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Evidence for biodiversity benefit & ecosystem services -
Ponds

Kate Harrington PhD, Trinity Business School, Trinity College Dublin
Summary

Ponds are small, shallow freshwater bodies that play a disproportionately important role in
supporting biodiversity and delivering ecosystem services, particularly within agricultural
landscapes. Despite their limited size, ponds function as high-quality habitat islands in
otherwise intensively managed environments, often supporting species that have declined or
disappeared from larger and more degraded waterbodies. Individual ponds tend to host distinct
species communities, and high variability among ponds leads to strong spatial and temporal
turnover in species composition. As a result, networks of ponds collectively contribute to
exceptionally high landscape-scale biodiversity, often exceeding that of rivers, lakes, or other
freshwater habitats of comparable area.

Both natural and artificial ponds can act as biodiversity hotspots. Newly created or restored
ponds can rapidly develop diverse plant, invertebrate, amphibian, bird, and bat communities,
and in some cases support rare or threatened species. While pond size alone is a poor predictor
of conservation value, structural diversity, water quality, vegetation heterogeneity, and
connectivity within the surrounding landscape are critical factors influencing ecological
outcomes. Actively managed ponds, particularly those that maintain open water alongside
diverse macrophyte assemblages, consistently support higher biodiversity than overgrown, late-
successional ponds.

Beyond biodiversity, ponds deliver multiple ecosystem services. They can intercept agricultural
runoff, trap sediment, retain nutrients, reduce flood risk, support pollination, and enhance
landscape connectivity. However, nutrient enrichment can compromise both biodiversity value
and climate benefits. Ponds may act either as carbon sinks or as sources of greenhouse gases
depending on nutrient inputs, hydrological stability, and vegetation structure. Overall,
maintaining diverse networks of well-managed ponds across landscapes is essential to
maximising their combined biodiversity, ecosystem service, and climate-related benefits.

Summary - Bullet Points

. Ponds are biodiversity hotspots that collectively support very high landscape-scale
species richness despite their small size.

. Networks of ponds provide greater ecological value than single large waterbodies by
increasing habitat diversity and species turnover.

. Both natural and artificial ponds can support rare species and rapidly develop diverse
communities when well designed and managed.
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o Active management that maintains open water and diverse vegetation consistently
enhances biodiversity across multiple taxonomic groups.

° Ponds deliver important ecosystem services, including nutrient retention, flood
mitigation, pollination support, and habitat connectivity.

. Nutrient inputs and vegetation structure determine whether ponds act as carbon sinks
or greenhouse gas sources, making management critical.

Main Text

Ponds are small (< 5 ha), shallow (< 5 m) freshwater bodies with limited emergent vegetation
(Richardson et al., 2022). In agricultural landscapes, ponds also function as high-quality habitat
islands in otherwise unfavourable environments (Davies et al., 2008; Lewis-Phillips et al.,
2019a; Lewis-Phillips et al., 2019b; Sayer et al., 2012). Local species compositions are typically
compositionally distinct (Briggs et al., 2019; Davies et al., 2008; Thiere et al., 2009). Ponds
support rare species (Davies et al, 2008), and often act as important refuges for species that
have disappeared from larger, more degraded waterbodies (Biggs et al., 2017).

High environmental heterogeneity among ponds due the stronger influence of stochastic
ecological processes leads to strong spatial and temporal turnover in species composition,
meaning that many individual ponds collectively provide a varied network of habitats and
contribute to high regional (gamma) biodiversity (Davies et al., 2008; Hill et al., 2025; Sayer et
al., 2012; Scheffer et al., 2006). As a result, pond networks can support greater landscape-scale
biodiversity than a single large waterbody of equivalent area and, in some cases, even more
than other freshwater habitats such as rivers, lakes, streams or ditches (Oertli et al., 2002;
Williams et al., 2020).

For example. although rivers may be more species-rich at individual sites (alpha diversity),
ponds have been shown to hold the highest regional richness and higher rarity values for
wetland plants and macroinvertebrates (Davies et al., 2008). Pond size does not reliably predict
biodiversity or conservation value. While some groups (e.g., Odonata) may show higher richness
in larger ponds, many taxa do not, and small ponds collectively can support more species and
higher conservation value than a single large pond of equivalent area. In some cases large
ponds may host species absent from smaller ponds and support larger, more stable
populations (Oertli et al., 2002), while in other cases ponds can exceed larger lakes in
biodiversity, potentially due to reduced fish presence (Biggs et al., 2017; Oertli et al., 2002).

Manmade or artificial ponds may be created for a range of purposes, including enhancing
biodiversity, but also potentially for other agricultural uses and pollutant/flood mitigation. Multi-
purpose and agricultural wetlands can host rare and red-listed species and enhance species
turnover across the landscape (Biggs et al., 2017; Davies et al., 2008; Thiere et al., 2009).
Created ponds can support biodiversity levels comparable to natural ponds, contributing
substantially to local (alpha) and regional (gamma) diversity by increasing habitat heterogeneity
and beta diversity. For example, ponds created in three upper-catchments in the English
lowlands increased total-catchment plant species richness by 26%, and the number of rare
plant species by 181% (Williams et al., 2020).
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Studies comparing natural and man-made ponds vary in their findings, and differences likely
relate to the design and morphology of manmade ponds. A study of mediterranean ponds
found natural-substrate ponds and ponds with shallower sloping edges supported higher
macrophyte diversity than artificial substratum ponds with steeper slopes (Fuentes-Rodriguez
etal., 2013). In a study of ponds in Kerry, Ireland, agri-environment scheme ponds were shown
to support higher macroinvertebrate richness and abundance relative to natural ponds in
adjacent semi-natural habitats, though community composition varied (Reyne et al., 2021).

Overall, ponds, including artificial ones, are biodiversity hotspots that play a significant role in
ecosystem service provision. Their landscape-scale value depends on maintaining diverse
pond networks or ‘pondscapes’ (Céréghino et al., 2014; Davies et al., 2008).

Pond management

Agricultural landscapes are often dominated by late-succession, overgrown ponds with woody
encroachment, which support reduced aquatic and terrestrial biodiversity compared to early
open-canopy or mid-succession, macrophyte-rich ponds (Lewis-Phillips et al., 2019a; Lewis-
Phillips et al., 2019b; Sayer et al., 2012). Management interventions that arrest succession and
restore open water and macrophyte dominance have been shown to enhance species richness
(Sayeretal., 2012).

These practices result in structural heterogeneity, including creating or maintaining open water
areas alongside vegetated refugia, elevating species richness and abundance (Bloechl et al.,
2010). Restoration approaches involving major woody vegetation removal and sediment
clearance produce the greatest increases in plant and water beetle diversity and can facilitate
the return of rare and red-listed species. Ponds dominated by floating and submerged
vegetation strongly enhance the diversity of Odonata (dragonflies and damselflies) (Raebel et
al., 2012a). Restored ponds also been shown to benefit a range of terrestrial taxa, including
pollinators (Walton et al., 2021a, 2021b), freshwater invertebrates and macrophytes (Sayer &
Greaves, 2020) and farmland birds (Davies et al., 2016; Lewis-Phillips et al., 2019a; Lewis-
Phillips et al., 2019b).

Additionally, “ghost pond” resurrection can rapidly re-establish diverse macrophyte
communities through long-lived (>100 years) buried seedbanks, including keystone taxa
important for habitat structure and water clarity such as charophytes (Alderton et al., 2017).
With UK farmland ponds typically supporting between 6 and 14 aquatic macrophyte species
(Davies et al., 2008; Sayer et al., 2012), the 8 species shown by Alderton et al (2017) to survive
prolonged burial represent a significant proportion of the expected species diversity in these
farmland ponds.

Newly created ponds initially support lower richness but can reach comparable amphibian
diversity to reference ponds within 5 years (Mari et al., 2010), while taxonomic richness
achieved comparable levels 11 years after intervention for restored and recreated ponds (Hill et
al., 2025).

There are risks associated with pond management however, as disturbance caused by
freshwater management can promote the establishment of non-native invasive species availing
of newly created habitat to colonise (Van Der Loop et al., 2023).
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Overall, active pond management and restoration consistently results in higher macrophyte and
invertebrate diversity than unmanaged late-succession ponds with benefits for both freshwater
and associated terrestrial taxa (Davies et al., 2016; Ruse et al., 2025; Sayer et al., 2012; Sayer &
Greaves, 2020; Walton et al., 2021a, 2021b).

Well-vegetated ponds, both in the water and along the margin, are the most suited to promoting
biodiversity, as long as the vegetation is not too dense, and not dominated by one plant species.
Artificial ponds in production landscapes have great potential for conserving aquatic species,
irrespective of land use, as long as there is management for macrophyte density and
heterogeneity (Briggs et al., 2019).

Temporally sequencing pond management activities results in greater macrophyte
heterogeneity, indicating that creating and restoring a proportion of the ponds in the landscape
across different years will create a wider gradient of abiotic and biotic conditions, in turn
supporting different species and species compositions in the landscape (Hill et al., 2025).

Fauna
Invertebrates

Ponds support high freshwater macroinvertebrate richness, often exceeding that of rivers at a
regional scale and supporting more uncommon species (Biggs et al., 2005). New and restored
ponds do not simply host impoverished subsets of reference communities, but can rapidly
establish diverse invertebrate assemblages (Coccia et al., 2016). Species richness and rarity are
promoted in ponds with larger area, and favourable water chemistry, while intensive land use
and nutrient enrichment reduce diversity (Biggs et al., 2005). Briggs et al (2019) suggested there
is an optimal range for certain plant species richness that promotes insect species richness;
sedges up to 70% cover, and bulrushes up to 40% cover, after which there was a decrease.

Pioneer heteropterans tend to colonise newly created ponds, whereas aquatic beetles become
more dominant as ponds age (Bloechl et al., 2010). Ponds can support a substantial portion of
regional water beetle diversity; for example, Irish ponds held over 30% of the national fauna,
including several red-listed species (Gioria et al., 2010). Beetle assemblages often respond to
similar habitat gradients as wetland plants, making plants effective surrogates for identifying
conservation-priority ponds (Gioria et al., 2010).

To maximise chironomid (biting midges) diversity across landscapes, mosaics of ponds at
different successional stages, especially early open-canopy, macrophyte-rich ponds, are
beneficial (Ruse et al., 2025).

Odonata benefit from structurally complex pond margins and surrounding habitats; tall sward in
close proximity provides roosting and shelter (Rouquette & Thompson, 2007). Open-canopy
ponds with abundant submerged and emergent macrophytes strongly promote Odonata
diversity and support many rare species (Raebel et al., 2012a). As with many aquatic insects,
landscape context influences Odonata assemblages, sometimes more strongly than local
conditions (Santi et al., 2010). Briggs et al (2019) found dragonflies were a good surrogate for
water beetles and floating macrophytes
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Early-succession ponds with diverse macrophyte assemblages provide high floral resource
diversity and support complex pollinator networks, and recently restored ponds often show the
highest pollinator network complexity due to greater plant diversity (Walton et al., 2021a,
2021b). Wetland plant species, although a small proportion of total flora, can contribute
disproportionately to late-season nectar availability, critical for pollinator persistence (Sheehan
& Hickey, 2025).

Amphibians

All three of Ireland’s native amphibians, the common frog, smooth newt, and natterjack toad
are pond specialists (King et al., 2011; O’Rourke & Loughran, 2024). The availability of terrestrial
habitats for foraging and overwintering, and microhabitats within the pond such as deadwood
and stone features, can be important for breeding site selection (Marnell, 1998).

Lépez-de Sancha, et al. (2025 a&b) demonstrated that intermediate size shallow ponds in
better condition, characterized by high conservation status, good water quality and a lack of
eutrophication, harbour the highest richness of amphibian species, and are more likely to
support protected species.

Landscape and local pond conditions influence amphibians differently to aquatic insects;
amphibians may often be more sensitive to pond permanency, shading, and vegetation
structure than to wider landscape context (Santi et al., 2010), though newt abundance has been
found to be associated with wetland cover in surrounding lands, likely supporting
metapopulation connectivity (Mészaros et al., 2025). Despite probable elevated nutrients in
agricultural ponds, tadpole performance is often unaffected within typical farmland nutrient
ranges (Loman & Lardner, 2006). Restored or new ponds typically see amphibian richness
increase over time, often matching reference ponds within several years (Mari et al., 2010). The
presence of amphibians supports wider biodiversity as they are sources of prey for raptors and
larger mammals such as foxes and badgers (Céréghino et al., 2014).

Birds

Bird species richness and abundance are consistently higher at open, macrophyte-dominated
ponds with minimal tree shading, largely due to greater availability of emergent aquatic insects
as prey (Davies et al., 2016; Lewis-Phillips et al., 2020). Larger, structurally varied pond margins
support more breeding birds (Lewis-Phillips et al., 2019a), and agri-environment wetland
creation has been shown to increase breeding bird abundance (Daskalova et al., 2019). Mosaic
pondscapes containing ponds at different successional stages extend insect emergence
periods, increasing feeding opportunities and supporting farmland bird conservation (Lewis-
Phillips et al., 2020; Zamora-Marin et al., 2022).

Bats

Ponds provide key foraging habitats for bats, particularly when open water is present and not
heavily shaded (Sirami et al., 2013; Stahlschmidt et al., 2012). Bat activity is higher over larger
open-water ponds and ponds embedded within agricultural fields, which enhance prey
availability and support movement across farmed landscapes (Heim et al., 2018; Downs &
Racey, 2006).
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Surrounding land use

Connectivity within the landscape is important for pond biodiversity, as isolated ponds in
agricultural areas require greater dispersal distances for colonising species. Creating ponds
near existing waterbodies can therefore support faster community development (Hill et al.,
2025). Amphibians benefit from pond clusters, as well as surrounding hedgerows and woodland
patches, while extensive cropland and road networks reduce their richness (Boissinot et al.,
2019; Joly et al., 2001). Organic and low-intensity management in surrounding lands generally
supports higher plant and zooplankton diversity (Almeida et al., 2023), and buffer areas around
pond margins improve water quality and macrophyte richness (Quoitin et al., 2025), as well as
dragonfly richness (Raebel et al., 2012b). Higher forest cover near ponds has also been found to
promote clearer water states, while trampling and adjacent crop land can increase turbidity
(Declerck et al., 2006).

Protected or semi-natural pond landscapes tend to support more specialist insect species
(Briggs et al., 2019), and connectivity to hedgerows enhances bird use throughout the year
(Lewis-Phillips et al., 2019b). Although landscape context shapes biodiversity patterns, pond-
specific management remains critical, as management decisions at the individual pond scale
can outweigh broader land-use effects (Cannucci et al., 2025).

Ecosystem Services

Strategically located and sensitively managed ponds can simultaneously deliver water quality,
flood mitigation, pollination and biodiversity benefits in agricultural landscapes, as well as
providing aesthetic appeal (Bullock et al., 2021).

Ponds are effective at trapping sediment and removing nutrients such as nitrogen and
phosphorus from agricultural runoff, particularly when positioned to intercept drainage flows
(Bullock et al., 2021; Ockenden et al., 2012; Thiere et al., 2009). Such ponds can also reduce
flood risk by slowing water movement, retaining runoff at source, and supporting groundwater
recharge (Boardman & Vandaele, 2023; Riley et al., 2018). However, ponds designed primarily
for nutrient retention may become nutrient-rich and thus less favourable for biodiversity unless
nutrient loads are controlled (Hansson et al., 2005; Walton et al., 2020). Land use is likely to be
a key determinant of total nitrogen and phosphorus concentrations in ponds, with Bartrons et
al. (2025) demonstrating that cropland cover and livestock intensity was consistently
associated with elevated nutrient concentrations, whereas forested land appeared to buffer
phosphorus enrichment. Bartrons et al. (2025) further identified pond-specific characteristics
that played a critical role, with shallower ponds showing higher nitrogen and phosphorus levels,
and both hydroperiod and thermal stratification being associated with higher nitrogen.
Phosphorus concentrations were highest in summer, while nitrogen declined in semi-
permanent ponds during spring, likely due to water-level fluctuations and dilution processes.

Well-managed ponds can provide important foraging habitats for pollinators, with higher
abundances of bees and hoverflies found at pond edges, and evidence of improved crop
pollination outcomes nearby (Stewart et al., 2017; Walton et al., 2021a).

Recent large-scale assessments show that small artificial ponds can be substantial sources of
methane (CH,) and carbon dioxide (CO,), particularly when they receive high nutrient inputs.
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Peacock et al. (2021) found that artificial ponds and ditches emitted considerably higher GHG
fluxes than natural ponds and streams, with nutrient enrichment strongly stimulating CH, and
CO, production. This means that although ponds occupy very small areas, they can exert
disproportionately large impacts on landscape-scale greenhouse gas balances when nutrient-
rich.

In contrast, long-term data indicate that some ponds can also function as carbon sinks, with
high organic carbon burial rates (Gilbert et al., 2021; Taylor et al., 2019). These sinks may be
unstable, with ponds switching from net sinks to net sources within days when sediments dry
out, making it hard to generalise their role in carbon cycle models (Gilbert et al., 2017).
Vegetation may play a key role. Sediment organic carbon was found to be highest in permanent
ponds with extensive natural vegetation (Gilbert et al., 2014). Oxygenating submerged plants
can reduce methane production, while emergent macrophytes may enhance CH, release by
transporting gas to the atmosphere (Meerhoff & De Los Angeles Gonzélez-Sagrario, 2021).

Overall, ponds represent highly dynamic carbon systems, where nutrient load, hydrological
stability, and vegetation structure determine whether they act as sinks supporting carbon
storage or sources amplifying GHG emissions. Effective management to control nutrient input
and maintain stable, vegetated clear-water conditions is therefore critical to achieving net
climate benefits.
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