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Abstract. Freshwater ecosystems are among the most threatened in the world. 
The list of threatened species in freshwater ecosystems is greater than that in 
terrestrial or marine systems and freshwater vertebrates are particularly at risk. 
Freshwater wetlands have evolved in coastal zones protected from tidal influence 
by barrier dune systems. Similarly, estuaries have supported zones of low salinity 
diluted by flows from land, but water resource development has limited these 
flows and driven ecological change in estuarine systems. These historical uses of 
river flows, and the impacts of catchment development on water quality and 
yields, have combined to threaten coastal wetland ecosystems. They are now 
under increasing threat through climate change driven alterations to hydroclimatic 
conditions, as well an rising sea levels which risk inundation of low lying coastal 
regions, including wetlands. Coastal freshwater systems offer considerable 
ecosystem services to human systems and host significant biodiversity assets. 
These have been subjected to increased risk through catchment and coastal 
development, but are now acutely threatened through changed river flows and 
elevated sea levels that result from climate change. Managing these systems 
requires an adaptation pathways approach that accommodates human needs, and 
society’s obligations to global biodiversity.  

 

1 Introduction 
Freshwater ecosystems have been identified as being exposed to great risk, owing to factors 
such as pollutants and river regulation, for many decades. Dudgeon and others [1] identified 
the five major threats to aquatic biodiversity (Table 1). There are many more species at risk 
in freshwater systems than in either terrestrial or marine settings, and this is particularly the 
case for freshwater vertebrates [2]. More recently Reid et al. [3] recognised these major 
threats as being persistent, and identified twelve emerging risks to freshwater biodiversity 
systems (Table 1) including the risk of synergistic effects whereby one or more risks interact 
to create unexpected challenges for management. The challenge for freshwater management 
still lies very much in the sphere of the legacy effects of past land clearance, waterway 
modification and human water consumption however global warming will lead to critical 
impact associated with changing climates as well as rising sea levels.  This will ensure the 
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human influence on aquatic systems has a global reach, but impacts will be a consequence of 
the degree to which each of these stressors translates in a local context.  

 

2. Catchment development 
The impact of humans on aquatic systems can be traced across thousands of years by using 
the chemical and biological archives preserved in wetland sediments. Human impacts 
intensified from soon after the establishment of sedentary societies in the early Holocene and 
impacts such as heavy metal pollution, sedimentation, salinisation, eutrophication etc. can be 
traced back millennia [4]. In places that were settled by humanity early there is a pattern of 
gradual intensification of impact whereas in regions where humans arrived late, with a 
relatively sophisticated technology, impacts were more abrupt.   

Table 1. Major [1] and emerging [3] threats to freshwater biodiversity 

MAJOR THREATS EMERGING THREATS 
Overexploitation Changing Climates Engineered Nanomaterials 
Water Pollution eCommerce and Invasions Microplastic Pollution 
Flow Modification Infectious Diseases Light and Noise 
Destruction or degradation of 
Habitat 

Harmful Algal Blooms Freshwater Salinisation 

Invasion by Exotic Species Expanding Hydropower Declining Calcium 
 Emerging Contaminants Cumulative Stressors 

 

The rate of impact of all persistent threats increased substantially after WWII under the ‘Great 
Acceleration’ [5] that has been used to delineate the Anthropocene, a new epoch within which 
the human imprint is now a force in the functioning of the Earth [6]. While some nations (e.g. 
USA) are decommissioning many major impoundments [7] the volume of water in storage 
exceeds all that in the world’s rivers five-fold [1] and abstraction and flow changes have 
substantially reduced the number and extent of wetlands worldwide [8]. Habitat degradation 
and water quality changes have led to widespread degradation of those that remain, leading 
to critical transitions in some situations [9] that lock in mechanisms that make the restoration 
challenge even greater.  International treaties such as the Ramsar Convention and the China-
Australia Migratory Bird Agreement rely heavily on co-operative international commitment 
yet many species remain in decline.  

 

3 Climate change  
The high freshwater biodiversity documented today experienced high amplitude climate 
variations through at least the last glacial-interglacial cycle suggesting it has high levels of 
resistance, and resilient, to millennial scale climate change. Industrial pollution however, has 
led to CO2 concentrations likely reaching levels greater than any since the Pliocene {10] 
which is consistent with global temperatures at least 2oC greater than the pre-industrial 
baseline. While there is considerable lag in the response, such temperatures will lock the 
planet into sea levels rises in the order of 50-140 cm [11] or more [10]. The increased energy 
in the system likely will lead to more intense tropical precipitation and substantial reductions 
in Mediterranean zone rainfall. The local impact of these hydroclimatic shifts will be greatest 
on intermediate rainfall zones yet low lying inundation is likely to be widespread in zones 
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with shallow coastal profiles, particularly those already experiencing inundation due to other 
factors such as land subsidence following groundwater abstraction.  

 

4 Synergistic effects 
Both climate and catchment changes will contribute, together, to some threats raising the bar 
for management intervention. Hazardous algal blooms for example are forecast to increase 
as human populations continue to release nutrients loads into waterways. This will be 
exacerbated by the regulation of flow and abstraction of water as high water retention time 
advantages the proliferation of cyanobacteria over other autotrophs. However, cyanobacteria 
and also more competitive at higher temperatures and also produce more biomass under 
higher atmospheric concentrations of CO2 [12]. Further, water abstraction reduces the 
flushing of tidal salts by rivers at the coast likely leading to even greater penetration of marine 
waters under higher sea levels [13, 14].  

 

5 The Murray Darling Basin 
The state of the Murray Darling Basin highlights many of these persistent and emerging 
threats. The Basin received 400 M m3 of sediment from Victorian gold mining sluices 
between 1850 and 1880 [15] and so it suffers substantial legacy and ongoing (catchment 
erosion, riverbank collapse) impacts on water quality. While its waters were abstracted for 
(European) industrial use through the C19th this increased substantially from the 1950s 
whereby up to 80% of flow was abstracted before recent interventions. This flow now passes 
many impoundments including a series of barrages at the mouth designed to resist the inflow 
of tidal waters. The Basin’s wetlands are impacted by both native, and exotic invaders such 
as Carp, Mosquito Fish and bulrush (Typha spp.) and macrophyte-rich wetlands have lost 
critical habitat owing to too much [16], and too little water depending on circumstance. The 
system suffers from low flows, high turbidity, eutrophication [17], hazardous algal blooms 
extending many hundreds of kilometres and massive fish kills [18]. Climate scenarios reveal 
high likelihood of considerably lower catchment runoff and water yields [19] and the 
increased penetration of sea water into the low lying hinterland near the river mouth [20].  

Little over 150 years of catchment development has driven to basin’s waterways to a tipping 
point [21] and the nation is now investing $13B (AUD) under the Murray Darling Basin Plan 
[22] to restore its waterways. The focus of this Plan is to purchase water (~ 2500 GL/yr) from 
agricultural uses for environmental flows, supplemented by savings from infrastructure 
designed to reduce evaporative losses. This prioritisation of water volume as the means of 
rehabilitating stressed waterways overlooks many other of the persistent and emerging threats 
[23] and levels great opportunity cost on the primary industry sector and regional 
communities.  

 

6 Adaptation pathways 
The drivers of wetland degradation has a long history and in many instances the impacts we 
witness today have been foreseeable for many decades. In the absence of serious, 
collaborative attempts to mitigate global carbon emissions the earth is committed to a certain 
level of sea level rise. Recognising this an approach to implement staged measures to adapt 
to an ever rising sea on the River Thames and the city of London was proposed [24, 25]. It is 

3

E3S Web of Conferences 202, 01004 (2020) https://doi.org/10.1051/e3sconf/202020201004
ICENIS 2020



clear that the immediate implementation of measures and barriers to resist a 1.5 M sea level 
rise would be premature, given present rates being at ~5 mm/yr, and this would level 
considerable adaptation cost on the present British tax payers. Rather than level the cost of 
adaptation to reduced catchment runoff, compromised water quality and invasive species on 
the present generation of Murray River water users, such a staged approach could also be 
implemented which examines the timing of implementation of measures in a staged process 
thereby spreading the financial impact across generations [25]. Such a planned approach 
allows decision makers to assess the trade-offs between environmental, economic and social 
interests and avoids the perverse outcomes of a cap-and-trade market-based approach. 
Commitment to such a program requires acceptance of the pathway itself, and its scientific 
underpinnings, by the communities that will bear the cost of the management investment and 
the shift from the current path.  

 

7 Conclusion 
Human societies have had considerable impact on the world freshwater ecosystems and the 
rate of impact has accelerated in recent decades.  These impacts will continue to increase, 
supplemented by climate change and associated elevated sea levels, and the synergistic 
effects that arise from the interaction between both persistent and emerging threats. These 
systems provide humanity with vast resources and ecosystem services and their ongoing 
demise will impact society negatively. To mitigate this pressure on the function of freshwater 
socio-ecological systems, and to avoid critical transitions that lead to depleted ecological 
states, society needs to map out the drivers of degradation and implement a pathway of 
measures to create a just existence for present and future generations.  
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