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Springs - neglected 

ecosystems 
 

Springs can be defined as places on the 

Earth’s surface that are influenced by 

the exposure, and often the flow, of 

groundwater.  They support biodiverse 

ecosystems and have socioeconomic 

value as sources of water for drinking, 

agriculture, industry and recreation, , 

but they are often  highly vulnerable to 

human disturbance, such as 

groundwater depletion,  pollution, and 

habitat modification.  There are at least 

2.5 million springs on Earth, but 

unfortunately springs have been poorly 

mapped, and a lack of a suitable 

classification system has hampered 

studies on their diversity, distribution, 

ecology, and conservation status.  As a 

result, public awareness of springs is 

limited and this has allowed them to 

become increasingly threatened.  To 

assist in management planning, 

scientists in Arizona, U.S.A. have 

developed a springs ecosystem model 

and a classification system based on 

landform features.  They provide a 

dichotomous key for the identification 

of 12 major types of springs, and report 

that in testing the key on 244 springs, 

88% were classified correctly.  The key 
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includes factors relating to contact 

between groundwater and surface 

water, and the landform, habitat 

structure and ecology of the emerging 

spring and its downstream flow.  The 

researchers maintain that classification 

approaches based on factors other than 

landform (such as aquifers, flow, water 

quality, landscape location, and biota) 

aren’t precise enough to distinguish 

different types of springs.  Several 

different microhabitats can occur within 

a single spring (especially spring types 

such as hanging gardens and hillslope 

springs), and this has a positive impact 

on biodiversity and ecological 

complexity.  The classification shows 

how different types of springs are 

related and how landform affects 

ecological communities.  It also 

highlights where rare or endemic 

species are likely to occur, and clarifies 

management options relevant to 

particular types of springs. 

 
Reference:  Stevens, L.E. et al. 2021.  Springs 

ecosystem classification. Ecological 

Applications, 31(1),  e02218. 

https://doi.org/10.1002/eap.2218 

 

 

Freshwater megafauna 

under threat 
 

Because large-bodied animal species 

tend to have a higher than average 

extinction risk, there are concerns that 

freshwater megafauna (species with 

body weights over 30 kg) are relatively 

vulnerable to human-induced 

disturbances such as reduced river 

flows, habitat fragmentation and 

pollution.  In the 40 years leading up to 

2012, global populations of freshwater 

megafauna declined by 88%, and over 

half of all freshwater megafauna species 

are now listed as threatened by the 

International Union for Conservation of 

Nature (IUCN).   To identify factors 

affecting extinction risk, an international 

group of scientists compiled 

information on species traits of 

freshwater megafauna and examined 

how well these traits predicted the 

conservation status of 157 species on the 

IUCN Red List.  On average, species of 

freshwater megafauna had a maximum 

body weight of 169 kg, a mean life span 

of 40 years, and females matured at a 

mean age of six years.   The analysis 

showed that the probability of species 

being threatened was significantly (and 

positively) related to body size, life span 

and age at maturity.  Higher extinction  

risk was also associated with low 

fecundity, bearing live young, migratory 

behaviour, herbivorous feeding and the 

intensity of human impact (this measure 

took into account threats such as 

pollution, catchment disturbance, river 

fragmentation, harvesting pressure, and 

species invasion).  Using these 

relationships based on species traits and 

human impact, the research team 

predicted that a further 17 species, out 

of 49 unclassified by the IUCN due to 

insufficient data, were threatened: these 

comprised 10 fish (including species of 

carp, rays, lungfish and trout), four 

mammals (all dolphins) and three 

reptiles (two turtles and a crocodile).  

These predictions mean that the 

Amazon and Yangtze basins should be 

considered to be new hotspots of 

threatened freshwater megafauna, 

alongside previously recognised 

https://doi.org/10.1002/eap.2218
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hotspots in the Ganges-Brahmaputra 

and Mekong basins and the Caspian Sea 

region.  To better protect freshwater 

megafauna, the researchers recommend 

further action in the following areas: 

more studies on life histories, 

populations and distributions, stronger 

limitations on exploitation, more 

protected zones managed at an 

integrated, ecosystem level, the 

reintroduction of megafauna species 

into previously inhabited regions, and 

artificial breeding to boost depleted 

populations. 

 
Reference:  He, F. et al.  2021.  Combined 

effects of life-history traits and human 

impact on extinction risk of freshwater 

megafauna.  Conservation Biology, 35(2), 643–

653.  DOI: 10.1111/cobi.13590.  

https://doi.org/10.1111/cobi.13590 

 

 

How riparian trees  

manage their water 

balance 
 

In riverine ecosystems, riparian 

vegetation supports aquatic and 

terrestrial biodiversity, stabilises river 

banks and modulates water flow 

between the stream and the floodplain.  

However, stream channelisation has led 

to the widespread disconnection and 

loss of floodplain forests.  Successful 

riparian restoration schemes are those 

that create the conditions for plants to 

become established and survive 

fluctuating groundwater levels.  The 

roots of most riparian tree species tap 

the groundwater or the capillary fringe 

just above it, and the depth to 

groundwater structures the composition 

and distribution of floodplain plants.  If 

groundwater levels are too low, trees 

can suffer from drought stress, which is 

evidenced by a drop in leaf and stem 

water potentials, the closure of stomatal 

pores, and reduced transpiration.  On 

the other hand, if groundwater levels 

are too high the rooting zone can turn 

anoxic.  Because there’s a lack of 

detailed information on the effects of 

short-term groundwater fluctuations on 

plant growth and water stress, a team of 

environmental engineers studied the 

responses of riparian trees to changing 

groundwater levels and climate in a 

braided gravel-bed river (the Maggia) in 

southern Switzerland.  During two 

growing seasons, they collected data on 

diurnal changes in transpiration (as 

inferred from stomatal conductance and 

stem diameter) in species of willow 

(Salix), alder (Alnus) and poplar 

(Populus), which are the most common 

flood-tolerant trees along central 

European rivers.  They worked at two 

sites close to the river: at one site the 

average depth to groundwater was 4.4 

m, while at the other it was much 

shallower (2.4 m).  The tree data 

reflected changing patterns of water 

uptake during the night and 

transpiration during the day, with 

stomatal conductance peaking in the 

morning and then decreasing until late 

afternoon.  Daily fluctuations in stem 

diameter were greatest in midsummer, 

when evapotranspiration was highest.  

Regression analyses showed that at the 

site with a deep groundwater table, 

transpiration was driven mainly by 

groundwater depth, which suggested 

that trees closed their stomata as 

https://doi.org/10.1111/cobi.13590
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groundwater levels dropped.  By 

comparison, at the site where 

groundwater was closer to the surface 

and the depth to groundwater less 

variable, transpiration was driven 

mainly by microclimate, especially 

temperature, radiation and air moisture.  

(Stomatal pores open in response to 

radiation and photosynthesis, but close 

in response to reduced air moisture).  

These results show that riparian trees 

respond to short-term changes in 

groundwater levels, even when they’re 

close to the channels of braided rivers.  

Groundwater and floodplain 

morphology together create conditions 

that allow dense riparian vegetation to 

establish, which in turn creates a 

growth-promoting microclimate with 

more shade, better wind protection, 

lower temperatures and higher 

humidity.  The findings highlight the 

need to consider microclimatic controls 

when modelling aspects of plant 

physiology such as transpiration, 

photosynthesis and growth. 

 
Reference:  Martinetti, S, et al. 2021. Field 

evidence of riparian vegetation response to 

groundwater levels in a gravel-bed river 

Ecohydrology 14, e2264. 

https://doi.org/10.1002/eco.2264 

 

 

Dams challenge platypus 

populations 
 

The construction of dams has many 

adverse effects on river hydrology and 

ecology.  Dams limit animal movements 

and reduce the cover of riparian 

vegetation, which leads to bank erosion 

and the filling of stream pools with 

sediment.  Dam-related impacts have 

been documented for many types of 

riverine animals, including 

macroinvertebrates, amphibians and 

waterbirds.  However, the effects of 

dams on platypus (Ornithorhynchus 

anatinus) populations are poorly 

understood, partly because platypus are 

elusive and nocturnally active.  Platypus 

are semiaquatic mammals endemic to 

eastern Australia.  They feed mainly on 

bottom-dwelling invertebrates and 

favour river habitats with stable 

streamside vegetation and complex 

substrates.  In the first critical survey of 

the impacts of river regulation on 

platypus, researchers compared 

platypus abundances in three regions of 

eastern Australia over a three-year 

period.  They used fyke nets and 

unweighted mesh nets to capture 

platypus at 108 sites, covering a stretch 

of at least 40 km on unregulated rivers 

and at least 20 km immediately above 

and below large dams on regulated 

rivers.  River flows were minimally 

regulated upstream of dams, but heavily 

regulated downstream.  Platypus 

populations were most obviously 

impacted on the Mitta Mitta River, 

downstream of Dartmouth Dam in the 

Upper Murray region.  In this stretch of 

river the dam, with a capacity of 3,856 

gigalitres and a wall height of 180 

metres, has altered the seasonality and 

volume of flows considerably more than 

other dams in the study.  Nightly 

platypus captures were significantly 

(roughly four times) lower downstream 

of the dam compared with the upstream 

section of Mitta Mitta and other 

unregulated river stretches in the same 

region.  On the Mitta Mitta River, 

https://doi.org/10.1002/eco.2264
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unusually high downstream flows occur 

in summer, during the platypus 

breeding season, and these could cause 

platypus to be drowned or displaced 

from burrows.  In addition, due to 

releases of cold water from Dartmouth 

Dam, downstream water temperatures 

can be as much as 12 oC below normal.  

The dam has also reduced the diversity 

and abundance of macroinvertebrates 

and fish in the downstream section.  In 

contrast, in the Snowy Rivers region 

damming had no clear impact on 

platypus numbers, and downstream 

captures were high, possibly because of 

measures taken to restore the river and 

to mimic natural flow regimes: these 

have significantly improved river banks 

and channel depth, and mitigated cold-

water pollution.  The results of this 

study highlight the potential harmful 

effects of dams on platypus, but also 

suggest that meaningful steps can be 

taken to mitigate these impacts. 

 
Reference:   Hawke, T. et al.  2021.  

Damming insights: variable impacts and 

implications of river regulation on platypus 

populations.  Aquatic Conservation: Marine 

and Freshwater Ecosystems 31,504–519.  

https://doi.org/10.1002/aqc.3523 

 

 

Aquatic plants regulate 

downstream nutrients 
 

Just as the processes of respiration and 

nutrient uptake by living cells affect the 

chemistry of the human body, the 

activities of all life-forms in a body of 

water influence its metabolism and 

carbon dynamics.  In freshwater 

streams, aquatic plants and algae are 

important agents of metabolism because 

they act as the stream’s internal source 

of primary production.  However, until 

recently no studies on annual 

metabolism had been conducted in 

streams with abundant waterplants.  To 

fill this knowledge gap, biologists 

measured primary production and 

ecosystem respiration in a temperate 

stream in Jutland, Denmark over an 

entire year.  The stream was in an 

agricultural catchment with an area of 

72 km2..  The researchers compared two 

segments of stream that were 1.5 km 

apart:  the upstream stretch had little 

aquatic vegetation (less than 5% cover), 

but the downstream stretch had a cover 

of more than 60% in summer.  The main 

water plants were lesser water-parsnip 

(Berula erecta), water-starwort (Callitriche 

sp.) and water-crowfoot (Ranunculus 

aquatilis).  Rates of stream metabolism 

were measured by recording the 

upstream-downstream difference in 

dissolved oxygen over a distance of 158 

m in the high vegetation reach and 274 

m in the low vegetation reach.  Daily 

gross primary production was 

calculated as the sum of dissolved 

oxygen produced in daylight hours plus 

the oxygen consumed over the same 

period, which was estimated from 

nighttime respiration.  Data analysis 

showed that annual primary production 

was twice as high in the vegetated reach 

as in the low vegetation reach.  In the 

two reaches production was at a similar 

low in winter, but summer production 

was about 35 and 17 times higher in the 

high and low vegetation reaches 

respectively.  In the high vegetation 

reach production stayed unexpectedly 

high through autumn, but in the low 

https://doi.org/10.1002/aqc.3523
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vegetation reach it dropped markedly in 

mid-summer, perhaps because 

seasonally heavy shading by grasses 

and shrubs in summer inhibited benthic 

algal production.  Over the year 

ecosystem respiration was 1.3 times 

greater in the high vegetation reach.  

These findings demonstrate that 

waterplants can have a strong influence 

on stream metabolism.  However, it was 

significant that respiration outweighed 

production throughout the year, even in 

the well-vegetated reach.  This was due 

to the retention and decomposition of 

newly-produced organic matter in 

stands of vegetation, as well as the 

breakdown of abundant organic 

material washed in from the catchment.  

It seems that beds of waterplants can 

delay the downstream transport of 

nutrients from summer to winter, and 

thus help to prevent low-oxygen 

conditions developing further 

downstream. 

 
Reference:   Alnoee, A.B. et al.  2021.  

Macrophytes enhance reach‑scale 

metabolism on a daily, seasonal 

and annual basis in agricultural lowland 

streams.  Aquatic Sciences 83:11 

https://doi.org/10.1007/s00027-020-00766-4 

 

 

The net effect: caddis flies 

and streambed flow 
 

The beds of streams are dynamic 

interfaces where water, nutrients and 

living organisms move between surface 

and sub-surface environments, and 

streambed permeability has a significant 

influence on processes such as nitrogen 

cycling and organic matter 

decomposition.  Although the physics of 

streambed exchange are well 

understood, interactions between 

physical and biological processes have 

received relatively little attention, and 

there have been only a few studies on 

the ways in which stream invertebrates 

affect vertical flow in gravel-bed rivers.  

In this context, net-spinning caddisfly 

larvae (hydropsychid trichopterans) 

play an important role as widely 

distributed ecosystem engineers in 

streambed sediments.  Commonly 

occurring at densities of up to 10,000 per 

square metre, they construct silk nets to 

catch food in the form of algae, organic 

particles and small invertebrates, and 

they also build silk structures for refuge.  

American ecologists measured the 

impact of caddisflies on vertical 

streambed flow under controlled 

laboratory conditions by circulating 

water through plastic columns filled 

with coarse sand and medium gravel 

(particle size 1.4 – 22 mm) from local 

streams.  In some trials, which lasted 8-

11 days, the columns were inoculated 

with species of Arctopsyche  and 

Hydropsyche at a density of 2000 caddis 

larvae per square metre.  These “caddis 

only” trials were compared with those 

in other treatments in which algal 

cultures were circulated through the 

columns (with or without caddis), or 

where sterilised or unsterilised water 

was circulated without caddis.  In the 

control treatment (sterilised water) the 

hydraulic conductivity of the sediment 

columns didn’t change with time, but in 

the non-caddis treatments that 

permitted biological growth (algae and 

unsterilised water) there was a drop in 

conductivity due to the build-up of 

https://doi.org/10.1007/s00027-020-00766-4
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organic biofilms on sediment particles.    

However, there was a much more 

marked change with the caddis only 

treatment, where there was a near-linear 

drop in conductivity from 15 to 7 cm/sec 

over nine days.  Also, the initial 

conductivity was lower than with non-

caddis treatments, so it seemed that the 

caddis had an immediate effect.  At the 

end of the experiment, about twice as 

much organic matter had accumulated 

in the sediments occupied by caddis 

relative to sediments without caddis.  

Unexpectedly, adding algae as well as 

caddis didn’t further reduce 

permeability.  In discussing their results, 

the researchers suggest that caddis 

increase their net building activities 

when their algal food is scarce, thereby 

slowing water flow through sediment 

pores and allowing biofilms to better 

process dissolved and suspended 

nutrients, some of which derive from 

caddis faecal pellets.  In this way, when 

streambeds are disturbed early-

colonising caddis probably help to 

improve hydraulic conditions for 

developing biofilm communities. 

 
Reference:  MacDonald, M.J. et al. 2021.  

Ecosystem engineering in the streambed: 

net-spinning caddisflies influence hydraulic 

properties.  Ecohydrology 14:e2266.  

https://doi.org/10.1002/eco.2266 

 

 

Lake management gets 

harder as the climate 

changes  
 

Excessive inflows of nutrients, 

especially phosphorus in fertilisers, 

pesticides and sewage, reduce water 

quality in lakes and reservoirs and can 

encourage toxic algal blooms, often with 

serious implications for public health, 

food security and biodiversity.  

Increases in nutrient inputs are partly 

due to increased rainfall associated with  

climate change.  And the availability 

and residence times of incoming 

nutrients are affected by landform 

features and the size of receiving water 

bodies: for example, phosphorus 

concentrations tend to be relatively low 

in deep lakes.   These considerations 

make it likely that interactions between 

nutrients, climate change and landform 

are important influences on water 

quality in lake ecosystems.  However, 

although many researchers have 

explored possible predictors of lake 

eutrophication and algal blooms, there 

have been almost no studies on the 

relative importance of nutrients, climate 

and landform features.  This prompted a 

group of Canadian and U.S. -based 

scientists to analyse a large lake 

database with the aim of identifying key 

predictors of chlorophyll a, which was 

used as an indicator of eutrophic 

conditions.  The database included 

information on 2561 lakes in seven 

countries, and the data for climate and 

landform covered eleven predictor 

variables.  Multivariate analysis 

established that the predictor variables 

together explained 60% of the variation 

in lake chlorophyll.   Of that, the most 

important variable was total 

phosphorus, which explained 42% of the 

variation. Climate variables (summer 

and spring air temperatures, solar 

radiation, precipitation, and cloud 

cover) together explained 38% of the 

https://doi.org/10.1002/eco.2266
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variation, and landform (especially lake 

depth and watershed area) accounted 

for 20%.   The most striking finding was 

that climate influenced water quality 

almost as much as nutrient pollution: 

rising water temperatures caused by 

climate change will increase algal 

growth rates and encourage bloom 

development.  Although lake 

management plans have tended to focus 

mainly on nutrient reductions, the 

results of this study suggest that they  

may not be sufficient to address the 

problem of deteriorating water quality, 

and equal attention should be given to 

examining the implications of climate 

change. 

 
Reference:   Shuvo, A. et al.  2021.  Total 

phosphorus and climate are equally 

important predictors of water quality in 

lakes.  Aquatic Sciences 83:16. 

https://doi.org/10.1007/s00027-021-00776-w 

 

 

A lesson from fish: don’t 

let stress ruin procreation 
 

Annual fishes live in temporary ponds 

that dry out completely in summer.  As 

a result they have the shortest life spans 

of all vertebrates: after a few months 

they perish and the next generation 

depends on the survival of their 

drought-proof eggs, which hatch when 

the pond is eventually flooded.  As the 

shallow ponds dry out, environmental 

factors such as temperature, pH, 

oxygen, turbidity and salinity can reach 

extreme, survival-threatening levels, 

and these changes increase the 

concentration of the stress hormone 

cortisol in a fish’s body.  In most 

vertebrates high cortisol levels trigger 

the reallocation of resources away from 

delayable activities like reproduction in 

order to deal with immediate 

environmental challenges.  However, 

because annual fish are severely time-

limited, they have to reproduce and 

cope with environmental stress 

simultaneously.  To find out how they 

respond to this predicament, a group of 

researchers surveyed populations of the 

rivulid fish Austrolebias reicherti in 

temporary ponds in Uruguay at 

different stages after hatching, and 

measured cortisol levels in the blood of 

sampled individuals.  As the season 

progressed, conditions in the ponds 

deteriorated and blood cortisol 

concentrations increased significantly: 

late season levels were twice those of 

earlier levels.  Reproductive effort 

increased the weight of female ovaries 

and decreased the weight of livers (and 

therefore energy stores) in males.  The 

researchers also kept laboratory-bred 

fish in dilute concentrations of 

hydrocortisone to examine the 

behavioural and physiological effects of 

cortisol, and found that after a ten-day 

treatment cortisol levels in male fish had 

doubled.  The same fish also spent more 

time on courtship displays and became 

more brightly coloured.  Because 

cortisol promoted reproduction at the 

expense of maintenance, it seems that 

annual fish are one of the few types of 

vertebrates where the stress response 

doesn’t inhibit breeding.   

 
Reference:  Passos, C. et al. 2021.  Stress 

promotes reproduction in the annual fish 

Austrolebias reicherti.  Animal Behaviour 174, 

105-114.   

https://doi.org/10.1016/j.anbehav.2021.02.003 

https://doi.org/10.1007/s00027-021-00776-w
https://doi.org/10.1016/j.anbehav.2021.02.003

