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Appendix 1  Table and figures showing the results of other simulations scenarios 1 

To evaluate the effects of the spatio-temporal SG pattern of diaspores, we ran the 2 

simulation under different scenarios in terms of SG change in space and time of a diaspore. 3 

For the spatial pattern, we assumed two alternative conditions: (a) that the detachment points 4 

of diaspores along the river corresponded to those where the diaspore was collected; or (b) 5 

that the detachment points were randomly assigned to each diaspore from amongst the 35 6 

parent tree positions for each species. As for the temporal pattern, we assumed four 7 

alternative conditions: (c) that the SG of a diaspore changed according to the averaged rate 8 

observed for the 72-h experiments, irrespective of treatment; (d) that the SG of a diaspore 9 

changed according to the observed dependency on initial SG; (e) that the SG of a diaspore 10 

changed according to the SG of water that each diaspore experienced at each step; and (f) that 11 

the SG of a diaspora did not change temporally. By combining spatial and temporal 12 

conditions, we ran eight scenarios for each diaspora species, however, in the main text, we 13 

only report results for the observed spatio-temporal scenario (i.e., the combination of a and c 14 

above) and the constant scenario (i.e., the combination of a and f above). For the parameters 15 

of condition c, we used the observed values recorded in the exposure experiment: R. stylosa 16 

lost its SG in the first 6 h (mean: −8.2819E-3, standard deviation (sd): 1.6485E-2) and then 17 

regained SG gradually with time (mean 9.8263E-4, sd: 1.8053E-3), while B. gymnorrhiza 18 

gradually lost its SG with time (mean of SG change: −3.1732E-3, sd: 2.4109E-3). The 19 
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regression coefficients estimated in Table 2 were used to parameterize the mean rate of 20 

change of SG of R. stylosa and B. gymnorrhiza diaspores at every step, under temporal 21 

conditions of initial SG dependency and water SG dependency (i.e. under conditions d and e 22 

above). In the simulation, diaspore SG was limited to values between 0.98 and 1.02 because 23 

outside this range diaspores either float or sink irrespective of water SG. 24 

Calculations showed that the diaspores of R. stylosa exceeded the upper SG limit of 25 

1.02 after 300 h elapsed time, while those of B. gymnorrhiza dropped their SG below the 26 

lower limit of 0.98 after 100 h elapsed time (Fig. A2). The specific gravity of the surrounding 27 

water fluctuated according to the tidal movement in each simulated season (June for R. 28 

stylosa and February for B. gymnorrhiza), indicating that B. gymnorrhiza experienced higher 29 

salinity than R. stylosa (Fig. A2). The simulation demonstrated that the diaspores of B. 30 

gymnorrhiza tended to float upstream farther than those of R. stylosa (Fig. A2 and 4). Under 31 

the observed scenario, the variance of dispersal distances from the detachment points was 32 

larger in B. gymnorrhiza than in R. stylosa (Fig. A2).  33 

The spatial position of detachment was not correlated with diaspora dispersal 34 

distance for either species (Table A2). In contrast, changing patterns in the SG of a diaspore 35 

clearly affected their dispersal patterns (Table A2, Fig. 4). Simulation under the constant 36 

scenario showed that R. stylosa tended to move upstream while B. gymnorrhiza tended to 37 

remain at the detachment positions (Fig. 4). Dispersal patterns from simulations under 38 
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scenario d (in which heavier diaspores increased SG faster in B. gymnorrhiza than in R. 39 

stylosa) did not differ from those obtained under scenario c for B. gymnorrhiza, but did so for 40 

R. stylosa, as upstream dispersal increased significantly (Table A2). Dispersal patterns from 41 

simulations under scenario e (i.e., the SG of diaspores changed in response to the salinity of 42 

the surrounding water) did not differ to those from scenario c for B. gymnorrhiza , but again 43 

revealed more upstream dispersal for R. stylosa, when compared with scenario c (Table A2). 44 

 45 

Figure A2. Summary of simulation results for Rhizophora stylosa and Bruguiera 46 

gymnorrhiza.47 



4 
 

Table A2. Effects of simulation settings of spatial and temporal change in diaspore specific 48 

gravity (SG) on simulated distance diaspores dispersed from the detached point. For position, 49 

the initial detachment point condition (i.e., condition a) is the baseline. For SG change, 50 

averaged observed change of SG (i.e., condition c) is the baseline.  51 

   
Estimate SE t-value p value 

R. stylosa 
    

 
Intercept 330.7 24.66 13.409 

 

 
Position  (p = 0.195; F-statistics) 

   

 
(b) random -28.59 22.06 -1.296 0.195 

 
SG change  (p < 0.0001; F-statistics) 

  

 
(d) initial SG depend 254.91 31.2 8.171 < 0.0001 

 
(e) water SG depend 230.97 31.2 7.404 < 0.0001 

 (f) constant 1103.89 31.2 35.386 < 0.0001 

B. gymnorrhiza 
    

 
Intercept 1386.024 43.18 32.099 

 

 
Position  (p = 0.892; F-statistics) 

   

 
(b) random -5.24 38.621 -0.136 0.892 

 
SG change  (p < 0.0001; F-statistics) 

  

 
(d) initial SG depend -19.792 54.619 -0.362 0.887 

 
(e) water SG depend -7.732 54.619 -0.142 0.717 

 (f) constant -1336.685 54.619 -24.473 < 0.0001 

 52 

  53 
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Appendix 2 Figures showing the relationship between weight and volume change of 54 

diaspores. 55 

In Bruguiera gymnorrhiza, we observed a negative relationship between initial specific 56 

gravity (SG) of diaspores and volume (Fig. A3-1), and also observed that that species tended 57 

to supply diaspores of larger volume size in accordance with moving upstream. During the 58 

submerged treatments, diaspores of Rhizophora stylosa lost their volume and weight under 59 

the salinity conditions (50% and 100% sea water) and also under the dry condition (Fig. 60 

A3-2a). In contrast, they gained both in volume and weight in fresh water treatment. As for B. 61 

gymnorrhiza, most of the diaspores gained in volume under the submerged conditions and 62 

most of them also increased their weight under the fresh water and 50% sea water conditions 63 

(Fig. A3-2b). The 100% sea water and the 6 h dry:6 h 50% sea water treatment decreased the 64 

weight of some of the diaspores. The dry treatment decreased both their volume and weight. 65 

 66 

Figure A3-1 Relationships between volume and specific gravity of diaspores in (a) 67 
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Rhizophora stylosa and (b) Bruguiera gymnorrhiza. 68 

 69 

Figure A3-2 Relationships between weight change and volume change (Changes between the 70 

start and the final point of the experiment) in (a) Rhizophora stylosa and (b) Bruguiera 71 

gymnorrhiza. Black bar represents relationship between weight and volume of 50% sea 72 

water. 73 

 74 

The changing relationships between weight and volume during the course of diaspores’ 75 

SG change indicates the mechanisms controlling the SG of the diaspores. Because the 76 

diaspores were detached and therefore unable to obtain provision from the parent trees, the 77 

weight gain during the submerged experiment might have been ascribed to absorption of 78 

surrounding water. If the diaspore cells were swollen by the permeated water, it would be one 79 

of the reasons for the volume gain. However, the amount of increased volume exceeded the 80 
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value calculated from the weight change in B. gymnorrhiza; there was a gap between the 81 

plots and the water SG line in Fig. A3-2b. This signified that there are other processes 82 

contributing to the gain in volume. We speculate that the volume might be changed by means 83 

of hypocotyl growth accompanying an enhancement of tissue porosity. Considering that the 84 

SG of the diaspore becomes lighter in accordance with an increase in its volume (Fig. A3-1), 85 

B. gymnorrhiza diaspores seem to enlarge their volume by developing their tissue porosity. 86 

Some B. gymnorrhiza diaspores assigned to the repetitions of 6 h dry + 6 h submerged in 87 

50% sea water, and also those continuously submerged in 100% sea water, lost weight while 88 

their volume increased (Fig. 3-2b). Dry and high salinity conditions should have dehydrated 89 

tissues, and this could be a reason for the weight loss. In addition, metabolic consumption of 90 

carbohydrate could also be a cause for weight loss. An active metabolism means that 91 

considerable energy is produced, and a probable preparation to start growth. If some 92 

environmental factors function as switches for stimulating the start of diaspore metabolism, 93 

then what these factors are, and when the switch is turned on, should be key to diaspore 94 

dispersal dynamics. 95 

In the case of R. stylosa, diaspores became lighter 6 h after the start of the experiment 96 

(Fig. 3). Because we did not measure the volume of the diaspores at the 6-h point, the reason 97 

for the reduction in SG is obscure. Considering the differences between the start and the final 98 

point of the experiment, the plots were on the water SG line (Fig. 3). Therefore, the change of 99 
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weight and volume after the 6-h point can be explained by absorption and evaporation of 100 

water. Dehydration to concentrate high SG substrate in the diaspores could be a reason for the 101 

SG enhancement observed. Although we have suggested that dehydration, water absorption, 102 

development of tissue porosity, and metabolic consumption of carbohydrate can be the 103 

factors controlling diaspore SG, there could be other possible factors. 104 

 105 


