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ABSTRACT: Turbinaria ornata and Sargassum mangarevense are the most conspicuous macroalgal 
species that grow on the reefs of Tahiti and other high islands of French Polynesia. This study reports 
on a quantitative investigation of spatial and seasonal settlement efficiencies and dispersal distances 
for these 2 species in a coral reef habitat on Tahiti. Settlement patterns of germlings were observed in 
situ on settlement plates placed around parental thalli during 2 seasons (hot and cold). For both species, 
the dispersal of germlings was limited to within 90 cm of the parental thalli, and the greatest number of 
settled germlings was observed during the cold season. T ornata showed a higher attachment abihty 
and lower dispersal distances than S. mangarevense. A model of dispersal is suggested for the 2 spe- 
cies showing a decrease in germling number with distance from parental thalli. Dispersal of germlings 
appears to be influenced by the dominant current during their release. This short-distance dispersal 
allows rapid establishment and maintenance of local populations, and is consistent with the explana- 
tion of the metapopulation distribution of the 2 species. The 2 species did not release all oogonia pre- 
sent in their reproductive structures. T ornata had a stock of oogonia that varied seasonally (with low 
amounts during the hot season), whereas there was no seasonal variation in the oogonia stock of S. 
mangarevense. Recently, isolated atolls have been settled by T. ornata but not by S. mangarevense. It 
is proposed that the tendgncy for fertlle thalli of T ornata to float over long &stances, combined with 
its oogonia stock and hgher  settlement efficiencies, could account for its greater capacity to colonize 
new areas, as con~pared to S. mangarevense. 

KEY WORDS: Settlement efficiencies . Dispersal &stances . Oogonia stock . Spatial and seasonal 
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INTRODUCTION 

Coral reefs provide a highly specialized habitat in 
which benthic algae are abundant, and in many places 
dominant. In French Polynesia, Turbinaria ornata and 
Sargassum mangarevense, 2 brown macroalgae, have 
thrived on the reefs of high islands over the past 2 
decades (Payri & Naim 1982, Done et al. 1991). Since 
1985, only T. ornata has settled in the lagoons of atolls 
(Montaggioni et al. 1985, Payri & N'Yeurt 1997), de- 
monstrating that it has the ability to disperse over long 
distances. Some species appear to have 2 modes of dis- 
persal for habitat colonization (Santelices 1990), i.e. 
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short-distance dispersal of germlings released by at- 
tached thalli, and long-distance dispersal of germlings 
released by whole or partial thalli drifting over many 
kilometers (Morrissey 1985, Van den Hoek 1987, Kilar 
& Norris 1988, Norton 1992). The dispersal distance is 
known to be low for fucalean algae such as species of 
Sargassum (Fletcher & Fletcher 1975, Deysher & Nor- 
ton 1982, Critchley 1983, De Ruyter van Steveninck & 

Breeman 1987, Kendrick & Walker 1991) and Fucus 
(Menge et al. 1993). 

In the present study, the short-distance dispersal was 
investigated for Turbinaria ornata and Sargassum man- 
garevense. These 2 species are able to produce and re- 
lease sperm and eggs throughout the year ulth minor 
spatial and temporal variations (Stiger & Payri 1999). 
Hence they are in direct competition for space with 
other benthic organisms such as corals, which broad- 
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cast their gametes or larvae seasonally (Jardin 1994). 
The colonization of new substrata is the most funda- 
mental process in the life history of attached benthic or- 
ganisms. Hence a better understanding of colonization 
will lead to a better understanding of patch size, distrib- 
ution and invasive tendencies of benthic marine algae. 

Previous measurements of dispersal have not consid- 
ered the fertility of the parent plants and the losses 
incurred during dispersal, as it is difficult to recognize 
the source of the germlings. Here we identify the 
germlings by staining them at their source and we esti- 
mate dispersal directly from parent thalli using settle- 
ment plates in the field. Spatial and seasonal variations 
in settlement efficiencies and dispersal distances of 
gerrnlings were investigated in order to propose a dis- 
persal model for both species. The efficiency of repro- 
duction was estimated by determining: (1) the ratio of 
germlings produced to germlings released by parent 
thalli, and (2) the losses during dispersal in relation to 
the fertility of parent thalli before and after dispersal. A 
better understanding of the settlement of these 2 algae 
will lead to possible future management of popu- 
la t ion~.  

MATERIALS AND METHODS 

The study was conducted on the Taapuna barrier reef 
on the northwest coast of Tahiti, French Polynesia 
(Fig. 1A). The reef site spreads over 500 m from the reef 
margin and consists of a relatively deep area, 2.5 m 
average depth, where coral colonies are well devel- 
oped and scattered amongst coralline sand accumula- 
tions, as described previously by Stiger & Payri (1999). 

Experimental design. Experiments were carried out 
between December 1995 and April 1996 (hot season), 
and in July 1996 (cold season), to test for seasonal vari- 
ation in dispersal. Two experimental setups were fixed 
on the flat upper part of 2 dead coral colonies of more 
than 4 m*, located on the internal reef flat: about 10 m 
(Cl )  and 50 m (C2) from the margin of a channel 
(Fig. 1B). The setups consisted of ceramic tiles laid out 
approximately parallel (W to E) and perpendicular 
( N  to S) to the water current direction. Generally the 
water circulation at the study site occurs from the 
ocean towards the shore (Fig. 1B); however, depending 
on the wind regime this situation can sometimes be 
reversed (Lenhardt 1991). The 2 experimental setups 
were approximately 50 m apart (Fig. 1C) and perma- 
nently submerged, even during low tides, and they 
were carried out at the same times. Each experimental 
setup had 4 sets of 5 settlement tiles (0.3 X 0.3 m) 
arranged in a cross (Fig. 2A).  Each arm of the cross was 
composed of 3 contiguous tiles located towards the 
middle of the setup, covering a distance of 0.9 m, and 
2 tiles placed 2 m from the middle of the setup. Each 
tile was divided into 169 small squares to facllitate the 
counting of settled germlings (Fig. 2B). The roughness 
of the ceramic tiles is similar to coral surfaces and pro- 
vides an inert texture with presumably no negative 
impact on germling settlement. The ceramlc tiles were 
brushed and cleared of epiphytes before each experi- 
ment and fixed with nails on the coral colonies after all 
the fucalean algae were removed around the setup. 

Staining of germlings. Germlings were stained with 
Toluidine Blue while they were still attached to parent 
thalli, as described in Kendrick & Walker (1991). Stiger 
(1997) has shown that staining has no effect on release 

and dispersal of germlings. In order to 

Nonh 

South 

Shore 

recover enough germlings following 
staining, approximately 70 to 80 fe- 
male thalli in Turbinaria ornata and 80 
to 120 mature laterals in Sargassum 
mangarevense were stained (Table 1). 
All thalli were of similar mean size (19 
to 20 cm for the 2 species), and over 
50°& of the thalli had visible oogonia 
attached at the surface of the concep- 
tacles. Staining was done in th.e field 
in a 1.arge bin of 0.05 % Toluidine Blue 
in seawater for 1 to 2 h. Stained thalli 
were then tied to stakes with soft wires 
and fixed in the center part of each 
experimental setup. Four to 5 d later, 
the settlement plates were collected, I) Watcr current 
and stained germlings were counted 

Fig. 1. The study site. (A) Map of Tahiti island. (B) Localization of the study area within each grid of the (Fig. 2B) 
on, the inner barrier reef. ( C )  Disposition of the 2 setups on the study area. and mapped ln a matrix of coordinates 

RC. reef crest. BR: barrier reef. C1 and C2 are the 2 setups in the field. 
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Table 1 Number of individuals collected at each sampllng 
date in Turbinaria ornata and Sargassum mangarevense 

Species Date of Number of 
sampling individuals 

Turbjnafia ornata Dec 1995 7 0 
Feb 1996 80 
Jul 1996 80 

Sargassurn rnangarevense Mar 1996 80 
Apr 1996 100 
Ju1 1996 120 

Settlement and dispersal patterns. Settlement effi- 
ciency and dispersal distances were investigated in 
Turbinaria ornata and Sargassum mangarevense in 
separate experiments. Settlement efficiency was mea- 
sured as the number of stained germlings attached to 
the ceramic tiles per unit area (m2) and divided by the 
number of receptacles estimated in the bundle of 
stained thalli used in the setup. Settlement efficiencies 
were determined for each direction in each setup. Dis- 
persal distance was measured as distance traveled by 
germlings from the parent thalli. 

For a given direction, the 3 contiguous tiles were 
stratified, with the number of attached germlings as a 
stratifying variable, considering preliminary results on 
distance variation in germlings density after dispersal. 

Table 2. Distances and sampling areas used for the measure- 
ment of dispersal distance in Turblnana ornata and Sargas- 

sum mangarevense 

Turbinaria ornata 
Distance Sampling area 

(m) (mZ) 

I Sta~ned thalli I 1 4 1 Sampled areas I 

Sargassum mangarevense 
Distance Sampling area 

(m) (mZ) 

0.046 0.0139 
0.092 0.0139 
0.162 0.0208 
0.254 0.0277 
0.485 0.0692 
0.900 0.1246 
2.000 0.1800 

Within each stratum, the mean number of germlings 
was determined, and for the 4 directions the same 
strata were considered throughout the study for a 
given species to carry out all statistical comparisons. 
Stratification limits were determined for each species 
and the dispersal distance corresponded to the upper 
limit of each stratum (Table 2) .  Stained germlings were 
hence counted on each tile over an increasing area in 
relation to the distance from the parent thalli, taking 
into account the phenomenon of dilution. 

Spatial and seasonal variations in settlement and dis- 
persal were determined from the data provided respec- 
tively with the 2 setups (C1 and C2) and the 2 seasons. 

The experiment was run 2 times during 
the hot season and only 1 time during the 
cold season. Indeed, algae did not liber- 
ate their gametes after July 1996 because 
of the absence of low tides, due to a low- 
pressure weather system on Tahiti. 

Using the software 'Super Anova for 
Macintosh', 3-way ANOVA tests were 
performed on the number of germlings 
attached m-2 receptacle-' (dependent 
variable) with: (1) factor 'setup' to show 
spatial patterns, (2) factor 'season' to 
show temporal patterns, and (3) 'disper- 
sal distance' to show exactly how far 
germlings settled from parent thalli. No 
germling was found attached to the tiles 
placed 2 m from the parent thalli. This 
stratum was thus not included in com- 
parisons applying ANOVA (homogene- 
ity of variances). Tukey's pairwise com- 
parisons were carried out in order to 
compare dispersal distances and to con- 
stitute homogeneous groups. 

Dispersal model. Spatial and tempo- 
ral variability of settlement efficiencies 
of germlings were integrated in a gen- 
eral model describing the dispersal pat- 

Fig. 2. Experimental design of the dispersal distances of Turbinaria ornata and 
Sargassum mangarevense. (A) Schematic design of 1 setup with cardinal 
directions (W, N, E and S). (B) Detail of 1 ceramic tile. (C) Sampling design; 

A: real area colonized by gerrnlings. As: real area sampled 
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terns of the 2 species. The sampling scale is the square 
size unit within the settlement tiles. For the nj  squares, 
the attached germlings were counted and the number 
of germlings per line was used to construct an X-y ma- 
trix, as proposed by He et al. (1996), where X and Y 
represent the centered geographical coordinates of 
each line in the measurement setup. Equating of each 
relationship was carried out using a multiple regres- 
sion model, where the dependent variable was the 
number of settled germlings m-2 receptacle-'. A multi- 
ple correlation coefficient, R', was calculated to indi- 
cate the proportion of the variation in the number of 
germlings explained by the model. The dispersal of 
germlings was not homogeneous around parent thalli, 
and a multiple regression model was proposed for each 
direction; the number of attached germlings was a 
function of the distance from parent thalli (X or Y ac- 
cording to the direction being looked at). The number 
of attached germlings was included into a polynomial 
equation acc0rdin.g to the direction being considered: 

Density = aX + b X 2  + cX3 + . . .+ K 
or 

Density = a Y  + h Y 2  + cY3 + ...+ K 

with K, the constant. 
Beforehand, equation coefficients for which contri- 

bution was insignificant (p > 0.05) were eliminated. We 
used data from tiles located 2 m from the parent thalli, 
even though no germlings were ever found attached to 
settlement plates at that distance. Variation in the 
number of attached germlings with respect to distance 
from the parent thalli was represented as a 3-dimen- 
sional graph symbolizing the experimental setup. 

Fertility before and after dispersal. We attempted to 
quantify parameters of the equation: 

Fbd= Nt+ Fad + L (3) 

where Fbd is the fertility before dispersal, Nt is the total 
number of attached gennlings, Fad is the fertility after 
dispersal, and L is the loss of germlings during dispersal. 

Fertility before and after dispersal (Fbd and Fad): 
Before and after each experiment, batches of female 
individuals (Turbinaria ornata) or mature laterals (Sar- 
gassum mangarevense) were collected and examined 
to obtain the mean number of oogonia per individual, 
using the method described by Stiger & Payri (1999). 
The oogonia in 5 non-stained thalli collected near the 
experimental setups were counted to assess Fbd. The 
oogonia in 5 stained thalli taken from the parental 
thalh in the setup were counted to assess Fad. This 
allowed an assessment of any variations linked to 
transplantation and staining. 

Total number o f  attached germlings (Nt): In our 
experiments, germl~ngs were released in all directions 
and settled within a radius of 0.9 m (Fig. 2C). The num- 

ber of attached germlings (Nf) for a given direction 
was estimated using the formula: 

where A is the total area colonized by the germlings, 
X is the number of germlings counted per direction and 
As is the area sampled in our study (Fig. 2C). The total 
number of attached gerrnlings around the parent thalli 
(Nt) was obtained by adding the Nf values for each of 
the 4 directions. 

Loss of germlings during dispersal (L): The number 
of gerrnlings lost during dispersal was calculated as: 
L = Fbd - Fad - Nt (from Eq. 3 above). 

RESULTS 

Settlement efficiencies and dispersal distances 

Spatial variations 

The gerrnlings of the 2 species settled within 0.9 m of 
parent plants in the 2 setups (Fig. 3). For Turbinaria or- 
nata, the greater number of germlings dispersed over a 
distance of 0.18 m from parent thalli, then settlement 
density declined gradually with distance (Fig. 3A). Dis- 
persal distances had a significant effect (p = 0.0001; 
Tukey's pairwise comparisons) on the variabihty of the 
number of gerrnlings m-2 receptacle-' (+SE), while the 
location of the setup did not affect the density of the 
germlings (p = 0.0395). The mean settlement efficiency 
was 2.717 (k0.251) for setup C1 and 2.709 (k0.182) for 
setup C2. Even though differences in dispersal dis- 
tance were recorded between the 2 setups, they were 
not caused by the setup itself (p = 0.1320). 

The pattern of dispersal for Sargassum mangare- 
vense was significantly affected by the setup and the 
dispersal distance (p = 0.0001). Moreover, there was 
a significant interaction between these 2 factors 
(p = 0.0032). At the 5% significance level (Tukey's 
pairwise comparisons), the mean settlement efficiency 
was significantly higher in C1 (0.308 + 0.025 germlings 
m-2 receptacle-') than in C2 (0.190 k 0.013). On Cl ,  the 
greatest density of germlings occurred between 0.09 
and 0.25 m from their source (Fig. 3B); beyond 0.25 m 
the settlement declined with distance (Fig. 3B). On C2, 
the highest number of germlings was observed at a 
distance of 0.09 m from the parent thalli. Thereafter, 
the number of attached gerrnlings decreased. Thus, 
the 2 species were significantly different in their dis- 
persal patterns. Turbinaria ornata had shorter disper- 
sal distances which did not vary with environmental 
conditions, and S ,  mangarevense had variable disper- 
sal distances which varied over time. The differences 



Stiger & Payri: Settlement patterns of brown macroalgae 95 

- - - - - - -  

0.09 0 18 0.32 0 48 0 67 0 90 

Distance of dispersal (m) 

0.05 1 16  0 25 1: 4 "  0.90 

Distance of' dispersal (m) 

Fig. 3.  Effect of setup on vanations of the number of germhngs m-' receptacle-' with distance (m) from the parent thalli of 
(A) Turbinaria ornata and (B) Sargassum mangarevense. C1 and C2 represent the 2 different setups 

in the dispersal distances in C1 and C2 may be related 
to the stronger water currents in C l .  

Seasonal variations 

The settlement efficiency and dispersal pattern of 
Turbinaria ornata germlings showed significant sea- 
sonal variation (p = 0.0001, Fig. 4A). Settlement effi- 
ciency was higher during the cold season; signifi- 
cantly more gerrnlings settled during the cold season 
(5.268 + 0.404 germlings m-2 receptacle-') than during 
the hot season (1.436 + 0.074). The hot season study 
showed the highest germling settlement at a distance 
of 0.18 m from the parent thalli, whereas gerrnling dis- 
persal was Lirmted to within 0.18 m during the cold sea- 
son. In both seasons, germling density declined with 
distance beyond 0.18 m. 

0.18 0 3 2  0.48 0.67 0.90 

Distance of dispersal (m) 

The settlement efficiency and dispersal pattern of 
Sargassum mangarevense germlings also differed sig- 
nificantly with season (p  = 0.0001, Fig. 4B). Settlement 
efficiency was slightly higher during the cold season 
than during the hot season (0.297 k 0.025 and 0.225 
+ 0.017 germlings m-' receptacle-', respectively). Dis- 
persal distance was greater during the hot season, 
when germlings settled between 0.09 and 0.49 m from 
parent thalli. During the cold season, germling settle- 
ment occurred mainly within 0.16 m from the parent 
(Fig. 4B). 

Hence, for both species, more germlings settled dur- 
ing the cold season and dispersal distances were 
greater during the hot season. Using the ratio between 
the number of attached germlings and the number of 
thalli as a measure of reproductive efficiency, Turbina- 
ria ornata appears to have a higher attaching ability 
than Sargassum mangarevense. 
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Fig 4.  Effect of season on the variations of the number of germlings m-2 receptacle-' with distance (m) from the parent thalli of 
(A) Turbinaria ornata and (B)  Sargassum mangarevense 
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L 

D~recrion of the maln cumnt 

Dispersal model 

Variation in the number of settled germ- 
lings as a function of distance was modeled 
for the 2 species using polynomial equations 
(Table 3). The number of germlings m-2 
receptacle-' was different according to the 
direction of the setup and to the distance 
from the parent thalli (symbolized by the 
middle of Fig. 5). 

From predicted values, 54.6% of Turbina- 
ria ornata germlings dispersed mainly in a 
southerly direction (Fig. 5A). Directions 
west (i.e. towards the ocean) and east 
(i.e. shoreward) added up to a lower total 
number of settled gerrnlings than south 
(14.7 and 22%,  respectively). Finally, few 
germlings attached in the north direction 
(8.7 %). T. ornafa germlings generally at- 
tached near the base of the parent thalli 
and their number decreased with distance, 
but differently according to direction. For , 1.5 

the direction west, the decrease took place $ - 
rapidly: no germling was found at a dis- 2 
tance of 0.50 m from the parent thalli. For g I 

the 3 other directions, germlings dispersed 
to a distance of 0.90 m. For the direction $ 
east, values did not fit correctly to the pro- 2 0.5 

posed model (R2 = 0.587, Table 3A). For the 2 
direction south, a rise was noted in 
germling settlement at a distance of 0.90 m 
from the parent thalli, showing that the 
model did not properly fit the data col- 
lected. 

Sargassum mangarevense germlings at- 
tached mainly in direction west, totaling 
31.1% of all germlings attached in the 

W 
setup (Fig. 5B). For the 3 other directions, D ~ r e c i l o n  of'the rnaln current 
germlings attached themselves more homo- 

geneously; 21.1 % in north, 23.8% east, Fig. 5. Variations of the number of germlings m-' receptacle-' with dis- 
and 24 % south direction. The highest sett- tance and direction from the parent thalli in (A) Turbinana ornata and 
lement efficiency was observed at the base (B) Sargassum mangarevense 

of the parent thalli, i.e. at a distance of 
0.02 m. The number of attached germlings 
decreased differently according to the direction 
being considered. For north direction, gerrnlings had 
a higher dispersal distance compared to the other 3 
directions. Some germlings were found attached at a 
distance of 0.90 m in all directions, but only very 
few. The direction south showed a new rise in the 
number of germlings, as seen in T ornata for the 
same direction. Here again, the model did not seem 
to fit perfectly with the data obtained, since no 
gerrnlings were found on tiles placed 2 m from the 
parent thalli (R2 = 0.759, Table 3B). 

Efficiency of germling establishment 

Germlings found on the settlement plates represent a 
small proportion of the total number released by parent 
thalli in the experiments. I t  is estimated that only 0.004 
and 0.003 % of Turbinana ornata germlings were re- 
covered in December 1995 and February 1996, respec- 
tively (Table 4A). Indeed, in December 1995, losses 
were similar between stained and unstained thalli (72.9 
and 64.3 %) which indicates similar environmental con- 
ditions for the 2 kinds of thalli. Thalli did not release all 
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Table 3. Model of polynomial regression between the number of attached For Sargassum mangarevense, the 
germlings and the distance from the parent thalli, in the system of coordinates percentage of settled germlings was 
X and Y, for each sampled direction. ( A )  Turbinana ornata, (B) Sargassurn low (0,003 and did not vary through- 

mangarevense. N = north, S = south 
out the study period (Table 4B) .  Even 

Direction Variable t-test - - Multiple regression 
Coefficient t-value p R P 

(A) Turbinaria ornata 

N Y -0.028 8.357 0.0001 0.723 0.0001 
Y2 0.0001 5.346 0.0001 

Constant 1.697 

0 (=Ocean) X -0.127 6.276 0.0001 0.811 0.0001 
Xz 0.001 3.915 0.0004 
X3 -0.000003 3.096 0.0038 

Constant 4.33 

S Y -0.225 6.388 0.0001 0.866 0.0001 
Y 2  0.002 3.403 0.0016 
y3 -0.0000045 2 427 0.0204 

Constant 9.141 

E (= Shore) X -0.044 6.609 0 0001 0.587 0.0001 
X3 0.00000065 3.381 0 0017 

Constant 3.739 

(B) Sargassum rnangarevense 

N YZ -0 000056 7 32 0.0001 0.734 0.0001 
Y3 0 00000024 8.717 0.0001 

Constant 0.326 

0 (= Ocean) X -0.027 5.789 0.0001 0.834 0.0001 
X2 0.00022 3.161 0.0032 
x3 -0.00000057 2.279 0.0287 

Constant 1.047 

S Y -0.015 7.247 0.0001 0.824 0.0001 
Y 0.00016 4.985 0.0001 
y3 -0.00000049 4.298 0.0001 

Constant 0.58 

E (= Shore) X -0.008 8.733 0.0001 0.759 0.0001 
X2 0.000026 5.19 0.0001 

Constant 0.537 

their oogonia; after dispersal 27.1 and 35.7 % of oogonia 
were still present in receptacles on stained and un- 
stained thalli, respectively. In February 1996, the per- 
centage of settled germlings (0.003 %) was comparable 
to that obtained the previous month (0.004 %). Losses 
were nevertheless more important: 88.9% for stained 
and reference thalli. The fertility after dispersal was 
lower than the previous month in both batches (11.1 %). 
During the cold season, germling settlement was 10 
times greater (0.0340/0) than during the hot season 
(0.003 and 0.004 %). Losses were lower: i.e. 15.6 % for 
reference thalli and 43.4 % for stained thalli. Following 
dispersal, thalli showed a more important fertility than 
during the hot season. Indeed, 56.6% of oogonia in 
stained thalli and 84.4 % in reference thalli were not re- 
leased. T ornata had the largest stock of oogonia dur- 
ing the cold season. We conclude that seasonal varia- 
tion exists in T ornata oogonia stock. 

. - 
though the comparison between the 
stained lateral and reference batches 
was difficult, a weak release and loss 
of oogonia (around 0.9%) was noticed 
in April 1996. In March and July 1996, 
both stained laterals and reference lat- 
erals released, and kept in store, simi- 
lar amounts of oogonia. We conclude 
that there is no seasonal variation in 
oogonia production, germling settle- 
ment and oogonia stock in S. manga- 
revense. 

DISCUSSION 

Our results show that germlings 
released by Turbinaria ornata and Sar- 
gassum mangarevense disperse pas- 
sively and settle close to the parent 
thalli. These results are consistent with 
those of prior studies, which suggest 
that for numerous perennial brown 
algae, dispersal is limited to a few 
meters from the parent thalli (And- 
erson & North 1966, Dayton 1973, 
Deysher & Norton 1982, De Ruyter van 
Steveninck & Breeman 1987, Reed et 
al. 1988, Kendrick & Walker 1991, 
Norton 1992). This has also been 
found for some red algae (Destombe et 
al. 1992, Menge et al. 1993) and sea- 
grasses (Orth et al. 1994). In these stu- 

dies, the dispersal distances of germlings were depen- 
dent on 3 main factors: (1) the mass of the germling, 
(2 )  the current velocity, and (3) the size of the parent 
thalli. 

Germling mass. The short dispersal distance ob- 
served in both species was mainly linked to the falling 
velocity (sedimentation velocity) of the germling, 
which is a factor of its size at  the time of its release into 
the environment (Norton & Fetter 1981). In our study, 
germlings were released at an advanced multicellular 
stage and had several rhizoidal buds, which leads to a 
more rapid sedimentation (Deysher & Norton 1982, 
Reed et al. 1988). We also noted that germlings of Sar- 
gassum mangarevense showed higher dispersal dis- 
tances than those of Turbinaria ornata. This may be 
due to the smaller size of the germlings of S,  man- 
garevense (305 pm) in comparison with germlings of T. 
ornata (513 pm) (Stiger 1997). 
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Table 4. Comparison of fertility and losses between stained 
and control (not s taned)  (A) individuals of Turbinana ornata 
and (B) laterals of Sargassum mangarevense. Nt: total num- 
ber of attached germlings (in %). L: loss during dispersal 
(in %). Fad: fertility after the dispersion of germhgs .  The 

fertility before dispersion (Fbd) was 100% 

Month Parameter % of stained 
individuals 

% of control 
individuals 

(A) Turbinana ornata 

Dec 1995 Nt 
L 

Fad 

Feb 1996 Nt 
L 

Fad 

Nt 
L 

Fad 

Jul 1996 

(B) Sargassum mangarevense 

Mar 1996 Nt 
L 

Fad 

Apr 1996 Nt 
L 

Fad 

Ju1 1996 Nt 
L 

Fad 

Velocity. We have shown spatial and temporal varia- 
tions in dispersal distances and directions. Indeed, 
germling dispersal was passive and relative to the 
force and the direction of ocean currents at the 
moment of their release, as shown by Norton & Fetter 
(1981), Deysher & Norton (1982), Reed et al. (1988) and 
Richards et al. (1995). Our study did not include data 
on current velocity, but we can assume that the current 
changed in speed and direction between the several 
periods of germling release. Without current, germ- 
lings fall directly below receptacles of the parent thalh, 
as shown by experiments in culture of receptacles 
(Stiger 1997). In the natural environment, dispersal 
distances vary according to local current but remain 
within a meter of the parent thalli. Dispersal can also 
be made easier during storms, since horizontal trans- 
port also depend on resuspension, current speed and 
sedimentation efficiency (Reed et al. 1988). Our results 
show that the distribution in Turbinana ornata and 
Sargassum mangarevense germlings was not homoge- 
neous around parent thalli; settlement efficiency was 
higher in the direction of the dominant current. The 2 
measurement setups were placed in an area subjected 
to the action of currents from the reef crest (ocean) and 
drainage channel. The variations recorded in our study 

testified to water mass circulation. Moreover, the spa- 
tial variations in settlement efficiency of germlings 
may have resulted from the difference in environmen- 
tal (hydrological) conditions between the 2 experimen- 
tal setups. Indeed, the 2 coral colonies were subject to 
the combined action of waters from the reef crest 
(ocean) and channel to different extents. The strength 
of water movement could lead to a wide dispersal of 
germlings via horizontal motion through the water col- 
umn. In this respect, our data differed from that 
obtained in S. spinuligerum by Kendnck & Walker 
(1991), who showed an even distribution of germlings 
around their source. In that latter study, the authors 
worked on subtidal populations (6 m depth) where 
hydrodynamic conditions were more stable than those 
at our shallow subtidal study sites. The observed sea- 
sonal differences and observed differences between 
species could simply represent differences in current 
strengths at the time the experiments were conducted. 

Parent thalli size. Norton (1992) has shown that the 
size of indviduals releasing germlings, and in particu- 
lar the location of the receptacles in relation to the base 
of the thallus, plays a role in the dispersal distance of 
germlings. However, in our study all the parental thalli 
were approximatively the same size. Consequently, we 
can assume that dispersal distance could increase with 
individuals of a larger size. Similarly, the height differ- 
ence between the parent thalli and the surface where 
germlings attach themselves could be a factor influ- 
encing settlement efficiency and dispersal distance. 

The modeling of dispersal has enabled us to demon- 
strate a polynomial relationship between the number 
of attached gerrnlings and dispersal distance. Indeed 
the settlement efficiency was greatest close to the par- 
ent thalli, and progressively decreased with distance. 
The pattern of dispersal for the fucalean algae Tur- 
binaria ornata and Sargassum mangarevense is com- 
parable to other dispersal models of algal diaspores 
(Hoffmann 1987, Reed et al. 1988,1992). These models 
can be compared to those of terrestrial plant spore or 
pollen release (Okubo & Levin 1989, Ribbens et al. 
1994), except that the distances vary from meters in 
algae to kilometers in terrestrial plants. 

Differences were noted between the 2 species: the 
settlement efficiency was higher for germlings of 
Turbinana ornata. Afterwards, the dispersal distances 
were higher for the germlings of Sargassum man- 
garevense. 

From an ecological perspective, this localized disper- 
sal mode can explain the gregarious recruitment which 
gives rise to populations with contagious distributions. 
This short-distance dispersal suggests that the popula- 
tion dynamics of Turbinana ornata and Sargassum 
mangarevense followed a metapopulation model (De- 
stombe et al. 1992, Orth et al. 1994), i.e. 'a population 
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structured in distinct units separated by geographical 
barriers and 'that breed and evolve sufficiently inde- 
pendent of each other and where migration rates are 
not very high' (Destombe et al. 1992). Localized disper- 
sal guarantees the settlement of large numbers of 
germlings in an environment without variations with 
respect to the parent thalli, where mortality is reduced, 
and which represents the ideal conditions to ensure 
their growth. Nevertheless, the major drawbacks in the 
dispersal model close to the parent thalli can be ex- 
plained by the mechanical action of the parent thalli 
moved by the current, the reduction in light intensity 
and the competition for space among germlings (Kirk- 
man 1981, Deysher & Norton 1982, Reed & Foster 1984, 
Vadas et al. 1992). These negative factors are offset by 
high germling production, the oogonia stock and the 
high settlement efficiency of germlings, which could 
explain the invasion of an area by these 2 species. As 
soon as a thallus matures it quickly produces around it 
a population which in turn can spread if substratum is 
available. 

Efficient colonization by benthic algae represents a 
major risk for other benthic organisms such as corals. 
The exclusion of the latter by competition for space 
between algal germlings and coral larvae is a likely 
hypothesis, considering that the production of coral 
gametes is usually reduced to a single season (Simpson 
1985, Stoddart & Black 1985, Wallace 1985, Kojis 1986) 
and in particular for those of French Polynesia (Jardin 
1994). Gleason (1996) has shown that a dense cover of 
algae, particularly Turbinaria ornata, reduces coral 
recruitment. 

The relatively short dispersal of germlings (marginal 
spread, Farnham 1980) might lead to reproductive iso- 
lation of populations. However, dislodgement of entire 
plants or breakage of portions is common, and these 
thalli have been observed drifting for long distances. 
This long-distance transport (remote dispersal) of fertile 
thalli may account for the arrival of germlings at new, 
more distant sites. The remote dispersal hypothesis is 
suggested to explain the settlement of Turbinaria or- 
nata in different atolls of the Tuamotu archipelago. The 
dispersal of T. ornata, therefore, involves both the 
short-distance dispersal of spores and the long-distance 
dispersal of fertile thalli. In contrast, Sargassum man- 
garevense has not settled in the atolls of the Tuamotu. 
Its absence could be due to the fact that its thalli de- 
grade faster than those of T, ornata (V. Stiger pers. 
obs.), probably because they are softer and undergo 
faster bacterial destruction (E. Deslandes pers. comnl.), 
and hence do not float in the water column long enough 
to carry their stock of germlings to distant sites. These 
factors, along with the low settlement efficiencies 
recorded in the present study, might explain the ab- 
sence of S. mangarevense from these atolls to date. 

Long distance dispersal has been shown to be impor- 
tant in the geographical extension of marine algae 
(Farnham 1980) and will be investigated in further 
studies on fucales populations in French Polynesia. 
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