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Ponds and headwaters evidence review – 

biodiversity and role in nature recovery 

  

Ponds 

 

1.1 Pond definition, numbers and historical change 

Ponds are defined in policy as permanent and seasonal standing water bodies up to 2 ha in extent 
(Maddock 2008). 
  
Countryside Survey data estimated that England contained approximately 234,000 ponds, although 
this estimate was made in 2007 and has not been updated through a comparable national survey 
since that time (Williams et al., 2010).  
 
Historical analyses suggest that around half of UK ponds have been lost since 1900 (Wood et al., 
2003). However, there is some evidence that the trend may have reversed in more recent years with 
Countryside Survey data indicating that that pond numbers in England increased by around 1.9% 
per year between 1998 and 2007 (Williams et al., 2010). 

  

1.2 Pond species richness  

1.2.1 Concise summary 

Comparative studies consistently indicate that ponds support higher freshwater species richness at 
the landscape scale than other waterbody types. Across UK and European studies, ponds typically 
contained more aquatic plant, macroinvertebrate and insect taxa than rivers, streams, ditches, 
canals or lakes within the same study landscapes. 

 
There are relatively few exceptions to this general pattern. A small number of studies report higher 
richness in lakes, streams or ditches, or similar richness between ponds and streams. However, 

Ponds biodiversity overview 

• There is strong evidence that ponds are important habitats for freshwater biodiversity and, 
across landscapes, often support higher numbers of freshwater species than lakes, rivers, 
streams and ditches. This evidence comes largely from agricultural and mixed landscapes: 
there is currently little available data for entirely semi-natural landscapes. 

• Ponds are particularly important for rare and threatened species, including Red Listed and, 
Nationally Scarce species and Species of Principal Importance; typically supporting a greater 
number of these species than other waterbody types within a landscape. 

• Pond creation and restoration can substantially increase freshwater biodiversity at both 
catchment and site scales, including increasing in the total species richness and number of 
uncommon species across landscapes. 

• Rapid biodiversity gains have frequently been observed over short time scales, including 
within months to five years of pond creation or restoration, although long-term studies (10 
years+) remain relatively limited. 

• To achieve substantial biodiversity gains, evidence consistently indicates that new or restored 
ponds: need a source of clean water, are often associated with low-intensity land in their 
immediate surrounds, and benefit from avoiding direct connections to inflow streams, ditches 
and polluted runoff. 

 



    

 
 

2 

 
 

even in these cases, ponds remain a major component of regional freshwater biodiversity and 
contributed substantially to overall species richness. 
  

1.2.2 Evidence summary 

• In Oxfordshire, UK, ponds 
supported 238 aquatic plant and 
macroinvertebrate species, 
compared with 201 species in 
rivers, 186 in lakes, 163 in 
streams and 120 in ditches 
(Williams et al., 2004, Davies et 
al., 2008b), Figure 1. 

• In Shropshire, ponds supported 
189 aquatic plant and 
macroinvertebrate species, 
compared with 110 species in 
streams and 136 in ditches 
(graph-extracted data from 
Davies et al., 2008a). 

• In the River Glaven catchment, 
Norfolk, ponds supported 145 
aquatic plant species, 
compared with 103 in lakes, 87 in ditches and 81 in rivers (Khanzada, 2024). 

• In three lowland agricultural catchments in Leicestershire surveyed over nine years, ponds 
supported 85% of all wetland plant species recorded across ponds, streams and ditches, 
compared with 43% for streams and 39% for ditches. Ponds were consistently the richest 
waterbody type in all catchments and survey years (Williams et al., 2020). 

• In baseline surveys of two upper catchments in Northamptonshire in 2021, ponds were the 
richest freshwater habitat type. Across both catchments, 79 wetland plant species were 
recorded, with ponds supporting around 97% of all species, compared with 37% in streams and 
24% in ditches (Williams et al., 2025). 

• In Funen, Denmark, ponds supported 83 wetland plant species, compared with 50 in rivers and 
streams and 42 in ditches; in Braunschweig, Germany, ponds supported 96 species compared 
with 44 in rivers and streams and 47 in ditches; and in Avignon, France, ponds and lakes 
supported 74 species compared with 62 in rivers and streams and 56 in ditches (graph-extracted 
data from Davies et al., 2008a). 

• In Estonian forest landscapes, human-made ponds supported the highest mean aquatic insect 
species richness per sample (7.2 species), compared with streams (6.4), ditches (5.6) and small 
natural pools and puddles (4.6) (Tomingas et al., 2025). 

• In urban aquatic nature-based solution sites across Antwerp, Helsinki, Lisbon and Poznań, 
ponds supported 84 macrophyte taxa compared with 57 in streams (Szoszkiewicz et al., 2025). 

• In Punakha District, Bhutan, ponds supported 46 freshwater plant species, compared with 44 in 
ditches, 39 in streams and 34 in lakes (Dema and Jambay, 2023). 

• Two Natural England surveys of ponds provide evidence of the national richness of the pond 
resource for plant species. Both included stratified surveys of 120 ponds across England. A 
similar number of species were recorded in both studies (180, 172); each representing over 35% 
of the total number of wetland macrophyte species that are present in the UK. Around half of the 
surveyed ponds in each study qualified as Habitats of Principal Importance (Morris et al., 2025 
a, b). 

• Not all studies found ponds to be the richest waterbody type. In three study landscapes in 
Northeast Norfolk, Cumbria and Greater Glasgow, lakes supported higher cumulative richness 
than ponds for some taxonomic groups (Law et al., 2024). 

 
Figure 1. Total wetland plant and macroinvertebrate 
richness in rivers, lakes, ponds, streams and ditches in a 
region of Oxfordshire. Ponds supported the highest overall 
species richness. Redrawn from data in Williams et al., 
2004 and Davies et al., 2008b. 
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• In parts of Slovakia and Slovenia, streams or ditches supported greater aquatic plant richness 
than ponds in some regions (Svitok et al., 2025). In the Brazilian Amazon, ponds and streams 
supported similar numbers of species: ponds 85 macrophyte species, and streams 89 species 
(Carvalho et al., 2026). 

 

1.3 Rare and threatened species 

 

1.3.1 Concise summary 

Evidence from many studies shows that ponds are a particularly important waterbody type for rare, 
threatened and conservation-priority freshwater species. In UK and European research, ponds 
typically supported more nationally scarce, red-listed or conservation-concern species than rivers, 
streams, ditches or lakes within the same landscapes. 
  
This pattern is reported for multiple taxonomic groups including macroinvertebrates and aquatic 
plants. Several studies also reported associations between rare species and ponds with relatively 
unpolluted or oligotrophic conditions. 
  
Against this general pattern, one study has reported greater numbers of species of conservation 
concern associated with lakes than ponds. 
 

1.3.2 Evidence summary 

(i) Comparative rarity 

• In a mixed agricultural landscape around Coleshill, England, ponds supported 14 nationally 
scarce macroinvertebrate species, compared with 3 species in rivers, 3 in streams and 7 in 
ditches (Williams et al., 2004).  

• In the River Glaven catchment, Norfolk, ponds (<0.5 ha) supported 15 wetland plant species of 
conservation concern, compared with 5 species in rivers, 6 in lakes and 5 in ditches (Khanzada 
2024).  

• In lowland agricultural catchments in Leicestershire, ponds supported 89% of all nationally or 
regionally rare wetland plant species recorded during a nine-year survey, compared with 17% 
for streams and 17% for ditches (Williams et al., 2020). 

• In a Northamptonshire study (2021-2024), uncommon wetland plant species were strongly 
concentrated in ponds. Of 17 regionally uncommon species recorded in the baseline surveys, 16 
were found in ponds and only one in streams, with none recorded in ditches. Across both 
catchments, 100% of regionally uncommon species were recorded from ponds, compared to 
12% from streams and 0% from ditches (Williams et al., 2025). 

• In three Central European regions in Slovakia and Slovenia, ponds supported the highest 
numbers of unique threatened aquatic plant species compared to rivers, streams and ditches. In 
the Turčianska kotlina Basin, ponds supported four unique threatened species, compared with 
three in rivers, two in ditches and none in streams. In the Borskánížina Lowland, ponds 
supported five unique threatened species, compared with three in ditches, one in streams and 
none in rivers. In Northeast Slovenia, ponds supported seven unique threatened species, 
compared with two in ditches and one each in rivers and streams (Svitok et al., 2025). 

• In the Canton of Geneva, Switzerland, ponds supported the greatest number of Red List 
macroinvertebrate species. Of 52 Red List species recorded across all waterbody types, 31 
were found in ponds, compared with 19 in streams, 16 in Lake Geneva and 12 in rivers 
(Angélibert et al., 2006) 

• In Patagonia, isolated ponds supported the highest proportion of endemic freshwater 
invertebrate taxa (15%). Nine endemic species were recorded only from isolated ponds, 
compared with six endemic species recorded only from streams and rivers waters and none 
recorded only from ponds connected to rivers and streams in flood (Epele et al., 2019).  
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• A single study reported that lakes supported greater numbers of species of conservation 
concern in two out of three study regions (north-east Norfolk, Cumbria and Greater Glasgow 
although ponds also supported species of conservation concern and contributed unique species 
not found in other waterbody types (Law et al., 2024). 

 
(ii) Habitat specific rarity 

• A 2010 review identified more than 100 UK BAP priority species associated with ponds in 
England, including plants, stoneworts, invertebrates, amphibians, birds, bats and mammals 
(Pond Conservation, 2010). The list predates subsequent revisions to UK priority species lists 
and is likely to underestimate the current number of pond-associated priority species.  

• The UK Biodiversity Action Plan Priority Habitat Description for ponds identifies ponds 
supporting six Habitats Directive Annex I habitat types, including dystrophic ponds, oligotrophic 
pond types and temporary Mediterranean-type ponds (Maddock 2008). 

• Natural England studies of countryside ponds in recent years provides a guide to their value for 
rare and threatened species. A survey of 120 agri-environment ponds across England recorded 
17 plant species of conservation concern. Ad hoc observations included records of rare mosses 
and liverworts, whilst 6% of ponds supported Water Vole, a Species of Principal Importance 
(Morris et al., 2025a). A second unpublished survey recorded 18 wetland plant species of 
conservation concern, including three nationally scarce taxa and two Species of Principal 
Importance. Sixteen species were listed on the England vascular plant Red List and seven on 
the Great Britain Red List (Morris et al., 2025b). 
 

1.4 Distinctive assemblages, habitat uniqueness and wider river-
network support 

1.4.1 Concise summary 

Evidence consistently shows that ponds support distinctive assemblages and large numbers of 
species not recorded from other freshwater habitats within the same landscape. This distinctiveness 
is variously reported as habitat-unique species, beta diversity or compositional differences between 
freshwater habitat types. 
 
However, ponds also share many species with streams and rivers, and there is evidence that pond 
networks can help support the biodiversity, resilience and recovery of stream systems. 

 

1.4.2 Evidence summary 

• In Oxfordshire, ponds supported 74 species not recorded from any other freshwater habitat in 
the landscape, compared with 35 unique species in rivers, 9 in streams and 11 in ditches 
(Williams et al., 2004). 

• In Shropshire, ponds in the Whitchurch study area supported 36 unique macrophyte species, 
compared with 10 in ditches and 8 in streams (Davies et al., 2008). 

• In three European agricultural landscapes in Denmark, Germany and France, ponds consistently 
supported the highest numbers of habitat-unique aquatic plant species compared with rivers, 
streams, ditches and lakes. In Funen, Denmark, and Braunschweig, Germany, ponds supported 
42 and 45 habitat-unique aquatic plant species respectively, compared with 9 and 3 in rivers and 
streams combined, and 5 in ditches in both regions. In Avignon, France, ponds supported 10 
habitat-unique species, compared with 6 in rivers and streams combined, 6 in ditches and 1 in 
lakes (Davies et al., 2008).  

• In the River Glaven catchment, ponds supported 37 unique aquatic plant species, compared 
with 13 in ditches, 4 in lakes and 4 in rivers (Khanzada, 2024). 
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• In the Váh river valley, Slovakia, ponds 
supported 14 habitat-unique wetland plant 
species, compared with 2 in canals, 4 in rivers 
and 1 in streams (Bubíková and Hrivnák, 2018). 

• In Estonian forest landscapes, human-made 
ponds contributed substantially to landscape-
scale aquatic insect diversity and supported 
distinct assemblages, while pools and streams 
also supported distinct assemblages and 
indicator species (Tomingas et al., 2025). 

• In arid and semiarid Patagonia, isolated ponds 
supported more distinctive freshwater 
invertebrate communities (higher beta diversity) 
than connected ponds and streams and rivers, 
and contained more unique and proportionally 
more endemic species (Epele et al., 2019). 

• In the Brazilian Amazon, ponds and streams 
had similar wetland plant richness, but species 
composition differed significantly; with 32 (27%) 
species only occurring in ponds and 34 (28%) 
only in streams (Carvalho et al., 2026). 

• In the Canton of Geneva, ponds contained 53% 
of the regional macroinvertebrate species pool, 
whilst streams contained 63%; rivers contained 
27% and lakes (Lake Geneva) 22% (Angélibert et al., 2006). 

• There is consistent evidence that freshwater habitats can share substantial proportions of 
species. For example, in a stratified random sample of ponds, rivers, streams and ditches in 
Oxfordshire, 45% of macroinvertebrate species were found in both ponds and rivers, compared 
with 33% found only in ponds and 32% only in rivers, indicating that ponds contribute both 
unique assemblages and wider freshwater-network biodiversity support (Biggs et al., 2017). 
Figure 2. 

• A very recent study found that streams which had adjacent ponds showed more rapid 
macroinvertebrate recovery after drought than isolated streams - suggesting that adjacent ponds 
can function as important refuges and recolonisation sources for stream freshwater 
invertebrates (Peng et al., 2026). 

• Reviews of freshwater networks have concluded that ponds are connected to other freshwater 
habitats through flows of water, nutrients, energy and biota, and that dispersal between ponds 
and other waterbody types contributes to freshwater ecosystem resilience and metapopulation 
persistence as a whole (Biggs et al., 2017; Schofield et al., 2018). 

  

1.5 Biodiversity value of pond creation and restoration  

Evidence indicates that high quality pond creation and restoration have the potential to substantially 
increase freshwater biodiversity, particularly in agricultural and mixed landscapes. The strongest 
evidence comes from lowland catchment studies in England, where clean-water pond creation has 
been see to increase both the total wetland plant richness and the number of uncommon species 
present at catchment scale.  
 
Other studies also report rapid colonisation in newly created or restored ponds by wetland plants, 
macroinvertebrates, amphibians and wetland birds, including uncommon, Nationally Scarce and 
Red-Listed species. 
 
 

 
Figure 2. Overlap in macroinvertebrate 
species between ponds and rivers in 
Oxfordshire. Around 45% of species 
occurred in both habitat types, indicating 
that ponds have the potential to support 
wider stream and river biodiversity within 
freshwater landscapes. Redrawn from 
Biggs et al (2017) 
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1.5.1 Increases in freshwater species richness as a result of pond creation 

Concise summary 

Evidence from England and elsewhere in Europe indicates that pond creation can substantially 
increase freshwater plant species richness and amphibian abundance at both catchment and site 
scales. Newly created ponds frequently support high richness communities, comparable to older 
ponds. 
 

1.5.2 Evidence summary 

• In a 10 km² lowland agricultural 
catchment in Leicestershire, 
creation of 20 clean-water ponds 
increased the total catchment 
wetland plant richness for all 
waterbody types by 26% (from 
60 to 73 species), (Williams et 
al., 2020). Figure 3. 

• In a Northamptonshire study 
(2021-2024), implementation of 
freshwater measures increased 
total wetland plant richness in an 
agricultural catchment by 22% 
within two years. New pond 
creation contributed the greatest number of species that were new to the catchment, exceeding 
gains from managed ponds, flood storage basins and bunded ditches (Williams et al., 2025) 

• In Switzerland, construction of 422 new ponds stabilised or increased 77% of regional 
amphibian metapopulations. Between 1999 and 2019, the number of occupied ponds increased 
statewide for 10 of the 12 pond-breeding amphibian species, including multiple Red-Listed 
species (Moor et al., 2022). 

• The wetland plants colonising 165 newly created and restored Newt Conservation Partnership 
great crested newt compensation ponds aged 2-6 years found that the ponds supported an 
average of 15 wetland plant species, more than double the average richness of wider 
countryside ponds (8 species). Some new ponds supported up to 35 wetland plant species 
(Newt Conservation Partnership, 2026). 

• A single newly created 3.2 ha pond complex in Oxfordshire, colonised rapidly and over seven 
years and supported 71 wetland plant species and 167 macroinvertebrate species - 
approximately 20% of all UK freshwater plant and macroinvertebrate species in the groups 
assessed. 

• A national Countryside Survey comparison found that newly created ponds in England (0-9 
years old) supported almost twice the wetland plant richness of older ponds, averaging 11.4 
species per pond compared with 6.3 species in older ponds (Williams et al., 2010). 

• Restoration of three buried ‘ghost ponds’ in Norfolk demonstrated that aquatic plant propagules 
remained viable after approximately 45-150 years of burial under agricultural fields. In sealed 
microcosms and covered mesocosms, at least eight aquatic macrophyte species germinated 
from historic pond sediments within 5-40 weeks following excavation (Alderton et al., 2017). 
 

1.5.3 Benefits of pond creation and restoration for rare and priority species 

Concise summary 

Evidence from England indicates that new ponds are often rapidly colonised by uncommon and 
conservation-priority freshwater species, and that this can substantially increase the number of 
these species at landscape level. 
 

 
Figure 3. Changes in wetland plant richness and rarity 
following creation of clean-water ponds in a Leicestershire 
catchment. New ponds increased total catchment richness 
by 26% and increased rare wetland plant richness by 181%. 
Redrawn from Williams et al. (2020). 
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Evidence from eastern England in particular indicates that pond management and restoration of 
‘ghost ponds’ can also recover freshwater plant assemblages, sometimes including threatened 
species, from long-buried propagule banks. 
 

Evidence summary 

• In a lowland agricultural catchment in Leicestershire, creation of 20 clean-water ponds increased 
regionally and nationally rare wetland plant richness in a 10 km² catchment by 181% within five 
years (Williams et al., 2020). Figure 3. 

• In a Northamptonshire study (2021-2024), freshwater measures increased the number of 
uncommon wetland plant species across the catchment by 65% within two years. New ponds 
and managed ponds both contributed substantial gains, with new ponds adding seven new 
uncommon species (including the Nationally Scarce Clustered Stonewort Tolypella glomerata)   
and managed ponds adding four. Flood storage basins, bunded ditches, and leaky dam/tree-
hinging measures contributed no new uncommon species to the catchment (Williams et al., 
2025). 

• Monitoring of 165 newly and managed created ponds undertaken through the Newt 
Conservation Partnership district licensing scheme found that more than a third of new ponds 
supported at least one rare or threatened wetland plant species. Notable species recorded from 
new ponds less than 5 years old included a new county record for Lesser Water-plantain 
Baldellia ranunculoides (GB Endangered, England Vulnerable) as well as Red Pondweed 
Potamogeton alpinus (GB Vulnerable), Pointed Stonewort Nitella mucronata and Greater 
Bladderwort Utricularia vulgaris, recorded at only the second known location for the species in 
the county. Wider monitoring included a record for the rare priority species Pondweed 
Leafhopper Erotettix cyane in Sussex (Newt Conservation Partnership, 2026). 

• Restoration and resurrection of ghost ponds in Norfolk and Suffolk has led to the reappearance 
of rare wetland plants from historic propagule bank. This includes a site for the endangered 
Grass-poly Lythrum hyssopifolia. The Norfolk and Suffolk pond restoration literature also reports 
recolonisation of restored and newly created ponds by rare charophytes (stoneworts), 
evidencing the importance of pond restoration and creation for recovering lost lowland wetland 
plant assemblages (Sayer et al., 2022; UCL, 2020). 
 

1.6 Speed of biodiversity response  

1.6.1 Concise summary 

Evidence indicates that new pond creation and restoration can increase freshwater biodiversity at 
regional and local level in short timescales: within two to five years after intervention.  
 
Long-term evidence remains comparatively limited because few studies extend beyond 
approximately 10 years. However, available data suggests that the longer-term value of new and 
restored ponds can be retained if factors such as water and surrounding land use quality are high. 
 

1.8.2 Evidence summary 

• Creation of 20 clean-water ponds in low a lowland land agricultural catchment in Leicestershire 
increased wetland plant richness in the 10 km2 catchment by 26% within five years. Rare 
wetland plant richness increased by 181% over the same period (Williams et al., 2020). 

• At Pinkhill Meadow, Oxfordshire, a newly created 3.2 ha pond complex supported at least 67 
wetland plant species, 165 macroinvertebrate species after seven years, including eight 
Nationally Scarce aquatic beetle species. Colonisation was rapid with 34 wetland plant species 
colonised newly created ponds within six months. Plant richness plateaued after approximately 
six years and macroinvertebrate richness after approximately 3-4 years and richness was 
retained thereafter (Williams et al., 2008).  
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• In Northamptonshire, creation and management of ponds increased total wetland plant richness 
in an upper catchment by 22% and uncommon wetland plant richness by 65% within two years 
of implementation (Williams et al., 2025). 

• In Norfolk, 12 aquatic plant species colonised restored ghost ponds within 5-40 weeks following 
excavation, with recolonisation described as rapid following restoration (Alderton et al., 2017). 

• A long-term study of farmland ponds found that both pond creation and pond restoration 
produced sustained biodiversity gains. Restored ponds developed wetland plant richness more 
rapidly than newly created ponds, but after 11+ years both restored and created ponds 
supported similar macrophyte diversity (Hill et al., 2025). 

• Countryside Survey data show that 6-12-year-old ponds were significantly more species rich 
than older ponds, and supported significantly higher numbers of uncommon species. The report 
also cited evidence that pioneer wetland plant assemblages of high conservation interest can 
show rapid population increases within the first 2-3 years after pond creation (Williams et al., 
2010). 

• In Switzerland, Moor et al. (2022) reported that newly created ponds generally had higher 
amphibian colonisation probabilities than older ponds and documented whole region increases 
for 10 of 12 pond-breeding amphibian species over a 20-year period, with gains initially evident 
within a few years. 

 
 

1.7 Benefits for creation and management of ponds for wider terrestrial 
biodiversity 

1.7.1 Concise summary 

There are few studies on the benefits of ponds for terrestrial species. However, evidence to date 
indicates that creating, restoring and managing ponds may provide benefits for a wider range of 
animals, including pollinators, farmland birds and bats. 
  
Studies from UK agricultural landscapes reported that restored and managed ponds supported 
greater richness and abundance of pollinators, emergent aquatic insects and bird communities than 
unmanaged or overgrown ponds. Evidence also indicates that ponds can support ecological 
linkages between aquatic and terrestrial ecosystems through provision of food resources, flowering 
plants and adjacent habitats. 
  

1.7.2 Evidence summary 

• In Norfolk, UK, more species of insect-pollinated plants, hymenopterans and hoverflies were 
recorded at long-term managed and recently restored farmland ponds than at unmanaged 
overgrown ponds. Managed ponds supported 148 insect-pollinated plant species, 87 
hymenopteran species and 78 hoverfly species, compared with 98, 78 and 54 respectively at 
overgrown ponds (Walton et al., 2021a). 

• Also in Norfolk, more species of day-flying pollinators visited recently restored (68 species) and 
long-term managed (59 species) farmland ponds than overgrown ponds (51 species) (Walton et 
al., 2021b). 

• Lewis-Phillips et al. (2020) found that managed farmland ponds supported an 18-fold higher 
abundance and 25-fold higher biomass of emerging aquatic insects than unmanaged overgrown 
ponds. Bird species richness was also higher at managed ponds (35 species) than overgrown 
ponds (19 species). The study reported strong positive relationships between emergent insect 
abundance and local farmland bird assemblages.  

• In intensively farmed landscapes in North Norfolk, managed open-canopy ponds supported 
higher richness and abundance of visiting farmland birds than unmanaged overgrown ponds, 
including UK BAP conservation-priority species (Davies et al., 2016). 
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• Ponds are known to be very important as a food and water source for number of bat species, 
although there are few published studies. An exception is a study of urban ponds in Rome, Italy, 
which found that bats extensively used ponds within urban parks and that woodland habitat 
surrounding ponds increased local bat species richness (Ancillotto et al., 2019). 

• Evidence on aquatic-terrestrial ecosystem linkages indicated that small farmland ponds 
increased the abundance of pollinating insects, including bees and hoverflies, near ponds and 
had the potential to enhance crop pollination services in adjacent terrestrial habitats (Stewart et 
al., 2016).  

 

1.8 Caveats and context dependence 

1.8.1 Concise summary 

Multiple studies have found that ponds in low nutrient, low pollution and semi-natural landscapes 
supported higher species richness, more uncommon species and better ecological condition than 
ponds in degraded or intensively managed landscapes. 
 
This has important implications for schemes aiming to create or restore ponds to improve freshwater 
biodiversity. The evidence indicates that biodiversity gains depend not simply on creating ponds, but 
on creating them in suitable locations with clean water and low surrounding pollution pressure. 
 
To a lesser extent, studies also identify the value of biodiversity-focused pond design, including 
creating or maintaining structurally and hydrologically diverse pond networks containing a mixture of 
permanent and seasonal ponds, together with nearby sources of colonising species. 
 
Evidence also suggests that multifunctional or ecosystem-service waterbodies designed primarily 
for runoff interception or pollution control often support lower biodiversity gains than clean-water 
biodiversity ponds, and may not maintain early biodiversity gains over the medium term. 
 

1.8.2 Evidence summary 

• Ponds surrounded by lower-intensity land uses supported significantly higher ecological quality, 
more uncommon wetland plant species and lower nutrient enrichment than ponds in unprotected 
agricultural landscapes (Morris et al., 2022). 

• Comparisons of studies that used compatible survey and assessment methods shows that the 
proportion of newly created ponds achieving Priority Pond status varied strongly with 
surrounding land use and water quality protection. For example, based on plant data alone, 
around 75% of ponds created through the Newt Conservation Partnership pond programme 
(where clean water-sources were prioritised), qualified as Priority Ponds within five years (NCP 
2026). This compares with around 33% of ponds created or managed through agri-environment 
schemes (Morris et al 2025a), and with only around 8% of ponds recorded in the wider 
countryside as part of Countryside Survey (Willliams et al 2010).  

• Ponds surrounded by lower-intensity land uses supported significantly higher ecological quality, 
more uncommon wetland plant species and lower nutrient enrichment than ponds in unprotected 
agricultural landscapes (Morris et al., 2025a). 

• In lowland agricultural catchments, clean-water ponds increased total wetland plant richness by 
26% and rare wetland plant richness by 181%, while ecosystem-service waterbodies had limited 
effects on richness and did not restore the loss of rare plant species (Williams et al., 2020). 

• In Oxfordshire, exceptionally species-rich new ponds were associated with low nutrient 
conditions, low conductivity, semi-natural surroundings, habitat heterogeneity and strong 
colonisation potential from nearby wetlands (Williams et al., 2008). 

• Ghost pond restoration studies identified intensive farming, fertiliser and herbicide use, dispersal 
barriers and habitat fragmentation as important pressures affecting pond biodiversity and 
restoration potential. Successful restoration methods focused on excavating ponds to expose 
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historic pond sediments and propagule banks, which acted as key sources of aquatic 
macrophyte recolonisation (Alderton et al., 2017). 

• Amphibian responses to pond creation depended strongly on hydroperiod, terrestrial habitat 
quality and landscape connectivity, whilst roads, urbanisation, pesticides, non-native fish and 
drainage constrained recovery (Moor et al., 2022). 

• A recent urban pond study found that good water quality were more strongly associated with 
diatom diversity than was urbanisation intensity, emphasising the importance of maintaining 
clean-water conditions in ponds whatever the landscape (Liao et al., 2026). 
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2 Headwater Streams 

2.1 Stream definition, numbers and paucity of data 

Headwater streams are taken here to include first, second and third order streams, with the greatest 
emphasis on streams within 2.5 km of their source (Dunbar et al, 2010; Mainstone et al, 2016). 
 
This includes a variety of different habitats including springheads, small channels like rills and 
runnels, chalk and tufa streams and both permanent and seasonal waterbodies such as 
winterbournes (Biggs et al, 2017; Riley et al, 2018). 
 
In England and Wales, headwater streams are generally described as comprising around 70% of 
the total length of flowing waters (Riley et al, 2018). 
 
A substantial body of freshwater literature has identified headwater habitat networks as ecologically 
important yet comparatively poorly recognised within freshwater conservation, monitoring and policy 
frameworks (Weisner et al. 2022). 
 

2.2 Stream species richness, distinctive assemblages and habitat 
uniqueness 

2.2.1 Concise summary 

Whilst sometimes less rich at site-level than larger rivers, UK and European studies have shown 
that headwater streams support a significant component of freshwater biodiversity within river 
systems, including species which are not found in downstream reaches. 
 
Studies have reported substantial proportions of catchment-scale macroinvertebrate richness being 
restricted to headwaters, including within springs and temporary streams.  
 

Streams biodiversity overview 

• There is strong evidence that headwater streams are important habitats for freshwater 
biodiversity and support distinctive assemblages, including those associated with springs and 
other small upstream waters in both lowland and upland landscapes. 

• This includes temporary and intermittent headwaters (such as winterbournes), which are 
increasingly recognised as important for freshwater biodiversity, ecosystem functioning and 
ecological connectivity. 

• Studies indicate that headwaters can support a significant proportion of freshwater biodiversity, 
within river networks, including many species not recorded from downstream reaches. In 
English and Irish river systems, approximately 17-20% of macroinvertebrate species were 
restricted to headwaters. 

• Headwaters are particularly important for specialist and conservation-priority species 
associated with groundwater-fed, cold-water and temporary-flow habitats, including rare 
macroinvertebrates, bryophytes and protected fish species. 

• Evidence suggests that restoring headwater systems may provide substantial biodiversity 
benefits, particularly where restoration focuses on improving water quality, restoring hydrology 
and reducing upstream pressures before impacts accumulate downstream. 
 

Streams biodiversity overview 

• There is strong evidence that headwater streams are important habitats for freshwater 
biodiversity and support distinctive assemblages, including those associated with springs and 
other small upstream waters in both lowland and upland landscapes. 

• This includes temporary and intermittent headwaters such as winterbournes, which are 
increasingly recognised as important for freshwater biodiversity, ecosystem functioning and 
ecological connectivity. 

• Studies indicate that headwaters can support substantial proportions of catchment freshwater 
biodiversity, including many species not recorded from downstream reaches. In English and 
Irish river systems, approximately 17-20% of macroinvertebrate species were restricted to 
headwaters. 

• Headwaters are particularly important for specialist and conservation-priority species 
associated with groundwater-fed, cold-water and temporary-flow habitats, including rare 
macroinvertebrates, bryophytes and protected fish species. 

• Evidence suggests that restoring headwater systems may provide substantial biodiversity 
benefits, particularly where restoration focuses on improving water quality, restoring hydrology 
and reducing upstream pressures before impacts accumulate downstream. 

• Reviews suggest that restoration strategies working progressively from headwaters downstream 
may provide a more effective basis for wider river recovery than restoration focused only on 
isolated downstream reaches. 
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Evidence also indicates that assemblage composition can vary considerably between different 
headwater habitat types within river networks, contributing to overall catchment biodiversity through 
the presence of distinct assemblages associated with different upstream habitats. 
 

2.2.2 Evidence summary 

• In three river systems in Ireland (the Bilboa, Mulkear and Tar), 24 macroinvertebrate species per 
system were exclusively found in headwaters. This represented 17% of the total 
macroinvertebrate richness of the examined rivers. The highest headwater sites supported the 
highest numbers of unique species compared with downstream reaches (Callanan et al., 2014). 

• In four river systems in England (the Cam, Yorkshire Derwent, Lugg and Dorset Stour), an 
average of 45 macroinvertebrate species per river system were exclusively found in headwaters. 
This represented approximately 20% of the total macroinvertebrate richness of the examined 
rivers (Furse et al., 1993). 

• A survey of 42 chalk winterbourne sites in the South Downs recorded a rich fauna: 157 taxa, 
including the Winterbourne Stonefly Nemoura lacustris, the Spring Blackfly Simulium costatum, 
the cold-water flatworm Crenobia alpina and groundwater amphipods including Niphargus 
aquilex, N. kochianus, N. fontanus and Crangonyx subterraneus (Biondi et al., 2022). 

• In Killarney, Ireland, headwater stream sites located at the source and 2.5 km from source 
supported 131 macroinvertebrate species, compared with 121 species at downstream sites 
located 5 km and 10 km from source. Similarly, In the Slieve Blooms, Ireland, headwater stream 
sites supported 150 macroinvertebrate species, compared with 160 species at downstream sites 
(Feeley and Kelly-Quinn, 2012). 

• In an agricultural headwater drainage network in south-west Ireland, 208 macroinvertebrate taxa 
were recorded across 14 headwater sites spanning multiple habitat categories including stream 
sites, lateral ditches and main stem ditch sites. Ninety taxa were restricted to a single headwater 
habitat category. A further 112 taxa occurred only within parts of the drainage network and not 
across all habitat categories (Kavanagh and Harrison, 2014). 

• Small stream networks frequently support distinctive assemblages, with strong variation 
between habitats and sites, and taxa restricted to particular upstream environments, with 
biodiversity patterns often dependent on the combined contribution of multiple habitat types 
across connected headwater systems rather than individual channels alone (Meyer et al., 2007; 
Clarke et al., 2008; Kavanagh and Harrison, 2014; Richardson, 2019).  

• A substantial European body of evidence on intermittent and ephemeral rivers has emphasised 
the importance of temporary and non-permanent headwaters for freshwater biodiversity, 
ecosystem functioning and catchment connectivity, whilst noting that these habitats are often 
poorly represented within monitoring and legislative frameworks focused primarily on larger 
permanent rivers and lakes (Datry et al., 2014; Acuña et al., 2014; von Schiller et al., 2017). It 
has also been noted that temporary habitats, such as headwater streams, could act as important 
“drivers of diversity at regional scales” (Cunillera-Montcusí et al., 2023). 

• Outside of Europe, there is general agreement in North America that headwaters are 
disproportionately important for biodiversity relative to their size, particularly because they 
contain unique assemblages, high beta-diversity (variability among sites), endemic taxa, and life 
stages (such as egg-laying) that are not well represented downstream (Meyer et al, 2007). As a 
consequence there is a substantial interest in small streams and associated wetlands, with the 
term ‘vulnerable waters’ having emerged to describe these systems. The term vulnerable waters 
emerged due to their susceptibility to degradation or destruction because of the insufficiency of 
their mapped extent and limited regulatory protection (Lane et al., 2023). 
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2.3 Species rarity and threatened species and communities 

2.3.1 Concise summary 

UK and European studies indicate that headwater streams, springs, winterbournes and other small 
upstream habitats support a disproportionate number of specialist, rare and conservation-priority 
species relative to their size. 
 
Several studies have specifically identified assemblages associated with groundwater-fed, cold-
water and temporary-flow habitats, including species with highly restricted national distributions. 
Studies have particularly noted the importance of chalk headwaters and spring systems for 
specialist macroinvertebrates, including stoneflies, caddisflies, amphipods (freshwater shrimps) and 
other cold-water taxa, although this may in part reflect the greater attention given to this habitat type 
and uncommon invertebrate species also occur in many other headwater types. 
 
Several studies highlight the importance of calcareous spring and tufa habitats for specialist 
bryophyte assemblages associated with petrifying springs and lime-rich seepages.  
 

2.3.2 Evidence summary 

• Dunbar et al. (2010) analysed headwater stream data collected through the UK Countryside 
Survey, which surveyed first- to third-order streams across Great Britain using a stratified 
national sampling design linked to landscape and land-cover types. Species tables compiled 
from the survey listed 35 uncommon macroinvertebrate taxa associated with headwater 
streams, most classified as Nationally Scarce or Nationally Notable. The report also identified 
headwaters as important habitats for protected freshwater species including Freshwater Pearl 
Mussel Margaritifera margaritifera and White-clawed Crayfish Austropotamobius pallipes. 

• A number of studies of chalk spring and headwater sites have reported uncommon invertebrate 
species. Biondi et al. (2022) reviewed threatened species associated with chalk streams and 
highlighted several rare or highly restricted taxa including the Nationally Rare Winterbourne 
Stonefly Nemoura lacustris, with approximately 16 known sites in the UK, and other specialist 
aquatic invertebrates (Macadam, 2015; Macadam et al., 2021). These observations were further 
confirmed in a survey of 51 chalk springs and headwater sites in the South Downs which also 
recorded the Spring Caddisfly Crunoecia irrorata, the glacial relict flatworm Crenobia alpina and 
subterranean groundwater amphipods associated with chalk aquifers and spring systems (Kabir 
et al. 2024). Riley et al. (2018) also noted that small streams support rare water beetles 
including Agabus brunneus and Gething (2025) notes the occurrence of uncommon ground 
beetles in drying headwaters. Also associated with headwater streams are the mayfly 
Siphlonurus armatus, currently known at only one Great Britain site and classified as both 
Endangered and Nationally Rare, and the caddisfly Ironoquia dubia which has been seen 
recently in only two UK streams and is classified as Critically Endangered (Macadam and Farr, 
2021; Wallace, 2016). 

• Rare plants associated with springs, flushes and calcareous headwaters included Bird’s-eye 
Primrose Primula farinosa (UK Red List: Vulnerable), Alpine Bartsia Bartsia alpina (Vulnerable) 
and Scottish Asphodel Tofieldia pusilla. Bryophyte assemblages associated with tufa-forming 
springs and calcareous seepages also include a range of specialist communities and rare 
species linked to petrifying spring habitats and lime-rich flush systems, such as Woolly Apple-
moss Philonotis tomentella. Other uncommon spring and flush bryophytes are associated with 
more acidic conditions, for example the Vulnerable liverwort Marsh Flapwort Biantheridion 
undulifolium. 

• Headwaters and spring-fed systems also support several Annex II species, including White-
clawed Crayfish Austropotamobius pallipes, Desmoulin’s Whorl Snail Vertigo moulinsiana and 
Freshwater Pearl Mussel Margaritifera margaritifera which depends on clean connected 
headwater and upper tributary systems supporting salmonid hosts. Fish including Brook 
Lamprey Lampetra planeri, Atlantic Salmon Salmo salar, Brown Trout Salmo trutta, and 
European Bullhead Cottus gobio (all protected under EU directives, the Wildlife and Countryside 
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Act or the Natural Environment and Rural Communities Act) breed in cool, well-oxygenated 
headwater reaches. 

• Several Habitats Directive Annex I habitats are directly associated with headwaters, springs, 
flushes and small stream systems in the UK. Particularly relevant are H3260 “Water courses of 
plain to montane levels with the Ranunculion fluitantis and Callitricho-Batrachion vegetation”, 
which includes many chalk streams and smaller headwater rivers with characteristic macrophyte 
assemblages, and H7220 “Petrifying springs with tufa formation (Cratoneurion)”, which is 
associated with calcareous springs and seepages supporting specialised bryophyte-rich 
communities.  

 

2.4 Headwater restoration (including wastewater treatment measures) 

2.4.1 Concise summary 

An increasing body of evidence suggests that restoration outcomes in larger rivers are often 
constrained by wider catchment pressures, particularly upstream sewage and agricultural pollution. 
As a result, headwater restoration may offer greater potential for ecological recovery where impacts 
can be addressed closer to source before they accumulate downstream. 
 
Although headwaters are highly sensitive to local pollution because of their small catchments and 
low dilution capacity, several studies suggest that these same characteristics can make restoration 
comparatively tractable where dominant stressors are identified and reduced.  
 
Because headwaters are strongly influenced by surrounding land use and nearby pollutant sources, 
interventions targeting water quality, sediment delivery, hydrology and habitat condition is likely to 
have relatively rapid local effects and potentially wider downstream benefits. 
 
Headwater restoration is increasingly distinguished from traditional downstream channel restoration 
by a greater emphasis on restoring hydrology, reconnecting habitats, reducing pollutant inputs and 
allowing natural processes to recover across connected upstream networks. 
 
Reviews also suggest that headwater restoration can generate wider downstream benefits through 
improvements to water quality, hydrology, sediment retention and ecological connectivity across 
river networks. 
 

2.4.2 Evidence summary 

• An increasing body of evidence in the freshwater literature has argued that restoration outcomes 
in larger rivers are often limited and constrained by wider catchment pressures. This is 
particularly true where restoration focuses primarily on local physical habitat modification without 
addressing water quality issues (Palmer et al., 2005; Bernhardt and Palmer, 2011; Sundermann 
et al., 2011; Friberg et al., 2014; Schmutz et al., 2016; Kail et al., 2015).  

• Several studies have suggested that headwater restoration may offer greater potential for 
ecological recovery because impacts can potentially be addressed closer to source before they 
accumulate downstream (Meyer et al., 2007; Freeman et al., 2007; Alexander et al., 2007).  

• Headwater restoration now often differs from traditional downstream channel restoration by 
placing less emphasis on engineered in-channel habitat modification and greater emphasis on 
restoring hydrology, reconnecting habitats, reducing pollutant inputs and allowing natural 
processes to recover across connected headwater networks (Beechie et al, 2010; Richardson, 
2019). This approach has particularly developed in North America where so called low-tech 
process-based restoration has been championed (Wheaton et al, 2019). 

• Analysis of the effects of wastewater treatment plants in Switzerland discharging into headwater 
streams with small catchments (6.8 to 65.9 km2) found clear effects from wastewater. Note that 
despite the widespread nature of sewage impacts, this is one of the few reported studies of the 
specific biological impacts of headwater wastewater plant impacts in Europe in the peer-
reviewed literature (Burdon et al 2019). In Italy a pilot study of Imhoff tank systems (a type of 
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septic tank) also found clear evidence of pollution impacts on stream invertebrates, concluding 
that further secondary treatment was needed to reduce impacts (Di Sabatino et al 2024).  

• In a Europe-wide assessment, Büttner et al. (2022), reanalysing WFD monitoring data, reported 
that first-, second- and third-order streams were unlikely to achieve WFD Good Ecological Status 
where sewage effluent exceeded 6.5% of total flow volume. The study further reported that more 
than 60% of UK wastewater treatment works included within the analysis exceeded this threshold. 
The results of this analysis also imply that further downstream improvements will be constrained 
by the upstream threat from wastewater plants or other accumulative pollution (e.g. from 
agriculture) on small streams (Figure 4). 

 

• Headwaters are characterised by relatively small catchments and low dilution capacity. Although 
this makes them highly sensitive to pollution from sources such as wastewater treatment works, 
septic tanks and diffuse agricultural runoff, several studies suggest that these same 
characteristics may also make headwater restoration comparatively tractable where dominant 
stressors can be identified and reduced. Because headwater water quality often reflects local 
catchment condition more directly than larger rivers, improvements in pollutant inputs, sediment 
delivery, hydrological condition and riparian management may potentially generate relatively 
rapid ecological responses (Davies et al., 2008b; Büttner et al., 2022; Jarvie et al., 2018). 
Spatial targeting of agri-environment investment in headwater catchments has been 
recommended by the Office for Environmental Protection as “a practical intermediate step” for 
reducing diffuse agricultural pollution (OEP, 2025).  

 
Figure 4. The ecological status of 15,400 stream segments across Europe, split by stream order, 
against the proportion of flow made up of sewage effluent. Whilst headwater stream quality declines 
consistently with increasing effluent, this trend is lost in larger rivers (orders 4 and above, 6-10 not 
shown). This suggests that headwater streams have greater potential to respond rapidly to 
improvements in effluent quality. Redrawn from Büttner et al. (2022). 
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• Jarvie et al. (2018) reported lower rates of nitrogen and phosphorus impairment in British 
headwater streams than in downstream rivers using Countryside Survey Headwater Stream and 
Harmonised River Monitoring Scheme datasets. 20% of headwater streams failed to meet Good 
phosphorus status under WFD, compared with 53% of rivers, implying that there may be fewer 

water quality constraints impacting the success of headwater stream restoration projects 
compared to those downstream (Figure 5) 

• Several studies of chalk headwaters and winterbourne systems reported ecological associations 
between improved hydrological condition, flow permanence and specialist assemblages within 
groundwater-fed and temporary stream habitats (e.g. Bunting et al., 2020; Gething et al., 2021; 
Biondi and Gething, 2022; Kabir et al., 2024).  

• In Scandinavia, Wales and northern England, reductions in acid deposition, together with wider 
catchment restoration, were associated with recovery of acid-sensitive headwater assemblages, 
including salmonids, mayflies and stoneflies (Harriman et al., 2001; Kowalik et al., 2007; 
Ormerod and Durance, 2009).  

• Peatland headwater restoration studies in the UK also reported improvements in hydrological 
functioning, dissolved organic carbon and sediment delivery, with several studies further 
reporting positive responses in wetland biodiversity and downstream water treatment costs 
(Parry et al., 2014; Grand-Clement et al., 2015; Pilkington et al., 2015; Williamson et al. 2023). 
Specific improvements to headwater streams invertebrate communities following peatland 
restoration were demonstrated by Ramchunder et al. (2012). 

 
 
Fig 5. The relationships between phosphorus (P), nitrogen (N) and carbon (C) concentrations in 
British headwater streams and rivers, showing that phosphorus is less commonly limiting to 
primary production (i.e. available in higher concentrations) in rivers than in headwater streams. 
From Jarvie et al. (2018). This shows that headwater stream chemical quality is often better in 
headwaters than lower catchment rivers, placing fewer constraints on the success of headwater 
stream restoration projects than those downstream. 



    

 
 

19 

 
 

• Several agricultural headwater restoration studies reported reductions in nutrient and sediment 
delivery together with partial biological recovery following interventions including riparian buffers, 
wetland creation, livestock exclusion and floodplain reconnection (Meals et al., 2010; Collins et 
al., 2016; Collins et al., 2018; Roley et al., 2012).  

• The literature increasingly emphasises restoration approaches that prioritise hydrology, water 
quality and connectivity across entire headwater networks, including springs, seepages, 
temporary streams, wetlands and other small upstream habitats, rather than focusing primarily 
on engineered in-channel habitat modification. Several reviews suggest that restoring connected 
headwater systems may generate wider downstream benefits through improvements to water 
quality, nutrient processing, sediment retention, hydrological functioning and ecological 
connectivity (Alexander et al., 2007; Clarke et al., 2008; Datry et al., 2014; Leibowitz et al., 2018; 
Wohl et al., 2024). 

• A major review and synthesis paper by Meyer et al. (2007) highlighted the importance of 
headwaters as highly connected components of river networks that exchange organisms, 
organic matter and energy with downstream and surrounding terrestrial ecosystems. The review 
concluded that headwaters function as important movement corridors and sources of colonists 
for downstream recovery following disturbance, with biological connectivity between headwaters 
and downstream ecosystems described as “considerable and essential” for maintaining wider 
river biodiversity. 

 

2.5 Speed of biodiversity response 

2.5.1 Concise summary 

Biodiversity recovery in larger streams and rivers has long been reported as rapid when major 
stressors are removed. This is also likely to apply to headwaters, although direct evidence remains 
comparatively limited because headwater restoration has been much less studied than restoration 
of larger rivers. 
 
The extent of recovery in all running waters depends strongly on the extent to which stressors - 
particularly water pollution - are reduced or removed. Where underlying causes of degradation are 
addressed, recovery may be especially rapid in headwaters because they are relatively small, highly 
connected systems in which restoration can influence a large proportion of the aquatic network 
rather than isolated reaches within much larger river systems that remain constrained by water 
pollution. 
 

 
 
Figure 5. The relationships between phosphorus (P), nitrogen (N) and carbon (C) concentrations 
in British headwater streams and rivers, showing that phosphorus is less commonly limiting to 
primary production (i.e. available in higher concentrations) in rivers than in headwater streams. 
From Jarvie et al. (2018). This shows that headwater stream chemical quality is often better in 
headwaters than lower catchment rivers, placing fewer constraints on the success of headwater 
stream restoration projects than those downstream. 
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Overall, the available evidence suggests a broad recovery trajectory of: 

1-3 years: detectable increases in abundance, richness and ecological quality; 

3-10 years: substantial recovery where water quality and hydrology improve; 

10-20+ years: gradual return of specialist taxa and development of mature community structure. 

 

2.5.2 Evidence summary 

• At present there are few UK and wider European specific examples to draw on for assessing 
headwater recovery rates following restoration. However, a classic Finnish study of headwater 
restoration found that following restoration of straightened headwater streams, invertebrate 
assemblages responded positively within three years (Muotka and Laasonen 2002). 

• A six-year study of restoration in an agricultural headwater stream found progressive increases 
in macroinvertebrate richness, diversity and ecological quality throughout the monitoring period. 
Although undertaken outside Europe, this study is probably representative of headwater rates of 
change which can be expected in the UK. Detectable improvements occurred within the first few 
years following restoration and continued through year six of the study by Li et al. (2018). 

• Data from studies of the installation of Beaver dam analogues and ‘Stage 0’ restoration to 
improve small headwater streams, which are widespread practices in North America, suggest 
rates of change likely in headwater systems. Corline et al. (2023), using Beaver dam analogue 
restoration, found increased invertebrate diversity within three years after installation. Jennings 
et al. (2023), undertaking Stage 0 restoration, found detectable macroinvertebrate response 
within 1–2 years. 

• In a German headwater study of the effects of Beaver colonisation in a good quality forested 
headwater streams, invertebrate species richness doubled over a 20-year period showing that 
substantial changes in headwater richness can occur in these longer timescales (Schloemer et 
al., 2025).  

• In headwater streams restored in peatlands, recovery of mayflies (Ephemeroptera) was 
comparatively rapid colonisation by caddis and stoneflies (Trichoptera, Plecoptera) was still 
continuing 11 years after restoration by ditch blocking (Ramchunder et al. 2012). 

• Broader assessments of restoration outcomes indicate that ecological recovery is generally 
more successful where restoration addresses underlying stressors rather than relying solely on 
habitat creation or channel modification. Palmer et al. (2014), in a widely cited review of stream 
and river restoration, argued that restoring hydrological function, reducing pollutant inputs and 
re-establishing natural ecological and geomorphological processes are often more important 
than the addition of habitat features alone.  

• Although many headwaters are affected by wastewater plants (noted in Section 2.4.2) there is 
little specific evidence on the rates of recovery following plant clean ups. By analogy with much 
better studied downstream sewage works, following improvements to wastewater treatment 
plants there are generally rapid improvements in water chemistry within months, followed by 
biological recovery over longer timescales. Macroinvertebrate communities frequently show 
measurable responses within 1–5 years, whereas fish populations and full ecological recovery 
may require a decade or more depending on habitat condition, dispersal opportunities and the 
persistence of other catchment stressors (Meals et al., 2010; Johnson et al., 2019; McLay et al., 
2026). 
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