 
1 0 203 

2 78 

0 050 
7 6 

103 4 

f seagrass leaves and epiphytes at the three sites, expressed as g 
and g ADW 

Epiphytes 

0 0008 
0 12 

1 64 

0 009 
1 3 

18 0 

m sedime 

Site 2 

Seagrass 
leaves 

0 0 0 4 2 
0 .395 

2 21 

0 115 
10 7 
59 7 

nt surface 

fpiphytes 

0 0010 
0 095 

0 53 

0 0 1 8 
1 7 
9 6 

S i t e 3 

Seagrass 
leaves 

0 0037 
0 402 

1 61 

0 095 
10 2 
40 7 

Fpiphjtes 

0 0009 
0 095 

0 38 

0 014 
1 5 
5 9 

The mean production calculated from the growth curve was 106 mg 
(g ADW)"1 day"1 for site 1; at sites 2 and 3, the mean values were 89 and 
102 mg (g ADW)"1 day"1, respectively. The differences in production values 
between the two methods recorded in Table V can be explained by the 
following factors. 

(1) Method 1 (growth curve) gives an average overall net production of 
epiphytes for the whole shoot (З 2 P.I.), whereas in method 2 productivity 
is calculated over one P.I (leaf 3). Biomass values from leaf 3 are chosen be
cause epiphyte biomass from leaves 1 and 2 are too greatly influenced 
by colonization, and epiphyte biomass from leaf 4 is affected to a greater 
extent by senescence of the leaf itself and the attached epiphytes, and by 
grazing and mechanical wear and tear. 

(2) When using method 1, no corrections are made for colonization, in 
contrast to method 2. 

(3) The production of epiphytes calculated according to method 2 is 
based on the assumption that the colonization rate remains constant and 
that on leaf 1 colonization is more important than production. The age of an 
average leaf 1 ('/2 P.I.) is an approximation; however, it is quite possible 

261 



that sometimes clusters containing more, older (>1/2 P.I.) or younger, leaves 
(<1/2 P.I.) may have been collected. This would affect the epiphyte biomass 
found on leaf 1, and hence the estimate for the production. 

Although the peaks in epiphyte productivity did not coincide with maxi
mum values of epiphyte biomass, the highest production at sites 1 and 2 was 
found in March 1982, when the P.I. for T. hemprichii had the lowest month
ly value recorded for the two study sites. It can thus be concluded that 
high production of T. hemprichii leaves coincides with high production 
of the epiphytes attached to the leaves. Similarly, the lowest production 
of T. hemprichii leaves (July) was found when production of the attached 
epiphytes was lowest. At site 3, high production was found in June and 
August 1982, and in October 1981. The October peak corresponds to 
the lowest P.I. measured throughout the year in this community. 

Seagrass biomass 

There seems to be a considerable difference in the standing crop of leaves 
of Thalassia testudinum between shallow inshore waters and offshore areas 
(Zieman, 1975). In shallow inshore waters, values range from 30 to 230 g 
DW m"2 (mean 126 g DW m"2) (Zieman, 1975). In offshore beds, values 
range from 80 to 650 g DW m"2, with a mean of 280 g DW m"2. Penhale 
(1977) reported an average annual biomass of leaves oí Zostera marina of 
80 g DW m"2, comprising 76% of the total eelgrass leaves plus epiphyte 
biomass. Borum and Wium-Andersen (1980) measured 127 g DW m"2 bio-
mass for leaves of Z. marina. In the present study, for Thalassia hemprichii, 
also in a shallow area in Bootless Bay, values ranged from 85 to 193 g DW 
m"2, with a mean of 123 g DW m~2. These results are of the same order; 
however, the data for T. hemprichii were obtained after the removal of 
epiphytes. Organic weights showed a maximum of 162 g DW m"2 and a 
minimum of 75 g m"2 (mean 103 g ADW m"2). The lowest results were from 
site 3, where an annual mean value of 41 g ADW m"2 was found. 

Maximum standing crop is controlled by density and leaf area. The total 
leaf area (L.A.), an estimate of maximum leaf density, at the three sites 
ranged from 2.0 (site 3) to 6.8 (site 1) (one side only). The annual mean 
biomass for the different leaves on a shoot (youngest to oldest) increases, 
except for the oldest leaf. The decrease in biomass of the oldest leaf can be 
explained by cell senescence and by the resorption of organic matter by epi
phytes. Furthermore, the presence of a thick layer of epiphytes, forming a 
crust on old leaves, reduces the photosynthetic rate by reducing the light 
intensity (shading effect) (Sand-Jensen, 1977; Borum and Wium-Andersen, 
1980; Bulthuis and Woelkerling, 1983). Borum and Wium-Andersen (1980) 
showed that light absorption on the basal part of Zostera marina leaves (with 
fewer epiphytes) is less than 10%, while on the oldest parts of older leaves 
(with a higher epiphyte load) light absorption increases to more than 90%. 

The annual mean biomass of the youngest leaves was significantly differ-
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ent from the biomass values for leaf 2 at all three sites (P < 0.001). The 
same is true for their annual mean L.A.'s. There was no significant dif
ference in biomass or leaf area between leaf 2 and 3, or leaf 3 and 4. This 
suggests that growth, i.e., the formation of new cells and cell elongation, 
occurs predominantly in the first IV2 P.I. (~ 15 days). The formation of 
new cells occurs mainly in the youngest leaf; subsequently, cell elongation 
becomes more important (R.C. Phillips, personal communication, 1983). 
No energy is stored throughout this period, because of the plant's own 
high demand. Therefore no leakage of nutrients to the epiphytic com
munity takes place, resulting in a comparatively lower biomass of epiphytes 
(Fig. 3) (R.C. Phillips, personal communication, 1983). After 2 P.I., growth 
of the seagrass leaf has reached an equilibrium and the leaves are starting 
to store some of the nutrients as proteins, carbohydrates and fat, which 
accounts for the higher biomass for leaf 3 (Table VI). At this point, leakage 
becomes sufficiently high to supply the epiphytes, so this community 
increases rapidly. On the oldest leaves, the epiphytic load then becomes 
so abundant that the light intensity is reduced to a considerable extent, 
as stated above (Borum and Wium-Andersen, 1980). Also, the storage 
products that were present are used up rapidly by the epiphytes and are 
not replenished, since the photosynthetic rate is reduced. This results in 
a decrease in biomass of leaf 4. 

The results from the different sites are summarized in Table VII. Site 1 
has not only the smallest leaves, but also the lowest annual mean biomass 
per shoot, and the lowest annual mean biomass of epiphytes (1.3 g ADW 
π Γ 2 leaf surface). The production of epiphytes is 0.8 mg ADW per shoot, 
which is 37% of the total seagrass leaves plus epiphyte production. Site 2 has 
the highest mean annual L.A. (cm 2) per shoot, the highest mean annual 
biomass per shoot, and also the highest mean annual biomass of epiphytes 
(1.7 g ADW m~2 leaf surface). The epiphytic community contributes 19% 
(1 mg ADW per shoot) to the total production of seagrass leaves plus epi
phytes. Site 3 takes an intermediate position in terms of both biomass and 
productivity. 

Site 1 is more subject to environmental influences. From May through 
October, this area is exposed for 1—5 h a day in the afternoon. This results 
in extreme conditions for the seagrass bed. Temperatures in tiny pools can 
reach a maximum of 36°C; the exposed seagrass bed, with its attached epi
phytes, is then subject to desiccation. Leakage of leaf pigments, even colour
ing the water at incoming tide, can be seen, indicating cell rupture. Further
more, this area is more exposed to wave action than the other two locations. 
Minor and major disturbances occur frequently throughout the year (scour
ing of sediment, mechanical wear and tear) Grazing can also play an impor
tant role. A large number of sea urchins, Tripneustes gratula L., were found 
in this area (3—4 m " 2 ) . Gut contents show that sea urchins fragment a large 
quantity of seagrass leaves (unpublished data). To the author's knowledge, 
no report exists on grazing of sea cucumbers (Holothunans). However, it is 
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very probable that these invertebrates indeed feed upon the epiphytes 
attached to seagrass leaves. Quite a few species occur in this area and in large 
numbers (Brouns and Heijs, 1984). 

Sites 2 and 3 are more or less similar communities, as far as exposure to 
desiccation and wave action is concerned. The effect of scouring of sedi
ment is minimal, owing to the dense growth of Halimeda opuntia. Both 
communities give shelter and food to all kinds of invertebrates, although the 
diversity at site 3 is much higher compared with site 2 (personal observa
tion). 
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ABSTRACT 

Heijs, F.M.L., 1985. Some structural and functional aspects of the epiphytic component 
of four seagrass species (Cymodoceoideae) from Papua New Guinea. Aquat. Bot., 
23: 225-247. 

The epiphytic component of four monospecific seagrass beds from Papua New Guinea 
was studied structurally and functionally. The floristic composition and abundance 
of the epiphytes on leaves of four seagrass species (Cymodoceoideae) showed consid
erable variation, but on all four seagrass species, the same algae were among the five 
quantitatively most important epiphytes: encrusting coralline algae, Cyanophyta, Cera-
mium gracillimum (Harv.) Mazoyer, Polysiphonia savatierii Hariot and Audouinella 
spp. The temporal pattern of the epiphytic algae showed more or less the same features 
on the four seagrass species. 

Annual mean biomass of epiphytes and seagrass leaves ranged from 54 g ADW m"J 

in a community of Cymodocea rotundata Ehrenb. and Hempr. ex Aschers, to 169 g 
ADW m"3 in a community of Syringodium isoetifolium (Aschers.) Dandy. The contri
bution of the epiphytic component to the total above-ground biomass ranged from 22 
to 24%. Productivity of epiphytes was highest on leaves of Halodule uninervis (Forssk.) 
Aschers. (2.12 g ADW m"1 sediment surface day"1) and the epiphytic community contri
buted 35—44% of the total above-ground production of these four seagrass communities. 

INTRODUCTION 

The importance of the epiphytic component of submerged macrophyte-
dominated ecosystems is often underestimated (Harlin, 1980). Research 
on the epiphytic component is still predominantly of a descriptive nature, 
with relatively few estimates or quantifications at the community level 
(McRoy and McMillan, 1977). This is not only true for marine ecosystems, 
but also for freshwater ecosystems (Wetzel, 1983). To come to a better 
understanding of the epiphytic community, data should be gathered not 
only on its structural aspects (e.g., floristic composition), but also on its 
functional aspects (e.g., production, respiration) and the dynamics of this 
community. 

0304-3770/85/$03.30 © 1985 Elsevier Science Publishers B.V. 
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The objective of this study has been to investigate some structural and 
functional aspects of the epiphytic component in four monospecific sea-
grass beds from Papua New Guinea, in order to elucidate the importance 
of the epiphytes to the seagrass community as a whole. 

MATERIALS AND METHODS 

Bootless Bay, 15 km SE of Port Moresby, is an embayment of the Papuan 
coastal lagoon. A general description of the area and some environmental 
characteristics has been given by Brouns and Heijs (1985). Extensive sea-
grass meadows are found around the islands of Bootless Bay. The epiphytic 
component of four monospecific seagrass communities has been studied: 
a community of Cymodocea rotundata Ehrenb. and Hempr. ex Aschers. 
(Station 4); a community of Cymodocea serrulata (R.Br.) Aschers, and 
Magnus (Station 10); a community of Halodule uninervis (Forssk.) Aschers., 
(wide-leaved morph) (Station 7); and a community of Syringodium isoetifo-
lium (Aschers.) Dandy (Station 6). 

A detailed description of these study sites has been given in Heijs (1985b), 
except for Station 10. This study site was a small monospecific patch of 
Cymodocea serrulata on the NW tip of Loloata Island, with approximately 
1400 shoots m"2. The substratum consisted of coral sand with occasionally 
coral rubble. This area was bordered by a zone with small coral colonies, 
upon which some larger fucoids were present. The seagrasses were never 
exposed (-0.1 m ELWS) and were protected from heavy wave action. 

Structural aspects 

Floristic composition and abundance 
Monthly, 10 shoots of each seagrass species were collected at random 

from each station. Collections were made from November 1980 to Decem
ber 1981. The quantitative and qualitative aspects of the epiphytic com
munity were studied using the Braun—Blanquet scale as adapted by Bou-
douresque (1971; see also Heijs, 1985a). Data were obtained by studying 
each leaf separately (Leaf 1—Leaf 4) on both sides (inner- and outer leaf 
face). Data from corresponding leaf parts were averaged per station for 
each sampling day. 

Diversity and evenness 
Diversity is expressed according to Shannon's index (H): 

Η = -Σ Pi in Ρ 
1=1 

where Ρ = cover of species i and S = number of species. Evenness is ex
pressed as: «/ = Я / Я т а х (Pielou, 1969), where Я т а х = In S. 
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Biological index 
The quantitative importance of the species has been determined by 

giving the species a rank from 1 to 5 according to their abundance (% cover 
per seagrass shoot). A value of 5 points was given to the species with the 
highest abundance; a value of 4 points was given to the second highest 
ranking species and so on. The maximum score a species could obtain 
corresponded to 33.3% of the total number of points awarded per year 
per station. 

Functional aspects 

Biomass 
Monthly, from July 1981 to September 1982, 20 seagrass shoots were 

sampled randomly at each station. Biomass of epiphytes and seagrass leaves 
has been determined according to Penhale (1977) and Heijs (1984), where 
corresponding leaves were quickly frozen with dry ice, lyophilized and 
scraped to remove the epiphytes. Biomass of epiphytes and seagrass leaves 
were determined separately and expressed as dry weight (DW) and ash-free 
dry weight (ADW). Leaf age of seagrasses was estimated using the plas-
tochrone interval (PI) (Jacobs, 1979; Brouns, 1983, 1985a,b). The PI data 
were kindly provided by Brouns (personal communication, 19xx). Leaf 
area (L.A.) of seagrasses was determined with a portable area meter. For 
Syringodium isoetifolium, with its terete leaves, the L.A. was determined 
as leaf length (1) X 2nr. 

Productivity 
Production of epiphytes in this paper is defined as gross production 

minus respiration and minus losses due to grazing, senescence and mechan
ical wear and tear. The minimum net overall production was determined 
through biomass accumulation per unit time, because losses due to grazing, 
senescence, etc., are minimal for short-term periods. A least-squares linear 
regression of epiphyte weight (ADW) versus leaf age was used to estimate 
the rate of biomass accumulation (Bulthuis and Woelkerling, 1983). 

Productivity of seagrasses was estimated by dividing the biomass of 
all third leaves by the PI. 

For biomass and productivity measurements of epiphytes, the L.A. 
was doubled (to account for the two sides of a leaf), except for Syringo
dium isoetifolium. This seagrass species has terete leaves, hence one cannot 
distinguish an inner- and outer face. 

RESULTS 

Structural aspects 

Floristic composition and abundance 
In Table I, the annual mean percentage cover of epiphytes and the annual 
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TABLE I 

The annual mean percentage cover and number of algal species (S) per leaf (Leaf 1—Leaf 4) , for 
the different seagrass stations 

Cymodocea re 

Leaf No. of 
no . leaves 

1 32 
2 32 
3 32 
4 5 

itundata 

Mean number 
of species 

1.4 + 0.2 
6.8 ± 0.3 
8.4 ± 0.4 
8.4 ± 1.3 

Mean percentage 
cover 

4.7 ± 0.6 
28.2 ± 1.5 
62.4 + 3.1 
94.2 ± 15.5 

Halodule uninervis 

Leaf No. of 
no . leaves 

Mean number 
of species 

Mean percentage 
cover 

Cymodocea serrulata 

No. of 
leaves 

30 
30 
30 
30 

Mean number 
of species 

2.4 ± 0.2 
7.6 ± 0.4 

12.7 ± 0.6 
14.6 ± 0.4 

Mean percentage 
cover 

5.9 ± 0.5 
37.4 ± 2.9 
81.7 ± 3.9 

112.4 ± 6.1 

Syringodium isoetifolium 

No. of 
leaves 

Mean number 
of species 

Mean percentage 
cover 

1 
2 
3 
4 

33 
32 
20 

2 

1.8 ± 0.2 
5.8 ± 0.3 
6.1 ± 0.5 

5.4 ± 
29.6 ± 
60.6 ± 

0.5 
1.4 
4.5 

28 
23 

1 

13.7 ± 1.4 
14.1 ± 1.1 
— 
— 

57.8 ± 6.0 
107.7 ± 6.6 

— 

mean number of algal species are presented per leaf (Leaf 1—Leaf 4), for 
the different seagrass species (Stations 4, 6, 7 and 10). Values for the inner-
and outer face of corresponding leaves have been averaged because there 
was no significant difference in species composition, abundance of each 
species and total cover of epiphytes per leaf face. 

An increase in number of algal species and total percentage cover has 
been observed from the youngest leaf (Leaf 1) to the oldest leaf (Leaf 4) 
on all four seagrass species. The annual mean cover of epiphytes on Leaf 
1 ranged from 4.7% on leaves of Cymodocea rotundata to 57.8% on Sy-
ringodium isoetifolium leaves. The highest cover values have been found 
on Leaf 4 of Cymodocea serrulata (112%). The high values observed on 
leaves of Syringodium isoetifolium can be partly explained by the growth 
form of this species. Syringodium isoetifolium is generally found with 
only two terete leaf blades which are relatively stiff, whereas the other 
three seagrass species have three to four flat flexible leaf blades. Further
more, the annual mean PI of Syringodium isoetifolium is much higher 
(20 days) compared to the annual mean PI of Halodule uninervis (10.6 
days), Cymodocea rotundata (11.5 days) and Cymodocea serrulata (11.6 
days) (Brouns, personal communication, 19xx). 

The annual mean number of algal epiphytes observed on Leaf 1 was 
lowest (S = 1.4) in the Cymodocea rotundata community (Station 4); 
the highest annual mean number of epiphytic algae found on the oldest 
leaf (Leaf 4) was 14.6 (on leaves of Cymodocea serrulata). 

In Table II, a list is presented of all the macroalgal epiphytes observed 
on the different seagrass species. Author names in the text are only given 
for species not included in Table II. The Cyanophyta were recorded as 
one group because it was difficult to estimate percentage cover for each 
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TABLE II 

A compilation of the macroalgal epiphytes observed on the four seagrass species 

s 0 s l i 
о ! о « Ä-a •§« 

ε 1 ε s -2-5 -с «; 
>· о ^ Ь >2 « .^ S 
о с υ » ч з со-а 

Cyanophyta 
Blue-green algae + + + + 

Chlorophyta 
Chaetomorpha spp. 
Cladophora spp. 
Derbesia attenuata Dawson 
Enteromorpha clathrata (Roth) Grev. 
Enteromorpha flexuosa (Wulf, ex Roth) J. Ag. 
Enteromorpha ramulosa (Sm.) Hook. 
Entocladia virides Reinke 
Phaeophila dendroides (Crouan) Batters 

Phaeophyta 
Dictyota spec, (juvenile) 
Giffordia mitchellae (Haw.) Hamel 
Giffordia rallsiae (Vickers) Taylor 
Sphacelaria furcigera Kiitz. 
Sphacelaria ηουα-hollandiae G. Sonder 
Sphacelaria tribuloides Meneghini 

Rhodophyta 
Encrusting coralline algae 
Asterocytis ornata (С. Ag.) Hamel 
Audouinella spp. 
Centroceras clavulatum (C. Ag.) Mont. 
Ceramium camouii Dawson 
Ceramium codii (Richards) Feldm.-Mazoyer 
Ceramium gracillimum (Harv.) Mazoyer 
Ceramium mazatlanenze Dawson 
Ceramium taylorii Dawson 
Champia párvula (С. Ag.) Harv. 
Chondria collinsiana Howe 
Chondria dasyphylla (Woodw.) C. Ag. 
Crouania attenuata (Bonnern.) J. Ag. 
Erythrotrichia carnea (Dillw.) J. Ag. 
Gracilaria spec, (juvenile) 
Griffithsia ovalis Harv. 
Griffithsia rhizophora (Grün.) Weber — v. Bosse 
Griffithsia spp. 
Herposiphonia dendroidea Hollenberg 
Herposiphonia obscura Hollenberg 
Herposiphonia parca Setchell 

+ + + + 
+ + + + 
+ + + + 
- + + -
+ + + + 
+ + + + 
+ + + + 
+ + + + 

+ - + 
+ + - + 
- + + + 
+ + - + 
_ _ _ + 

+ 

+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
- + - + 
+ + + + 
- + - + 
- + - -
+ + - + 
+ + + + 

- + - + 
+ + + + 
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TABLE II (continued) 

ο β 

•S « 
2 « 

о S 

о 
о 
О О 

«I ε s 

<ϋ со 

U 3 

¡E 
•о ^: 
о о 
о« ч-
с ϋ 
c Si 

Herposiphonia secunda (C Ag ) Ambronn + - + 
Herposiphonia variabilis Hollenberg + 
Hypnea spec (juvenile) + + + 
Laurencia papillosa (Forssk ) Grev - + 
Laurencia spec (juvenile) + 
Leveillea jungermanmoides (Mart & Her ) Harv + 
Polysiphoma crassicollis Boergesen - + + 
Polysiphoma delicatula Hollenberg + + + 
Polysiphoma hawauensis Hollenberg + 
Polysiphoma profunda Hollenberg + 
Polysiphoma savatieru Hanot + + + 
Polysiphoma scopulorum Harv + + + 
Polysiphoma sparsa (Setchell) Hollenberg + + + 
Polysiphoma sphaerocarpa Boergesen + + + 
Polysiphoma tenuis Hollenberg -
Spyndia filamentosa (Wulf ) Harv + 
Tolypiocladia glomerulata (C Ag ) Schmitz & Hauptfleisch + - + 
Wrangelm argus (Mont ) Mont + 

identified species separately. The most common and abundant species 
belonged to the genera Calothnx, Lyngbya and Hormothammon Likewise, 
the encrusting coralline algae were recorded as one group because they 
were difficult to identify to species level. Dominant representatives in
cluded Foshella farinosa (Lamour )Howe, F lejolmi (Rosanoff)Howe 
and Melobesia membranacea (Esper) Lamour. 

Table III illustrates the temporal pattern of epiphytes on Cymodocea 
rotundata (a), Cymodocea serrulata (b), Halodule unmervis (c) and Sy-
nngodium isoetifolium (d). There is a great similarity between the stations 
in year-round algal epiphytes: Cyanophyta, encrusting coralline red algae, 
Ceramium gracilhmum, Audouinella spp., Polysiphoma savatieru, Entero-
morpha flexuosa and Chaetomorpha sp. These algal epiphytes have been 
found at all stations throughout the year, however, with different cover 
percentages at different times. Likewise, a similarity was observed in species 
composition during the "wmtei^spring" period (June—November): Chond-
na dasyphylla, Ceramium mazatlanenze, Polysiphoma sphaerocarpa, P. 
sparsa, Erythrotnchia carnea and Giffordia rallsiae were observed mainly 
m that period. 

Station 4 {Cymodocea rotundata community) showed besides the afore
mentioned algal groups, a group of algae present during "summer" and 
"autumn" (Ceramium cod», C. tayloru, Herposiphonia secunda, Derbesia 
attenuata and Cladophora spec). 
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Station 10, (Cymodocea serrulata community) showed four different 
algal groups when considering their seasonal distribution: epiphytes present 
throughout the whole year; epiphytes present from June to November 
(both groups already mentioned above); a group present mainly in "sum
mer" (dominant species Spyridia filamentosa, Ceramium taylorii and Poly-
siphonia sphaerocarpa); and a group absent from February to May (Grif-
fithsia spec, (tenuis/thyrsigera?), Herposiphonia parca, Chondria dasyphylla). 

Station 7 (Halodule uninervis community), showed no other algal groups 
characteristic for one or more seasons than the above-mentioned year-
round species and the representatives of the "winter—spring" period. 

Station 6 (Syringodium isoetifolium community). The difference in 
temporal pattern of epiphytic algae at this station is manifested by a small 

TABLE III 

The temporal pattern of epiphyte cover on 
(c) and Synngodium isoetifolium (d) 

(a) Cymodocea rotundata 

Blue green algae 
Encrusting algae 
Ceramium gracillimum 
Audoumella spp 
Enteromorpha flexuosa 
Polysiphoma sauatteru 
Centroccras clavulatum 
Chaetomorpha spec 
Ceramium codii 
Ceramium taylorii 
Herpobiphoma secunda 
Cladophora spec 
Derbesia attenuata 
Ceramium camouu 
Giffordia mitchellae 
Chondria dasyphylla 
Ceramium mazatlanenze 
Herposiphoma parca 
Erythrotnchia carnea 
Asterocytis ornata 
Grtffithsia spec 
Polysiphoma sphaerocarpa 
Chonana collmsiana 
Champia párvula 
Polysiphoma delicatula 
Sphacelana furcigera 
Enteromorpha ramulosa 
Polysiphoma sparsa 
Tolypiocladta glomerulata 
Hypnea spec * 
Gnffithsia rhizophora 
Polysiphoma scopulorum 

1980 

Dec 

9 
6 
1 
1 
1 
1 
1 

1 
2 
1 
1 

1 

Cover 

1981 

"Jan 

8 
11 

2 
3 
1 
3 

1 
1 
1 
1 

1 
1 

1 
1 

Cymodocea 
values 

Feb 

8 
16 

2 
3 
1 
2 
1 
1 
1 

1 
1 
1 
1 

1 

1 

rotundata (а), С 

are percentages 

Mar 

6 
7 
1 
2 
2 

1 
1 
1 
1 
1 
1 
1 

1 

Apr 

6 
6 
3 
2 
1 
2 

2 
1 
1 

2 
1 

1 

1 

per sh 

May 

6 
16 

9 
3 
2 
2 
1 
3 
1 

1 

1 
1 

serrulata 

oot 

Jun 

6 
14 

5 
4 
1 
2 
1 
3 
1 

1 

2 

_ 1 
1 

1 
1 

1 
1 
1 
1 

1 

Jul 

6 
15 

9 
3 
3 
1 

2 

2 
1 
1 

1 

1 

<Ъ),На 

Aug 

10 
14 

5 
1 
1 
1 

1 

— ι — 

1 

1 

1 

lodule 

Sep 

9 
43 

6 
4 
2 
3 
1 
2 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

uninervis 

Oct 

18 
21 

8 
5 
2 

r> 
1 
1 

1 

Nov 

7 
9 
4 
3 
1 
2 

1 
1 1 

1 

1 
1 

'Juvenile 
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TABLE IH (continued) 

(b) Cymodocea serrulata 

1980 1981 

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Blue-green algae 
Encrusting algae 
Ceramium graciHimum 
Polysiphoma sauattern 
Audouinella spp 
Enteromorpha fiexuosa 
Chaetomorpha spec 
IferposiphoniQ secunda 
Cladophora spec 
Polysiphoma delicatula 
Centroceras claiulatum 
Chondna dasyphylla 
Asterocytis ornata 
Gnffithsta spec 
Herposiphoma parca 
Chondna collinsmna 
Polysiphoma sphaerocarpa 
Polysiphoma crassicollis 
Ceramium codtt 
Ceramium tayloru 
Polysiphoma profunda 
Spyndia filamentosa 
Polysiphoma scopulorum 
Derbesia attenuata 
Enteromorpha clathrata 
Leveillea jungermanmoides 
brythrotnchia carnea 
Laurencia papillosa 
Ceramium camouii 
Ceramium mazatlanenze 
Enteromorpha ramulosa 
Giffordia rallsiae 
Dictyota spec * 
Crouama attenuata 
Polysiphoma sparsa 
Wrangelia argus 
Champia párvula 
Hypnea spec * 
Giffordia mttchellae 
Sphacelana furagera 
Herposiphoma obscura 
Herposiphoma dendroidea 
Griff it hsia ovalis 
Gnfftthsia rhizophora 
Gracilana spec * 
Polysiphoma hawauensis 
Herposiphoma variabilis 

10 
5 

14 
1 
1 
1 
1 
3 
8 
1 
4 
1 

1 
1 
1 
4 

5 
1 
3 
2 
2 
5 
1 

5 
16 

7 
14 
2 
1 
3 
1 
3 
1 
1 

6 
34 

2 
1 
4 
3 
3 
1 
1 
1 

11 
41 

5 
2 
5 
3 
3 
1 
2 

1 
1 
1 

9 
33 
14 

6 
5 
5 
2 
1 
1 
3 
3 
1 
1 

11 
16 

1 
3 
1 
4 
2 
1 

1 
3 
2 
1 

9 
24 

6 
4 
2 
6 
3 

2 
2 
3 
2 

11 
14 

2 
2 
1 
1 
1 
1 

1 
1 
1 
1 

8 
28 

2 
1 
3 

4 
14 

2 

1 

1 
1 
1 
1 

1 
1 
1 

1 
1 

1 
1 

1 

1 

1 

1 
1 

1 

1 

1 

1 
1 
1 
1 

1 
1 
1 
1 

1 

1 
1 1 
1 1 
1 1 
1 

1 
1 

1 1 
1 

R 
R 

•Juvenile 
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TABLE III (continued) 

(с) Halodule untnervts 

Blue green algae 
Encrusting algae 
Cerammm gracillimum 
Polysiphoma savatieru 
Ceramium тагаііапепге 
Audouinella spp 
Chaelomorpha spec 
Enteromorpha flexuosa 
Herposiphoma secunda 
Centroceras clavulatum 
Giffordia rallsiae 
Gnffithsia spec 
Enteromorpha clathrata 
Polysiphoma sparsa 
Chondria dasyphylta 
Polysiphoma sphaerocarpa 
Cladophora spec 
Polysiphoma delicatula 
Asterocytis ornata 
Ceramium codu 
Derbesia attenuata 
Erythrotnchia carnea 
Chondria collinsiana 
Polysiphoma scopulorum 
Laurencia spec * 
Herposiphoma parca 
Ceramium taytoru 
Enteromorpha ramulosa 
Polysiphoma crassicollis 
Tolypiocladia glomerulata 
Champia párvula 
Ceramium camouu 
Hypnea spec * 

1980 

Nov 

4 
2 
4 

1 

1 
1 

1981 

Jan Feb 

11 6 
14 15 

1 2 
4 1 
1 1 
1 3 

1 
1 

1 

1 
1 

1 

1 

Mar 

18 
26 

2 
1 
1 
3 
2 
1 

1 
1 

1 
1 
1 

1 

1 

Apr 

20 
21 

1 
2 

2 
2 
1 

1 

1 

May 

6 
10 
21 

5 
2 
4 
2 
2 
1 

1 
1 

1 
1 
1 

1 
1 
1 

Jun 

7 
23 

1 
1 
1 
1 
1 

1 
1 

1 

Jul 

5 
6 
2 
2 
1 

1 
2 

1 
1 
1 
1 
1 
1 
1 
1 

1 

Aug 

20 
2 
1 
1 

1 

1 

1 
1 

1 

Sep 

32 

1 

Oct 

10 
7 
3 
2 
2 

1 

1 

1 
1 

1 

1 

Nov 

5 
6 
4 
2 

1 
1 

1 

•Juvenile 

(d) Syrmgodium isoettfolium 

Blue-green algae 
Encrusting algae 
Ceramium gracillimum 
Polysiphoma savatieru 
Enteromorpha flexuosa 
Centroceras clavulatum 
Chaelomorpha spec 
Chondria collinsiana 
Gnffithsia spec 
Herposiphoma parca 

1980 1981 

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

22 
25 

6 

15 
35 

6 
2 
3 
3 
1 
1 

10 

8 
52 

8 
2 
2 
1 
1 
1 
1 

12 

14 
31 

3 
1 
2 
1 
2 
1 
1 
2 

15 
15 

3 
1 
2 
1 
3 
1 
1 

8 
13 
12 

4 
2 
3 
3 
8 
1 
1 

10 
14 

6 
10 

3 
1 
3 
7 
5 
3 

9 
11 

3 
3 
2 
3 
2 
2 
6 
5 

13 
9 
7 
4 
4 
6 
2 
3 
6 
8 

10 
33 

5 
3 
2 
3 
2 
1 
2 

10 24 21 
22 

4 
3 
3 
1 
2 
6 

11 
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TABLE III (continued) 

Audoumella spp 
Cladophora spec 
Ceramium taylom 
Ceramium camouu 
Polysiphoma dehcatula 
Ceramium codn 
Herposiphonia secundo 
Polysiphoma crassicollts 
Sphacelana furcigera 
Giffordia mitchellae 
Asterocvtis ornata 
hrythrotrichia carnea 
Dictyota spec 
Derbesia attenuata 
Giffordia ratlsiae 
Champia párvula 
Ceramium mazatlanenze 
Chondna dasyphylla 
Polysiphoma sparsa 
Polysiphoma sphaerocarpa 
Laurencia spec * 
Gnffithsia rhizophora 
Wrangelia argus 
Leveillea jungermanmoides 
Tolypiocladia glomerulata 
Crouama attenuata 
Laurencia papillosa 
Sphacelana nota hollandiae 
Enteromorpha ramulosa 
Sphacelana tnbuloides 
Herposophoma obscura 
Polysiphoma tenuis 
Gracilana spec * 
Polysiphoma scopulorum 

*Juvenile 

1980 

Dec 

1 
7 
1 

3 

10 

1981 

Jan 

3 
1 
1 
2 
3 
1 

2 
2 

Feb 

4 
1 

3 
3 
1 
1 
2 
1 
2 

Mar 

4 
1 
1 
1 
1 
1 
3 
2 
1 

1 
1 
1 
2 

Apr 

1 
- -

May 

3 
2 1 

1 

1 
5 
1 

1 
1 
1 
2 

1 
1 

1 
1 
1 
1 

1 

1 
1 
2 

1 
2 
1 
1 

Jun 

4 

1 
1 
2 

1 

2 
2 
2 

1 
2 

Jul 

1 
4 
1 

1 
1 

1 

4 
1 
1 

1 

1 

Aug 

1 

3 
2 
1 

1 
3 

Sep 

3 
1 
2 
1 
1 

_ 1 

3 

1 

3 
1 

1 
1 

1 
2 

Oct 

3 

2 
1 
2 

11 

1 
2 
1 

Nov 

4 
2 
2 
1 
2 
1 
1 

3 
1 
1 
3 
1 

1 
6 
2 
1 
2 
1 

1 
2 

6 
4 
3 

1 
1 

group of algae absent only in "winter" (Ceramium camouii, C. cod». Poly-
siphonia delicatula and Herposiphonia secunda) and a large group of algae 
observed only occasionally, but with relatively high cover values (Sphacelana 
tribuloides, Herposiphonia obscura, Polysiphoma tenuis and P. scopulorum). 

At all four stations, the encrusting coralline red algae dominated the 
epiphytic community. Furthermore, there was an increase in abundance 
of encrusting algae with increasing leaf age (from less than 1% on Leaf 1 
to sometimes more than 80% on Leaf 4). The high occurrence of Rhodo-
phyta, especially the Ceramiales, is also noticeable. Qualitatively, the Cera-
miales predominated the epiphytic community, whereas quantitatively 
the encrusting coralline algae were dominant. 

The presence and corresponding abundance of Phaeophyta was negligible; 
a seasonal distribution of phaeophycean algae was observed at all four 
stations. 
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The average monthly number of identified algal epiphytes per shoot 
ranged from 6 at Station 7 (Halodule uninervis community) to 35 at Station 
6 (Syringodium isoetifolium community). On one leaf, as many as 35 
species were found and as few as 0. The total number of epiphytic algae 
identified with certainty was 40 at Station 4, 52 at Station 6, 42 at Station 
7 and 55 at Station 10. 

No seagrass specific epiphytes have been found among the identified 
algal species. However, it is possible to distinguish a characteristic group 
of algae which was commonly associated with these four seagrass species: 
encrusting coralline algae (e.g., Fosliella farinosa); Cyanophyta (e.g., Calo-
thrix spp., Lyngbya spp. and Hormothamnion spp.); Ceramium gracillimum, 
Polysiphonia savatierii, Enteromorpha flexuosa and Chaetomorpha sp. 

Diversity 
In Table IV the number of species (S), % cover, diversity (Я) and even

ness (J) are presented per shoot for the different seagrass communities. 
At Station 4 (Cymodocea rotundata community), the variability in 

the species diversity index was small throughout the sampling period. Anal
ysis of species composition revealed that qualitatively the community 
changed somewhat ("summer—autumn" group to "winter—spring" group) 
and fluctuated quantitatively. The low diversity index in August 1982 
is possibly the result of exposure of this seagrass bed due to extreme low 
water spring tides, which occur just after midday from July to September 
(Brouns and Heijs, 1985). 

Station 10 {Cymodocea serrulata community), showed some variability 
in the species diversity index. The highest value was calculated for November 
1982 (4.30). This may be caused by species occurring only sporadically 
with very low abundance (see Table Illb). The lowest diversity value was 
observed in March. The low values of March and April are possibly the 
result of a temporally very high predominance of encrusting red algae 
(see Table IIlb). 

Station 7 {Halodule uninervis community). The species diversity index 
changed greatly. The species composition, however, did not change dra
matically, whereas quantitatively one species or a group of species (Cyano
phyta and/or encrusting algae) predominated the community at different 
times or occurred as co-dominants. 

Station 6 {Syringodium isoetifolium community). The variability in the 
species diversity index was small and increased gradually from January 
onwards. A slight decrease was observed in September. Analysis of species 
composition showed that the community changed quantitatively and qual
itatively. The lowest number of epiphytes was found in November 1980, 
whereas the highest number of algal species was found in November 1981. 

Biological index 
The quantitative importance of each species has been determined. It 
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TABLE IV 

The seasonal variation in the number of epiphytic algae (S), the abundance (% cover), the diversity index (Я) and 
the evenness (</), per shoot on the various seagrass species 

1981 
Nov. 
Dec. 

1982 
Jan. 
Feb. 
Mar. 
Apr. 
May. 
Jun. 
Jul. 
Aug. 
Sep. 
Oct. 
Nov. 

Cymodocea rot undo ta 

S 

12 
— 

14 
15 
12 
13 
12 
20 
12 
11 
22 
18 
17 

Cover 

26 
— 

36 
40 
25 
29 
46 
49 
45 
37 
85 
71 
37 

Я 

2.93 
— 

3.09 
2.73 
3.04 
3.35 
2.88 
3.63 
2.91 
2.56 
2.93 
3.10 
3.51 

J 

0.82 
— 

0.83 
0.76 
0.88 
0.90 
0.80 
0.84 
0.81 
0.74 
0.66 
0.74 
0.86 

Cymodocea serrulata 

S 

14 
23 

26 
11 
16 
22 
25 
22 
24 
21 
22 
22 
31 

Cover 

31 
83 

70 
35 
62 
86 
98 
61 
86 
49 
60 
53 
47 

Я 

3.30 
3.96 

4.00 
2.72 
2.60 
3.00 
3.52 
3.70 
3.81 
3.53 
3.60 
3.58 
4.30 

J 

0.87 
0.88 

0.85 
0.79 
0.65 
0.67 
0.76 
0.83 
0.83 
0.80 
0.81 
0.80 
0.87 

Halodule uninervh 

S 

6 
— 

8 
11 
15 

9 
17 
10 
16 

9 
11 
11 
18 

Cover 

13 
— 

34 
33 
61 
51 
61 
38 
28 
29 
50 
30 
31 

Я 

2.09 
— 

2.17 
2.59 
2.55 
2.05 
3.20 
1.99 
3.62 
1.81 
1.96 
2.85 
3.76 

ì 

J 

0.90 
— 

0.72 
0.75 
0.65 
0.65 
0.78 
0.60 
0.91 
0.57 
0.56 
0.82 
0.90 

Syringodium isoetifolium 

S 

18 
— 

17 
19 
23 
20 
25 
20 
21 
21 
23 
29 
35 

Cover 

75 
— 

91 
106 

78 
58 
75 
80 
63 
81 
83 

118 
131 

Я 

2.40 
— 

3.06 
2.85 
3.31 
3.40 
3.97 
3.84 
3.91 
3.95 
3.42 
3.92 
4.38 

J 

0.80 
— 

0.75 
0.70 
0.75 
0.79 
0.86 
0.89 
0.89 
0.90 
0.76 
0.81 
0.85 



appeared that the three quantitatively most important epiphytes obtained 
the same rank at all stations: the encrusting coralline algae (first rank), 
the Cyanophyta (second rank) and Ceramium gracillimum (third position). 
Audouinella spp. were ranking 4th at Stations 4 and 10 (Cymodocea com
munities) and obtained the 5th position at Station 7 (Halodule uninervis 
community). Polysiphonia savatierii reached the 4th place at Station 7 
and the 5th place at Stations 4, 5 (both Cymodocea communities) and 
6 (Syringodium isoetifolium community). The abundance of Herposiphonia 
parca was only quantitatively important at Station 6. 

Functional aspects 

Biomass 
The biomass of seagrass leaves and epiphytes, on an area basis, varied 

considerably between the different study sites (Table V). The lowest an
nual mean above-ground biomass was found at Station 4 (53.9 g ADW 
m -2) and the highest annual mean biomass at Station 6 (Syringodium 
isoetifolium community, 169 g ADW m~2). The values for above-ground 
biomass of the Cymodocea serrulata and Halodule uninervis community 
were intermediate, 121.5 g ADW m"2 and 123.8 g ADW m~2, respectively. 
The difference in biomass between the stations can be partly explained 
by the variation in number of shoots per m2 sediment surface (i.e., density) 
and the average leaf area (L.A.) per shoot available to the epiphytes. 

TABLE V 

Mean annual standing crop in four seagrass communities expressed in g m"2 sediment 
surface (in parentheses, the proportional contribution of the different components to 
the total average annual above-ground biomass) 

Species Component DW ADW 

Cymodocea rotundata Epiphytes 38.8(44%) 11.8(22%) 
Seagrass leaves 49.1(56%) 42.1(78%) 

Total 87.9 53.9 

Cymodocea serrulata Epiphytes 123.1 (53.5%) 29.6 (24%) 
Seagrass leaves 107.0(46.5%) 91.9(76%) 

Total 230.1 121.5 

Halodule uninervis Epiphytes 106.6 (49%) 28.0 (23%) 
Seagrass leaves 110.1(51%) 95.8(77%) 

Total 216.7 123.8 

Syringodium isoetifolium Epiphytes 98.6 (31%) 39.6 (23%) 
Seagrass leaves 215.2(69%) 129.4(77%) 

Total 313.8 169.0 
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TABLE VI 

The seasonal variation in epiphyte biomass on leaves of the four seagrass species Values are expressed as g 
ADW m ! sediment surface and g ADW m ' leaf surface 

1981 
2 Jul 
1 Aug 

11 Sep 
14 Oct 
17 Nov 

19Θ2 
12 Jan 
10 Feb 
15 Mar 
26 Apr 

2 Jun 
7 Jul 

13 Aug 

Mean 

Cymodocea rotundata 

Sediment 
surface 

1 0 7 
13 9 
11 7 
10 3 

8 9 

15 4 
9 9 

17 4 
1 5 2 

7 2 
11 3 
10 2 

11 8 

Leaf 
surface 

2 16 
2 80 
2 36 
2 08 
1 79 

3 10 
2 00 
3 51 
3 06 
1 45 
2 28 
2 06 

2 39 

Cymodocea serruiata 

Sediment 
surface 

29 4 
36 5 
28 8 
26 4 
22 7 

28 4 
24 6 
26 1 
38 6 
33 4 
34 5 
24 7 

29 6 

Leaf 
surface 

2 95 
3 66 
2 89 
2 65 
2 28 

2 85 
2 47 
2 62 
3 88 
3 35 
3 46 
2 48 

2 97 

Halodule ι 

Sediment 
surface 

— 
— 

9 3 
33 3 
33 3 

37 3 
34 6 
53 2 
26 6 
18 6 
18 6 
10 7 

28 0 

untnervis 

Leaf 
surface 

— 
— 
0 57 
2 04 
2 04 

2 29 
2 12 
3 26 
1 63 
1 14 
1 14 
0 66 

1 72 

Synngodium ¡soetifolmm 

Sediment 
surface 

52 1 
74 6 
15 8 
35 0 
28 4 

36 3 
12 5 
26 4 
33 7 
21 8 
44 2 
31 0 

39 6 

Leaf 
surface 

6 32 
9 04 
196 
4 24 
3 44 

4 40 
1η2 
3 20 
4 08 
2Ь4 
5 36 
176 

4 77 

The contribution of the epiphytic component to the total above-ground 
biomass (seagrass leaves and attached epiphytes) at the different stations, 
showed a striking uniformity, i.e., 22—24% (Table V), when ash-free dry 
weights (ADW) were used and varied considerably when using dry weights 
(DW). This difference is partly caused by an abundance of encrusting coral
line algae (Table III) and the incorporation of sediment in the algal mat. 

Table VI illustrates the seasonal variation in biomass of epiphytes on 
the different seagrass species, expressed as g ADW пГ 2 sediment surface 
and as g ADW m - 2 leaf surface. The highest epiphyte biomass was found 
on leaves of Synngodium isoetifolium (August 1981, 74.6 g ADW m"2 

sediment surface) and the lowest epiphyte biomass in the Cymodocea 
rotundata community (Station 4), 7.2 g ADW m~2 sediment surface in 
June 1982. 

In the Cymodocea rotundata community, biomass of epiphytes was 
highest in March and April ("autumn"). Epiphyte biomass on leaves of 
Cymodocea serruiata (Station 10) ranged from 22.7 g ADW to 38.6 g ADW 
on an area basis and was highest from April to August. The seasonal vari
ability in biomass was lowest in this seagrass bed. 

At Station 7 (Halodule uninervis community), biomass of epiphytes 
changed greatly, from 9.3 g ADW m"2 in September to 53.2 g ADW m"2 

in March. In contrast to the Cymodocea communities (biomass peak in 
"autumn"), epiphyte biomass was highest from January through to April; 
lowest recordings for epiphyte biomass were observed in August and Sep
tember. Likewise at Station 6, where biomass of epiphytes in the Synngo
dium isoetifolium community fluctuated considerably. Lowest recordings 
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were found m February and highest biomass values occurred in July and 
August 1981 ("winter"). The Synngodium isoetifolium community showed 
the highest annual mean biomass of epiphytes per m2 sediment surface 
(39 6 g ADW). 

When biomass of epiphytes is expressed per m2 leaf surface, the annual 
mean values calculated for epiphyte biomass on leaves of the various sea-
grass species are of the same order (Table VI). The highest epiphyte biomass 
(2.97 g ADW) was found in the Cymodocea serrulata community; the 
lowest annual mean value was observed on leaves of Halodule umnervis 
(1.72 g ADW). Because biomass of epiphytes on seagrass leaves is strongly 
influenced by the total leaf surface available for settlement and growth, 
it seems more appropriate to express epiphyte biomass not only per m2 

sediment surface, but also per m2 leaf surface. This would enable a better 
comparison of epiphyte biomass on different seagrass species 

Productivity 
Minimum net overall production of epiphytes can be estimated by plot

ting the rate of biomass accumulation versus the age of the seagrass leaves 
from one shoot. In Table VII, estimates for the rate of biomass accumula
tion of epiphytes at the four different stations are presented (in ßg ADW 
cm"2 leaf surface day -1). At Station 4 (Cymodocea rotundata community), 
the rate of biomass accumulation ranged from 9.6 to 23.4 ^g ADW cm"2 

TABLE VII 

The rate of biomass accumulation of epiphytes on the leaves of four seagrass species, 
expressed asng ADW cm ' leaf surface per day (In parentheses, the coefficient of deter 
mination, A') 

1981 
2 Jul 
1 Aug 

11 Sept 
14 Oct 
17 Nov 

1982 
12 Jan 
10 Feb 
15 Mar 
26 Apr 

2 Jun 
7 Jul 

13 Aug 

Mean 

Cymodocea 
rotundata 

23 4 (0 96) 
22 6 ( 0 97) 
13 0 ( 0 96) 
16 7 (0 98) 
18 7 (0 94) 

14 8 ( 0 99) 
9 6 ( 0 95) 

14 2 ( 0 96) 
17 7 (0 99) 
14 5 (0 88) 
14 3 ( 0 99) 
16 5 ( 0 97) 

16 3 

Cymodocea 
serrulata 

20 8 (0 95) 
17 3(0 93) 
16 7 (0 94) 
16 2 (0 91) 
13 8 (0 97) 

10 3(0 91) 
17 4 (0 99) 
10 7 (0 91) 
25 5 (0 95) 
21 4 (0 95) 
22 0 (0 99) 
18 0 (0 97) 

17 5 

Halodule 
umnervis 

— 
— 

9 0 ( 0 99) 
18 3 (0 99) 
23 8 ( 0 89) 

10 1 (0 99) 
15 6 (0 99) 
15 9 ( 0 99) 
12 2 (0 99) 
11 8 (0 99) 

9 9 ( 0 99) 
8 1 (0 99) 

13 5 

Synngodium 
isoetifolium 

34 7 (0 95) 
33 0 ( 0 90) 
16 7 (0 99) 
19 6 (0 98) 
24 3 (0 99) 

18 9 ( 0 98) 
11 4 (0 97) 
24 1 (0 94) 
28 4 (0 99) 
17 1 (0 96) 
46 6 ( 0 94) 
27 7 (0 90) 

25 2 
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TABLE Vili 

Summary of biomass and production of seagrass leaves and epiphytes from the different seagrass communities. Annual mean values 
are expressed as g ADW per shoot, g ADW m" 2 leaf surface and g ADW m" a sediment surface 

Cymodocea rotundata Cymodocea serrulata Halodule uninervis Syringodium isoetifolium 

Seagrass Epiphytes Seagrass Epiphytes Seagrass Epiphytes Seagrass Epiphytes 

Biomass 

Shoot 
m" 2 leaf surface 
m~2 sediment surface 

Production 

Shoot day"1 

m" 2 leaf surface day"1 

m" 2 sediment surface day" 

0.0362 

8.47 

42.03 

0.0011 

0.26 

1.28 

0.0102 

2.39 

11.84 

0.0007 

0.16 

0.79 

0.0619 

9.23 

91.92 

0.0018 

0.27 

2.67 

0.0199 

2.97 

29.55 

0.0011 

0.17 

1.69 

0.0072 

5.88 

95.85 

0.00020 

0.16 

2.66 

0.0021 

1.72 

27.96 

0.00016 

0.13 

2.12 

0.0196 

15.58 

129.36 

0.00056 

0.46 

3.84 

0.0060 

4.77 

39.60 

0.0003 

(3.25 

2.07 



leaf surface day - 1, with an annual mean value of 16.3 μg ADW cm"2 leaf 
surface day"1. 

In the Cymodocea serrulata community (Station 10), the seasonal vari
ability in the rate of biomass accumlation was lowest. The annual mean 
rate of biomass accumulation was of the same order as at Station 4; 17.5 
Mg ADW cm"2 leaf surface day"1 at Station 10. 

At Station 7 (Halodule uninervis community), the rate of biomass ac
cumulation was relatively low in September 1981 and increased subse
quently to a maximum of 23.8 /ug ADW cm"2 day"1 in November 1981. 
This maximum rate was followed by a considerable drop in January and 
remained relatively constant from February to July 1981, reaching the 
lowest rate of biomass accumulation in August 1981 (8.1 jug ADW cm"2 

day"1). 
Syringodium isoetifolium showed the highest annual mean rate of biomass 

accumulation (25.2 μξ ADW cm"2 day"1). The seasonal variability in mini
mum net overall production was considerable (11.4—46.6 ßg ADW cm"2 

leaf surface day"1). 
In Table VIII, the annual mean values for biomass and productivity 

from each station are presented for the seagrass leaves and the epiphytic 
component separately. Annual mean biomass was highest in the Cymodocea 
serrulata community when epiphyte biomass was expressed in g ADW 
per shoot per day. However, on an area basis (per m2 sediment surface) 
and per unit leaf surface, epiphytes on leaves of Syringodium isoetifolium 
showed the highest biomass. Similarly, the annual mean minimum net 
production of above-ground material was highest in the Cymodocea ser
rulata community (Station 10) when values are expressed per shoot and 
highest in the Syringodium isoetifolium community (Station 6) when 
expressed per m2 sediment surface or per m2 leaf surface. In the Cymodocea 
rotundata community and the Cymodocea serrulata community, the epi
phytic component contributed 39% and 38%, respectively, to the total 
above-ground production. Epiphytes on leaves of Halodule uninervis (Station 
7), produced 0.16 mg ADW per shoot per day, which is 44% of the total 
above-ground production. Epiphytes on leaves of Syringodium isoetifolium 
contributed 0.3 mg ADW per shoot per day, which is 35% of the total 
production of seagrass leaves and attached epiphytes. 

It can be concluded from this table that the contribution of the epiphytic 
component to the total standing crop was virtually the same (22—24%). 
However, the contribution of epiphytes to the total production of above-
ground material varied and was highest at Station 7 (Halodule uninervis 
community; 44%) and lowest at Station 6 (Syringodium isoetifolium com
munity; 35%). 
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DISCUSSION 

Structural aspects 

Floristic composition and abundance 
The increase in percentage cover and number of algal species from the 

youngest to the oldest leaf of a shoot, has been reported for various sea-
grass species: for Thalassia testudinum Banks ex König (Humm, 1964); 
for Posidonia oceanica (L.) Belile (Van der Ben, 1971); for Zostera marina 
L. (Jacobs et al., 1983); and for Thalassia hemprichii (Ehrenb.) Aschers. 
(Heijs, 1983, 1985a). Hence, the results of this study are consistent with 
the literature. 

The total number of identified algal species ranged from 40 at Station 
4 {Cymodocea rotundata community) to 55 at Station 10 (on leaves of 
Cymodocea serrulata). Heijs (1983, 1985a), observed a similar number 
of algal species epiphytic on leaves of Thalassia hemprichii from the same 
locality (58, 55 and 64 species at Stations 1, 2 and 3, respectively). Bal-
lantine and Humm (1975) reported 66 species epiphytic on seagrasses 
from the west coast of Florida, and Brauner (1975) found 79 epiphytic 
algae on Zostera marina in Beaufort, North Carolina. When considering 
the epiphytic community of seagrass species in this study and in Heijs 
(1985a), it appears that the lowest number of algal epiphytes was found 
in the Halodule uninervis community (S = 42) and the Cymodocea rotundata 
community (S = 40). Both seagrass species are considered good colonizers 
and are often found highest in the intertidal region. With respect to species 
richness of the epiphytic component, a clear trend is visible from the rela
tively poor pioneer seagrass beds (Halodule uninervis and Cymodocea 
rotundata) via Cymodocea serrulata and Syringodium isoetifolium com
munities to the more stable and richer communities of Thalassia hemprichii. 
Furthermore, when assuming that the degree of species diversity may be 
regarded as the degree of stability and maturity of a community, it can 
be concluded that the epiphytic component of the Halodule uninervis 
community (Я = 2.55) and the Cymodocea rotundata community (Я = 
3.06) is less stable and mature compared to that of the Syringodium isoeti
folium community (Я = 3.51) and the Cymodocea serrulata community 
(Я = 3.55) (Table IV). It appears that the trend from pioneer seagrass 
communities to more stable seagrass communities is also reflected in the 
accompanying epiphytic community (through species richness and the 
degree of species diversity) and is probably a consequence of abiotic cir
cumstances. 

Because the different leaves of a shoot were studied separately, the epi
phytic community could be observed from its initial colonization (on 
Leaf 1) to the ultimate state (on Leaf 4). It appeared that species present 
as initial colonizers were still present in the final epiphytic community 
(on Leaf 4). However, this community was more diverse because other 
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epiphytes had joined the colonizing species. Although the composition 
of the epiphytic community altered on subsequent older leaf blades, suc
cession, in which colonizing species are replaced by other epiphytic species, 
did not take place. Apparently the life time of the seagrass leaves is too 
short. New species do arrive, but are not able to oust the pioneers. This 
was also found on leaves of Thalassia hemprichii (Heijs, 1985a). 

Differences between the upper- and lower part of each leaf were also 
observed; the older parts of a leaf (leaf tips) showed heavier epiphytic 
growth than younger parts (leaf base). This trend is consistent with other 
reports (Ballantine, 1979; Jacobs et al., 1983; Heijs, 1985a) and is the 
result of the growth pattern of the host, where new leaves on a shoot appear 
between the older ones and primarily grow from the base. As a consequence, 
leaf apices are first exposed, which results in more heavily epiphytized 
leaf tips. 

At all four stations, the encrusting coralline algae dominated the com
munity quantitatively. These calcium carbonate-secreting species often 
deposit a complete coating on the older parts of the oldest leaves, a phe
nomenon observed more often on seagrass leaves (Humm, 1964; Van der 
Ben, 1971; Brauner, 1975; Heijs, 1983, 1985a; Jacobs et al., 1983). Quali
tatively, the Ceramiales were the most important group. The proportional 
contribution of species belonging to the Ceramiales, was 45%, 53%, 46% 
and 50% at Stations 4, 6, 7 and 10, respectively (Tables Ilia—d). Similar 
percentages were reported by Van der Ben (1971) for Posidonia oceanica 
and by Heijs (1983, 1985a) for Thalassia hemprichii. 

The four stations hardly differed in the quantitatively most important 
algal species. The encrusting coralline algae, the Cyanophyta and Ceramium 
gracillimum, were always ranking highest, followed by Audouinella spp. 
and Polysiphonia savatierii. On leaves of Thalassia hemprichii, the same 
hierarchy was found; encrusting coralline algae ranking first, the Cyanophyta 
ranking second and С gracillimum ranking third, whereas P. savatierii 
secured the 5th place (Heijs, 1985a). Audouinella spp., however, were 
never among the five quantitatively most important epiphytes on Thalassia 
hemprichii (Heijs, 1985a). 

Temporal pattern 
There is a striking resemblance in year-round algal epiphytes and "winter-

spring" species observed at the different stations. This suggests that the 
typical algal species of seagrasses from the location are included in these 
two groups. When comparing the temporal distribution of epiphytes from 
stations in this study (Stations 4, 6, 7 and 10) with the seasonal pattern 
of epiphytes presented in an earlier paper (Stations 1, 2 and 3 in Heijs, 
1985a), it becomes evident that no characteristic epiphytes (or seagrass 
specific epiphytes) have been found among the identified algal species, 
and that a group of epiphytes is typical for all seagrass species from the 
Bootless Bay area (Fosliella farinosa, Ceramium gracillimum, Polysiphonia 
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savatierii, Calothrix spp. and Lyngbya spp.). Furthermore, the structure 
of the epiphytic community at the different stations changed with increasing 
leaf age and during the year (see also Heijs, 1985a). Therefore, the ultimate 
community found on the different seagrass species is not only determined 
by biotic factors (e.g., growth characteristics, epiphyte—host interactions), 
but also by abiotic circumstances (e.g., exposure to desiccation and wave 
action, mechanical interactions). 

Functional aspects 

Biomass 
Table V illustrates the total above-ground biomass and the proportional 

contribution of the epiphytes and seagrass leaves. The annual mean biomass 
ranged from 87.9 g DW m - 2 (Station 4) to 313.8 g DW m - 2 (Station 6); 
the contribution of the epiphytic component ranged from 31.4% (Station 
6) to 53.5% (Station 10). Penhale (1977) and Borum and Wium-Andersen 
(1980) reported an epiphyte contribution of 24% and 35%, respectively, 
on leaves of Zostera marina. Morgan and Kitting (1984), studying the 
seagrass Halodule wrightii Aschers., found an annual mean contribution 
of epiphytes of 47% (75—86 g DW πΓ 2 ). Epiphytes on leaves of Thalassia 
hemprichii, from Papua New Guinea, contributed 29—42% to the total 
above-ground biomass (Heijs, 1984). When expressing biomass in g ADW 
m - 2 , a striking uniformity was found in epiphyte contribution between 
the different stations (22—24%). The difference in DW and ADW values 
is a consequence of the considerable amount of encrusting coralline algae 
present on the seagrass leaves (Table III) and/or sediment being incorporated 
in the algal mat. 

The seasonal variation in epiphyte biomass (g ADW) is presented in 
Table VI. The higher, biomass values of August 1981, compared to cor
responding values from August 1982, are possibly caused by a relatively 
high amount of precipitation recorded in one day on 4 August 1982 (129 
mm) compared to no rain in August 1981 (Brouns and Heijs, 1985). In 
addition, the rainfall on 4 August coincided with the lowest tide recording 
for that month. Furthermore, the water temperature from July to Sep
tember 1982, was 2°C lower compared to corresponding months of 1981 
(Brouns and Heijs, 1985). Biomass of epiphytes on leaves of Thalassia 
hemprichii showed a similar pattern (Heijs, 1984). 

Maximum epiphyte biomass was recorded in March and April for Stations 
4, 7 and 10. This is possibly the result of the higher water temperature 
(30—320C) recorded during the first four months of the year and the higher 
day time tidal water levels (Brouns and Heijs, 1985). 

Biomass values per m2 sediment surface are strongly influenced by density 
and total leaf area available to the epiphytes. The average shoot density 
at Stations 4, 6, 7 and 10 was 1160, 6600, 13.300 and 1485, respectively. 
The average annual leaf area was 5.0 at Station 4 (Cymodocea rotundata 
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community), 8.3 at Station 6 (Syringodium isoetifolium community), 
16.3 at Station 7 (Halodule uninervis community) and 10.0 at Station 
10 (Cymodocea serrulata community) (two sides of a leaf). Consequently, 
when expressing epiphyte biomass per m2 leaf surface, differences between 
the four stations are less pronounced. 

Productivity 
In the present study, minimum net productivity of epiphytes was es

timated using the rate of biomass accumulation. The annual mean values 
of the rate of biomass accumulation was 16.3 (Station 4), 17.5 (Station 
10), 13.5 (Station 7) and 25.2 ßg ADW cm -2 leaf surface day -1 (Station 6). 
Values at Station 4 ranged from 9.6 to 23.5 ßg ADW cm"2 leaf surface day"1; 
at Station 10, also a Cymodocea community, values ranged from 10.3 to 
25.5 ßg ADW cm"2 leaf surface day"1 and were less variable. Lowest values 
were recorded in the Halodule uninervis community (from 8.1 to 23.8 ßg 
ADW cm -2 leaf surface day"1); relatively high rates were observed in the 
Syringodium isoetifolium community (Station 6). Bulthuis and Woelkerling 
(1983), measuring during the growing season of epiphytes, reported values 
ranging from 5.7 to 104.0 ßg DW cm"2 leaf surface day"1, on leaves of 
Heterozostera tasmanica (Martens ex Aschers.) den Hartog. Annual mean 
epiphyte production on leaves of Thalassia hemprichii, also from the Boot
less Bay area, ranged from 9.0 to 12 ßg ADW cm"2 leaf surface day"1 (34— 
60 ¿ig DW cm"2 leaf surface day"1, Heijs, 1984). Only productivity of epi
phytes on leaves of Halodule uninervis was of the same order as for epi
phytes on Thalassia hemprichii. The epiphyte production at Stations 4, 
6 and 10 was higher (Table VII). 

Morgan and Kitting (1984) found that 2.0 mg С g DW"1 h" 1, was con
tributed by the epiphytes on Halodule wrightii, which is 48—56% of the 
total above-ground production. Penhale (1977) reported that the epiphytic 
component contributed 18% to the total above-ground production of 
Zostera marina and Borum and Wium-Andersen (1980) estimated the con
tribution of epiphytes to be 50%. Jones (1968), studying Thalassia testudi-
num, found that 20% of the production of epiphytes and seagrass leaves 
could be ascribed to the epiphytic community. The contribution of the 
epiphytes to the total production of Thalassia hemprichii leaves and epi
phytes was 19% at Sites 2 and 3 and 37% at Site 1 (Heijs, 1984). In the 
present study, 35% (2.07 g ADW m"2 leaf surface day"1, in the Syringodium 
isoetifolium community) to 44% (2.12 g ADW m"2 leaf surface day"1, in 
the Halodule uninervis community) of the total above-ground production 
could be ascribed to the epiphytic component (Table VIII). 

This study clearly illustrated the importance of the epiphytic component, 
structurally and functionally. Therefore, if the seagrass community is to 
be completely understood, the epiphytic community should always be 
considered. 
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ABSTRACT 

Heijs, F M L , 1985 The macroalgal component in monospecific seagrass beds from 
Papua New Guinea Aquat Bot , 22 291—324 

Macroalgae associated with 9 seagrass beds have been studied qualitatively and quanti 
tatively, according to a modified Braun—Blanquet scale The diversity and abundance of 
benthic marine algae increased with variability of hard stabilized substrata The spatial 
pattern of macroalgae coincided with 3 physiographic units the "inner" reef flat, with a 
dominance of Sargassum ohgocystum Mont and a sub dominance of Cystophyllum 
tnnode (Forsk ) J Ag , Padina tenuis (Bory) Worn & Bail and Dictyosphaena versluysn 
Weber—van Bosse, the "middle" reef flat showed an abundance of seagrasses (mainly 
Thalassia hemprichu (Ehrenb ) Aschers and Cymodocea rotundata Ehrenb and Hempr 
ex Aschers ) and 2 macroalgae (Champia párvula (С Ag ) Harv and Hypnea boergesenii 
Tanaka), and the "outer" reef flat dominated by Turbinano spp , Sargassum spp and 
Hormophysa tnquetra (L ) Kutz The temporal pattern of benthic macroalgae varied with 
location and was related to the availability of suitable substrata More than 100 species 
have been found, with as many as 67 species in a Thalassia—Montipora community and 
as few as 16 in a meadow of Cymodocea serrulata (R Br ) Aschers and Magnus Year to 
year changes in the flonstic composition and abundance are presented for 3 localities 

INTRODUCTION 

According to some phytosociologists (e.g., Tuxen, 1974), seagrass com
munities are the most simply structured communities of rooted plants, 
because they are mostly built up by one, in itself differentiated, rooting 
species (Den Hartog, 1983) This often results m a rather monotonous 
appearance of seagrass meadows. However, the structure of these uniformly-
looking seagrass beds disguises a great diversity of floral and faunal compo
nents (Phillips, 1975; Den Hartog, 1976, 1983). Den Hartog (1979) listed 
19 structural elements in the seagrass community, of which the seagrass itself 
constitutes the frame. This list clearly illustrates the importance of the 
accompanying flora and fauna as structural elements, which add to the 
complexity of the seagrass community. 

0304 3770/85/$03 30 © 1985 Elsevier Science Publishers В V 
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Most work has focussed on various aspects of the major component in 
these seagrass meadows, i.e., the seagrasses themselves (e.g., McRoy and 
McMillan, 1977; Den Hartog, 1977, 1979; Jacobs, 1979; Zieman and Wetzel, 
1980; Brouns, 1983, 1985). The epiphytic flora and faunal components of 
the seagrass community have been studied structurally (e.g., Kita and 
Harada, 1962; Van der Ben, 1971; Brauner, 1975; Jacobs and Noten, 1980; 
Lewis and Hollingworth, 1982; Jacobs et al., 1983a; Heijs, 1983, 1985a, b) 
and functionally (e.g., Lappalainen and Kangas, 1975; Penhale, 1977; Bult
huis and Woelkerling, 1983; Jacobs et al., 1983b; Heijs, 1984, 1985b; 
Morgan and Kitting, 1984). Some research has concentrated specifically on 
the benthic marine algae of the seagrass beds (e.g., Phillips et al., 1982; 
Ogden and Ogden, 1982; South, 1983). However, these studies refer to 
short-term investigations (up to 1 month). 

The objective of this study was to investigate the temporal and spatial 
pattern of macroalgae associated with seagrass communities, dominated by 
mostly one seagrass species, in the vicinity of Port Moresby, Papua New 
Guinea. Qualitative and quantitative data were gathered on the accom
panying macroalgae of seagrass beds, together with measurements on some 
biotic and abiotic characteristics. The information obtained, together with 
qualitative and quantitative data on the seagrass species and macroinverte 
brates, has been used to elucidate some aspects of seagrass communities of 
the Bootless Bay area. 

LOCALITIES 

In the period from January 1981 to January 1983, 9 homogeneous sea
grass beds were sampled in Bootless Bay, Papua New Guinea. From these 
study sites, Stations 2, 3, 4, 5, 8 and 9 were sampled from January 1981 to 
January 1982, and Stations 1, 6 and 7 were studied over a 2-year period 
(January 1981—January 1983). A detailed map of the monospecific seagrass 
beds on the north-west tip of Loloata Island, an island in Bootless Bay, is 
given in Fig. 1. 

Station 1. A Thalassia hemprichii (Ehrenb.) Aschers, bed on the north
west tip of Loloata Island. This area was partly protected from wave action 
by a 5—10-m wide zone of large coral conglomerates upon which large 
fucoid algae were found. The substrate consisted mainly of coral sand. At 
extreme low water this area (+0.4 m ELWS) was uncovered. 

Station 2. A Thalassia hemprichii bed on the north-west tip of Motupore 
Island. This community consisted of an extremely dense algal mat of 
Halimeda opuntia (L.) Lamour. in which T. hemprichii occurred with 
relatively long shoots. This community was surrounded by an extensive 
mixed seagrass meadow and situated well within the reef flat. The substrate 
consisted of coral sand, little coral debris and calcareous algal fragments. 
Even at spring-ebb tides this community remained covered (-0.3 m ELWS). 

Station 3. A Thalassia hemprichii bed on the west side of Motupore Island. 
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Fig 1 A detailed map of the seagrass beds on the north west tip of Loloata Island 
1 = limestone, cobbles, large fucoids, 2 = limestone, sand, small brown algae, 3 = lime 
stone, bare, 4 = sublittoral zone, coral boulders, coral rubble, 4 = coral boulders, sand, no 
macrophytes, 6 = mixed seagrass bed, all species, 7 = monospecific seagrass patches, all 
species, 8 = mixed seagrass bed, Thalassia hemprwhn and Cymodocea rotundata, 9 = 
mixed seagrass bed, Thalassia hemprichu and Enhalus acoroides, 10 = cliff, 20 cm line = 
20 cm ELWS, I IV = line transects, CR = Cymodocea rotundata, CS = Cymodocea 
serruiata, SI = Syrmgodium isoetifohum, TH = Thalassia hemprichu, EA = Enhalus 
acoroides, HU = Halodule unmervis 

The community consisted of the finger coral Montipora sp., Hahmeda 
opuntia and Thalassia hemprichu. This community was situated on the reef 
platform at -0.5 m ELWS, and was surrounded by coral boulders, soft 
corals and micro-atolls. On the reef platform, smaller or larger areas were 
partially or completely exposed during spring-ebb tides. The substrate con
sisted predominantly of coral rubble, coral sand and calcareous algal frag
ments. 

Stations 1, 2 and 3 are the same localities as those where structural and 
functional aspects of the epiphytic component were studied (Heijs, 1984, 
1985a). 
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Station 4. A fringe of Cymodocea rotundata Ehrenb. and Hempr. ex 
Aschers., north to north-west of Loloata Island. This seagrass, mixed with 
Syringodium isoetifolium (Aschers.) Dandy, occupied a 5—10-m wide zone 
that gave way to a large sandy area on the east side. Cymodocea rotundata 
was found colonizing the sandy area. On the west side this seagrass bed was 
bordered by a mixed seagrass meadow, with Thalassia hemprichii as the 
dominant seagrass species. In the sandy area, large coral colonies were found 
and quite a variety of macroinvertebrates (sea urchins, sea cucumbers, clams, 
gastropods and starfish). The seagrass fringe dominated by C. rotundata, was 
never exposed (-0.1 m ELWS); however, the mixed meadow was uncovered 
during spring-ebb tides. 

Station 5. A stand of Cymodocea serrulata (R.Brown) Aschers, and 
Magnus near Tubusereia head. This station was located near a large village 
(3000 inhabitants) on the mainland. A mangrove fringe characterized the 
coast line. The seagrass bed was surrounded by other monospecific seagrass 
beds: to the north and north-east a Cymodocea rotundata meadow and to 
the west a Halodule pinifolia (Miki) den Hartog patch which eventually gave 
way to a large sandy area. On the south-east side, Cymodocea serrulata was 
bordered by dead coral colonies and coral rubble, among which several 
macroalgal species (mainly Chlorophyta) were found. The substrate con
sisted predominantly of coral rubble and a thin layer of silt. 

Station 6. A Syringodium isoetifolium community, also on the north-west 
tip of Loloata Island. This community was characterized by the presence of 
coral colonies of variable size and coral rubble, situated at -0.2 m ELWS. 
During the 2-year period, this area was gradually invaded by Thalassia 
hemprichii, which initially bordered this community on the west to north
west side. To the east and south-east side, an area more or less devoid of sea-
grasses was found. Here, occasional coral heads provided substratum for 
larger and smaller Phaeophyta and Rhodophyta. 

Station 7. A patch oí Halodule uninervis (Forsk.) Aschers, on the north
west tip of Loloata Island. This rather small patch (5 X 10 m) was bordered 
on one side by a Thalassia hemprichii bed and on the other side by a sandy 
area with coral heads. The substrate consisted of coral sand. This patch 
(+0.3 m ELWS) was uncovered at extreme low tide, resulting in "burning" 
of the seagrass leaves during the dry season (mid-April—mid-October). 

Station 8. A meadow of Enhalus acoroides (L.f.) Royle on the north side 
of Loloata Island at - 3 m ELWS. This was a large strictly monospecific sea
grass bed within the shallower region, a mixed seagrass meadow, dominated 
by Thalassia hemprichii. In the shallower mixed meadow, as well as in the 
Enhalus acoroides meadow, abundant sand mounds were found, probably 
caused by polychaete worms and thalassinid shrimps. No macroalgae have 
been found during the sampling period. 

Station 9. A community of Halophila ovalis (R.Brown) Hooker f. on the 
north-east side of Manounouha Island at - 6 m ELWS. This is the deepest 
seagrass bed sampled. The shallowest region was characterized by an abun-
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dance of living coral. This abruptly changed into a sandy area with sea-
grasses (-1.0 m ELWS) that extended down to 10 m depth. Seagrass species 
found down to 10 m deep were, respectively, a mixed meadow of Thalassia 
hemprichii, Halodule uninervis, Halophila ovalis and Cymodocea serrulata; 
followed by a mixed growth of Halodule uninervis and Halophila ovalis; 
from - 6 m to -8 m a monospecific bed of Halophila ovalis, and in the 
deepest part (-10 m) a narrow fringe of Halophila decipiens Ostenfeld. In 
this whole seagrass area the gastropod Strombus luhuanus L. was extremely 
abundant throughout the year. No macroalgae were present during the study 
period. 

A more general description of the Bootless Bay area with the biotic and 
abiotic characteristics has been given by Brouns and Heijs (1985). 

METHODS 

Temporal pattern 

At each sampling station the abundance of each species (seagrasses and 
macroalgae) was estimated monthly, according to a modified Braun— 
Blanquet scale (Barkman et al., 1964), in which r = one or a few scattered 
specimens, average cover 0.5%; + = occasional, with cover on average 1.5%; 
1 = many specimens, coverage less than 5% (average 2.5%); 2m = very numer
ous specimens, coverage less than 5% (average 2.5%); 2a = coverage 5—12.5% 
(average 7.5%); 2b = coverage 12.5—25% (average 17.5%); 3 = coverage 25— 
50% (average 37.5%); 4 = coverage 50—75% (average 62.5%); 5 = coverage 
75-100% (average 87.5%). 

For the determination of qualitative and quantitative aspects of each 
station, 2 permanent quadrats and several randomly-placed quadrats of 
1 X 1 m were used. The minimal area for sampling had been determined for 
each station prior to the sampling sequence. The mean number of seagrass 
shoots per m2 was counted and the total leaf area (L.A.) per m2 sediment 
surface determined. The contribution of the epiphytic component to the 
total above-ground biomass of seagrass leaves and epiphytes was estimated 
(Heijs, 1984, 1985b) and the abundance of macroinvertebrates was noted for 
each quadrat. 

Spatial pattern 

To determine the spatial pattern in the seagrass area on the north-west tip 
of Loloata Island, line transects were established perpendicular to the coast 
at 5—10-m intervals (Fig. 1). This area was chosen because it was the only 
location where several monospecific seagrass beds were found. Along the 
entire length of each transect (60—75 m), the abundance of seagrasses, 
macroalgae and macroinvertebrates was estimated in 1 X 1 m quadrats, using 
the above-mentioned method. The transects were made only once, in July 
and August 1982. 
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Diversity 

Diversity indices were calculated for the macroalgae using Shannon's index 
Я = — Σ¿=jPi In Pi', where S = number of species and Pi = cover of species i. 
The evenness of H was calculated according to Pielou (1969): J = Я / Я т а х , 
where Я т а х = In S. 

Presence 

The presence (P) is the occurrence of a taxon in a relevé. Ρ is usually mea
sured as the number of relevé's in which the taxon occurs, expressed as a 
percentage of the total number of relevé's compared: 0.5 = present in 0—10% 
of the relevé's; 1 = present in 10—20% of the relevé's; 2 = present in 21—40% 
of the relevé's; 3 = present in 41—60% of the relevé's; 4 = present in 61—80% 
of the relevé's; 5 = present in 81—100% of the relevé's. 

Biological index 

The biological index, which is an indication of the quantitative impor
tance of the species, was determined for the macroalgae by giving the species 
a rank from 1 to 5 by abundance, in each relevé. A value of 5 points was 
given to the species with the highest percentage cover; a value of 4 points 
was given to the second highest-ranking species and so on. The maximum 
score a species could obtain corresponded to 33.3% of the total number of 
points awarded per year per station. 

RESULTS 

Characteristics of the stations 

In Table I the characteristics of the different seagrass communities are 
presented. The seagrass beds were not strictly monospecific throughout the 
year, except Stations 5, 8 and 9. Stations 2 and 4 showed a dominance of 
one seagrass species with a comparatively high abundance of a second one. 
At both stations this second seagrass was Syringodium isoetifolium. 

The annual mean cover of seagrasses varied from 50% at Station 9 to 93% 
at Station 2. 

Enhalus acoroides (Station 8) and Halophila ovalis (Station 9) were both 
common in the Bootless Bay area. In the intertidal belt, Enhalus acoroides 
was usually found mixed with Thalassia hemprichii and sometimes together 
with other seagrass species. A monospecific stand of Enhalus acoroides was 
only found in the sublittoral zone. However, in these monospecific seagrass 
beds no macroalgae could be found among the seagrass shoots in spite of 
regular inspection. Likewise, Halophila ovalis, common in mixed situations 
especially in the littoral belt, formed a monospecific seagrass bed on 
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TABLE I 

A compilation of the characteristics of the different aeagiass communit ies (Stations 1—9) in 1 9 B l a 

Waterdepth m ELWS -0 .3 - 0 . 1 - 0 . 2 +0.3 -3 .0 -6 .0 

Substratum 
Coral sand 
Coral rubble 
Calcareous algal fragments 
Sût 

Fauna 

Vegetation 

Seagrasses 
Mean annual cover (%). all seagrasses 9 2 . 9 58 .3 92.0 6 8 . 6 78.8 60 

Mean annual cover (%) 
Thatassia hempnehu 
Cymodocea rotundata 
Cymodocea serruiata 
Enhaluf acoro idcs 
Haìoduìe un m cru is 
Halophila ovahs 
Synngodium itoetifolium 

Mean annual number of shoots per m" 
(dominant species) 
Mean annual leaf area per m 3 sediment 
surface 

82.1 

-
1.4 
0.9 
0.5 
0.2 

2100 

13.6 

72.1 

_ 
2.0 
2.1 

-
-

16.7 

520 

5.6 

42.0 

-
4.8 
0.1 

-
-

11.4 

430 

4.0 

3.4 
42.8 

-
0.3 

-
1.4 

29.5 

1160 

5.0 

-
-

92.0 

-
-
--

1485 

10.0 

2.2 

-
-
0.2 

-
1.6 

64.6 

6600 

8.3 

2.9 

-
-
0.2 

69.3 
4.6 
1.6 

13310 

16.3 

-
-
-
60 

-
-— 

97 

4.2 

-
-
-
-
50 

— 

800 

0.74 

Epiphytes 
Contribution of epiphytes (in %) to 
the total seagrasses leave > plus 
epiphyte biomass 14 22 24 23 

Macroalgae 
Mean annual cover (%) all species 9 .4 91 .7 80 .3 4.7 12 .8 37 .1 14 .2 
Mean annual cover (%) dominant species 3.1 8 2 . 5 3 5 . 3 1.9 4 .5 4.9 1.0 
Mean annual number of species 3.8 4.1 16 .5 2.3 4 3 13.1 5.6 
Diversity H (SE) 1.65 ± 0 . 1 0 0 .52 ± 0.07 2 . 9 8 + 0 . 1 1 0 .99 ± 0 . 1 0 1.65 ± 0 . 2 6 3 .24 ± 0 .14 2.07 ± 0 . 1 2 
Evenness J (SE) 0.81 ± 0 . 0 4 0 .23 ± 0 . 0 2 0 . 7 5 ± 0 . 0 1 0 . 6 6 + 0 . 0 6 0 .85 ± 0 0 7 0.91 ± 0 . 0 1 0 88 ± 0 .03 
Total number of species 33 3 6 67 23 14 44 41 
Total number of relevés 57 47 4 5 53 16 24 51 24 

+ = present; - = absent; R = rare, X = few, С = c o m m o n ; A = abundant. 



Manounouha Island at -6 m ELWS. In this seagrass community also, no 
rhizophytic macroalgae were found throughout the sampling period. How
ever, at both Stations 8 and 9 algal epiphytes have been found colonizing the 
seagrass leaves. 

The highest value for the total annual cover of benthic algae was observed 
at Stations 2 (92%) and 3 (80%). At both stations the dominant species was 
Halimeda opuntia, with a relative abundance of 90 and 44% at Stations 2 and 
3, respectively. 

The mean number of benthic algal species found per quadrat ranged from 
0 (Stations 8 and 9) to 16.5 (Station 3). 

Diversity indices were calculated for the macroalgae from each quadrat. 
At Station 2 {Thalassia- Halimeda bed) the lowest diversity (Я) and evenness 
(J) were found, indicating a rather simple habitat structure. The low 
diversity values are probably caused by the quantitative dominance of only 
one species, i.e., Halimeda opuntia (Table II). Stations 3 (Thalassia- Monti-
pora community) and 6 (Syringodium isoetifolium community) showed the 
highest diversity as well as evenness. Stations 1, 5 and 7 showed intermediate 
diversity values and were characterized by either no or more dominants 
(Tables I and II). 

The epiphytic contribution to the biomass of seagrass leaves and epiphytes 
was lowest at Station 8 (Enhalus acoroides meadow, 4%) and highest at 
Station 5 (Cymodocea serrulata stand, 24%). The most common and abun
dant epiphytes at all stations were Fosliella farinosa (Lamour.) Howe, 
Ceramium gracillimum (Harv.) Mazoyer and Polysiphonia savatierii Hariot 
(see also Heijs, 1985a, b). 

Macroinvertebrates, generally sea urchins, sea cucumbers and gastropods, 
were most frequently observed at Station 3 (Thalassia—Montipora com
munity) and were almost absent at Station 8 (Enhalus acoroides meadow). 
Different species were common to abundant in the different localities. 

Floristic composition and abundance 

In Table II the annual mean cover percentage and the corresponding 
presence class (P) of the algal species are presented for Stations 1—7. The 
number of quadrats investigated per site throughout the sampling period 
varied from 16 (Station 5) to 57 (Station 1). The Cymodocea serrulata 
meadow (Station 5) has not been visited on a monthly basis due to limited 
accessibility in windy weather. During the wet season (especially December 
and January) and the dry season (mainly August and September), winds 
were generally very strong causing turbulent waters and rather low visibility 
in this particular area, and making adequate sampling impossible. On several 
occasions this locality could not be reached by boat due to the weather con
ditions. 

The Syringodium isoetifolium community (Station 6) occupied a com
paratively small area. Consequently, only 2 permanent quadrats were 
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sampled on a monthly basis for 2 years. 
As was mentioned before, no macroalgae have been found at Stations 8 

and 9. Therefore, both stations are excluded from Tables II and III. 
From Table II it is quite clear that the highest number of macroalgae was 

observed in the Thalassia—Montipora community (Station 3) and the lowest 
number of benthic algae in the 2 Cymodocea communities (Stations 4 and 5). 
No Rhodophyta were observed at Station 5, where predominantly Chloro-
phyta, especially Caulerpa and Halimeda spp., dominated the community. 

Station 1 and Station 4 {Cymodocea rotundata) showed a fairly similar 
algal abundance. Champia párvula reached the highest annual coverage at 
both sites, i.e., 3.1 and 1.9%, respectively. This red alga is also quite abun
dant in the Syringodium isoetifolium community (Station 6). However, 
Station 6 was dominated by 2 large brown algae i.e., Cystophyllum trinode 
and Sargassum oligocystum. 

Station 2 (Thalassia—Halimeda bed) and Station 3 (Thalassia-Montipora 
community) were both dominated by the green calcareous alga Halimeda 
opuntia. At Station 2, a mean annual cover of 82.5% was found, which is the 
result of a more or less continuous growth of this alga. No other macroalgae 
contributed significantly to the total algal cover at this station. However, 
Station 3 showed a relatively high abundance of 2 red algae i.e., Amansia 
glomerata and Ceratodictyon spongiosum, which lives in symbiosis with a 
sponge. 

The Halodule uninervis fringe (Station 7) was dominated by Hypnea 
valentiae. However, not this species, but Hormothamnion spp. (Cyanophyta) 
reached the highest annual cover. This is a consequence of a seasonal bloom 
(spring and autumn) of these blue-green algae, which occurred sporadically 
in the seagrass bed. 

The biological index indicates the quantitative importance of a species. In 
Table III, the seasonal biological index is presented for the 5 most abundant 
algal species of Stations 1—7. It appears that the stations show very little 
similarity in terms of quantitatively dominant macroalgae. Two species were 
found among the quantitatively dominant species in 4 of the 7 stations: 
Champia párvula (Stations 1, 4, 6 and 7) and Hypnea valentiae (Stations 1, 
2, 4 and 7). Furthermore, this table shows the quantitative importance of 
different algal groups at different stations: Phaeophyta at Station 6 
(Syringodium isoetifolium community), Chlorophyta at Station 5 
(Cymodocea serrulata meadow) and Rhodophyta at Stations 3 (Thalassia— 
Montipora community) and 4 (Cymodocea rotundata fringe). Stations 1, 4, 
6 and 7 appear more similar than Stations 2, 3 and 5. This is possibly caused 
by the situation of these study sites; Stations 1, 4, 6 and 7 are all located on 
the north-west tip of Loloata Island. 

There appears to be little similarity between the dominant macroalgae of 
Stations 1, 2 and 3, although all 3 were dominated by the same seagrass 
Thalassia hemprichii. This suggests that the distribution of algae is deter
mined not so much by the presence of a certain seagrass species, but by 
other biotic and abiotic factors. 
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TABLE II 

The annual mean cover percentage and the corresponding presence class (P) of macroalgae for the different stations (Stations 1—7), during 1981 

Station 

Number of releves (Л0 
Number of species (S) 

Cyanophyta 
Hormothamnion spp. 
Symploca hydnotdes Kutz. 
Other 

Chlorophyta 
Enteromorpha kylmn Blidlng 
Neomerig annulata Dickie 
N van bosseae Howe 
Acetabulana sp. 
Valoma ventncosa J. Ag. 
V aegagropila C.Ag. 
Dictyosphaena cavernosa (Forsk.) B4rg. 
D vertluytn Weber-van Bosse 
Boodlea composita (Harv.) Brand 
Struvea anastomosant (Harv.) Picc. & Grun. 
Anadyomene wnghtii Gray 
Bornetella oltgospora Solms-Laubach 
Boergesema forbesn (Harv.) Feldm. 
Chlorodesmis fastigiata (C.Ag.) Ducker 
С hildenbrandtii Gepp & Gepp 
Caulerpa racemosa (Forsk.) J. Ag. 
С serrulata (Forsk.) J.Ag. 
С sertularioides (Gmel.) Howe 
С taxifolia (Vahl) C.Ag. 
Avratnvtllea erecta (Berk.) Gepp L· Gepp 
A lacerata J.Ag. 
Udotea onentalis Gepp & Gepp 
Halimeda opuntia (L.) Lamoux. 
И macroloba Decaisne 
H tuna (Ell. & Sol.) Lam our. 
H discoidea Decaisne 

1 

57 
33 

% cover Ρ 

2 

47 
35 

% cover Ρ 

3 

45 
67 

% cover Ρ 

4 

53 
23 

% cover Ρ 

5 

16 
14 

% cover Ρ 

β 

24 
43 

% cover Ρ 

7 

51 
41 

% cover Ρ 

0.26 1 0.06 
0.01 0.5 
0.21 1 0.41 

0.01 

0.01 
0.25 
0.17 

0.13 

0.05 

0.55 
0.03 
0.03 

0.5 

0.5 
1 
0.5 

0.02 0.5 

0.5 

0.5 

3 
0.6 
0.5 

0.39 

0.35 
0.09 

0.09 

0.03 

0.5 
0.21 

0.04 
0.01 
0.38 
1.28 
0.87 
1.02 
0.91 

0.5 0.67 
0.16 
0.01 
0.01 
1.14 

0.5 0.62 

0.47 
0.03 

О 5 0.04 
0.17 

1 

82.5 5 
0.01 
35.3 
1.24 

0.79 

0.08 

0.5 
0.5 
2 
2 
3 
4 
Э 
2 
1 
0.5 
0.5 
4 

1 

2 
0.5 
0.5 
0.5 
0.6 
5 
3 

1 

0.19 
0.17 

0.01 

0.01 

0.05 

0.05 

0.5 

0.06 0.5 3.90 

0.01 0.5 

1 
1 

0.5 

0.5 

0.5 

0.5 

0.31 
0.28 

0.31 
0.38 
2.03 
0.97 

1.22 
4.50 
0.41 
0.72 

1 
1 

3 
2 
2 
3 

3 
5 
1 
2 

0.23 

0.29 
1.31 
1.54 
0.08 

0.08 
0.04 

0.63 

0.85 

0.13 
0.60 

1 

1 
4 
5 
0.5 

0.5 
0.5 

3 

3 

0.5 
2 

0.02 

0.03 
0.29 
0.32 
0.03 
0.03 
0.07 
0.04 

0.11 

0.88 

0.60 

0.11 

0.5 

0.6 
2 
2 
0.5 
0.5 
0.5 
0.5 

0.5 

1 

3 

0.5 



H taenicola Taylor 
Codium arabicum Kutz. 
С. edule Silva 
Codium sp. 

0.03 0.5 

0.06 0.5 

0.34 
0.27 
0.06 

1 0.03 
0.5 

0.5 

Phaeophyta 
Dictyota dichotoma (Huds.) Lamour. 
D divaricata Lamour. 
D bartayresiì Lamour. 
D. adnata Zanardim 
D pardalis Kutz. 
D cervicorms Kutz. 
D al ¡alata Kutz. 
Spathoglossum variabile Fig et de Not 
Dictyoptens delicatula Lamour. 
Padina tenuis (Bory) Worn. & Bailey 
P. auBtralis Hauck 
Colpomenia sinuosa (Roth) Derbès & Solier 
Hydroclathrus clathratus (C.Ag.) Howe 
Rosenvingea intricata (J.Ag.) B4rg. 
Chnoospora implexa (Her.) J.Ag. 
Sargassum oligocystum Mont. 
Sargassum sp. 
Turbinarla conoides (J.Ag.) Kutz. 
Turbinarla sp. 
Hormophysa tnquetra (L.) Kutz. 
Cystophyllum tnnode (Forsk.) J.Ag. 

Rhodophyta 
Liagora sp. 
Acímofrichía [ragilis (Forsk ) Bî rg. 
Galaxaura oblongata (Ell. & Sol.) Lamour. 
G elongata J.Ag. 
G subi/erficil/ota Kjellman 
Gelidium pusillum (Stackh.) Le Jol. 
Gelidium spp. 
Amphiroa fragilissima (L.) Lamour. 
A tributas (Ell & Sol ) Lamour. 
Jama adhaerens Lamour. 
Carpopeltis formosana Okamura 
Gracilana arcuata Zanardim 
С blodgettu Harv. 
G eduli* (J.Ag.) Silva 
G verrucosa (Huds.) Papenfuss 

0.16 0.6 0.33 0.5 0.07 0.6 0.06 0.5 0.06 0.5 

0.09 
0.05 

0.07 

0.14 
0.05 

1 
0.6 

0.6 

0.6 
0.5 

0.15 
0.29 
0.55 
0.01 
0.32 

0.05 

0.03 

0.05 

0.5 
1 
2 
0.5 
0.5 

0.6 

0.5 

0.6 

0.19 
0.30 
0.82 
0.08 
0.10 
0.03 

0.88 

0.17 
1.00 
0.04 
0.40 

1 
1 
3 
0.5 
0.5 
0.5 

2 

0.5 
1 
0.6 
0.5 

0.08 
0 04 
0.09 
0.03 

0.5 
0.5 
0.5 
0.5 

0.59 
0.59 
0.09 

2 
2 
0.5 

0.81 
0.83 
0.69 
0.75 
0.65 

0.21 

2.52 

0.71 
0.02 

3 
3 
2 
2 
2 

0.5 

4 

1 
0.5 

0.27 
0.10 
0.23 
0.36 
0.16 

0.76 

0.23 

1 
0.5 
2 
1 
0.6 

2 

0.5 

0.06 0.5 

0.05 0.5 

0.17 

0.36 

0.5 

0.05 0.5 

0.04 

0.03 

0.03 

0.03 
0.07 

0.5 

0.5 

0.5 

0.5 
0.5 

0.13 

0.16 
0.03 

0.5 

1 
0.5 

0.03 
0.04 

0.03 
0.52 
0.38 
1.76 

0.37 
0.17 
0.81 
0.66 

0.5 
0.5 

0.5 
2 
2 
4 

1 
1 
3 
1 

0.01 
0.04 

0.5 
0.5 

4.19 
0.31 

2.Θ6 
4.88 

0.08 

0.75 

5 
0.5 

0.06 

0.01 0.6 

0.08 0.6 

0.5 0.03 0.6 

0.01 0.6 

0.13 

2.10 
0.27 

2 
1 

0.06 
0.11 

0.5 
0.5 



UI 

о 
TABLE II continued 

Station 

1 

57 
33 

% cover Ρ 

2 

47 
35 

% cover Ρ 

3 

45 
67 

% cover Ρ 

4 

53 
23 

% cover Ρ 

5 

16 
14 

% cover Ρ 

6 

24 
43 

% cover Ρ 

7 

51 
41 

% cover Ρ 

Number of releves (Ν) 
Number of species (S) 

3 
0.5 
2 
3 

G. eucheumoides Harv. 
C. salicornia (C.Ag.) Dawson 
Eucheuma striata Schmitz 
Hypnea boergesenii Tanaka 1.61 
Hypnea nidifica J.Ag. 0.05 
Η. musei/ormi« (Wulfen) Lamour. 0.67 
Η. valentiae (Turn.) Mont. 1.19 
/ƒ. pannosa J.Ag. 
Champia párvula (C.Ag.) Harv. 3.12 4 
Champia sp. 
Ceramium sp. 
Spyridia filamentosa (Wulf.) Harv. 
Dasyopsis pilosa Weber-van Bosse 
Amansia glomerata C.Ag. 
Chondria armata (Kütz.) Okamura 
Acanthophora spicifera (Vahl) B^rg. 0.03 0.5 
A. muscoides (L.) Bory 
LeveiUea jungermannioides (Mart. & Her.) Harv. 
Tolypiocladia ealodictyon (Harv.) Silva 
T. glomerulata (C.Ag.) Schmitz & Hauptfleisch 
Ceratodictyon spongiosum Zanardini 0.07 0.5 
Laurencia papillosa (Forsk.) Grev. 
L. maiuscula (Harv.) Lucas 0.04 0.5 
L. parv¡papillata Tseng 
Laurencia sp.a 

0.18 
0.16 

0.64 
0.09 
0.31 

0.01 
0.09 
0.01 

0.10 
0.18 
0.05 
0.05 
0.38 
0.30 
0.04 

1 
1 

2 
1 
1 

0.5 
0.5 
0.5 

0.5 
1 
0.5 
0.5 
1 
1 
0.5 

2.02 
0.68 
2.30 
0.01 
0.67 

0.10 
2.64 
0.44 
0.01 
0.01 
1.39 

5.68 

0.10 
0.03 

0.01 
7.69 
1.41 

0.52 
0.40 

3 
2 
2 
0.6 
0.5 

0.5 
4 
1 
0.5 
0.5 
1 

0.5 
0.6 

0.5 
5 

0.26 
0.56 
0.08 
0.46 

1.91 

0.15 

0.29 
0.67 
0.44 
0.29 
0.08 
2.31 

1 
3 
2 
1 
0.5 
5 

0.25 
0.44 
0.67 
1.03 

0.80 

1 
2 
2 
3 

3 

0.05 0.6 

1.21 

0.61 

0.98 
1.33 
0.04 

3 

2 

2 
2 
0.5 

0.03 
0.83 

0.15 
0.01 
0.48 
0.12 

0.5 
2 

0.5 
0.5 
1 
0.5 

'juvenile. 



TABLE III 

The seasonal biological index of 1981 calculated for the 5 most abundant species of Stations 1—7. The maximum score a species can 
obtain corresponds to 33.3% of the total number of points awarded per year per station. In parentheses is the number of months in 
which the species was present a 

Station 

Dominant seagrass species Syringodium Cymodocea 
isoetifolium rotundata 

Thalassia Halodule Thalassia Thalassia Cymodocea 
hemprichii uninervis hemprichii hemprichii serrulata 

ω 
о 

Cystophyìlum trinode (Ρ) 
Sargassum oligocystum (P) 
Padina tenuis (Ρ) 
Champia párvula (R) 
Dictyosphaeria uersluysii (С) 
Hypnea nidifica (R) 
Hypnea valentiae (R) 
Hypnea boergesenii (R) 
Cyanophyceae 
Avrainmllea erecta (С) 
Hypnea musciformis (R) 
Halimeda opuntia (C) 
Dictyota adnata (Ρ) 
Boodlea composita (С) 
Hypnea pannosa (R) 
Ceratodictyon spongiosum (R) 
Amansia glomerata (R) 
Eucheuma striata (R) 
Halimeda macroloba (C) 
Caulerpa sertularioides (C) 
Halimeda discoidea (С) 
Caulerpa taxifolia (C) 

14.6 
12.3 

8.8 
7.6 
6.6 

( 1 2 ) 
(11) 

(8) 
(8) 

( 1 2 ) 
18.3 

4.1 
6.4 
5.7 
4.1 

(8) 
(5 ) 
(4) 
(3) 
(3) 

20.4 

11.1 
14.4 

5.2 
7.3 

( 1 2 ) 

(4) 
(8) 
( 5 ) 

( 1 2 ) 

10.2 

7.9 

8.3 
7.8 
5.7 

(6 ) 

(7) 

(5 ) 
( 1 2 ) 

(5 ) 

4.9 

33.3 
5.0 
3.2 
3.2 

(5) 

(12) 
(4 ) 
(4) 
(3) 

32.0 (12) 

5.8 (8) 
14.6 ( 1 2 ) 
12.2 (12) 

6.7 (12) 

12.5 (8) 

25.2 (8 ) 
9.6 (6 ) 
6.4 (6) 
6.0 (3 ) 

a C = Chlorophyceae; Ρ = Phaeophyceae; R = Rhodophyceae. 



Spatial distribution of macroalgae 

Variation in species dominance 
The zonation pattern was studied by means of 4 transects. Figure 2 (tran 

sect II in Fig. 1) illustrates the spatial distribution of the benthic macroalgae 
associated with the seagrass area on the north-west tip of Loloata Island, 
during July and August 1982. 

A. Seagrasses. Highest in the intertidal zone, Cymodocea rotundata was 
found as the dominant seagrass, whereas Thalassia hemprichii was most 
abundant lower in the intertidal zone. Other seagrass species were less im
portant in terms of coverage. Syringodium isoetifolium became more abun
dant towards the sublittoral zone, where it is not subject to desiccation 
during extreme low tides. This species is apparently unable to withstand 
exposure for long periods of time. When moving across the reef flat from the 
landward margin, Halodule uninervis was generally found in the transition 
zone between Cymodocea rotundata and Thalassia hemprichii. The absence 
of Cymodocea serrulata is noticeable. This can possibly be explained by the 
situation of this locality. The transects are all located on the north-west tip 
of Loloata Island and are all exposed at low water of spring tides. 
Cymodocea serrulata is generally found in those areas that remain covered 
during extreme low tide. Halophila ovalis was distributed throughout almost 
all transects, whereas Enhalus acoroides was generally associated with 
Thalassia hemprichii. 

B. Macroalgae. A total of 6 seagrass species and 55 macroalgae have been 
observed, of which 19 algal species (35%) were common to all transects. The 
Chlorophyta, Phaeophyta and Rhodophyta were represented by 18, 15 and 
19 species, respectively. Of the 19 species common to all transects, 60% was 
contributed by the Chlorophyta. The total number of algal species recorded 
per transect was approximately the same (36.5 ± 1). 

Three ecological units can be distinguished: an "inner" reef flat, char
acterized by small coral boulders and coral rubble on which a variety of 
macroalgae were present; a "middle" reef flat, characterized by a sandy sub
strate with a dominance of seagrasses; and an "outer" reef flat, not included 
in the transects because of the absence of seagrasses. 

The benthic marine algae were most abundant on the "inner" reef flat and 
fewer algae were found on the "middle" reef flat. On the "inner" reef flat 
there was a dominance of one single species Sargassum oligocystum. Sub-
dominant species included Padina tenuis, Cystophyllum trinode, Dictyo-
sphaeria versluysii and D. cavernosa. 

The "middle" reef flat (seagrass dominance) showed a comparatively high 
abundance of Champia párvula and Hypnea boergesenii. Both species were 
found entangled among the seagrass shoots as well as epiphytic on the sea
grass leaves. Furthermore, these algae were more often found associated with 
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the seagrass Thalassia hemprichii. 
Ceratodictyon spongiosum was observed throughout the "inner" and 

"middle" reef flat of all transects. 
Most larger Phaeophyta (fucoid algae) present on the "inner" reef flat are 

absent in the "middle" reef flat and reappear towards the coral zone. This 
indicates a lack of suitable stabilized substrate for attachment in the sea-
grass-dominated area. 

The Cyanophyta were locally extremely abundant, sometimes smothering 
the seagrass leaves completely. A bloom of Cyanophyta was never observed 
in an area with little or no seagrass growth. Apparently, local environmental 
conditions in the seagrass bed favour the development of these algae. 

Although the "outer" reef flat was not included in the transects, the sea
ward side of the seagrass bed on the north-west tip of Loloata Island was 
bordered by large coral boulders and coral conglomerates. On these sub
strates a variety of fucoid algae were present during the southern winter 
stage of algal development (Sargassum cristaefolium C.Ag., S. polycystum 
C.Ag., Hormophysa triquetra, Turbinarla ornata (Turn.) J.Ag., T. conoides). 
Additionally, smaller brown algae were found (Padina tenuis, P. australis, 
Dictyota spp., Dictyopteris sp. and Spathoglossum sp.), several Chlorophyta 
(Dictyosphaeria spp., Neomeris spp., Chlorodesmis sp. and Caulerpa spp.) 
and Rhodophyta (Laurencia obtusa (Huds.) Lamour.,L. majuscula, Galaxaura 
spp., Actinotrichia fragilis and small turf-forming spp.). 

The variation between the "inner", "middle" and "outer" reef flat seems 
to be related mainly to substrate differences and micro-topographical varia
tions. Differences between the transects also indicate a substrate dependency. 

C. Turf algae and epiphytic algae. Quantitative data on the turf algae and the 
epiphytic macroalgae are not included in this paper. The epiphytic algae 
associated with the different seagrass species, will be treated separately 
(Heijs, 1985a, b). 

Epiphytes on the larger benthic macroalgae, especially Cystophyllum 
trinode and Sargassum oligocystum, included Fosliella farinosa, Hypnea 
boergesenii, H. valentiae, Jania sp., several Dictyota spp. (particularly 
D. divaricata and D. bartayresii), Colpomenia sinuosa and Laurencia spp. 
However, these epiphytes were also found on other substrata, hence no host-
specific epiphytes were observed. The high abundance of epiphytic algae on 
Sargassum and Cystophyllum suggests that these haptophytic macroalgae 
play an important functional role in the community by providing additional 
space for colonization. 

The algal turf community was predominantly encountered in the "inner" 
reef flat where coral boulders and coral rubble were commonly present. 
Although the cover of the algal turf was not included, some remarks can be 
made on the floristic composition of this community. The turf community 
was relatively rich in species. The most common genera and species observed 
were Rhodophyta (e.g., Ceramium gracillimum, C. mazatlanenze Dawson, 
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Centroceras clavulatum (C.Ag.) Mont., Gelidium spp., Gelidiella spp., 
Herposiphonia tenella (C.Ag.) Ambronn, H. secunda (C.Ag.) Ambronn, 
Polysiphonia spp., Griffithsia spp., Tolypiocladia glomerulata and Leveillea 
jungermannioides) but one also finds Phaeophyta (e.g., Giffordia mitchellae 
(Harv.) Hamel, G. rallsiae (Vickers) Taylor and several Sphacelaria spp.) and 
Chlorophyta (e.g., Cladophora spp., Chaetomorpha spp., Cladophoropsis 
spp., Enteromorpha clathrata (Roth) Grev., E. flexuosa (Wulfen ex Roth) 
J.Ag. and Bryopsis pennata Lamour.). In addition, juvenile stages of the 
larger macroalgae typical for the area and a variety of Bacillariophyceae, 
were usually found in the turf community. 

Analysis of the zonation pattern 
Table IV presents the values of the transect attributes (% cover of sea-

grasses, Shannon—Weaver diversity index for macroalgae, number of benthic 
algal species) and the substrate characteristics for each transect separately. 
However, this zonation scheme is based only on observations made during 
July and August 1982. 

Generally, a high cover of seagrasses was accompanied by low algal diversi
ty and a low number of algal species. In contrast, when low cover values for 
seagrasses occurred, the diversity and number of algal species were compara
tively higher. Furthermore, the diversity and the number of algal species 
recorded were highest in the shallower parts of each transect ("inner" reef 
flat). 

The "inner" reef flat was characterized by small coral boulders, coral 
rubble and coral sand. This apparently provided suitable stable substrates for 
the settlement and development of macroalgae (high number of species and 
high diversity). The seagrasses were most abundant in the "middle" reef flat; 
this seems to be related to the presence and extent of suitable substrate 
(coral sand) for colonization. The "outer" reef flat, consisted predominantly 
of widely-spaced coral conglomerates, upon which large fucoid algae such as 
Sargassum, Turbinarla and Hormophysa were quite common. 

The zonation pattern on the north-west tip of Loloata Island can be 
tentatively described as follows: 

(1) on the "inner" reef flat, a Cystophyllum trinode community highest in 
the intertidal zone, with a co-abundance of Padina tenuis and Sargassum 
oligocystum. Furthermore, this area is characterized by a high diversity and 
a high number of algal species. 

(2) the "middle" reef flat, shows a dominance of seagrasses, here consisting 
of Thalassia hemprichii and Cymodocea rotundata. Characteristic algal 
species are Champia párvula and Hypnea spp. The total number of algal 
species, as well as the diversity indices, are comparatively low. 
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TABLE IV 

Values for the transect attributes (% cover of seagrasses. Shannon—Weaver diversity index for tbe 
macroalgae (H) and the number of algal species (N)) and the substrata characteristics for each transect 
(I—IV) Values for consecutive Б-m lengths are averaged* 

Transect I Transect II 

Distance (m) % cover Macroalgae Substrate % cover Macroalgae Substrate 
seagrasses seagrases 

1 - 5 
6—10 

11—15 
16—20 
21—26 
26—30 
31—35 
3 6 - 4 0 
41—45 
4 6 - 5 0 
51—55 
5 6 - 6 0 
61—65 
6 6 - 7 0 
71—73 

20 5 
33 8 
27 8 
53 8 
53 8 
71 0 
8 5 0 
76 2 
81 8 
83 2 
90 8 
70 6 

ΛΓ 

5 2 
8 2 
6 6 
5 4 
1 2 
2 0 
2 4 
1 8 
3 6 
2 b 
6 0 
4 5 

II 

1 96 
2 85 
2 13 
1 78 
0 29 
0 78 
0 86 
0 47 
1 31 
1 08 
2 04 
2 12 

S+B++ 
S+B++ 
S+B++ 
S+B+R+ 
S+++ 
S+++ 
S+++ 
S+++ 
S++B+ 
S+++ 
S+B++ 
S+B+C+ 

53 0 
54 8 
24 8 
12 5 
21 0 
16 0 

6 8 
58 2 
87 0 
83 0 
71 8 
64 0 
67 8 
6 0 4 
29 6 

N 

2 8 
3 0 
7 2 
8 6 
5 4 
4 6 
6 0 
2 6 
4 2 
3 0 
3 8 
3 4 
4 6 
4 4 
3 7 

H 

0 98 
0 83 
2 34 
2 6 4 
2 19 
2 10 
2 29 
1 0 0 
1 88 
1 27 
1 19 
0 97 
1 70 
1 97 
1 69 

S++R+ 
S++H.+ 
S+B++ 
S+B++ 
S+R+B+ 
S+R+B+ 
S+B++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+B+C+ 

Transect HI Transect IV 

Distance (m) % cover Macroalgae Substrate % cover Macroalgae Substrate 
seagrasses seagrasses 

1—5 
6—10 

11—15 
16—20 
21—25 
26—30 
3 1 - 3 5 
36—40 
41—45 
4 6 - 5 0 
5 1 - 5 5 
56—60 
60—65 
66—70 

39 2 
28 8 
54 4 
35 4 

4 2 
21 8 
71 6 
78 4 
80 6 
89 8 
72 4 
6 5 8 
57 6 
48 8 

N 

6 8 
5 0 
4 4 
5 0 
5 2 
5 0 
4 6 
2 8 
3 6 
3 0 
3 8 
5 6 
7 4 
5 0 

H 

2 13 
2 15 
2 07 
2 11 
2 02 
1 76 
1 68 
1 31 
1 47 
1 52 
1 84 
2 26 
2 72 
1 71 

S+B++ 
S+B++ 
S+B+R+ 
S+B+R+ 
S+R++ 
S+B+R+ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S++B+ 
S++C+ 
S+C++ 

64 0 
44 0 
23 0 
41 8 
22 0 

2 6 
4 4 

38 2 
87 0 
8 0 8 
86 4 
80 0 
64 8 
2 5 4 

N 

4 6 
3 6 
5 6 
1 6 
3 8 
4 4 
6 4 
1 8 
2 6 
2 6 
2 2 
2 8 
4 0 
0 4 

H 

2 12 
1 29 
2 18 
0 67 
1 55 
2 33 
2 50 
0 65 
1 05 
1 07 
0 90 
1 36 
1 89 

_ 

S++B+ 
S+++ 
S++R+ 
S++R+ 
S++R+ 
S+R++ 
S+R++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 
S+++ 

S - coral sand, В = coral boulders, R = coral rubble, С = coral conglomerates, + = present, ++ = com
mon, +++ = abundant 

(3) the "outer" reef flat is charactenzed by the larger brown algae such as 
Turbinarla spp., Sargassum spp. and Hormophysa triquetra and is best 
described as a Turbinano—Sargassum community. This community is often 
found towards more exposed areas (seaward edge of the "inner" reef flat), 
on the edges and upper surfaces of ridges which are regularly emerged. 
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Temporal distribution of macroalgae 

On the basis of differences in substrate, exposure and the biological index, 
it was decided to present the temporal pattern of macroalgae associated with 
seagrasses of 3 stations: Stations 1, 3 and 6 (Table Va, b and c). 

Stations 1, 4 and 7 were all characterized by a sandy substratum. Further
more, a quantitative abundance of Champia párvula and Hypnea valentiae 
was observed at these stations (Table III) and all stations were situated just 
at the extreme low water mark (Table I). On this basis. Station 1 can be con
sidered representative for Stations 4 and 7 as well. 

Station 6 did not show any significant relation with either one of the 
other stations; the seasonal biological index showed very little similarity to 
other stations (Table III) and the substrate consisted not only of coral sand 
but also of small coral colonies and coral rubble (Table I). 

Of Stations 2, 3 and 5, Station 3 was chosen because this station showed 
most of the variation which occurred during the year. 

Station 1. Macroalgae found throughout the year included Champia párvula, 
Hypnea boergesenii and Avrainvillea erecta. Among the species present 
during one or 2 seasons only were the Cyanophyta (March—April and 
October—November), Hypnea valentiae (August—November), Padina tenuis 
(August—September) and Dictyosphaeria cavernosa (July—October). 

Station 3. On the basis of seasonal distribution, 4 algal groups could be 
distinguished: 

(1) macroalgae present throughout the year (Halimeda opuntia, Cerato-
dictyon spongiosum, Amansia glomerata, Amphiroa tribulus, Valonia 
ventricosa, Eucheuma striata, Gracilaria bhdgettii and Dictyosphaeria 
versluysii). 

(2) macroalgae present from April to November (absent in the southern 
summer) included a group of 8 algae (5 chlorophycean species and 3 Rhodo-
phyta). The highest abundance was reached by Hypnea pannosa, Valonia 
aegagropila and Gracilaria eucheumoides. 

(3) macroalgae present during 2 seasons: 
(a) from July to November (winter/spring period). The most abundant 
species in this group was Spyridia filamentosa; 
(b) from April to September (autumn/winter period); among the species 
included in this group Gracilaria salicornia appeared to be the dominant 
species. 

(4) macroalgae present only during one season; the most remarkable 
species of this group was Hydroclathrus clathratus, reaching a comparative
ly high cover in October. 

Station 6. On the basis of temporal distribution a similar division could be 
made for the macroalgae as for Station 3 : 
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TABLE V 

Ordinated table of the general temporal pattern of the cover of macroalgae dunng 1981 at Stations 1 (a), 3 (b) and 6 (c). For symbols see Methods 
(p. 295) 

(a) Station 1 

20 28 28 13 27 8 29 10 22 5 21 4 25 16 26 7 27 11 20 29 
JAN. FEB. MAR. APR. APR. MAY MAY JUN. JUN. JUL. JUL. AUG. AUG. SEP. SEP. OCT. OCT. NOV. NOV DEC. 

Avrainvillea erecta 
Chlorodesmis fastigiata 
Champ ¡a párvula 
Hypnea boergesenu 
Hypnea musctformis 
Gracliana edulis 
Cyanophyta 
Dictyosphaena versiuysu 
Ceratodictyon spongiosum 
Anadyomene wnghttt 
Dictyosphaena cavernosa 
Hypnea valentiae 
Dictyota adnata 
Padina tenuis 
Dictyota pardal is 
Galaxaura elongata 
Hypnea nidifica 
Vaio ma aegagroρ ila 
Acanthophora spici f era 
Udo tea onentalts 
Neo mens annulata 
Cystophyllum tnnode 
Gelidtum sp 
Laurencia majuscula 
Caulerpa serrulata 
Amphiroa tnbulus 
Padina australis 
Avrainvillea lacerata 
Gracilana blodgettn 
Liagora sp. 
Dictyota с il io lata 

г 
2a 
2a 
2a 
+ 

r 

2m 
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1 

| 1 

1 

1 
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+ 
+ 
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+ 
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2a 
1 
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1 
+ 
г 
r 
+ 
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+ 
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1 
2a 
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2m 
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r 
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1 

1 
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1 

1 
Za 
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1 
1 
1 
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+ 
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1 
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+ 
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2a 
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1 
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1 
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TABLE V continued 

(b) Station 3 

Haltmeda opuntia 
Ceratodictyon spongiosum 
A mans ш glomerata 
Amphtroa tnbuiuB 
Valoma ventncosa 
Eu che urna striata 
Gracilana blodgettu 
Dictyosphaena versluysit 
Chlorodesmis fast ig tata 
Hypnea pannosa 
Dictyosphaena cavernosa 
Laurencia papillosa 
Haltmeda macroloba 
G rae llana eucheumoides 
Va ίο η ra aegagropila 
Caulerpa sertulanotdes 
Boodlea composita 
Gelidium spp. 
Dictyota adnata 
Padina tenuis 
St ru vea anastomosons 
G ra с liarla edults 
Cystophyìlum tnnode 
Hal ι meda discoidea 
Caulerpa racemosa 
Champia párvula 
Laurencia sp 
Spyndia filamentosa 
G rae llana salicorma 
Laurencia parvipapillata 
Carpopeltis formosana 
Anadyomene wnghtn 



Dictyota bartayresii 
Acanthophora muscoides 
Dictyota cervicorms 
Avrainvillea erecta 
Hypnea nidifica 
Dictyota pardalis 
Galaxaura oblongata 
Amphtroa fragilissima 
Avramvillea lacerata 
Dictyota divaricata 
Hydroclathrus clathratus 
Hypnea valentiae 
Caulerpa taxifolia 
Colpomenla sinuosa 
Turbinano conoides 
Dictyota dichotoma 
Chnoospora implexa 
Rosenvingea intricata 
Actinotnchia frag il is 
Levelllea jungermanniotdes 

2b 
2a 
2a 

+ 
+ 
r 

2a 
2a 

r 
г 
1 

r 
г 
2a 
г 

г 
г 
г 



TABLE V continued 

(с) Station 6 

19 б 17 18 20 
JAN. FEB. MAE. APR. MAY 

0 12 16 16 11 11 26 
UN. JUL. AUG. SEP. OCT. NOV. DEC. 

Cystophyllum trmode 
Dictyosphaena uersluysu 
Sargassum oligocystum 
Dictyota bartayresu 
Gracilana eduli« 
Halimeda macroloba 
Champia párvula 
Dictyosphaena cavernosa 
Padina tenuis 
Acanthophora spiafera 
Chlorodesmis fastigiata 
Hypnea nidifica 
Caulerpa sertulanoides 
Laurencia papillosa 
Laurencia majuscula 
Galaxaura subverticillata 
Dictyota pardahs 
Hormophysa tnquetra 
Dictyota divaricata 
Hydroclathrus clathratus 
Hypnea valentiae 
Neomens van bosseae 
Codium arabicum 
Hypnea musciformis 
Hypnea boergesenn 
Tolypiocladia glomerulata 
Dictyota adnata 
Gracilana arcuata 
Valonia aegagropila 
Actinotnchta fragilis 
Gracilana verrucosa 
Anadyomene wnghtli 
Dictyota cervicorms 
Laurencia parvipapillata 
Spathoglossum variabile 
Halimeda opuntia 
Hypnea pannosa 
Codium edule 
Bornetella oligospora 
Boodlea composita 
Rosenvmgea intricata 
Dictyota dichotoma 
Sargassum sp 

2a + 
1 1 
ι r 
+ r 2m 

2a 
+ 
+ 

2a 2a 

2a 

2a 

2b + 1 
+ + + 
2b 2a 

2a 2a 

2a 
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2a 

1 
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2a 
+ 
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2a 1 
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(1) year-round species mainly included the Phaeophyta (Cystophyllum 
trinode, Sargassum oligocystum and Dictyota bartayresii). 

(2) 8 algal species have been found throughout spring, summer and 
autumn. The dominant algae were Champia párvula and Padina tenuis. 

(3) macroalgae present during 2 seasons. This group was smaller than that 
of Station 3. Again one could distinguish a group of algae only present in 
spring and autumn (Hypnea spp., Tolypiocladia glomerulata and Dictyota 
adnata) and a group present from July to November (dominant alga Hormo-
physa triquetra). 

(4) several species were observed during one season only; however, a small 
group was found in the summer period or in the summei^-autumn period. 

When comparing the 3 stations it is noticeable that different macroalgae 
were found in the various corresponding algal groups. The most obvious 
aspect is the high occurrence and abundance of Phaeophyta at Station 6. 
In contrast. Station 3 was characterized by a high incidence and abundcince 
of Rhodophyta, whereas Station 1 was relatively poor in composition and 
abundance. 

Year-to-year variation 

Table VI illustrates the changes in the general floristic pattern of 3 seagrass 
communities (Stations 1, 6 and 7) over a 2-year period (1981—1982). 

A. Seagrasses. At Station 1 a slight increase in coverage of Thalassia 
hemprichii was observed in 1982 compared to 1981. The number of seagrass 
shoots and the total L.A. per m2 remained constant. Stations 6 and 7 both 
showed a decrease in total seagrass cover and in percentage cover of the 
dominant seagrass species. Station 7 showed a dramatic decline in cover of 
Halodule uninervis, from 69 (1981) to 33% (1982); in contrast, a consider
able increase in cover of Thalassia hemprichii was observed (from 3 to 
13.5%). Likewise, a decline in cover of Syringodium isoetifolium was accom
panied by an increase in cover of Thalassia hemprichii. 

B. Fauna. The number of macroinvertebrates and the abundance of the com
mon species at the 3 stations did not change significantly during the 2-year 
period. 

C. Macroalgae. At all 3 stations (Stations 1, 6 and 7), the number of benthic 
marine algae as well as the total annual algal cover decreased during 1982. 
The diversity and evenness remained more or less constant at Stations 1 and 
6; however, a clear decrease in diversity and evenness was observed at Station 
7. The floristic composition at Stations 1 and 7 did not change significantly. 
This was in contrast to Station 6, where 12 new species were observed during 
1982 and 11 species, present in 1981, did not reappear in 1982. Of these 
species, 50% were found only occasionally; 30% were found to be relatively 
common (Presence Class 2) during 1981 or 1982. 
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TABLE VI 

Characteristics of the general floristic pattern (seagrasses and macroalgae) of Stations 1, 6 and 7 over the 2 succeeding years (1981—1982) a 

Station Station 

Thalassia hempnchii 

1981 1982 

Haloduie umnenis 

1981 1982 

6 
Syriniodium itoetifohum 

1981 1982 

Seagrasses 
Mean annual cover (%): all species 

Mean annual cover (%): 
Thalassia hempnchii 
Enhalus acoroides 
Haloduie uninervis 
Halophila ovatie 
Synngodium isoetifolium 

Mean annual number of shoots per m 1 

(dominant species) 

Mean annual leaf area per m : sediment surface 

Macroalgae 
Mean annual cover (%); all species 
Mean annual cover (%); dominant species 
Mean annual number of species 
Diversity H (SE) 
Evenness J (SE) 

Biological index 
Champm párvula (R) 
Hypnea boergesenu (R) 
Hypnea valentlae (R) 
Avrainvillea erecta (С) 
Cyanophyta 
Ceratodtctyon spongiosum (R) 
Hypnea musciformts (R) 
Dictyosphaeria versluysn (C) 
Cystophyllum trinode (P) 
Sargassum oligocystum (P) 
Pad ina tenuis (P) 
Gracilana edulis (R) 
Hormophvsa tnquetra (P) 

85.1 90.3 78.8 57.9 68.6 63.1 

82.1 

1.4 

0.9 

0.5 

0.2 

2100 

13.6 

9.4 

3.1 

3.8 

1.65 ± 0.10 

0.81 ± 0.04 

20.4 

14.4 

11.1 

7.3 

5.2 

— 

_ 
— 
— 

87.5 

1.1 

1.3 

0.4 

— 

2100 

13.6 

8.8 

3.0 

3.1 

1.31 ± 0.12 

0.78 ± 0.06 

17.4 

11.9 

— 
17.8 

18.6 

8.1 

_ 

_ 
_ 

2.9 

0.2 

69.3 

4.6 

1.6 

13310 

16.3 

14.2 

1.0 

5.6 

2.07 ±0.12 

0.88 ± 0.03 

10.2 

— 
7.9 

7.8 

8.3 

— 
6.7 

— 
_ 
_ 
— 
_ 
_ 

13.4 

0.1 

32.7 

11.1 

0.6 

9690 

11.4 

12.3 

5.5 

4.1 

1.53 ± 0.19 

0.71 ± 0.07 

16.5 

6.2 

— 
13.0 

10.4 

— 
— 
8.2 

— 
_ 
— 
_ 
_ 

2.2 

0.2 

— 
1.6 

64.6 

6600 

8.3 

37.1 

4.9 

13.1 

3.24 ± 0.14 

0.91 + 

7.6 

— 
— 
— 
— 
— 
_ 
6.6 

14 6 

12.3 

8.8 

— 
— 

0.01 

7.7 

0.1 

— 
1.2 

54.1 

5600 

7.0 

31.0 

5.7 

11.1 

3.09 ± 0.08 

0.91 ±0.01 

8.0 

— 
— 
— 
— 
— 
— 
— 
15.2 

20.7 

— 
10.5 

5.8 

' R = Rhodophyta; Ρ = Phaeophyta; С = Chlorophyta. 



When comparing the seasonal biological index calculated for 1981 and 
1982, a considerable difference is found at all stations. At Station 1, 
Champia párvula and Hypnea boergesenii were quantitatively the most 
important species in 1981; Avrainvillea erecta, Champia párvula and the 
Cyanophyta were dominant in 1982. Avrainvillea erecta changed from 7.3 
to 17.8 in importance and the Cyanophyta increased from 5.2 to 18.6, 
whereas Champia párvula decreased in abundance. Ceratodictyon 
spongiosum, ranking 5th in 1982, was not among the 10 highest-ranking 
species of 1981. Similarly Hypnea valentiae was not among the first 10 
quantitatively important species of 1982. 

At Station 6 the same 2 phaeophycean algae were dominant in 1981 and 
1982. Although both species increased in quantitative importance in 1982, 
they changed ranks after 1981. Furthermore, it is striking that the third 
highest-ranking species of 1982 (Gracilaria edulis) was not among the 5 most 
important species of 1981. Likewise, Padina tenuis was not so abundant in 
1982 as to be classified among the 5 quantitatively important species. In 
1981, Gracilaria edulis was ranking 8th and Hormophysa triquetra secured 
the 5th place. Padina tenuis and Dictyosphaeria versluysii both shared the 
8th place in 1982. 

At Station 7, Champia párvula remained quantitatively the most impor
tant species during the 2-year period. The Cyanophyta, ranking second in 
1981, were outranked by Avrainvillea erecta in 1982. Two new species were 
among the 5 quantitatively dominant species of 1982; neither species was 
among the 10 most abundant species of 1981. Likewise, the 2 species 
present in 1981 (Hypnea valentiae and H. musciformis) were not found 
among the 10 quantitatively important species of 1982. 

DISCUSSION 

Floristic composition and abundance 

The seasonal quantitative importance of the macroalgae found at the dif
ferent stations is a reflection of the substrate conditions, rather than the 
presence of a particular seagrass species. Stations 1, 4 and 7 were all domi
nated by algal species which are not dependent on the presence of suitable 
hard substrata for colonization and growth. Dictyosphaeria versluysii at 
Station 4 is an exception, since this species is only found on hard substrates 
(coral rubble, coral boulders, shell fragments). Obviously, there must have 
been some hard substrate present in the quadrats for this species to become 
so abundant. Stations 3 and 6 clearly indicate that a greater availability of 
hard and/or stable substrate (the finger coral Montipora and coral boulders), 
contributed to a higher diversity and abundance of benthic macroalgae. This 
is illustrated by the quantitative abundance of Cystophyllum trinode, 
Sargassum oligocystum and Dictyosphaeria versluysii at Station 6. These 
species are associated typically, or almost exclusively, with hard stabilized 
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substrata. Padina tenuis, usually found on hard substrata, can also be found 
attached to the larger brown algae (mostly at the base of the thallus). 
Halimedia opuntia, the most abundant alga of Station 3, is often asso
ciated with coral rubble or rubble banks. At this particular station 
the coral rubble consisted of dead Montipora branches. The occur
rence of the 4 other quantitatively important species depends on 
the presence of hard substrata for development and growth. The algal flora 
associated with finger rubble was inconspicuous, although rather rich and 
characteristic (Fa/ош'а spp., Struvea anastomosans, Boodlea composita, 
Gracilaria salicornia, G. eucheumoides, and Amphiroa spp.) (see also Table 
Vb). 

Station 5 was dominated by 3 Halimeda spp. (Я. macroloba, H. opuntia 
and H. discoidea) and 2 Caulerpa spp. (C sertularioides and С taxifolia). 
These species are all able to colonize different types of substrate, except for 
H. macroloba, which is typically associated with sandy or silty habitats. At 
this locality hard substrates were present, but only as unconsolidated rubble 
banks. This substrate was apparently not stable enough for settlement and 
subsequent growth of other macroalgae, which resulted in a rather depauper
ate algal flora. The substrate at Station 2 consisted predominantly of coral 
sand and calcareous algal debris (Table I). The most abundant and important 
species was Halimeda opuntia. However, the rest of the species did not con
tribute significantly to the total algal cover at this station. This is probably 
due to a lack of suitable stable substrate, which is important for settlement 
and growth of the majority of macroalgae. Furthermore, competition 
between seagrasses and algae (e.g., for light, space), might influence the 
structure of the algal vegetation. Competition between algal species in such 
a dense algal mat of Halimeda opuntia (comprising 90% of the total algal 
cover) could also have contributed to the poor algal diversity. 

Although quite a number of algal species have been found associated with 
the seagrass beds of Bootless Bay (Table II), only very few algae were char
acteristic for the seagrass beds. Most species recorded in Table II have been 
found in the seagrass beds because of the variability in substrata. The occur
rence of stabilized substrata in the seagrass beds was accompanied by a dif
ferent algal community: a haptophytic algal community was found on 
stabilized substrata whereas a rhizophytic algal community was observed on 
the sedimentary deposits. Therefore, the rhizophytic algae are more char
acteristic for the seagrass communities, since both favour sandy and/or 
muddy substrata for colonization and growth. Typical rhizophytic algae 
associated with the seagrass meadows in Bootless Bay are: Aurainvillea erecta 
(Stations 1 and 7), Champia párvula (Stations 1, 4, 6 and 7), Hypnea 
boergesenii (Stations 1 and 4), Hypnea valentiae (Stations 1, 2, 4 and 7), 
Halimeda macroloba (Stations 3, 5 and 6) and Halimeda opuntia (Stations 2, 
3and 5). 
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Spatial pattern 

The impoverished nature of the algal flora in the actual seagrass area 
("middle" reef flat), resulted primarily from the paucity of stable hard 
substrata. Furthermore, the comparatively extreme environmental condi
tions, particularly with respect to insolation and water temperature fluctua
tions associated with low water of spring tides, are also possible causal agents 
for the rather low abundance of benthic algae in these transects (Fig. 2). As 
was mentioned before, a greater availability of suitable stabilized substrates 
was accompanied by a higher diversity and abundance of macroalgae on the 
"inner" reef flat (Table IV), where coral rubble and coral boulders were 
commonly encountered. 

Most species on the reef flat are widely distributed (e.g., Ceratodictyon 
spongiosum), some show either gradients in abundance across the reef flat 
(e.g., Hypnea spp. and Champia párvula in the seagrass area) or are locally 
abundant or dominant (e.g., Halimeda opuntia at Stations 2 and 3), whereas 
others exhibit no such trends (e.g., Dictyosphaeria spp., Neomeris spp. and 
Bometella oligospora). 

Characteristic species of the "inner" reef flat include Cystophyllum 
trinode, Sargassum oligocystum, Padina tenuis and Dictyosphaeria spp. 
Again this is primarily related to the availability of stabilized hard substrates. 
Characteristic species of the "middle" reef flat include Champia párvula, 
several Hypnea spp. and Avrainvillea erecta. Not one of these species is 
dependent on hard substrate for development and growth. Avrainvillea 
erecta, with its long bulbous stipe, is indeed characteristic for sandy and 
silty areas. The 3 Hypnea spp. are often found epiphytic or as loose cushions 
on the bottom. Champia párvula is generally found epiphytic or creeping on 
the bottom. 

Dominance of algae may be attributed to their short generation time, 
rapid growth rate, opportunistic life history or wider tolerance ranges which 
enable them to quickly colonize the available space and reach their full 
potential growth in a relatively short period. This is particularly important 
when considering environmental conditions (sedimentation, insolation, wave 
action and temperature variations). 

Temporal pattern 

It is not possible to compile an overall temporal pattern of macroalgae. 
Species present throughout the year in one location exhibit a seasonal 
distribution in another locality. This can partly be explained by different 
environmental conditions and topographical characteristics at the various 
locations. Furthermore, biotic factors also influence the distribution and 
occurrence of macroalgae, e.g., competition and grazing. 

In temperate and subtropical waters, algal seasonality is generally 
attributed to changes in illumination, temperature, salinity, nutrients and 
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day-length through the year (Conover, 1964; Shepherd and Womersley, 
1970, 1976; Mathieson et al., 1981). Although the effects of some of these 
factors, such as temperature and illumination, may seem less obvious in the 
tropics (Doty, 1971), considerable variation in certain parameters, such as 
temperature, do occur (Conover, 1964). Other important parameters include 
the influence of monsoons (Misra, 1960), the seasonal variation in tidal 
patterns (Lawson, 1957, 1966) and the seasonal variation in water move
ments (Lawson, 1957; Doty, 1971; Santelices, 1977). However, direct cor
relations between algal growth patterns and environmental variables are 
difficult to assess because of the high interference between environmental 
variables. Consequently, considerations on single variables are rather 
questionable (Santelices, 1977). 

The stations on the north-west tip of Loloata Island (Stations 1, 4, 6 
and 7) and near Tubusereia head (Station 5) were all subjected to some wave 
action. Furthermore, the seasonal variation in tidal patterns resulted, during 
the dry season (mid-April—mid-October), in a day-time exposure of these 
stations, when the spring-ebb tides occur around midday. In contrast, the 
extreme low tides in the wet season (mid-November—mid-March) occurred 
during the night (Brouns and Heijs, 1985). Consequently, less damage oc
curred in the intertidal areas during the wet season (e.g., no exposure to sun
shine resulting in desiccation and cell rupture, no increase in water tempera
ture). The water temperature was measured on a regular basis. Lowest tem
peratures were observed from July to September, with a minimum of 24°C. 
The highest temperature (320C) was measured during January and February 
(Brouns and Heijs, 1985). This variation in temperature during the year 
could have influenced the development and growth of macroalgae. The in
fluence of the monsoons is another variable to consider. The changing of the 
seasons is accompanied by a change in wind direction (from south-east in the 
dry season to north-west in the wet season). Therefore, storms associated 
with the wet and dry season have a different impact on the intertidal areas, 
particularly when the surface currents in the intertidal areas are predomi
nantly determined by the wind (Brouns and Heijs, 1985). 

Year-to-year changes 

Generally, the seagrass cover and macroalgal abundance decreased during 
1982. Likewise, the number of macroalgae and the values for diversity and 
evenness at the 3 stations were lower in 1982. This can partly be explained 
by the different environmental conditions. Throughout the 2-year period, 
data on rainfall, water temperature and irradiance were gathered (Brouns and 
Heijs, 1985). It appeared that the average monthly water temperature during 
the southern winter—spring period (May—November) of 1982, was 20C 
lower compared to the corresponding months of 1981. Furthermore, during 
the first 3 months of 1982, the amount of rain recorded was twice the 
amount recorded for the same period in 1981. From September to 
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December 1982, less than 10% of the amount of rain was recorded compared 
to the amount of precipitation for the corresponding months of 1981. 
However, a tremendous amount of rain was recorded on one single day in 
August 1982 (129 mm on 4 August) while only 12 mm was recorded during 
5 days of August 1981 (Brouns and Heijs, 1985). Biotic factors (e.g., grazing, 
competition for space, light) may also have affected the decline in macro-
algal and seagrass abundance. For instance, at Station 6 Sargassum 
oligocystum and Cystophyllum trinode both dominate the structure and 
regulate the physiognomy of the benthic community, simply by their abun
dance and growth form. Therefore competition for space and light can local
ly affect the floristic composition. 

Grazing is another biotic parameter with a possible impact on the seagrass 
and algal community. At each station, the invertebrate assemblage and abun
dance was fairly similar throughout the 2-year period. However, these data 
were collected during daytime, mostly on a fortnightly basis. Fish were not 
included because a large number of the fish moving in from the adjacent reef 
areas enter the seagrass beds as "temporary visitors" to feed (Brouns and 
Heijs, 1985). Furthermore, the nocturnal migration offish and invertebrates 
into the seagrass beds has not been recorded. 

Ogden and Lobel (1978) suggested that community structure on coral 
reefs was generally strongly influenced by herbivores: e.g., "halos" around 
patch reefs on St. Croix caused by Diadema antillarum Philippi (Ogden et al., 
1973); the abundance and diversity patterns of tropical benthic algae on 
patch reefs were directly related to urchin grazing (Sammarco et al., 1974) 
and coral and algal recruitment were often governed by Diadema (Sam
marco, 1980). Ogden (1980) and Ogden and Ogden (1982) stated that 
grazing by fish is almost exclusively confined to the Caribbean. However, 
other recent reports, for instance in Australia (Bell et al., 1978; Burchmore 
et al., 1984; Pollard, 1984), the Philippines (Von Westernhagen, 1973, 1974) 
and the Gulf of Eilat (Lundberg and Lipkin, 1979), have shown that sea-
grasses and algae are often components in fish diets (particularly scarids, 
acanthurids, siganids and monacanthids). Pollard (1984) recently reviewed 
the various aspects of the seagrass—fish communities in different geographical 
areas. Regrettably no quantitative data are available on grazing from this 
particular location. 

This research has indicated a strong relationship between the availability 
of hard stabilized substrata and the occurrence and abundance of macro-
algae in intertidal habitats. Seagrasses are mostly found in areas with a 
specific combination of habitat characteristics (e.g., sedimentary deposits) 
and environmental conditions (e.g., wave action, water depth, exposure). 
Consequently, it is important to consider the difference between intertidal 
habitats with and without seagrass growth. An attempt has been made to 
assess the qualitative and quantitative aspects of benthic macroalgae asso
ciated with intertidal seagrass growth for the Bootless Bay area. However, 
further research is needed on the functional aspects of seagrasses and macro-
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algae to fully understand the different communities of the "inner" and 
"middle" reef flat. 
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QUALITATIVE AND QUANTITATIVE ASPECTS OF THE EPIPHYTIC 
COMPONENT IN A MIXED SEAGRASS MEADOW 

FROM PAPUA NEW GUINEA. 
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Accepted for pub l ica t ion in Aquatic Botany. 

A B S T R A C T . 

During 1982, structural and functional aspects of the epiphytic component 
in a tropical mixed seagrass meadow, have been investigated for each 
seagrass species separately. This meadow consisted of the seagrasses 
Thalassia hemprichii (Ehrenb.) Aschers., Cymodocea serrulata 
(R.Br.)Aschers, et Magnus, С. rotundata Ehrenb. et Hempr. ex Aschers., 
Halodule uninervis (Korssk.. )Aschers. and Syringodium ¡soetifolium 
(Aschers.ìDandy. 
No significant differeiLces were observed in floristic composition, number of 
algal species, abundance and diversity of the epiphytic component. On an 
area basis, annual mean above-ground biomass (seagrass leaves and 
epiphytes), amounted to 82 g ADW, of which 18?„ could be ascribed to the 
epiphytic component. The contribution of the epiphytic component to the 
annual mean above-ground production ranged from 16% on leaves of Thalassia 
hemprichii to 33% on leaves of Cymodocea serrulata. Total annual mean 
epiphyte production was 4.6 g ADW nf sediment surface per day (19%). 
When including the macroalgal component of this mixed seagrass meadow total 
annual mean above-ground plant biomass amounted to 93 g ADW (212 g DW) on an 
area basis, of which the epiphytes contributed 15.5% (28.5% DW), the 
macroalgal component 12% (32.5% DW) and the seagrass leaves 72.5% (39.5% 
DW). Aspects of the epiphytic component (e.g. floristic composition, 
abundance, biomass and production) in monospecific and mixed seagrass 
communities are discussed. 
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INTRODUCTION 

The seagrass flora of the West-Pacific region is rather rich in species 

(Den Ilartog, 1970). Two types of seagrass communities can be distinguished, 

i.e., monospecific seagrass beds and mixed seagrass meadows. 

The mixed seagrass communities are a dominant feature of the shallow coastal 

areas of the West Pacific region (Kock and Tsuda, 1978; Ogden and Ogden, 

1982; Menez et al., 198Э, Heijs and Brouns, 1986) and generally consist of 5 

to 7 species. 

These mixed meadows can be found in the lower eulittoral zone down to 8 m 

depth. Lsually Thalassia hemprichii (Ehrenb )Aschers. is the dominant 

representative, followed in abundance by Syringodium ¡soetifolium 

(Aschers. )Dandy, Cymodocea serrulata (R.Br. ÌAschers. et Magnus, and 

Cymodocea rotundata Ehrenb et Hcmpr. ex Aschers.. Halodule uni nervis 

(Forssk. )Aschers. and Halophila ovalis (R. Br. lllook. f. are found with 

comparatively low abundance values. In these seagrass meadows Enhalus 

acoroides (I,.f. )Royle, occurs either in small patches, consisting of one 

single plant with several to many shoots, or interspersed among the other 

seagrass species (Brouns and Heijs, 1985, 1986, Heijs and Brouns, 1986). 

In 1981 a long-term study was initiated to investigate the algal 

component, ι е., the rhizophytic macroalgae and the epiphytic algae, 

relative to that of seagrasses, in monospecific seagrass beds (Heijs, 1983, 

1984, 1985a, 1985b, 1985c, Brouns and Heijs, 1985, 1986) and mixed seagrass 

communities (Brouns and Heijs, 1986; Heijs and Brouns, 1986; Heijs, in 

press). 

The objectives of this study focus on some structural and functional 

aspects of the epiphytic component in a mixed seagrass meadow. Furthermore, 

a comparison of these results with those obtained from the monospecific 

seagrass communities in that area, is presented. 

MATERIALS AND METHODS. 

The study site was located in Bootless Bay, 15 km SE of Port Moresby. A 

general description of the environment and marine habitat can be found in 

Brouns and Heijs (1985). A detailed description of the study site (station 

13, Western Beach, Loloata island), is presented by Brouns and Heijs (1986) 

and Heijs (in press). The numbering of the stations is according to Heijs 

(1984, 1985a, 1985b, 1985c, in press) and Brouns and Heijs (1986). 
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Structural aspects 

To study the floristic composition and abundance of the epiphytic 

component of a mixed seagrass meadow, ten shoots of each seagrass species 

were collected randomly, on a monthly basis from November 1981 to December 

1982 Qualitative and quantitative aspects were studied according to the 

Braun-Blanquet scale as adapted by Boudouresque (1971) (see аічо Heijs, 

1985a, 1985c) For each seagrass species data were obtained by screening 

each leaf separately (leaf 1 (youngest leaf) to leaf 4 (oldest leaf)), on 

botti sides (inner and outer face), and by discriminating between the apical 

and basal part of each leaf Data from corresponding leaf parts were 

averaged for each sampling day 

Functional aspects 

a Biomass 

I rom November 1981 to January 1983, 20 shoots oí each seagrass species, 

were randomly collected on a monthly basis Biomass of seagrass leaves and 

epiphytes was determined according to methods described by Penhale (1977), 

Heijs (198ч, 1985c) and Brouns and Heijs (1986) The leaves of the shoots of 

the species involved were separated according to age Per seagrass species 

corresponding leaves were quickly frozen on dry ice, lyophilized and 

subsequently scraped to remove the epiphytes 

Biomass of seagrass leaves and epiphytes is expressed as dr> weight (DW1 

and ash-free dry weight (ADW) The leaf area (L Λ ) of the seagrass leaves 

was determined with a portable area meter For Syrmgodium isoetifohum, 

with its terete leaves, the L Λ was calculated as leaf length (1) χ 2 i"r 

Leaf age of the respective seagrass species was determined with the 

plastochrone interval (PI) and data were kindly provided by Brouns (in 

press) 

b Productivity 

Productivity of epiphytes is calculated according to methods described by 

Causton and Venus (1981.), Heijs (1984, 198эс) and Brouns and Heijs (1986) 

Two methods are used 

- the absolute growth rate (G), where a least squares linear regression of 

epiphyte biomass is used versus leaf age, to estimate the rate of biomass 

accumulation (in mg ADW m
2
 leaf surface day

1
) and 

- the relative growth rate (R) or specific growth rate (in mg ADW g
1
 algal 

biomass day
1
), which represents the efficiency of epiphytes as producers 

of new material 
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Table 1 

A corrpilation of the alga] epiphytes observed on the leaves of the difter-
ent seagrass species at station 13 

а, о 

à ï 8,? И Г -rj Τ) Ό 

I l Π IE SE CJÎ £ І it us Ì § $1 
Cyanophyceae 
Cafothnx aerugmea (Ku tz ) T h u r e t 
CalothriM pilosa Harv 
Hormothamnion enteromorphoides B o r n e t & F l a h a u l t 
Hormothamnion solutum B o r n e t & F l a h a u l t 
Lyngbya aestuarn (Me r t JLiebm 
Lyngbya confervoides Gomont 
Lyngbya majuscula Gomont 
Symploca hydnoides Ku tz 

Chlorophyceae 
Chaetomorpha spp 
Cladophora spp 
Derbesia attenuata Dawson 
Enteromorpha ciathrata (Ro th )Grev 
Enteromorpha flexuosa (Wul f ек R o t h ) J Ag 
Enteromorpha kyhnn S l i d i n g 
Enteromorpha ramulosa ( Sm ) Hook 
Entocladia viridis R e m k e 
Phaeophila dendroides ( C r o u a n ) B a t t e r s 

Phaeophyceae 
Dictyota j u v e n i l e 
Ciffordia mitchellae ( H a r v ) Hamel 
Ciffordia rallsiae ( V i c K e r s ) T a y l o r 
Sphacelana furcigera K u t z 

Rhodophyceae 
Asterocytis ornata (С Ag ) Hamel 
Audoumella spp 
Centroceras clavutatum (C Ag ) Mont 
Ceramium camoun Dawson 
Ceramium codn (Richards ) Feldm -Mazoyer 
Ceramium gracilfimum (Harv ) Mazoyer 
Ceramium mazatlanenze Dawson 
Ceramium taylorn Dawson 
Chompia párvula (С Ag ) Harv 
Chondna collmsiana Howe 
Chondna dasyphylla (Woodw ) С Ag 
Crouama attenuata (Bonnern ) J Ag 
Erythrotrichia carnea ( D i l l w ) J Ag 
Foshella farinosa ( Lamour.JHowe 
Foshella le/ohsii (Rosanoff )Howe 
Cnffithsia ovalis H a r v 
Cnffithsia rhlzophora (Grun )Weber- ν Воззе 
Cnffithsia tenuis/thyrsigera 
Herposiphonia dendroidea H o l l e n b e r g 
Herposiphonia obscura H o l l e n b e r g 
Herposiphonia parca S e t c h 
Herposiphonia tenella (C Ag )Ambronn 
Herposiphonia variabilis H o l l e n b e r g 
Hypnea boergesenu Tanaka 
Laurencia j u v e n i l e 
Melobesia membranacea ( E s p e r ) L a m o u r 
Polysiphoma crassicollis B o e r g e s e n 
Polysiphoma dehcatula H o l l e n b e r g 
Polysiphoma savatiern H a n o t 
Polysiphoma sparsa ( S e t c h ) H o l l e n b e r g 
Polysiphoma sphaerocarpa B o e r g e s e n 
Tolypiocladia glomerulata (C Ag ) S c h m i t z & H a u p t f l e i s c h 

TOTAL 
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In Ьэ - In bj 
R = 

t, - t
2 

where, R= relative growth rate; 

ln= natural logarithm; 

b2= biomass of epiphytes on leaf 2; 

b3= biomass of epiphytes on leaf 3; 

t2= average leaf age of leaf 2; 

t3= average leaf age of leaf 3. 

Productivity of seagrass leaves is estimated by dividing the biomass of 

mature leaves (either all second leaves or all third leaves, depending on 

the species) by the PI. 

For biomass and productivity of epiphytes, the L.A. is doubled to account 

for the two sides of a leaf, except for Syrmgodium isoetifolium, where one 

cannot differentiate between an inner and outer leaf face. 

RESULTS. 

Structural aspects 

Fioristic composition and temporal pattern. 

In Table 1, a comprehensive list is presented of the algae observed 

epiphytic on the leaves of the respective seagrass species. The total number 

of algal species encountered on the leaves of the various seagrasses, is of 

the same magnitude. The maionty of epiphytic algae was found on all 

seagrass species, whereas 13 species were seen on one or two seagrass 

species only. Furthermore, most of these 13 epiphytes were observed 

sporadically. 

Table 2 illustrates the temporal abundance of algal epiphytes per shoot 

for the various seagrass species at station 13. When considering the 

distribution of the epiphytic algae within the epiphytic component, several 

algal groups can be distinguished: 

1.epiphytes present throughout the year; 

- with no clear seasonal distribution pattern (e.g. Entocladia viridis, 

Phaeophila dendroides, Erythrotrichia carnea) 

- with a clear seasonal distribution pattern 

a. multiple peaks in abundance (Cyanophyta (February-March; May-June; 

September); encrusting algae (February-March; May-September); Ceramium 

gracillimum (May-June most abundant and less abundant in March and 

September)). 
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Table 2 

Ordinated t ab le of the temporal d i s t r i b u t i o n of epiph>tic algae observc-d at 

ìf^is^foi982 ValUeS are C0Ver P — S - P- -hoSt a v S r f o l 

Ш Е /Vi , Vi , 3/3 , Vi ,"/5 ,"/.,"/? |»А|"Л,1%І,,(Л,5/іІ, 
1982 

Cyanophyta ί ; = ^ ^ — ι >——. г—, | 

Encrusting algae 
Сегатшт дгасіііітит 
Centroceras clavulatum 
Polysiphonia savatieni 
Chondna dasyphylla 
Herposiphonm parca 
Chaetomorpha spp 
Gnffithsia tenuis/thyrsigera 
Audoumella spp 
Asterocytis ornata 
Enteromorpha flexuosa 
Phaeophila dendroides 
Entocladm viridis 
Erythrotnchia carnea 
Cladophora spp 
Polysiphonia delicatula 
Сегатшт wazatlanenze 
Giffordia mitchellae 
Polysiphonia sphaerocarpa 
Derbesia attenuata 
Сегатшт camouii 
Сегатшт codi/ 
Chondna collmsiana 
Herposiphoma dendroidea 
Giffordia rallsiae 
Polysiphonia sparsa 
Сегатшт taylom 
Herposiphoma tenella 
Sphacelana furcigera 
Champia párvula 
Enteromorpha ramulosa 
Crouama attenuata 
Hypnea boergesenu 
Laurencia spec 

COWHSMLE <1·/. i = 1 . 5 V . C = I 5 10·/. (ZZI 10 20·/. I [>20·/. 
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b. a r e l a t i v e l y h igher abundance d u r i n g 6 months (Centroceras clavulatum, 

Polysiphonia savatierii, С hond ría dasyphylla. Herposiphonía parca) 

c. an increased cover percentage du r i ng 3 months ( e . g . Griftithsia 

tenuis/thyrsigera, Enteromorpha flexuosa). 

2.epiphytes present during part of the year 

a. presence 6-9 months (e.g. Polysiphonia delicatula, P. sphaerocarpa, 

Derbesia attenuata) 

b. presence 3 months (e.g. Champia párvula, Enteromorpha ramulosa, 

Laurencia spec. ). 

This table clearly illustrates that from May to August the majority of 

epiphytic algal species reaches its maximum cover. Furthermore, the 

encrusting algae dominate the community quantitatively, followed in 

abundance by the Cyanophyta, whereas the Ceramiales are qualitatively 

dominant. 

Although no seagrass-specific epiphytic algae were found among the 

identified species, a group of epiphytes characteristic for seagrass leaves 

can be distinguished: encrusting algae (Fosllella farinosa, F .lejolisii, 

Melobesia membranacea); Cyanophyta (Lyngbya, Calothrix, Hormothamnion 

spp.); Ceramium gracillimum, Polysiphonia savatierii and Enteromorpha 

flexuosa. 

Nevertheless, it is possible that among the unidentified algae (mainly 

encrusting epiphytes) seagrass-specific epiphytic algae can be found. The 

encrusting epiphytic algae, however, need further taxonomie study. 

The annual mean number of epiphytes found per shoot varied from 14 on 

Halodule uninervis to 23 on Syringodium isoetifolium. The lowest number of 

epiphytes per shoot was observed on Halodule uninervis (s=10). Annual mean 

cover of epiphytes per shoot ranged from 37% on Thalassia hemprichii to 59% 

on Syringodium isoetifolium. The minimum cover value was found on leaves of 

Halodule uninervis (15%), whereas the highest cover was observed on 

Syringodium isoetifolium (103oo, Fig. 1). 

In Fig. 1 the temporal pattern of epiphyte cover per shoot and the 

corresponding number of algal species observed per shoot, is presented for 

each seagrass species separately. As was clear from Table 2 the epiphytic 

community reaches the highest abundance and diversity between May and 

August. A sharp decrease can be seen in August. This is likely a consequence 

of abiotic factors. In August the extreme low water spring-ebb tides occur 

around midday. As a consequence very little water is left above the seagrass 

beds, and the water temperature can reach values of over 37 CC. Furthermore, 

sampling in August was carried out after a period of extremely heavy 

precipitation (125 nun in one day), which occurred at the time when the 

lowest monthly tides were due (Brouns and Heijs, 1985). These abiotic 
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factorb, as well аь biotic factors, may have caused the decrease in epiphyte 

cover. The number of algal epiphytes closely parallels the seasonal pattern 

in epiphyte abundance. 

In Table 3 the percentage cover and number of epiphytic algae are 

presented for each leaf age group (leaf 1 to leaf 4); for the inner and 

outer leaf face; and the apical and basal part of each leaf. Comparable 

features can be observed on the leaves of the various seagrass species, 

- the number of algal species as well as the corresponding abundance, 

increases with increasing leaf age (from leaf 1 to leaf 4, see also Table 

- no significant difference exists in number of algal epiphytes and their 

corresponding abundance betwpen the inner and outer leaf face; 

- a significant difference is found between the upper and lower part of a 

leaf, when considering the abundance and number of algal epiphytes. The 

older part of a leaf (leaf apex) shows a heavier epiphytic growth and 

diversity than the younger part of that leaf (leaf base) 

The annual mean number of epiphytic algae per leaf age group does not vary 

between the different seagrass species with 3 to 4 leaves per shoot. Annual 

mean cover values were highest on leaf 1 and leaf 2 for Halodule unmervis, 

whereas for Thalassia hemprichii the lowest annual mean epiphyte cover was 

found and this concerned all leaves (see also Table 4) 

Functional aspects. 

a Biomass 

In Table 4 annual mean biomass of the epiphytic component on leaves of 

a different age is presented for the five seagrass species separately. 

Annual mean biomass on leaves of Thalassia hemprichii ranged from 0 12 g ADW 

per m
2
 leaf surface ön leaf 1 to 3.37 g ADW m2 leaf surface on leaf 4. 

Annual mean epiphyte biomass increased with increasing leaf age (from leaf 

1-leaf 4). The oldest leaf may show a lower biomass which is probably caused 

by the loss of heavily epiphytised leaf tips, due to senescence, mechanical 

wear and tear, etc . 

The annual mean biomass of seagrass leaves and epiphytes varied 

considerably between the different seagrass species (Table 5). The lowest 

annual mean above-ground biomass was observed for Halodule unmervis. The 

two Cymodocea species show a slightly higher value and Thalassia hemprichii 

reached twice the bioraass obtained for Syringodium isoetifolium. Although 

total standing crop shows a variability, the contributions of the different 

elements to the total biomass is of the same magnitude. The differences in 
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Table 3 

Annual mean values for the number of algal species (s) and their abundance (% cover) on the inner and outor 
face and the upper and lower part or corresponding leaves of the various seagrasscs. 

Thalassia 

hemprichii 

Cymodocea 

serru late 

Cymodocea 

rotunda ta 

Syringodium 

isoetlfoliim 

Hal odtil e 

unmervis 

l e a f 

n o . 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

n o . of 

samples 

36 

36 

36 

23 

36 

36 

36 

30 

36 

36 

31 

11 

36 

36 

12 

36 

36 

26 

s s p e c i e s 

i n n e r 

face 

1.0 

7 . 1 

11.1 

10.6 

0 . 7 

5 . 2 

11.6 

12.3 

1.1 

7 . 4 

10.9 

7 . 6 

2 . 7 

Θ.3 

7 . 5 

o u t e r 

face 

0 . 8 

6 . 0 

10.9 

9 . 7 

O.B 

5 . 9 

11.1 

12.5 

1.4 

7 . 5 

10.6 

8 . 4 

2 . 5 

8 . 9 

7 . 5 

% cover 

i n n e r 

face 

2 . 2 

16.8 

41.2 

55.1 

2 . 6 

21.2 

56.4 

82.0 

2 . 7 

26.7 

63.2 

68.5 

9 . 2 

36.7 

60.7 

o u t e r 

face 

1.9 

15.3 

4 1 . 9 

55.6 

2 . 4 

22.1 

53.3 

82.7 

3 . 5 

27.5 

63.θ 

76.4 

8 . 8 

39.7 

57.2 

s s p e c i e s 

upper 

p a r t 

1.6 

7 . 4 

12.7 

12.6 

1.9 

6 . 4 

11.9 

14.9 

1.3 

9 . 2 

12.2 

9 . 0 

15 

17 

-

3 . 1 

8 . 5 

13.5 

lower 

p a r t 

0 . 1 

2 . 8 

6 . 3 

6 . 3 

0 . 1 

1.9 

5 . 4 

8 . 6 

0 . 1 

3 . 6 

6 . 9 

2 . 2 

8 

7 

-

0 . 1 

3 . 9 

6 . 0 

% cover 

upper 

p a r t 

2 . 1 

29.9 

81.9 

103.2 

3 . 1 

48.5 

95.5 

128.4 

6 . 9 

52.1 

104.7 

104.8 

69.8 

155.6 

-

16.Э 

64.1 

106.0 

lower 

p a r t 

0 . 5 

4 . 8 

16.8 

27.1 

0 . 2 

4 . 3 

16.6 

42.2 

0 . 5 

8 . 3 

24.7 

35.1 

10.7 

49.3 

-

0 . 0 

18.5 

17.5 



Table U 

The a n n u a l mean e p i p h v t o b i o m a s b ( g кМ\\ m"2 l e a f s u r f a c e ) on l e a v e s o f a 
s p e c i f i c a g e f o r t h e d i f f e r e n t s e a g r a s s s p e c i e s . 

leaf 1 leaf 2 leaf 3 l ea f 4 

Thalassia hewprichu 0.12 ± 0.03 0.50 ± 0.09 1.83 ± 0.24 3.37 ± 0.62 

Cymodocea seriulata 0.26 ± 0.05 0.87 ± 0.16 2.68 ± 0.30 3.99 t 0.56 

Cymodocea rotundata 0.12 ± 0.03 1.43 ± 0.23 3.39 ± 0.51 2.46 t 0.29 

Syrmgodium isoetlfolium 0.56 ± 0.23 14.35 ± 3.86 9.50 + 1 . 4 5 

Halodule umnervis 0.43 ± 0.09 2.04 ± 0.43 3.40 ± 0.57 

Table 5 

The a n n u a l mean t o t a l a b o v e - g r o u n d b i o m a s s ( g Dlv and ADto m"2 s e d i m e n t s u r 
f a c e ) o f t h e v a r i o u s s e a g r a s s s p e c i e s e n c o u n t e r e d a t s t a t i o n 1 3 . In p a r e n 
t h e s e s t h e p r o c e n t u a l c o n t r i b u t i o n s o f t h e d i f f e r e n t c o m p o n e n t s . 

Species Component 

Thalassia hempnchii Leaves 

Epiphytes 

42.4 (61») 

26.6 (39%) 

35.2 (86%) 

5.7 (144) 

Total 69.0 

Cymodocea serrula ta Leaves 

Epiphytes 

12.1 (48*) 

13.2 (52») 

9.5 (78») 

2.7 (22») 

Total 25.3 

Cymodocea rotundata Leaves 

Epiphytes 

6.3 (58%) 

4.6 (42«) 

5.7 (81*) 

1.3 (19») 

Total 7.0 

Halodule uninervis Leaves 

Epiphytes 

0.5 (50*) 

0.5 (50») 

0.4 (76») 

0.1 (24») 

Total 0.5 

Synngodium isoetifolium Leaves 

Epiphytes 

22.8 (62») 

14.1 (38») 

17.1 (79*) 

4.6 (21») 

Total 36.9 21.7 
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DW and ADV values of epiphyte biomass, are mainly caused by the 

incorporation of sediment and diatom frustules in the algal mat and possibly 

also by the high abundance of the encrusting algal epiphytes (see also Table 

2). Total above-ground biomass of this seagrass community amounted to 143 g 

DW ( 82 g ADW) per m2 sediment surface, of which the epiphytic component 

contributed 59 g DW (41%) or 14.5 g ADW (18%). 

Table 6 illustrates the seasonal variability in epiphyte biomass on 

leaves of the different seagrass species. The highest seasonal variability 

was observed on leaves of Syrmgodium isoetifolium . values lower than 3.5 

g ADW m2 leaf surface were found from September to January, whereas 

extremely high values were observed in July and August ( 14 2 and 10 8 g ADW 

m2 leaf surface, respectively). Noticeable is, for all seagrass species, 

that epiphyte biomass reached an absolute peak in July, which decreased 

slightly m August and rather quickly from September onwards. This pattern 

indicates a possible relation with seasonal changes in tidal water 

movements, water temperature and/or monsoonal season. 

The highest annual mean epiphyte biomass was observed on leaves of 

Syringodium isoetifolium (6 16 g ADW m2 leaf surface) and the lowest annual 

mean epiphyte biomass on Thalassia hemprichii (1 55 g ADW m1 leaf surface). 

However, when calculating epiphyte biomass on an area basis, epiphyte 

biomass was highest on Thalassia hemprichii and lowest on Halodule umnervis 

(5 73 g ADW and 0.13 g ADW, respectively) (see also Table 8) This clearly 

illustrates the strong influence of total leaf surface available for 

settlement and subsequent growth of epiphytic algae Consequently, for 

comparison of epiphyte biomass on leaves of different seagrass species, it 

is important to include the leaf surface available to the epiphytes for 

settlement and growth 

b Productivity. 

The production of epiphytes on the leaves of the various seagrass 

species was calculated from the respective biomass values. Two methods were 

used (1) the absolute growth rate (G), or rate of biomass accumulation, and 

(2) the relative growth rate (R), also called the specific growth rate 

In Table 7 the seasonal pattern in epiphyte production on leaves of 

Thalassia hemprichii, Cymodocea serrulata, Cymodocea rotundata, Halodule 
unlnervis and Syringodium isoetifolium, is presented. When considering the 

absolute growth rate (G), highest values were found in July for all seagrass 

species, i.e. 244, 228, 314, 350 and 633 mg ADW m2 leaf surface per day, 

respectively. These peak values coincide with the highest monthly epiphyte 

biomass values (Table 6) The lowest monthly epiphyte production was 

recorded for Thalassia hemprichii in November (41 mg ADW m"2 leaf surface 
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Table 6 

The seasonal pattern of epiphyte biomass (g ADW m
2
 leaf surface) on leaves 

of the various seagrass species at station 13 

12 Jan 

10 Feb 

15 Mar 

26 Apr 

2 Jun 

7 J u l 

13 Aug 

13 Sep 

20 Oct 

16 Nov 

Mean 

Thalassia 

hempnchu 

1.22 

1.47 

1.36 

1 .76 

1 .90 

3 . 0 3 

2 . 0 6 

1 .13 

0 . 8 3 

0 . 7 0 

1.55 

Cymodocea 

s e r r u l a t a 

1 .49 

1.51 

1 . 6 0 

1.34 

2 . 7 4 

3 . 5 0 

2 . 1 2 

2 . 4 2 

1.34 

1 .39 

1 .95 

Cynodocea 
r o t u n d a t a 

1.42 

1.66 

1.85 

1.67 

1.76 

3 . 4 8 

3 . 2 7 

1.28 

1.11 

0 . 9 4 

1.84 

St/ringodiura 
i s o e t i f o l i u j » 

2 . 5 2 

5 . 1 9 

9 . 3 0 

5 . 9 6 

4 . 9 1 

1 4 . 2 2 

1 0 . 8 4 

2 . 9 5 

3 . 5 7 

2 . 1 6 

6 . 1 6 

H a l o d u l e 
unmervis 

1.61 

1.41 

1.94 

1.35 

2 . 3 4 

4 . 6 6 

2 . 6 1 

1.57 

1.26 

0 . 9 9 

1 .94 

Table 7 

The temporal pattern of epiphyte production on leaves of the different 
seagrass species at station 13, during 1982 G=absolute growth rate (mg 
ADW nf

2
 leaf surface day

1
) R= relative growth rate (mg ADV« g

1
 day

1
) 

12 J a n . 

10 F e b . 

15 Mar. 

26 Apr. 

2 J u n . 

7 J u l . 

13 Aug. 

13 S e p . 

20 O c t . 

16 Nov. 

Mean 

Thala ssia 

henprichii 

G 

65 

109 

105 

101 

164 

244 

146 

73 

62 

41 

111 

W 

78 

165 

135 

162 

153 

149 

94 

105 

149 

78 

127 

Cyrnod' o c e a 

s e r r u l a t a 

С 

90 

9 5 

106 

100 

178 

228 

141 

128 

71 

98 

123 

R" 

134 

84 

95 

150 

81 

98 

88 

73 

8 0 

105 

9 9 

Cymod o c e a 

r o t u n d a t a 

G 

116 

163 

91 

110 

134 

314 

205 

106 

83 

93 

141 

R 

171 

196 

75 

129 

138 

184 

154 

130 

169 

2 3 3 

158 

H a i o d u l e 

u n m e r v i s 

G 

57 

129 

112 

116 

163 

350 

194 

141 

111 

99 

147 

F 

38 

180 

76 

136 

113 

126 

94 

117 

142 

235 

126 

Syringodi um 

isoe 

G 

9 4 

190 

288 

214 

224 

6 3 3 

6 3 7 

124 

189 

131 

273 

tl folium 

"R 

55 

63 

6 9 

78 

75 

85 

120 

81 

87 

81 

79 
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day1), for Cymodocea serrulata and C. rotundata m October (71 and 83 mg 

ADW m2 leaf surface day1, respectively), and for Halodule unmervis and 

Syringodium ¡soetifolium in January (57 and 94 mg ADW m2 leaf surface day1, 

respectively). 

When using the specific growth rate (R) to determine epiphyte production, 

the highest monthly values on Thalassia hemprichii were observed in February 

(165 mg ADW" g1 day1), on Cymodocea serrulata in April (150 mg ADW g1 day1), 

on Cymodocea rotundata and Halodule uninervis in November f 233 and 235 mg 

ADW g1 day1) and on Syringodium ¡soetifolium m August (120 mg ADW g1 day1). 

Lowest monthly values were found in November and January on leaves of 

Thalassia hemprichii, in September on leaves of Cymoaocea serrulata. in 

March on leaves of Cymodocea rotundata, and m January on leaves of 

Halodule uninervis and Syringodium ¡soetifolium. Annual mean values for the 

absolute growth rate of epiphytes ranged from 111 mg ADW m2 leaf surface day' 

on leaves of Thalassia hemprichii, to 273 nig ADW m2 leaf surface day1 on 

leaves of Syringodium ¡soetifolium. Cymodocea rotundata and Halodule 

uninervis showed intermediate values (141 and 147 mg ADW m2 leaf surface 

day1, respectively). Annual mean values of the relative growth rate of 

epiphytes (R), ranged from 79 mg ADW g1 day"1 on leaves of Syringodium 

¡soetifolium, to 158 mg ADW g1 day1 on leaves of Cymodocea rotundata. On 

leaves of Thalassia hemprichii and Halodule uninervis intermediate 

productivity values were found (127 and 12o mg ADW g'day1 , respectively), 

whereas on leaves of Cymodocea serrulata the annual mean epiphyte 

production amounted to 99 mg ADW g day1 . 

In Table 8 annual mean biomass and production of seagrass leaves and 

associated epiphytes are presented for the different seagrass species at 

station 13. Biomass and production values are expressed per shoot, per m2 

leaf surface and on an area basis For epiphyte production the absolute 

growth rate (G) was taken. To determine the production of seagrass leaves, 

the annual moan biomass of all second leaves was used for Cymodocea 

rotundata and Halodule uninervis, and the biomass of all third leaves for 

Cymodocea serrulata and Thalassia hemprichii. 

Annual mean above-ground biomass expressed per shoot, was highest for 

Cymodocea serrulata. When expressing biomass per m2 leaf surface, the 

highest value was observed for Syringodium ¡soetifolium. On an area basis 

Thalassia hemprichii reached the highest annual mean above-ground biomass. 

The epiphytic component on leaves of Thalassia hemprichii contributed 14/<, to 

the total above-ground biomass. On leaves of Cymodocea serrulata, 

Cymodocea rotundata, Halodule uninervis and Syringodium isoetifolium, 22%, 

1.9/0, 24̂ , and 21/0 respectively, of the seagrass leaves plus epiphyte biomass, 

could be ascribed to the epiphytic component. 
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Table β 

A c o m p i l a t i o n o f annual mean biomass and p r o d u c t i o n o f seagiass leaves and a t t a c h e d e p i p h y t e s . Values (abso
l u t e growth r a t e ) , are expressed per shoot, per m2 leaf s u r f a c e , and per m2 sediment s u r f a c e 

Thalassia hemprichu 

seagrass leaves 

epiphytes 

Cymodocea serrulata 

seagrass leaves 

epiphytes 

Cymodocea rotundata 

seagrass leaves 

epiphytes 

tfaloduie uninervia 

seagrass leaves 

epiphytes 

Biomass 

per 

shoot 

0.0405 

0.0066 

0.0491 

0.0139 

0.0237 

0.0056 

0.0072 

0.0022 

(g ADW) 

per m
3 

leaf 

9.51 

1.55 

1.41 

1.94 

7.B6 

1.Θ4 

6.00 

1.93 

per m' 

sediment 

35.20 

5.73 

9.53 

2.69 

5.66 

1.ЭЗ 

0.42 

0.13 

Production (g 

per 

shoot.day"
1 

0.0025 

0.0005 

0.0018 

0.0009 

0.0013 

0.0004 

0.0004 

0.0002 

ADW) 

per m' 

leaf.day
-1 

0.588 

0.111 

0.253 

0.123 

0.432 

0.141 

0.329 

0.147 

per m' 

sediment.day"
1 

2.175 

0.411 

0.349 

0.170 

0.311 

0.102 

0.023 

0.010 

SyringodiuzD isoetifolium 

seagrass leaves 

epiphytes 

0.0081 

0.0021 

23.11 

6.16 

17.10 

4.55 

0.0004 

0.0001 

1.149 

0.273 

0.850 

0.202 

Ы 
ω 



Total annual mean above-ground production ranged from 5 g ADW day1 per shoot 

for Synngodium ¡soetifollum to 30 g ADW day1 per shoot for Thalassia 

hemprichii. When expressing production per m2 leaf surface day1, the lowest 

annual mean production was calculated for Cymodocea rotundata (380 mg ADW) 

and the highest annual mean production for Syrlngodium ¡soetifollum (1.4 g 

ADW). When calculated on an area basis, the lowest annual mean production 

was determined ror Halodule uninervis and the highest for Thalassia 

hemprichii (0.033 and 2.6 g ADW per dav respectively). 

The epiphytic component on the leaves of Thalassia hemprichii contributed 

16% to the total above-ground production. For Cymodocea serrulata, 

Cymodocea rotundata, Halodule uninervis and Syringodium ¡soetifollum the 

epiphytes contributed 33%, 25%, 31% and 19%, respectively. 

Total annual mean above-ground plant biomass at station 13 amounted to 82 

g ADV* per m2 sediment surface, of which 14.5 g ADW (18%) could be ascribed 

to the epiphytic component Total annual mean above-ground production was 

4.b g ADW m2 sediment surface day1. An estimated 19% (0.9 g ADW m2 sediment 

surface day1), was due to the epiphytes. 

DISCUSSION. 

Structural aspects. 

The total number of algal species observed on the leaves of the various 

seagrass species was virtually the same. The majority of epiphytic algae was 

found on all species Furthermore, the same epiphytic algae were encountered 

in the monospecific seagrass communities of these seagrass species (Heijs, 

1983, 1985a, 1985c). For Thalassia hemprichii, Cymodocea serrulata and 

Syringodium ¡soetifoTium the total number of identified algal epiphytes was 

higher in the monospecific communities (64, 55 and 55) than in this mixed 

seagrass bed (45, 43 and 43) The total number of epiphytic algae found on 

the leaves of Halodule uninervis and Cymodocea rotundata was the same in 

the monospecific seagrass beds and this mixed meadow (Heijs, 1985a, 1985c). 

In the various monospecific seagrass communities, the annual mean number of 

epiphytes per shoot ranged from 11.7 on leaves of Halodule uninervis to 22.6 

on leaves of Syringodium ¡soetifollum. In this mixed meadow the annual mean 

number of epiphytes per shoot was slightly lower. Furthermore, in the 

monospecific seagrass beds the species diversity of the epiphytic component 

was lowest on the leaves of Halodule uninervis (H=2.55) and highest on the 

leaves of Cymodocea serrulata (H=3.55) (Heijs, 1985a, 1985c). In this mixed 

seagrass meadow the floristic composition, the abundance and the species 
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diversity of the epiphytic component was virtual]) the same for all seagrass 

species The presence of localised monospecific patches or fringes of either 

seagrass species in the Bootless Bay area, is mostly related to specific 

local habitat conditions (e g water dppth, substrate characteristics, 

exposure) and these may partly explain the above described differences 

between monospecific and mixed seagrass communities 

The increase in number of algal epiphvtes and the corresponding algal 

abundance from leaf 1 to leat 4, was observed on all seagrass species (Table 

4) These phenomend have also been reported for the same seagracs species in 

monospecific seagrass communities (Heijs, 1983, 1985a, 1985c), as well as 

for various other seagrass species for Thalassia testudmum Banks ex König 

(Humm, 1964), for Posidoma oceanica (L )Delile (Van der Ben, 1971), and for 

Zostera manna L (Jacobs et al , 1983) 

Although the epiphvtir composition dltered and species diversity increased 

on subsequent older leaf blades (leaf 1- leaf 4), succession, in which 

colonizing species are replaced by otner epiphytic algae, did not take 

place New species are able to settle and grow, however, they cannot oust 

the pioneer community This was also observed in the respective monospecific 

seagrass communities of Bootless Bay (Heijs, 1985a, 1985c) 

A significant difference was observed between the upper and lower part of 

each leaf (Table 4) The leaf apices showed heavier epiphytic growth than 

the basal parts of the leaves This feature was also observed on the leaves 

of Zostera manna (Jacobs et al , 1963), Posidoma oceanica (Van der Ben, 

1971) and macroalgal hosts (Ballantine, 1979) and is primarily a consequence 

of the growth characteristics of the plant species involved 

from this paper as well as from previous articles (HPIJS, 1985a, 1985c) 

it is evident that on seagrasses in the Bootless Bay area, the encrusting 

coralline algae dominate the epiphvtic component quantitatively, whereas tne 

Ceramiales dominated qualitatively A dominance of carbonate secreting algal 

epiphytes has also been observed on leaves of other seagrass species, e g 

on Thalassia testudmum (Humm, 1964), on Zostera manna (Brauner, 1975, 

Jacobs et al , 1983), and on Posidoma oceanica (Van der Ben, 1971) 

Functional aspects 

Biomass 

Irom Table 4 it is clear that epiphyte biomass increased with 

increasing leaf age, which is consistent with the literature (Harlm, 1980, 

Borum and Wium-Andersen, 1980, Bulthuis and Woelkerling, 1983, Heijs, 1984, 

1985c, Brouns and Heijs, 1986) Occasionally the oldest leaf (leaf 4) may 

show a lower biomass than leaf 3 This is likely a consequence of the loss 
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t o 

l a b i e 9 

A n n u a l mean v a l u e o f e p i p h y t e b i o m a s s ( g ADW m2 l e a f s u r f a c e ) and e p i p t i y t e p r o d u c t i o n ( g ADW m2 l e a l s u r f a c e 
d a y l ) i n m o n o s p e c i f i c and m i ^ o d s e a g r a s s c o m m u n i t i e s . D a t a a r e f r o m H P I J S , 198i| , 1 9 8 5 C , t h i s p a p e i and f r o m 
B r o u n s a n d H e i j s , 1 9 8 6 . 

Species 

BIOHASS 

<j AJ3W ш-1
 leaf surface 

PRODUCTION 

g ADW ш
-1
 leaf surface day" 

monospecific 

seagrass bed 

mixed seagrass 
meadow 

monospecific 

seagrass bed 

mixed seagrass 
meadow 

Thalassia heaprichii 

eulittoral 

•ublittoral 

Cyaodocea rotundata 

Cyjnodocea serruJaca 

Halodule uninervis 

Syringodium isoetifollum 

Enhalus acoroides 

1.31 (15») 

1.59 (14%) 

2.39 (22%) 

2.97 (24%) 

1.72 (23%) 

4.77 (23%) 

0.52 ( 3%) 

1.55 (14%) 

1.Θ4 (19%) 

1.94 (22%) 

1.93 (24%) 

6.16 (21%) 

2.68 (17%) 

0.12 (37%) 

0.10 (19%) 

0.16 (36%) 

0.1Θ (39%) 

0.14 (44%) 

0.25 (35%) 

0.01 ( 6%) 

0.11 (16%) 

0.14 (25%) 

0.12 (33%) 

0.15 (31%) 

0.27 (19%) 

0.05 ( 9%) 



of heavily epiphytised leaf tips, due to leaf senescence, grazing, etc , and 

was also observed in the monospecific scagrass communities (Hei]S, 1984, 

1985c, Brouns and Heijs, 1980). 

Table 5 illustrates the contribution of the epiphytic component to the 

total above-ground plant biomass. Similar values were observed in the 

monospecific seagrass beds of Bootless Bay, e g for Thalassia hempnchii, 

14°o m both the monospecific and mixed seagrass bed, for cymodocea 

rotundata, 19°<, in this mixed meadow and ¿2% in the monostand ; for 

Cymodocea serrulata, 22% (mixed meaaow) and 24°. (station S), for Halodule 

unmervis, 23°« at station 7 and 24% at station 13 (mixed meadow), and for 

Synngodium isoetifolium, 21°,, and 23% in the monospecific and mixed seagrass 

bed, respectively (Hens, 1984, 1985c; see also Table 9) 

Maximum epiphyte biomass on an area basis, is controlled by the shoot 

density of seagrasses and the total leaf surface ( L A ) available to the 

epiphytes for settlement and growth Thus, when comparing epiphyte biomass 

on the leaves of the various seagrass species it seems more appropriate to 

express epiphyte biomass as g ADV* per m2 leaf surface When comparing annual 

mean epiphyte biomass (per m2 leaf surface) in this mixed meddov, with 

biomass values observed in the respective monospecific seagrass beds, it 

appears that in this mixed meadow the highest biomass was founa on the 

leaves of Synngodium isoetifolium (6 lo g ADU m"2 leaf surface) and the 

lowest epiphyte biomass on leaves of Thalassia hemprlchil (1 55 g ADto m2 

leaf surface) (Table 6) In the monospecjfic seagrass beds however, the 

highest biomass value was observed on leaves of Cymodocea serrulata (2.97 g 

ADV/ m2 leaf surface) and the lowest value on leaves of Thalassia hemprichn 

(1 3- 1 7 g ADto m2 leaf surface) (Heijs, 1984, 1985a) 

In Table 9 the annual mean epiphyte biomass and production observed on 

the leaves of the various seagrass species in monospecific and mixed 

seagrass communities, is presented. The epiphyte biomass on the leaves of 

the different seagrass species in monospecific and mixed seagrass 

communities varied somewhat 

The contribution of the epiphytic component to the total above-ground 

biomass was of the same magnitude Comparable contributions of the epiphytic 

component were reported foi Zostera marma by Penhale (1977) and Borum and 

Wium-Andersen (1980), for Heterozostera tasmamca (Martens ex Aschers.) den 

Hartog b> Bulthuis and Woelkerlmg (1983), for Thalassia testudmum by 

Jones (1968), and for Halodule wrightii Aschers, by Morgan and Kitting 

(1984) 
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Production 

Production of epiphytes in this paper is calculated according to two 

methods (1) the absolute growth rate (G) or rate of biomass accumulation, 

and (2) the relative growth rate (R) 

When using the absolute growth rate, the minimum net overall production of 

^epiphytes is estimated, because losses due to senescence, grazing, etc , are 

considered minimal for very short periods of time The relative growth rate 

(R), not only represents the efficiency of the epiphytic component as 

producers of new material, but also the relation between the initial 

biomass, the final biomass and the growth period On an area basis, annual 

mean epiphyte production at station 13 ranged from 10 mg ADW per day for 

Halodule unmervis to 411 mg ADVv per day for Thalassia hemprichu A better 

comparison between the seagrass species, is obtained when expressing 

production per m
2
 leaf surface or when using the specific growth rate (R) 

When calculating epiphvte production according to the specific growth rate, 

the annual mean epiphyte production ranged from 79 mg ADW g
1
 day

1
 on leaves 

of Syrmgodium isoetifolium to 158 mg ADW g
-1
 day"

1
 on leaves of Cymodocea 

rotundata (Table 7) 

At station 13 the epiphytic component contributed ІЬ-ЗЗ"» to the total 

above-ground production, whereas in the respective monospecific seagrass 

communities 19-44
0
„ of the total above-ground production could be ascribed to 

the epiphytes (Heijs, 1984, 1985) 

Table 9 presents the annual mean biomass and productivity of the 

epiphytic component in monospecific seagrass communities and this mixed 

seagrass meadow When looking at epiphyte biomass in the two types of 

seagrass beds, values may differ considerably per species The contribution 

of the epiphytic component however, is virtually the same, except for 

Enhalus acoroides The difference in epiphyte biomass on leaves of Enhalus 

acoroides in a monospecific seagrass bed (station 8) and a mixed meadow 

(station 13) is largely a consequence of the local habitat conditions of the 

seagrass communities (e g water depth, water temperature, substrate 

characteristics) (Brouns and Heijs, 1986) 

Epiphyte production in monospecific and mixed seagrass communities did 

not vary considerably (0 01-0 25 g ADW m
2
 leaf surface day

1
 in monospecific 

seagrass beds 0 05-0 27 g ADW m
2
 leaf surface day"

1
 m the mixed meadow) 

However, when considering the contribution of the epiphytes to the total 

above-ground production (seagrass leaves and epiphytes), a considerable 

difference is found, particularly for Syrmgodium isoetifolium, Cymodocea 

rotundata and Halodule unmervis 
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There are no estimates for total above-ground plant biomass, which 

includes the seagrass leaves, the attached epiphytes and the macroalga] 

component. Each component however, may contribute significantly to the total 

above-ground plant biomass (e.g. Penhale, 1977; Cowper, 1978; Thorne-Miller 

et al., 1983; Heijs, 1984, 1985a, 1985c, in press; Morgan and Kitting, 1984; 

Virnstein and Carbonara, 1985). The three floral components (seagrass 

leaves, macroalgac and epiphytes), have been studied in a mixed seagrass 

meadow (station 13) during 1982 (Heijs, in press, this paper). When adding 

the biomass values of the maoroalgal coiiponent from station 13 (Heijs, m 

press), the annual mean total above-ground plant biomass would amount to 93 

g ADW on an area basis, of which the macroalgae contributed 12°o, the 

epiphytic component 15.5?« and the seagrass leaves 72.5?». When using dry 

weight (DW), the contribution of the macroalgae and epiphytes amounted to 

32.5i„ and 28°,,, respectively, which leaves 39.5°» for the seagrass leaves. 

High monthly total above-ground biomass values were found in March and July 

(121 and 115 g ADW m
2
 sediment surface). In March no macroalgae were 

present; therefore, the seagrass leaves and epiphytic component contributed 

87°o and ІЗ™, respectively. In July, however, all three floral components 

added to the total above-ground plant biomass. on an area basis, the 

seagrass leaves contributed бО
0
» (69 g ADW), the epiphytic component 27/„ (31 

g ADW) and the macroalgae ІЗ". (15 g ADW). The lowest monthly total 

above-ground biomass was observed in January (56 g ADW per m
2
 sediment 

surface). Of this value the epiphytic component contributed 21?„ and the 

seagrass leaves 79/„; no macroalgae were present at that time. 

The difference between DW and ADW values is largely caused by the caroonate 

secreting green alga Halimeda opuntia (L. ILamour. , the encrusting epiphytes 

(e.g. Fosliella, Melobesia spp.) and sediment incorporation in the macroalgal 

layer and epiphytic algal mat on the seagrass leaves. 

The variability in structural and functional aspects of the floristic 

components between the monospecific and mixed seagrass communities, is 

likely a consequence of· 

- the structure and growth characteristics of the dominant plant species 

(seagrasses and/or macroalgae) involved; 

- differing topographic and physiographic conditions (e.g. water depth; 

substrate characteristics, exposure, water temperature, etc.); and 

- a different complexity of the two types of seagrass beds. 

Throughout the Indo-West Pacific region, the mixed seagrass meadows are a 

dominant feature (Kock and Tsuda, 1978; Ogden and Ogden, 1982; Menez et al., 

1983; Heijs and Brouns, 1986). In the Bootless Bay area, and probably 

throughout Papua New Guinea, the occurrence of monospecific seagrass beds 
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appears a temporary phenomenon (Brouns, in press). They often become invaded 

by other seagrass species and eventually form the multi-species seagrass 

community, so commonly found in the Indo-Pacific region ÍBrouns and Heiis, 

1985). 
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A B S T R A C T 

From November 1981 to January 1983, some structural and functional 
aspects of the macroalgal component have been studied in two mixed seagrass 
meadows in Bootless Bay, Papua New Guinea. The floristic composition and 
macroalgal abundance varied considerably and was primarily related to local 
substrate characteristics and differing topographic and physiographic 
conditions. 
The macroalgal component showed a distinct temporal variability of which the 
pattern coincided with the changing of the monsoonal seasons. The 
variability in seagrass abundance seemed to be determined by seasonal 
changes in the water temperature and tidal water movements. 
Biomass of macroalgae ranged from 14.2-32.1 g ADW m2 sediment surface; 
above-ground seagrass biomass varied from 44.4-105.8 g ADW nf2 sediment 
surface. Total annual mean above-ground plant biomass (seagrass leaves and 
macroalgae), was 78.2 g ADW ni2 on an area basis of which 14% could be 
attributed to the macroalgal component. 
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INTRODUCTION. 

The macroalgal component of seagrass beds can consist of several 

elements: (1) rhizophytic- and lithophytic algae among the seagrasses, (2) 

epiphytic algae on seagrass leaves, seagrass stems and macroalgae, and (3) 

loose-lying or drift algae (Den Hartog, 1979). Several studies have 

concentrated either on the epiphytic algae (Brauner, 1975; Penhale, 1977; 

Jacobs and Noten, 1980; Jacobs et al., 1983; Heijs, 1983, 1984, 1985a, 

1985c; Morgan and Kitting, 1984) or the drift algal component (Cowper, 1978; 

Gilbert and Clark, 1981; Virnstein and Carbonara, 1985) or the rhizophytic 

and lithophytic macroalgae (South, 1978; Heijs, 1985b). 

However, qualitative and quantitative aspects of macroalgae relative to 

that of seagrasses, have seldomly been assessed on a long-term basis. Most 

studies refer to short-term investigations (Cowper, 1978; Phillips et al., 

1982; Ogden and Ogden, 1982; South, 1983). 

The objectives of this study were (1) to investigate the spatial and 

temporal pattern of macroalgae and seagrasses in two tropical mixed seagrass 

meadows, and (2) to assess the importance of the macroalgal component 

(structurally and functionally) to the seagrass community as a whole. 

S T U D Y SITES. 

Bootless Bay, an embayment of the Papuan coastal lagoon, is located 15 km 

southeast of Port Moresby, Papua New Guinea. Three rather small islands 

occur in Bootless Bay. Study sites were chosen on two of the three islands: 

the sand spit of Motupore Island (station 12) and the west side of Loloata 

Island (station 13). A general description of the marine environment in the 

Bootless Bay area has been presented by Brouns and Heijs (1985). The 

numbering of the stations is according to Heijs (1984, 1985 a,b,c) and 

Brouns and Heijs (1986). 

Station 12 

The sand bar of Motupore Island extended in a northwest direction. The shape 

of the sand bar changed depending on the season. During the SE monsoon 

(May-November) the sand bar was long and narrow; during the NW monsoon 

(December-April) the sand bar became shorter and wider due to the prevailing 

northwesterly winds. The west side of the sand bar changed gradually into a 

sandy area with sparse seagrass growth in shallow pools, left behind by the 

receding tides. The tip of the sand bar quickly dropped off into deeper 

water, where at -3.0 m ELWS a circular patch was found of the seagrass 
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Enhalus acoroides (L.f.JRoyle, bordering a narrow stretch of coral 

conglomerates. The entire east side of the sand bar was covered by a large 

mixed seagrass meadow, which started at +1.0 m ELWS and extended down to 

-2.0 m ELWS. Dominance of seagrass species varied with depth. Nine seagrass 

species were found: Thalassia hemprichü (Ehrenb. )Aschers. ; Enhalus 

acoroides ; Cymodocea rotundata Ehrenb. and Hempr. ex Aschers.; Cymodocea 

serrulata (R.Brown) Aschers. and Magnus; Halodule uninervis 

(Forssk. )Aschers. ; Syringodium isoetifolium (Aschers. )Dandy; Halophila ovalis 

(R.Brown)Hooker f.; Halophila ovata Gaud, and Halophila decipiens Ostenfeld. 

Highest in the intertidal, the substrate consisted of coarse sand with coral 

debris, which changed into sand and occasionally a mixture of coarse sand 

and mud in deeper parts. The area was subject to rough environmental 

conditions (e.g. wave action, wind and sunshine, high turbidity). Because of 

the seasonal changes in wind direction, a considerable amount of sediment 

was moved around, which affected the various communities along the sand bar. 

Station 13 

The mixed seagrass meadow located on the west side of Loloata Island was 

well within the reef platform, hence protected against the incoming waves. 

In the landward region, this area (Western Beach), was characterized by a 

gently sloping sandy beach with occasionally coral colonies upon which large 

fucoid algae were seen (at +0.4 m ELWS). These subcircular coral colonies 

were levelled off at the top, with living coral tissue only found at the 

periphery ("micro-atolls"). Seagrass growth occurred around these 

micro-atolls. Around chart datum (-0.1 m ELWS), an extensive mixed seagrass 

meadow was found with 6 seagrass species rather homogeneously mixed: 

Thalassia hemprichü, Syringodium isoetifolium, Cymodocea serrulata, 

Cymodocea rotundata, Halodule uninervis and Halophila ovalis. Sporadically 

the taller seagrass Enhalus acoroides, formed small patches with up to 200 

shoots. Medium sized coral colonies (dead and alive) and micro-atolls were 

scattered throughout this meadow. The seaward side of the mixed seagrass 

meadow was formed by a reef crest, variable in width, which protected the 

area against wave action. The substrate consisted mainly of sand and coral 

rubble. The mixed seagrass meadow (-0.2 m ELWS) was never exposed. 
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MATERIALS AND METHODS. 

Structure 

Spatial pattern. 
The spatial pattern for seagrasses and macroalgae was only determined at 

station 12, because of its location on a sandy slope where floristic changes 

occurred with increasing depth. Four line transects were established 

perpendicular to the shore at randomly chosen intervals. 

Along the entire length of the transects (70-80 m long; maximum depth -2.0 

m), the abundance of seagrasses and macroalgae was estimated in 1x1 m 

quadrats, using a modified Braun- Blanquet scale (Barkman et al., 1964) (see 

Heijs, 1985b). The transects were studied in July and August 1982, and 

therefore represent the pattern during part of the SE monsoon. Only one 

transect is presented because this particular transect reflects most of the 

variation which occurred along the sand bar. 

Temporal pattern. 
The seasonal distribution of seagrasses and macroalgae was studied at 

both stations. At station 12, three substations were chosen to account for 

depth differences: station 12a, at +0.6 ra chart datum; station 12b, at +0.2 

m chart datum; and station 12c, at -0.2 m chart datum. 

At these substations and at station 13, 6 permanent quadrats (Ixlm) were 

randomly placed. Qualitative and quantitative estimations on the abundance 

of seagrasses and macroalgae were determined on a monthly basis from 

November 1981 through to January 1983, using the above-mentioned method. 

Prior to this study, the minimal area for sampling was determined. 

Biomass. 

Biomass of seagrass leaves and macroalgae was determined at station 13. 

From November 1981 to January 1983, monthly all above-ground plant material 

was collected from 6 randomly placed quadrats (40x40 cm). The plant 

material was separated into seagrass leaves and the various macroalgal 

species. Algal samples were rinsed and subsequently dried for 24 h at 100 
0C, to determine dry weight (DW) and combusted for 3 h at 550 "C to 

determine ash-free dry weight (ADW). Prior to drying and combustion, the 

seagrass leaves were washed in 5% phosphoric acid to remove the epiphytes. 

From January 1982 till mid June 1982 the presence and abundance of 

macroalgae was negligible, hence no data could be gathered during that 

period. 
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RESULTS. 

A. S t r u c t u r e 

a. Spatial pattern. Seagrasses. 

In Figure 1 the s p a t i a l pa t t e rn of seagrasses and macroalgae at s t a t ion 

12 is presented. Highest in the i n t e r t i d a l (+1.0 m chart datum) a narrow 

fringe of Halophila ovalis and Halodule uninervis (narrow-leaved form) was 

found. This community was replaced by a Halodule uninervis-Cymodocea 

rotundata community which changed in to a Cymodocea rotundata-Thalassia 

hemprichii community. At +0.6 m chart datum a mixed meadow occurred with 

Thalassia hemprichii and Enhalus acoroides as dominant species and 

Syringodium isoetifollum as subdominant seagrass spec ies . This Thalassia 

hemprichii-Enhalus acoroides-Syringodium isoetifolium community was joined 

by Cymodocea serrulata from +0.5 m down to -0.2 m chart datum. Below t h i s 

depth the mixed meadow was composed of Halodule uninervis (normal-leaved 

form), Halophila avails, Cymodocea rotundata, Thalassia hemprichii, 

Cymodocea serrulata and Enhalus acoroides. The seaward edge of the 

seagrass bed (from -1.0 m to -2.0 m chart datura) varied from place to 

place: a community of Enhalus acoroides ; a community of Halodule 

uninervis and Halophila ovalis ; an Enhalus acoroides-Halophila ovalis 

community; and monospecific fringes of Halophila decipiens, Halodule 

uninervis, and Halophila ovalis were seen along the sand bar . 

Highest cover values were observed between +0.7 m and -0 .2 m chart datum. 

This is a consequence of the r e l a t i v e l y high abundance of Thalassia 

hemprichii and Enhalus acoroides. 

Macroalgae. 

Highest in the l i t t o r a l zone several macroalgal species were found, 

however with low cover va lues . An exception was Hypnea boergesenil, the 

most abundant alga above chart datum. Below chart datum, the Phaeophyta were 

dominant, e .g . Hydroclathrus clathratus, Colpomenia sinuosa, Rosenvingea 

intricata and Chnoospora implexa. The phaeophycean algae can be included in 

the category of the d r i f t a lgae . No su i t ab l e subs t ra t e was present for 

se t t lement ; they occurred as loose- lying masses between the seagrasses , 

l ike ly continuing t h e i r l i f e cycle . 

The character of the subs t r a t e is l ike ly one of the var iab les responsible 

for the r e l a t i v e l y low d i v e r s i t y of macroalgae in the seagrass beds. The 

highest number of a lgal species was encountered between +0.8 m and +0.3m 

chart datum, where su i t ab l e hard subs t ra t e (coral rubble) was ava i lab le for 

set t lement of a wide range of a lgae . 
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STATION 12 
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Figure 2. The temporal abundance (% cover) of seagrasses (Cs) and macroalgae (Cm), and the number of macroalgal species 
(N) at substations 12a (a), 12b (b) and 12c (c). 



Several macroalgal species were seen epiphytic on the various seagrass 

species and were torn loose as their thallus size increased: e.g. 

Tolypiocladia glomerulata. Spy ridia filamentosa, Cracilaria edulis, Codium 
arabicum and several Hypnea spp.. 

The zonation pattern characteristic for the macroalgae associated with 

the seagrass bed at station 12 can be described as follows: 

(a) a dominance of Hypnea boergesenii highest in the intertidal; 

(b) from +0.7 m to +0.2 m chart datum, a zone dominated by Hypnea 

boergesenii and Tolypiocladia glomerulata with a subdominance of 

Cracilaria edulis and Laurencia dlstichophylla ; 

(c) and below chart datum, a zone where Hydroclathrus clathratus and 

Colpomenia sinuosa were most abundant, followed by Rosenvingea 

intricata. 
This characteristic pattern seems a consequence of differences in substrate 

(sandy substrate and a mixture of sand and coral rubble) and exposure (see 

also temporal pattern Figure 2 ). 

b. Temporal pattern. 
The temporal abundance of macroalgae and seagrasses was studied at 

stations 12 (Figure 2 ; 2a, 2b, 2c) and 13 (Table 1 , Figure 3 ). As was 

mentioned before, at station 12, three substations were distinguished to 

include the variability caused by depth differences. The three depth ranges 

(+0.6 m, +0.2 m and -0.2 m chart datum), were selected because most of the 

variation occurred between +0.7 m and -0.3 m chart datum (see also spatial 

pattern). 

Station 12. 

At stations 12a ,12b and 12c, seagrass cover was highest in January and 

February. At station 12a, the abundance of seagrasses declined rapidly after 

relatively high cover values in January and February; low values were 

recorded from August to November. This pattern coincides with the seasonal 

tidal water movements, when the lowest monthly spring-ebb tides occur during 

day-time. The tidal regime, therefore, seems responsible for the seasonal 

abundance of seagrasses at this particular substation. 

The macroalgal abundance shows a pattern which coincides with the changing 

of the monsoonal seasons. During the NW monsoon (December-April) the 

abundance of macroalgae was low. However, during the SE monsoon, 

May-November, the number of algal species observed and their abundance 

increased. Exposure due to extreme low day-time ebb tides does not seem to 

have a negative influence on the occurrence and abundance of macroalgae, 

characteristic for this substation. 
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Table 1 

Annual mean cover percentages or spagrasses and macioalgae at the three substations 12a-c. In parenthe
ses the biological index of the five quantitatively most important algal species 

STATION 12 

DEPTH (m chart datum) 

b 

+ 0.2 0.2 

SEAGRASSES 
Thalassia hemprichu 
Enhalus acoroides 
Synngodium isoetifolium 
Halodule unmervis 
Halophila ovalis 
Cymodocea rotundata 
Cymodocea serrulata 

28.4 
3.8 
2.0 
1.2 
0.9 
2.2 

38.5 

42.0 
10.2 
2.3 
0.5 
1.2 

1.6 

67.9 

30.2 
13.0 
2.0 
0.6 
0.9 
0.5 
8.0 

55.2 

LO 

MACROALGAE 
Hypnea boergosenn ТалаЯа (R*) 
Champia párvula CC. Ag.) Harv. (R) 
Gracilaria edulis (J. Ag.) Silva (R) 
ToiypiocJadia glomerulata (C. Ag.) Schmitz & Hauptfleisch (R) 
Laurencia distichophylla J. Ag. (R/ 
Cyanophyceae 
Codium arabicum Kutz. (c) 
Spyridia filamentosa [Wulf.) Harv. (R) 
Jama sp. (R) 
Acanthophora spicifera (Vahl) Borg, (ρ) 
Enteromorpha kylinii Bliding (с) 
Bood lea composita (Harv.) Brand (с) 
Hypnea nidifica J. Ag. (R) 

Liagora sp. (R) 
Struvea anastomosans (Harv.) P icc . & Grün, (с) 
Ceratodictyon spongiosum Zanardmi (R) 
Hydroclathrus clathratus (C. Ag.) Howe (ρ) 
Rosenvingea in t r icata (С. Ag.) Borg. (ρ) 
Enteromorp/ia c lathrata (Roth) Grev. (c) 
Dictyota adnata Zanardini (p) 
Chnoospora implexa (Her.) ex j . Ag. (P) 

TOTAL COVER 

0 . 9 1 
0 . 8 2 
0 . 7 7 
0 . 7 7 

0 . 6 4 
0 . 5 5 
0 . 3 6 
0 . 2 7 
0 . 2 7 

0 . 2 3 
0 . 1 8 
0 . 0 9 
0 . 0 9 
0 . 0 5 
0 . 0 5 

(1) 
(4) 
(2) 
(3) 
(4) 

1 . 0 0 
0 . 5 0 
0 . 5 0 
0 . 8 2 

-
0 . 5 5 
0 . 1 8 
0 . 1 8 

-
0 . 3 6 

-
0 . 0 5 
0 . 3 2 

-
-

(2) 
(4) 
(4) 
(3) 

0 . 9 1 (1) 
0 . 1 4 
0 . 0 5 
0 . 2 3 

-
0 . 0 9 
0 . 3 6 (4) 
0 . 2 7 

-
-
-

0 . 0 5 
0 . 2 7 

-
-

6.05 

42.55 

1.05 
0.36 
0.23 
0.23 
0.09 

6.39 

(1) 0.05 
2.18 (2) 
0.55 (3) 

0.27 (5) 

5.42 

60.62 

Rhodophyceae; Ρ = Phaeophyceae; С = Chlorophyceae 



STATION 13 
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Figure 3. The temporal abundance (% cover) of seagrasses (Cs) and macroal-
gae (.Cm), and the number of macroalgal species (N) at station 13. 

Station 12b, showed a seagrass pattern which is comparable to that at 

station 12a; the decline in seagrass coverage during the SE monsoon, 

however, was less dramatic. The seagrass cover appeared rather constant 

from April onwards. Because of the location of this substation (+0.2 m chart 

datum) the effect of the extreme low water levels during day-time, seems 

less marked. 

The seasonal pattern of the macroalgal component is comparable to that of 

substation 12a, however different species were involved (see Figure 1 , and 

Table 2 ). 

Station 12c was never exposed (-0.2 m chart datum). The abundance of 

seagrasses did not seem to be affected by low day-time spring-ebb tides. The 

temporal abundance of seagrasses at this substation is therefore possibly 

related to the seasonal changes in water temperature. Low cover values were 

measured from April-July, and high cover values in January. 
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Table 2 

Ordina ted tablp of the seasonal abundance of seaqrasses and macioatgal species, and the corresponding 
annual mean cover values at station 13. r= one or a few specimen; += cover < \%, 1= few specimen, cover 
1-5%; 2m- many specimen, cover 1-5%; 2a= cover 5-12.5%; 2b= cover 12.5-25%; 3- cover 25-50%; 4= cover 
50-75%; 5- cover 75-100%. 

STATION 13 

SEAGRASSES 
Thalassia hemprichu 
Syringodiim isoetifolium 
Cymodocea s e r r u l a t a 
CyiDodocea rotundata 
Halophila ovalis 
Halodule uninervis 

MACROALGAE 
Ceratodictyon spongiosum (R*) 
Cyanophyceae 
Champia párvula (R) 
Gracilaria edulis (R) 
Chlorodesmis f a s t i d i a t a (С. Ag.) Ducker (С) 
Hypnea boer ge semi (R) 
Acanthophora spicifera £R) 
Halimeda opunt ia (L.) Ілтошг. (С) 
¿oodJea composita (С) 
Padina t e n u i s (Bory) Worn. & Bailey (Ρ) 
Tolypiocladia glomerulata (R) 
Colpomenia s inuosa (Roth) Derb, a S o l . (P) 
Rosenvmgea intricata (Ρ) 
A v r a m v i l i e a e r e c t a (Berk.) Gepp & Gepp (С) 
Dictyota adnata (P) 
Dic t^ota d i v a r i c a t a Lamour (P) 
Dictyota p a r d a l i s K u t z . (P) 
Amansia glomerata C. Ag. (R) 
CauJerpa l e n t i i l i f e r a J . Ag. (C) 
S p y n d i a f i lamentosa (R) 
Codiuro arabicum (С) 

19В1 
12 
Nov 

4 
2b 

2a 
2a 
1 
r 

r 
+ 

1 
1 
+ 

1 

+ 

1 

r 

+ 

г 
r 
r 
г 
+ 

1982 
19 
Jan 

3 
2b 
2b 
2a 
+ 

r 

1 
1 

15 

Feb 

4 
2m 
1 
1 
r 
r 

1 
1 

3 
Mir 

4 
2a 
2a 
1 
+ 

г 

+ 

7 

Apr 

4 
2b 
2a 
1 
1 
r 

+ 

г 
r 
r 

r 

11 
May 

4 
2a 

1 
1 
r 
r 

r 

+ 

r 
r 

r 

9 
Jun 

4 

2a 
2a 
1 
r 
r 

1 
+ 
+ 

r 

1 
1 
г 

r 

13 
Jul 

3 
2b 
2b 
1 
+ 

r 

1 
+ 

1 
r 
r 
+ 

1 
2a 

22 
Aug 

4 
2b 
2a 
1 
1 
r 

2a 
r 
+ 

+ 

r 
+ 
+ 

1 
r 

21 
Sep 

4 
2m 
2a 
1 

1 
r 

2a 

t 
+ 
+ 

+ 

r 
г 
r 
+ 

г 

e 
Oct 

4 

2a 
2a 

1 
1 
r 

+ 

r 
1 
+ 

I 
+ 

+ 

r 
r 
+ 

1 
1 
r 

г 

28 
Nov 

4 

2m 
1 

1 
1 

1 

1 
r 

2a 
+ 

г 
+ 

г 
1 
г 
г 

Annual 

mean 
cover (*) 

58.3 
θ.β 

7.9 

3.3 

i.a 

0.5 

80.6 

2.θ 

0.9 

1.4 

O.B 
0.4 

1.5 
1.0 

1.3 

0.3 
П.З 
0.4 
0.3 
0.3 
0.1 

0.2 
0.05 
0.05 
0.05 
0.05 
0.1 

0.05 

TOTAL COVER 92.95 

«л 
MD 

* R = Rhodophyceae ; Ρ - Phaeophyceae ; С « Chlorophyceae 



The abundance of macroalgae was lowest during the NV monsoon and highest at 

the end of the SE monsoon (September-November). 

Noticeable is the lower number and abundance of macroalgae observed at 

station 12c compared to stations 12a and 12b. This is possibly related to 

differences in substrate characteristics (see also spatial pattern). 

Station 13. In Table 1 and Figure 3 the temporal distribution of 

seagrasses and macroalgae is presented for station 13. The seasonal 

variability in seagrass cover was rather low and fluctuated between 71% and 

98% (average 80%). No clear seasonal trend was observed. The mixed seagrass 

meadow can be characterized as a Thalassia hemprichii-Syringodium 

isoetifolium-Cymodocea serrulata association. The macroalgal distribution, 

however, showed a strong seasonal pattern. Low cover values as well as a low 

number of macroalgal spp. were recorded from January to June. From June 

onwards the number of species and their abundance increased (see also 

Biomass). 

Ceratodictyon spongiosum was the only species observed throughout the year. 

Champia párvula and Cracilaria edulis were absent during the first three 

months of the year, and Hypnea boergesenii, Acanthophora spicifera and 

Halimeda opuntia were present from June to December. Recorded only during 

one season were Boodlea composita, Tolypiocladia glomerulata, Padina tenuis, 

Colpomenia sinuosa and Rosenvingea intricata. The remaining macroalgae were 

observed sporadically. 

c. F lori stic composition. 

When comparing the annual mean cover values for seagrasses and macroalgae 

at stations 12a, 12b, 12c (Table 2 ) and station 13 (Table 1 ) a clear 

pattern becomes visible: 

Seagrasses. 

Annual mean cover values at station 13 were much higher than at stations 

12a-c. Furthermore, Enhalus acoroides was absent at station 13 and 

relatively abundant at station 12a-c. The dominant seagrasses at station 13 

were Thalassia hemprichii (58%)! Syringodium isoetifollum (9%) and 

Cymodocea serrulata (8%). At station 12a, Thalassia hemprichii was 

dominant (28%) with other seagrass species homogeneously mixed; at station 

12b, Thalassia hemprichii was the most abundant species (42%) followed in 

abundance by Enhalus acoroides (10%); and at station 12c, Thalassia 

hemprichii, Enhalus acoroides and Cymodocea serrulata determined the 

pattern. 
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Station 12b showed the highest mean annual cover of seagrasses (68%) and 

station 12c the lowest (38.5%). 

Macroalgae. 

The total number of macroalgae observed at all stations is the same. 

However, quite a difference existed in floristic composition. Nine algal 

species observed at stations 12a-c were not found at station 13, of which 

three spp. were quantitatively dominant at one of the three substations. 

Similarly, ten algal species observed at station 13 were not encountered at 

stations 12a-c; of these ten algae only Halimeda opuntia was quantitatively 

important. 

In Table 2 the biological index of the five quantitatively most important 

macroalgae of stations 12a-c is presented in parentheses. It appears that at 

stations 12a and 12b, the same macroalgae were found among the 5 

quantitative dominant algae, except for Ceratodictyon spongiosum ranking 

highest at station 12b, and Laurencia distichophylla ranking 5th at station 

12a. However, there is little similarity between stations 12a and 12b, and 

station 12c. Only one species (Hypnea boergesenli) was found among the five 

highest ranking macroalgae at the three substations. Station 12c shows a 

high quantitative dominance of phaeophycean algae, whereas at stations 12a 

and 12b, the rhodophycean species were biologically more important. 

When comparing the biological index of the five most important macroalgae 

at station 13 with those found at stations 12a, 12b and 12c, it appears that 

station 13 showed a higher resemblance to stations 12a and 12b than to 

station 12c. Among the five quantitatively important algae at stations 12a, 

12b and 13 were: Hypnea boergesenli, Champia párvula and Cracilaria 

edulis. Ceratodictyon spongiosum was only abundant at stations 12b and 13. 

The total annual mean cover of macroalgae at stations 12a, 12b and 12c, 

was 6%, 6.5% and 5.5% respectively, and at station 13, 12%. At stations 

12a, 12b and 12c the algal cover comprised 14%, 9% and 9% respectively of 

the total above-ground plant cover. At station 13 the macroalgal component 

contributed 13% to the total cover of seagrasses and macroalgae. 

B. Biomass. 

Species composition and total biomass of macroalgae varied considerably 

during the year (Table 3 ). From January 1982 to June 1982 the presence and 

abundance of macroalgae was negligible. From June onwards the algal cover 

and diversity increased. The highest algal biomass was found in November 

1981 (32.1 g ADW m2 sediment surface) (Figure 4 ). Total algal biomass in 
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1982 ranged from 14.2 g ADW m
2
 sediment surface in June to 17.9 g ADW m

2 

sediment surface in October. 

Seagrass biomass ranged from 44.4 g ADW ni
4
 (November 1982) to 105.8 g ADW 

m
2
 (March 1982) on an area basis. Seagrass biomass was highest from Febuary 

to May (Figure 4 ). 

Biomass mg ADW m"
2 
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\ л 
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Figure Ч. The monthly biomass of macroalgae and the total above-ground 
plant biomass during the sampling period at station 13. Biomass 
is expressed as g ADW ιί

2
 sediment surface. 

Total above-ground plant biomass ranged from 61.3 g ADW m
2
 (November 1982) 

to 105.8 g ADW m
2
 (March 1982). Total annual mean above-ground plant biomass 

amounted to 78.2 g ADW m
2
 of which 11 g ADW m

2
 (14%) was contributed by the 

macroalgal component. 

When present the macroalgal component contributed 18-32% of the total 

above-ground plant biomass (Table 3 , Figure 4 ). 

The chlorophycean alga Halimeda opuntia and the rhodophycean species 

Hypnea boergesenìì and Ceratodìctyon spongiosum contributed most to the 

total algal biomass. These species were generally present in 4 or 5 of the 6 

quadrats that were sampled. Other algae showed a more seasonal pattern, 

viz., Cracilaria edulis (August-November); Colpomenia sinuosa and 

Hydroclathrus clathratus (October-November); and Champia párvula (present 

from June through to January, but abundant from October to January). Other 

macroalgae were collected occasionally (e.g. Hypnea valentiae, Neomeris 

van bosseae. Cystophyllum tri node). 
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Table 3 

Monthly biomass values of the macroaigae observed (expressed as g AUW mg sediment surface) at station 13. In parentheses 
the number of quadrats (of the total of 6 quadrats sampled), in which the algal species were present. 

1981 

12 Nov 

Hypnea boergesenn (R**) 3.93(4) 

Ceratodictyon spongiosum (RÏ 1.22(4) 

Halimeda opuntia (с) 19.61(3) 

Acanthophora spicifera (R) 0.19(4) 

Gracilana edulis (R) 6.82(3) 

Champia párvula (R) 0.01(2) 

Padma tenuis (P) 

Boodlea composita (С) 

codium edule Silva 1С) 

Hydrcxlathrus clathratus (Ρ) 

Colpomenia sinuosa (Ρ) 

Tolypiocladia glomerulata (R) 

Cyanophyta 0.03(1) 

Dictyota зрр. (Ρ) 0.33(2) 

Hypnca valentiae (Turn.) Mont. (R) 

Neomeris van-bosseae Howe (С) 

Avrainvillca erecta (С) 

Caulerpa sertularioides (Gmel.) Howe (С) 

Rosenvingea intricata (Ρ) 

Codium arabicum (С) 

Amansia glomerata (R) 

Cystophyllum trinode (Forssk.) J. Ag. (P) 

29 Jun 31 Jul 29 Aug 21 Sep 24 Oct 16 Nov 5 Dec 

1.92(4) 

2.97(4) 

3.73(2) 

5.49(4) 

0.06(3) 

<0.01(1) 

0.43(3) 

1.61(4) 

11.26(3) 

0.78(4) 

0.03(1) 

0.19(2) 

0.33(1) 

0.27(1) 

0.80(5) 

4.58(3) 

6.91(5) 

0.78(4) 

2.18(3) 

0.28(2) 

0.20(2) 

0.02(2) 

0.02(1) 

0.07(1) 

<0.01(1) 

<0.01(1) 

0.08(2) 

0.41(5) 

5.92(3) 

4.90(3) 

0.03(1) 

3.27(5) 

0.01(1) 

0.52(2) 

0.13(1) 

0.27(6) 

2.97(4) 

2.65(3) 

0.36(5) 

4.31(5) 

0.13(4) 

0.06(2) 

0.23(2) 

1.20(2) 

1.64(3) 

2.08(4) 

0.17(2) 

0.17(1) 

1.09(1) 

0.28(1) 

0.18(1) 

0.08(1) 

2.99(5) 

3.11(4) 

4.94(3) 

0.93(4) 

0.19(5) 

0.08(2) 

0.31(3) 

1.04(3) 

2.43(4) 

0.88(4) 

* No data on bíomass could be collected (see also Table 11). 

** R = Rhodophyceae; Ρ = Phaeophyceae; С = Chlorophyceae 

4.23(4) 

3.31(3) 

5.70(4) 

1.22(1) 

0.34(5) 

0.06(3) 

0.62(3) 

1.61(2) 



DISCUSSION. 

A. Structure. 

a. Spatial pattern. Seagrasses. 
A pattern typical for seagrasses along a sandy slope was observed at 

station 12 (Figure 1 ). 

A similar pattern has been described for seagrass beds around the Bismarck 

Sea (Heijs and Brouns, 1986). The overall zonation scheme for seagrasses as 

described by Den Hartog (1977), appears to be applicable for monospecific 

seagrass beds and mixed meadows throughout Papua New Guinea, and possibly 

for the whole Indo-West Pacific. 

Macroalgae. 
The presence and abundance of macroalgae associated with the mixed 

seagrass beds (stations 12a-c, 13), reflects the substratum and bottom 

topography rather than the occurrence of certain seagrass species. This 

phenomenon was also observed in monospecific seagrass beds from Bootless Bay 

(Heijs, 1985b) and the seagrass beds around the Bismarck Sea (Heijs and 

Brouns, 1986). 

The majority of macroalgae observed at the above-described stations, was 

also found as epiphytes on the leaves of the various seagrass species 

(Heijs, 1985a, 1985c, in prep.; Brouns and Heijs, 1986), and/or as 

loose-lying (drift) algae in the seagrass beds (Heijs, 1985b). 

The paucity of macroalgae associated with seagrass beds of Bootless Bay, 

seems primarily related to a lack of suitable hard substrate, which makes 

settlement and subsequent growth for a wide range of macroalgae, rather 

difficult (Heijs, 1985b). 

b. Temporal pattern. Seagrasses. 
At stations 12a and 12b the seasonal pattern of seagrass abundance is 

largely determined by the tidal regime, whereas station 12c seemed less 

affected by the tidal water movements (-0.2 m chart datum). Other factors 

(e.g. water temperature, exposure, turbidity, wave action, irradiance) are 

likely responsible for the distribution pattern of seagrasses at this 

particular substation. 

The seasonal variability in seagrass cover at station 13 was very low. 

This is likely a consequence of the location of this particular study site 

(e.g. water depth > 0.2 m; no wave action, low turbidity, see also Study 

Sites). 
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Macroalgae. 

Generally the temporal pattern of macroalgae is attributed to seasonal 

changes in water temperature, illumination, monsoons, tidal patterns and 

water movements (Lawson, 1957, 1966; Conover, 1964; Doty, 1971; Santelices, 

1977). Besides these environmental conditions, other factors are important 

for the occurrence and distribution of macroalgae, viz., substrate 

characteristics, competition, grazing, etc.. 

At station 12a-c and 13, the algal seasonality appears primarily related 

to substrate characteristics and seasonal changes in monsoons and water 

temperature. However, other factors, such as competition with seagrasses for 

space, light and nutrients, may have been of influence. 

e. Fioristic composition. Seagrasses. 

Stations 12 and 13 are not only different in their composition of 

seagrasses (Tables 1 and 2), but also in topographic and physiographic 

conditions (see Study Sites). 

Macroalgae. 

The total number of algal species encountered at the various stations 

does not differ significantly; the floristic composition however varied 

considerably (Tables 1 and 2). The variability is not only a consequence of 

topographic conditions (see Study Sites). 

Station 12, located on the NE side of Motupore Island, is exposed to 

changes in monsoonal wind direction, tidal movements (desiccation to wind 

and sun), and wave action, causing a high turbulence. This turbulence may be 

one of the environmental variables responsible for the poor presence of 

truly rhizophytic algae (e.g. Halimeda, Caulerpa, Avrainvillea). The 

sediment of the sand bar is moved around considerably which results in 

rather unstable conditions for settlement of rhizophytic algae. The 

loose-lying or drift algae (e.g. Hypnea, Cracilaria, Tolypiocladia, 

Acanthophora, Laurencia), are not so much affected by the moving 

sediments, since they are not dependent upon this substrate for settlement 

and growth. The drift algae can continue their life cycle among the 

seagrasses. 

At station 13, environmental conditions are more stable, because this 

site is located well within the reef platform, protected by a reef crest. 

This resulted in a higher incidence of settlement by rhizophytic algae 

(Halimeda opuntia, Avrainvillea erecta. Table 1 ). The loose-lying or drift 

algae were also commonly observed between the seagrasses. 

The rather impoverished nature of truly rhizophytic macroalgae in the 

above-described mixed seagrass meadows of Bootless Bay, compared to the much 
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richer rhizophytic algal component observed in the seagrass beds of the 

Bismarck Sea is probably a consequence of environmental variables (Brouns 

and Heijs, 1985; Heijs and Brouns, 1986): 

- the maximum tidal range around the Bismarck Sea is 0.7 m, whereas in 

Bootless Bay a maximum tidal range of 3.0 m can be found; 

- the water temperature over the shallow areas around the Bismarck Sea does 

not fluctuate during the year (29 ± 1 "C) in Bootless Bay a maximum of 32 

"C was measured in February and a minimum of 24 °C in August. 

- around the Bismarck Sea precipitation occurs rather evenly spread 

throughout the year. In the Port Moresby region, two distinct periods can 

be recognized; a wet season (from December- April), with occasionally more 

than 200 mm of rain in one month, and a dry season (May-November), with 

sometimes no precipitation at all during the whole period. 

B. Biomass. 

The seasonal variability in algal biomass and species composition was 

considerable (Table 3 ). Between January and June the presence and 

abundance of the algae was negligible. Total algal biomass in 1982 ranged 

from 14.2 - 17.9 g ADW ni2 sediment surface (75-130 g DW m2 sediment 

surface). Annual mean algal biomass amounted to 11 g ADW m"1 or 69 g DW m"2 on 

an area basis. Seagrass biomass in 1982 varied between 44 and 106 g ADW m2 

sediment surface. Annual mean seagrass biomass (leaves only), was 66 g ADW 

m2 (84 g DW m2 sediment surface). From Florida Gilbert and Clark (1981), 

reported a peak biomass of Syrlngodium filiforme Ku'tz. of 42 g DW per ra2 

and the associated macroalgal component reached a maximum mean biomass of 20 

g DW per m2. In Texas,Cowper (1978), found that drift algae attained a mean 

dry biomass of 176 g per ra2, which was a fourth of the biomass of the 

seagrasses. Virnstein and Carbonara (1985) reported from Florida, highly 

aggregated benthic macoalgae (mainly Cracilaria spp.) reaching locally 

densities exceeding 15000 g DW per m2. Mean algal biomass over the entire 15 

ha. area was 409 g DW m* whereas mean biomass of seagrass leaves amounted 

to 49 g DW ni2. Thorne-Miller et al. (1983), studied the distribution and 

biomass of submerged macrophytes in five neighbouring coastal lagoons in 

Rhode Island, U.S.A. They found that the algal portion of the submerged 

macrophytes ranged between 13% and 46%. Total plant biomass averaged over 

the entire lagoon ranged from 61-288 g DW per m2. Virnstein and Carbonara 

(1985), Gilbert and Clark (1981) and Benz et al. (1979) all studied the 

algal component in seagrass beds of the same lagoon, however in different 

parts. All these papers clearly indicate how variable and aggregated the 

macroalgal densities can occur in localized areas. Direct correlations 
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between the presence and abundance of macroalgae and environmental variables 

(e.g. illumination, water temperature, tidal patterns, turbidity) however, 

are difficult to assess. It seems therefore likely that a combination of or 

complex interactions between these environmental variables are responsible 

for local differences and possibly also year to year variations (Santelices, 

1977; Heijs, 1985b; Virnstein and Carbonara, 1985). 

Mixed seagrass meadows and their associated macroalgae have a higher 

complexity than monospecific seagrass beds (Den Hartog, 1977). The dominant 

plant species (seagrasses and/or macroalgae) within the multi-species 

communities, may have differing phenologies, hence a seasonally changing 

habitat. This is in contrast to monospecific plant communities. 

Consequently, the phytal animal component associated with multi-species 

plant communities may vary considerably in composition and in abundance 

(Edgar, 1983; Stoner, 1983; Lewis, 1984). Furthermore, besides providing 

additional substrate, food, shelter and refuge for smaller invertebrates, 

the macroalgal component also contributes to the net productivity of 

seagrass communities (Conover, 1964; Dawes et al., 1974; Cowper, 1978; Den 

Hartog, 1979; Virnstein and Carbonara, 1985), the decomposition (Zieman, 

1975), the dissolved organic carbon (DOC) pool (Sieburth, 1969) and the 

total standing crop (Cowper, 1978; Virnstein and Carbonara, 1985; this 

paper). A possible negative effect of large amounts of macroalgae in 

seagrass beds may be competition for space, light (shading effect) and 

nutrients between the algae and seagrasses (Conover, 1964; Rao, 1970; 

Mathieson and Dawes, 1974; Josselyn, 1977; Cowper, 1978). 

Thus the macroalgal component, rather variable in species composition and 

abundance, may contribute significantly to the structure and function of the 

seagrass community, and is therefore an important element to consider. 
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ABSTRACT 

In November 1982 seagrass communities and accompanying macroalgae have been surveyed in 
four locations around the Bismarck Sea, viz Wewak, Manus, Kavieng and Rabaul 10 Seagrass 
species and 71 macroalgae have been found at the various stations The Kavieng area showed the 
highest abundance of macroalgae and the highest number of algal species 

An idealized zonation pattern characteristic for seagrasses and macroalgae is presented for each 
location Furthermore a comparison between the seagrass communities around the Bismarck Sea 
and those studied in Bootless Bay, south coast of Papua New Guinea, is given It appears that no 
significant difference exists in the occurrence and abundance of the seagrass species However, the 
macroalgal component associated with the seagrass communities around the Bismarck Sea, is richer 
in species and more abundant All collections of seagrasses and macroalgae present new distribu
tion records. 

INTRODUCTION 

Structural and functional aspects of communities of seagrasses and marine 
algae have been studied from August 1980 to January 1983, in Bootless Bay, 
south coast of Papua New Guinea (Brouns, 1983, 1985a, 1985b; Brouns and 
Heijs, 1985; Heijs, 1983, 1984, 1985a, 1985b, 1985c). Comparative data for 
localities around the Bismarck Sea, Papua New Guinea are lacking, although 
a few recent reports deal with the occurrence of seagrasses in that area 
(Johnstone, 1978a, 1978b, 1982). The latest reports on the marine algae, 
however, are dating far back (Heydrich, 1892, 1897; Schmidt, 1924). 

In October and November 1982, the opportunity was taken to do several 
descriptive surveys in seagrass communities around the Bismarck Sea: Wewak, 
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Manus, Kavieng and Rabaul (Fig. 1). These four major localities were chosen 
because of their accessibility. The objectives were to visit as many different sta
tions at each locality as time permitted to describe the various vegetation pat
terns quantitatively and qualitatively, and to compare these with the seagrass 
communities of the Bootless Bay area. 

METHODS 

The surveys have been conducted in 4 localities around the Bismarck Sea: 
Wewak (stations 1-9); Manus island (stations 10-15); Kavieng (stations 16-29) 
and Rabaul (stations 30-34). Most stations were visited only once and data col
lection was carried out mostly by snorkel diving. The abundance of seagrasses 
and associated benthic marine algae was estimated according to a modified 
Braun-Blanquet scale (Barkman et al., 1964), with: 

r = one or a few scattered specimens, average cover 0.5%; 
+ = occasional, cover on average 1.5%; 
1 = many specimens, coverage less than 5% (av. 2.5%); 
2m = very numerous specimens, coverage less than 5% (av. 2.5%); 
2a = coverage 5-12.5% (av. 7.5%); 
2b = coverage 12.5-25% (av. 17.5%); 
3 = coverage 25-50% (av. 37.5%); 
4 = coverage 50 -75% (av. 62.5%); 
5 = coverage 75 - 100% (av. 87.5%); 

Fig. 1. Papua New Guinea with the four surveyed locations around the Bismarck Sea. Port 
Moresby (capital city) is situated on the south coast and Bootless Bay 15 km SE of Port Moresby. 
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The algal component of the seagrass bed can consist of several elements: 

- epiphytic algae on the seagrass leaves (photophilous community); 

- epiphytic algae on the vertical stems of seagrass shoots (sciaphilous communi

ty); 

- epiphytic algae on the associated benthic macroalgae in the seagrass bed; 

- benthic macroalgae of the seagrass beds (haptophytic and rhizophytic 

species); 

- a film of microalgae on the bottom of the seagrass bed; and 

- loose-lying and washed-in macroalgae, who after detachment, can continue 

their life cycle among the seagrasses. 

The presence of the most abundant macrofaunal species (mainly sea urchins, 

sea cucumbers, starfish and gastropods), was recorded. In addition, substrate 

characteristics, degree of exposure and water depth were recorded. 

Following preliminary visual surveys, zonational patterns were determined 

by swimming along a transect perpendicular to the shore. Qualitative and quan

titative data were gathered on seagrasses from 1 χ 1 m quadrats and on 

macroalgal species along the entire length of the transects, using the above-

mentioned phyto-sociological scale. 

For each locality (Wewak, Manus, Kavieng and Rabaul), a general descrip

tion is given of the different seagrass communities encountered most frequent

ly. 

Algal collections included mainly the benthic macroalgae in the seagrass 

beds. No attempt was made to identify the tiny epiphytic algae of the 

photophilous community, and the microalgae on the bottom of the seagrass 

bed. Nomenclature of macroalgae is according to Dawson (1954), Taylor 

(1960), Trono (1968, 1969), Womersley and Bailey (1970) and Jaasund (1976). 

For the macroinvertebrates Clark and Rowe (1971) and Hines (1972) were used. 

Climatic data were obtained from the local Fisheries Research Stations, 

Department of Primary Industries, and from Walter and Lieth (1967). 

RESULTS 

Two types of shores can be distinguished for the localities that were surveyed: 

- shores characterized by a fringing reef or lagoon flat, developed on a reef 

plateau. Within the shelter of the reef crest, the " inner" reef flat, sometimes 

over 1 km wide, may be a permanent shallow lagoon or an expanse of partly 

dead or living coral briefly subjected to emersion at low tides. Furthermore, 

in the more sheltered locations, the protected "inner" reef can consist of 

varying amounts of coral rubble, stretches of sand accumulation, small 

micro-atolls and pools or depressions. As a consequence, the "inner" reef 

shows a great variation from place to place, hence gives rise to a very complex 

community. 

- shores characterized by gentle- or steep-sloped beaches, (e.g. sand, coarse 

sand, mud). Here, exposure, slope and substratum characteristics 

predominantly determine the variation in communities, hence the zonation 

pattern is generally clear. 



The results are given per locality. 

LOCALITIES 

Wewak 

This small village is situated in the East Sepik Province, at 3° 33'S and 143° 
38'E (Fig. 2). The coastline consists of a series of bays separated from each 
other by a smaller or larger cape. On the whole the reef platform present here, 
shows a very gentle slope and the distance from the shore to the reef crest varies 
considerably (Fig. 2). On the landward reaches the substrate consists 
predominantly of sand, whereas a coral rubble zone usually occurs towards the 
reef crest. 

The average annual air temperature amounts to 27.20C, with a maximum and 
minimum of 36.9 and 18.1 °C, respectively. Precipitation occurs throughout the 
year with a mean annual total of 3900 mm. The maximum tidal range is 0.7 m 
and currents in the intertidal area are mainly wind driven. Two seasons can be 
determined for wind direction: a NW monsoon, with winds predominantly 
blowing from the northwest (December-April) and a SE monsoon (May-
October) with prevailing winds from a southeasterly direction. 

Seagrass communities. 

Stations 1-7 
The most commonly encountered seagrass community around Wewak was a 

mixed seagrass meadow, generally consisting of at least 5 of the following 7 
seagrass species: 

Thalassia hemprichii (Ehrenb.) Aschers. 
Cymodocea rotunda ta Ehrenb. and Hempr. ex Aschers. 

Fig. 2. A detailed map of Wewak, indicating the stations surveyed (stations 1-9). "inner" reef flat 



Cymodocea serrulata (R.Br.) Aschers, and Magnus 
Enhalus acoroides (L.f.) Royle 
Syringodium isoetifolium (Aschers.) Dandy 
Halodule uninervis (Forssk.) Aschers. 
Halophila ovalis (R.Br.) Hook. f. 
The mixed seagrass meadows occupied extensive areas varying in width from 

20 m (station 3) to more than 250 m (stations 4, 5 and 7). Within these 
meadows blowouts were observed frequently (stations 1, 2, 3 and 6) (Plates I 
and II). The bare areas were colonized by the pioneering seagrass species, i.e. 
Halodule uninervis, Halophila ovalis and/or Cymodocea rotundata. The 
distribution of Enhalus acoroides in the mixed meadows was either interspersed 
among the other seagrasses (stations 4, 5, 6 and 7), or forming small patches 
usually consisting of one single plant with several to many shoots (stations 1 
and 2). The Enhalus acoroides shoots were generally quite large and the species 
was fruiting at all stations (stations 1-7); male inflorescences were only observ
ed at station 7. The mixed meadows formed a Thalassia hemprichii-Enhalus 
acoroides-Syringodium isoetifolium-Cymodocea rotundata association, hence 
were dominated by Thalassia hemprichii (cover 50-75%), and followed in 
abundance by Enhalus acoroides, Syringodium isoetifolium and Cymodocea 
rotundata (cover 15% each). Halophila ovalis and Halodule uninervis (cover 
<5%) occurred occasionally. Within the mixed seagrass meadow, small 
mono-, bi-, and trispecific seagrass patches were found. Any combination of 
the afore-mentioned species was possible depending on the local circumstances: 

- in blowouts: a Halodule uninervis and Cymodocea rotundata association (a 
pioneer community); 

- on sand mounds: a Halodule uninervis and Halophila ovalis association (a 
pioneer community): 

- on the edges of blowouts: dense Halodule uninervis; 
- exposed to wave action: a Cymodocea rotundata and Syringodium 

isoetifolium association; 
Other common combinations were: 
- an association of Enhalus acoroides and Thalassia hemprichii; 
- an association of Enhalus acoroides, Thalassia hemprichii and Syringodium 

isoetifolium; 
- an association of Cymodocea rotundata, Cymodocea serrulata and Sy

ringodium isoetifolium; 
- an association of Cymodocea rotundata, Thalassia hemprichii and Sy-

ringodium isoetifolium. 

On the landward side of the mixed seagrass meadows, generally on sandy or 
muddy substrate, a narrow band of two seagrass species occurs: Halodule 
uninervis mixed with Cymodocea rotundata (cover values varied considerably), 
often exposed during extreme low tide. Sometimes a mixture of both seagrass 
species (cover 15%, each) was observed (stations 1, 2 and 7); monospecific 
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seagrass beds of Cymodocea rotundata (cover 50-75%) were found at stations 
4, 5 and 6, and of Halodule uninervis (cover 50%) at station 3. 

The seaward side of the mixed seagrass meadows showed any combination 
of 2, 3 or 4 seagrass species. Sometimes even small monospecific seagrass beds 
occurred towards the coral rubble zone. The reef crest consisted generally of 
coral rubble (remnants of Montipora sp. branches), with occasionally living 

Plate I: Blowouts within the seagrass bed. 

ш**^ 

Plate II: The seagrass Halodule uninervis colonizing the bare areas in the seagrass bed. 
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coral branches and coral colonies. The reef crest was elevated with respect to 
the remaining part of the reef plateau, hence regularly exposed. No seagrass 
beds were seen beyond the reef crest. 

Station 8 
On the southern end of Raboin island, between the fringing reefs encircling 

the island, a sandy gully was found rapidly sloping into deeper water. In the 
shallower parts ("inner" reef flat) a narrow band of Halodulepinifolia (Miki) 
den Hartog (cover 50-75%) mixed with Cymodocea rotundata (cover 5%) was 
found. Subsequently Halophila ovalis, Thalassia hemprichii and Halodule 
uninervis (cover 20170 each) joined the former two species, and occasionally 
Cymodocea serrulata (cover less than 1%). With increasing depth Halodule 
pinifolia disappeared. Cymodocea serrulata extended down to 5-6 m depth 
(cover 25%), with the growing apices directed towards deeper areas. The 
seagrass Halophila decipiens Ostenfeld occurred without other seagrasses, at 
depths below which Cymodocea serrulata was observed. 

Station 9 
On the west side of Raboin island, the reef platform was extremely narrow 

( < 5 m). Here a dense seagrass bed occurred which was approximately 2 m wide 
and 5-10 m long, dominated by Cymodocea serrulata (cover 75%) and 
associated with Thalassia hemprichii and Cymodocea rotundata (cover 5% 
each). Occasionally Halodule pinifolia and Halodule uninervis were found. 

The following general zonation pattern characterized the seagrass vegetation 
with increasing depth: 

- monospecific seagrass beds or mixed combinations of Cymodocea rotundata 
and Halodule uninervis were seen; occasionally Halodule pinifolia and 
Halophila ovalis occurred. 

- mixed seagrass meadows with varying abundance of Thalassia hemprichii, 
Enhalus acomides, Cymodocea serrulata, Cymodocea rotundata, Halodule 
uninervis, Halophila ovalis and Syringodium isoetifolium. The most com
monly encountered mixed seagrass meadow was dominated by a Thalassia 
hemprichii - Cymodocea rotundata - Enhalus acoroides association. 

- in areas with a reef plateau, the lower edge of the seagrass bed was determin
ed by any association of 2, 3 or 4 seagrass species also found in the mixed 
meadow; in the absence of a reef plateau, monospecific seagrass beds of the 
afore-mentioned seagrass species and Halophila decipiens were observed on 
sandy or muddy sublittoral slopes. 

Macroalgae and macroinvertebrates 

The distribution and abundance of macroalgae associated with the seagrass 
beds, varied from station to station. However, dominance of certain species 
was evident at most stations. 

Stations 1 and 2 
Within the mixed seagrass meadow, on sandy substratum, Halimeda spp. {H. 



opuntia, H. macroloba, H. taenicola and an unidentified species) occurred 
most frequently, however never in large quantities (cover at most 15%). Dic-
tyota spp. (mainly D. divaricata), Padina tenuis, P. australis and Colpomenia 
sinuosa were limited to debris and coral patches within the seagrass bed. In the 
coral rubble zone, on the seaward side of the mixed seagrass meadow, 
Gracilaria edulis occurred with a relatively high abundance (cover 25-50%), 
together with H. opuntia. 

Macroinvertebrates present, were several genera of starfish (e.g. Pro-
toreaster, Linckia), sea cucumbers (e.g. Halodeima, Actinopyga) and sea ur
chins (e.g. Tripneustes, Diadema, Toxopneustes). 

Station 3 
This area was characterized by an abundance of calcareous algae (total cover 

50%), e.g. Amphiroa tribulus, A. fragilissima, Jania sp. and Halimeda spp. 
(ƒ/. opuntia and H. macroloba), and the substrate consisted of foraminiferan 
tests with occasionally dead coral fragments and empty shells. In addition 
Valonia utricularis, V. aegagropila, Boodlea composita and dense Hypnea 
boergesenii were found. Furthermore, incidental plants of Caulerpa racemosa, 
Chlorodesmis fastigiata, Ceratodictyon spongiosum and Acanthophora 
spici/era were seen. 

The sea urchin Tripneustes gratula was quite abundant. The extremely high 
abundance of juvenile sea cucumbers (>50 individuals per m2) was remarkable. 

Stations 4, 5, 6 and 7 
Within the mixed seagrass meadow several algal communities with variable 

dominance were observed; the substrate consisted of sand or a mixture of sand 
and organic mud, with occasionally some hard substrate. At station 4 the algal 
community was characterized by Halimeda macroloba, H. opuntia, Amphiroa 
tribulus and Ceratodictyon spongiosum (cover 75-100%). Towards the reef 
crest the bluegreen algae, Hormothamnion spp., were quite abundant, par
ticularly on leaves of Enhalus acomides and Thalassia hemprichii. On the reef 
crest the H. opuntia community was gradually replaced by a coral zone (Mon-
tipora sp.). 

The abundance of hydroids and gastropods (particularly on the leaves of 
Thalassia hemprichii and Enhalus acomides, both forming relatively large 
plants at this particular station) was conspicuous. 

The algal community of the mixed seagrass meadow at station 5 was 
dominated by Valonia aegagropila, V. utricularis and Ceratodictyon 
spongiosum. In addition Amphiroa tribulus, A. fragilissima as well as several 
Halimeda spp. contributed considerably to the algal cover (total cover > 100%) 
(Plate III). 

The most common macroinvertebrates were the starfish, e.g. Protoreaster (2 
spp.), Culata, Linckia and Acanthaster. 

The algal component of the mixed seagrass meadow at station 6 was 
characterized by three algal communities: 
- a Valonia utricularis/V. aegagropila community (cover 75%); 
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Plate III: A thick algal mat, mainly Amphiroa spp. and Jama spp., accompanying the seagrasses. 
Note also the abundant epiphytic growth on the seagrass leaves. 

- a Laurencia papillosa community (cover 50%); and 
- a Halimeda opuntia community (cover 50%). 

The first two communities occurred on sandy substrate on the "middle" reef 
flat, whereas the H. opuntia community was found towards the "outer" reef 
flat, on coral rubble. All three communities showed a co-dominance of Am
phiroa tribulus, A. fragilissima and Ceratodictyon spongiosum. Hypnea 
boergesenii and Champia párvula were frequently encountered as epiphytes on 
seagrass leaves and were less abundant in the H. opuntia community. Never
theless, the abundance of other epiphytes increased towards the reef crest, 
hence was highest in the H. opuntia community. 

Amphiroa tribulus dominated the macroalgal community at station 7, by for
ming a closed mat (cover 80-100%) which, towards the reef crest was 
overgrown by bluegreen algae (e.g. Hormothamnion spp.). Other important 
macroalgae included Halimeda spp., Champia párvula, Hypnea boergesenii, 
G radiarla edulis and Amphiroa fragilissima (cover 15%, each species). 

Stations 8 and 9 
The algal community at station 8 was poor. Occasionally plants of Hypnea 

boergesenii, Halimeda opuntia and H. macroloba were found. In the upper 
sublittoral there was an increase in epiphyte cover and sporadically a 
dominance of Hormothamnion spp. on the seagrass leaves. The algal communi
ty found among the coral rubble of the fringing reef, however, was quite rich 
and included the genera Halimeda, Dictyosphaeria, Chlorodesmis, Dictyota 
and Padina, furthermore the species Amphiroa fragilissima, Boodlea com
posita and Galaxaura oblongata. 



The cover of macroalgae associated with the seagrasses at station 9 was 

negligible. However, an abundance of encrusting coralline algae epiphytic on 

the seagrass leaves, was evident, as were the grazing gastropods. 

Starfish (5 spp.) and sea cucumbers (7 spp.) dominated at stations 1 to 7; and 

at station 8 and 9, gastropods (e.g. Strombus (3 spp.), Conus (3 spp.), Cypraea 

(2 spp.)) and sea cucumbers (8 spp.) determined the macrofauna] component. 

Fig. 3 shows a generalized overall zonation pattern of the various seagrass 

communities with the associated benthic macroalgae along the different shores 

of the Wewak area. 

Manus island and Los Negros 

These two islands form the Manus Province, with Lorengau (on Manus) as 

the capital city (2° OO'S.; 147° 20Έ.). Lorengau lies at an altitude of 15 m; 

precipitation amounts to 3900 mm per annum. The mean daily temperature is 

27.20C with a maximum temperature of 35.6CC and a minimum temperature 

of 17.20C (range 11.10C). The water temperature in Seeadler harbour ranges 

from 28-32°C and salinity generally fluctuates between 30 to 36%o. The max

imum tidal range is 1.0 m and the tidal pattern is mixed semidiurnal to diurnal; 

currents throughout the intertidal area are mainly wind induced. Two seasons 
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Fig. 3. An idealized general zonation pattern, characteristic of seagrass communities and accompa
nying macroalgae for the different shores of the Wewak area. TH=Thalassia hempnehu 
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are prevailing: a NW monsoon (December-March) and a SE monsoon (July-
October). 

During our study period several localities were visited (Fig. 4). The substrate 
generally consisted of white coral sand (stations 10, 13, 14 and 15) and occa
sionally of calcareous mud (station 11) or organic mud (station 12). Stations 11 
and 12 were sheltered from wave action and bordered by mangroves. Stations 
10, 14 and 15 were all located on a comparatively wide reef plateau, whereas 
station 13 was characterized by a rapidly sloping sandy drop-off. 

Seagrass communities 

Mixed seagrass communities were observed at stations 14 and 15. The 
monospecific seagrass beds (stations 10-13) were generally patchy but quite 
characteristic: 
- at station 10, a bed of Thalassodendron ciliatum (Forssk.) den Hartog, on 

slightly elevated coral rubble banks; 
- at stations 11 and 12, a bed of Enhalus acomides and 
- at station 13, a bed of Cymodocea serrulata and deeper a community of 

Halophila ovalis. 

Station 10 
A monospecific Thalassodendron ciliatum bed (Plate IV) was observed in the 

upper sublittoral which showed a patchy distribution. The patches occupied 

Fig. 4. A detailed map of part of Manus and Los Negros Islands, indicating the stations 10-15. 
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Plate IV: A Thalassodendron cilialum community. 

areas from 5 m2 up to 50 m2 and were associated with coral rubble banks. 
Around these patches were mainly open sandy areas, with occasionally coral 
rubble. Because of its growth form these communities are vertically more com
plex than other tropical seagrass communities. Several layers can be distinguish
ed: a rhizome mat, partly above the substrate of coral rubble; a layer 
characterized by the relatively long vertical stems; and a canopy formed by the 
seagrass leaves. Because of the vertical stems additional space and substrate is 
created for a variety of algae and invertebrates. 

Sations 11 and 12 
The monospecific Enhalus acomides beds (cover 25%), bordering the 

mangrove fringes at stations 11 and 12, consisted of quite large specimens, 
heavily overgrown with epiphytic algae. The substrate consisted of calcareous 
mud (station 11) and organic mud (station 12). Occasionally Thalassia hem-
prichii and/or Halophila ovata Gaud, were found in the undergrowth (cover 
< 10%). Because of its high abundance the green calcareous alga Halimeda 
macroloba, probably contributed to the calcareous character of this substrate. 

Station 13 
The shallower parts of the seagrass community at Rara island (station 13), 

consisted of a Halodule uninervis-Halophila ovalis association; occasionally 
Cymodocea rotundata (cover 15%) joined the afore-mentioned species. Slightly 
deeper Cymodocea serrulata was observed and rapidly increased in abundance 
forming a large monospecific seagrass bed (cover 50%). In other parts at ap
proximately the same depth Halophila ovalis and Halodule uninervis exhibited 
a similar pattern, which eventually resulted in monospecific seagrass patches. 



Stations 14 and 15 
The mixed seagrass meadows consisted of at least 5 seagrass species of which 

three occurred as dominants, viz. a Thalassia hemprichii-Cymodocea 
rotundata-Syringodium isoetifolium association. 
- The reef platform at Ndrilo (station 14), was up to 500 m wide. The mixed 

seagrass meadow was dominated by Thalassia hemprichii (cover 75%) and 
showed a high abundance of Cymodocea rotundata (cover 25%) and Sy-
ringodium isoetifolium (cover 15%). In the shallower parts a dominance of 
Halodule uninervis (cover 25%) was observed and a lesser abundance of 
Halophila ovata, Halophila ovalis and Thalassia hemprichii. Throughout the 
reef platform tiny pools occurred where Cymodocea rotundata flourished; 
sporadically Halodule pinifolia occurred as well. 

- At Cape Mokerang (station 15), the largest seagrass meadow was encountered 
during our visit to the Manus Province. This was an extremely dense 
meadow, width 0.5-1.0 km and was composed of a mixture of the seagrasses 
Thalassia hemprichii (cover 50%), Cymodocea rotundata (cover 50%), Sy-
ringodium isoetifolium (cover 15%) and Enhalus acoroides (cover 15%); the 
upper edge was bordered by a Thalassia hemprichii-Enhalus acoroides 
association. Open patches within the meadow were sparsely covered with 
Halophila ovalis. Female inflorescences and fruits of Enhalus acoroides were 
observed throughout this meadow. 

Macroalgae and macroinvertebrates 

Monospecific seagrass beds (stations 10, 11 and 12) 

a. Station 10 
The algal component associated with the Thalassodendron ciliatum bed was 

extremely rich and abundant (cover > 100%). Several elements of the algal 
community could be distinguished: 
- the epiphytic algae (microalgae) on the leaves (photophilous community), 

showed a high abundance of encrusting coralline algae and a variety of other 
algae, mainly Rhodophyta (Ceramiales). 

- the epiphytic algae (macroalgae) on the vertical stems (sciaphilous communi
ty). This community almost completely filled the space between bottom and 
leaf canopy. Among the Rhodophyta were Gracilaria edulis (most abundant 
species, cover 50%), Laurencia majuscula, Jania spp. and several encrusting 
algae. The Chlorophyta however, were most abundant and conspicuous: 
Bryopsis pennata, Caulerpa sertularioides, С racemosa, С. peltata, С. len-
tillifera, С. lanuginosa, С. cupressoides, Chaetomorpha crassa, Boergesenia 
forbesii and several Halimeda spp. 

- the benthic macroalgae. The Phaeophyta were less common and seemed to 
be restricted to the harder stabilized substrata underneath the leaf canopy 
(Padina tenuis, Dictyota spp.), (haptophytic species). The seagrass shoots 
and their rhizomes were densely packed and several species included in the 
sciaphilous community, were also present as rhizophytic algae among the 
seagrass shoots (Caulerpa, Halimeda spp.). 



- loose-lying and washed-in algae. Several species observed on the vertical 
stems, are probably not able to complete their whole life cycle, while being 
attached, as their relatively large thallus will be detached before they mature. 
Once these algal species are torn loose, they will likely continue their life cycle 
among the seagrasses, trapped underneath the leaf canopy (e.g. Gracilaria, 
Chaetomorpha, Laurencia). 
The macro fauna was also quite rich. On the leaves of Thalassodendron 

ciliatum a high abundance of hydroids was observed, as well as several 
gastropods. Underneath the leaf canopy tunicates, gastropods, sea cucumbers, 
small starfish, sea urchins and a wide variety of crustaceans were common. On 
the coral rubble around the seagrass community, only the starfish Linckia 
laevigata and Acanthaster planci were observed. 

b. Stations 11 and 12 
In the monospecific Enhalus acomides beds, (stations 11 and 12), Halimeda 

macroioba was the most common alga (cover 50%), and almost all specimens 
carried reproductive organs. Other Halimeda spp. and Caulerpa serrulata were 
observed occasionally. The Halimeda and Caulerpa occurrence is not surpris
ing, since these genera are often associated with muddy sand and/or silty 
habitats. 

The macrofauna was inconspicuous; only one or two gastropods {Conus 
spp.), were seen. 

At Rara island (station 13) the algal community of the seagrass bed, consisted 
mainly of rhizophytic algae {Halimeda, Caulerpa, cover 15%, each) due to the 
absence of hard substrata. Occasionally Padina tenuis, Dictyota divaricata, D. 
cervicornis and Neomeris spp. (haptophytic macroalgae), were found on small 
pieces of rubble and/or abandoned shells. 

The macrofauna was rich in species: sea cucumbers (5 spp.), starfish (3 spp.), 
Diadema setosum (clusters) and gastropods {Strombus, Conus, Lambis) were 
seen. 
Mixed seagrass meadows (stations 14 and 15) 

Generally the benthic macroalgae of the mixed seagrass meadows include 
several species oí Halimeda (cover 15%) (e.g. H. opuntia, H. macroioba, H. 
discoidea) and Caulerpa (cover 15%) (e.g. C. serrulata, C. racemosa, С. 
sertularioides). 
- Station 14 showed, in addition to these rhizophytic algal species, a mat of 

Gracilaria edulis (cover > 50%). In the eulittoral zone A vrainvillea erecta was 
also quite common; and Boergesenia forbesii, Enteromorpha kylinii, Hypnea 
boergesenii and the above-mentioned Caulerpa spp. and Halimeda spp. were 
observed in the upper sublittoral. 

- Station 15 showed, particularly in the lower eulittoral to upper sublittoral 
zone, a high abundance of Codium spec, (cover up to 50%), Halimeda cylin-
dracea, Laurencia papillosa, Valonia aegagropila and Dictyota divaricata. 
Towards the reef slope, Udotea argentea and Halimeda cylindracea were the 
most abundant rhizophytic species (cover 15%, each) in the mixed seagrass 



meadow. In the landward reaches a high abundance of epiphytes other than 

encrusting coralline species, was seen on the seagrass leaves, whereas in the 

deeper parts mainly the encrusting coralline algae occurred on the seagrass 

leaves. 

The macrofauna at Ndrilo (station 14), consisted almost exclusively of 

gastropods spp. (Cypraea spp.). At Cape Mokerang (station 15) several species 

of sea cucumbers and sea urchins were found in the lower eulittoral to upper 

sublittoral zone and starfish, and gastropods (Strombus, Lambis) mainly in the 

sublittoral zone down to 6 — 8 m depth. 

In Fig. 5 an idealized zonation pattern of the seagrass communities and ac

companying macroalgae is presented for the various stations of the Manus area. 

Kavieng 

The Kavieng area (2° 35'S.; 150° 48'E.) is characterized by the presence of 

numerous smaller and larger islands, and is located on the northwestern tip of 

New Ireland (Fig. 6.). The mean annual precipitation is 3200 mm and the mean 

annual temperature amounts to 27.20C. The minimum and maximum 

temperature are 18.9 and 37.20C, respectively. The water temperature fluc

tuates between 29 and 30°C and the salinity ranges from 33 to 36 %o. The tidal 

pattern is of a mixed semidiurnal to diurnal nature and the maximum tidal 
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Fig. 6. A map of the northern part of New Ireland, with the various stations visited (stations 16-28). 
"inner" reef flat B'. 

range is 0.7 m. Again, currents throughout most of the intertidal areas are 
mainly wind induced. The wind direction changes with the season: from a NW 
direction (December-March) to a SE direction (May-October). 

The variability in intertidal areas around the islands of the Kavieng region 
is considerable. As can be seen in Fig. 6 several islands are only separated by 
a shallow channel which is exposed at low water of spring tides (stations 17 and 
23); others are separated by a large shallow lagoon, which is seldom exposed 
(maximum depth 1.0 m) and sparsely covered with corals (stations 19, 20 and 
21). Most islands however, exhibit a general profile, where a smaller or larger 
reef platform drops off into deeper water (stations 16, 22-29). 

Seagrass communities 

Monospecific seagrass beds and mixed seagrass meadows were observed in 
varying abundance. 

Stations 17, 18, 21 and 27 
A strictly monospecific seagrass bed of Enhalus acomides was observed at 

station 17 (channel between Nusa and Nusalik), station 18 (Nusa) and station 
21 (Selapiu). The seagrass plants were generally quite large with wide leaves and 
anchored in silty or sandy mud (stations 17 and 21). Occasionally Enhalus 
acomides was found on sandy substrate (station 18). 
- At station 17 (channel between Nusa and Nusalik), Cymodocea rotundata oc-
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curred in the mid eulittoral zone (on the Nusalik side), as a narrow fringe of 
sparse, cropped seagrass growth (cover 5%), which suffered regularly from 
exposure. This narrow fringe was bordered by a Thalassia hemprichii-
Enhalus acoroides association, which subsequently changed into the 
monospecific Enhalus acoroides bed (cover 25%) already mentioned above. 
On the Nusa side of the channel a monospecific seagrass bed of Enhalus 
acoroides was found, of which the leaves were covered by a large amount of 
detritus. 

- At station 18 (Nusa), the upper edge of the Thalassia hemprichii-Enhalus 
acoroides association was formed by a narrow Enhalus acoroides bed (cover 
10%); the lower edge consisted of a mixed seagrass meadow. At 6 m depth 
Thalassodendron ciliatum formed a small monospecific seagrass bed, con
sisting of 10-50 shoots. 

- Station 21 (Selapiu), showed an extensive pure bed of Enhalus acoroides 
(cover 30-40%), with in the landward region, along the shore, mangroves. 
The substrate consisted of fine silty mud with accumulation of detritus on the 
bottom as well as on the seagrass leaves. 
On Naussen (station 27), one single isolated clump of Enhalus acoroides was 

found, consisting of 5 - 10 shoots, whilst no other seagrass growth was observ
ed around that island. 

Stations 17-20 and 22 
Seagrass beds composed of only two seagrass species were observed at sta

tions 17-20 and 22. Two types of seagrass beds could be distinguished: 
a. a Thalassia hemprichii-Enhalus acoroides association. 
- The seagrass bed at station 17 was characterized by large, wide seagrass 

shoots (Thalassia hemprichii cover 75%; Enhalus acoroides cover 15%), 
which were growing in calcareous mud. A considerable amount of detritus 
had accumulated on the seagrass leaves upon which several species of sea 
cucumbers seemed to be feeding. Furthermore, all species of sea cucumbers 
were spawning at that time (16.00h, November 3rd, 1982), giving the water 
a milky appearance. 

- At station 18, the Thalassia hemprichii (cover up to 50%) - Enhalus 
acoroides (cover 15%) association, formed a rather narrow band of normal-
sized specimens on a sandy, gently sloping beach, which was sheltered from 
wave action. 

- Station 19 (Bangatang) and station 20 (Kawang), were both inhabited by an 
extensive Enhalus acoroides bed (cover 25-50%), with in the undergrowth 
relatively large Thalassia hemprichii specimens (cover 25%). Towards the 
mangroves Thalassia hemprichii disappeared and Enhalus acoroides remain
ed. At both stations Enhalus acoroides was flowering (female flowers) and 
fruiting. The density of both species was highest at station 20 (Kawang). The 
water temperatura at that time was higher than 330C and a coloration of the 
water was observed, indicating cell rupture within the seagrass leaves. 

- At Ribnitz (station 22), again Enhalus acoroides (cover 25%) mixed with 
Thalassia hemprichii (cover 50-75%), determined the seagrass zone in the 



lower eulittoral to sublittoral. In the lower edge of this seagrass bed Halodule 
uninervis (cover < 5%) and Halophila ovato (cover 15%) intermingled, 
whilst the upper edge was formed by a narrow monospecific Enhalus 
acoroides bed. The substrate consisted of sand and coral rubble. Living coral 
was also observed on this relatively narrow, gently sloping reef plateau. 

b. a Thalassia hemprichii-Cymodocea rotundata association. 
Towards the middle of the channel between Nusa and Nusalik (station 17) a 
mixture of Thalassia hemprichii (cover > 50%) and Cymodocea rotundata 
(cover 15%) occurred, which was bordered on both sides (upper and lower 
edge), by the Thalassia hemprichii-Enhalus acoroides association, mentioned 
above. 

Stations 16, 18, 23 and 28 
The mixed seagrass meadows were composed of several species. The domi

nant seagrasses formed a Thalassia hemprichii-Cymodocea rotundata-
Syringodium isoetifolium association. 
- Station 16 (Nago) was a mixed seagrass meadow (200-300 m wide), which 

started at 3 m depth and extended down to 10 m depth. The reef platform 
consisted of a long gentle sandy slope, where Enhalus acoroides formed local
ly monospecific patches at 5 m depth and Thalassodendron ciliatum at 6 and 
8 m depth. The largest part of this mixed seagrass meadow consisted of 
Thalassia hemprichii (cover 25%), Cymodocea rotundata (cover 25-50%), 
Cymodocea serrulata (cover 25%), Syringodium isoetifolium (cover 10-15%) 
and occasionally Halodule uninervis. At the lower edge (8-10 m depth), 
Thalassia hemprichii and Syringodium isoetifolium were absent. Here, 
besides the Cymodocea spp. and Halodule uninervis, Halophila avails was 
rather common (cover 15%, each species). On the fringes of the Thalassoden-

Plate V: A surface view of the entrance of the channel between Globig and Schneider (station 23). 



dron ciliatum patches, Cymodocea rotundata and Halodule uninervis occur
red frequently. 

- At Nusa (station 18), the mixed seagrass meadow showed a dominance of 
Cymodocea rotundata (cover 50-Т5Щ), with Cymodocea serrulata, Thalassia 
hemprichii (cover 15%, each spp.) and Syringodium isoetifolium. Halodule 
uninervis and Halophila ovalis were found on sand mounds scattered 
throughout the seagrass bed; Enhalus acomides exhibited a patchy distribu
tion pattern. 

- The channel between Globig and Schneider (station 23), showed a dense 
seagrass and algal cover, which varied from place to place (Plate V). General
ly Thalassia hemprichii and Enhalus acomides were dominant (cover 50%, 
each), with less amounts of Syringodium isoetifolium, Halophila ovalis, 
Halodule uninervis and Cymodocea rotundata (cover 10-15%). The lower 
edge was formed by Thalassia hemprichii, which was virtually the only 
species (cover up to 100%); Halophila ovalis occurred mainly on sand 
mounds. A Thalassia hemprichii-Enhatus acomides association (cover 
50-75%, each species), formed a zone between the shallower mixed seagrass 
meadow and the deepest monospecific Thalassia hemprichii bed. At the nor
thern end of the channel, a mixed seagrass meadow inhabited a wide zone, 
which was elevated with respect to the surrounding seagrass bed (Thalassia 
hemprichii-Enhalus acomides association). The Thalassia hemprichii-
Enhalus acomides association formed the upper edge of the mixed seagrass 
meadow. This mixed seagrass meadow was dominated by Thalassia hem
prichii and Cymodocea rotundata (cover 25-50%, each) with a lower abun
dance of Syringodium isoetifolium and Halophila ovalis (cover 15%). 
Enhalus acomides was only occasionally seen and Halodule uninervis was 
absent. 

- Cape Siwusat (station 28), a relatively sheltered shore, was bordered by 
mangroves along the shore. The seagrass meadow was of a mixed nature and 
subject to some exposure during low water of spring tides. Closest to the 
mangroves an Enhalus acomides-Thalassia hemprichii-Cymodocea rotun
data association was found. In the upper sublittoral zone, these species were 
joined by Cymodocea serrulata, Syringodium isoetifolium and occasionally 
Halophila ovalis. In the lower sublittoral a monospecific bed of Enhalus 
acomides occurred. Apart from Halophila ovalis, the mixed seagrass 
meadow was truly homogeneously mixed, each species contributing 15-20% 
of the total cover of seagrasses. 

Four other stations were visited, of which three had no seagrass growth at 
all (stations 24, 25 and 26). Edmago (station 26), was one of the outermost 
islands of the Kavieng area and more exposed to wave action. Only the southern 
end could be visited and no seagrasses were found. An extremely dense cover 
of coral growth was seen on the reef plateau which was steeply sloping down 
beyond the reef crest, where the substrate consisted of white coral sand. At sta
tion 24 and 25 the substrate consisted mainly of coral, hence prohibiting 
seagrass colonization. 



Station 29 
Station 29, not included in Fig. 6, was located NE of Kavieng. This Station 

was characterized by a wide (up to 1 km) reef plateau, levelled off at the top 
and exposed to the heavy ocean swell. The substrate consisted of cemented 
limestone deposits, in which depressions occurred in the landward regions. 
These depressions often showed a dense cover of seagrasses (mainly Thalassia 
hemprichii and Cymodocea rotundata, covering up to 70% of the sandy bot
tom). Blowouts were observed frequently (see also Plates I and II), exposing the 
rhizome mat of the seagrasses. These blowouts have likely been caused by heavy 
wave action, tidal currents and scouring of sediment. Consequently the seagrass 
rhizomes become detached and the plants are carried away by currents and/or 
tidal water movements. The bare areas in these blowouts are quickly recoloniz-
ed by the two seagrass species, although Cymodocea rotundata usually is the 
first. 

Macroalgae and macroinvertebrates 

At station 16 (Nago) the seagrass bed showed no algal growth in the eulittoral 
zone, however at 5 m depth, the algal abundance started. Dominant species on 
this predominantly sandy substrate were Halimeda macroloba, H. cylindracea, 
Gracilaria edulis, Hypnea boergesenii, Tolypiocladia glomerulata, Acan-
thophora spici/era and several Dictyota spp. (total cover 20%). 

The macroinvertebrates were not so abundant in this relatively large seagrass 
bed. Several species were seen: the sea cucumber Microthele nobilis, the bur
rowing bivalves Pinna nobilis and Malleus malleus and a few gastropods (Lam-
bis, Conus, Strombus spp.). 

In the channel between Nusa and Nusalik (station 17) and towards both 
islands, the seagrass beds showed a high abundance of Halimeda macroloba, 
Caulerpa serrulata and С brachypus, covering 50% of the muddy organic 
substrate. 

As was mentioned before this community was characterized by a high diversi
ty and abundance of sea cucumbers, spawning at that time. 

In the shallow area, connecting stations 19 (Bangatang), 20 (Kawang) and 21 
(Selapiu), the algal community of the Enhalus acoroides-Thalassia hemprichii 
association or the monospecific beds of Enhalus acomides was composed of 
Halimeda macroloba and Caulerpa spp.. The algal cover amounted to 75%, 
mainly contributed by the rhizophytic Caulerpa spp.. The most abundant 
species were C. racemosa (with several varieties), C. sertularioides, C. len-
tillifera, C. taxi/olia and C. serrulata (also with several growth forms). 

Few macroinvertebrates were encountered. Occasionally Halodeima atra, 
Actinopyga mauritiana (both sea cucumbers), and the starfish Protoreaster 
nodosus were seen. 

In the seagrass bed at Ribnitz (station 22), several typical rhizophytic 
macroalgae were observed in addition to the afore-mentioned Caulerpa spp.. 
Udotea spp. (U. argentea, U. flabellum) (cover 25%), were rather common and 
abundant. Furthermore Halimeda cylindracea, H. opuntia and an unidentified 



Halimeda species (similar in appearance to H. gracilis) were also quite common 
(cover 15%). Neomens annulata and N. van-bosseae were frequently observed 
on dead coral rubble in and around the seagrass bed. 

The fauna was mainly represented by Echinoidea (Diadema setosum, D. 
savignyi). 

At station 23 (channel between Globig and Schneider), the mixed seagrass 
meadow was densely covered with macroalgae (cover > 100%) in the shallow 
area. A layer of sometimes more than 10 cm thickness was found on coarse 
sand. The dominant species of the macroalgal community were Gracilana spp. 
(cover 50%) (G. edulis, G. salicorma, G. eucheumoides), Valonia utnculans, 
V. aegagropila, Boergesema forbesu, Actinotnchia fragilis and Caulerpa spp. 
(C. racemosa, С. sertulanoides, С. brachypus, total cover 25%). Towards the 
southern end of the channel a thick layer (cover > 100%) was found of Jama 
spp., Amphiroa fragillisima and Boodlea composita. In addition several Dic-
tyota spp., Padina tenuis, Champia párvula and Microdtctyon spec, were col
lected. The northern end of the channel showed an abundance of Gracilana 
spp. (cover 15%), Eucheuma striata (cover 5%) and Ceratodictyon spongiosum 
(cover 15-20%). In the deeper parts, where the substrate consisted of organic 
mud, only Halimeda macroloba occurred (cover 10%). 

The macrofauna was also well represented with sea cucumbers (4 spp.), sea 
urchins (mainly Tnpneustes gradila), starfish and gastropods (Conus, Strom-
bus, Lam bis). 

Station 24, 25, 26 and 27 showed no seagrasses, hence no attempt was made 
to survey the macroalgae. 

Cape Siwusat (station 28) was characterized by a high algal abundance (cover 
> 100%) and species richness (n = 20). Four different algal communities could 
be distinguished throughout the seagrass bed: 
- closest to the mangroves a dense cover of bluegreen algae occurred (Hor-

mothammon spp.) on the bottom and on the seagrass leaves; 
- in the lower euhttoral zone, a layer of Caulerpa spp. (C. brachypus, C. 

cupressoides, C. sertulanoides, C. serrulata) and several Halimeda spp. (H. 
opuntia, H. macroloba, H. tuna, H. cylindracea) was found; 

- in the upper sublittoral zone, the same Caulerpa spp. were observed, with on 
top a layer of Chaetomorpha crassa (Plate VI); and 

- in the mid sublittoral zone, a mixture of the above-mentioned Caulerpa spp. 
with dense Dictyota divaricata entangled among the seagrass leaves and 
Caulerpa spp. (Plate VII). 
Neomens spp. were found throughout the mixed seagrass meadow on any 

hard substrate and Amphiroa fragilissima was also associated with the Cauler
pa layers, however less abundant. 

The macrofauna was inconspicuous with a few sea cucumbers, starfish and 
gastropods. 
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Plate VI: Dense Chaelomorpha crassa entangled among shoots of Enhalus acoroides. 

At station 29 no algal growth was observed, possibly as a consequence of the 
considerable mechanical movements on the reef plateau (e.g. scouring of sedi
ment and strong water movements over the top of the reef flat). 

A generalized zonation pattern characteristic for the different seagrass com
munities (macroalgae included) is illustrated for the Kavieng area (Fig. 7). 

Plate VII: The algal community, consisting of Diclyola spp. (e.g. D. barlayresii, D. divaricala) and 
Padina lenuis (top left) among the seagrasses. 
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Rabaul 

The city of Rabaul (East New Britain Province), is situated at 4012'S. and 
152° 10'E., in a caldera of an old vulcano at 12 m altitude. The mean annual 
precipitation is 2300 mm and the mean annual temperature is 27.20C. The max
imum and minimum temperature are 37.3 and 18.30C, respectively. The inter-
tidal area around Rabaul was generally narrow (Fig. 8) and the substrate com
monly consisted of black vulcanic sand with or without seagrasses and/or coral 
growth. 

Seagrass communities 

The seagrass communities were poorly represented, and generally of a mixed 
nature. 

Stations 30 and 31 
Mixed seagrass meadows were observed at stations 30 (Talwat), and 31 

(Matupi). At station 30 a narrow band of Cymodocea rotundata (cover 
50-75%) occurred highest in the intertidal. This seagrass bed formed a mixed 
seagrass meadow with Cymodocea serrulata (cover up to 50%), Halophila 
ovalis (cover 5%) and Syringodium isoetifolium in the upper sublittoral zone. 
At 5 m depth a mixed seagrass meadow remained with equal contributions of 
Cymodocea serrulata, Halophila ovalis and Halodule uninervis (cover 15%). 
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Sporadically isolated shoots of Thalassia hemprichii, Syringodium isoetifolium 
and Halodule pinifolia were seen. 

Station 31 (Matupi) showed a similar zonation pattern: a dense growth of 
Halodule uninervis (cover 85%), followed by a mixed seagrass meadow with 
Thalassia hemprichii (cover 15%), Halodule uninervis (cover 5%), Cymodocea 
serrulata (cover 25%) and Syringodium isoetifolium (cover 5%), and in the 
lower sublittoral zone an open mixed seagrass meadow of Halophila ovalis 
(cover 25%), Thalassia hemprichii (cover 15%) and Halodule uninervis (cover 
5%) with a few shoots of Enhalus acomides. 

Stations 32, 33 and 34 
Monospecific and mixed seagrass beds were observed at several stations 

along the coast from Rabaul to Keravat. The monospecific seagrass beds con
sisted of Cymodocea rotundata (cover 15%), however, in shallow pools a more 
dense cover (cover 90-100%), could be found. 

At station 32 (Rambatat) occasionally Enhalus acomides, Syringodium 
isoetifolium and Halodule uninervis occurred; however, at station 33 
(Lungalunga), no Syringodium isoetifolium was observed, but a mixture of 
Thalassia hemprichii and Enhalus acomides. Furthermore, Enhalus acomides 
(with male and female inflorescences) formed a very open monospecific 
seagrass bed on coral rubble, which occurred on the seaward side of the "in
ner" reef flat. 

Station 34 was characterized by an open Enhalus acomides bed with occa
sionally Thalassia hemprichii. The substratum at stations 32, 33 and 34 con-

Fig. 8. The northern part of New Britain, with the city of Rabaul and the surveyed stations (30-34). 



sisted mostly of black silty or coarse sand in the eulittoral and upper sublittoral, 
changing into coral rubble in the lower sublittoral. 

Macroalgae and macroinvertebrates 

The richness and abundance of macroalgae observed in the seagrass beds, 
was relatively low. Only at station 31 (Matupi), a high algal cover was seen. In 
contrast, no algal growth was observed at stations 32, 33 and 34. 

The Talwat area (station 30) showed a patchy distribution of Caulerpa 
cupressoides and several Halimeda spp. {H. macroloba, H. opuntia, H. 
taenicola) in the eulittoral zone. On hard substrata, small clumps of 
Acetabularia exigua were seen. In the sublittoral zone Udotea argentea was 
quite common (cover 15-25%) and was the only rhizophytic species observed. 

Of the macroinvertebrates only the sea cucumber Synapta maculata occurred 
frequently. 

At station 31 the algal community found in the mixed seagrass meadow, con
sisted of Dictyota spp., Caulerpa cupressoides, C. serrulata, C. sertularioides 
and Halimeda opuntia (cover in the eulittoral zone 80-100%). Towards the 
lower sublittoral zone the algal mat disappeared and Udotea argentea became 
the only algal species of the open seagrass bed. 

Of the macroinvertebrates Protoreaster nodosus (starfish) was quite abun
dant. In addition three gastropods (Cypraea annulus, C. moneta, Strombus 
aurisdianae) were abundant on the seagrass leaves as well as on the macroalgal 
thalli. Few sea urchins (Tripneustes gratula) were seen and the blue starfish 
Linckia laevigata was a conspicuous species in the coral rubble zone. 

STATION 32, 34 
CHART 

STATION 30. 31 

Fig. 9. idem Fig. 3, but instead of "Wewak", "Rabaul". 
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Table 1 The distribution of the various seagrass species at the different stations (station 1-34) 

WEWAK MANUS KAVIENG RABAUL 

S t a t i o n number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 

Thalassia + + + + + + + + + + + + _ + + + + + + + _ + + _ . _ _ + + + + + + + 

hemprichii 

Enhalus 4 + + + + + + - + - + + - + + + + + + + + + + - - - + + - - + + + + 
a c o r o i d e s 

Cymodocea + + + + + + + + + + - - + + + + + + - - - - + - - - - + + + + + + -
r o t u n d a t a 

Cymodocea + + + - + + + + + + - - + - - + _ + _ _ - _ _ _ _ _ _ + _ + + - . -

s e r r u l a t a 

Syrmgod ium + + + + + + + + - + - - + + + + _ + _ - . _ + _ _ _ _ + _ + + + _ _ 

isoetifolium 

Halodule + + + + + + + + + + + - + + + + _ + _ _ _ + + _ _ _ _ _ _ + + + _ _ 

uninervis 

Halodule - - + - - + - + - + + - + + - _ _ + _ _ _ _ _ _ _ _ _ _ _ + + _ _ _ 

pimfolia 

Halophila + + + + + + - + - - + + • + + + - + - + - + + - - - - + - + + _ _ _ 

o v a l i s 

Halophila 

decipiens 

Halophila 
ovata 

Thalassodendron 
ciliatum 

+ = present, - = absent 



At stations 32, 33 and 34 the faunal component was extremely poor. Two 
unidentified tiny gastropod spp. were observed on the leaves of Cymodocea 
rotundata at station 33, which were grazing on the epiphytes and detritus which 
had accumulated on the leaves. A generalized zonation pattern characteristic 
for the seagrass communities and inclusive of macroalgae, in the surroundings 
of Rabaul, is presented in Fig. 9. 

DISCUSSION 

Seagrasses 

In Table I the occurrence of the different seagrass species is presented for 
each station (stations 1-34). Around Wewak, Manus and Kavieng a total of 10 
species was observed, whilst 8 seagrass species were recorded for Rabaul. The 
collections from all stations, except for station 10 on Manus, are new distribu
tion records. For Bootless Bay, Brouns and Heijs (1985) also reported 10 
seagrass species. However, two other species, i.e. Thalassodendron ciliatum 
and Halophila spinulosa (R.Br.)Aschers. occur as well in the Papuan coastal 
lagoon, of which Bootless Bay is an embayment (Johnstone, 1982; pers. 
observ.). 

The seagrass flora of the western tropical Pacific is rather rich in species (Den 
Hartog, 1970), which is illustrated by several reports on the distribution of 
seagrasses in the Indo- and West Pacific region: in Micronesia 10 species (Tsuda 
et al., 1977); in Papua New Guinea 10 - 13 species (Johnstone, 1979, 1982; 
Brouns and Heijs, 1985); in the Philippines 11 species (Menez et al., 1983); in 
Palau 9 species (Koch and Tsuda, 1978; Ogden and Ogden, 1982); and in 
Eastern Indonesia 12 species (pers. obs. during Snellius H-expedition, 1984), 
(see also Den Hartog, 1970). 

Seven seagrass species were common to abundant at most stations and the 
remaining species, i.e. Halodule pinifolia, Halophila decipiens, Halophila 
ovata and Thalassodendron ciliatum, were only observed occasionally. These 
seagrass species apparently have a limited distribution, or require specific 
habitats. As is the case in Bootless Bay, south coast of Papua New Guinea, 
Thalassia hemprichii is most abundant, followed by Enhalus acomides. Fur
thermore, extensive mixed seagrass meadows are also the dominant community 
type on the coasts of the Bismarck Sea. This dominance of mixed seagrass 
meadows has also been reported from other parts of the Indo-West Pacific: 
from Yap (Koch and Tsuda, 1978); from Palau (Ogden and Ogden, 1982); from 
the Philippines (Menez et al., 1983); and from Eastern Indonesia (pers. observ. 
during Snellius-II expedition, 1984). 

Thalassodendron ciliatum, which was observed as an isolated monospecific 
seagrass bed on Manus (station 10) and around Kavieng (stations 16 and 18), 
was not found in Bootless Bay. However, at Gaire (20 km SE of Bootless Bay) 
this species occurred in a similar habitat (Johnstone, 1982; pers. observ.). 

The three other seagrass species with special habitat requirements exhibited 
a similar distribution pattern in Bootless Bay: Halophila ovata was found high 



Table 2. A compilation of the bemhic macroalgae observed at Wewak, Manus, Kavieng and 
Rabaul. 'Species not found in the seagrass beds in Bootless Bay (south coast of Papua New 
Guinea). + present + + common + + + abundant. 

CHLOROPHYTA 
*Acetai»uIaria exigua Solms-Laubach 
A v r a m v i l l e a e r e c t a (Berk.) Gepp & Gepp 
Boergesenxa forbesn (Harv.) Feldm. 
Boodlea composita (Harv.) Brand 
B o r n e t e l l a o l i g o s p o r a Solms-Laubach 

*Bryopsis pennata Lamour. 
*Bryopsis spec . 
*Cauierpa brachypus Harv. 
*Cauierpa cup re s so ides (Vahl) C. Ag. 
•Cau ie rpa lanuginosa J . Ag. 

Caulerpa l e n t i l l i f e r a J . Ag. 
*Cauierpa p e i t a t a Lamour. 

Cauierpa racemosa CForssk.) J . Ag. 
*Cauierpa racemosa v a r . c i a v i f e r a (Turner) Weber-van Bosse 
* Cauierpa racemosa v a r . macrophysa (Kütz.) Taylor 

Cauierpa racemosa v a r . o c c i d e n t a i i s ( J . Ag.) Borg. 
•Cau ie rpa racemosa v a r . uv i f e ra (Turner} J . Ag. 

Cauierpa s e r r u i a t a (Forssk . ) J . Ag. 
Cauierpa s e r t u i a n o i d e s (Gmel.) Howe 
Cauierpa taxifolia (Vahl) С Ag. 

* Chaetomorpha c r a s s a (С. Ag.) Kútz. 
* Chaetomorpha s p i r a l i s Okamura 

Chlorodesmis f a s t i g i a t a (C. Ag.) Ducker 
Chlorodesmis hildenbrandtn Gepp & Gepp 
Codium eduie S i l v a 

* Codium spec . 
Dictt/osphaeria versi uysi ι Weber-van Bosse 
Enteromorpha kylmn Bllding 

* Halxmeda cyimdracea Decaisne 
Halxmeda discoidea Decaisne 

* Halxmeda gigas Taylor 
Halxmeda та eroloba Decaisne 

НаІіmeda opuntia (L.) Lamour, 

Halxmeda taenxcola Taylor 

Halxmeda tuna (Ell. β. Sol.) Lamour. 
* Halxmeda spec. 1 
* Halxmeda spec. 2 
* Wicrodictyon spec. 

Neooierxs annulata Dickie 
Neomens van-bosseae Howe 

* Udotea argentea Zanardlnl 

* Udotea flabeüum (Ell. & Sol.) Howe 
Vaionia aegagropila C. Ag. 

* Vaionia utricuians (Roth) С. Ag. 
Va ionia ventricosa J. Ag. 

+ ++ 

+ + + 

+++ 

+++ 

+ + + 

+ + + 

+++ 

+++ 

+++ 

+++ 

ΡΗΑΕΟΡΗΥΤΛ 
CoJpomenia sinuosa (Roth) Derb. & Soller 
Dictyota adnata Zanardini 
Dictyota bartayresi ι Lamour. 
Dictyota cervicornis Kútz. 
Dictyota divaricata Lamour. 

* Dictyota spec. 
Padina australis Hauck 
Padana tenuis (Bory) Worn. & Bailey 
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WEWAK MANUS KAVIENG RABAUL 

RHODOPHÏTA 
Acanthophora spicifera (Vahl) Borg. 
Actinotrichla fragili s (Foraek.) Bötij. 
Amphiroa fragilissima (L.) Lainour. 
Amphiroa tribulus (Ell. & Sol.) Lamour, 
Ceratodictyon spongiosum Zanardlni 
Champia párvula (С. Ag.) Harv. 

Euctieuma striata Schmitz 
Calaxaura obiongata (Ell. & Sol.) Lamour. 

CraciJaria eduli.·: (J. Ag.) Silva 

CraciJarja cuchoumoides Harv. 

Gracilarla salicornia (C. Ag.) Dawson 

Hypnea boergesemi Tanaka 

Hypnea pannosa J. Ag. 
Hypnea valentías (Turn.) Mont. 
Jania spec. 
Laurencia majuscu-ia (Harv.) Lucas 
Laurencia papillosa (Forssk.) Grev. 
Tolypiocladia glomerulata (C. Ag.) Schmitz & Hauptfleisch 

in the eulittoral zone on the sand bar of Motupore and Loloata; Halophila deci-
piens was seen at depths below 6 m ELWS; and Halodule pinifolia was only 
collected from Tubusereia, where it was found growing next to Halodule 
uninervis and Cymodocea serrulata (Brouns and Heijs, 1985). 

From high to low, the zonation pattern of the seagrasses (see Fig. 3, 5, 7 and 
9), generally consisted of a zone of one or two species (mostly Halodule uniner
vis and Cymodocea rotundata, but occasionally Halophila ovata and Halodule 
pinifolia were seen). Subsequently, in the lower eulittoral and upper sublittoral, 
other seagrass species joined and a mixed seagrass meadow with 5 to 7 species 
was formed. The lower edge of the seagrass bed consisted of any combination 
of 2, 3 or 4 seagrass species, when a reef plateau was present; monospecific 
seagrass stands determined the pattern on the often sandy slopes of the sublit
toral, where no reef platform was present (see Den Hartog, 1977). The local cir
cumstances (biotic and abiotic) determine which seagrass species can be found. 

The overall zonation scheme for seagrasses in the Bootless Bay area and in 
the Bismarck Sea, Papua New Guinea was fairly similar and seems to be deter
mined by comparable biofic and abiotic parameters. The often dense mono-
ал d/or bispecific growth of Halodule uninervis and Cymodocea rotundata in 
the landward regions, may indicate the importance of these species as sediment 

-binders (quick colonizers of bare areas) and sediment stabilizers (retardation of 
water movement and currents). Subsequently other seagrasses settle and even
tually a mixed meadow becomes established, which will further improve sedi
ment stability. 

When comparing the seagrass communities in the Bootless Bay area with the 
communities surveyed around the Bismarck Sea, it appears that the seagrass 
communities in Bootless Bay can be considered representative for most inter-
tidal areas of Papua New Guinea. 
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MACROALGAE 

The macroalgae associated with the various seagrass communities varied con
siderably. Table II is a compilation of all benthic macroalgae observed at the 
various stations in Wewak, Manus, Kavieng and Rabaul, and all present first 
records for the area. Species marked with an asterisk have not been found in 
and around the seagrass beds of Bootless Bay. A total number of 71 benthic 
macroalgae were found, of which 32 species in Wewak, 40 species in Manus, 
51 species in Kavieng and only 9 species in Rabaul. More than 100 algal species 
were reported for Bootless Bay (Heijs, 1985b). These data however are based 
on a 2-year study, while the above-mentioned results are based on single short 
visits. 64.5% of all macroalgal species encountered, belonged to the 
Chlorophyta; 25% to the Rhodophyta and 11% to the Phaeophyta. Of these 
71 macroalgae in Table II, 22 species (31%) have never been observed in 
Bootless Bay. 

In Bootless Bay the Rhodophyta were the dominant class (44%), followed in 
dominance by the Chlorophyta (33%) and Phaeophyta (23%) (Heijs, 1985b). 
Conspicuous overall differences in macroalgae between the Bismarck Sea and 
Bootless Bay (on the south coast) are: 

- a much higher abundance of macroalgae around the Bismarck Sea (except for 
Rabaul); 

- a higher number of Chlorophyta in the Bismarck Sea (particularly the 
Caulerpales); 

- a relatively low number of Phaeophyta and Rhodophyta in the Bismarck Sea; 
and 

- an apparent total absence of the large fucoid macroalgae around the 
Bismarck Sea. 

A tentative generalization of the overall algal component present at the four 
locations, can be described as follows: 
Wewak: mainly algal communities consisting of Halimeda spp. 

(ƒƒ. opuntia, H. macroloba), Amphiroa spp. (A. fragilissima, A. tribulus) 
and Valonia spp. (V. aegagropila, V. utricularis). 

Manus: a high algal cover and diversity associated with the seagrass Thalas-
sodendron ciliatum; and a high abundance of Halimeda species (H. 
opuntia, H. macroloba, H. cylindracea) and Caulerpa species (C. ser-
rulata, C. racemosa, С. sertularioides). 

Kavieng: a high abundance and diversity of macroalgae in general, and in 
particular of Caulerpa species (several varieties of C. racemosa, С. 
brachypus, С. serrulata), and to a lesser extent of Halimeda (H. opuntia, 
H. macroloba, H. cylindracea). 

Rabaul: a paucity of macroalgae, not only in abundance but also in number 
of species. Caulerpa cupressoides appeared to be the most commonly observ
ed species. 
When comparing this survey with studies conducted in Palau (Ogden and 

400 



Ogden, 1982), the Solomon Islands (Womersley and Bailey, 1970) and Bootless 
Bay on the south coast of Papua New Guinea (Heijs, 1985b), the same genera 
appear to be common to abundant in the seagrass beds (e.g. Amphiroa, 
Valonia, Halimeda, Caulerpa). Halimeda and Caulerpa spp. are fixed in the 
same sediment as the seagrasses, with taproot-like structures or creeping run
ners (rhizophytic species), and therefore are likely more typical of the seagrass 
beds. Species of the genera Valonia, Gracilaria, Amphiroa and Hypnea were 
also well represented and can be included in the category of the loose-lying and 
washed-in algal species. These macroalgae can, after detachment from the 
seagrass shoots, continue their life cycle among the seagrasses or are being 
washed away by the tidal currents. Most other benthic algae are dependent on 
the presence of suitable, hard substrata for settlement and growth (haptophytic 
algae), and not characteristic of the seagrass beds. 

It is difficult to give a detailed zonation pattern for macroalgae. Never
theless, a generalized algal pattern coinciding with the overall seagrass zonation 
can tentatively be described as follows (see Fig. 3, 5, 7 and 9): 

- in the eulittoral zone, with mainly monospecific and bispecific seagrass beds 
of Halodule uninervis and Cymodocea rotundata, few macroalgae were 
observed. Avrainvillea erecta, Halimeda macroloba and H. opuntia appear 
to be rather well adapted to regular exposure. 

- the macroalgal component associated with the mixed seagrass meadows in the 
upper sublittoral, is characterized by a high species richness and algal abun
dance. Truly rhizophytic spp. (Caulerpa, Halimeda) are common to abun
dant. Depending on the availability of suitable hard substrata, haptophytic 
macroalgae are present as well (e.g. Neomeris, Padina, Dictyota). Addi
tionally, loose-lying or washed in algal species can be entangled or trapped 
among the seagrass shoots (e.g. Hypnea, Gracilaria, Laurencia, Amphiroa, 
Valonia). 

- the lower edge of the seagrass bed (lower sublittoral on sandy slopes with no 
reef platform), was usually characterized by a sandy substratum with mainly 
Halimeda cylindracea, Udotea argentea and most abundantly Halimeda 
macroloba. Due to a lack of suitable stabilized substrata, no haptophytic 
macroalgae are present. However, when a reef platform and reef crest do oc
cur, the same macroalgae are present as in the mixed seagrass meadow. 

Macroin vertebrates 

In Table III the abundance of the most common macroinvertebrates at the 
different localities, is presented. Differences in the macrofaunal assemblages of 
the seagrass beds from the four locations are minor, as are differences between 
the Bismarck Sea and Bootless Bay on the southern coast (Brouns and Heijs, 
1985). Species of the same classes (Gastropoda, Echinoidea, Holothuroidea, 
Stelleroidea) were most commonly observed. Two species belonging to the 
Stelleroidea were not seen in Bootless Bay: Protoreaster spec, and Acanthaster 
planci. The latter one was especially common at Cape Moem (Wewak, stations 
4, 5 and 7). 
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Table 3 List оГ the most common macroinvertebrates associated with the seagrass communities 
from Wewak, Manus, Kavieng and Rabaul 

WEWAK MANUS KAVIENG RABAUL· 

PHYLUM MOLLUSCA 
Gastropoda 
Strombidae 

Cypraeidae 

Conidae 

Bivalvia 
Pinnidae 
Pteridae 

StromJbus lentiginosus Linné 
Strombus aurisdianae Linné 
Strombus luhuanus Linné 
Lambis lambis Linné 
Cypraea tigris Linné 
Cypraea moneta Linné 
Cypraea annul us Linné 
Conus leopardus Rôding 
Conus litteratus Linné 
Conus marmoreus Linné 
Conus vexiilum Born 
Conus Virgo Linné 

Pinna nobili s Linné 
Malleus таііеич Linné 

PHYLUM ARTHROPODA 
Malacostraca 
Thallassiniidae 
Callappidae 

Callianassa spec. 
GonodactyJus spec. 

PHYLUM ECHINODERMATA 
Eohinoidea 
Diadematidae 

Toxopneustidae 

Echinometndae 
Holothuroidea 
Stichopodidae 

Holothurondae 

Synaptidae 
Stel leroidea 
Oreasteridae 

Acanthasteridae 
Ophidiasteridae 

Diadema setosum (Leske) 
Diadema savignyi Michelin 
Toxopneustes p i l e o l u s Lamarck 
rripneustes gratilla Linné 
Echinometra mathaen (de B la inv i l l e ) 

rhelenota ananas (Jäger) 
Stichopus variegatus Semper 
Halodeima atra Jäger 
Metriatyia scabra Jäger 
Microtheie nobiJis (Selenka) 
Actinopyga mauntiana (Quoy & Gaimard) 
Bohadschia argus Jäger 
Bohadschia marmoratus vitiensis Jäger 
Synapta maculata (Chamisso & Eysenhardt) 

CuJ c i ta nova^gumeae Müller & Troschel 
Protoreaster nodosus (Linné) 
Protoreaster spec. 
Protoreaster lincJci (de Bla invi l le ) 
Acanthaster planci (Linné) 
Linci la laevigata (Linné) 

++ 
++ 

++ 
++ 
++ 
++ 
++ 
+ 

++ 

+ = present; ++ = common; +++ = abundant; *]uveniles/epiphytic 
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The same gastropods were observed grazing on the epiphytes and detritus ac
cumulated on the seagrass leaves; viz. juveniles of Strombus luhuanus and 
Cypraea spp.. In addition two unidentified species (Rabaul, station 33) were 
observed. The high occurrence of juvenile sea cucumbers (Wewak, station 3) 
was remarkable; similarly, grazing of sea cucumbers on seagrass leaves (Ka-
vieng, station 17) and the simultaneous spawning of all sea cucumber species 
(Kavieng, station 17) were not observed before. 

CONCLUSIONS 

The following conclusions can be drawn from a comparison of the seagrass 
communities in Bootless Bay and those surveyed around the Bismarck Sea, 
Papua New Guinea. 
- with respect to the major component, i.e. the marine angiosperms, no signifi

cant difference exists in the occurrence and abundance of the various species. 
Furthermore, the structural composition in monospecific and mixed seagrass 
meadows, shows a pattern comparable to that found in the Bootless Bay area, 
and this is probably common throughout the tropical West Pacific. 

- the macroalgal component associated with either monospecific or mixed 
seagrass communities, is richer in species and more abundant (higher cover) 
in the Bismarck Sea. 

- of the macroinvertebrates observed during the surveys in the Bismarck Sea, 
the sea cucumbers and starfish were more abundant than in Bootless Bay; 
however, fewer sea urchins and gastropods were encountered in the seagrass 
beds around the Bismarck Sea. 
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A SYNTHESIS. 

Since Den Hartog (1970), wrote his monograph on seagrasses, the 

distribution records of the various species have been extended considerably 

for Papua New Guinea (Johnstone, 1975, 1978a, 1978b, 1982, 1984; Chapters 2 

and 16). Johnstone (1982) reported thirteen seagrass species of which ten 

are commonly found in Bootless Inlet (Chapter 2) and around the Bismarck Sea 

(Chapter 16). Only one of these species (Zostera capricorni Aschers.) has 

not yet been reported from the Papuan coastal lagoon. 

The seagrass beds in Bootless Inlet are generally of a mixed nature, a 

feature that is commonly observed in the tropical West-Pacific (Kock and 

Tsuda; 1978; Ogden and Ogden, 1982; Menez et al., 1983). In Bootless Inlet 

seagrass beds consisting of six to seven species are found. In these 

multi-species meadows Thalassia hemprichii (Ehrenb.) Aschers. is the 

dominant seagrass followed by Enhalus acoroides (L.f.)Royle and Cymodocea 

rotundata Ehrenb. and Hempr. ex Aschers.. Cymodocea serrulata 

(R.Brown)Aschers. et Magnus, Halophila ovo//s(R.Brown)Hook. f. , Halodule 

uninervis (Forssk. )Aschers. and Syringodium isoetifolium (Aschers. )Dandy 

are generally less abundant, however may locally be as abundant as Enhalus 

acoroides or Cymodocea rotundata. This hierarchy in dominance has also 

been observed in Palau (Ogden and Ogden, 1982) and in the Philippines (Menez 

et al., 1983). Apart from the multi-species seagrass beds, any combination 

of two, three or four seagrass species can be found as well as monospecific 

patches. 

Spatial pattern. 

Seagrass beds are generally found on the inner reef flat and often 

bordered by coral growth and/or coral rubble areas, which determine the 

zonation pattern. The variability in seagrass communities is considerable 

and determined by local biotic and abiotic circumstances (e.g. exposure, 

substrate characteristics). It is therefore difficult to give an overall 

zonation pattern characteristic for seagrasses. The general pattern for 

seagrasses can be described as follows: 

(1) Eulittoral; 

- mid eulittoral; sheltered muddy habitats. 

Enhalus acoroides with occasionally Thalassia hemprichii or Halophila 

ovalis. 

Monospecific patches of Cymodocea rotundata, Halophila ovata, Halophila 

ovalis or Halodule uninervis. 

- mid eulittoral; sheltered and exposed habitats with coarse substrate. 
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Any monospecific or b i spec i f i c growth of Cymodocea rotundata, Halodule 

uninervis, Halophila ovali s and Halophila ovata. 

(2) Lower eulittoral to upper sublittoral. 

The monospecific and bispecific seagrass patches are invaded by other 

seagrass species, eventually becoming a mixed seagrass meadow in which 

the seven most common species are found. 

(3) Lower sublittoral. 

The mixed meadow changes via tri- and bispecific seagrass communities 

into a monospecific seagrass bed. The seagrass species found will depend 

on local circumstances (e.g. water depth, substrate). This type of 

seagrass community is only found when the seagrass bed is not bordered 

by a zone of living and/or dead coral. When this is the case, the 

zonation pattern will end with the mixed seagrass meadow. 

Although quite a number of macroalgal species are found associated with 

seagrass beds, only very few are characteristic species. The species 

composition of the macroalgal component in the seagrass beds is mainly 

determined by the substrate characteristics. Truly rhizophytic algae (e.g. 

Caulerpa, Halimeda, Avrainvillea) are common to abundant in seagrass beds 

since they all favour sandy and/or muddy substrata. The haptophytic 

macroalgae are dependent on suitable hard substrata for colonization and 

subsequent growth and are therefore not characteristic for the seagrass beds 

(Chapters 13 and 15). 

The different algal groups associated with the seagrass zonation can be 

described as: 

- rhizophytic algal species using the same substrate as seagrasses 

(Caulerpa, Avrainvillea, Halimeda) ; 

- haptophytic algae, on stabilized substrata (e.g. Neomeris, Dictyota, 

Pad ina); and 

- loose-lying / washed-in algae, which may continue their growth in the 

seagrass bed after being torn loose (e.g. Laurencia, Hypnea, Cracilaria). 

Most species on the reef flat are widely distributed. Some show either 

gradients in abundance across the reef flat or are locally abundant or 

dominant, whereas others exhibit no such trends. Apart from substrate 

characteristics, the presence and abundance of these macroalgae is also 

determined by other biotic and abiotic factors (e.g. growth characteristics 

of each alga, competition, sedimentation, insolation, temperature, etc.). 

In the eulittoral, mainly Avrainvillea erecta (Berk.)A. & E. Gepp, Halimeda 

macroloba Decaisne and H. opuntia (L.)Lamour. are likely to occur in 

association with seagrasses, whereas in the upper sublittoral many more 

species may be present. 
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The epiphytic component on the leaves of the various seagrass species 

shows the same characteristics in monospecific seagrass beds and in mixed 

seagrass meadows (Chapters 8, 10, 12 and 14): 

- the number of algal species and their abundance increase with increasing 

leaf age; 

- the number of algal epiphytes and their abundance is of the same order on 

corresponding leaves of shoots of the various seagrasses; 

- a significant difference exists in number of epiphytes, their abundance 

and reproduction density on the upper (oldest) and lower (youngest) leaf 

parts of corresponding leaves; 

- no difference is found in number and abundance of epiphytic algae on the 

inner- and outer face of each leaf, 

- the Ceramiales dominate the epiphytic community qualitatively, whereas the 

encrusting coralline algae are quantitatively the most dominant group; 

- algal species present as initial colonizers are still present on the older 

leaves During the life-time of the host, colonizing epiphytes are joined 

by other algal species, hence the composition of the epiphytic community 

alters on subsequent older parts of the host. True succession, where one 

group of epiphytic algae is replaced by a different group of epiphytes, 

does not take place. 

Temporal pattern. 

When sampling the various seagrass communities, no clear seasonal trend 

becomes apparent with respect to the species composition of the marine 

angiosperms. Changes are relatively slow and take probably more than a 

year. 

The temporal pattern of macroalgae may vary considerable between 

locations. Species present throughout the year in one location may show a 

strong seasonal distribution in another location. This is a consequence of 

different environmental and topographical characteristics at the various 

locations. Furthermore biotic and abiotic factors (P g water temperature, 

illumination, variation in tidal patterns, substrate characteristics, etc.), 

may be important for the distribution and occurrence of macroalgae (Lawson, 

1957, 1966; Doty, 1971; Santelices, 1977; Chapters 13 and 15). 

The epiphytic component, however, shows a clear pattern. In Table 1 a 

generalized temporal pattern of epiphytic algae is presented for 

monospecific seagrass beds as well as mixed meadows. It appears that the 

same epiphytes are common to abundant on the various seagrass species in 
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monostandb and in mixed vegetations (Chapters 8, 10 12 and 14). From this 

table a group of algae can be recognized which can be considered 

characteristic for the seagrasses in Bootless Bay and possibly also 

throughout Papua New Guinea. This is also clear from the biological 

importance of the various algal epiphytes (Table 2). This characteristic 

group of algal epiphytes on seagrass leaves consists of: encrusting algae, 

Cyanophyta, Ceramium gracillimum (Harv. )Mazoyer, Polysiphonia savatierii 

Hariot, Audouinella spp. and/or Enteromorpha flexuosa (Wulf, ex Roth)J. 

Ag.. Some epiphytic algae in Table 1, show a different gradient of 

abundance on the various seagrass species during the year, whereas others 

may be dominant only on one or two seagrass species, due to locally 

different microhabitat conditions (Chapters 8, 10, 12 and 14). 

Table 1 

Temporal pattern of epiphytes characteristic for the various seagrass spec
ies in monospecific and mixed situations. 

cover < 5%; cover 5 - 1 0 % ; = cover 10-20%; — cover >20%. 

Encrusting algae 

Cyanophyta 
Ceramium gracillimum (Harv ) Hazoyer 

Polysiphonia savatierii H a r l o t 
Herposiphoma parca Setch 

Cnffithsia tenuis/thyrsigera 

Chondno dasyphyUa (Woodw ) С Ag 

Enteromorpha flexuosa (Wulf ex Roth) J Ag 

Audouinella spp 
Cladophora ьрр 
Сhaetomorpha spp 

Centroceras clavulatum (C Ag ) Mont 

Ceramium matatlaneme Dawson 

Asterocytis ornata (С Ag ) Hamel 

Erythrotrichia carnea ( D i l l w ) J Ag 

Polysiphonia delicatula H o l l e n b e r g 
Derbesta attenuata Dawson 

Polysiphonia sphnerocarpa Borg 

Ceramium codn ( R i c h a r d s ) Feldm Mazoyer 

Ceramium camouu Dawson 
Giffordia mitchcllae (Harv ) Hamel 

Ciffordia rallsiae ( V i c k e r s ) T a y l o r 

Sphacelana furcigera Kutz 

Chondrto coffinsiano Howe 

Enteromorpha ramulosa (Sm > Hook 
Champia párvula (С Ag ) Наг 

Ceramium taylorn Dawson 

Hypnea sp ( j u v ) 

Laurencia sp ( j u v ) 

J F H A M J J A S O N D 

408 



Table 2 

The b i o l o g i c a l rank o f importance o f the 10 most abundant a l g a l ep iphy tes f o r the d i f f e r e n t seagrass 
spec íes . 

Thalaeeia hemprichii- Cymodocea Cymodocea Syringodium Halodule Enhalus 
SEAGRASS SPECIES члл.^ , ^, л ..^ , rotundata aevrulata ieoetifolium uninervis aaoroidee 

e u l i t t o r a l e u b l i t t o r a l J 

1 

2 

3 

4 

5 

7 

β 

8 

θ 

-
10 

-
-
-
-

1 

2 

3 

-
5 

4 

7 

β 

-
-
-
В 

9 

10 

-

1 

2 

3 

-
5 

4 

7 

g 

β 

-
-

10 

-
-
_ 

1 

2 

3 

-
S 

β 

-
в 
9 

7 

-
-
-

10 

_ 

1 

2 

3 

-
4 

б 

9 

в 
10 

-
-
-
-
В 

β 

1 

2 

3 

β 

4 

-
7 

-
В 

10 

в 
-
-
-
_ 

Encrusting algae 

Cyanophyta 

Сегст-ш дткп-Нгтеп 

Cladophora в pp. 

Polysiphonia savatierii 

Audauinella βρρ. 

Enteromorpha flexuoea 

Chaetcmorpha βρρ. 

Griffithsia termia/thyrsigera 

Chondria dasyphylla 

CentToceraa clavulatum 

Ceramium taylorii 

Derbeeia attenuata 

Herposiphonia eeaunda 

Ceramium mazatlanenze 

1 

2 

3 

4 

S 

7 

β 

β 

9 

10 

-
-
-
-
-

о 



Functional aspects. 

Seagrasses. 

From the most important species of the area (viz. Thalassia hemprichii, 

Cymodocea rotundata, С .serrulota, Enhalus acoroides, Syringodìum 

isoetifolium and Halodule uninervis) some parameters of production and 

biomass are presented in Table 3. The annual mean value of the PIL (the 

Plastochrone Interval of the Leaves) of most species is of the same 

magnitude (10.0-12.2 days), except for Enhalus acoroides (Chapters 5, 7, 8 

and 9). 

The lowest PIL as well as the lowest annual mean PIL, has been calculated 

for Thalassia hemprichii, both under eulittoral and sublittoral conditions 

(Chapters 3 and 5), The highest annual mean PIL has been found for Enhalus 

acoroides(PIL= 31 days) (Chapter 8), 

Annual mean biomass values, in Table 3, are presented for seagrass leaves 

and the associated epiphytes. Density and biomass of the various seagrass 

species are highly variable and depending on local environmental factors 

(e.g. substrate characteristics and level, turbidity etc.). The variability 

of the density in monospecific seagrass beds is roughly a factor 2 for most 

seagrasses. 

SEAGRASSES 

Species 

Ткаіаззга hemprichii 
e u l i t t o r a l 

subl i t toral 
Cymodocea serrulata 
Cymodocea rotundata 
Halodule uninerviß 
Syringodbim isoetifoliun 
enhalus acoroidee 
Thalaeoodendron ciliatwn 

BIOMASS 

В AD* m"
2 

monospecific mixed seagrass 
seagrass bed meadow 

PRODUCTION 

g ADW • day 

moDospeclfic mixed seagrass 

seagrass bed meadow 

70 
40 
98 

62 
6β 
194 
77 
113 

56 
12 
9 
1 
22 

_ 
-

4 2 
2.6 
3 β 
2 0 
2.8 
5 5 
1 β 
3.8 

2 5 
0.4 
0.3 
0.04 
0 7 

-
-

Thalassia hemprichii 
eulittoral 
sublittoral 

Cymodocea serrulata 
Cymodocea rotundata 
Halodule uninervis 
Syringodìum isoetifolium 
Evhalua acoroides 

¡Ç ADW Ш 

1 31 (151) 
1 59 (14%) 

2 97 (24%) 
2 39 (22%) 
1 72 (23%) 

4 77 (23%) 
0 52 ( 3%) 

leaf surface 

-
1 55 (14%) 
1 94 (22%) 

1 84 (19%) 
1 93 (24%) 

6.16 (21%) 
2.68 (17%) 

g ADW m 

0 12 (37%) 
0 10 (19%) 
0 18 (39%) 
0 16 (38%) 
0 14 (44%) 

0 25 (35%) 
0 01 ( 6%) 

leaf surface day 

-
0 11 (16%) 
0.12 (33%) 
0 14 (25%) 
0.15 (31%) 
0.27 (19%) 

0 05 ( 9%) 

Table 3 Annual oean values of production and biomass for eeagraases and associated epiphytes In 
monospecific and mixed seagrass communities, in parentheses the procentual contribution 
of the epiphytic component. 

410 



The exceptions are Thalassia hempnchii, under sublittoral conditions, and 

Halodule uninervis. Thalassia hempnchU occurs frequently as the only 

seagrass species in coarse coral rubble or interspersed between living 

coral. The variability in leaf biomass is often a consequence of the number 

of shoots per m
2
 (density) and the total leaf area per leaf cluster The 

biomass of a shoot and the density of the plant cover are negatively 

correlated in most seagrass species considered. For instance, the 

phenotypical variation in Halodule uninervis is of such order that a dense 

meadow (cover, 75-100
о
О can be composed as well of 1500 large shoots as 

18300 small shoots. The mean maximum biomass of the leaves of a single 

shoot in a sample, can amount to 18 mg ADW in meadows with a low density but 

dense cover, or become as little as 5 mg ADW in meadows with a maximum 

observed shoot density (Chapter 7) Part of this variation is seasonal. 

The range in biomass of the rhizomatous plant parts is wider depending on 

the respective seagrass species The variability reflects the relative age 

of the seagrasses in the sampling quadrat. 

The rhizome mat of Thalassodendron clllatum (Forssk )den Hartog has not 

been sampled The exposed rhizome layer on a study site in Indonesia reached 

a thickness of 75 cm (Chapter 6). This observation and the measured biomass 

of the rhizome of this seagrass in the Red Sea (Lipkin, 19 79) indicates that 

the rhizome biomass can reach values higher than 50 g ADW shoot"
1
 This 

seagrass is the only species with persistent rhizomes The calculated mean 

turnover time for the rhizomes of Enhalus acoroides was 1580 days (Chapter 

8). The longevity of the rhizomes in the other species is considerably less 

(Chapters 5, 7 and 9). In Table 3 the total annual mean standing crop of 

the seagrasses studied in Papua New Guinea is presented The annual mean 

production of the standing crop ranged from 1 9 g ADW ni
2
 day"

1 {Enhalus 

acoroides) to 5.5 g ADW m
2
 day"

1 (Synngodium ¡soetifolium) (Chapters 7 and 

8) 

Epiphytes. 

The range and the mean annual values for biomass and production of 

epiphytes on the leaves of the various seagrass species, are presented in 

Table 3 In the respective monospecific beagrass beds, the highest annual 

mean biomass of the epiphytic component, has been observed on the leaves of 

Syrmgodium isoetifolium and Cymodocea serrulata, viz , 4 8 and 3 0 g ADW 

m"2 leaf surface respectively. The lowest annual mean epiphyte biomass has 

been found on the leaves of Enhalus acoroides (0 5 g ADW ni2 leaf surface) 

The values for epiphyte biomass on leaves of the remaining seagrass species 

are intermediate. 

411 



In a mixed seagrass meadow, annual mean epiphyte biomass was highest for 

Syringodium isoetifolium and Enhalus acoroides (Chapters β and 14). Epiphyte 

biomass on the leaves of the remaining seagrass species was approximately 

1.8 g ADW m"
2
 leaf surface (Chapter 14). 

The contribution of the epiphytic community to the annual mean 

above-ground plant biomass (seagrass leaves and epiphytes, expressed as 

ash-free dry weight) ranged from 3% on leaves of Enhalus acoroides to 24% 

on leaves of Cymodocea serrulata and Halodule unlnervis. When comparing 

the different seagrass species in the respective monospecific and mixed 

seagrass seagrass communities, the biomass of epiphytes was virtually the 

same (Chapters 8, 11, 12 and 14). 

When expressing epiphyte biomass in dry weight, 10-55% of the total 

above-ground plant biomass can then be attributed to the epiphytic 

component. 

These values are of the same magnitude as for other seagrass species, e.g. 

for Zostera marina L. , 24-35% (Penhale, 1977; Borum and Wium-Andersen, 

1980); and for Halodule wrightli Aschers., 47% (Morgan and Kitting, 1984). 

Net production of epiphytes in Table 3, is defined as gross production 

minus respiration, losses due to grazing, mechanical wear and tear and 

senescence. Therefore, biomass-increment per unit time can be used as a 

minimum net production value, since the influence of the above-mentioned 

losses is minimal over short-term periods. 

In the monospecific seagrass beds, the annual mean increase in epiphyte 

biomass (absolute growth rate) ranges from 9 mg ADW rn
2
 leaf surface day"

1
 on 

leaves of Enhalus acoroides to 250 mg ADW m
2
 leaf surface day

1
 on leaves of 

Syringodium isoetifolium. The production values for epiphytes on leaves of 

Enhalus acoroides are considerably lower than those found for other 

tropical Indo-Pacific seagrass species (Table 3), which is a consequence of 

differing topographic and hydrodynamic conditions (Chapter 8). 

Bulthuis and Woelkerling (1983), studying epiphyte production on leaves of 

Heterozostera tasmanica (Martens ex Aschers.)den Hartog during the growing 

season only, have found values ranging from 0.06 - 1.04 g ADW nf
2
 leaf 

surface day
1
. 

Penhale (197 7) and Borum and Wium-Andersen (1980) both studied the 

production of epiphytes on the leaves of Zostera marina. They found that 

the epiphytic component contributed 20-50% to the total above-ground plant 

production. Of the total above-ground plant production of Halodule wrightii 

48-56% can be attributed to the epiphytes (Morgan and Kitting, 1984). Jones 

(1968) estimated that production of epiphytes amounted to 20% of the total 

above-ground plant production of Thalassia testudinum Banks ex König. 
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Epiphyte production values observed in the mixed seagrass meadow are 

comparable to those calculated for the respective monospecific seagrass 

communities. This is also illustrated by the contribution of the epiphytic 

component to the annual mean above-ground production (seagrass leaves and 

epiphytes). An estimated 6% (Enhalus acoroides) - 4404 (Halodule uninervh) 

of the total above-ground production is contributed by the epiphytic 

community of the tropical Indo-Pacific seagrass species (Chapters 8, 11, 12 

and 14). 

Finally, a few recommendations for future research: 

- Structural and functional aspects 

Although some qualitative and quantitative data have been collected on the 

macrofauna of the seagrass beds, the epifauna, the infauna and the 

microfauna on the bottom have to be studied quantitatively. Furthermore, 

information on their spatial and temporal distribution as well as their 

interrelations, has to be sought. Attention should also be addressed to 

the productivity, nutritional relationships, decomposition and biomass. 

The floral component has been investigated rather intensively, in 

particular the structural aspects. The functional aspects of the 

macroalgae associated with the seagrass beds however, should receive more 

attention. To learn more about the specificity of the epiphytes on 

seagrass leaves, further research is needed on the epiphytic component on 

other living ( e.g. macroalgae) and non-living substrata (e.g. rocks). 

- Dynamic aspects and autecology. 

Various aspects of the monospecific and mixed seagrass community have been 

studied, viz. spatial and temporal distribution, productivity and biomass 

of seagrasses, epiphytes and macroalgae, and growth patterns of the 

various seagrass species. However, to get more insight into the dynamic 

relations within the communities and the autecology of the various 

seagrass species, data should be gathered on phenological aspects, 

competition, recolonisation, tolerances to environmental conditions, etc.. 

For instance, the intraspecific variation in the growth rates of the 

rhizomes was remarkable. It is however, unknown whether this growth rate 

is related to the size of the plant, or simply related to the natural 

variation within the population. The first possibility would indicate a 

transport of nutrients from older shoots to rhizome meristems. The 

changes in time in the chemical composition of the rhizomes, can then give 

insight in these processes. Incorporation of radio-tracers in a single 

shoot for studying translocation processes, appears feasible and may 

elucidate the functioning of the plant as a single unit. 

- Interactions with the surrounding environment. 
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Continuous measurements were made of several abiotic factors (e.g. 

insolation, precipitation, water temperature and tidal patterns). However, 

more research is needed on the nutrient contents of the interstitial and 

overlying water layer of the seagrass beds, and the physical and chemical 

properties of the sediment 

Furthermore, the position of the seagrass community relative to other 

shallow water ecosystems in the coastal zone, should be assessed, e.g the 

interactions with the surrounding coral communities and/or mangrove zone, 

or with the "micro-atolls" scattered throughout the seagrass bed and the 

reef plat form. These investigations, carried out intensively in one 

location, will make a comparison with similar communities in other areas, 

easier. 
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SAMENVATTING. 

Zeegrassen zijn mariene monocotyle angiospermen die in de ondiepe 

kustwateren over de gehele wereld voorkomen. Ze zijn volledig geadapteerd 

aan het leven in de zee en voltooien daar de generatieve cyclus. De laatste 

15 jaar heeft deze groep waterplanten veel aandacht gekregen. Door dat 

recente onderzoek is men gaan inzien hoe belangrijk de zeegrassen zijn. Het 

onderzoek heeft vooral plaatsgevonden aan soorten van de Atlantische 

gematigde en tropische kustwateren. In dit proefschrift zijn de resultaten 

verwerkt van het onderzoek in de tropische Stille Oceaan. 

Deze relatief kleine groep mariene waterplanten (ca. 55 soorten) bestaat 

uit 12 genera die behoren tot slechts 2 families (Hydrocharitaceae en 

Potamogetonaceae). In Papoea Nieuw Guinea vinden we vertegenwoordigers uit 

8 genera: Thalassia, Enhalus, Cymodocea, Syringodium, Halodule, Halophila, 

Thalassodendron en Zostera. De laatste 2 genera, Thalassodendron en 

Zostera, hebben er een zeer beperkte verspreiding terwijl de 6 overige 

genera wijd verbreid zijn in het littoraal en het sublittoraal. 

Twee typen zeegrasvegetaties kunnen onderscheiden worden : 

a. De monospecifieke zeegrasvelden, bestaande uit slechts een soort zeegras, 

en 

b. de gemengde zeegrasvelden, waar meerdere zeegrassoorten door elkaar 

voorkomen. 

Vooral de gemengde zeegrasvegetaties zijn erg karakteristiek voor het 

Indo-Pacifische gebied. 

De algencomponent van het zeegrasveld kan bestaan uit de volgende 

elementen : 

a. de epifytische algen op zeegrassen. Hierbij kan onderscheid gemaakt 

worden in een fotofiele gemeenschap op de bladeren en een sciafiele 

gemeenschap op de verticale rhizoomdelen; 

b. de rhizofytische macroalgen tussen de zeegrassen; 

c. de epifytische algen op deze macroalgen; 

d. een film van microalgen op de bodem; 

e. losliggende en/of ingespoelde macroalgen die de levenscyclus kunnen 

voltooien op de bodem van het zeegrasveld. 

De elementen с en d zijn in het kader van dit onderzoek niet bestudeerd. 

In dit proefschrift zijn de resultaten verwerkt van het onderzoek naar de 

structurele en funktionele aspecten van tropische zeegrasgemeenschappen en 
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de geassocieerde algencomponent In 1981 zijn de eensoortige zeegrasvelden 

bestudeerd en in 1982 zijn de gemengde zeegrasvelden onderzocht. 

Van de 13 zeegrassoorten, bekend van Papoea Nieuw Guinea, zijn de 7 meest 

abundante in beide typen zeegrasvelden bestudeerd De resterende 5 soorten 

zijn relatief zeldzaam en komen op minder dan 3% van het totale 

zeegrasareaal voor. De 7 bestudeerde soorten zijn· Thalassia hemprichïi 

(Ehrenb )Aschers., Enhalus acoroides (L.f )Royle, Cymodocea rotundata 

Ehrenb. et Hempr. ex Aschers., Cymodocea serrulata (R Br )Aschers et 

Magnus, Syringodìum ¡soetifoHum (Aschers )Dandy, Halodule um'nervls 

(Forssk )Aschers, en Halophila ovalis (R Br.)Hook f.. 

Α. Structurele aspecten 

Structureel gezien werd onderscheid gemaakt in zoneringspatronen, 

temporele patronen en ruimtelijke patronen. De monospecifleke zeegrasvelden 

waren, wat de dominante plant betreft, erg variabel in voorkomen en 

abundantie. In het algemeen kan gesteld worden dat de eensoortige 

zeegrasvelden uitzonderingen vormen en dat deze veelal voorlopers zijn van 

meersoortige velden De gemengde vegetaties kunnen dan ook beschouwd worden 

als het laatste stadium van de successiereeks 

Het zoneringspatroon kan als volgt gekarakteriseerd worden: 

- in het eulittoraal een monospecifiek zeegrasveld of een combinatie van 

Halodule uninervis, Halophila ovalis en Cymodocea rotundata, 

- het sublittoraal werd gekarakteriseerd door meersoortige zeegrasvelden 

waarbij de in de vegetatie participerende soorten qua abundantie sterk 

varieerden. De benedengrens van deze velden werd veelal gevormd door 

eensoortige zeegrasvegetaties. 

Welke zeegrassoorten aanwezig waren werd o a mede bepaald door substraat, 

expositie en waterdiepte. 

De aanwezigheid van macroalgen in zowel eensoortige als meersoortige 

zeegrasvegetaties was gerelateerd aan substraatkarakteristieken. Op zandig 

en modderig substraat werden rhizofytische algen gevonden {Halimeda, 

Caulerpa en Avrainvlllea spp ). Deze genera zijn dan ook karakteristiek voor 

het zeegrasveld. Bij de aanwezigheid van hard substraat (rotsige bodem, dood 

koraal, schelpen, etc.) werd een breed scala van algen gevonden Hier wordt 

het al dan niet aanwezig zijn van macroalgen bepaald door andere biotische 

en abiotische factoren. Deze algen kunnen wel het zoneringspatroon 

karakteriseren, doch zijn niet typisch voor zeegrasvelden. 
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Om de structuur van de epifytische algengemeenschap te bestuderen, werd 

onderscheid gemaakt in de ouderdom van het zeegrasblad, de binnen- en 

buitenkant van de bladeren en het basale en apicale deel van elk blad. De 

aldus verkregen data resulteerden in informatie over de kolonisatie, 

successie en seizoensgebondenheid van de epifyten. In zowel de eensoortige 

als in de meersoortige zeegrasvelden werden dezelfde epifytische algen 

gevonden. Bovendien vertoonde de epifytenflora in beide typen zeegrasvelden 

overeenkomstige patronen. De differentiatie voor de diverse zeegrassoorten 

is dan ook meer van kwantitatieve dan van kwalitatieve aard. 

B. Funktionele aspecten. 

Bij de zeegrassen werden produktie- en biomassametingen verricht aan 

bovengrondse (bladeren) en ondergrondse (rhizoom) plantedelen. Hiervoor 

werden verscheidene methodieken toegepast, allen berustend op de vegetatieve 

morfologie van de zeegrassen. De groei van zeegrassen vindt plaats langs de 

verticale en de horizontale assen van de plant. Als eerste is de regelmaat 

van de groei in de beide richtingen vastgesteld. Daarna is met behulp van 

merktechnieken de groeisnelheid in de twee richtingen gemeten. Uit het 

aantal nieuw gevormde overeenkomstige plantedelen en de verstreken tijd 

tussen het merken en het oogsten kon het Plastochron Interval (PI) voor dat 

deel van de plant berekend worden. Van de te onderscheiden plantedelen werd 

de biomassa bepaald. Vervolgens werd uit deze biomassa en het Plastochron 

Interval de produktie berekend. In beide typen zeegrasvelden werd gedurende 

een jaar de produktie gemeten bij de 7 voornoemde dominante soorten. 

In beide typen zeegrasvelden toonden de biomassawaarden gedurende het 

jaar geringe schommelingen. De produktie was gedurende het grootste deel van 

het jaar constant. Alleen in de overgangsperiode van de natte naar de droge 

moesson (maart-april) werd een stijging gemeten van de bladproduktie. Deze 

stijging valt samen met de hoogste gemeten watertemperatuur. De gemiddelde 

jaarlijkse PI bedroeg ca. 30 dagen voor het grootste zeegras (Enhalus 

acoroides) en 9-12 dagen voor de andere zeegrassoorten met platte, 

langwerpige bladeren. 

Om inzicht te krijgen in de betekenis van de algencomponent (macroalgen 

en epifyten) voor de produktie van de gehele zeegrasgemeenschap werden 

biomassagegevens verzameld. Uit deze waarden van de epifyten kon een 

berekening gemaakt worden van de produktie. De bijdrage van de epifyten aan 

de totale gemiddelde bovengrondse biomassa varieerde van 10-25%. De 

epifyten droegen 20-50% bij aan de totale bovengrondse produktie van de 

zeegrasgemeenschappen. 
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De macroalgen in een gemengd zeegrasveld vertoonden een duidelijk 

temporeel patroon wat de biomassa betreft. De biomassa was zeer klein 

gedurende de periode december-juni. Van juli tot december werd een bijdrage 

van 10-20% van de totale bovengrondse biomassa gemeten. 

In het algemeen kan gesteld worden dat het uitgevoerde lange termijn 

onderzoek, in twee typen zeegrasvelden, het dynamische karakter hiervan 

heeft aangetoond. De eensoortige zeegrasvelden blijken vaak tijdelijk en 

worden, bij een geschikte combinatie van factoren (o.a. waterdiepte, 

substraatkarakteristieken, e t c ) , binnengedrongen door andere 

zeegrassoorten. Wanneer de gemengde velden als een grote eenheid beschouwd 

worden, zijn deze homogeen in soortensamenstelling. Worden daarbinnen 

evenwel kleinere delen beschouwd, dan blijkt dat de soortensamenstelling 

sterk kan veranderen in de tijd. Vooral de soorten behorende tot de 

Cymodoceoideae vormen fronten die zich ten opzichte van elkaar verplaatsen. 

Thalassia hempri'chü is door zijn groeikarakteristiek (langzame groei en 

lange levensduur van het rhizoom) de meest constante soort. 

De gedetailleerde analyse van de groeipatronen van de zeegrassen tijdens 

dit onderzoek heeft een betrouwbare maat opgeleverd voor de meting van de 

totale produktie (boven- en ondergronds) van de planten. De aanleg van 

knopen op het rhizoom is gerelateerd aan het Plastochron Interval van de 

bladeren. Hierdoor zijn langdurige metingen mogelijk geworden. 

Van de totale produktie blijkt 60-90% bladmateriaal te zijn. De totale 

produktie van de bestudeerde zeegrassen varieerde, afhankelijk van de soort, 

de standplaats en de tijd van het jaar van 3 tot 9 g organisch materiaal per 

ra2 per dag. Deze waarden zijn in goede overeenstemming met de maximaal 

gemeten waarden in subtropische zeegrasvelden en komen ook overeen met de 

literatuurgegevens over het tropische deel van de Atlantische oceaan. 

Het onderzoek naar de macroalgen in zeegrasvelden, heeft een duidelijk 

verband aangetoond tussen het type substraat en de aanwezigheid en 

abundantie van macroalgen. De bijdrage van de macroalgen aan het 

zeegrassysteem wordt hierdoor sterk bepaald. 

De bijdrage van de epifytenflora aan de zeegrasgemeenschap is voor het eerst 

gemeten door toepassing van dezelfde methodieken, hetgeen onderling 

vergelijken vergemakkelijkt. Zowel structureel als funktioneel wordt de 

epifytengemeenschap vaak onderschat. Het blijkt duidelijk dat de 

algencomponent een belangrijke rol speelt binnen het zeegrasoecosysteem. 
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CURRICULA VITAE 

Francien Heijs werd geboren in de 
gemeente Mill en St. Hubert. In haar 
eerste levensjaar is zij al 
vertrokken naar Curacao, Nederlandse 
Antillen. Daar volgde zij het lager 
onderwijs en een groot deel van het 
middelbaar onderwijs. Het eindexamen 
HBS-b werd, na terugkeer in 
Nederland, behaald in Hengelo. In 
1971 werd begonnen met de studie 
Biologie te Nijmegen. 

Joop Brouns werd geboren te 
Roermond. Het lager onderwijs en de 
middelbare school werden daar 
gevolgd. Na beëindiging is hij in 
dienst getreden van het Centraal 
Laboratorium van DSM te Geleen waar 
gedurende 6 jaar aan research 
projecten werd meegewerkt. Daarop 
volgde een aanstelling bij AKZO. In 
1971 werd begonnen met de studie 
Biologie te Nijmegen. 

De samenwerking begon tijdens een eerstejaars cursus. Voor 
doctoraalexamens werden een bijvak en het hoofdvak gezamenlijk gedaan: 

de 

1. Hoofdvak, Aquatische Oecologie. De regeneratiecapaciteit van steenkoralen 
en de interactie tussen sessiele organismen en de koralen op het rif werden 
bestudeerd onder leiding van Dr. R.P.M. Bak (supervisie van Prof. Dr. C. 
den Hartog). Het onderzoek werd uitgevoerd op het Caraibisch Marien 
Biologisch Instituut (CARMABI) te Curacao. 

2. Bijvak, Dierfysiologie. De trimfunktie van de zwemblaas bij Embiotocidae 
vormde het onderwerp. Daarnaast werd deelgenomen aan het oecologisch 
onderzoek naar de vispopulaties en algenvegetaties van de Canadese 
westkust. De directe leiding berustte bij Prof. Dr. J. Mclnerney en de 
supervisie bij Prof. Dr. A.P. van Overbeeke. Het onderzoek vond plaats op 
het marien biologisch instituut van de vijf westelijke Universiteiten van 
Canada (Bamfield Marine Station, British Columbia). 

3. Bijvak. Het tweede bijvak werd verricht op de Afdeling Gynaecologie en 
Obstetrie van de Medische Faculteit. Dr. P.R. Hein en Prof. Dr. Т.К.A.B. 
Eskes hadden daarbij de leiding. Francien onderzocht de neurologische 
ontwikkeling bij 4 groepen pasgeborenen in relatie tot de zwangerschap en 
het barings verloop. Joop bestudeerde de beïnvloeding van de menstruele 
cyclus bij Rhesus apen door toediening van progesteron. 

Beiden assisteerden bij een aantal cursussen, daarnaast werd de onderwijs 
bevoegdheid behaald. De doctoraalexamens werden afgelegd in januari 1980. 

Op 1 juni 1980 werden zij aangesteld als Wetenschappelijk Medewerkers bij het 
Laboratorium voor Aquatische Oecologie van de Katholieke Universiteit te 
Nijmegen. Onder leiding van Prof. Dr. C. den Hartog werd een 
promotie-onderzoek verricht naar de "Structurele en funktionele aspecten van 
tropische zeegrasgemeenschappen", waarvan de resultaten in dit proefschrift 
zijn verwerkt. Het onderzoek, uitgevoerd te Port Moresby, Papoea Nieuw Guinea, 
werd mogelijk gemaakt door een subsidie van WOTRO. 

In 1984 namen beiden deel aan de Nederlands-Indonesische SNELLIUS-II 
expeditie. Francien inventariseerde, in samenwerking met het Rijksherbarium 
(Leiden), de algenpopulaties. Joop verzamelde vegetatiekundige gegevens van 
zeegrasvelden. 

Francien is momenteel werkzaam bij "Organon Teknika Nederland" als product 
marketing specialist voor diagnostica. 
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STELLINGEN 

I 

Men kan alleen van zeegras-specifieke epifyten spreken indien deze niet 
voorkomen op andere substrata in dezelfde omgeving 

II 

Het verdient aanbeveling om biomassa en produktiviteit van epifyten niet 
alleen uit te drukken in m2 bodemoppervlak, maar tevens in m2 substraat dat 
beschikbaar is voor vestiging 

III 

Bij projektfmanciering ten behoeve van regeneratie van oecosystemen is 
bescheidenheid in de verwachtingen op zijn plaats, gezien de lange 
ontwikkelmgsduur van dergelijke systemen 

IV 

Mede dankzij de veelzijdigheid van de opleiding biologie en de vele 
raakvlakken met andere disciplines vinden tamelijk veel biologen toch 
emplooi, zij het buiten hun specialisatie 

V 

Het welslagen van de doelstellingen van een expeditie staat of valt met de 
uitwerking van de verzamelde gegevens 

VI 

De steeds toenemende frequentie en/of intensiteit van grensoverschrijdende 
milieu-incidenten is niet alleen verontrustend vanwege hun korte en lange 
termijn effecten, maar des te meer vanwege de blijkbare politieke onmacht er 
adequaat iets aan te doen 

VII 

Het is opmerkelijk dat veel toonaangevende oecologen in Nederland geen 
oecologische opleiding hebben gehad 

VIII 

Organisaties die zich vrouw-vriendelijk presenteren, dienen de verleiding om 
dienstweigeraars aan te stellen te weerstaan 

F M L Heijs 

Nijmegen, 17 december 1986 





STELLINGEN 

I 

De aanwezigheid van predatoren kan, vooral in door macrofyten gedomineerde 
oecosystemen, niche-differentiatie tussen grootteklassen van een 
vis-populatie veroorzaken en zodoende een gunstig effect hebben op de 
populatie van de bejaagde soort als geheel. 

Werner, E E , Gilliam, J F., Hall, D.J and Hittelbach, 
G G., 1983 An experimental test of effects of prédation 
risk on habitat use m fish Ecology, 64. 1540-1548 

II 

In het plan "OOIEVAAR" wordt ten onrechte geen rekening gehouden met de 
invloed van zomer-overstromingen Broek et al hebben het negatieve effect 
daarvan op door Nymphaeiden gedomineerde systemen reeds aangetoond 

Broek, TCM, van der Velde, G. and van der Steeg, 
ff.H. . The effects of extreme water-level fluctuations 
on the wetland vegetation of a nymphaeid-dommated oxbow 
lake m the Netherlands In druk. 

Ill 

Aan de aan het agrarisch gebruik te onttrekken gronden zijn al vele 
bestemmingen toegedacht. Overwogen dient te worden in de eerste plaats de 
bebouwingsdichtheid in nieuwbouwwijken te verlagen teneinde de bioloog in de 
meeste mensen een kans te geven een eigen biocoenose te creëren 

IV 

Chronische belasting van ondiepe kustwateren in de vorm van eutrofiëring 
heeft dermate selectief stimulerende effecten op de primaire produktie dat 
dit een risico inhoudt voor het gehele systeem. 

V 

Bij het optreden van biologen in niet wetenschappelijke "praat-shows" dient 
kennis van zaken of een streven naar volledigheid een voorwaarde te zijn. 
Dit onverlet de vrijheid van meningsuiting die de afgelopen maanden reeds 
voldoende met voeten is getreden 

VI 

Indien het streven naar gelijkschakeling van de Nederlandse academische 
graden met die van Engelstalige landen voortduurt en de doctorstitel het 
equivalent wordt van de Ph D. zal de oplage van een dissertatie ook tot 5 
exemplaren beperkt kunnen worden 

VII 

Nadat de vrijheid van handelen van opvolgers verzekerd is, dienen leden van 
het wetenschappelijk corps die gedwongen met emeritaat of pensioen gaan, 
faciliteiten in de vorm van een (beperkt) budget en een kamer geboden te 
krijgen 



Vili 

De weigering van onze regering vn te stemmen met het ontwerpverdrag dat 
resulteerde uit de "Derde Zeerecht Conferentie" van de Verenigde Naties met 
als uitgangspunt "Gemeenschappelijk Erfdeel van de Mensheid" is gezien de 
traditie van ons land beschamend. 

Zie ook, J.Tinbergen, NRC-Handelsblad; 5 november 1986. 

IX 

Ter beperking van overlast is invoering van accijns op hondevoer wenselijk. 

X 

Het Nederlandse volk wordt geïnfantilibeerd door een kleine groep 
omroepbonzen. De daaraan verleende collaboratie door de 
volksvertegenwoordiging dient bee'indigd te worden. Ten onrechte wordt door 
beide groepen het alomtegonwoordige verlangen naar verbreding van kennis als 
niet ter zake doende beschouwd. 

XI 

Zelfs botanici kunnen van bloemen niet houden. 

J.J.W.M. Brouns 

Nijmegen, 17 december 1986 






