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Appendix 1 

Table A1. Pool of native runner, tufted and woody plant species typical of coastal vegetation used to construct mesocosm 
communities. Values are the percentage of mesocosm plots within which each species was present and alive at the conclusion of the 
experiment and the mean (± SE) species g biomass per plot at the conclusion of the experiment. 

Functional group a 

Species b 
Post-invasion occurrence  

(% of plots; n = 8) c 
Post-invasion shoot biomass  
(mean g plot-1 ± SE; n = 8) d 

 Non-invaded Invaded Non-invaded Invaded 
 Cont Enrich Cont Enrich Control Enriched Control Enriched 
Runner         

Aneilema acuminatum 0 0 12.5 25 0 (± 0) 0 (± 0) 0.88 (± 0) 1.07 (± 0.31) 
Bolboschoenus caldwellii 12.5 0 0 0 1.93 (± 0) 0 (± 0) 0 (± 0) 0 (± 0) 
Centella asiatica 12.5 12.5 12.5 37.5 0.71 (± 0) 0.95 (± 0) 0.08 (± 0) 4.73 (± 4.34) 
Commelina cyanea 100 62.5 75 37.5 74.16 (± 43.81) 83.79 (± 59.81) 26.70 (± 21.27) 47.12 (± 38.50) 
Cynodon dactylon* 100 100 100 100 616.89 (± 150.79) 1043.86 (± 169.20) 546.91 (± 109.92) 602.73 (± 100.11) 
Dianella caerulea 62.5 62.5 62.5 37.5 90.38 (± 56.60) 160.92 (± 98.59) 86.95 (± 27.19) 58.64 (± 34.56) 
Dichondra repens* 100 100 100 100 69.83 (± 13.03) 54.83 (± 16.54) 65.51 (± 15.68) 67.53 (± 23.87) 
Ficinia nodosa 87.5 62.5 25 37.5 793.99 (± 186.28) 1521.97 (± 446.09) 1125.91 (± 931.42) 1071.71 (± 621.84) 
Imperata cylindrica 50 75 75 87.5 280.73 (± 152.41) 58.57 (± 25.30) 247.76 (± 103.14) 82.56 (± 50.09) 
Pratia purpurascens 37.5 25 37.5 37.5 2.64 (± 1.43) 4.69 (± 1.20) 3.84 (± 0.69) 4.81 (± 0.39) 
Selliera radicans 0 25 0 12.5 0 (± 0) 0.94 (± 0.20) 0 (± 0) 1.78 (± 0) 
Tetragonia tetragonoides 37.5 25 37.5 37.5 1.00 (± 0.25) 0.91 (± 0.03) 1.07 (± 0.28) 6.97 (± 6.16) 
Viola hederacea* 87.5 87.5 87.5 100 0.38 (± 0.14) 1.21 (± 0.68) 0.97 (± 0.48) 0.56 (± 0.11) 

Tufted         
Carex appressa* 100 100 87.5 100 48.84 (± 23.86) 43.80 (± 13.90) 64.29 (± 23.80) 41.67 (± 12.24) 
Carex longebraciata 37.5 37.5 75 62.5 13.93 (± 6.99) 17.25 (± 4.58) 15.82 (± 6.42) 25.14 (± 8.10) 
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Chloris truncata 37.5 12.5 25 12.5 2.50 (± 0.75) 4.38 (± 0) 2.43 (± 1.17) 4.46 (± 0) 
Cymbopogon refractus 37.5 25 37.5 50 11.12 (± 1.34) 9.85 (± 1.88) 24.31 (± 6.22) 22.84 (± 3.85) 
Dianella longifolia 12.5 37.5 50 12.5 14.22 (± 0) 37.55 (± 21.70) 16.02 (± 5.08) 4.61 (± 0) 
Echinopogon ovatus 25 25 25 50 1.84 (± 0.54) 10.27 (± 7.85) 2.39 (± 2.18) 8.11 (± 2.91) 
Juncus kraussii 37.5 62.5 62.5 37.5 14.14 (± 6.35) 11.56 (± 4.77) 36.78 (± 16.69) 30.62 (± 12.41) 
Juncus usitatus 62.5 50 37.5 50 21.97 (± 7.93) 29.77 (± 12.34) 21.38 (± 6.16) 43.81 (± 14.87) 
Lomandra longifolia 62.5 62.5 37.5 75 251.54 (± 49.39) 298.74 (± 82.05) 98.20 (± 40.36) 357.47 (± 113.62) 
Microlaena stipoides 62.5 37.5 62.5 25 2.76 (± 0.88) 3.86 (± 1.78) 4.42 (± 1.32) 3.92 (± 2.97) 
Poa labillardierei* 100 100 100 100 143.45 (± 33.99) 318.28 (± 115.25) 243.51 (± 76.79) 409.93 (± 153.66) 
Poa sieberiana 12.5 50 25 50 0.85 (± 0) 5.11 (± 1.97) 5.62 (± 2.02) 23.97 (± 9.82) 
Schoenoplectus validus 37.5 25 50 25 15.98 (± 2.47) 42.01 (± 15.39) 23.21 (± 5.75) 34.83 (± 15.17) 
Themeda australis* 100 100 100 100 280.36 (67.60) 126.75 (± 35.40) 237.99 (± 93.35) 209.20 (± 61.87) 

Woody scrambler         
Hardenbergia violaceae 12.5 12.5 37.5 25 1.86 (± 0) 855.58 (± 0) 24.87 (± 20.26) 108.33 (± 41.03) 
Hibbertia scandens 50 50 37.5 62.5 56.95 (± 26.37) 51.41 (± 26.11) 95.28 (± 26.48) 85.93 (± 25.15) 
Rhagodia candolleana 75 50 50 37.5 578.12 (± 200.80) 573.04 (± 228.05) 281.44 (± 136.94) 946.29 (± 281.81) 
Rubus rosifolius   25 12.5 12.5 12.5 1.07 (± 0.14) 3.06 (± 0) 0.98 (± 0) 1.03 (± 0) 

a functional group definitions: runners were defined as rhizomatous or stoloniferous herb and graminoid species with spreading habits and generally shallow root 
systems; tufted species were herbs and graminoids with a relatively deeper root system but with no capacity for lateral spread; woody species were defined as 
robust climbers or scramblers with shrub-like habits, well developed root systems with the capacity for lateral spread and ability to over-top co-occurring species, 
but unable to take root within the soil along stem nodes  
b species nomenclature follows Harden (1990, 1991, 1992, 1993) 
c treatment: Cont = nutrient-control; Enrich = nutrient-enriched 
d means calculated only on plots where species were present and living 
* focal species kept constant across plots 
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Appendix 2 

Determination of nutrient enrichment concentrations within mesocosm soil 

Methods 

We first determined the concentration (mg kg soil-1) of available nitrogen (NO3
– and NH4

+) 

and total phosphorous within four non-invaded patches of swamp oak floodplain forest on the 

south coast of New South Wales (Table A2). At each site we sampled soil from five cores 

(diameter: 63 mm, depth: 100 mm) distributed randomly within three 1 × 1 m quadrats (total 

number of cores per forest patch = 15). Soil cores were bulked within each quadrat on site 

and thoroughly mixed. A subsample (~ 100 g) of this homogenized soil was oven dried at 

60°C for 7 days, then sent for analysis to the Environmental and Analytical Laboratories at 

Charles Sturt University, NSW, Australia. Available N and total P were determined using the 

KCl extraction and the Colwell bicarbonate extraction tests, respectively. We ran the same 

tests on soil extracted from mesocosms prior to the introduction of the plant community, to 

determine the amount of N and P that we needed to add to the soil in order to replicate field 

conditions. 

Table A2. Available N and total P concentrations (mg kg soil-1) across four patches of swap oak floodplain 
forest of the south coast of NSW. 

Locationa  Nutrient concentration (mg kg soil-1) 

 Plot no. NH4
+ NO3

– Total P 
Puckeys Estate 1 209 0.49 33.5 

 2 228 0.60 49.3 

 3 170 0.69 22.3 
Commerong Island 1 36 0.53 22.9 

 2 62 7 27.6 

 3 37 3 12.4 
Nangudga 1 130 7 15 

 2 316 0.12 11.7 

 3 207 0.98 39.4 
Wallaga Lake 1 34 4 19.6 

 2 74 7 28.9 

 3 282 4 19.6 
Mean  
(± SE)  148.75  

(± 29.04) 
2.95  

(± 0.81) 
25.18  

(± 3.25) 
a Puckeys Estate, 34°24'25.20"S; 150°53'46.60"E; Commerong Island, 
34°51'56.70"S; 150°44'46.10"E; Nangudga, 36°14'48.21"S; 150° 8'15.45"E 
and Wallaga Lake, 36°21'56.10"S; 150° 4'7.80"E). 
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Results 

The average (± SE) amount of available N (NH4
+ and NO3

– combined) and total P within 

field soil were 151.70 (± 28.68) and 25.18 (± 3.25) mg kg soil-1, respectively. On average, 

soil from mesocosms contained approximately 90% less available N (i.e. 17.25 ± 2.59) and 

75% less P (6.18 ± 1.18) than field soil.  

 

Manipulation of mesocosm soil nutrients 

Nutrients were added to mesocosm soil using a native slow-release fertiliser. Based on the 

differences in nutrient concentrations between the mesocosm and field soil, and the 

concentrations of N and P within the fertilizer (N = 21.8% and P = 1.3%), we calculated the 

amount of fertilizer to add to each mesocosm plot before plant communities were 

constructed, as well as at each stage of nutrient enrichment (Table A3). Nutrient-enriched 

plots had twice the concentration of fertiliser as nutrient-control plots (Table A3).  

 

Table A3. Concentrations of available N and total P applied to each mesocosm in nutrient-enriched and nutrient-control 
treatments. 

 
Activity Date Fertiliser 

(g tank-1) 
N a 

(g plot-1) 
P b 

(g plot-1) 
Simulation of field soil nutrient levels (all plots). March 2012 496.14 108.16 1.86 
First pulse of additional nutrient (16 treatment plots). June 2012 496.14 108.16 1.86 
Maintenance of field soil nutrient levels (all plots). December 2012 248.07 54.08 0.93 
Second pulse of additional nutrients (16 treatment plots). December 2012 248.07 54.08 0.93 
a total application of N for duration of experiment: nutrient-enriched = 93.73 g m-2 plot-1, nutrient-control = 46.86 g m-2 
plot-1 
b total application of P for duration of experiment: nutrient-enriched = 5.59 g m-2 plot-1, nutrient-control = 2.79 g m-2 plot-1 
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Appendix 3 
Depth distribution of below-ground root biomass 
Aim 

We did a pilot study to determine the depth distribution of below-ground root biomass within 

mesocosm tanks. 

 

Methods 

We randomly sampled root biomass from two rectangular cores (10 cm breadth × 20 cm 

length × 60 cm depth) positioned randomly within each of seven mesocosm tanks (total 

number of cores = 14). Soil was excavated to the base of each mesocosm tank where woody 

plants were dominant to detect whether roots were present at a depth greater than 60 cm; only 

very fine roots were detected, and only rarely. Each core was divided into six 10 cm intervals 

(0–9, 10–19, 20–29, 30–39, 40–49 and 50–60 cm soil depth). Roots were extracted from each 

depth interval by thoroughly rinsing them with water through a 3 × 3 mm sieve to remove 

sand and soil, and then dried to constant weight for 5 days at 60°C (mass recorded to ± 0.001 

g). Differences in mean root biomass across the different depth intervals were determined 

using analysis of variance. Post hoc differences amongst means were determined using the 

Tukey HSD test. 

 

Results 

Root biomass varied significantly across the depth gradient, declining exponentially with 

increasing depth (F5,72 = 17.318, p < 0.0001; Fig. A1). More than two-thirds of the root 

biomass was contained within the first 9 cm of soil and over 80% of root biomass occurred 

within the top 20 cm. Regression analysis showed that the root biomass within the top 20 cm 

of soil significantly predicted both the root biomass within the soil below 20 cm (F1,11 = 5.86, 

r2 = 0.35, p = 0.03) as well as the total root biomass per core (F1,11 = 12.94, r2 = 0.54, p < 

0.01). 

 

Conclusion 

We concluded that sampling of soil from within the top 20 cm of soil would provide a robust 

estimate of the total root biomass within each mesocosm plot. 
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Figure A1. Variation in mean (± SE) below-ground root biomass with increasing soil depth (maximum 
depth 60 cm) in mesocosms (n = 14 per depth interval). Letters denote significantly different means based 
on the post hoc Tukey HSD test. 
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Appendix 4 

Photographs depicting the reproductive structures of the six focal species 
examined in the mesocosm experiment 

	  

Figure A2. Reproductive structures measured for each of the six focal species in mesocosm experiment. 
Reproductive units were defined as (a) number of spikelet clusters (each functionally separated by a subtending 
glumaceous bract) across all inflorescences per plot for T. australis; (b–d) number of inflorescences per plot 
(each borne singly upon a slender culm) for Carex appressa, P. labillardieri and Cynodon dactylon; (e–f) 
number of individual flowers per plot for V. hederacea and D. repens. Photo credits: (a, d) B. Gooden; (b, f) 
<http://johnwamsley.com>; (c) D. Eddy, <www.dpi.nsw.gov.au/agriculture/pastures>; (e) CSIRO, 
<http://keys.trin.org.au/key-server/data>.	  

  

(a)	  Themeda	  australis (b)	  Carex	  appressa (c)	  Poa	  labillardieri

(d)	  Cynodon	  dactylon (e)	  Viola	  hederacea (f)	  Dichondra	  repens

Spikelet	  
cluster



8	  

8	  

Appendix 5 
Estimation of Dichondra repens shoot biomass from percentage foliage cover 
Aim 

Dichondra repens is a prostrate, stoloniferous herb whose leaves grow flat against the soil 

surface, making it thus difficult to rapidly harvest shoot biomass without disturbing the soil 

and root zone. We did a pilot study to determine whether Dichondra foliage cover is a strong 

predictor and thus surrogate for shoot biomass.   

 

Methods 

Dichondra repens shoot cover was estimated using a point-intercept method: 20 × 20 cm 

quadrats, which were divided into a 1 cm grid of 400 intersecting points, were randomly 

positioned 26 times across 15 mesocosm tanks (between 1 and 2 quadrats per tank). The 

percentage of points under which D. repens shoots occurred was then calculated. D. repens 

shoot biomass was harvested from each quadrat and dried to constant mass at 60ºC for 72 h. 

Regression analysis was then used to determine whether biomass was related to the 

percentage shoot cover per quadrat. 

 

Results and conclusion 

There was a significant and very strong positive relationship between the biomass and 

percentage shoot cover of D. repens (F1,24 = 431.25, r2 = 0.95, p < 0.0001). As such, we 

concluded that percentage cover would be a sufficient surrogate for biomass upon harvesting 

communities from the mesocosm plots.	  

 


