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1: GENERAL INTRODUCTION 

 

Ponds are freshwater habitats which, in the UK, are defined as �a small body of standing 

water between 1m2 and 2 ha which holds water for at least 4 months of the year� (Biggs 

et al. 2005). The hydrological inputs to a pond can vary greatly, depending upon the 

geographical location and underlying geology (Williams 2006) and these two factors, 

combined with local climate, determine the length of time that a pond remains filled 

(i.e. its hydroperiod).  Ponds lie along a hydroperiod continuum, ranging from 

permanent ponds which remain filled throughout their life, perhaps drying only in 

exceptionally arid years, through to temporary ponds which may dry out in a predictable 

or unpredictable fashion, often one or more times per annum (Williams 2005).  The UK 

definition for a temporary ponds is a still water body that is characterised by a recurrent 

dry phase (Williams 1997).  This term can apply to any depression that fills periodically 

with water and so temporary ponds range from small vehicle tracks (Collinson et al. 

1995) to large waterbodies such as the Irish Turloughs (Sheehy Skeffington et al. 2006). 

 

Ponds are common features of the landscape and thus contribute greatly to freshwater 

biodiversity (Biggs et al. 1994, Bilton et al. 2009).  They are numerous and ubiquitous 

across the globe: they outnumber large lakes by several orders of magnitude, and are 

estimated to occupy 2.8% of the Earth�s non-oceanic land surface (Oertli et al. 2005, 

Downing et al. 2008).  Ponds are created by a variety of natural processes such as 

glaciation, land subsidence, river action and tree falls and have existed as long as there 

has been water on the Earth�s surface (Oertli et al. 2005).  They are found in every type 

of landscape including mountainous upland, forest, arctic desert, moorland, grassland, 

coastal margins and agricultural settings, and they are more common in areas with 

impervious geologies where surface water easily collects (Wood et al. 2003).  Despite 

this, relatively little research has been carried out on ponds compared to the hundreds of 

papers published annually on rivers and lakes (Biggs et al. 2005). 

 

1.1 Physico-chemical characteristics of ponds 

 

The physico-chemical characteristics of ponds (as with other aquatic habitats) can have 

an important influence on the biota that inhabits them.  Since pond inhabitants are in 

close contact with the water that surrounds them, dissolved substances in the water such 
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as oxygen, pH, nutrients, and other solutes all influence the flora and fauna in some way 

(Williams 2006).  For example, many chemical reactions that take place are affected by 

pH and it is known to affect the availability of substances in the water such as minerals, 

nutrients and heavy metals are influenced by the this (Guerold et al. 2000, Navratil et al. 

2009).  The pH of water affects can therefore greatly influence the community as it 

alters the availability of substances in the water.  

 

In addition to pH, the nature and concentration of dissolved substances can affect the 

turbidity of water which in turn affects the amount of light that can penetrate the water 

and this can influence plant communities (Chapman 1992).  Temperature is also an 

important aspect of a pond habitat.  It can affect the growth and development of species 

(Collinson et al. 1995) as well as influencing the amount of dissolved oxygen that is 

present in the water (Chapman 1992). 

 

One of the important aspects of the physico-chemical environment of ponds is that their 

relatively small size and depth can mean that they are subject to large daily fluctuations 

in temperature and dissolved oxygen (Podrabsky et al. 1998, Dominguez-Villar et al. 

2008).  This is particularly true for temporary ponds which are often more shallow than 

their permanent counterparts.  As evaporation takes place and water level recedes 

during times of low precipitation, there may also be changes in water chemistry such as 

pH and conductivity (Colburn 2004).  These changes may act as important biological 

cues to trigger deposition of eggs (Lake 1969), speed up development (Elliott et al. 

1988) or initiate the beginning of diapause in pond invertebrates (Dietz-Brantley et al. 

2002).  In pools that are surface fed, rainfall events may have a strong influence on 

water chemistry, either via dilution (Daborn 1976) or by transporting a range of 

substances from the atmosphere and/or surrounding land, which can change the 

concentration of dissolved substances or reduce pH through acid deposition 

(Dominguez-Villar et al. 2008).  The chemical composition of water may also be 

affected by freezing which can cause an increase in the concentrations of ions and 

minerals that are not incorporated into the crystal structure of ice (Daborn 1974).  Ponds 

are therefore intimately linked to surrounding environmental conditions and hence are 

sensitive to any changes in these.  These impacts on the chemical environment are often 

greatest in temporary ponds because of their shallow depth, small water volume, and 

larger catchment area to volume ratio � all of whic h reduce the buffering capacity of 
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temporary ponds compared to their permanent counterparts (Biggs et al. 2005). These 

large variations in the physicochemical environment characterise temporary ponds, but 

inevitably mean that the organisms that inhabit them must be tolerant of widely 

fluctuating conditions. 

 

The length of the hydroperiod and the frequency of drying events may determine how 

long a pond persists in the landscape over an evolutionary timescale.  Permanent ponds 

have a short geological life when compared with other water bodies as they undergo 

hydroseral succession, gradually filling with sediment and vegetation until they 

essentially become part of the terrestrial landscape (Gee et al. 1994).  Temporary ponds, 

on the other hand, may outlive larger ponds and lakes by several thousand years (Wood 

et al. 2003).  The reason for this is that during the dry phase, organic matter that has 

collected when the pond was filled with water is oxidised and layers of sediment can be 

blown away by the wind as dust, preventing the gradual accumulation of sediment 

(Collinson et al. 1995). 

 

1.2. Biotic  assemblages of ponds. 

 

Many species utilise ponds either for all or part of their life cycle, or to provide a much 

needed food source.  Ponds are particularly rich habitats for biodiversity and are 

inhabited by representatives from a wide range of taxa (Table 1.1).  Collectively, they 

support more species, specifically more scarce species and habitat-specialists, than other 

freshwater bodies at the landscape level (Williams et al. 2004).  In the UK for example, 

ponds support 10% more macroinvertebrate species than rivers and twice the number of 

uncommon species (Biggs et al. 2005). 

 

Temporary ponds also make an important contribution to biodiversity despite regularly 

drying out and losing their aquatic flora and fauna.  Whilst they typically contain  fewer 

species than their permanent counterparts, seasonal pools have been shown to be 

particularly important for rare and endemic species (Collinson et al. 1995, Della Bella et 

al. 2005).  Seventy-five percent of temporary ponds surveyed in England and Wales 

have been found to support at least one uncommon wetland plant species, based on 

designations produced by the Joint Nature Conservation Committee (JNCC) (Nicolet et 

al. 2004).  This in contrast to just 4% of permanent ponds sampled as part of the UK 
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Countryside Survey (Carey et al. 2008) highlighting the special contribution that 

temporary ponds make to biodiversity.  Additionally 82% of the ponds surveyed in a 

study on temporary ponds in England and Wales have been found to contain at least one 

uncommon macroinvertebrate species with one in four supporting a Red Data Book 

macroinvertebrate species (Nicolet et al. 2004). 

 

Table 1.1. � A list of taxa most commonly found in ponds 

 

 

 Common Name Taxonomic Group Classification 

    

Invertebrates Rotifers Rotifera Phylum 

 Flatworms Platyhelminthes Phylum 

 Segmented worms: Annelida: Phylum 

 Worms Oligochaeta Sub-class 

 Leeches Hirudinae Sub-class 

  Mollusca: Phylum 

 Snails Gastropoda Class 

 Mussels Bivalvia Class 

  Arthropoda: Phylum 

 Water fleas, shrimps Crustacea        Sub-phylum 

  Hexapoda: Sub-phylum 

  Insecta: Class 

 Beetles Coleoptera Order 

 Stoneflies Plecoptera Order 

 Mayflies Ephemoptera Order 

 Caddisflies Trichoptera Order 

 Dragonflies Odonata Order 

 Bugs Hemiptera Order 

 Flies, mosquitos Diptera Order 

Vertebrates  Chordata: Phylum 

  Vertebrata: Sub-phylum 

 Fish Chondrichthes Class 

  Actinopterygi Class 

 Frogs, toads and newts  Amphibia Class 
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The reasons that ponds support such high biodiversity are manifold.  One of the key 

reasons is that they are discrete, isolated habitats which vary in their environmental 

characteristics such as length of hydroperiod or water chemistry (Collinson et al. 1995).  

This means that each pond is colonised by a distinct suite of species best suited to the 

habitat conditions provided by that pond.  As a consequence, even if the diversity within 

individual ponds (alpha diversity) is modest, when considered collectively at a 

landscape or regional scale, ponds often have high beta and gamma diversity (Table 1.2, 

Williams et al. 2004).   

 

Table 1.2. � Definition of different types of diversity � fol lowing Heino (2011) 

 

Term Definition 

Alpha Diversity Number of species in a locality (e.g. a pond). Mainly determined by 

local biotic interactions and abiotic environmental factors, as well as 

the regional species pool. 

Beta Diversity Variation in species composition among localities in a region (e.g. 

between ponds). Mainly determined by environmental heterogeneity 

across the localities within a region. 

Gamma diversity Number of species in a region (e.g. study area, eco-region, biome). 

Mainly determined by large-scale climatic, ecological and historical 

factors. 

 

 

A second major reason for the diversity of pond biota is the occurrence of obligate pond 

species that are specifically adapted to life in a pond ecosystem, for example those 

temporary ponds species that exhibit adaptations to periods of drought or that occupy a 

niche in the absence of large predators or more competitive species (Scott et al. 1999).  

The kinds of special adaptations exhibited often preclude the existence of these species 

in larger or more permanent water bodies where the conditions do not fit their 

requirements.  For example the freshwater Crustacean, Chirocephalus diaphanus, 

produces eggs which require a period of drying before hatching is initiated; a condition 

which is not met by permanent ponds (Bratton and Fryer 1990).  

 

In order for temporary pond inhabitants to take advantage of the less predictable 

conditions of their habitat, they must either be good dispersers in order to be able to 
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leave the pond as conditions deteriorate or exhibit high developmental plasticity in 

order to deal with them (Neckles et al. 1990).  In addition to species which produce 

drought resistant eggs that are able to withstand unfavourable conditions (Hall and 

MacDonald 1975), the ability to aestivate or diapause in the leftover vegetation or 

sediment (Dietz-Brantley et al. 2002) and the ability to speed up and slow down 

development as conditions change (Elliott et al. 1988) are some of the adaptations that 

are utilised by temporary pond species in order to take advantage of the unpredictable 

conditions. 

 

1.3. Ponds in society 

 

As well as being important habitats for biodiversity, ponds provide direct economic and 

social benefits to human society, highlighting another reason why they are important 

habitats to conserve (Maltby et al. 2011).  Particularly, ponds provide many ecosystem 

services to society.  Traditionally ponds were used in agriculture as a source of food or 

to water livestock and irrigate crops.  They are used in civil engineering to alleviate 

peaks of storm flow in times of heavy rainfall in order to prevent flash flooding 

(Charlesworth et al. 2003).  They are also sinks for carbon burial, with some studies 

suggesting that, per unit area, ponds may bury up to four times as much carbon as the 

world�s oceans (Downing et al. 2008).  Ponds also provide significant aesthetic, 

recreational, cultural and historic value as ornamental features in gardens, hazards in 

golf courses and, in some cultures, often serve as a focal point for religious expression 

and celebration (Maltby et al. 2011). 

 
1.4. Threats 

 

In the last century, 55-60% of ponds in Britain, were lost although since 1998 pond 

numbers have increased slightly (Hull 1997, Williams et al. 1998, Carey et al. 2008, 

Figure 1.1).  Despite this pond numbers in the UK are currently nowhere near the 

million ponds that existed in the 19th century.  Ponds are subject to a variety of pressures 

and disturbances that threaten their persistence in the landscape.  One important issue is 

the view that all ponds need to be managed in order to retain their conservation value 

(Biggs et al. 1994).  Other common misconceptions concerning pond management 

include the belief that in order to be good for wildlife they should be deep and free of 
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vegetation or that drying out is detrimental to pond communities, the latter being of 

particular importance when considering temporary ponds.  Both of these 

misunderstandings can result in a pond being dredged in order to �salvage� pond 

communities (Biggs et al. 2005).  However, whilst possibly benefiting certain species in 

the short term, this type of action can have lasting detrimental effects by depleting the 

resting seed and propagule bank that may have taken many years to form, as well 

impacting benthic organisms within the sediment (Koel and Stevenson 2002). 

 

 

 

Figure 1.1 Change in pond numbers over the last 120 years in Great Britain; redrawn 

from Biggs et al. (2005). 
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Another threat faced by ponds is the introduction of alien taxa including fish, snails, 

terrapins and plants.  These kinds of species are added to ponds for a number of reasons: 

to provide services such as biocontrol, to add aesthetic value to garden ponds or, as is 

often the case, to get rid of unwanted pets.  The addition of fish can disrupt established 

pond communities as they feed on and thus deplete both pelagic and benthic 

invertebrate communities in addition to reducing amphibian larval populations 

(Gregoire and Gunzburger 2008).   In the UK there are a number of introduced plant 

species that pose a serious threat to pond ecosystems, namely New Zealand pygmy 

weed Crassula helmsii, parrot feather (Myriophyllum aquaticum), Canadian pondweed 

(Elodea canadensis) and floating water fern (Azolla ficuloides).  In the absence of 

specific pests and disease these plants have high growth rates and out-compete native 

species, dominating pond vegetation in the process.  This serves to �choke up� the pond 

and lead to considerable loss of biodiversity. 

 

Habitat destruction, modification and fragmentation result in the direct loss of pond 

habitat and disrupt the metapopulation structure of the pondscape, meaning that ponds 

become geographically isolated.  A potential consequence of this is that pond flora and 

fauna becomes genetically isolated which reduces the overall stability of the pondscape 

community.   Ponds also provide connectivity between larger wetlands, acting as 

�stepping stones� for species between adjacent fres hwater habitats, encouraging the flow 

of genetic material.  Arable intensification in the UK during the 1940s and subsequently 

means that vast swathes of agricultural land was drained in preparation for the 

production of crops and, as a result, many ponds were lost from the landscape (Beebee 

1997).  Increased urban development and road production over the course of the century 

has also meant that many ponds have been destroyed (Williams et al. 1998). 

 

The water quality of many ponds is also under threat as a result of substances being 

washed in from the surrounding catchment.  Over 50% of ponds surveyed in England 

and Wales are of very poor quality based on the standard method for assessing the 

ecological quality of standing waters in the UK, the predictive system of multimetrics 

(PSYM, Carey et al. 2008). Ponds are acutely sensitive to pollution, as their small 

catchments and water volume means that there is little capacity to buffer or dilute 

pollutants (Biggs et al. 2005). In agricultural areas where the use of chemicals is 

commonplace, runoff often contains pesticides, herbicides and fertilisers, the latter of 
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which causes increased nutrient loading that can lead to eutrophication (Collinson et al. 

1995).  Veterinary medicines such as ivermectins and anthelminthes may also be 

delivered directly into ponds in the dung of some livestock, and these have been found 

to have effects on aquatic organisms (Tisler and Erzen 2006, Sanderson et al. 2007).  

Increased sedimentation due to processes such as afforestation or activities such as the 

use of off-road vehicles can also reduce water quality, and acidification has been shown 

to severely affect macroinvertebrates in freshwater ecosystems (Guerold et al. 2000, 

Peltzer et al. 2008).  

 

In recent times, many ecosystems across the globe have shown evidence of climate 

change effects, which are predicted to alter both temperature and precipitation patterns 

(Root et al. 2003). This in turn could have major effects upon the hydrology of ponds 

and other wetlands (Dimitriou et al. 1999). Drier conditions would affect ephemeral 

waters in a similar way to those imposed by drainage of land.  Wetter conditions, on the 

other hand, could increase the length of the hydroperiod, ultimately eliminating obligate 

temporary pond species that require a period of drying to complete their life cycle, or 

those that thrive in the predator free conditions.  Ponds can therefore be considered as a 

precariously balanced system and further study of their ecology is warranted. 

 

1.5. Legislation 

 

Within a wider European context, ponds are meant to be protected under two bits of 

relevant legislation:  The Habitats Directive (92/43/EEC) and the Water Framework 

Directive (WFD; 2000/60/EC).  However, in practise these do not necessarily result in 

the protection of ponds, in the UK.  Any water below a 50 ha size limit does not fall 

under the objectives set out by the WFD, which require all member states to achieve a 

good quality status in their water bodies by 2015.  Similarly, the Habitats Directive only 

recognises and protects habitats and species which are considered to be of European 

interest.  Special Areas of Conservation (SAC) are recognised to protect habitats and 

species that come under Annex 1 and Annex 2 of the Habitats Directive.  However, 

ponds (or pond species) are rarely the focal point of these conservation designations.  

The only pond SAC in Europe recognises �Mediterranean temporary ponds� (SAC 

3170) which are characterised as shallow ponds that undergo a periodic cycle of 

flooding and drought that have a characteristic flora and fauna adapted to this 
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alternation (Ruiz 2008).  However, this designation is largely exclusive to the ponds in 

the UK with only one site in the extreme south-west of Britain recognised as having 

significant areas of this habitat (Joint Nature Conservation Committe 2008). 

 

The lack of specific legislation directed at the recognition of certain ponds for their 

biodiversity value has led to the recent inclusion of a new priority habitat for �Ponds of 

high ecological quality� into the UK Biodiversity Action Plan (Biodiversity Reporting 

and Information Group 2008).  This finally means that the protection of ponds in the 

UK can now be the direct focus of a conservation designation rather than being an 

incidental one.  However, this legislation is still relatively new and therefore the full 

distribution of priority pond habitats in the UK remains to be assessed 

 

The historical neglect of ponds by freshwater ecologists and policy makers has initiated 

the formation of various pond conservation charities, associations and working groups 

which aim to increase the awareness if ponds in both the scientific and public domain 

(Biggs et al. 2005).  In the UK, Pond Conservation is responsible for promoting life in 

freshwaters whilst the European Pond Conservation Network in Europe (EPCN) 

provides an international workshop where people from across the globe can come to 

share knowledge about pond ecosystems. 

 

1.6. The context of the PhD 

 

Pond conservation is hampered by the limited understanding of pond ecosystems 

compared to larger wetlands (De Bie et al. 2008).  The last 20 years has seen increased 

interest in ponds across the globe, with a growing body of research concerning the 

physical environment, ecology, and the links between them in the UK (Jeffries 2005), 

mainland Europe (Cereghino et al. 2008, Oertli et al. 2009) and further afield in 

America (Brooks 2000, Studinski and Grubbs 2007), Australia (Hancock and Timms 

2002), Africa (Vanschoenwinkel et al. 2009) and in Asia (Shieh and Chi 2010).  Despite 

this, few studies have investigated fundamental aspects such as pond biodiversity on a 

catchment scale or the seasonal dynamics of ponds (Angelibert et al. 2004) and in 

comparison to larger freshwater ecosystems the number of publications remains small.  

Many gaps remain in the knowledge of pond ecology and it is vital that these are filled, 
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given the conservation importance of ponds and the threats to their long term status 

reviewed above. 

 

More generally, temporary pools have received much less attention than permanent 

pools until the last 10-15 years when they began to be recognised for their conservation 

value.  Because of the MTP legislation in mainland Europe temporary pond work has 

been increasing.  However, in the UK, few comprehensive studies have taken place on 

temporary ponds (Nicolet 2003, McAbendroth 2004, Ewald 2008).  Whilst recognised 

as unique environments, there is a desperate shortage of research into both their physical 

environment and the biological communities that inhabit them (Oertli et al. 2009). The 

long term conservation of these habitats demands a clearer understanding of their 

ecology.  

 

This gap is even more relevant to much of Wales, with no substantial pond research 

having been carried out previously.  The most comprehensive bit of work on ponds in 

Wales is Pond Conservation�s Important Area for Ponds (IAP) report (Nicolet et al. 

2007).  This project was set up to identify, and therefore help protect, networks of the 

most important ponds for their biodiversity.  This was so that these areas could be 

highlighted for practitioners, with the intention that further policy, research and 

management and creation projects could be directed where they would provide the most 

benefit.  This report did not conduct new surveys but gathered and collated existing data 

from a number of sources in order to identify networks of high quality ponds so that 

future work can be directed towards them.  One of the outcomes of this work was that 

Radnorshire was identified as an important area for ponds.  In this case of the IAP 

recognised that ponds in the area are known to provide suitable habitat for protected 

species such as the aquatic fern, Pilwort (Pilularia globulifera) and the fairy shrimp 

(Chirocephalus diaphanus) which are distinctive species of temporary ponds.  Despite 

the recognition of this area for its pond network, the extent of the species mentioned or 

of the pond habitat generally, remains largely unknown. 

 

It is against this background of major gaps in pond research, and especially the gaps 

concerning temporary ponds and the IAP of mid-Wales, that this PhD project was 

conceived.  Focusing on a network of ponds in Radnorshire, it aimed to reveal greater 
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detail about Welsh upland ponds and the functioning of temporary ponds more 

generally. 

 

1.7. Study area  

 

Radnorshire is one of the thirteen historic administrative counties of Wales and is 

located in the county of Powys.  It is positioned in the centre of the country and shares 

its eastern border with England (Figure 1.2).  Historically the region was dominated by 

upland pastoral hill farming and much of this way of farming remains today.  The area 

contains a number of upland areas of unenclosed common land which is mostly 

dominated by upland heath habitats and moorland pasture (Nicolet et al. 2007).   

 

The underlying geology of this region was laid down in the upper Silurian period and 

consists of Ludlow shales and mudstones with limestone present.  In some instances 

these are layered, forming flat platforms in a step-like fashion up the mountain side, 

which lend themselves to the formation of shallow ponds.  Soil types in the area range  

between freely draining acid loamy soils to slowly permeable, seasonally wet acid 

loams and clays which have impeded drainage (National Soil Resources Institute 2011). 

 

Radnorshire itself is situated in the rain shadow of the Cambrian Mountains, resulting in 

a relatively low annual rainfall of 1000-1500 mm compared to further west in Wales 

(Fig. 1.3).  This level of precipitation is insufficient to sustain blanket peat bog which 

covers the hills to the west of the Wye (Slater et al. 1991) so instead the upland 

landscape is marked by many shallow and frequently ephemeral pools (APPENDIX 1a, 

1b).  Many of these pools are known to be at least 100 years old and appear on the 

Ordnance Survey maps of the 1890s.  They appear to be unusual within the Principality; 

both in terms of their fluctuating nature and their biota.  This also appears to be the case 

within a wider national context, although it has been suggested that they may be 

biologically related to pools in the New Forest, Hampshire and to those on the Lizard in 

Cornwall (Bilton et al. 2009).  It is within these regions that the UK�s only 

Mediterranean temporary ponds are located.  Thus, if Radnorshire ponds are closely 

related to ponds in this region this could have some more interesting implications in 

terms of the recognition of MTPs in the UK. 
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Figure 1.2 – Inset: Map showing the location of Radnorshire in Wales.  The hashed 

rectangle denotes the area where ponds are located.  Main: Map showing the study 

region of the current project.  Blue circles denote ponds included in the study; SSSI 

areas are highlighted green and the border between Radnorshire and Breckonshire is in 

red.  Map produced in ArcGIS, version 9.2 (ESRI, Redlands, CA, USA). 
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