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Appendix 1: Experimental design 

 

Fig. A1: Schematic illustration of the experimental homogeneous (HOM) and heterogeneous 

(HET) metacommunity design (see picture below for a photograph of one metacommunity). 

Each metacommunity set consisted of three flasks, which were directly connected via silicone 

tubes allowing dispersal across the patches (marked by arrows). Flasks as well as tubes were 

filled with media. Patches were identical in their environmental characteristics (supplied 

irradiance) in the HOM approach (white symbols indicating 80 µmol m2 s-1), while patches in 

the heterogeneous design spatially differed in terms of light supply indicated by different 

circle colors (red = 100 µmol m2 s-1, yellow = 60 µmol m2 s-1, and blue = 20 µmol m2 s-1). 

Both metacommunity experiments (HOM and HET) were in a 4 x 5 factorial design 

comprising five connectivity levels (0, 0.166, 0.5, 1, 6 hr day-1) and four disturbance levels 

including a non-disturbed control (Control, L75, R25, R75). Different spatial disturbances 

were achieved by removing either 25 % (dotted circle contour) or 75 % (dashed circle 

contour) of the total biomass in all patches of a metacommunity set (R25 and R75, 
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respectively) whereas at the local scale in only one randomly chosen patch (L75), 75 % of the 

total biomass was removed (dashed circle contour). No disturbance is indicated by the solid 

circle contour (Control). Each treatment combination was replicated fourfold. 
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Fig. A2: Photograph of empty metacommunity set. 

 

Fig. A3: Pre-experiment on distribution of abundance after 6h of dispersal for a flagellated, 

highly mobile species (Rhodomonas sp.), a pelagic diatom (Thalassionema nitzschoides) and 

a benthic diatom (Ceratoneis closterium). For the first two groups, 6hrs were sufficient to 

equilibrate abundance, which led to this becoming the largest connectivity treatment.  
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Appendix 2: Treatment effects on final diversity measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. A4: Mean (±SE) regional species richness (A) and evenness (B) of a heterogeneous (left 

panels) and a homogeneous (right panels) metacommunity in response to five connectivity 

levels (hr day-1) and three disturbance regimes plus control group (marked by different 

colors). Data represent the last sampling date (day 29). Points are jittered for clarity. 
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Table A1:	Summary of a two-way ANOVA with connectivity (Conn) and disturbance (Dist) 

as independent factors and regional species richness and evenness as dependent variables for 

a heterogeneous and homogeneous metacommunity study. Table provides F- and P-values as 

well as degree of freedom (d.f.) given in brackets behind each factor. Presented data are from 

the last sampling date (day 29). Significant P-values are highlighted in bold. 

 

H
ET

ER
O

G
EN

EO
U

S 
(H

ET
)  Species  richness Evenness 

Factor (d.f.) F P-value F P-value 

Conn (4) 5.60 <0.001 1.32 0.273 

Dist (3) 0.69 0.560 4.84 0.005 

Conn x Dist (12) 4.47 <0.001 1.86 0.060 

H
O

M
O

G
EN

EO
U

S 
(H

O
M

) 

Conn (4) 0.57 0.686 1.75 0.150 

Dist (3) 2.15 0.103 2.25 0.092 

Conn x Dist (12) 0.224 0.997 0.28 0.991 

 

 



48	
	

Appendix 3: Species-specific resilience  

 

Fig. A5: Mean species resilience of two species (Gyrosigma sp. and Teleaulax sp.) in the 

heterogeneous metacommunity (A) and of four species (Actinoptychus senarius, 

Nannochloropsis, Paralia sulcata, and Rhodomonas sp.) in the homogeneous metacommunity 

study (B) for three disturbance levels (red = L25, blue = R25, green = R75) across five 

connectivity levels (0, 0.166, 0.5, 1, 6 hrs day-1). Error bars indicate standard errors (SE). 

Species resilience was calculated in the same way as community resilience (see Material and 

Methods). Statistical results are given below.  
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Table A2: Summary of a two-way ANOVA with connectivity (Conn) and disturbance (Dist) 

as independent factors on functional resilience at the species level for those 6 species that 

persisted throughout the heterogeneous and homogeneous metacommunity study. Table 

provides F- and P-values as well as degree of freedom (d.f.) given in brackets behind each 

factor. Presented data are from the last sampling date (day 29). Significant P-values are 

highlighted in bold. 

 
HETEROGENEOUS (HET) 

 

HOMOGENEOUS (HOM) 

Tel Gyr Rho Nan Act Par 

Factor (d.f.) F P-value F P-value F P-value F P-value F P-value F P-value 

Conn (4) 7.14 <0.001 3.66 0.012 4.50 0.004 4.46 0.004 13.8 <0.001 3.82 0.009 

Dist (2) 8.26 <0.001 2.09 0.136 79.4 <0.001 12.9 <0.001 2.50 0.095 3.89 0.028 

Conn x Dist (8) 0.70 0.687 2.43 0.029 1.09 0.389 1.51 0.183 1.26 0.291 1.11 0.375 
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Appendix 4: Relationship between biodiversity and stability 

 

Fig. A6: Relationship between functional resilience and mean species richness (A) and mean 

evenness (B) of the three disturbance regimes (marked by different colors) from day 1 to day 

8 in the homogeneous and from day 1 to day 29 in the heterogeneous metacommunity. 

Species richness and evenness are averaged over the respective time interval and thus differ 

from the species richness at the end of the experiment (Fig. 2A,B). Spearman rank correlation 

(R) for each disturbance regime is given in the respective color. Asterisk marks the significant 

correlations (* p<0.05), while n.s. means non-significant. 



51	
	

 

 

Fig. A7: Relationship between functional recovery ratio to species richness (A) and evenness 

(B), separated for the three disturbance regimes (marked by different colors) from day 15 in 

the homogeneous and day 29 in the heterogeneous metacommunity. Spearman rank 

correlation (R) for each disturbance regime is given in the respective color. Asterisk marks 

the significant correlations (* p<0.05), while n.s. means non-significant. 
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Appendix 5: Structural resilience and recovery 

 Detailing the summary of results given in the main text,  we can stress that while 

connectivity had significant effects on both structural resilience and recovery in both 

experiments, but these effects were not monotonic as for community (Fig. 3) and species 

specific functional resilience (Fig. A5 in Appendix 3).  

Structural resilience increased when patches were connected compared to no dispersal 

treatments in both HET and HOM metacommunities, but increased further with connectivity 

only in HOM metacommunities and only for L75 and R25 disturbances (significant positive 

slope 0.020± 0.006, p < 0.001). In HET metacommunities the relation to connectivity was 

non-linear (Fig. A8). In both experiments (HET, HOM), disturbance treatments had 

significant main effects on structural resilience but only in the HOM experiment the 

interaction between connectivity and disturbance affected structural resilience. As for 

functional resilience (Fig. 3), the resilience of composition was higher in R75 compared to 

L75 and R25 treatments. 

 Structural recovery, i.e. the final similarity of disturbed species composition to the 

control, was significantly affected by connectivity (Fig. A8) but not in a monotonically 

increasing fashion (no significant positive slopes in the linear model). Structural recovery in 

the HET experiment was low at both no and high connectivity (Fig. A8), whereas in HOM 

metacommunities, structural recovery responded irregularly to the connectivity gradient. 

Disturbance regime affected structural recovery only in the HOM metacommunities, where 

structural recovery was higher in L75 and R25 treatments than in the highly disturbed R75 

regime. 
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Fig. A8: Mean (±SD) structural recovery (A) and structural resilience (B) of a homogeneous 

and heterogeneous metacommunity in response to five connectivity levels (hr day-1) and three 

disturbance regimes (marked by different colors). Structural recovery was calculated as the 

differences in the similarity between the disturbed treatments and the respective control group 

at day 15 in the homogeneous and day 8 in the heterogeneous metacommunity. Structural 

resilience was calculated as the quotient of the similarities between disturbed treatments and 

the respective control group at day 1 and day 8 in the homogeneous metacommunity, while in 

the heterogeneous metacommunity structural resilience was the linear function of similarity 

from day 1 to day 29. Standard deviation instead of standard error was chosen to account for 

pseudo-replicates due to bootstrapping procedure. Points are jittered for clarity.  
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Table A3: Summary of a two-way ANOVA with connectivity (Conn) and disturbance (Dist) 

as independent factors and regional response parameters (structural recovery and structural 

resilience) as dependent variables for a heterogeneous and homogeneous metacommunity 

study. The table provides F- and P-values as well as degree of freedom (d.f.) given in brackets 

behind each factor. Significant P-values are highlighted in bold. Degree of freedom for the 

residuals is inflated due to the paired comparison of each replicate from the disturbed 

treatment with the respective control group resulting in irregular number of residuals. 

Therefore, we adjusted the residual d.f. with respect to the independent number of 

metacommunities involved and tested the significance of the F-ratio to the critical F using 

these adjusted d.f. The adjusted P-values as well as the adjusted residual d.f. are given in 

square brackets. 

 

 

 

 
HETEROGENEOUS (HET) HOMOGENEOUS (HOM) 

Structural 
Recovery 

Structural 
Resilience 

Structural 
Recovery 

Structural 
Resilience 

Residuals 203 [42] 203 [41] 209 [41] 194 [38] 

Factor (d.f.) F P-value F P-value F P-value F P-value 

Conn (4) 16 <0.001 
[<0.001] 3.33  0.012 

[<0.05] 3.23  0.014 
[<0.05] 4.35  0.002 

[<0.05] 

Dist (2) 1.17  0.313 
[0.500] 45 <0.001 

[<0.001] 27   <0.001 
[<0.001] 259  <0.001 

[<0.001] 

Conn x Dist (8) 0.81  0.592 
[0.750] 1.90 0.062 

[0.250] 1.39        0.202 
[0.500] 3.19  0.002 

[<0.05] 


