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Abstract 

Hedychium coronarium is an invasive plant widespread in the Brazilian Atlantic 
forest, especially in riparian areas. However, its distribution along streams is not 
continuous and the factors that are related to its local occurrence are unknown. We 
investigated which natural and anthropogenic drivers, particularly concerning dispersal 
and disturbance, facilitate establishment of H. coronarium. We sampled 148 randomly 
chosen riparian sites (each containing two plots) in a subtropical basin in southern 
Brazil and recorded presence/absence of the plant and some environmental variables 
in situ; other variables were extracted via GIS software. We performed a GLMM with 
presence/absence as the response variable, sampling site as a random factor and five 
predictors: intensity of ecosystem degradation, dominant type of terrestrial vegetation, 
river substrate size class, Strahler stream order and downstream distance to the 
nearest urban centre. Our results point out that invader presence is favoured by local 
human disturbance (high riparian degradation and presence of non-native forest), 
and possibly dispersal, as there is a higher H. coronarium presence probability in 
proximity to urban centres. Furthermore, a higher presence probability in downstream 
sections (higher Strahler order) might be explained by hydrologic dispersal of 
rhizome fragments. Our study illustrates that in the case of riparian invasions it is 
important to consider terrestrial and aquatic drivers, both natural and anthropogenic.
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Introduction 

Co-Editors’ Note: This study was contributed 
in relation to the 21st International Conference 
on Aquatic Invasive Species held in Montreal, 
Canada, October 27–31, 2019 (http://www.icais. 
org/html/previous21.html). This conference has 
provided a venue for the exchange of 
information on various aspects of aquatic 
invasive species since its inception in 1990. 
The conference continues to provide an 
opportunity for dialog between academia, 
industry and environmental regulators. 
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Materials and methods
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Figure 1. A) Geographic location of the study area (white rectangle) in the state of Rio Grande 
do Sul (dark grey), Brazil (light grey). B) Sampling sites in the Maquiné river watershed and 
their associated land use.
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Figure 2. Sampling scheme for each site. Two terrestrial 10 × 5 m plots (green rectangles) are set 
up, one centred on the GPS coordinate (red dot) and the other one in parallel position on the 
opposite bank. On the water side, each plot is next to an aquatic 5 × 1 m plot for substrate size 
assessment. All plots have their longer side adjacent to the bank.
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Table 1. Set of collected variables. For each variable, we present the name, the way it was measured or quantified, the source 
(either field or GIS measurement, see Methods for detailed information), and how it was assumed to affect invasion. 

Variable Measurement Method Driver How it affects the invasion process

Presence of fluvial 
geological processes

Categorical: erosion, 
deposition or transition 

Visually assessed in 
the field

Dispersal Depositional channel sites have a higher 
chance for vegetative propagules to arrive and 
persist 

Strahler stream order Integer numbers (one 
to four) 

GIS analysis Dispersal If H. coronarium occurs in lower-order 
streams, these may act as propagule sources 
for higher-order (passive downstream 
transport of rhizome fragments by streamflow)

Downstream distance 
to the nearest urban 
centre 

Distance along river 
course (km) from site 
to an urban area  

GIS analysis Dispersal Occurrence is expected to increase with 
proximity to urban centres, due to human-
mediated dispersal 

Dominant size class of 
river substrate  

Seven size classes: 
< 0.2 cm; 0.2–1.6 cm; 
1.6–6.4 cm; 6.4–25cm; 
25–50 cm; 50–100 cm; 
> 100 cm

Visually assessed in 
the field  

Fluvial 
disturbance  

Physical disturbance of stream banks by 
repeated removal and deposition of larger 
stream rocks (especially larger ones) can 
disturb (kill or remove) other plant species 
and favour the arrival, establishment or re-
sprout of H. coronarium.  

Stream reach slope Angular degrees (°) GIS analysis Fluvial 
disturbance 

Similarly to stream substrate size, stream 
slope is a proxy for fluvial disturbance. 
Steeper channel slopes imply harsher flow 
(especially during high flow events)

Density of buildings % of buildings cover 
in a 100 m radius 
buffer around each site 

GIS analysis Local anthropic 
disturbance 

Human disturbance can facilitate invasive 
plant establishment 

Intensity of ecosystem 
degradation 

0 (absent) to 3 (high) Visually assessed in 
the field according 
to Karr (1999) 

Local anthropic 
disturbance  

Human disturbance can facilitate invasive 
plant establishment. High-integrity sites 
should not have traces of human presence 
such as trash, water pipes, fire remains or 
man-made structures 

Intensity of 
agricultural activity 

0 (absent) to 3 (high) Visually assessed in 
the field according 
to Karr (1999) 

Local anthropic 
disturbance  

Agricultural management can disturb native 
communities and physical habitat, favouring 
invasive plant establishment. High-integrity 
sites should have no agricultural use

Canopy cover 0% to 100% Visually assessed in 
the field 

Local anthropic 
disturbance  

Human disturbance can facilitate invasive 
plant establishment. High-integrity sites 
should have almost 100% canopy cover

Perturbation of 
understory vegetation 

0 (absent) to 3 (high) Visually assessed in 
the field  

Local anthropic 
disturbance  

Human disturbance can facilitate invasive 
plant establishment. High-integrity sites 
should have an undisturbed understory 

Intensity of livestock 
disturbance

0 (absent) to 3 (high) Visually assessed in 
the field according 
to Karr (1999) 

Local anthropic 
disturbance

Livestock can remove competitor species and 
affect the physical environment, thus 
facilitating H. coronarium establishment. 
High-integrity sites should have little to no 
sign of livestock presence 

Dominant type of 
terrestrial vegetation 

Arboreal native; 
arboreal non-native; 
shrub; herbaceous; 
bare soil 

Visually assessed in 
the field 

Local anthropic 
disturbance  

Human disturbance can facilitate invasive 
plant establishment and previous habitat 
alteration by non-native species can facilitate 
the arrival of other invasives. High-integrity 
sites should have the forest as dominant 
vegetation type 
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Figure 3. Scheme representing how ecosystem integrity is defined both by a biological and an 
anthropogenic gradient. Numbers in red indicate the levels we implemented to describe 
perturbation of understory vegetation, intensity of ecosystem degradation, livestock disturbance, 
and agricultural activity. Adapted from Karr (1999).
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Table 2. Output of the final model, including estimate and standard error of each fixed 
predictor. For the predictor dominant type of terrestrial vegetation, the level “Arboreal native” 
is used as reference and therefore not shown. 

Variable Estimate (log-odds) Standard error
(Intercept) 1.5032 0.4591
Strahler stream order 1.6207 0.4412
Dominant size of river substrate 0.3467 0.2636
Dominant type of terrestrial vegetation (Arboreal 
non-native)

2.3211 0.8271

Dominant type of terrestrial vegetation (Shrub) 1.0289 1.0443
Dominant type of terrestrial vegetation (Herbaceous) 1.2509 0.7310
Dominant type of terrestrial vegetation (Bare soil) 1.9830 0.9969
Intensity of ecosystem degradation 0.9113 0.3065
Downstream distance to nearest urban centre 1.3546 0.4181

Results
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Figure 4. Visualization of the model results. Effect of A) intensity of ecosystem degradation, B) dominant type of riparian 
vegetation, C) Strahler stream order and D) downstream distance to nearest urban centre on the probability presence of Hedychium 
coronarium. Shaded areas represent 95% confidence interval. In B): A_N = Arboreal Native; A_N_N = Arboreal Non-Native; 
S = Shrub; H = Herbaceous; B_S= Bare Soil.
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Discussion
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