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Goal

Globalisation and climate change increase the rate of biological invasions. The exotic invaders are often blamed 

for the loss of biodiversity and ecosystem functions. By definition, such species are called invasive exotic species 

and their management costs billions of euros each year. It seems that exotic species, especially invasive ones, 

cannot be beneficial for biodiversity and ecosystems as they are not within their natural range. However, the 

functions provided by native species are rarely compared to those provided by exotic species in a structured way. 

We are making such a comparison for exotic aquatic species, as their economic and ecological impact is rivalled 

only by terrestrial vertebrates in Europe. More specifically, we are comparing the functions provided by native 

and exotic submerged plants in aquatic ecosystems (see Figure 1). These ecosystems have been heavily altered by 

eutrophication, fragmentation and other human disturbances. Can exotic aquatic plants rival the suite of functions 

provided by native aquatic plants in this manmade landscape? This question is particularly important with regard 

to established exotic plants (Figure 2). Other species might already depend upon them for food, refuge or water 

quality and so removing such exotic species could damage the local habitat. On the other hand, if exotic plants 

provide none or just a few of the functions provided by native species, water and nature managers need to be 

encouraged to take action on the basis of solid evidence.

Figure 1 | Overview of our research goal, as well as the aquatic plant functions that we aim to compare for native 

and exotic plant species.

mailto:b.grutters@nioo.knaw.nl
mailto:l.bakker@nioo.knaw.nl


10

Preliminary results

So far we have obtained data on a variety of functions including refuge and habitat provisioning to macro-

invertebrates, food quality and inhibition of algae (Table 1). Macroinvertebrate diversity correlates to habitat 

complexity and plants can be a major supplier of such complexity Aquatic fauna use plants for cover, food and sites 

to deposit their eggs. They are also reliant on the oxygen produced by plants. However, will exotic plants provide 

the same benefits? We found that native and exotic submerged plants offered similar amounts of refuge to 

macrofauna predated upon by fish or dragonfly nymphs. Plant structural complexity is often assumed to be crucial 

for the strength of refuge provisioning, but our data suggests that this relies on the plants being sufficiently rigid. 

However, these results are based on short-term exposure to exotic plants. Therefore we also conducted longer 

experiments where we assessed the macrofauna biodiversity and community composition in planted monocultures 

of native and exotic plants. The results of these experiments have yet to be analysed but will be available soon. We 

did, however, analyse data on the food quality of native and exotic plants.

Aquatic snails depend on vascular plants and algae for food, as do many herbivore species living in aquatic 

ecosystems. It turns out that native and exotic plants are consumed in roughly similar ways, but there is a crucial 

piece of information confounding this result. The origin of exotic species varies considerably, from the USA to 

Brazil and South Africa to Australia. If the latitudinal origin of plants, in accordance with biogeography theory, 

is taken into account then a different result is obtained: temperate species are more edible than tropical species. 

Furthermore, this pattern is underpinned by plant traits. We therefore found that if plant origin is included then 

tropical plant invaders may pose more problems than temperate ones, at least in terms of food quality.

Figure 2 | Photograph of the Tienhovense Plassen, which has high plant diversity, clear water and contains a variety 

of macrofauna and waterfowl. However, the submerged plant visible in the foreground is Cabomba caroliniana, 

an exotic species. This links to the question posed in our project: does this exotic plant species provide the same 

ecosystem functions as native submerged plants? Photo credit: Mandy Velthuis
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Yet aquatic plant functions are not solely confined to interactions with fauna. Submerged plants ply a key role 

in keeping our water bodies clear. One of the major mechanisms involved in this is vascular plants outcompeting 

algae. If plants fail, however, and the water becomes turbid then phytoplankton take over and undesirable 

cyanobacterial blooms frequently occur. Plants excrete allelopathic substances to constrain algal growth, but not 

all may do so with similar efficiency (Figure 3). In laboratory trials we found no difference between the allelopathic 

potential of native and exotic plants to constrain the growth of a common cyanobacteria. In the near future we 

plan to further analyse experimental data on more facets of competition between aquatic plants and algae.

So far the comparison between native and exotic plant functions is progressing successfully. However further 

analysis and synthesis of the existing data is needed before any firm conclusions can be drawn. Interestingly, the 

data allow not just a comparison between native and exotic species but can also help build a better understanding 

of how plant traits affect plant function.

Figure 3 | Photograph showcasing a bioassay result where aquatic plant extracts were tested on a blue-green 

algae: Anabaena flos-aquae. Visible are three petri dishes where the blue-green algae are growing on agar. We 

spotted drops of plant extract onto these petri dishes. The effects give a crude but highly standardised indication 

of whether plant species excrete allelochemicals that kill or reduce the growth of cyanobacteria. Clearing spots 

indicate that cyanobacteria are inhibited or killed. Photo credit: Benedetta Saccomanno.

Future work

In addition to the field and lab work performed so far, we plan to investigate long-term biodiversity trends in 

native and exotic aquatic plants. Hopefully this will allow us to assess whether exotic plants are drivers in the 

decline of freshwater plant diversity. As functional plant traits and life history are potentially interesting, this work 

will be performed together with Dr Wim Ozinga and professor Joop Schaminee, the project leaders of another 

Biodiversity works project. 

Together with the aforementioned preliminary results and new experimental data that will soon be analysed, we 

hope to be able to address our research goals.

In the end we plan to present and discuss our results with stakeholders in a symposium. This will hopefully allow 

water and nature managers to spend their limited budgets wisely, especially when exotic invaders are involved 

(Figure 2).


