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Introduction

This book focuses on the role of monitoring in the conservation of freshwater 
habitats and species. The chapters are grouped in the following sections:

1. Introductory
2. Biological indicators
3. Rivers – threats and monitoring issues
4. Rivers case studies
5. Lakes and wetlands case studies
6. Doñana Natural Space: an integrated programme of surveillance, monitoring 

and management

Part I sets the scene for the rest of the book. This chapter provides a brief overview 
of the protocols for developing efficient and reliable conservation monitoring proj-
ects. The chapter on planning management highlights the need for well-informed 
and transparent decision-making, and is followed by an overview of the links 
between the Habitats Directive and the Water Framework Directive.

Part II comprises a series of short chapters that discuss the role of different 
groups as biological indicators in freshwater habitats, i.e. mammals, birds, invertebrates, 
plants, phytoplankton and invasive species. Reliable monitoring projects need a 
clear focus, and these chapters draw attention to species, or co-occurring species 
(Grime 2001), that may be suitable indicators of condition in freshwater habitats. 
For example, Grime et al. (1990), Ellenberg (1979, 1988) and Ellenberg et al. (1991) 
can be useful places to start for identifying vascular plant habitat indicators.

C. Hurford 
Countryside Council for Wales, Woodside, Orielton, Pembroke, SA71 5EZ, UK 
e-mail: clive.hurford@btinternet.com

Chapter 1
Conservation Monitoring in Freshwater 
Habitats: An Introduction

Clive Hurford

C. Hurford et al. (eds.), Conservation Monitoring in Freshwater Habitats:  
A Practical Guide and Case Studies, DOI 10.1007/978-1-4020-9278-7_1,  
© Springer Science+Business Media B.V. 2010
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Part III is an eclectic mix of chapters that looks initially at the threats faced by 
rivers, and then at some of the methods currently used to record river vegetation. 
This section also contains chapters highlighting the problems associated with 
observer variation; probably the most important threat to the reliability of a 
monitoring project.

Parts IV and V provide a series of monitoring case studies in freshwater habitats, 
some focussing on habitats and others on species. These chapters are intended to 
reflect the current situation with regard to the development of monitoring projects 
in rivers, lakes and wetlands. Perhaps surprisingly, given the history of targeted 
water quality monitoring and the development of targeted monitoring projects for 
terrestrial habitats (e.g. Hurford and Schneider 2006), there are very few exam-
ples of targeted monitoring projects for freshwater habitats and species. As such, 
most of the case studies demonstrate how existing survey and surveillance can be 
used to develop site-specific targets for management and monitoring: this is an 
essential stepping stone to effective conservation management in freshwater 
environments.

Part VI comprises a series of chapters describing the integrated system of sur-
veillance and monitoring that feeds back into the conservation management of 
Doñana Natural Space: probably the most important wetland area in Europe.

Survey, Surveillance and Monitoring

In this book, we use the term monitoring to mean assessing the habitats or 
species against clearly defined and measurable conservation aims. This is 
broadly in keeping with the definition of Hellawell (1991), which described 
monitoring as:

‘Intermittent (regular or irregular) surveillance carried out in order to ascertain 
the extent of compliance with a predetermined standard or the degree of variation 
from an expected norm’.

This definition distinguishes monitoring from the more traditional forms of eco-
logical investigation such as:

•	 Survey, which is typically a one-off descriptive exercise, perhaps to describe the 
habitats on a site or to map the distribution of a species

•	 Surveillance, which is a replicable survey, often used to detect trends in habitats, 
populations and environmental change

•	 Experimental management, which tests the effects of different management 
practices

•	 Environmental impact assessment, which assesses the likely effects of a devel-
opment or incident

•	 Research, which is carried out to increase our knowledge about a species or 
habitat, perhaps through ecological modelling, population viability analysis and 
demographic studies
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As in the terrestrial environment, most data collection from freshwater habitats 
to date falls into the survey, surveillance or research categories. The critical 
difference between these exercises and a monitoring project is that a monitoring 
project will clearly identify when we need to make a management response.

A Model for Conservation Management and Monitoring

Monitoring (as defined by Hellawell) is essentially a tool of practical conservation 
management, and Fig. 1.1 shows a simple, but effective, model for nature conserva-
tion management and monitoring.

The need for clear decision-making is implicit in this model. First we must 
decide what would represent a favourable state for the key habitat or species, and 
then we must decide when to intervene if the state is (or becomes) unfavourable. A 
third, often overlooked, but equally important, decision concerns when we would 
consider the habitat or species to have recovered; this is unlikely to be the same 
point that we became concerned about it. This decision not only has resource impli-
cations, it can also have major implications for other habitats and species (prey 
species are an obvious example). All of these decisions are essential to the develop-
ment of an efficient and effective monitoring project.
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Lower limit

Time

Recovery target
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Fig. 1.1 This shows a model for conservation management and monitoring (from Brown 2000). Key 
decisions are needed to identify (a) when the habitat or species is in a favourable state (in the band 
between the lower and upper limits) and (b) when it has recovered from being in an unfavourable state
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Developing a Monitoring Project

For a monitoring project to be effective, it must consistently provide the right result. 
To achieve this, the project should:

Monitor against site-specific targets that take account of what we believe it is •	
possible to achieve, given the various pressures on the site
Focus on a small number of carefully selected attributes, drawing on site-specific •	
research, survey and surveillance data
Express attributes in concise and measurable terms, and test them for measurability•	
Use sampling methods tested to assess how much time is needed to collect •	
the data and to check that trained surveyors will deliver consistent and reliable 
monitoring results
Use field surveyors familiar with both the attributes and the sampling method•	

Key Steps in Developing a Monitoring Project

There are several steps in developing a monitoring project; these are outlined below:

1. Identify the priority for conservation on your site (or for each of the different 
management units of the site).

2. Collate the relevant knowledge from existing research, survey and surveillance 
on the key habitats or species on your site.

3. Develop a conservation strategy.
4. Develop site-specific condition indicators.
5. Decide where to monitor.
6. Collect the monitoring data.
7. Feed back into site management.
8. Safeguard the monitoring data.

The following sections provide a brief overview of the steps outlined above.

Identifying the Priority for Conservation

Site managers often find it difficult to formally prioritise habitats or species for 
conservation on their sites, but it is an essential first step in the development of a 
strategy for conservation management and monitoring.

It could be that managing for one species will deliver the range of habitats avail-
able for many other species on a site, perhaps salmon Salmo salar could fit into this 
category on some rivers. If this was the case, then both the management and moni-
toring could focus on the S. salar population. For example, it would be reasonable 
to assume that if a river is supporting a strong S. salar population, it will also be 
capable of supporting a strong bullhead Cottus gobio population.

Life is rarely that simple, however, and it is more likely that different parts of a site 
will be important for different habitats and species. In this case, we need to think about 
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how the different parts of a site contribute to sustaining the important habitats and species 
that use it. At this point, there is nothing to be gained from going along the philosophical 
route of agonising over why one species or habitat is more important than another: the 
annexes of the Habitats Directive and regional red data lists give clear guidance on this.

Collating Existing Research, Survey and Surveillance Information

This step is self-explanatory. As soon as we have decided which habitats and species we 
should be managing for, we have a focus for our literature search. Background information 
on the requirements of the key habitats and species on our sites, coupled with site-specific 
survey or surveillance data, increases our confidence to make difficult decisions.

Going through this process also draws attention to shortfalls in knowledge and 
allows us to identify topics for future research.

Developing a Conservation Strategy

Having decided what the conservation priorities are, and taken account of the 
existing knowledge, we then need to decide what we want to achieve and where 
we want to achieve it.

The best way to work through these issues is to adopt a map-based approach: the 
chapter on site unitisation (Chapter 16) describes one way of doing this for a river 
system. Another approach would be to produce a condition map for the site 
(Hurford and Schneider 2006). In the latter case, having decided which habitat or 
species is the priority in any particular section of the site, map the current extent of 
the habitat (or potential habitat – if appropriate) and how much of it currently meets 
the criteria for being in good condition. This, of course, requires us to have devel-
oped criteria for recognising when the habitat is in good condition. However, hav-
ing produced this map, we can then assess whether the current extent of habitat is 
sufficient, and whether enough of it is in good condition. If not, we should also be 
in a position to decide whether there is the potential to increase the extent of the 
habitat and where it would be possible to improve its condition. This will identify 
key areas for both management and monitoring.

Developing Site-Specific Condition Indicators

We use the term ‘condition indicators’ to describe the suite of attributes and 
targets that we will use as evidence for the condition of the habitat (or species). 
In effect, the condition indicators are a form of ecological shorthand to help us 
recognise when the key habitat is in a state of high conservation value. Typically, 
the condition indicators, which should be applied at the management unit level, 
will comprise:

A target for the overall extent of the broad habitat•	
A target for the extent of good quality habitat•	
Unambiguous definitions for both the broad habitat and good quality habitat•	
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The condition indicators should incorporate knowledge both from research and 
from site-based survey and surveillance projects. Critically, we should use existing 
information to help us decide where the key habitats and species should be on our 
sites, and what would represent optimum condition for them. This information 
should then be presented in a concise and transparent form.

Table 1.1 is an example of a condition indicator table for humid dune slack habitat 
at Kenfig SAC in South Wales: this type of table is a template for facilitating the 

Table 1.1 A condition indicator table for the humid dune slack habitat at Kenfig NNR in South 
Wales. Note the site-specific habitat definitions, these minimise the opportunity for observer varia-
tion during the monitoring exercise. The requirement for obviously >25% open ground in the 
embryo slack definition is the only subjective element in the table

Condition 
indicator table

The humid dune slack habitat at Kenfig will be in optimum  
condition when

Habitat extent Lower 
limit

Extent of humid dune slack identified on remote sensing 
image in 1999

Habitat quality Lower 
limit

In Section 1 (see map)
>30% of dune slack sampling points in Area Y  
And
>45% of dune slack sampling points in Area Z

are either embryo or successionally-young slack vegetation
And
In Section 1 outside of Areas Y and Z
>7 dune slacks of >0.5 ha, and
>3 dune slacks of >0.25 ha

have vegetation where >70% of sampling points are either 
successionally young or orchid-rich slack vegetation

Site specific habitat definitions

Dune slack 
vegetation

Moist vegetation on level ground between sloping dunes, typically 
with Salix repens present

Successionally-
young dune 
slack vegetation

Bare soil and thalloid liverworts present, and at least four of the 
following present: Carex viridula ssp. viridula, Juncus articulatus, 
Anagallis tenella, Samolus valerandi, Eleocharis quinqueflora, 
Ranunculus flammula, Liparis loeselii, within any 50 cm radius
And
None of the following present: Phragmites australis, Molinia caerulea, 
Calamagrostis epigejos within any 1 m radius

Embryo slack 
vegetation

Obviously >25% open ground with Salix repens forming clonal patches
And
At least two of Carex arenaria, Sagina nodosa or Juncus articulatus 
present within any 1 m radius

Orchid-rich 
dune slack 
vegetation

At least 2 of the following present: Epipactis palustris, Dactylorhiza 
incarnata, Gymnadenia conopsea, Pyrola rotundifolia, in any 50 cm 
radius
And
None of the following present: Phragmites australis, Molinia caerulea, 
Calamagrostis epigejos within any 1 m radius
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critical decisions in a conservation management project. Targets for habitat extent 
are best dealt with by reference to site habitat maps or remote images. It is impor-
tant to differentiate between the area of the broad habitat and the area of habitat that 
must meet the criteria for optimum condition: the best examples of habitats rarely 
have a uniform structure or composition. The lower part of the table is for site-
specific habitat definitions, i.e. any terms that we use in our targets for extent and 
quality must be defined unambiguously here.

We should take every care to ensure that the information in the condition indica-
tor table is unambiguous and expressed in terms that allow objective assessment. 
Failure to do this will result in an unreliable monitoring project, where the monitor-
ing result is an artefact of observer bias.

The Importance of Unambiguous Definitions

The definition in Box 1.1 below was developed initially for SERCON (System for 
Evaluating Rivers for Conservation) and was intended to differentiate between the 
bank and the channel: this is an attempt to make the attributes objective. This defi-
nition has been repeated in other documents subsequently.

These definitions are entirely subjective and will result in unknown levels of 
observer variation. There is simply no way that a surveyor could know the section 
of river well enough to make these judgements. In this instance, a simple solution 
would be to provide a list of (a) aquatic, (b) emergent and (c) terrestrial (or bank) 
species and to deal with the species accordingly.

Box 1.1 The definition of a ‘bank’ developed for use in SERCON river 
evaluations

‘At the sides of the river all parts of the substratum are included which are 
likely to be submerged for more than 85% of the year. The ‘bank’ can be use-
fully defined as that part of the side of the river (or islands) which are sub-
merged for more than 50% but less than 85% of the time. In general terms, 
therefore, ‘river’ records are reserved for those macrophytes occurring in the 
region of the river which is rarely uncovered, and those shallow sections which 
have an upper limit that may be exposed for a maximum of 50 days in any 
year. ‘Bank’ records are for those plants that occur above the limit of the 
‘river’ plants, and are thus out of the water for more than 50 days in any one 
year, yet will be submerged, or partially so, during mean flow periods. The 
upper limit of the ‘bank’ excludes all the areas which are submerged during 
the 150 days of each year when river flows are at their highest. Such estimates 
have to involve guesswork, but estimates of submergence levels do allow bet-
ter interpretation of the data and clearer insights into the ecology of individual 
species and communities at different sites.’
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The example in Box 1.2 is taken from the JNCC Common Standards Monitoring 
guidance, and comprises a target and definition.

Targets and definitions of this type are commonplace in guidance documents and 
present a real barrier to the development of reliable monitoring projects and consis-
tent recording. To be of any practical value, the targets must be defined in unam-
biguous terms.

Deciding Where to Monitor

When we have decided what we want our management to achieve and where, 
deciding where to monitor is relatively straightforward. Random sampling may be 
appropriate for research or statistical purposes, but is not appropriate for conservation 
monitoring. If we know which sections of a river, lake or wetland are most likely 
to support a habitat or species, these are the places that we should monitor.

For example, the Kenfig condition indicator table (Table 1.1) refers to ‘Areas Y and Z’, 
these are the youngest areas of dune slack development on the site: if these do not meet 
the criteria for successionally young dune slack vegetation then nowhere else will 
either. We could have set an alternative target for ‘n %’ of the dune system to be suc-
cessionally young dune slack vegetation and then set up a stratified random sampling 
programme to answer the question, but this would have been ignoring everything that 
we have learnt about the site, and would have resulted in a sampling programme where 
most of our time was spent collecting data from non-target habitat.

The equivalent in rivers might involve targeting areas that we know are suitable 
for the habitat or species, rather than sampling indiscriminately at 5 km intervals 
along the length of a river.

Critically, we should be using existing information from research, survey and 
surveillance to select the most appropriate places to monitor, i.e. the locations most 
likely to provide answers to the questions in the condition indicators.

Box 1.2 All of the italicised terms in this target (and definition) for siltation 
in the JNCC rivers guidance are open to observer interpretation and will lead 
to inconsistent monitoring results

‘Target: No excessive siltation. Channels should contain characteristic ranges 
of substrate types for unmodified rivers.

Definition: For river types characterised by extensive Ranunculus beds, 
there should be a predominance of clean gravels, pebbles and cobbles, with 
relatively low cover by silt-dominated substrates. Maximum fines content 
should not be too great to prevent establishment of new plants. Fines are 
defined as particles <0.83 mm.’
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Collecting the Monitoring Data

To some degree at least, the methods of data collection will be determined by what 
we are monitoring. As a general rule, however, the data we collect should have a 
clear focus and should be collected using objective methods. The critical questions 
for a conservation manager centre on whether the key habitats and species on their 
site are in an acceptable state, and if not, what to do about it. Monitoring should 
answer the first of these questions as efficiently as possible.

For example, if there is a target for a migratory fish to be able to spawn 50 km 
upstream in a river, the obvious place to start sampling is in suitable spawning 
habitat at least 50 km upstream. If the fish are spawning there, we can assume that 
they can also spawn in suitable habitat downstream of this location. Similarly, for 
monitoring short-lived species at least, if there are always enough adults, we can 
make some informed assumptions about survivorship.

It is always worth remembering that, for practical conservation purposes, we simply 
need to know whether what we are doing is delivering what we want. Provided that 
this question has been clearly defined, the answer should be either ‘yes’ or ‘no’.

Feeding Back into Management

This is self-explanatory. The purpose of conservation monitoring is to feed back 
into the management of the habitat or species. As such, the site managers should be 
informed of the monitoring result as soon as it is known.

Safeguarding the Monitoring Data

The condition indicators, the monitoring data and any GIS and GPS files associated 
with a monitoring project should be bundled together and saved in several loca-
tions. Most organisations responsible for managing sites of conservation will have 
site files, i.e. folders where all of the information on a site is held. This is an obvi-
ous place to store the monitoring data. The site manager should also have a copy if 
the data, as should the monitoring surveyor. Critically, all of the files should be 
stored together in several different locations.

The Naturalness Issue

Perhaps surprisingly, for what is probably the most cultural of all habitats, the term 
‘naturalness’ occurs commonly in the literature on freshwater conservation, and is 
often seen as the overriding conservation goal. This pursuit of naturalness undoubtedly 
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has noble roots, but it is unlikely to deliver effective conservation, because we don’t 
seem to know how to define it or, by association, how to achieve it.

In my experience, the word ‘naturalness’ appears at a very early stage in any 
discussion with freshwater specialists on what would represent a favourable state 
for a watercourse. In fact, in the CSM guidance for rivers (JNCC 2005) the word 
‘natural’ occurs 99 times in one form or another:

‘Natural’ occurs 36 times•	
‘Naturalness’ occurs 34 times•	
‘Naturally’ occurs 10 times•	
‘Semi-natural’ occurs 9 times•	
‘Naturalised’ occurs 6 times (only once in relation to alien species)•	
‘Unnaturally’ occurs 2 times•	
‘Near-natural’ occurs 2 times•	

Rarely, if ever, in the guidance is there any attempt to define what these terms 
mean. Nor is there any attempt to explain the rationale behind trying to manage for 
and monitor something that we can’t define.

There is, of course, a case for protecting the less modified rivers, but this is not guar-
anteed to deliver effective nature conservation: it will only serve to let processes take 
their course (natural or not). Some of the rivers of northern Scandinavia, for example, 
are amongst the least modified in Europe (physically at least): they are also amongst the 
worst affected by acidification (see Chapter 22). If naturalness is our aim, this presents 
us with the dilemma of whether to interfere in an attempt to restore the biological diver-
sity of these rivers, or simply let nature take its course? The Scandinavian countries have 
opted to restore the biodiversity of their lakes and rivers.

There are also those who feel that the human population is a component of the 
natural world. If that is the case, then the current situation is natural for now, as it 
reflects the needs of the human population and the relative importance that the 
human population attaches to nature conservation. It would be wise to hold on to 
this thought when we are making our management decisions.

We can be reasonably certain that the human population will continue to want 
water for drinking and everyday luxuries like taking baths and showers, washing 
clothes, cooking, flushing toilets and recreation. We can also assume that water will 
be needed to manufacture cars, steel, synthetic fibre, paper, newspapers, and to 
service agriculture, etc. (Giller and Malmqvist 2005), and that our watercourses 
will come under increasing pressure for new hydropower schemes.

Against this background, the argument in favour of pursuing naturalness seems a little 
optimistic, if not misguided. Perhaps a more realistic approach would be to develop 
strategic plans, outlining which sections of which rivers are important for which habitats 
and which species, and include the optimal periods for water abstractions.

There is no doubt that the concept of ‘naturalness’ provides an interesting topic 
for philosophical debate, but whether it has any place in the practical delivery of 
nature conservation is far more debatable. Ironically, in deciding that our overriding 
aim is to return a river to its natural state, we are simply making another human 
intervention, one that will benefit some species and disadvantage others.
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Finally…

In collating a selection of case studies for the book, we invited contributions 
representing a wide range of topics and approaches. Consequently, a few case studies 
describe a traditional approach to collecting trends data; some describe a generic 
‘one size fits all’ form of condition assessment, while others describe the develop-
ment of site-specific monitoring projects that incorporate early warning systems for 
conservation management.

Similarly, we chose to invite contributions from practitioners with alternative 
viewpoints, who consequently recommend different approaches. By doing this, we 
hope that the book will give readers an overview of the options available and pro-
vide them with a well-informed basis for making decisions about their own moni-
toring projects.

We also hope that this book will serve to promote constructive debate on a sub-
ject area that is in the formative stages of development.

References

Brown A (2000) Habitat monitoring for conservation management and reporting. 3: Technical 
guide. Life-nature project no LIFE95 NAT/UK/000821. Integrating monitoring with manage-
ment planning: A demonstration of good practice in Wales. Countryside Council for Wales, 
Bangor

Giller PS, Malmqvist B (2005) The biology of streams and rivers. Oxford University Press, 
Oxford

Grime JP, Hodgson JG, Hunt R (1990) The abridged comparative plant ecology. Chapman & Hall, 
London

Grime JP (2001) Plant strategies, vegetation processes and ecosystem properties, 2nd edn. Wiley, 
Chichester

Ellenberg H (1979) Zeigerwerte der Gefäßpflanzen Mitteleuropas. Scripta Geobotanica 9:1–122 
(in German)

Ellenberg H (1988) Vegetation ecology of Central Europe, 4th edn. Cambridge University Press, 
Cambridge

Ellenberg H, Weber HE, Düll R, Wirth V, Werner W, Paulisson D (1991) Zeigerwerte von 
Pflanzen in Mitteleuropa. Scripta Geobotanica 18:1–248 (in German)

Hellawell JM (1991) Development of a rationale for monitoring. In: Goldsmith B (ed) Monitoring 
for conservation and ecology. Chapman and Hall, London, pp 1–14

Hill MO, Mountford JO, Roy DB, Bunce RGH (1999) Ellenberg’s indicator values for British 
plants. ECOFACT vol 2, Technical Annex. ITE/DETR. HMSO, Norwich

Hurford C, Schneider M (eds) (2006) Monitoring nature conservation in cultural habitats: A prac-
tical guide and case studies. Springer, Dordrecht, the Netherlands

JNCC (2005) Common standards monitoring guidance for rivers. Joint Nature Conservation 
Committee, Peterborough



15

Introduction

The approach to monitoring set out in this book depends on clear decisions being 
made about the objectives for habitats and species within a conservation site. These 
decisions should be made by site managers as a fundamental part of the general 
decision-making about site management; the development of the site management 
plan. The link between monitoring and management planning is well-established 
(Alexander and Rowell 1999; Rowell 2006). It should be taken as read that a man-
agement plan is only of conservation benefit if it is based on clear decision-making, 
and is actually put into practice.

But the position of site management plans in conservation management is para-
doxical. The literature has always told us that they are important or even essential 
(e.g. Duffey et al. 1974; Green 1985; Furniss and Lane 1992) but, informally or 
anecdotally, they are often referred to as “shelfware” – impractical documents that 
are put away and forgotten about. Conservation organisations have produced many 
guides to management planning (e.g. Nature Conservancy Council 1983, 1988; 
Ramsar Convention Bureau 1993, 2002; Countryside Council for Wales 1996, 
2003; Eurosite 1999, 2004; English Nature 2005), and no textbook on conservation 
management is complete without a chapter on how to write a plan (e.g. Sutherland 
and Hill 1995; Meffe et al. 1997). If you work for a conservation organisation, then 
they will probably insist that you use one of these guides.

The vast range of guidance on management planning presents a problem for the 
site manager. In general, these guides do not agree with one another. A review of 
nine planning guides aimed at UK protected sites showed that definitions of key 
terms were functionally inconsistent, and that rules and other guidance that expanded 
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those definitions only enlarged the differences between them (Rowell 2009a). 
Further analysis of the same guides has shown that key decision-making processes, 
for objectives and management actions, are also inconsistent between guides. These 
processes are usually incomplete, often flawed, and sometimes absent altogether 
(Rowell 2009b). It is apparent that when planning guides are revised there is a 
tendency to change plan format, the definitions of key terms, and the decision-
making processes – all without any explanation of why this has been done.

While there may be several possible explanations of why this happens, it is 
clear that experts do not agree on how to do management planning. It is also 
tempting to conclude that, possibly, no-one really knows the best way to make 
these important decisions, especially as there seem to be no documented cases of 
guidance or plans being tested. In a similar vein, some writers on conservation 
management conclude that we simply do not know whether our management 
systems work (Alexander 2008), though this does not sit easily with the frequent 
successes publicised by conservation organisations – perhaps these are in spite of 
our management systems.

So, the purpose of this chapter is not to recycle management planning guidance 
into yet another set of instructions. Rather, I will try to provide some suggestions 
that may benefit anyone facing these difficult, yet critical, decisions.

Learn to Plan

If you attend a conservation planning course in the UK, you will probably find that 
it reflects some particular brand of management planning guidance, and we should 
expect it to have similar problems. One remedy for this is to learn to plan from a 
better established discipline – one where plans have to be actioned and where poor 
quality or over-costly outcomes will not be tolerated. While there is no single way 
to plan in the business or IT sectors, there are accepted standards such as Prince 2. 
A simple place to start that covers all general aspects of planning is the free 
Project Management Primer (Jenkins 2006), and a wide variety of other free 
resources is available on the internet, such as those at www.projectsmart.co.uk. 
Courses in project management are now appearing on the agendas of some UK 
conservation training centres.

In general, there are no significant differences between a site management plan 
and any other type of project plan. They consist of a sequence of big decisions – 
what exactly are we trying to do, what are our quality criteria, what do we need to 
do in general terms to achieve these – followed by a series of many rather smaller 
decisions. These smaller decisions are just as important as the bigger ones, as they 
detail who will do the work, when they will do it, what equipment will be needed, 
and so on. General planning advice (e.g. Jenkins 2006) will help you work through 
these smaller decisions, and keep track of the work as it proceeds. But the big 
decisions need a different strategy.
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A Strategy for the Bigger Planning Decisions

Understand Your Site

It may seem trite to say this, but unless the site is understood, you cannot hope to 
plan its management. You must understand why the habitats are where they are, 
what processes operate, and how they inter-relate and interact with the activities of 
people. Similarly, the autecology of the important species will provide clues to how 
best to manage them. Lastly, it is essential to have a good understanding of how 
people interact with the site, and who they are. If possible, find out how history has 
affected the site and its management in the past.

Some of this you can find from reading but, if your site is well known and 
important then there may simply be too much material; the well-known reserve at 
Wicken Fen in Cambridgeshire has a bibliography running to well over 800 sepa-
rate publications (Rowell et al. 2007). This is the time to start involving others who, 
through long experience of this or similar sites, can guide you. Spread your net 
widely, and do not expect experts to agree all the time. There is, currently, an 
attempt to build an evidence base for conservation management, so you should 
consult www.conservationevidence.com and the website of the Centre for Evidence-
based Conservation (www.cebc.bangor.ac.uk). The latter has carried out systematic 
reviews of some freshwater management issues (e.g. Stewart et al. 2006, 2007).

Draw a series of maps of your site with as much information as possible about 
its current situation, such as the locations of habitats, populations, watercourses, 
adjacent land-uses, and so on (see Nature Conservancy (1988) for simple examples, 
and Brown (2000) for more complex landscape block diagrams).

Understanding your site is not the same thing as filling in information under 
each heading in the “Description” which is usually the first section of any manage-
ment plan. The Description does not necessarily result in understanding, though it 
would still be useful to summarise what you have discovered.

Nest Your Conservation Plans

The site management plan will not be the only plan for your site. There are bound 
to be a series of higher level directives, conventions, laws, policies, strategies 
and plans that affect the site, such as the EU Habitats Directive, the UK’s 
Biodiversity Action Plans, catchment management plans, and so on. Log all of 
these that you know about, then ask if there are any others. Try to sort out what 
they mean for your site in terms of issues and priorities. For instance, many freshwater 
sites will have to take into account the Ramsar Convention. This requires the 
maintenance of ecological character, and you will have to plan not only how 
to do this, but also how to monitor unacceptable change (Davis and Brock 2008). 
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If the list of issues and priorities is long, then drawing a diagram will help sort 
out the relationships. This will be useful later when you try to prioritise habitats 
and species for management.

However important you believe your management plan to be, there are likely 
to be others written specifically for your site. Fire plans and Health & Safety 
plans are the most likely candidates, but it is not unusual for separate manage-
ment plans to be written for the people-related aspects of a site, such as access 
and recreation. Developing a list of these now, and working out their relationships with 
the conservation plan, will help avoid duplication and ensure that the various 
plans interact properly.

Consider Your Options

Most management planning guides mention management options in some form, 
either based on features (e.g. Nature Conservancy 1988; Countryside Council for 
Wales 1996; Eurosite 1999) or so-called factors (Ramsar 2002; Countryside 
Council for Wales 2003; Alexander 2005); factors are discussed below. In some 
guides, the full list of options for managing any habitat is “active management, 
limited intervention, or non-intervention”. This is a basic start, but assumes that 
other decisions have been made first, such as re-establishment of a lost habitat, or 
expansion of an existing one.

Sorting out your options at each decision point is crucial. The key decision 
points in most management plans are:

1. What are the possible futures for the site? Scenario planning, or setting out plau-
sible futures (Peterson et al. 2003), is not normally included in management 
planning guidance. Possible futures could involve changing the proportions of 
habitats, re-establishing a lost habitat or process, or reintroducing a species.

2. Given 1, what are the candidates for management? These are usually habitats 
and species, but could include processes, especially in dynamic freshwater habitats. 
Whatever your final list of features to be managed, you will almost certainly 
need to prioritise.

3. What are the objectives? Objectives are normally written for the products of 
decision point 2. This book gives several examples of measurable objectives, and 
basic options should have been set at decision point 1. Here, you need to con-
sider options for what aspects of individual features might be measurable, and 
the exact level that you will set as representing optimal condition, the basis for 
your monitoring.

4. What actions will secure the objectives? Many managers do not use scientific 
information to inform decisions (Pullin et al. 2003), but you should consult those 
evidence bases referred to earlier, conservation management handbooks (e.g. 
Ward et al. 1994; Crofts and Jefferson 1999; Benstead et al. 1999), and experts 
with specific knowledge of your habitats and species. There will often be a range 
of options – Brooks and Stoneman (1997) and Tait et al. (1988) give examples 
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for various habitats. When there is no clear winner amongst these options, you 
might like to use more than one in an experimental approach, if you have the 
space and resources. Some management planning guides seem to insist that you 
can only manage factors rather than the features themselves (e.g. Alexander 
2005). Others point out that you also need to consider how you can make the 
features more resilient to impacts (Kapos et al. 2008). While I feel you should 
think about both, it’s clear that increasing resilience can be at least partly dealt 
with at the objective-setting stage, by increasing population size, for instance.

5. How do we future-proof our management? Some management planning guides 
suggest that, if all factors are within predefined limits, then a feature will be safe 
into the foreseeable future (Countryside Council for Wales 2003; Alexander 
2005). This can only be the case if security of management (e.g. funding, staff-
ing, control over the management of surrounding land) are specifically dealt with 
at every site. So you should always develop options for future-proofing, and 
ensure that you are clear about the advantages and deficiencies of each.

Face Up To Risks and Assumptions

Each option that you consider, particularly those at decision points 4 and 5, will 
carry some level of risk. Logging risks may help you decide between options, and 
should clarify the risks arising from the decisions you finally take. There are simple 
ways of doing this. Rate the probability of each risk occurring as high, medium and 
low, then rate its impact similarly. Those risks with higher probability and impact 
should be avoided, or a contingency plan developed if avoidance is not possible.

Similarly, each decision will carry a greater or lesser degree of assumption. For 
example, a decision to graze in a particular month might be based on information from 
sites in a different biogeographical zone, so that the effects at your site are assumed. 
So long as assumptions are made explicit, they can be managed as risks. If your 
assumption is proved correct, then it can be removed from your log. Hopefully, this 
discussion makes it clear that you should log all decisions that you make in the running 
of your site, record the reasons for your decision, and any assumptions and risks.

A Word About Factors

Most management planning guidance advises that you should record constraints and 
factors, though they tend to use these terms in different ways. Some guides use the term 
factor to cover anything that might affect a feature you have decided to manage, not just 
negatively, but positively too (e.g. Countryside Council for Wales 2003; Alexander 
2005). According to these guides, factors interact in complex ways, such as:

1. Habitats and species may themselves be factors for other habitats and species. 
Management will change the condition of features, and the future effect of this 
on other features needs to be considered.
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2. The effects of factors may differ in combination with other factors, so they 
must be considered singly and in combination, with the possibilities of synergies 
borne in mind.

3. The effects of factors (and, presumably, combinations of factors) may change 
over time.

4. Factors can be positive or negative in effect (and, presumably, can be both, depending 
on intensity; e.g. water table may be negative when too high or too low, but ben-
eficial when correct).

It would be easy to get bogged down in these complexities, and the guides that raise 
them give no suggestions about how to find resolutions. We have to look further 
afield, and bear in mind that we must focus on the factors and interactions most 
likely to have impacts on our priority habitats or species. Margoluis et al. (2009) 
recommend the use of simple diagrams to conceptualise these sorts of relationships. 
Recent management planning software includes a module to help you develop these 
conceptual models (see Miradi, based on Open Conservation Standards developed 
by the Conservation Measures Partnership (www.miradi.org)).

Conclusions

Management planning is important, but only if it results in plans that can be implemented, 
and are implemented. Too many management planning guides are muddled and 
impractical. The advice given here may help towards better plans where all options 
are considered, the reasons for decisions are clear, and assumptions and risks are 
properly accounted for.
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Background

The Water Framework Directive (WFD) (2000/60/EC) was established by the 
European Union (EU) as “a framework for community action in the field of water 
policy”. It contains a variety of provisions describing how member states of the EU 
should manage their surface and ground waters, and can essentially be split into two 
different types of regime within a single framework. These regimes can be described 
as (i) a new regime for determining the ecological and chemical quality of surface 
and ground waters, and achieving the relevant default objective, and (ii) a frame-
work for implementing existing EU legislation (in the field of water policy) and 
integrating this with the new ‘ecological’ regime.

The new framework has been the subject of much EU guidance and discussion, 
particularly through the Common Implementation Strategy established by the 
European Commission and, through Government advisory groups, has been the 
focus of most legal and technical work in the UK to date. However, the provisions 
of the WFD, as they apply to areas protected under the Habitats (Directive 92/43/
EEC) and Birds Directive (79/409/EEC) have been less well discussed (Withrington 
2005). These provisions are of interest for a number of reasons. Firstly, in the UK, 
the Habitats and Birds Directives are the only Directives listed within the WFD 
that are not implemented primarily by the same competent authorities that are 
responsible for the WFD or the other Directives captured within the field of water 
policy. They, therefore, represent an institutional challenge to implementation. 
Secondly, they are the only other Directives within the framework that have their 

C. Uttley  
Water Policy Officer, Countryside Council for Wales, Maes y Ffynnon, Ffordd Penrhos, Bangor, 
Gwynedd LL57 2DW, UK 
e-mail: c.uttley@ccw.gov.uk

Chapter 3
The Water Framework Directive  
and the Habitats and Birds Directives

An Overview of the Legal and Technical Relationship

Chris Uttley

C. Hurford et al. (eds.), Conservation Monitoring in Freshwater Habitats:  
A Practical Guide and Case Studies, DOI 10.1007/978-1-4020-9278-7_3,  
© Springer Science+Business Media B.V. 2010



24 C. Uttley

own ecological objectives and outcomes. They establish a different way of determining 
and judging ecological quality, based upon criteria described in the Habitats 
Directive and the way these have been applied by the relevant agencies in the UK. 
Thirdly, the Habitats and Birds Directives establish a strong precautionary legal 
framework for the EU, which in many cases goes beyond that created by the 
WFD. The WFD provides opportunities for member states to establish longer 
deadlines, less stringent objectives and allows for deterioration of ecological 
status under a wider range of conditions than those contained in the Habitats 
Directive. This difference in level of precaution presents legal and economic chal-
lenges to member states.1

The following sections describe the provisions of the WFD as they apply to the 
Natura 2000 network of sites, and the final section summarises these and 
describes challenges that remain, particularly for interpretation in relation to 
monitoring requirements and the application of the provisions for species in the 
Natura Directives.

Which Natura 2000 Protected Areas Are Relevant for the WFD?

Article 6 of the WFD requires Member States to establish a register of all Protected 
Areas lying within each river basin district that have been designated as requiring 
special protection under specific Community legislation for the protection of their 
surface water or groundwater or for the conservation of habitats and species directly 
depending on water.

Of course all species and habitats depend on water for their survival, but it is 
possible to identify varying degrees of dependency, which determine the manage-
ment and monitoring priorities for different species and habitats. Many species and 
habitats are wholly aquatic, whereas others rely upon saturation or inundation by 
water (fresh and saline) for their existence. The UK Technical Advisory Group2 
developed a list of water-dependent species and habitats from Annex I and II of the 
Habitats Directive and the Birds Directive. Species and habitats were segregated 
according to three types of dependency. This dependency determines (in part) the 
relevance of each species or habitat to the WFD, although no distinction is made in 
the Directive itself. Table 3.1 illustrates the definitions used in the guidance docu-
ment (UK TAG 2003).

In the UK, any Natura 2000 protected area designated for one or more 
water dependent species or habitat has been entered onto the Register of pro-
tected areas.

1Water Framework Directive, Article 4 (3, 4, 5,6,7).
2UK Technical Advisory Group, (UK TAG) formed from the UK environment and conservation 
agencies to advise Government on technical aspects of WFD implementation. www.wfduk.org.
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What Are the Relevant Standards and Objectives for Natura 
2000 Protected Areas in the WFD?

As described in the opening paragraphs, the WFD is both a “framework” for ensur-
ing the implementation of existing EU legislation and a new way of evaluating the 
ecological status of waters. Article 4 of the WFD describes the environmental 
objectives for the different categories of water and for protected areas.

The environmental objectives for surface and groundwater bodies are contained 
within Article 4 (1a & 1b). These objectives apply only to water as defined within 
Article 2 of the Directive. In contrast, although many Natura 2000 protected areas 
may contain, or may be, water bodies (rivers, lakes and estuaries), they may also 
contain water not identified as a ‘water body’, or in many cases, areas of land. 
Water dependent habitats include wetlands, such as fen, blanket bog and saltmarsh. 
Otters Lutra lutra, marsh fritillary Eurodryas aurinia butterflies and many bird spe-
cies occupy and use areas of land, wetland and water bodies. The environmental 
objective for these areas of water and land are established in Article 4 (1c).

Article 4 (1c) states:

In making operational the programmes of measures specified in the river basin management 
plans, for protected areas, Member States shall achieve compliance with any standards 
and objectives at the latest 15 years after date of entry into force of this Directive, unless 
otherwise specified in the Community legislation under which the individual protected 
areas have been established.

Article 4 (2) states:

Where more than one of the objectives in paragraph 1 relates to a given body of water, the 
most stringent shall apply.

Table 3.1 Ecological criteria for identifying those Natura Habitats and Species that are directly 
dependent on the status of water

Natura 2000 SPECIES Natura 2000 HABITATS

Aquatic species living in surface waters as defined in 
Article 2 of the Water Framework Directive (e.g. 
bottle-nose dolphin Tursiops truncatus, freshwater 
pearl mussel Margaritifera margaritifera)

Habitats which consist of surface 
water or occur entirely within 
surface water, as defined 
in Article 2 of the Water 
Framework Directive (e.g. 
oligotrophic waters; estuaries; 
eelgrass beds)

Species with at least one aquatic life stage dependent 
on surface water (i.e. species that use surface water 
for breeding; incubation, juvenile development; 
sexual maturation, feeding or roosting – including 
many Natura bird and invertebrate species)

Habitats which depend on frequent 
inundation by surface water, or 
on the level of groundwater (e.g. 
alluvial alder wood, blanket bog, 
fens)

Species that rely on the non-aquatic but water-
dependent habitats relevant under 2.b and 2.c in the 
habitats column of this table (e.g. Killarney fern)

Non-aquatic habitats which depend 
on the influence of surface 
water – e.g. spray, humidity 
(bryophyte-rich gorges)



26 C. Uttley

Article 4 (1c) therefore applies to any Natura 2000 protected area listed on the 
register of protected areas. Of particular interest is the use of the phrase “…shall 
achieve compliance with any standards and objectives…”. This formulation differs 
from other parts of the WFD, which requires member states to protect, enhance and 
restore with the aim of achieving good surface or groundwater status. It implies that 
member states needs to have achieved all the relevant standards and objectives for 
Natura 2000 protected areas before 2015. This arguably goes further than the 
Habitats Directive itself, which also includes the formulation of “aiming” to 
achieve Favourable Conservation Status.

Whilst the Habitats and Birds Directives set no statutory ‘standards’ that have to 
be achieved, they do require the setting of ‘conservation objectives’ for each habitat 
and species for which the Natura 2000 site is designated. Conservation Objectives 
are set in order to determine if the aims and objectives of the Directives are being 
met, to ensure that measures taken actually maintain or restore features to favour-
able conservation status, and finally, to help determine the impact of any plans and 
projects on the features of the site. Conservation objectives are also used to assess 
whether a designated habitat or species is in a “favourable condition” on each 
Natura 2000 area, and contributing to Favourable Conservation Status at the 
member-state scale.

The UK has interpreted the obligations of Article 4 (1c) as requiring all water 
dependent species and habitats for any Natura 2000 protected areas listed on the 
register, to be in Favourable Condition, or if not, to have identified the reason “why 
not” as being clearly unrelated to water management. This requires that water-
dependent features are meeting their conservation objectives (UK TAG 2008).

In the UK, conservation objectives have been developed as expressions of 
intent for the features, with a list of targets for a variety of attributes, such as 
water quality, population characteristics or physical habitat. Whilst these targets 
are not themselves standards, they are used as part of a ‘weight of evidence’ 
approach to determine whether or not a particular species or habitat is achieving 
favourable condition.

For Natura 2000 protected areas, it is these conservation objectives and the 
targets contained within them that form the “standards and objectives” referred to 
in Article 4 (1c).

Application of the Derogations

Article 4 (3, 4, 5, 6, 7) of the WFD contains the relevant provisions allowing mem-
ber states to achieve less stringent objectives, extend deadlines or allow the status 
of water bodies to deteriorate (the derogations).

Article 4 ( paragraphs 8 & 9) establish the conditions attached to the use of the 
derogations. These two paragraphs effectively prevent the use of any of the deroga-
tions (apart from time extensions), on Natura 2000 sites, since in practice, the only 
reason a member state can allow a Natura 2000 protected area to deteriorate is to 
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allow a development that is of “imperative overriding public interest”. (Habitats 
Directive Article 6 (4)).3

There has been some debate regarding the extension of the deadline for achieving 
Natura 2000 standards and objectives. Article 4 (4) states that the deadlines in 
paragraph 1 (2015) may be extended by member states for the purpose of phased 
achievement of the objectives for bodies of water, provided that no deterioration 
occurs in the status of the affected body of water….

Article 4 (4) specifically refers to bodies of water, not protected areas. Since the 
WFD contains specific obligations for protected areas, it can be argued that since this 
provision does not specifically refer to them, it was not intended to apply to them. In 
addition, for member states to make use of extended deadlines, they must ensure that 
no deterioration in the status of the water body occurs. For some impacts, notably 
diffuse pollution of lakes, proliferation of alien and invasive species and sediment 
pollution, preventing deterioration over the extended timescale will be extremely 
difficult, without some form of measures to address the cause of the impact.

The current UK position (in April 2009) is that where Natura 2000 protected 
areas are coincident with water bodies, the deadline for achievement of standards 
and objectives for those sites may be extended beyond 2015 provided the condi-
tions in Article 4(4) are met. For sites not coincident with water bodies, the 
deadline cannot be extended. Thus for fens, bogs, saltmarsh and other wetlands, a 
strict deadline of 2015 for achieving the conservation objectives to contribute to 
Favourable Conservation Status applies.

The Programme of Measures

Article 11 requires the establishment of a “programme of measures” to achieve the 
environmental objectives of the WFD. The programme of measures is in effect a 
list of management actions that a member state will take at a national, regional and 
local level to achieve the various objectives, including those for Natura 2000 water 
dependent protected areas.

3Article 6 (4) of the Habitats Directive states “If, in spite of a negative assessment of the implications 
for the site and in the absence of alternative solutions, a plan or project must nevertheless be 
carried out for imperative reasons of overriding public interest, including those of a social or 
economic nature, the Member State shall take all compensatory measures necessary to ensure that 
the overall coherence of Natura 2000 is protected. It shall inform the Commission of the compen-
satory measures adopted. Where the site concerned hosts a priority natural habitat type and/or a 
priority species, the only considerations which may be raised are those relating to human health 
or public safety, to beneficial consequences of primary importance for the environment or, further 
to an opinion from the Commission, to other imperative reasons of overriding public interest.”
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These actions may include legislative changes, new regulations, or individual 
and localised management actions required to control the impacts identified on a 
specific water body or protected area.

The programme of measures for Natura 2000 sites must consist of measures 
required by the Habitats Directive itself. For example, the review of all significant 
consents to ensure they are not having an adverse effect on the protected area. It 
should also include controls, or remedies, for unregulated impacts, such as diffuse 
pollution, alien species and drainage. Impacts to the physical morphology of waters 
are a good example. With the exception of modifications relating to flood defence, 
there are few mechanisms by which water bodies and protected areas can have their 
morphological integrity restored. If this is resolved, it is likely to be one of the most 
significant benefits arising from the WFD.

Monitoring for Natura 2000 Water Dependent Protected Areas 
in the WFD

Whilst there are detailed provisions within the Habitats Directive (Article 11) requiring 
the monitoring and surveillance of features, the WFD itself contains requirements 
for additional monitoring of water dependent Natura 2000 protected areas.

Annex V (1.3.5) of the WFD describes these additional requirements. It states that:

Bodies of water forming these areas shall be included within the operational monitoring 
programme referred to above where, on the basis of the impact assessment and the surveil-
lance monitoring, they are identified as being at risk of failing to meet their environmental 
objectives under Article 4. Monitoring shall be carried out to assess the magnitude and 
impact of all relevant significant pressures on these bodies and, where necessary, to assess 
changes in the status of such bodies resulting from the programmes of measures. 
Monitoring shall continue until the areas satisfy the water-related requirements of the leg-
islation under which they are designated and meet their objectives under Article 4.

This strongly implies that additional monitoring of protected areas is required as 
part of the WFD. However, it is currently unclear whether additional monitoring is 
required, and, if this is the case, whether the monitoring programmes implemented 
by the competent authorities in the UK (for both the WFD and Habitats Directives) 
have the capacity to take account of this. Taking into account the potential eco-
nomic implications of decisions made with respect to judgements on Favourable 
Condition and Ecological Status, and the deadline established by the WFD for 
water dependent Natura 2000 protected areas, the level of resource dedicated to 
monitoring will probably need to increase during the next phase of river basin 
planning.

In addition, many wetland habitats are still relatively poorly understood. Their 
functioning, in terms of irrigation and nutrient requirements, are still the subject of 
detailed study. A significant level of resource is required to develop a detailed under-
standing of the measures required on a site-by-site basis. These site investigations are 
essential if the right type and intensity of measures are to be implemented.
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Summary and Remaining Challenges

It is clear that the authors of the Water Framework Directive created specific obliga-
tions for member states to ensure that the water requirements of Natura 2000 protected 
areas are provided for. The regime they created, if implemented correctly, should fully 
integrate the requirements for water dependent species and habitats into a River Basin 
Management Plan.

The WFD creates the requirement to achieve any standards and objectives for 
protected areas before December 22nd 2015, but this can only happen with concerted 
efforts from member states Governments’ and the competent authorities responsible 
for implementing both the Water Framework Directive and Natura Directives. Many 
protected areas will of course take considerably longer to recover ecologically from 
years of degradation, but the WFD should ensure that measures to restore habitats and 
species are implemented within a planned framework before 2012.

Many new mechanisms will be required to tackle impacts from drainage, diffuse 
pollution and invasive species. Deriving the true financial cost of this work will 
illustrate the gap between what is currently funded and the level of resource actually 
needed to bring these sites into favourable condition.

Although the UK has produced a body of guidance on this issue, there has to 
date been little or no consideration of how the WFD can provide a framework for 
achieving those provisions of the Habitats and Birds Directives relating to species 
and habitat protection outside of protected areas. Reporting on the status of 
freshwater species and habitats outside the protected sites series will need further 
consideration in the second cycle of River Basin Planning.

Finally, it is not yet clear that the monitoring programmes implemented by the 
competent authorities in the UK give effect to all the provisions for monitoring of 
Natura 2000 protected areas contained within the WFD. Certainly we know that in 
many cases, detailed site-specific investigations may be required to ensure that the 
right measures are adopted. In many cases, the resource for this work remains to 
be found.
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Introduction

In this chapter, I give a rather personal view of the feasibility of using freshwater 
mammals as indicators for the condition of sites or habitats. The conclusions drawn 
are open for discussion.

Mammals as Indicators

Mammals are not as often used as indicators as other groups of organisms, such as 
plants, lichens, invertebrates or birds (see Chapters 5–10). Freshwater habitats are 
no exception to this general rule. There are many reasons for that:

•	 Mammals	are	often	relatively	hard	to	find	in	the	field,	as	they	are	often	nocturnal	
and crepuscular, secretive and shy.

•	 Their	biology	and	their	ecological	needs	are	often	badly	understood.
•	 They	often	roam	over	relatively	large	areas	and	thus	would	reflect	ecological	

conditions of extended areas, not necessarily of the point where they are 
observed.

•	 Many	mammals	are	affected	by	people	directly	through	hunting	or	illegal	killing.	
Therefore a decline may simply be an indication of human attitudes towards the 
species rather than the result of any decline in the abiotic or biotic condition of 
the environment.
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•	 Many	mammals	have	a	long	generation	time	and	thus	reflect	changes	in	the	
environment relatively slowly at the population level. In many species, indi-
viduals are long-lived and survive for a while when conditions already have 
become adverse.

•	 Mammals	are	mobile	and	individuals	may	visit	areas	that	are	not	optimal	for	
the species.

For instance, Sweden has put considerable effort into the definition of “typical spe-
cies” when developing a system for the monitoring of conservation status in areas 
and habitats included in the Natura 2000 framework. For a species to be designated 
typical for a habitat, it has to indicate favourable conservation status in this habitat, 
there have to be non-destructive ways of surveying the species, and it has to be 
easily identifiable. Not a single mammal species is included in the current (2008) 
list of typical species for freshwater habitats in Sweden (J. Grahn, 2009 personal 
communication).

Freshwater Mammals

Among the mammals within the current extent of the European Union, there 
are no truly aquatic freshwater species. There are, however, several species 
that are semi-aquatic and that in one way or the other are associated with or 
depend on freshwater habitats. There is also one seal species that inhabits 
brackish waters in the Baltic Sea as well as the freshwater lake Saimaa in 
Finland (see Chapter 27).

Here I define 16 species as being freshwater mammals (Table 4.1). All of them 
are dependent on freshwater habitats, but to different extent. Their possible value 
as indicators of condition differs between species and may for a given species even 
vary between areas.

Many of the species have been surveyed in a variety of areas throughout Europe. 
Commonly, these surveys were aiming at establishing the status of the species 
itself, not the condition of the habitat the species lives in.

The fact that freshwater mammals are not widely used as indicators for condition 
today does not mean that they cannot be used at all. However, mammals are more 
demanding than many other organisms. One has to know a lot about a species’ ecology 
to be able to use it as an indicator. Good population estimates alone may not be 
very helpful.

An example to illustrate this is the case of the ringed seal in the Baltic Sea 
(Schneider et al. 2009). In this species, the observed changes in population size 
during the last 100 years indicated very different things. First, the rapid decline of 
the population was caused by over-hunting. Then, when hunting had been stopped, 
environmental contamination caused a further decline. Today, conservation efforts 
(no hunting, decrease in pollutants) have led to an increase of the population. In the 
future, climate change and a decreasing ice cover in the Baltic Sea will most prob-
ably cause a renewed decline of the ringed seal (see Chapter 27).
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Indicating What?

A recent assessment of the status of all native mammal species in Europe has 
compiled much information about the factors that affect and in some cases 
threaten mammal populations (IUCN 2007). Table 4.2 presents a list of specific 
threats for the different species. A healthy population of a species would indicate 
the absence of those adverse factors that have been listed as threats (see IUCN 
2007 and references therein).

For six of the 16 freshwater species, no threats at all have been listed. These six 
species include Daubentons’ bat, muskrat, coypu, European beaver, American beaver 
and American mink. Habitat loss and degradation, accidental mortality and pollution 
have been identified as general threats to most of the remaining species.

Alien Species

The presence of the alien species muskrat, coypu, American beaver and American 
mink is a negative indicator for the condition of freshwater habitats. Muskrats 
may create problems for water voles and may have a great impact upon the 

Table 4.1 Sixteen	mammals	that	can	be	defined	as	being	freshwater	species.	Most	of	them	
could have value as indicators, indicating either a positive or negative condition of the site or 
habitat

Common name Scientific name
Potential 
indicator?

Indicating which 
condition?

Pyrenean desman Galemys pyrenaicus Yes Positive
European water shrew Neomys fodiens No –
Mediterranean water shrew Neomys anomalus No –
Pond bat Myotis dasycneme Yes Negative
Daubenton’s bat Myotis daubentoni Yes Negative
Long-fingered bat Myotis capaccinii Yes Positive
Water vole Arvicola terrestris No –
Southern water vole Arvicola sapidus Yes Positive
Muskrat Ondathra zibethica Yes Negative
Coypu Myocastor coypus Yes Negative
European beaver Castor fiber No –
American beaver Castor canadensis Yes Negative
European mink Mustela lutreola Yes Positive
American mink Mustela vison Yes Negative
Otter Lutra lutra Yes Positive
Ringed seal Phoca hispida Yes Positive
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vegetation in freshwater habitats (IUCN 2007; Pietsch 1982). Muskrats and 
coypu compete for food and dens with southern water voles (IUCN 2007). The 
American beaver apparently displaced the European Beaver in sites where both 
species were released in Finland (Tattersall 1999). The occurrence of American 
mink indicates problems for the European mink in areas where both species 
co-occur (IUCN 2007). American mink seem also to negatively affect water 
vole populations (Strachan et al. 1998) and populations of breeding water birds 
(Sundström and Olsson 2005).

European Beaver

Beavers have a very wide ecological amplitude and occur in a variety of waters 
(Fig. 4.1). European beavers have been re-introduced in many areas in Europe 
(Freye 1978). A disappearance of beavers most often indicates human inter-
vention: excessive hunting, destruction of dams or road casualties. Therefore, 
beavers indicate human attitudes and activities rather than the condition of 
their habitat.

Fig. 4.1 A beaver pond in the agricultural landscape of northern Sweden. In spite of their ability 
to change ecosystems, European beavers are not good indicators for the condition of a given site. 
Photo by Michael Schneider
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Pyrenean Desman

The Pyrenean desman is well adapted to an aquatic environment. It lives mostly in 
fast flowing, clean, well-oxygenated watercourses with structured banks. The species 
is threatened and has a restricted distribution (Juckwer 1990; IUCN 2007).

The species itself is threatened and seems to have high demands on its freshwater 
habitat. A thriving population of desmans should therefore indicate good condition 
for a site, although Queiroz (1999) mentions that the species can survive in some 
moderately polluted watercourses.

European Water Shrew

Analyses of the results of a nationwide, volunteer-based survey to determine the 
distribution and habitat occurrence of the water shrew in Great Britain showed that 
water shrews were ubiquitous and adaptable and that they are ecologically flexible 
(Carter and Churchfield 2006). Water shrews were observed in sites with a variety 
of substrate types, water depths and water widths. They were little influenced by 
bank height and incline and were apparently not disturbed by human activity. 
Neither bankside management nor the land use adjacent to a site influenced water 
shrew occurrence. Water shrews were found both in sites with and without aquatic 
vegetation (compare Fig. 4.2).

Fig. 4.2 Tracks of a European water shrew on snow-covered ice along a small Swedish forest river. 
The value of European water shrews as indicators of the condition of a site seems limited, and snow 
tracking is not a good method for surveying water shrews. Photo by Michael Schneider
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Therefore, European water shrews do not seem to be good indicators of 
condition of a certain habitat, not in Great Britain at least. According to Spitzenberger 
(1990a, 1999a), water shrews need structural diversity of river banks and a 
sufficient prey base, the latter being indicative of low levels of pollution in 
the habitat.

Mediterranean Water Shrew

Where the two species co-occur, the Mediterranean water shrew is excluded from 
freshwater habitats by competition with the larger European water shrew 
(Spitzenberger 1999b). An abundant population of Mediterranean water shrews 
should therefore indicate the absence of European water shrews. As the species can 
utilise habitats of differing quality (Spitzenberger 1990b), its value as indicator of 
condition seems rather limited.

Pond Bat and Daubenton’s Bat

The Pond bat and Daubenton’s bat are two species which are favoured by the general 
increase in productivity that is obvious in many freshwater habitats, especially ponds 
and slow-flowing rivers (e.g. Meschede and Rudolph 2004). While the Daubenton’s 
bat is one of the most common bat species in Europe, the pond bat is rare and 
threatened (IUCN 2007).

The life history of hibernating bats is complex. For the pond bat and Daubenton’s 
bat, freshwater habitats comprise only a part of their home range, the part where 
they collect their food. Other important variables are summer roosts for both males 
and females and sites for over-wintering. Both foraging sites, summer roosts 
(cavities in trees, nest boxes, buildings for pond bats) and hibernacula (caves and 
cellars) are limiting factors if in short supply, and all these partial habitats have to 
be relatively close together. Even if food is over-abundant, bat populations will not 
increase in an area, if there are few roosts or if hibernacula are rare.

Therefore, an increase in foraging activity of pond bats or Daubenton’s bats at a 
freshwater site could indicate an increase in productivity of the site, and thus a negative 
condition if the site is supposed to be nutrient-poor. A general population increase, 
on the other hand, could even depend on an increase in the abundance or quality of 
roost sites or hibernacula in the area.

Bat foraging activity can be surveyed with hand-held or automated bat detectors 
around water bodies. Surveys of roosts and hibernacula are complicated for the 
species. Summer roosts are mainly in hollow trees, woodpecker holes or nest boxes 
and therefore often hard to locate and to inspect. In hibernacula, the animals tend 
to creep into narrow crevices in the roof, walls or floor of the site and are therefore 
often hard to find (Meschede and Rudolph 2004).
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Long-Fingered Bat

The long-fingered bat is a southern species and widespread but relatively rare in 
the Mediterranean (Guillén 1999). Similar to pond and Daubenton’s bats, it 
mostly forages over wetlands and waterways. Summer roosts and hibernacula are 
mostly in caves. Nursery colonies contain usually several hundreds of animals. 
Movements between summer and winter sites are mostly within a distance of 
50 km (IUCN 2007). Long-fingered bats may interact with Daubenton’s bats and 
the species may competitively exclude each other (Guillén 1999). Hunting 
habitats of the species have been negatively influenced by agricultural pesticides 
in Greece (Dietz et al. 2007).

As summer roosts are relatively easy to find and monitor, their effect on the 
population dynamics of the species can be assessed. If the number of individuals 
hunting at a freshwater site decreases while roosts remain undisturbed, this may 
indicate a negative development of condition of the site due to a diminishing prey 
base, for instance caused by pollution.

Water Vole

The aquatic form of the water vole inhabits a variety of freshwater habitats in 
lowland and mountain areas, including rivers, streams, lakes and marshes. 
Steep riverbanks with lush grass and vegetation are preferred (compare Chapter 
26). Declines in aquatic populations in parts of Western Europe have been 
attributed to habitat loss, water pollution, predation by introduced American 
mink and competition with muskrats (IUCN 2007; Jefferies 2003). As the 
species can utilise habitats of differing quality, its value as indicator of condition 
seems restricted.

Southern Water Vole

The southern water vole is distributed in south-western Europe and inhabits lakes, 
ponds and slow-moving rivers and streams with dense riparian vegetation (Saucy 
1999). According to IUCN (2007), it is restricted to sites where banks and vegetation 
have not been significantly altered by human activity. Competition with coypu 
and muskrats and possibly the brown rat (Rattus norvegicus) for food and dens 
is also listed as a problem. As the species seems rather specialised regarding 
its habitat preferences and as concrete threats have been identified, a thriving 
population of voles should indicate favourable condition at a given site.
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European Mink

European mink have specialised habitat requirements. They are semi-aquatic, 
inhabiting densely vegetated banks of lakeshores, rivers, streams and marshlands. 
They are nocturnal and have a varied diet. The European mink is a threatened species 
with a restricted range. Main threats include habitat loss, harvesting, accidental 
killing and pollution. American mink affect European mink negatively by competition 
and hybridisation (IUCN 2007 and references therein).

Due to its specialised habitat requirements and its restricted range, the European 
mink could be a good indicator of condition of the sites where it occurs. Healthy 
populations would indicate a positive condition, while decreasing populations 
would indicate a negative condition of sites.

Otter

Lots of work has been done on otters (Fig. 4.3). Mostly, this work focused on the 
otter as a threatened species and not on otters as indicators for the condition of their 
habitat. Starting from the threats that have been identified as affecting otters (IUCN 
2007), this species may be indicative of a PCB-free environment, of sufficient fish 
populations, of low levels of persecution (including illegal hunting, road casualties, 

Fig. 4.3 Otters have been surveyed in many areas to determine the species’ conservation status. 
We are only beginning to think of the species as a possible indicator of the condition of a given 
site, however. Photograph by Michael Schneider
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and by-catches) and of the structural complexity of river banks. Otters may also 
indicate low population levels of American mink (Jefferies 2003).

Spraint surveys can be used for retrieving presence-absence data for large areas at 
relatively low cost. However, to determine the size of a population and for counting 
family groups (which indicate successful breeding in an area) more labour-intensive 
and therefore costly methods have to be applied, such as snow tracking or surveys 
among anglers and the public.

Ringed Seal

Ringed seals are top consumers in the brackish waters of the Baltic Sea and in the 
freshwaters of Lake Saimaa. Annual aerial surveys are used in the Baltic to get an 
index of population size of ringed seals. Necropsy of dead animals is used to look 
at body conditions and health status of individuals (see Chapter 27).

Increased levels of PCB are believed to be responsible for a disease complex 
(pathological kidney alterations, uterine occlusions) found in ringed seals between 
1965 and 1985 (Bergman et al. 2001). Since then, levels of contaminants have been 
decreasing, but still 30–40 % of adult females are sterile (Mattson and Helle 1995). 
This infertility in females is thought to be responsible for a reduced rate of population 
growth. Therefore, the health status of ringed seals and their rate of population 
increase can be used to indicate the condition of their habitat regarding the occurrence 
and the concentration of pollutants in the water.

Brief Summary

In this chapter, I define 16 mammals as being freshwater species (Table 4.1). Of 
these, four (European water shrew, Mediterranean water shrew, water vole, 
European beaver) do not seem to have any greater value as indicators for the condition 
of a given habitat or site. Six species (pond bat, Daubenton’s bat, coypu, muskrat, 
American beaver, American mink) can be indicative of a negative condition. Six 
species (Pyrenean desman, long-fingered bat, southern water vole, European mink, 
otter, ringed seal) indicate a positive condition of a site.

As most of the species have a wide geographic distribution, their value as indicator 
may be different in different parts of their range and should be evaluated at a local 
or regional scale. It is also important to look at populations of the species rather 
than single individuals. Individuals can move over large distances and sometimes 
can be observed even in unfavourable habitats. When looking at populations, we 
should use long-term population dynamics to assess habitat or site condition and 
not put too much emphasis on single-season or 1-year observations.

Good population estimates alone may not be very helpful. You have to know the 
biology and ecology of your species well to understand what in fact it may indicate.
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Introduction

One of the aims of monitoring is to provide information for ecological assessment, 
which can provide early warning of changes that could negatively affect species or 
ecosystems (Burger 2006). Since it is impractical to monitor all biological and 
physical components, a few of them can be used as indicators of wider conditions. 
Biological components chosen with this aim are called bioindicators (e.g. Matsinos 
and Wolf 2003).

Several aspects of the ecology of waterbirds make them useful as bioindicators. 
First, waterbirds have been shown to track environmental variations, at short 
(months) and long (years) temporal scales, and at both species and community 
levels (e.g. Nudds 1983; Amat et al. 1985; Guinet et al. 1998; Abraham and 
Sydeman 2004; Almaraz and Amat 2004; Rendón et al. 2008). Second, because 
many species are top predators and several contaminants often accumulate along 
the trophic chain, such species may be used as indicators of changes occurring at 
lower trophic levels (e.g. Matsinos and Wolf 2003; Burger and Eichhorst 2005). 
And third, either the waterbirds themselves or their prey are exploited by humans 
(e.g. hunting and fisheries), so that hunting bags of waterbirds may be indicative of 
productivity in nesting areas (Miller et al. 1988) or breeding parameters of birds 
may inform on fish stocks (Einoder 2009).

In this chapter we give some examples of the usefulness of using waterbirds as 
bioindicators. We explain why in other cases the use of waterbirds as indicators 
may be more limited, and we also identify how the design of studies can improve 
the utility of indicators.
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Waterbirds as Bioindicators of Environmental Conditions

Several studies show that waterbirds may be used as bioindicators of conditions 
encountered in wetlands, at both local and regional spatial scales. A classical 
example is the response of some waterbirds to eutrophication of wetlands. In the 
Mar Menor lagoon of south-eastern Spain the great crested grebe, Podiceps crista-
tus, increased in abundance as eutrophication increased as a result of nutrient inputs 
into the wetland, resulting from intensification of agricultural practices in the basin 
of the lagoon (Fig. 5.1). A parallel change in the number of grebes was not recorded 
in other sites of Spain, indicating that the increase in the Mar Menor lagoon did not 
result from external factors affecting the population at other spatial scales (Martínez 
Fernández et al. 2005).

Another example of the effects of agricultural changes in wetlands is provided 
by coots in southern Spain. There, the red-knobbed coot, Fulica cristata, declined 
in the second half of the 20th century and is now threatened with extinction. This 
decline was largely attributed to changes in the agricultural practices in the basins 
of wetlands, which accelerated siltation rates, and therefore shortened hydroperiods, 
affecting the quality of food plants of coots. Indeed, the assimilation efficiency of 
coots was negatively affected when the quality of their food plants was low, which 
usually occurs in early summer when water levels start to decline (Varo and Amat 
2008). Therefore, the population dynamics of red-knobbed coots over long periods 
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Fig. 5.1 Relationship between the number of great crested grebes Podiceps cristatus recorded at 
the Mar Menor lagoon (SE Spain) during January 1980–2001 and nutrient input estimates (tonnes 
of nitrogen) into the lagoon (modified from Martínez Fernández et al. 2005)
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(e.g. decades) could be used as indicative of changes occurring in wetlands at slow 
rates (e.g. siltation processes).

Agricultural changes may also have effects on waterbird habitats at large spatial 
scales. As a result of feeding on agricultural crops in winter and on migration, some 
populations of snow goose, Chen caerulescens, have increased by 7% per year and 
these increasing numbers have had a strong negative long-term effect on intertidal 
salt-marsh vegetation at an Arctic coastal breeding site, located 5,000 km from 
wintering sites. Here, goose grubbing caused loss of vegetation and salinity of bare 
ground precluded re-establishment of vegetation (Abraham et al. 2005).

Changes in the nutrient budget of wetlands are not only due to the effects of 
human activities, and may be a result of the activities of the birds themselves, as 
shown by research on northern fulmars, Fulmarus glacialis, nesting on cliffs 
above a coastal plain with freshwater ponds (Michelutti et al. 2009). Fulmars 
behaved as biovectors that transported important quantities not only of nutrients, 
but also of contaminants, from the sea to the ponds. These ponds contained more 
chlorophyll, chironomids, and contaminants than those not affected by bird activ-
ity. These indicators of bird activity could be used to track population changes in 
other bird species for which chironomids are an important food source (Michelutti 
et al. 2009).

The monitoring of breeding colonies of waterbirds may provide information on 
the conditions of wetlands used for feeding. The main colony of greater flamingos, 
Phoenicopterus roseus, in southern Spain is located at Fuente de Piedra lake, but 
the birds mainly forage in the Guadalquivir marshes, located 130 km from the nesting 
site (Rendón-Martos et al. 2000; Amat et al. 2005). Here, colony size was affected 
by water levels in the foraging site (Fig. 5.2).

Limitations on the Use of Waterbirds as Bioindicators

As shown above, there may be important relationships between waterbirds and biotic 
and abiotic factors of wetlands, and the effects of the birds in these habitats may have 
important consequences on food webs. This justifies the incorporation of waterbirds 
into biomonitoring programs. Nevertheless, some have questioned the usefulness of 
waterbirds as bioindicators (Green and Figuerola 2003; Piatt et al. 2008).

The main criticisms come from the lack of relationships between the diversity 
of waterbirds and that of other organisms. Community concordance measures the 
degree to which patterns in community structure in a set of sites are similar between 
different taxonomic groups (Paszkowski and Tonn 2000). Concordant patterns have 
been found among guilds of waterbirds, and even between waterbirds and fish in 
several lakes (Paszkowski and Tonn 2000, 2006), indicating that monitoring the 
status of one group may provide a useful bioindicator of the status of other groups 
(Paszkowski and Tonn 2006).

However, such patterns may not be so evident in other cases. For instance, the 
similarity among a set of lakes in southern Spain in their waterbird communities is 
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very different to the similarities in their zooplankton or submerged macrophyte 
communities (Amat et al. 1985). Also in these lakes, the diversity of waterbird 
guilds (ducks, shorebirds) differs according to water levels (Amat 1984). In the case 
of highly dynamic wetlands, the responses to environmental variations may vary 
according to type of organisms, since different types of organisms may not perceive 
environmental variations in the same way. Under these circumstances, monitoring 
one group may not be a useful bioindicator of the status of another group.

Another difficulty of using waterbirds as bioindicators is related to their high 
mobility throughout the year. Migratory populations are subject to changes occur-
ring not just in an area, but right across the migratory flyway. Even on a daily scale, 
their high mobility complicates their use as indicators. Although there may be a 
positive relationship between the size of wetlands and the number of waterbirds 
using them (Amat 1984; Nudds 1992; Weller 1999, Fig. 5.3), there are also cases 
in which such a relationship is not found, which may be explained in part by the 
differential use of wetlands throughout the day by waterbirds. Thus, many dabbling 
duck species use some wetlands for resting during the day, but forage in different 
wetlands during the night (Tamisier and Dehorter 1999). As waterbird counts are 
usually conducted during the day, trying to establish a relationship between biotic 
and abiotic factors of wetlands that are used as roosting sites and the carrying 
capacity of such wetlands for ducks may be misleading (Yésou 1983).
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Fig. 5.2 Relationship between the size of a breeding colony of greater flamingos Phoenicopterus 
roseus at Fuente de Piedra lake and rainfall recorded during the preceding months at the marshes 
of the Guadalquivir in southern Spain (from Rendón-Martos 1996). The marshes are located 130 
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Fig. 5.3 Relationship between species richness of ducks and wetland size in Manitoba, Canada 
(modified from Nudds 1992)

Therefore, when considering the use of waterbirds as bioindicators, the identification 
of biologically meaningful parameters is vital. Also, because wetlands are highly 
dynamic ecosystems, it may be difficult to “capture” this variability by biomonitoring 
a single group of waterbirds. For a monitoring program to be successful, specific 
quantitative objectives should be defined, the objectives should be expressed as null 
hypotheses, and the sampling and analysis plan should be designed to test these 
hypotheses (Segar et al. 1985).

Which Indicators Are More Relevant?

There are species that indicate areas of high diversity, and others that measure 
environmental changes (Caro and O’Doherty 1999). The relevance of indicator spe-
cies should depend on the aims of the monitoring program.

In the case of species indicating diversity hotspots, the monitoring of such spe-
cies may be enough to assess the conservation status of the entire area. For instance, 
the red-knobbed coot is found in Morocco in wetlands with a high diversity of 
submerged macrophytes (Green et al. 2002). Here conserving the aquatic plants 
would ensure the conservation of the coot, but the monitoring of coots would be an 
efficient surrogate for the more difficult task of monitoring the vegetation. In the 
case of species that measure environmental change, some population parameters 
(e.g. nesting success, dynamics), may be used as indicators (e.g. Fig. 5.2).
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Because the natural environment affects many physiological processes, waterbird 
physiology can provide information to detect stressors and to predict possible 
negative effects on populations. For instance, interannual variations in the body 
condition of flamingo chicks are linked to variations in several blood parameters, 
which reflect the feeding conditions encountered by adults (Amat et al. 2007). 
Long-term temporal changes in diets can also be examined with the use of stable 
isotopes in both tissues of museum specimens and live individuals (Chamberlain 
et al. 2005; Becker and Beissinger 2006). The heat-shock protein response may have 
also applications in biomonitoring, because of their responsiveness to stressors 
(Feder and Hofmann 1999).

Traditionally, the most basic objective of biomonitoring has been to detect 
trends. Although in some countries there may be databases that cover long periods 
of time, in some other countries such information may be scarce. Errors in trend 
analysis may be more likely with limited databases and can have serious conse-
quences. Hence, the trends detected by a monitoring programme should be evalu-
ated with power analysis (Lougheed et al. 1999).

Conclusions

Birds are popular subjects for research and monitoring, and long-term datasets of 
waterbird counts often provide a useful resource as indicators of ecological change. 
However, different waterbird species undergo population fluctuations for different 
reasons, and a thorough knowledge of the ecology of a given species is required if 
trends are to be interpreted correctly. Waterbirds do not merely respond to environ-
mental change, they can also be the cause of change as their populations increase, due 
to overgrazing or because they act as vectors of nutrients and contaminants. In some 
cases birds may not respond to wetland characteristics in the same way as other 
groups of organisms, in which case birds may not be considered as surrogates of other 
organisms in biomonitoring programs. In other cases, however, birds can be reliable 
indicators of nutrient status, fish stocks or the abundance of aquatic plants. As the 
difficulties inherent in monitoring some groups of organisms (e.g. aquatic vegetation) 
might be best avoided if a reliable indicator is available, in these last cases birds may 
be considered as relatively easily measurable surrogates. When using waterbirds as 
indicators, clear objectives for the monitoring programme are essential.
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Introduction

The EC Habitats Directive (92/43/EEC) on Conservation of Natural Habitats and 
of Wild Fauna and Flora requires European Member States to take measures to 
maintain or restore certain habitats and species that ensure their favourable con-
servation status across the European Community. Managing SAC rivers designated 
for fish species requires monitoring programmes to assess the status for the fish 
populations relative to their overall conservation objectives and management 
prescriptions, a process known as condition assessment in the UK. Condition 
assessment establishes the status of the target species and provides a broad indica-
tion of population trends. Monitoring programmes must be able to detect changes 
in temporal and spatial information relating to the fish species distribution and 
abundance if management is to be effective.

This paper reviews the general requirements for establishing strategies for 
assessing the condition of fish populations to help nature conservation agencies 
prepare monitoring protocols for fish species in SAC rivers. The need for pragmatic, 
cost-effective strategies that are likely to provide the necessary information for 
assessing species status is recognised.

Monitoring Protocols for SAC Rivers

Important factors when designing a monitoring protocol for assessment of the condition 
status of a fish species include: representative coverage of the distribution range of 
the fish species in the target river; appropriate sampling methodology; accurate 
recording of fish data; appropriate timing of surveys to ensure that the assessment 
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accurately reflects the status of the fish populations; and collection of appropriate 
environmental data to help elucidate the cause of any change in population status. 
Where possible, the survey design should also be geared towards modifying existing 
monitoring programmes to minimise additional resource implications.

Sampling Procedure

Most fish monitoring effort in Europe focuses on juvenile salmonids or coarse 
fishes using electric fishing in shallower reaches of rivers as the primary sampling 
method (Cowx 1995; Roset et al. 2007). This is because the results of electric fishing 
surveys can provide a good measure of the distribution and abundance of species, 
identification of population trends between years, an assessment of the demo-
graphic structure, identification of adverse environmental impacts and, in some 
cases, detection of recruitment failures (Cowx and Lamarque 1990). Generally, 
sampling of this nature involves single catch or multiple catch depletion methods 
in a fixed area of river. However, these existing methodologies can be ineffective 
for monitoring fish populations in large lowland rivers, adults of diadromous species, 
and, unless specifically targeted, small-sized species such as bullhead or spined 
loach that live in cryptic habitats. For example, sampling of bullhead is usually 
qualitative using presence/absence or categorical data (e.g. 0–4, 5–10, 10–50, >50 
bullhead caught per 100 m2 of river) because of difficulties capturing individual 
fish. Also, existing survey protocols do not effectively sample the appropriate habitat 
for lamprey ammocoetes, and specialist gears may need to be developed (Nunn 
et al. 2008; Cowx et al. 2009; Chapter 19 this volume). To achieve effective moni-
toring requires careful planning to ensure all life stages and habitats are surveyed. 
This may require multiple methods to sample different life stages, such as in 
salmon where the adults are monitored by fish counters, trapping, and angler and 
commercial catch statistics, and juveniles by electric fishing in nursery areas. It is 
beyond the scope of this chapter to describe the survey protocols in detail, and the 
reader is referred to Cowx and Fraser (2003), Cowx and Harvey (2003), Harvey and 
Cowx (2003) and Hillman et al. (2003) for details of the rationale and methods for 
salmon, bullhead, lamprey and shad, respectively. A summary of the various sampling 
procedures is, however, given in Table 6.1 for guidance.

Distribution Range

Site selection is fundamental for providing an overall condition assessment of target 
species in the SAC river. Location of sampling sites needs to take account of the 
extant and historical distribution range and abundance of discrete target fish populations 
to avoid unnecessary sampling in areas where the species has never existed, e.g. 
upstream distribution constrained by impassable natural barriers. Previous survey data 
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should be able to identify approximately where the upper and lower limits of extant 
species distribution are within the river, and historical data and reports should allow 
assessment of any reduction in distribution range. Where information is limited, a 
comprehensive sampling programme should provide assessment of the current 
population distribution range as a baseline for detecting change in the future. 
Figure 6.1 illustrates an extensive sampling programme implemented to assess the 
distribution of the endangered endemic fish species Anaecypris hispanica in the 
Portuguese sector of the River Guadiana (Collares-Pereira et al. 2000).

The species was originally distributed across the catchment but is now  
constrained to a few tributaries because of habitat degradation, overabstraction 
of water and introduction of non-native species (Collares-Pereira et al. 2000). 

Table 6.1 Recommended sampling methods for assessing the conservation status of fish species 
in SAC rivers (from Cowx et al. 2009)

Species Method Size of sampling area

Lamprey
Adults Direct observation of spawning 

habitat, counters, impingement 
at power station intakes

Ammocoetes in 
optimal habitat

Generator driven electric fishing 
in quadrat area; 3-catch 
depletion

Three, 1-m2 quadrats per 100 m 
of river length

Ammocoetes in sub-
optimal habitat

Back-pack or generator driven 
electric fishing; single anode, 
qualitative assessment or catch 
per unit river length

50 m of river bank

Bullhead
Adults and juveniles Back-pack or generator driven 

electric fishing; single or 
multiple anodes depending 
on width of river; 3-catch 
depletion or calibrated gear

Minimum 50 m or 10 times river 
width where only occasional 
fish caught; 10–20 m of river 
length where 0.5 bullhead m–2

Salmon
Adults Commercial net catches, rod 

catches, traps and counters
Juveniles Back-pack or generator driven 

electric fishing; single or 
multiple anodes depending 
on width or river; 3-catch 
depletion or calibrated gear

Minimum 50 m or 10 times river 
width

Shad
Adults Catches in commercial nets and 

impingement at power station 
intakes

Eggs Kick sampling Across dimensions of spawning 
habitat

Juveniles Micro-mesh seine netting Upper estuary/lower river
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This example highlights the need to collect information on anthropogenic pressures 
likely to be responsible for any contraction of the distribution range of the target 
species whilst undertaking such surveys. Specific environmental information using 
established measurement procedures, such as those outlined by Bain and Stevenson 
(1999), or for the River Habitat Survey (RHS) (Environment Agency 2003) and 
HABSCORE (Milner et al. 1998) protocols, should be collected on each sampling 
occasion. This habitat assessment should include factors that may hinder the river’s 
ability to meet favourable condition, such as migration barriers, channelisation, flow 
regulation and land-use changes. Suggestions on what constitutes favourable condi-
tion in relation to water quality, river morphology, flow, substrate and environmental 
disturbance are available on:www.englishnature.org.uk/lifeinukrivers/index.htm.

When designing such a survey programme, it is essential that the sampling sites 
selected cover all the habitats used by the various freshwater life stages of the target 
species, including reaches outside the SAC boundaries. The latter is important 
because it identifies factors outside the SAC that may potentially affect the status 
of the population.
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Fig. 6.1 (a) Distribution of survey sites in the lower Guadiana River catchment to assess conser-
vation status of Anaecypris hispanica. (b) Relative abundance ind. 100 m–2 of Anaecypris hispanica 
in Portuguese tributaries of the River Guadiana where the species still persists
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Number of Sites and Frequency of Sampling

When designing a survey programme to assess condition status, it is important to 
determine the accuracy and precision of the data that must be achieved with respect 
to individual populations (Southwood 1978; Bohlin et al. 1990). Condition assess-
ment must be able to measure stock parameters such as abundance and the magni-
tude of change in relation to the conservation objectives. This means that sufficient 
sites must be sampled at appropriate time intervals to provide reliable measures of 
both spatial and temporal changes in abundance of the species.

Detailed methodologies for fish survey design, which determine the number of 
sites that must be sampled to gain an acceptable level of precision, are provided by 
Southwood (1978) and Bohlin et al. (1990) and the guidelines of the LIFE Rivers 
projects (Cowx and Fraser 2003; Cowx and Harvey 2003; Harvey and Cowx 2003; 
Hillman et al. 2003). In essence, regular surveillance monitoring programmes need 
to be able to detect changes in population characteristics over a number of years or 
between sites.

To comply with the Habitats Directive, the nature conservation agencies are 
required to report the status of fish populations in SAC rivers every 6 years. It is 
entirely possible that populations could suffer acute problems within this 6-year 
period that would remain undetected for some considerable time, thus limiting the 
possibility of remedial actions. It is therefore recommended that full assessment 
surveys are carried out every 6 years, but a smaller number of ‘index’ sites, selected 
to represent the populations as a whole, are sampled every 2 years. If problems are 
found with the fish population status in these biennial surveys this should trigger a 
full survey and investigative work to identify remedial action.

The timing of surveys is also important to ensure that a representative sample of 
the population is assessed that can be related to condition status. In general, the 
earliest that monitoring surveys for juvenile life stages should be carried out in any 
1 year is mid to late August, and preferably in September or October. This will 
allow the young-of-the-year to grow to a size where they can be caught more easily 
and assessed more accurately. Note, adult stocks are usually monitored during the 
migratory period of their life history to benefit from indirect methods of monitoring 
such as counters and catch statistics.

Fish Data Collection

All fish should be measured as fork length to the nearest millimetre. If large num-
bers of fish are collected, a sub-sample of at least 100 randomly selected individu-
als should be measured and the remainder counted. This information is important 
because analysis of age structure of the sampled population, a key attribute for the 
condition assessment to prove annual recruitment, will rely on assessment of size 
distribution. After completing measurements, all fish captured should be released 
at the site they were caught.
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Assessment of Condition

Condition assessment of the species in the specific SAC is determined from a 
combination of attributes that reflect the overall population status. These generally 
include: no contraction in species distribution range; achieving threshold criteria 
for species abundance (density per unit area), demographic population structure 
showing evidence of recruitment and self sustaining populations, negligible dete-
rioration in habitat quality. Note, for salmon, these should be supplemented by 
spawning target reference points (Milner et al. 2000; Cowx and Fraser 2003). 
Attributes based on abundance and demographic structure are complementary to 
those recommended for fish assessment under the EC Water Framework Directive 
[WFD] (EC Directive 2000/60/EC; see also Schmutz et al. 2007).

Abundance classification enables the density of the target species to be linked to 
the relative condition of fish populations. Because abundance is highly variable 
within a river catchment and the majority of sites can have few or no fish, attain-
ment of favourable condition is determined from the average density for all the 
sampling sites (see Table 6.2 for threshold densities used in the UK). Threshold 
densities may vary between different zones of the river because of the known pref-
erence of some species to certain habitat. For example, bullhead densities tend to 
be much higher in lowland rivers than in upland areas (Noble et al. 2007), while 
lamprey ammocoete abundance is greater in localities with extensive silt loading 
compared with marginal silted habitat adjacent to gravel areas (Cowx and Harvey 
2003; Harvey and Cowx 2003).

Abundance levels less than the targets proposed in Table 6.2 indicate unfavour-
able condition. It is important that a representative number of sites are surveyed to 
account for natural spatial variation in population size.

A second key attribute is demographic structure of the population. This 
establishes the contribution of juveniles and adults to the population and dem-
onstrates recruitment. As with abundance, population demographic structure 
varies between species and locality within a river catchment. Criteria to estab-
lish favourable condition (Table 6.3) were based on previous studies that 
showed, where locally abundant, young-of-the-year fish or juveniles contribute 
discrete modes within the demographic structure of the population (see Fig. 6.2 
for bullhead), or in the case of lamprey ammocoetes, several year groups 
(Fig. 6.3). In the examples (Figs 6.2 and 6.3), discrete modes are found repre-
senting year groups or cohorts. Evidence of good recruitment in most, but not 
all, years (Table 6.3) is required to achieve favourable status. For salmon and 
shad, demographic criteria are based on adult population structure and recruit-
ment success, respectively (Table 6.3; Cowx and Fraser 2003; Hillman et al. 
2003). Care is needed when interpreting the output because of natural annual 
variability of population recruitment in river systems. Recruitment failure in 
one or 2 years over the 6-year reporting period for the Habitats Directive may 
not necessarily constitute unfavourable condition as long as good recruitment is 
observed in the intervening years.
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Table 6.2 Minimum abundance criteria proposed for favourable conservation status for fish 
species in UK SAC rivers

Species Habitat Abundance assessment criteria

Lamprey Optimal habitat
River/brook lamprey ammocoetes >10 individuals m–2

River/brook lamprey  
ammocoetes – chalk streams

>5 individuals m–2

Sea lamprey ammocoetes 0.2 individuals m–2

Catchment perspective
River/brook lamprey ammocoetes

>2 individuals m–2

Sea lamprey ammocoetes 0.1 individuals m–2

Bullhead Upland streams >0.2 individuals m–2

Lowland rivers >0.5 individuals m–2

Salmon Deviation from reference juvenile 
densities based on HABSCORE 
predictions (Milner et al. 1998)
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Fig. 6.2 Length frequency distribution of bullheads at Cyrtau on the Afon Groes (Afon Teifi 
catchment). Age classes of fish are indicated (n = 97)

Table 6.3 Population demographic structure criteria proposed for favourable conservation status 
for fish species in SAC rivers in the UK

Species Assessment criteria

Bullhead >40% of the individuals in 0+ age class
River and brook lamprey 

ammocoetes
Where abundant, >two age classes in population

Salmon Deviation for 3–5 years from long-term trends in run timing and 
age composition of catch

Adult catch must exceed annual spawning escapement  
equivalent in any 4 years over a 5-year period

Shad Presence of eggs and/or 0+ individuals on spawning/nursery 
grounds 4 out of every 6 years
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Further assessment of the status of fish populations can be derived from mapping 
their distribution in individual rivers. Provided that abundance and demographic 
criteria are met, favourable condition can be inferred if there is no decline in distri-
bution range from the previous surveys. This distribution pattern can also be linked 
to criteria for favourable habitat condition to establish the impact of changes in 
habitat and water quality, for example.

Reporting on the conservation status of specific fish species in river SACs is now 
a statutory requirement for Member States in the European Union. The protocols 
and methodology developed as part of the LIFE in UK Rivers Project, and described 
here, could be applied as a generic framework for condition assessment in the UK and 
other EU Member States. The framework can be applied to all fish species listed in 
annexes of the Habitats Directive. The output of conservation monitoring should not 
be treated in isolation, and any management intervention should be based on a 
catchment-scale approach (Collares-Pereira and Cowx 2004), because factors 
upstream and downstream of the designated area may contribute to the pressures on 
the fish stocks.
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Introduction

Invertebrates represent a useful ‘indicator community’ for assessing the condition 
of aquatic habitats, both in freshwaters and in transitional coastal zones. This is 
because their taxonomy, status and ecology, including phenology as well as asso-
ciations with habitat, are generally well known. Additionally, their responses to 
various stressors have been extensively studied (Hynes 1960; Mellanby 1967; Hart 
and Fuller 1974; Hellawell 1986; Rosenberg and Resh 1993; Wood et al. 2007; 
Lancaster and Briers 2008).

Broad Indices

Although the information derived from surveys and experiments applies across all 
taxonomic levels, the use of small suites of ‘indicator species’ to determine stresses 
on the aquatic environment can be distorted by a range of interacting factors. This 
is particularly true in lotic environments. For example, reducing concentrations of 
dissolved oxygen are both caused and exacerbated by reducing flow. Many indexing 
systems, designed to respond to stresses, therefore operate much better at the 
community or population level. This principle integrates the distorting factors to 
derive useable information. Such systems include the Lincoln Quality Index 
(LQI) (Extence et al. 1987) and the Lotic-invertebrate Index for Flow Evaluation 
(LIFE) (Extence et al. 1999). Other such indexing methodologies are outlined 
in Table 7.1. In such circumstances, sampling methodologies and strategies in 
freshwaters are necessarily indiscriminate and generalised.
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Directed Investigations

When the required information relates more to the conservation value of a habitat, 
the strategy and methods employed may be more intensive and directed towards 
key groups. This does not, however, preclude more generalised approaches.

The Community Conservation Index (CCI) (Chadd and Extence 2004) seeks to 
place a ‘conservation value’ on whole communities of aquatic invertebrates, both 
within and between ecosystems, and therefore uses as many taxa as can practicably 
be identified. Diversity indices, such as Shannon-Weaver (Shannon and Weaver 
1963) rely on datasets which include a substantial range of taxa combined with rela-
tive abundance. The latter only describes the numerical balance between species, 
however, not the ecological needs of the constituent taxa.

Thus, one is able to derive information on stressors in the aquatic environment, 
both by index approaches and by pattern recognition. It is also possible to place 
value judgements on the importance, at a site-scale or national scale, of aquatic habi-
tats. The methods employed depend to a great extent on the questions to be asked.

Sampling Tools

The usual ‘tool of choice’ for assessing aquatic invertebrates is the standard 
Freshwater Biology Association pattern pond-net (Fig. 7.1). This has a square 
frame of around 250 × 200 mm aperture, fitted with a net of 0.9 mm mesh-size. It can 
be deployed in flowing waters by placing the frame on the river bed and disturbing 
the upstream substratum with a foot, allowing benthic invertebrates to be washed 
into the net – known as ‘kick-sampling’ (Armitage et al. 1983). The sample is then 
augmented by sweeping the net in still, marginal areas as well as hand-searching. In 
the absence of flow (and in marginal areas) kick-sampling may still be employed, 
but the net is moved by the sampler into the column of water filled by disturbed 
invertebrates, rather than relying on a flow to deposit them in the net-bag. Contrary 
to popular belief, this approach covers all available habitats in lotic systems – mar-
ginal and mid-water, still and flowing areas – in proportion to their occurrence.

Generally, this method is employed in environments of less than 1 m in depth, 
so as to be able to stand in the water, but also to facilitate the hand-search. Marginal 
‘sweeping’ from the bank of a river, lake, pond or drain can be used in deeper 
waters, as discussed below. Sampling effort (and therefore comparability between 
sites) is limited by time. Three minutes of active kicking, sweeping and kick/
sweeping is followed by 1 min of hand-searching for sedentary, firmly-stuck and 
highly active taxa. This collects around 70 % of available invertebrate families, and 
results in a sample of a size which can be sorted in a relatively short time.

Such an approach provides data which can be analysed to indicate the stresses 
operating in any given watercourse, relating to flow, pollution or other stressors, 
and is the basis of the monitoring strategy employed by regulatory bodies.
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Family or Species Level?

Although most index methods can operate at family level, analysis at species-level 
allows a much greater accuracy of output and is the ideal approach. Clearly, this 
requires an extra level of expertise and an initial time-investment to get less experi-
enced workers ‘up to speed’. The time invested rapidly reduces, however, as less 
experienced workers learn to recognise common or distinctive species instantly or with 
the minimum of effort. Within a few weeks or months, the time invested in analysis to 
species level barely differs from analysis to family level. Those taxa requiring more 
substantial effort, such as dissection, to arrive at a species’ identification, can be left at 
the lowest practical level of resolution – genus or species-group – if time is an issue.

Sampling Effort

Use of pond nets for conservation assessment is not generally limited by sampling 
time, since sampling effort may be an irrelevance – one is attempting to find as many 
species as possible. On the other hand, sampling with enough vigour and enthusiasm 
to produce a mass of material enough to fill a bath is not sensible. It may result in 
damage to the habitat and its associated communities, as well as being too much to 
analyse in timescales which make the data useful!

The method employed in still waters utilises the ‘sweep’ approach used in still 
or sluggish areas of lotic environments. The strategy to be used in any given wetland 

Fig. 7.1 On the left is a Surber Sampler, used for quantitative assessment of invertebrate assemblages 
in flowing waters, while on the right is a standard FBA pattern pond net: the most frequently-used 
tool for assessment of freshwater invertebrates. Photographs by Richard Chadd
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involves sampling across the range of habitats present. For example, in a complex 
environment of ponds and ditches, one might pick a series of sites covering a range 
of habitat structures – a weedy ditch, a weedless ditch, a shallow, temporary pond, 
a deep, permanent pond, a series of ponds and ditches differing in the plant com-
munities they support, and so on. One is never likely to cover all circumstances 
unless the site is repeatedly visited over a series of months, or even years. 
Nevertheless, a single day’s targeted effort could produce a series of samples which 
can be analysed in a week. This can then give a useful ‘snapshot’ of the overall 
value of the wetland and its component habitats.

Specialised or General Search?

As mentioned above, conservation assessment can involve a less generalist approach. 
Direct searching of detritus, leaf axils, plant stems or the surfaces of stones or logs 
may be employed where particular species or orders are of interest. Active distur-
bance of the intensively searched substratum may be involved. For example, 
Desmoulin’s Whorl Snail Vertigo moulinsiana, a rare and protected species in 
Europe, is surveyed by bending the stems of wetland plants, such as Reed sweet-grass 
(Glyceria maxima), over a tray and shaking them vigorously (Killeen and Moorkens 
2003). The tiny Sphagnum Bug Hebrus ruficeps – less than 2 mm long – is found by 
tearing-out handfuls of Sphagnum spp., lightly wringing these out and placing them 
on a tray in direct sunlight. As the moss clumps warm up and dry out, the bugs run 
out over the tray and can be caught with ease (Southwood and Leston 1959).

Even when using a generalist approach, the intention may be to derive species 
lists of a limited range of taxa. Many ‘still-water’ habitats are assessed using only 
the resident community of water beetles. This is because there are sufficient numbers 
of species (around 400 in Britain) and their ecology, taxonomy and status have been 
studied for many years. These features are, therefore, very well understood. A 
sweep or kick/sweep sample, perhaps augmented by active searching, is taken, and 
the beetles recorded in the field or extracted and retained for identification. Certain 
conservation assessment approaches for wetlands have been designed with water 
beetles in mind, such as the Species Quality Score (SQS) methodology of Foster and 
Eyre (1992).

Quality or Quantity?

Pond-net and direct searching methodologies generally produce qualitative or semi-
quantitative datasets, with the latter usually expressed as a relative abundance of taxa 
on a subjective scale (DAFOR – Dominant, Abundant, Frequent, Occasional, Rare) or a 
logarithmic one (1–9, 10–99, 100–999, etc.). The former approach is understandably 
subject to observer variation, as a product of its subjectivity, whereas the latter is 
more objective. Both approaches are, however, vastly more useful than production of 
simple presence/absence data. This is because the required information, whether it 
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be identification of stresses or judgement of conservation value, is enhanced by 
an appreciation of the population as well as the community. As a rule, a semi-
quantitative approach is sufficient to derive the appropriate conclusions. Nevertheless, 
fully quantitative methodologies can be employed where empirical comparison of 
habitats at various scales, but usually smaller ones, is the desired outcome.

In flowing waters, a Surber Sampler may be used for fully quantitative sampling 
(Fig. 7.1). The frame folds out so that a net (0.9 mm mesh) is held at 90° to a frame 
of approximately 0.33 m2. This is placed randomly on the river bed, with the 
aperture of the net aligned downstream of the frame and the substratum disturbed 
to a standard depth (usually 0.1 m). Thus, the invertebrates in a standard volume of 
substratum can be collected and compared. Alternatively, standard ‘chunks’ of river 
or lake/pond substratum can be taken by using grabs – steel boxes with spring-
loaded jaws which ‘bite’ the substratum to a standardised depth – or cylinder or box 
corers. All of these methodologies provide fully quantitative data, but are limited in 
deployment. Surber Samplers may only be used in flowing waters and are unlikely 
to be suitable in assessing invertebrate communities associated with plants or 
marginal deadwaters. All quantitative methodologies are very limited in coverage. 
They are only likely to derive taxonomic information for a small section of the 
available invertebrate community (coring at depth is difficult). They can be useful, 
however, in certain circumstances where pond nets are unsuitable. Deployment of 
Eckman Grabs at Rutland Water in the early 1990s was used to demonstrate 
damage to the deep benthos, caused by dosing of the reservoir with ferric sulphate 
to limit phosphate availability for toxic algae.

When to Sample?

The only question which remains in a sampling strategy is the optimum time of 
year to undertake it. Freshwaters, especially lentic habitats, are generally stable 
environments, especially in relation to temperature, so seasonality is less of an 
issue than in terrestrial habitats. One can still derive perfectly usable information 
in the depths of winter, as many species overwinter within the benthos. Some taxa 
(e.g. certain water beetles) may be out of reach of a generalist approach in winter, 
however, as they hibernate in nearby terrestrial zones or move to deeper waters. 
The ideal strategy is to sample any one habitat seasonally, so that the likelihood of 
obtaining an appropriate life stage for ready identification is maximised and sea-
sonal limitations are minimised. If, however, the time to dedicate to a site is lim-
ited, the best option is to sample in late summer to early autumn (August to 
October). This maximises stresses related to water resources, so that problems are 
more readily identified and, more importantly, is the time of year when most fresh-
water invertebrates are present in larval or adult stages and the maximum dataset 
can be derived. Clearly, the more one limits the sampling seasons, the more spe-
cies are likely to be missed. This may be a necessary trade-off against practicality 
and resources.
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Analysis of Results

Analysis of a general invertebrate sample from an aquatic ecosystem for conservation 
value is facilitated by the Community Conservation Index (CCI) of Chadd and 
Extence (2004). This places a score of 1–10 (Conservation Score or CS) on virtually 
all members of the British aquatic macroinvertebrate fauna in freshwater and brackish 
ecosystems, where very common species have a CS of 1 and Endangered (RDB1) 
species have a CS of 10. The scores are summed, and then divided by the number 
of scoring species in the dataset to derive an average. This is then enhanced using 
a multiplier (Community Score or CoS) based on BMWP score (Chesters 1980), 
which is strongly influenced by habitat as well as water quality, and acts as a useful 
surrogate for measures of species richness or community diversity. The CoS may 
also be based on the rarest taxon in the dataset. Whichever CoS is the higher is the 
one which is used in multiplication. Thus, samples supporting a large number of 
common species or a sample supporting a limited fauna, but including rare species, 
are accentuated. This method of analysis can be used in any freshwater or brackish 
ecosystem in still or flowing waters.

Several computer-based models exist, to assist in interpretation of aquatic 
macroinvertebrate datasets. These include the River InVertebrate Prediction And 
Classification System (RIVPACS) (Wright et al. 2000), River Invertebrate 
Classification Tool (RICT) (Davy-Bowker et al. 2008), River Pollution Bayesian 
Belief Network (RPBBN) (Walley et al. 1992) and River Pollution Diagnostic 
System (RPDS) (O’Connor and Walley 2002). Both of the latter are the work of 
Staffordshire University, sponsored by the Environment Agency of England & 
Wales, and comprise diagnostic tools based on Artificial Intelligence (AI). 
Essentially, the AI systems seek to derive information from the datasets using 
known stresses and pattern recognition or probabilistic reasoning. RIVPACS and 
RICT (the latter is an update, derived from the RIVPACS model) seek to provide 
a ‘reference state’ for river sites, using environmental information compared 
against reference datasets. The observed data is then compared against refer-
ence-state. The further the departure from reference-state, the greater the stresses 
imposed on the fauna.

Outlook

With projected changes in climate leading to modelled stresses on water resources, 
relating to both flood and drought, the pressure on aquatic invertebrate communi-
ties and populations will inevitably increase in the coming decades. Added to this 
is the impact of habitat modification and invasion by exotic species, plus a range of 
potential changes relating to water chemistry. Assessment of stress on these 
communities, and management actions for the more important ones, is essential. 
In this way, we may be able to conserve as much of the native fauna – species, 
populations and community structures – as possible.
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Introduction

There are no standardised methods for the use of riverine plants in monitoring in 
Europe, in the sense of recording against pre-defined targets. There are currently 
three main purposes for which data on riverine plants are collected:

Species-specific surveys of rare taxa•	
Data collection to answer a particular question•	
Standard survey for the purpose of condition assessment or conservation•	

Of these, the second and third employ plants as biological indicators and are 
considered in detail here. Species-specific surveys almost always involve a specialist 
who will search for and collect data on the target species to their own protocol and 
rarely employ any form of standardised survey (e.g. Giavarini 2000; Holyoak 
2001), although the countryside agencies sometimes provide exemplar surveys by 
specialists (e.g. Bosanquet 2008) as an example of how to collect or present data. 
Data collection to answer particular questions will usually either involve simple 
listing of species present or will employ one of the three standard survey methods, 
which are also the basis for conservation and condition assessment:

JNCC Macrophyte Survey (MS) (Holmes •	 1983; Holmes et al. 1999a)
Mean Trophic Rank (MTR) (Dawson •	 et al. 1999; Holmes et al. 1999b) (Chapter 12) 
and its successor LEAFPACS (Willby 2005)
River Corridor Survey (RCS) (NRA •	 1992)
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All of these except RCS are based on recording what are termed “macrophytes” 
which are usually considered to conform to the following definition “larger alga 
or higher aquatic plant (including bryophytes), observable to the naked eye and 
nearly always identifiable when observed” (Holmes et al. 1999a). RCS differs 
in that it is based on preparation of a simplistic map of the river corridor, major 
structures and vegetation, supported by a text describing these in some detail. 
There is no interpretation and the method can be modified to focus on a par-
ticular aspect without compromising the quality of data. RCS is not considered 
further here.

MS, MTR and LEAFPACS are essentially similar in that they involve what may 
be termed “comprehensive” recording, where the surveyor is expected to be aware 
of all macrophytes present in a standard length of river, even if only a subset of 
these is recorded, as opposed to “indicative” recording where the surveyor would 
seek one or more indicator species. However, the influence of factors such as dis-
persal and colonisation on these data is rarely, if ever, acknowledged. All three 
methods require surveyors to focus on taxa on a standard list. They differ mainly in 
that MS is applied to a 500 m section (originally two abutted 500 m sections) and 
requires separation of plants into “bank” and “channel” populations, whereas the 
other two are applied to 100 m sections and make no attempt to differentiate mar-
ginal and channel species, although they do exclude bank species. All three of these 
methods rely at least in part on standardised interpretation methods (“typification” 
or scoring) to derive a characterisation of the vegetation or assessment of the 
trophic status of the section surveyed. MTR scores were derived on a somewhat 
subjective basis, from a combination of judgement and the literature. LEAFPACS 
scores were derived from statistical analysis of a large data-set collected on 100, 
500 or 1,000 m long sections of rivers (N. J. Willby pers. comm. 2007).

Plants may also be used to indicate a particular situation. For example, all 
British and Irish vascular plants and bryophytes have been assigned Ellenberg 
indicator values (Hill et al. 2004, 2007) that score their tolerance of five condi-
tions (light, moisture, reaction/pH, nutrient levels and salt). In theory, these 
values could be used to assess the results of MS, MTR or LEAFPACS to work 
out average (mean and mode) nutrient values or light scores for a section of 
river. This approach would work much better with comprehensive lists than with 
indicator species, but there is no evidence to suggest that this comparison has 
been made. One minor flaw of the Ellenberg values is that many species have 
values derived from extrapolations based on associated taxa, rather than values 
gained through direct observation; although this probably has little impact on 
average scores when a whole suite of species is assessed. It is possible that 
Ellenberg values could show trends in the floristic composition within a river 
channel, assuming of course that the species lists being analysed are genuinely 
comprehensive.

MS uses a classification to compare different rivers and parts of rivers for 
conservation assessment. The other survey methods all use records of plants to 
indicate changes in the chemical composition of rivers, as a means of monitoring 
pollution
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Pollution Monitoring

It is almost impossible to reach definitive conclusions about the factors dictating the 
distribution of aquatic plant species from the literature, because differences in data 
collection methods combined with differences in the physical and chemical charac-
teristics of the study sites preclude direct comparison. At the same time there has 
been very little ex-situ testing of the tolerances of aquatic plants to chemicals to 
support conclusions reached from field studies. It seems that for almost every con-
clusion reached, the opposite will have been demonstrated, to the extent that when 
Benoit Demars (pers. comm. 2009) has subjected data from published works to 
alternative analyses, the same data have produced different results. The suggestion 
that standard-length based river surveys may not result in reliably replicable data 
(Lansdown 2007, Chapter 14) may, to some degree, explain poor comparability of 
results. Therefore, the following review has, wherever possible, excluded conclusions 
reached using data collected from standard-length surveys.

It is generally assumed that nutrients dictate riverine plant distribution (see 
Box 8.1), however, Demars and Thiébault (2008) carried out detailed and rigorous 
analysis of the data employed to derive UK indices and concluded that “the lack of 
strong correlations between inorganic N and P and aquatic plant composition and 
abundance seriously question the ability of the current macrophyte indices or veg-
etation-based methods for ecological diagnosis”. In spite of the fact that there is 
reasonable evidence to suggest that flow and nutrients influence the distribution of 
plants (e.g. Watson 1919; Clarke and Wharton 2001), a variety of other parameters 
have been described as influencing their distribution and abundance in rivers, and 
there is disagreement over the influence of almost every parameter.

Plant ecology information is relatively compendious, although much is focussed 
on the ecology of single species rather than phytosociological units, and there have 

Box 8.1 Aquatic vascular plants as indicators of water pollution

Clarke and Wharton (2001) provide an excellent review of studies of eutrophi-
cation and aquatic plants and suggest that their use for bio-indication or 
biomonitoring has the following advantages:

Macrophytes are stationary and so absence is easily ascertained.•	
They are by definition visible to the naked eye.•	
Monitoring is rapid and requires little or no subsequent laboratory •	
identification.
There are relatively few species within any one region.•	
Many are rooted and thus reflect seasonal or disturbance factors.•	

They go on to describe disadvantages of using macrophytes as monitoring 
tools, including poor information on the ecology of many species.
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been numerous studies of the effects of different environmental variables on riverine 
vascular plants. Unfortunately, many of these are contradictory, making it difficult 
to draw conclusions as to which species or species groups genuinely give useful 
information. Most of the emphasis in river monitoring has been based on vascular 
plants, with only minor emphasis on lower plants. However Gilbert (1996) and Gilbert 
and Giavarini (1997) suggest that substrate, sediment deposition and algae are the 
most important factors influencing the distribution of lichens. Logic suggests that, 
apart from totally submerged populations, the distribution of vascular plants will be 
influenced more by the sediment than the water column, although Clarke and 
Wharton (2001) found only a weak relationship between sediment nutrients and 
plant distribution. The only plants which are critically dependent upon the water 
column are algae and bryophytes, as these lack a vascular system and therefore take 
in water from their surroundings, making them theoretically better able to respond 
rapidly to changes in water conditions. However, there is apparently a dynamic 
equilibrium of nutrients at the sediment-water column interface so bryophytes would 
also at least partly reflect sediment chemistry.

In the 1990s, several studies in continental Europe looked at the effects of 
environmental pollution on bryophytes, either by transplanting them from clean to 
polluted rivers, or by comparing a series of rivers in an area. Martinez-Abaigar 
et al. (1993) transplanted three species from clean upper reaches of the Rio Iregna 
in Spain into its highly sewage-enriched lower reaches and found Jungermannia 
exsertifolia to be very sensitive to pollution events, whilst Fontinalis antipyretica 
was less sensitive. F. antipyretica is also tolerant of heavy metal pollution, accumu-
lating metal deposits on its cell walls (Sérgio et al. 2000), something also found in 
Rhynchostegium riparioides. These studies suggest that although some bryophytes 
may be good indicators of river quality, others have broader tolerances and tell one 
relatively little. Vanderpoorten et al. (1999) studied lowland reaches of the river 
Rhine. They showed that Chiloscyphus polyanthos, Pellia endiviifolia and 
Amblystegium tenax are sensitive to increases in inorganic nitrate and phosphates, 
whilst Amblystegium fluviatile and Fissidens crassipes are relatively tolerant and 
F. antipyretica and R. riparioides appear unaffected. It appears likely that the leafy 
liverwort C. polyanthos is the most useful indicator bryophyte on British rivers. 
The Amblystegium species are notoriously difficult to distinguish, as are the suite 
of aquatic Fissidens, whilst C. polyanthos is sufficiently widespread and tolerant of 
both light and shade to be used in most of the west of the country.

Jungermannia species may also be useful for monitoring in upland areas, 
judging by Martinez-Abaigar et al. (1993). Other upland indicators were described 
by Vanderpoorten and Klein (1999) for the Upper Rhine: Brachythecium plumosum, 
Hyocomium armoricum and Marsupella emarginata declined through sewage effluent 
pollution; these three species and Scapania undulata were replaced by Cratoneuron 
filicinum and Hygrohypnum luridum after large-scale physical disturbance; and 
Chiloscyphus polyanthos, Rhynchostegium riparioides and Thamnobryum alopecurum 
were particularly sensitive to acidification. Ellenberg values for nutrient tolerance 
back up these studies: C. polyanthos and A. tenax have a nutrient value of N = 4, 
whilst F. antipyretica has N = 5 and R. riparioides has N = 6. Scapania undulata 
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has an even lower value (N = 2), whilst Jungermannia species, including J. exsertifolia, 
have N = 2 or 3. It seems possible that leafy liverworts, which are readily identifiable 
for general ecologists as a group, if not always to individual species level, might 
provide a realistic set of indicators of the nutrient levels of rivers. Assessment of 
acidification is more difficult because the acid-sensitive Rhynchostegium riparioides 
and Thamnobryum alopecurum (Vanderpoorten and Klein 1999) have two similar-
looking counterparts on naturally acidic rivers, R. alopecuroides and Isothecium holtii.

It is typical of studies of the chemical determinants of aquatic plant abundance 
and distribution, that each study shows differences from results of other studies of 
the same parameters. Carbiener et al. (1990) carried out long-term studies on the 
River Ill in Alsace. They showed that the headwaters were groundwater fed and 
oligotrophic and supported a particular plant community. Downstream, discharge 
from a trout farm led to raised trophic levels and consequent development of a 
different plant community, but this was restored to the upstream community when 
groundwater again entered the channel downstream. However B. Demars (pers. comm. 
2009) re-analysed the data employed and concluded that “pCO

2
 is the strongest 

factor influencing plant distribution, although NH
4
, PO

4
 and temperature were all 

interacting significantly”. The conclusions of Carbiener et al. (1990) agree with 
those of Kohler (1971) and Kohler and Zeltner (1981) (both cited in Carbiener et al. 
1990) but at lower concentrations, which they suggest may be due to the presence of 
peat bogs in the catchments studied by Kohler. However, they present no evidence 
to support this suggestion.

Thiébaut and Muller (1995) suggest that eutrophication of acidic streams results 
in replacement of oligotrophic taxa, such as Potamogeton polygonifolius, by taxa 
tolerant of increased trophy, such as Callitriche obtusangula, Elodea canadensis 
and E. nuttallii. However B. Demars (pers. comm. 2009) re-analysed the data 
employed and concluded that alkalinity/pH were the dominant factors rather than 
nutrients. In another contrast, James et al. (2006) consider that relative growth 
rate, independent from response to nutrient enrichment, may explain why Elodea 
canadensis was displaced by E. nuttallii and then Lagarosiphon major in British 
water bodies.

Carbiener et al. (1990, 1995) state that NO
3
 has no effect on aquatic plant distri-

bution. Clarke and Wharton (2001), in a comparison of data from different river 
systems, showed that “Macrophyte species showed a broad tolerance to all sedi-
ment variables and it was difficult to separate the influence of sediment nutrients 
from other sediment parameters or differences between rivers” and go on to suggest 
that catchment geology, channel shading and sediment total nitrogen concentrations 
were important in explaining the variation in macrophyte species distribution.

In most cases, for each “conclusive” finding of a trend, there is an equally con-
clusive finding of the opposite. Thus, Zhu et al. (2008) suggest that P does not 
affect species diversity or biomass, but Carbiener et al. (1990, 1995) state that it is 
the most important determinant in riverine plant distribution. Alternatively, Richard 
and Ivey (2004) (studying Sagittaria lancifolia) and Mony et al. (2007) (studying 
Ranunculus peltatus) suggest that P affects leaf morphology and production of 
sexual organs respectively, but do not suggest any effect of P on abundance or 
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survival, while Mony et al. (2007) suggest that the nature of the influence of P is 
dependent upon season.

It is very likely that the influences of chemicals and physical conditions on plant 
abundance and distribution are not simple, not only may one chemical influence the 
effects of another, but the influence of one chemical on one species may influence 
another species. For example Irfanullah and Moss (2004) suggest that recovery of 
Elodea nuttallii is impeded mainly by growth of epiphytic filamentous algae in 
response to high nutrient levels, even though Thiébaut and Muller (1995) showed 
that E. nuttallii colonised when nutrient levels increased. Dormann (2007) showed 
that in monoculture Calliergonella cuspidata increased biomass by 60% as a result 
of fertiliser application. However in mixed cultures with Plagiomnium undulatum 
and a combination of Plagiomnium undulatum and Rhytidiadelphus squarrosus, the 
increase was reduced or eliminated. Thus, there is strong evidence that the presence 
of the other taxa affected the response of C. cuspidata to fertiliser. Further to this, 
Edvarsen and Økland (2006) say that the influence of the trophic state in a pond 
follows a Gaussian distribution, where low trophic state results in low species-richness; 
intermediate trophic state allows an increase in species-richness; and high trophic 
state again results in low species-richness. This agrees with the findings of Tylová 
et al. (2008) who found that Glyceria maxima showed increased growth with low 
levels of N availability, but suppression at very high levels (probably exceeding 
those found in natural systems). This could also be the reason that Takaki (1976 and 
1977, cited in Glime and Saxena 1991) found that bryophytes were absent from 
the upper reaches of an unpolluted river, but started to appear downstream with 
pollution from villages, industries or mines.

Physical determinants of aquatic plant distribution are similarly subject to claim 
and counter-claim. For example, Carbiener et al. (1990, 1995) state that current 
velocity has no effect on aquatic plant distribution (an unlikely conclusion) but 
O’Hare et al. (2007) suggest that drag (which must be related to velocity) affects 
the distribution of aquatic plants, while Butcher (1927) says that the nature of the 
rooting system has more influence over the potential of plants to be removed by 
scour, and consequently their distribution. Boeger and Poulson (2003) suggest that the 
morphology of Veronica anagallis-aquatica is affected by high flow velocity, but at 
no point suggest that higher velocity leads to death or uprooting. Šraj-Kržič et al. 
(2007) state that Mentha aquatica, Myosotis scorpioides, Persicaria amphibia, Rorippa 
amphibia and Ranunculus trichophyllus (all taxa which have MTR scores) are most 
typical of intermittent flow due to their morphological and functional plasticity.

The wide variation in claims, theories and conclusions regarding the factors 
influencing the distribution and abundance of plants in rivers is very difficult to 
interpret for the purposes of bio-indication. The findings of Demars and Edwards 
(2009) provide what might be considered the most honest interpretation of plant data 
“The distribution of aquatic plants results not only from interactions of environ-
mental pressures but also from dispersal barriers and biotic interactions. While some 
species are more restricted to certain environmental conditions, many are indifferent, 
and no species can safely be associated with any particular environmental variable. 
Hence the idea of building indices (ultimately) based on species composition to 
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indicate reliably inorganic N or P enrichment does not seem reasonable”. The situation 
might be different in controlled experiments but this conclusion may be reasonable 
for studies of plants in situ.

Conclusions and Ways Forward

Concerns over potential replication of standard-length surveys, coupled with the 
demonstrable uncertainty over the reliability of named plants as pollution indi-
cators, casts doubt over the use of aquatic plants as indicators based on current 
information. However, it is possible that some taxa do respond to changes in water 
chemistry. Therefore, with rigorous scientific research, it may be possible to identify 
a suite of species that are so critically associated with the presence or absence of a 
chemical that they can be used to indicate chemical changes in water.

It is clear that, whilst some vascular plants may show strong chemical associa-
tions, the best indicators are likely to be found among algae and bryophytes. The 
taxonomy and ecology of freshwater algae are still so poorly known that it will be 
many years before suitable taxa that can be readily identified by non-specialists are 
found to be reliable indicators. Therefore, perhaps the best indicators should be 
sought among bryophytes.

As suggested above, leafy liverworts might form a useful and realistically iden-
tifiable group to indicate the nutrient status of a river. Ideally, individual species 
would be identified and river specialists would learn to recognise uncommon plants, 
such as Porella pinnata and Jungermannia hyalina, but records at genus or even broad 
‘leafy liverwort’ level might possibly suffice. An indication of abundance on short 
stretches of river would be practical if this broad level was being used. This would be 
important because 100 or 500 m long reaches are unlikely to pick up potentially 
fine-scale variation in the occurrence of liverworts. Local absence of the rocky 
substrates on which leafy liverworts can grow could limit the applicability of this 
approach, especially in lowland Britain, but it is a possible option where suitable 
substrates occur.

Similarly, a suite of bryophytes that is restricted to silty riparian trees such as 
Cryphaea lamyana, Leskea polycarpa, Myrinia pulvinata and Syntrichia latifolia could 
indicate variation in aspects of the influence of rivers on their floodplains. In particular, 
L. polycarpa and S. latifolia are sufficiently distinctive to be easily learned and are 
therefore suitable for identifying flood zone trees. The distance from the river to 
which these species extend and the height of the zone that they occupy could be used 
to monitor the amplitude of variation in water levels, at least on large lowland rivers.

Another possible approach to the use of bryophytes in monitoring involves the 
translocation of plants from unpolluted rivers or reaches of rivers into polluted 
reaches to assess survival (e.g. Martinez-Abaigar et al. 1993). Although this would 
require ex-situ experimental studies of the tolerances of the taxa involved to ensure 
that the conclusions actually relate to pollution. Another possibility (as noted by 
Glime and Saxena 1991, see Box 8.2) would be to use herbarium specimens of 
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Box 8.2 Aquatic bryophytes as indicators of water pollution

Glime and Saxena (1991) list 16 reasons (reproduced below) why bryophytes 
are often considered appropriate for pollution monitoring – all based on the 
idea of analysing bioaccumulated pollutants. They do not suggest that changes 
in presence or abundance of bryophytes occur as a consequence of pollution 
events, but emphasise that bryophytes will persist throughout a pollution 
event, enabling monitoring through bioaccumulation, something backed up by 
Lee et al. (1998). Herbarium specimens of bryophytes can also be used to 
provide a baseline for comparison from more than 100 years, particular in a 
country such as the UK, which has very good bryophyte herbaria.

 1. Bryophytes attain high levels of accumulation.
 2. The collection of suitable bryophyte material provides an easy method for 

people without access to water sampling facilities and sampling can be 
done by anyone who suspects that contamination has occurred.

 3. Bryophytes can be harvested after a pulse of contaminated water has 
passed downstream, so it is possible to identify pollution hours or perhaps 
even days after it has occurred.

 4. Bryophytes can provide an integrated record of pollution within a particular 
system.

 5. Dried plant materials are much easier to keep than polluted water samples. 
They are compact and stable (most elements except mercury), so they are 
particularly suited for long-term storage.

 6. They need minimum maintenance.
 7. Water management bodies can retain samples indefinitely, permitting further 

elements to be analysed years later.
 8. They are easy to send by post for inter-laboratory examinations.
 9. One can acquire a data bank on pollution and pollutants by routine monito-

ring. Recovery of the plants can then be monitored and growth and mor-
phology of the plants can be compared to similar data prior to treatment.

10. The content of a particular plant species is usually less heterogeneous at 
any one site than that of the sediments.

11. Plants are sessile and thus reflect conditions in a particular stretch of river, 
whereas sediments may be transported downstream, reflecting conditions 
some unknown distance upstream.

12. The methods of analysis are simple and many do not require sophisticated 
or expensive equipment.

13. In some countries, there are standard methods for the use of bryophytes to 
monitor heavy metals and other pollution.

14. Analysis of the pollutant and heavy metals composition of aquatic bryophytes 
provides a better approach than using water chemistry to analyse the water.

15. Bryophytes that have been used include Leptodictyum riparium, Fontinalis 
antipyretica, Rhynchostegium riparioides and Scapania undulata.

16. Death of the total biomass is slow; hence bryophytes have the ability to retain 
their toxic load after death. The slow release of accumulated substances 
means that they can be used as environmental specimen banks. Herbarium 
specimens can indicate historic pollutant loads.
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bryophytes to measure changes in the chemistry of rivers over time. Few historic 
collections are sufficiently well localised to enable precise comparisons, but regular 
collection of specimens of a common species such as Fontinalis antipyretica from 
all British rivers from now on could provide a reliable and comprehensive basis for 
comparison with other chemical monitoring methods.

A switch to the use of a small set of well-researched indicator species would 
provide more meaningful data than the current “comprehensive” surveys, allowing 
more precise conclusions to be drawn. At the same time, removing the need to 
record every plant species in a long stretch of river would free-up surveyors’ time 
to collect more meaningful information. For example noting precisely where in the 
river a patch of Potamogeton nodosus is, its extent and whether it is fruiting, or 
collecting Schistidium specimens for careful determination of S. agassizii could be 
more informative.

New systems are needed if we are to use aquatic plants as biological indicators. 
However, it is vital that in the future any testing of new methods are supported by 
autecological and ex situ experimental assessment of chemical tolerances to inform 
the selection of indicator species for monitoring.
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Introduction

The cyanobacteria or cyanoprokaryota, formerly green–blue algae, (Class: 
Cyanophyta) is a cosmopolitan and diverse group of organisms, living in freshwater 
and seawater, running or quiet waters, in a benthic or planktonic manner. 
Furthermore, cyanobacteria can exist in habitats characterised by extremes of tem-
perature, toxic mineral excess and high salinity. They can also survive long periods 
of drought thanks to resistant cells called akinetes.

Some cellular strains from several cyanobacteria genera (e.g. Microcystis, 
Anabaena, Aphanizomenon, Oscillatoria, Pseudoanabaena, Nodularia, Nostoc, 
Cylindrospermopsis, Schizothrix, Trichodesmium and others) have toxigenic prop-
erties. Of all toxic species of cyanobacteria, the hepatotoxin-producing Microcystis 
aeruginosa (Kützing) is the most important cause of toxic blooms affecting humans 
and animals in inland water systems (Skulberg et al. 1993).

Cyanobacteria produce potent toxins with a broad chemical nature and effects, 
like alkaloids and peptides with acute hepatotoxic, cytotoxic, neurotoxic and 
gastrointestinal disturbances, and respiratory and allergic reactions (neurotoxic 
alkaloids, saxitoxins, hepatotoxic peptides and alkaloids) (Carmichael 1992). 
Although other algal groups also produce toxins, cyanobacteria are responsible for 
most poisoning events in freshwater. However, toxic events do most harm when a 
toxic population blooms and forms a dense scum on the water surface. It is widely 
believed that eutrophication, exposure to intense light and the warming of water-
bodies all contribute to the blooming of planktonic cyanobacteria populations.

Fatalities to humans due to intoxication by cyanotoxins have been reported several 
times (i.e. Jochimsen et al. 1998), though nowadays this type of incident is less 
common. By contrast, mass mortalities of livestock and wild animals are commonly 
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reported worldwide (Stewart et al. 2008) and it has been also suggested that 
cyanobacteria caused mass mortalities in prehistoric times (Braun and Pfeiffer 
2002). Most deaths happen when drinking water is contaminated with cyanotoxins. 
Cyanobacteria populations may also play a remarkable ecological role by disrupting 
food webs, through producing anoxia and shading the water column when a large 
bloom occurs (Scheffer 1998; Havens 2008), but studies of other ecological 
consequences than poisoning are uncommon.

Toxic cyanobacteria blooms are a major concern for reservoir managers, and 
corporations that manage supplies of drinking water usually implement complex 
monitoring programmes to prevent and predict these toxic events: investing large 
sums of money on minimising the effects of toxic blooms and keeping toxin levels 
below the legal thresholds (Davis and Mazumder 2003). This type of programme for 
monitoring toxic blooms is seldom implemented in Nature Reserves, as is the case 
at Doñana National Park. When a cyanobacteria bloom early warning system is 
triggered in a Natural Reserve, the main aim is to prevent mass wildlife mortalities.

The Experience of the Early Warning Network for Preventing 
Mass Wildlife Mortalities as a Consequence of Cyanobacteria 
Blooms in Doñana National Park

Doñana National Park is located in the Guadalquivir estuary (SW Spain), and this 
protected area holds a great wealth of waterbodies: temporary ponds, permanent 
ponds, artificial permanent ponds, a non-tidal temporary marshland (26,000 ha) and 
tidal channels (see García-Novo and Marín 2006 for further information). Most of 
these waterbodies dry out every year by late spring, before environmental condi-
tions can facilitate cyanobacteria blooms, but in rainy years some keep water for 
longer. Furthermore, in some, the water level is maintained artificially, e.g. to 
ensure that waterbirds can breed or for fish farming.

Since Doñana was declared a National Park in 1969, 18 mass mortality events 
have been recorded. Before 2001, none of these mortalities was attributed to toxic 
algal poisoning (botulism, pesticide poisoning or unknown causes were blamed): 
the possibility of mass cyanotoxin poisoning was never explored. During the sum-
mer of 2001, however, more than 500 flamingos died in few days in a man-made 
pond called FAO pond, and researchers from the Veterinary Faculty of Complutense 
University of Madrid determined that the cyanobacteria Microcystis aeruginosa 
and Anabaena flos-aquae had caused the mortalities (Alonso-Andicoberry et al. 
2002). Since then an early warning network has been implemented between the 
Doñana Natural Space managers (Junta de Andalucia, Regional Government of 
Andalusia), the Natural Processes Monitoring Team (Doñana Biological Station-
CSIC), and the Genetic Laboratory of Veterinary Faculty (Complutense University 
of Madrid). The aim of this network is to prevent new mass mortalities and to revise 
annual procedures and protocols to improve efficiency. Although two other mass 
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mortalities have happened since, others have probably been avoided because of the 
application of the early warning network recommendations.

In late July 2004, nearly 6,000 birds of 47 different species died within a 2-week 
period in Los Ánsares pond (López-Rodas et al. 2008), with a second mass mortal-
ity in June 2005, when 20 tons of fish died within 3 days in Caño del Guadimar 
channel (Costas and López-Rodas 2007). In 2004, large densities of Microcystis 
aeruginosa (up to 13,800 col/ml) and Pseudoanabaena catenata (up to 18,300 col/ml) 
were detected, and, in 2005, the neurotoxic saxitoxin produced by Anabaena 
circinalis was found to be the cause of the fish mortalities. Although toxic species 
of cyanobacteria are always present in the Doñana wetlands, they usually occur at 
low concentrations or with low toxicity. For example, in 2002, a year without 
noticeable mortalities, the range of colonies counted from May to September was 
140–727 col/ml, with a peak of toxin production (microcystin-LR equivalent) of 
0.06 µg/ml, whereas in 2004, during the bird mortality incident, up to 13.5 mg/ml 
of toxin (microcystin-LR equivalent) was detected in the water, 105 colonies/ml in 
the gut content of death birds, and 25.7–75.9 µg (microcystin-LR equivalent)/mg 
in the livers of dead birds.

Several genera of toxic cyanobacteria have been recorded in Doñana: Microcystis, 
Anabaena, Pseudoanabaena, Gomphosphaeria and Oscillatoria. But to date, only 
Microcystis aeruginosa, Anabaena flos-aquae, A. circinalis and Pseudoanabaena 
catenata have been identified as being responsible for the mass poisoning of wildlife.

The Design and Implementation of a Monitoring  
Programme to Detect Cyanobacteria Blooms

There is a huge difference between setting up a programme for monitoring 
cyanobacteria populations in reservoirs for human water supply and in natural 
waterbodies inside a nature reserve, particularly with regards to sampling time. To 
cover the distance between different waterbodies inside a nature reserve might be a 
very time consuming activity. For example, to sample all waterbodies in Doñana 
National Park during the summer (when the highest risk of toxic bloom occurs) takes 
more than a day of work for a single team of samplers. Therefore, as resources are 
usually limited, it is worth establishing a feasible protocol for sampling the sites, by 
identifying, through historical records or previous sampling, the waterbodies most at 
risk of cyanobacteria blooming on the basis of nutrient load, depth, and water column 
stability. Weekly sampling during the high-risk blooming season could be enough, 
increasing the sampling effort when the beginning of a bloom is detected.

Another consideration in the design of an early warning system is that the toxin 
production in cyanobacteria is controlled by its genetic basis; López-Rodas et al. 
(2006) found, under laboratory conditions, that the heritability value for the toxin 
production trait was over 0.7 for some strains of Microcystis aeruginosa collected 
in Doñana and elsewhere. This makes it almost impossible to predict if a cyanobacteria 
population will bloom, or whether a bloom will be toxic enough to cause poisoning. 
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As such, it is necessary to quantify toxin content and the toxicity of the samples in 
which cyanobacteria occur. Field measurements of environmental variables such 
as, pH, chlorophyll a, dissolved oxygen, turbidity, water temperature, nutrient load 
(NO

3
 and NH

4
), and colour and odour of the water can also help us to predict the 

potential for a cyanobacteria bloom.
Toxic blooms are usually very localised events and this can help management 

when a bloom occurs. If there is any kind of hydraulic control of the wetland it 
might be possible to isolate or drain the area: restricting mortalities to a limited area 
and allowing wildlife to use other parts of the wetland.

In the field, the water samples should be gathered using plastic gloves to avoid 
contact with skin. Samples must then be kept in the dark and refrigerated until they 
are analysed in the laboratory.

At the laboratory, samples must be homogenized by a gentle shake, and then put 
in a settling chamber to identify the algae under an inverted microscope. The taxo-
nomic resolution must be at least to genus level. Later on, the concentration of each 
type of cyanobacteria should be estimated under a microscope by counting the 
number of colonies with the aid of a counting device, like an Uthermöll chamber, 
Neubauer chamber or the sort of chambers used for analysis in hospitals (e.g. 
UriglassTM).

Depending on the count of cyanobacteria and the risk level identified in the early 
warning system (see Table 9.1 for the risk levels in Doñana´s early warning network), 
the toxin should be quantified and assessed for its toxicity. The most common 
toxins in cyanobacteria blooms are microcystins and nodularines and commercial 
kits are available to quantify microcystin-LR equivalents based on enzyme linked 
immunosorbent assay (ELISA) or protein phosphatase inhibition assays. The toxicity 
should be assessed by a mouse bioassay (other species like Artemia sp. have been 
also used in toxin bioassays) following standard protocols and laboratory animal 
welfare laws. We can use the mouse bioassay to screen both for the neurotoxins and 
hepatotoxins of cyanobacteria, because the signs of poisoning for these two toxin 
groups are very different. A HPLC procedure is compulsory for precise toxin iden-
tification and quantification (Carmichael 1995).

When a toxic bloom occurs and its toxicity has been assessed, we can apply 
appropriate management measures, either alone or in combination, for example:

1. If there is hydraulic control of wetland flooding, we can drain the affected wetland 
and, if dykes, ditches and/or channels exist, isolate the affected area.

2. If the bloom happens in a coastal wetland, or in an estuary, we can flood the 
affected area with salt water during the high tide period and kill the population 
by osmotic shock, with the sea removing it on the falling tide.

3. We can stop the terrestrial fauna (mainly birds and mammals) using the wetland, 
either by fencing or by frightening the animals away while the bloom persists.

4. We can also use flocculant substances (if environmentally safety) to remove 
most of the bloom.

The use of algaecide chemicals it is not recommended.
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Introduction

Biological invasions of freshwater habitats are due to the accidental or deliberate 
introduction of organisms associated to aquaculture, sports fishing, passive trans-
port by vessels, ornamental uses and man-made canals and corridors. In European 
freshwater habitats, about 296 species of alien invertebrate, mostly crustaceans, and 
136 species of alien fish have been introduced (Gherardi et al. 2009). Inland surface 
waters have also been invaded by 444 species of alien plant (Lambdon et al. 2008). 
Fish have attracted most attention and the majority of these have originated from 
Asia, North America or within Europe (e.g. from southern to northern countries). 
Many aquatic alien species are widely distributed in Europe: the brook trout 
Salvelinus fontinalis in 26 countries; the crayfish Pacifastacus leniusculus in 25; 
the zebra mussel Dreissena polymorpha in 22. Among plants, the Canadian pond-
weed Elodea canadensis is the most widespread, being present in 36 countries 
(http://www.europe-aliens.org/).

Alien species invading freshwater systems are causing loss and degradation on 
all levels of biological organization from genes to populations and with cascading 
effects to entire ecosystems. One of the best-known European examples of genetic 
loss is the hybridisation between the native rare white-headed duck Oxyura leuco-
cephala and the American ruddy-duck O. jamaicensis, the hybrids of which are 
very aggressive (Muñoz-Fuentes et al. 2007). Hybridization between native and 
alien species is occurring in other taxa such as plants (Spartina), crayfish 
(Orconectes), snails (Melanoides) and fish (Salmo). Invasions can also cause synergic 
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changes in nutrient cycling as well as habitat modification and alteration of hydrologic 
regimes. To cite a couple of examples, the red swamp crayfish Procambarus clarkii 
is usually the largest invertebrate in the invaded habitats and often exists in high 
densities; P. clarkii is an engineer species as its omnivory causes changes in carbon 
and nutrient pools and fluxes (Gherardi 2007). The coypu, Myocastor coypu, 
strongly disturbs the vegetation dynamics in freshwater habitats through grazing, 
and their burrowing activity can undermine riverbanks (Bertolino and Genovesi 
2007). At the regional scale, invasions are causing the homogenisation of the flora 
and fauna. For example, in the last century, the fish fauna in the Iberian Peninsula 
river basins has increased in similarity by 17% compared to its native situation 
(Clavero and García-Berthou 2006).

Many alien species are causing socioeconomic impacts by interfering with water 
and fishery production, with commercial, industrial or even recreation activities 
(Vilà et al. in press). Aquatic plants forming thick floating carpets exclude the 
opportunity for angling, and interfere with navigation. Control of Eichhornia cras-
sipes in the Guadiana river in Spain has cost 6.7 M€ in 1 year (Andreu et al. 2009). 
Invading aquatic molluscs also interfere with above-mentioned leisure activities, 
fouling fishing and pipe industry equipment. For example, agencies and individuals 
have spent about $1 billion over a decade mitigating the zebra mussel in the USA 
and the losses due to fish introductions (mostly freshwater) amount to $5.4 billion 
(Pimentel et al. 2005).

Strategies to overcome the impacts of invasions can be categorized as prevention, 
early detection, direct management and restoration. Prevention and early detection 
are recommended as the best strategy, as they promote a rapid response to invasion. 
Direct management by removing, controlling or containing alien species is very 
expensive and is mostly unsuccessful, especially when the introduced species is 
well established and widely distributed (Hobbs and Humphries 1995). Finally, 
active or passive restoration after invader removal needs to be assessed for the 
purposes of adaptive management. In all these strategies monitoring plays an essential 
role both from the applied point of view and for understanding the invasion process. 
In this chapter we discuss the reasons for monitoring invasive species beyond their 
use as ecological indicators, and offer some guidance on the design of appropriate 
long-term monitoring schemes.

Invasive Species as Ecological Indicators

One of the conceptual challenges of invasion biology is to understand whether 
invasive species are a driver of biodiversity loss or a consequence of other mecha-
nisms of environmental degradation such as habitat loss or pollution (Didham et al. 
2005). In practical terms, however, both cases are good reasons to monitor invasive 
species. An increase in the abundance and occupancy of invasive species can be 
indicative of environmental degradation (Kennard et al. 2005). Many freshwater 
fish species that are invasive in Europe, such as common carp Cyprinus carpio, 
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mosquitofish Gambusia holbrooki or the pumpkinseed sunfish Lepomis gibbosus, 
are so called ‘tolerant’ species, i.e. species sensitive “to any common impact related 
to altered flow regime, nutrient regime, habitat structure and water chemistry” (Pont 
et al. 2006). Therefore, the presence, increase in abundance or the area of occupa-
tion of these species will be indicative of environmental degradation. At the same 
time, these invasive species can also have direct ecosystem effects and conse-
quences for biodiversity, although these are less well known. For instance, the com-
mon carp decreases the abundance of macrophytes directly by uprooting them and 
indirectly by increasing water turbidity (Lougheed et al. 1998), and the mosqui-
tofish has been directly linked to the decline of native fishes and amphibians 
(Alcaraz et al. 2008). Therefore, monitoring invasive species is a good tool both for 
detecting other drivers of environmental degradation and for understanding their 
direct impacts on biodiversity and ecosystem processes.

Another good reason to choose invasive species as target species for monitoring 
is that introduced populations are generally of no conservation value – but rather the 
opposite. To study or monitor dangerous chemical substances such as pesticides or 
heavy metals, which is mandatory according to several European laws, freshwater 
organisms (often fish) need to be sacrificed. To this end, it is of less ethical concern 
and more practical to use invasive rather than native species. This explains why 
many invasive species such as mosquitofish (Mulvey et al. 1995), common carp 
(Solé et al. 2003) or zebra mussel Dreissena polymorpha (Chevreuili et al. 1996) are 
among the most studied in aquatic toxicology and water pollution monitoring.

Other Reasons for Monitoring Invasive Species

Although invasive species monitoring is quite developed in North America 
(Table 10.1), and some European countries such as France or the UK have com-
prehensive monitoring schemes for water quality, fish populations and water pol-
lutants, specific programs for invasive species in Europe are less established. For 
example, recently, in the UK the Department for Environment, Food and Rural 
Affairs (DEFRA 2008), has acknowledged that despite the comprehensive moni-
toring schemes in the UK, these are inadequate for invasive species and has 
identified the development of detection and monitoring mechanisms as a key 
objective of its invasive species strategy. The European Water Framework 
Directive (DIRECTIVE 2000/60/EC) also establishes that all countries will rou-
tinely have to monitor biological quality elements (algae, invertebrates and fish) 
with standard methods in most water bodies in order to achieve a good ecological 
status. As such, this Directive could provide an excellent tool for assessing the 
status of invasive species and understanding their impacts. Long-term monitoring 
of biological invasions, that integrates information before, during and after an 
invasion provides valuable information for both managers and scientists. Some of 
the basic and applied uses of monitoring programs on biological invasions could 
be summarized as follows.



94 M. Vilà and E. Garcia-Berthou

Ta
bl

e 
10

.1
 

W
or

ld
w

id
e 

ex
am

pl
es

 o
f 

re
gi

on
al

 m
on

ito
ri

ng
 p

ro
gr

am
s 

fo
r 

fr
es

hw
at

er
 in

va
si

ve
 s

pe
ci

es

N
am

e,
 C

ou
nt

ry
 a

nd
 I

nt
er

ne
t l

in
k

Ta
rg

et
 in

va
si

ve
 s

pe
ci

es
O

bj
ec

tiv
e

In
va

si
ve

 P
la

nt
 I

nv
en

to
ry

, M
on

ito
ri

ng
 a

nd
 M

ap
pi

ng
 

Pr
ot

oc
ol

,
A

qu
at

ic
 a

nd
 te

rr
es

tr
ia

l i
nv

as
iv

e 
pl

an
t 

sp
ec

ie
s

A
bu

nd
an

ce
 a

nd
 s

pr
ea

d 
of

 in
va

si
ve

 s
pe

ci
es

; 
ea

rl
y 

de
te

ct
io

n 
an

d 
ex

pa
ns

io
n

U
.S

.D
.A

. F
or

es
t S

er
vi

ce
, U

SA
, 1

 
Pe

nn
sy

lv
an

ia
 A

qu
at

ic
 I

nv
as

iv
e 

Sp
ec

ie
s 

M
on

ito
ri

ng
 

Sq
ua

d
Z

eb
ra

 m
us

se
l (

D
re

is
se

na
 p

ol
ym

or
ph

a)
A

bu
nd

an
ce

 a
nd

 s
pr

ea
d 

of
 in

va
si

ve
 m

us
se

ls
; 

ea
rl

y 
de

te
ct

io
n 

an
d 

ex
pa

ns
io

n
Pe

nn
sy

la
ni

a 
St

at
e,

 U
SA

, 2
Q

ua
gg

a 
m

us
se

l (
D

. r
os

tr
if

or
m

is
 b

ug
en

si
s)

A
qu

at
ic

 I
nv

as
iv

e 
Sp

ec
ie

s 
N

et
w

or
k,

E
ur

as
ia

n 
w

at
er

-m
ilf

oi
l (

M
yr

io
ph

yl
lu

m
 

sp
ic

at
um

)
A

bu
nd

an
ce

 a
nd

 s
pr

ea
d 

of
 in

va
si

ve
 s

pe
ci

es
; 

ea
rl

y 
de

te
ct

io
n 

an
d 

ex
pa

ns
io

n
C

iti
ze

n 
L

ak
e 

M
on

ito
ri

ng
 N

et
w

or
k

C
ur

ly
-l

ea
f 

po
nd

w
ee

d 
(P

ot
am

og
et

on
 c

ri
sp

us
)

W
is

co
ns

in
 s

ta
te

, U
SA

, 3
Pu

rp
le

 lo
os

es
tr

if
e 

(L
yt

hr
um

 s
al

ic
ar

ia
)

Je
lly

fi
sh

 (
C

ra
sp

ed
ac

us
ta

 s
ow

er
by

i)
Z

eb
ra

 m
us

se
l (

D
re

is
se

na
 p

ol
ym

or
ph

a)
C

hi
ne

se
 m

ys
te

ry
 s

na
il 

(B
el

la
m

ya
 j

ap
on

ic
a)

B
an

de
d 

m
ys

te
ry

 s
na

il 
(V

iv
ip

ar
us

 g
eo

rg
ia

nu
s)

R
us

ty
 c

ra
yf

is
h 

(O
rc

on
ec

te
s 

ru
st

ic
us

)
D

oñ
an

a 
B

io
lo

gi
ca

l S
ta

tio
n,

 S
pa

in
, 4

M
os

qu
ito

 f
er

n 
(A

zo
ll

a 
fil

ic
ul

oi
de

s)
A

bu
nd

an
ce

 a
nd

 s
pr

ea
d;

 e
ar

ly
 d

et
ec

tio
n 

an
d 

ex
pa

ns
io

n
R

ed
 s

w
am

p 
cr

ay
fi

sh
 (

P
ro

ca
m

ba
ru

s 
cl

ar
ki

i)
R

ed
-e

ar
ed

 s
lid

er
 (

Tr
ac

he
m

ys
 s

cr
ip

ta
 e

le
ga

ns
)

W
ilt

sh
ir

e 
R

iv
er

 M
on

ito
ri

ng
 S

ch
em

e
G

ia
nt

 h
og

w
ee

d 
(H

er
ac

le
um

 m
an

te
ga

zz
iu

m
)

E
ar

ly
 d

et
ec

tio
n 

an
d 

ex
pa

ns
io

n
W

ilt
sh

ir
e,

H
im

al
ay

an
 b

al
sa

m
 (

Im
pa

ti
en

s 
gl

an
du

li
fe

ra
)

E
ng

la
nd

, U
K

, 5
Ja

pa
ne

se
 k

no
tw

ee
d 

(F
al

lo
pi

a 
ja

po
ni

ca
)

Si
gn

al
 c

ra
yf

is
h 

(P
ac

if
as

ta
cu

s 
le

ni
us

cu
lu

s)
B

ro
w

n 
ra

t (
R

at
tu

s 
no

rv
eg

ic
us

)
A

m
er

ic
an

 m
in

k 
(M

us
te

la
 v

is
on

)



9510 Monitoring Biological Invasions in Freshwater Habitats

Z
eb

ra
 m

us
se

l m
on

ito
ri

ng
, C

at
al

an
 W

at
er

 A
ge

nc
y 

an
d 

H
yd

ro
gr

ap
hi

c 
C

on
fe

de
ra

tio
n 

of
 th

e 
E

br
o,

 S
pa

in
, 6

 &
 7

Z
eb

ra
 m

us
se

l (
D

re
is

se
na

 p
ol

ym
or

ph
a)

E
ar

ly
 d

et
ec

tio
n 

an
d 

ex
pa

ns
io

n

D
el

iv
er

in
g 

A
lie

n 
Sp

ec
ie

s 
In

ve
nt

or
ie

s 
fo

r 
E

ur
op

e,
 E

ur
op

e,
 8

Fr
es

hw
at

er
 s

pe
ci

es
D

is
tr

ib
ut

io
n 

an
d 

ab
un

da
nc

e 
of

 in
va

si
ve

 
sp

ec
ie

s

1.
 h

ttp
://

w
w

w
.w

ild
er

ne
ss

.n
et

/to
ol

bo
xe

s/
do

cu
m

en
ts

/in
va

si
ve

/F
S_

In
ve

nt
or

y&
M

ap
_G

ui
de

.p
df

2 
ht

tp
://

w
w

w
.p

se
ri

e.
ps

u.
ed

u/
se

ag
ra

nt
/z

m
/m

on
ito

r/
M

on
ito

ri
ng

M
an

ua
l2

00
8.

pd
f

3.
 h

ttp
://

dn
r.w

i.g
ov

/la
ke

s/
cl

m
n/

4 
ht

tp
://

ic
ts

.e
bd

.c
si

c.
es

5.
 h

ttp
://

w
sb

rc
.w

ilt
sh

ir
ew

ild
lif

e.
or

g.
uk

/R
ec

or
di

ng
Sc

he
m

es
/R

iv
er

M
on

ito
ri

ng
/P

ag
eT

em
pl

at
e.

as
px

6.
 h

ttp
://

op
h.

ch
eb

ro
.e

s/
D

O
C

U
M

E
N

TA
C

IO
N

/C
al

id
ad

/m
ej

ill
on

/e
n_

in
ic

io
.h

tm
7.

 h
ttp

://
ac

a-
w

eb
.g

en
ca

t.c
at

/a
ca

/a
pp

m
an

ag
er

/a
ca

/a
ca

?_
nf

pb
=

tr
ue

&
_p

ag
eL

ab
el

=
P1

23
03

54
46

12
08

20
17

14
70

6
8.

 h
ttp

://
w

w
w

.e
ur

op
e-

al
ie

ns
.o

rg



96 M. Vilà and E. Garcia-Berthou

Early Warning System

Taxonomic monitoring programs conducted by experts can detect the presence of 
alien species. For this purpose, an ad-hoc list of potential alien species to survey 
would increase the survey efficiency. Such a list is usually based on alien species 
present in nearby habitats or on alien species common in similar habitat types. 
Updating this list and training non-expert manager teams in species identification 
allows for early detection of alien species while conducting other routinely field 
surveys not necessarily related to invasions.

Early detection of new foci of invasion is extremely useful for management, as 
eradication at this stage is usually non-expensive and feasible. Invasion prevention 
programs should be linked to monitoring the putative vectors of transport and intro-
duction such as vessel traffic, fishing activities and other anthropogenic impacts 
that can influence alien propagule pressure. For this reason it is extremely useful to 
know for each sampling locality its connection to nearby water bodies through 
piping, canals or natural corridors. The benefits of connecting invader and vector 
monitoring include that it might prevent the arrival of invaders by interfering with 
transport vectors.

Dynamics of Biological Invasions

Spread rates of biological invasions are poorly known in freshwater habitats compared 
to marine and terrestrial environments. To date, reconstructions of the spreading of 
invaders have mostly been inferred from chronosequence analyses of snapshots of 
the presence of the invader in different locations. Surveillance can provide a time 
series of invaded and non-invaded sites to demonstrate the spread of the invader in 
real time, determining the metapopulation dynamics, identifying species con-
straints, detecting boom and bust cycles and time-lags between appearance and 
establishment, etc.

Linking Invasions to Impacts and Habitat Resistance to Invasion

Probably one of the longest surveillance programs assessing the effects of an 
invader on community structure is the zebra mussel project that has been conducted 
for more than 60 yr in freshwater areas in the former Soviet Union (Karatayev et al. 
1997). Quantifying the presence and abundance of invader and native species in 
conjunction with measuring water quality, disturbance level, habitat type, etc. 
allows for establishing correlations between the invasion degree, food-web alterations 
and environmental changes. Although such observational analysis does not demon-
strate causality, as symptoms of invasion can be confounded by impacts, they are 
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the baseline data from which to establish a hypothesis that can be tested by designing 
specific manipulative experiments.

Identification of Synergies with Environmental Global Change

Global change components (i.e. increased greenhouse gas emissions, climate 
change, water eutrophication, changes in land use, biotic homogenization) have 
typically been studied and managed in isolation. However, there are more and more 
examples indicating that water warming, increased hypoxia, altered flow regimes, 
higher salinity and changes in reservoir habitat temperatures can change invasion 
patterns (Rahel and Olden 2008). Monitoring the presence/absence and abundance 
of target invaders in combination with spatially-explicit information on CO

2
 and 

CH
4
 fluxes, climate parameters, nutrient loading and land use changes can be used 

to predict changes in invasion dynamics with environmental change (Lee et al. 
2008) and make possible an appropriate management response.

Assessment of Habitat Restoration After Direct Management

Removal of an invader from an ecosystem represents a grand experiment testing the 
effect of a particular species on ecosystem processes. However, as removal usually 
requires some level of disturbance, we need long-term surveillance to avoid confusing 
recovery after invasion with habitat succession. Monitoring restoration should not 
only assess whether the population of the invader has been reduced but also if popu-
lations of native species have increased. Monitoring restoration is essential for 
adaptive management to set priorities among invaders, locations, timings and control 
treatments. Adaptive management may also be needed if the risk of invasion 
changes through time.

Reinforcement of Public Outreach and Environmental Education

Well-established long-term monitoring programs are based on standardised protocols. 
These protocols are sometimes inspired by common national or international initiatives, 
and allow partnership building and cooperation between agencies. This can provide 
an opportunity for replication and more powerful analysis. It can also offer the 
opportunity for rapidly training new professionals and for engaging non-experts in 
monitoring activities, therefore increasing the number of habitats sampled, resam-
pling priority habitats or increasing the frequency of sampling (see several examples 
in Table 10.1). Monitoring programs can also be integrated into outreach conservation 
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programs through education in summer schools, volunteer activities in natural 
areas, on-line education programs, etc.

Designing an Appropriate Monitoring Scheme

Obviously, the complexity of long-term monitoring programs will largely depend 
upon the taxa and the characteristics of the habitats. In many freshwater systems, 
such as large lakes and marshes, traditional field-based monitoring presents several 
challenges including inaccessibility to areas for sampling, temporal changes, and 
expensive equipment. Invasion by floating aquatic plants into huge areas best exem-
plifies this situation. The fern Azolla filiculoides is intermittently invading large 
areas of marsh in the Doñana National Park (Spain), an area very difficult to map 
due to its large size (25,000 ha). Recently, remote sensing by Landsat images has 
been used to identify the extent of A. filiculoides invasion and to detect seasonal and 
annual variability (Díaz-Delgado et al. 2008, Chapter 31 in this volume). However, 
to ascertain that the satellite multispectral imagery distinguishes between A. filicu-
loides and other vegetation such as sedges, ground-truthing by horse riding and 
aerial photograph analysis has been necessary.

Timing is also crucial both for monitoring and for management. Fish sampling, 
often by electrofishing, can be constrained by weather conditions or high flows. 
Fish populations are usually sampled during the same season each year, often in 
summer, to ensure the comparability of samples. Species-specific ecological fea-
tures should be used to inform the sampling design: e.g. sampling for zebra mussel 
larvae is limited to the reproductive season (spring and summer); small organisms 
with shorter generation times (e.g. algae or invertebrates) should be sampled more 
often to detect early foci.

The methodology will also depend on whether the goal is to detect established 
invaders or to provide an early detection system. For example, early detection of the 
zebra mussel should focus on sampling the water column for the presence of larvae, 
rather than using fouling panels to count attached mussels. Taking reference sam-
ples of the first record is extremely important to provide a good estimation of the 
minimum residence time since introduction.

However, all of these monitoring and surveillance schemes are of little use if the 
data are not archived properly and cannot be easily retrieved in a “user-friendly” 
way. Whenever possible, the data should be integrated in larger biodiversity data-
bases and information systems, preferably on the Internet.

Conclusions

Giving the unprecedented rate of introductions in freshwater ecosystems, monitoring 
should play a central role in the early detection of invaders and enabling a rapid 
management response. Furthermore, monitoring alien species in freshwater habitats 
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allows us to explore the extent, dynamics, impacts and drivers of invasions. In order 
to relate invasion to impact and ecosystem vulnerability to invasion, the monitoring 
should be integrated with measurements of other physical, chemical and biological 
variables in the system. This information can also be related to spatially explicit 
GIS techniques to investigate the interactions with other drivers of global environ-
mental change. As monitoring requires us to ascertain the extent of compliance 
with a pre-determined standard, it is as important to establish surveillance programs 
in locations where the invader is present as it is where it is absent, or across locations 
with a gradient of invader abundance. Scientifically, datasets accumulated by sur-
veillance and monitoring are an important source of information valuable for 
answering many scientific questions, which can not be tackled by standard short-
term research projects and limited scientific man-power.
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Introduction

It might be stating the obvious, but rivers depend upon water, and it is the quality 
and quantity of water that has profound influences on the plants and animals a river 
can support. Add to this the physical dimension of habitat structure, and you have 
the third dimension of the key ‘quality triangle’ (Madsen 1995). Nature was, and 
thankfully still can be, the major influence in shaping river quality, but man’s 
impacts in grossly changing rivers around the world are all too clearly evident. This 
is because man has wanted to change rivers directly to utilize their power and 
resources for themselves, and unwittingly damaged them indirectly because of 
exploitation within their catchments.

Three of the many reasons why rivers have been altered physically are (a) to 
‘control’ the amount of land they flood, (b) to make them navigable for shipping, 
and (c) to generate power or to secure water supplies (via impounding for water 
storage). These directly destroy habitat, but indirect physical changes result also 
when land-use changes in the catchment and sediment is released to the channel. 
Quality of water changes when polluting discharges are piped directly into rivers or 
when mining or other catchment activities release chemicals from the land that have 
either been added deliberately to enhance production, or are a by-product of 
changes occurring to the soils. Quantity of water flowing through a river is highly 
important in shaping the physical structure of the channel, and is influenced by both 
natural forces and man. Increasingly climate change is being linked to both greater 
frequency and severity of droughts and floods, although careful research into such 
events over history suggests the link is less strong than the media portrays (Doe 
2006). Whether true or not, the impacts of droughts and floods are far greater now 
on rivers because of the alterations made to their physical structure.
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The character and size of rivers around the world vary vastly, as do the threats 
to them. All rivers may be altered due to direct influences of natural climate change, 
but this should not been seen as a ‘threat’, but a natural phase in their evolution. 
Rivers in the remotest, minimally populated, parts of the world fall into this category, 
but even their natural functions are under threat from global human impacts that 
then affect climate. Threats come from the ever increasing human population, and 
the amount of natural ecosystem they destroy and the stored carbon sources they 
use. In October 2008 the population was estimated at 6.7 billion, yet 200 years 
before it was less than a billion, and is forecast to reach 9.75 billion by 2050. 
However, direct threats from population increases to rivers will vary around the 
world. Europe’s proportion of the world’s population is estimated to drop four 
fold from c. 20% in 1750 to c. 5% in 2050, yet in Latin America the opposite is 
happening, with the population expected to more than quadruple as a percentage of 
world population. As rivers from one part of the world are so different from another, 
and the threats vary from country to country, a comprehensive global review of 
threats to rivers in such a short chapter is impossible.

Here, a few common threats to rivers world-wide will be illustrated primarily 
using examples in the UK and European Union. This is a necessary approach because 
whilst many of the threats are similar in nature, their potential magnitude and the way 
they are addressed vary greatly around the world. Everywhere the fate of rivers and 
the wildlife they support will be shaped by a combination of natural and anthropogenic 
factors, with the way in which water management is undertaken being increasingly 
important. This brings in the political and legislative dimension, where there has to 
be both the will, and laws, to enable water management to integrate the needs of 
naturally functioning rivers and their dependent ecosystems whilst delivering the 
requirements of human societies (Wescoat and White 2003). Unless the former is 
given greater focus in the future than it has in the past, the latter will fail.

Whilst thinking about how to gather different perspectives on ‘threats’, I thought 
it might be a good idea to pose the question to several groups of people heavily 
involved with practical measures to protect and enhance rivers in one small area of 
the UK: the Rivers Trusts/Foundations in Wales. In the blink of an eye one reply 
simply said “In one chapter? – a major task – how long have you got?”. This shows 
that despite very positive improvements in many external factors that influence the 
health of UK rivers in recent decades, there are still great concerns out there and 
plenty to do to ‘stop the rot’.

Hydromorphology

The term ‘Hydromorphology’ has been created for the Water Framework Directive 
(WFD) in the European Union to encompass the hydrological and geomorphological 
inter-related processes that shape waterbodies. In essence, therefore, it encompasses 
both the water quantity and the physical structure sides of the Madsen (1995) ‘river 
health triangle’.
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Physical degradation, such as straightening, deepening, widening, embanking 
and other constraints have grossly impacted the physical structure of rivers, and 
thus habitat diversity (Brookes 1988; Brookes and Shields 1996). Before looking at 
the huge changes that have occurred to many river channels themselves, it is impor-
tant to note that even purely aquatic taxa, such as fish and some invertebrates, 
cannot thrive unless both the river channel and its immediate riparian zone is 
healthy. For centuries rivers have been modified to bring land-use change, allowing 
marshlands and other wetlands to be drained for either agriculture or urbanization 
(Purseglove 1989). In Europe this continued unabated to the mid-1980s, with multi-
thread channels converged to one, oxbows and pools filled in, river sections deepened 
and widened, and bankside trees removed. As a result, many floodplain forests, wet 
grasslands, reedbeds and pools in floodplains were destroyed, yet now we are 
realizing that these lost wetlands are lost resources. In late 2008 this was clearly 
illustrated simply by the title of the tenth RAMSAR convention meeting in Asia – 
‘healthy wetlands, healthy people’.

Even totally undisturbed rivers that flow through greatly modified landscapes 
cannot support the natural range of birds, mammals, and invertebrates that utilize both 
the river channel and the river corridor at different stages in their life cycles, and/or 
at different times of the year. Drainage of floodplains has resulted in massive losses, 
of both plants and animals, but wading birds in the UK are perhaps the best group to 
illustrate the losses and that problems still exist. Typical species most affected are 
those of river floodplain marshes and wet meadows such as snipe (Gallinago gallin-
ago), lapwing (Vanellus vanellus), redshank (Tringa totanus), and curlew (Numenius 
arquata). Lovegrove et al. (2009) report these were common along UK rivers up to 
the years immediately following the Second World War. Intensification of agriculture, 
especially that from the mid-1980s onwards, has resulted in massive losses, with 
lapwing declining 77% between 1987 and 1998 (Fig. 11.1).

Only a single section of one river floodplain in Wales now supports breeding 
snipe and redshank. Whilst in the UK the drive for more drainage has lapsed, adequate 
financial incentives to restore river and floodplain connectivity are limited. Worst 
still at a European Union scale, whilst finances are spent on reducing agricultural 
production with little or no environmental gain, funds are still available to destroy 
un-recreatable river floodplain wetlands through river engineering to improve agri-
cultural production elsewhere.

When the diverse natural physical structure of rivers is degraded, the knock-on 
effect on plants and animals can be catastrophic. Most rivers around the world, big 
or small, in highly urbanized locations are ‘straight-jacketed’. Where once there 
was a wide range of marginal and in-channel habitats, now there is simply a uni-
form flat bed and vertical armoured banks. This is particularly obvious where 
modifications have been made to allow rivers to become major highways for boat 
traffic (much of the Rhine for instance) or constrained to enable ancient and new 
cities to grow (e.g. London on the Thames or St Louis at the confluence of the great 
Missouri and Mississippi Rivers). We will never know what we lost, but research 
on relationships between invertebrates and habitats give us a clue. Harper et al. 
(1992, 1998) showed that in 100m lengths of rivers in the UK, the more diverse the 
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physical structure (they called the building blocks of stream structure ‘functional 
habitats’), the greater the aquatic invertebrate diversity. They elegantly showed that 
for sites with only one habitat, on average only a single caddis species was present; 
with five functional habitats present, the average number of species present was 
five; and so on until if 14 habitats were present, on average 14 caddis species were 
found.

Edge and riparian habitat diversity is as important for river ecology as sub-
merged in-stream habitats. Periodically exposed river shingle and sand bar habitats 
on highly dynamic rivers are very important for many specialist invertebrates. In 
the past, most attention has been paid to aquatic invertebrates of rivers as water 
quality monitors, but in the UK attention in the past 15 years has also focused on 
those found in Exposed Riverine Sediments (ERS) – the shoals, bars and spits 
which are exposed for some time during periods of normal or lower than average 
flow. These habitats support nationally and internationally scarce invertebrates 
(Sadler and Bates 2008). True flies (Diptera), spiders (Araneae), ants (Formicidae), 
and bugs (Hemiptera) are typical groups, with beetles dominating in terms of numbers 
of specialist and rare species (Bates et al. 2005). Sadler and Bell (2002) have shown 
that past and present management has major implications, with the best ERS sites 
found on unregulated rivers, or on non- or minimally managed river systems.

Catchment impoundments not only affect river channels and their surroundings 
directly, but also have a major influence on discharge characteristics downstream, 
and hence habitat quality (i.e. hydromorphology). In much of the UK impounding 
reservoirs are in headwaters where valley sides are steep. Few have been built in 
recent decades, and many rivers remain relatively unaffected by them. In Spain, a 
very high proportion of river valleys suitable for containing water have been 

Fig. 11.1 Nineteenth century map of a plan view of a multi-threaded natural section of the Inn 
River, Bavaria, with a narrow single thread showing what it was converted to
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impounded, completely destroying the river and floodplain habitats they drown. 
On large rivers such as the Danube, long stretches of river have been dammed to 
generate huge amounts of electricity. Not only does this impact on the ecology, but 
also potential tensions exist between neighbouring countries. To promote coopera-
tion in sustainable water management, conservation, pollution reduction, etc., the 
countries of the Danube River basin signed the Danube River Protection Convention 
in 1994. In Europe as a whole, the WFD requires member states of the European 
Union to not allow deterioration in river quality unless there are over-riding national 
interests. In theory this should provide for greater protection of natural valleys that 
remain, but how the ‘over-riding national interest’ is interpreted when secure water 
supplies, and greener energy, are required by an ever growing and ever more 
demanding public remains to be seen.

Worldwide, pressure for catchment impoundments for water supply and hydro-
generation are immense. For example, many rivers flowing through tropical rainforest 
are still highly threatened. Increasing demands for ‘green’ energy are putting the 
world’s rivers at risk with hydro-electric projects responsible for flooding vast areas of 
rainforest. The decay of felled forest wood adds more greenhouse gases to the atmo-
sphere, contributing to global warming as well as nutrient inputs into the rivers. The 
flooding means floodplain and terrestrial species are lost, or at best migrate to new 
areas and fish and other river species must endure lake conditions or die. Dams also 
disrupt migration to headwaters that are important nursery grounds for many migratory 
fish species. It is irrefutable that large hydroelectric projects, funded by international 
aid and development organizations like the World Bank, have destroyed or damaged 
many rivers around the world. When this is associated with forest loss too, there are 
serious consequences not just for local people, but catchments downstream are 
impacted by siltation and eutrophication. It is good that ‘mega-projects’ in Latin 
America are facing more and more opposition today, as well as being re-examined by 
the sponsoring parties. Sadly this is not so in Asia, where on the Mekong alone, one 
of the biologically richest rivers in tropical Asia, 17 dams are presently planned.

Water Quality

During the Industrial revolution many UK rivers were virtually lifeless. Raw domestic 
and industrial waste poured into many of them as if they were simply viewed as 
open sewers. In Scotland, the River Tweed, where many mills were situated two 
centuries ago, was renowned for running the colours of the rainbow depending on 
which day of the week it was. The Mersey was another river that suffered severe 
pollution from a cocktail of pollutants from the textile industry, sewage and farm 
waste. It reached its ‘dead’ state in Victorian times, and only in the past 30 years 
have major improvements been made through the combination of legislation, major 
investment in effluent treatment, and the dedicated work of the Mersey Basin Trust. 
The Thames through London was little more than a giant open sewer during the 
industrial revolution: the last salmon was reportedly seen in 1833 before pollution 
made passage through the city impossible. No salmon, and few other fish species, 
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were seen in the Thames for more than 100 years until the big clean-up took place. 
A salmon returned in 1974 and today 120 fish species are present.

In Wales, many small rivers were also made virtually lifeless through a variety of 
pollutants through most of the nineteenth and much of twentieth centuries. Sewage 
affected most rivers wherever there were settlements developed upon them; industrial 
discharges from metal mines affected rivers such as the Ystwyth and Rheidol; slate 
mines affected many rivers in the north whilst the coal and steel industries dramati-
cally impacted many of the south Wales valley rivers and streams (e.g. Rivers Ebbw, 
Taff, Rhymney). In rural areas agricultural point sources also impact rivers, and many 
have been, and still are, adversely affected by ‘diffuse’ pollution. Some specific 
examples of the latter include acidification from acid rain and afforestation, agro-
chemicals in the form of fertilizers or sheep-dips, and sediment released from the land 
to the watercourses through intensification of agricultural practices.

Where rivers are as obviously polluted as described above, severe impacts on 
plants and animals are clear-cut. However some species decline or are lost when the 
reasons for it are unclear, or take decades to unravel. The extreme decline in otter 
(Lutra lutra) throughout Europe in the mid-twentieth century is a case in point. The 
decline was shown to be due to PCBs and organochlorine pesticides used in sheep 
dips, paints, etc. (Mason and Macdonald 1993). Since the 1970s otters have made 
a remarkable recovery following the withdrawal of these pesticides.

The success story of the otter and the reason for it has been mirrored to some 
degree by the declines in some invertebrates due to the replacement of the organo-
chlorines by synthetic pyrethroids such as cypermethrin, in sheep-dip. Links to 
impacts on the already severely threatened native crayfish (Austropotamobius 
pallipes) have also been made. Frequent and significant pollution incidents from such 
sources have occurred in the UK over the past 20 years, with Ormerod and Jüttner 
(2009) stating that numbers recently have increased. The use of cypermethrin in 
sheep dips in England and Wales has been banned since 2006, but vigilance will be 
required to ensure the alternatives do not have the unsuspected impacts that cyper-
methrin had when the killer ingredients of the otter where banned! Ormerod and 
Jüttner (in press) also report that in addition to the well known polluting substances 
that have affected river life for centuries, a wide range of pharmaceutical drugs and 
chemicals used in health care and beauty products now find their way to rivers via 
sewage treatment works. The potential effects of endocrine disrupting substances, 
such as those used in some female contraceptive pills, have been studied mostly in 
relation to fish and illustrate that new threats to river life exist even when major clean-
ups occur on polluted rivers. All these threats are likely to increase in the future.

Alien Species

As man has moved around the world, alien species have been deliberately or 
accidentally carried too. Any web search with the words ‘aliens’ and ‘impacts’ 
with any named country in the world provides a mass of information on the 
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spread of aliens across the world. Add the word ‘river’ and the story is the 
same. A headline in the UK’s Daily Telegraph newspaper in February 2008 read: 
‘Alien species wreck worlds oceans and rivers’. The fact that rivers have flowing 
water means they are very effective at spreading alien species should they once 
become established. Many alien plants threaten natural habitat characteristics 
and plant and animal assemblages of UK rivers. Rhododendron (Rhododendron 
ponticum) is invasive but only common in upland catchments. The same cannot 
be said of Himalayan balsam (Impatiens glandulifera) and Japanese knotweed 
(Fallopia japonica agg.); both are now very common throughout the UK and 
very invasive. The former is an annual and thrives where bare soil is exposed in 
spring whilst the latter is perennial and so tough it will grow through tarmac. 
Giant hogweed (Heracleum mantegazzianum), the third biggest menace of river 
banks in the UK, is mainly restricted to sandstone catchments. All threaten to 
change the natural assemblages of river banks, and so efforts are being made in 
many places to reduce this threat by eradicating the species from some catch-
ments; for some it is too late, so keeping them out of catchments where they do 
not now occur is a priority. The problems are world wide, but involve many 
different species, so prevention of spread to pristine catchments is particularly 
important at a global scale.

So far aquatic alien species do not appear to have had major impacts on natural 
macrophyte assemblages of UK rivers, despite rooted species such as Elodea 
canadensis (Canadian waterweed) and Elodea nuttallii (Nuttall’s water-thyme) 
being widespread. A free-floating species, floating pennywort (Hydrocotyle 
ranunculoides) is a more recent invader, and is spreading along many slow-flowing 
rivers. In terms of effects on river invertebrates, the clearest impacts from an alien 
species on a native animal has been the near eradication of the native white-clawed 
crayfish due to a plague carried into the UK by alien American signal crayfish 
(Pacifastacus leniusculus). In terms of impacts from other invertebrates on UK 
Rivers, zebra mussel (Dreissena polymorpha) has massively impacted some 
navigation channels such as the Erne and Shannon in Ireland, and an abundant 
population has developed in Cardiff Bay since it was built. Despite appearing to 
not cause extreme impacts on some mainland European rivers such as the Danube, 
further spreads cannot be ruled out in the UK, nor can the potential for habitats to be 
damaged by them. Chinese mitten crabs (Eriocheir sinensis) have also set up home 
and are rapidly colonizing (and damaging) slow-flowing rivers and coastal habi-
tats. With a reported ability to travel up to 1,000 km in their lifetime, stopping their 
march seems impossible.

Water vole (Arvicola terrestris) is a mammal that has been massively impacted 
by an alien species. They were previously very common throughout rivers in much 
of Britain, even whilst the otter declined to its low in the 1960s. In most of the 
country the population has crashed in recent decades to make it Britain’s most rapidly 
declining mammal. The threats to water voles are complex, but they are particularly 
vulnerable to predation by American mink (Mustela vison), an alien from the US 
(Macdonald and Strachan 1999). It is likely that water voles will not recover until 
mink are controlled.
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Discussion

In the UK, but unfortunately not world-wide, chronic pollution is more or less a 
thing of the past and general improvements to river water quality have resulted from 
investment in effluent treatment. Around the world too, trusts have been formed by 
local interest groups to look after ‘their’ rivers. It is good news too that rivers and 
watercourses are managed much more sympathetically, and the era of drainage has 
long gone. It is thus not all doom and gloom. The tide has been turning, and there 
is much to be positive about, yet even where great advances have been made in 
restoration and protection throughout the world, threats to river biota remain from 
traditional sources and new ones alike, so vigilance is imperative.

Building barrages across estuaries is relatively new in the UK, with those in 
Middlesborough on the Tees, in Swansea on the River Tawe, and in Cardiff on the 
Rivers Taff and Ely being recent examples. Such barrages are common around the 
world and are built primarily to promote development. Not only do such modifica-
tions affect inter-tidal species, but freshwater migratory fish such as salmonids, 
lamprey and eels. Problems can be avoided, but impaired fish passage can occur, so 
future barrages could threaten freshwater fisheries in many catchments. At the 
opposite end of catchments, impoundments are built for flow regulation, water 
supply and hydro-power generation. Threats to rivers from these new types of 
development are likely to increase as politically there is a drive to produce more 
and more carbon-neutral energy. It may come at a price – the price being impacts 
to river structure and wildlife.

Due to climate change, fluvial flooding could become more frequent in the 
future, and be of greater magnitudes than seen before. There will be pressure from 
some quarters of the public for spontaneous reactions to dredge and canalise again; 
these real threats will need to be rebuffed for more holistic measures related to 
catchment land-use that lead to slower runoff. The production of Catchment Flood 
Management Plans and River Basin Plans under the WFD in Europe aim to reduce 
flood threats through more integrated management within catchments, and there-
fore should reduce threats to biota caused by unsympathetic river management. A key 
mantra is ‘make space for water’.

Some people argue that in the future freshwater may be more valuable than oil. 
This is another example where climate change may increase threats to some plants 
and animals in rivers if summers are drier. With less secure water supplies, and an 
inexorable increase in demand, more rivers may be under threat of impoundment 
for reservoirs, leading to reduced naturalness of the hydrological regime down-
stream. Climate change is likely to produce ‘winners’ and ‘losers’, but without 
knowing what the change in weather will be in the long term, predicting the lucky 
species is difficult. In the UK, birds such as kingfisher (Alcedo atthis) and grey 
wagtail (Motacilla cinerea) could do well if winters are warmer, but will struggle 
to feed young if summer floods increase. Salmonids, on the other-hand, may be 
under even further pressure due to enhanced stream temperatures.

Alien species are known to have impacted mammals (e.g. water voles) and natural 
riparian vegetation in the UK. In Ireland, zebra mussels have spread to many closed 
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water bodies with no boat links to habitats with the alien mussel present (Peter 
Hale; Northern Ireland Environment Agency pers. comm.). This shows that a spe-
cies can be spread by several means. Natural dispersal by birds or mammals is a 
distinct possibility, but so is spread by anglers, or even ecologists surveying an un-
infected water body soon after surveying an infected one. This shows that everyone 
must be vigilant to avoid avoidable threats by being more thoughtful and taking 
precautionary measures where possible.

Throughout Europe there are many reasons to be optimistic. The WFD requires 
that there be no deterioration in ecological status, with targets set for measures to 
ensure all rivers reach either ‘good ecological status’, or ‘good ecological potential’ 
(where previous impacts cannot be ‘economically‘ reversed). Unfortunately, there 
is a threat from interpretation of the ‘over-riding public interest’ clause. In some 
parts of the world, rivers have either not been degraded or there have been successes 
in rehabilitating damaged ones. These are the success stories. Unfortunately the 
dumping of trash and human waste into rivers still continues in many overcrowded 
cities, resulting in loss of plant and animal life and rivers being no longer safe for 
human use. Catastrophic pollution is unfortunately not a thing of the past, even in 
Europe. In 2000 there was a serious cyanide and heavy metal contamination of the 
Tiza River in Hungary from a trans-boundary mining source.

World-wide, deforestation and chemical pollution from mining remain major 
threats to river habitats and species. Erosion is a well-known result of deforestation 
with serious consequences for river life. At the very least, increased sediment loads 
and reduced water flows usually seriously affect local fish populations. Species that 
rely primarily on sight decline the most, whilst the increased amount of suspended 
particles interferes with fish gills. If previous afforested areas are used for agricul-
ture, fertilizers and pesticides are likely to be an additional threat. Unfortunately, 
impacts from mining operations on rivers continue unabated in many parts of the 
world. One such example that is all too familiar around the world is the copper 
pollution of streams in Indonesia.

Freeport-McMoRan, based in New Orleans, has operated the Mount Ertsberg 
gold, silver, and copper mine in Indonesia for over 20 years and has converted the 
mountain into a 600-m hole (Perlez and Bonner 2005). Perlez and Bonner report 
that the mining company has dumped appalling amounts of waste into local 
streams, rendering downstream waterways and wetlands “unsuitable for aquatic 
life.” Government surveys have found that discharges from the mines have pro-
duced levels of copper and sediment so high that almost all fish have disappeared 
from nearly 90 sq. mi. of wetlands downstream from the operation.

Clearly threats to rivers, their catchments and their wildlife remain.

Yin and Yang

In ancient Chinese philosophy, the concept of yin and yang describes seemingly 
opposing forces, often bound together with interdependence in the natural world. 
In this short paper it is clear that there have been ‘winners’ and ‘losers’ as a result 
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of anthropogenic interference with the natural functioning of rivers. Perhaps more 
interestingly it is clear that some species have recovered as a result of a change in 
policy or product use, but the targeted gains achieved may be off-set by equally serious 
impacts on other interests. The classic example is the changes to the active ingredi-
ents in sheep dip that played an important role in the recovery of the otter, but led to 
a decline in sensitive invertebrates in many rivers, including native crayfish.

Management of watercourses in the UK to assist in salmonid recovery after serious 
declines throughout Europe, including fencing (Wye and Usk Foundation 2008) 
may well have opposing drawbacks to some highly interesting and sensitive riparian 
ERS invertebrate species (Sadler and Bates 2008). Similarly coppicing of bankside 
trees to reduce shade to bring short-term benefit for trout could be detrimental to 
‘oceanic bryophytes’ that demand shade and high humidity.

Future threats to the rich ecological, aesthetic, recreational and economic assets 
of rivers exist throughout the world and in some places are both serious and imminent 
– avoidance of the impacts these threats might have is better than having to reverse 
them. For others the clear message is that management, if needed, and regulations, 
should be based on sound knowledge underpinned by evidence, where the ‘yin and 
yang’ are complementary.
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Introduction

In October 2000, the European Union adopted the Water Framework Directive 
(WFD: EU 2000). The purpose of the directive, amongst others, is to establish a 
framework for the protection of inland surface waters (rivers and lakes). Unless 
heavily modified beyond economic rehabilitation, water bodies are to be restored 
to ‘good status’, and the best protected from declining. The Directive requires 
Member States to establish river basin districts and for each of these river basin 
management plans are produced. The Directive envisages a cyclical process where 
river basins management plans are prepared, implemented and reviewed every 6 
years. Within a planning cycle there is a need for: (i) characterisation and assessment 
of impacts; (ii) environmental monitoring to quantify the impacts; (iii) the setting 
of environmental objectives; (iv) designing and implementing the programme of 
measures needed to achieve the environmental objects. At its core the WFD is 
driven by ecological quality and status, with fish, invertebrates, phytoplankton, 
phytobenthos and macrophytes used in the assessment process. Having confidence 
in survey and assessment of these biological elements is thus at the heart of imple-
menting the WFD; the MTR is a survey method that fulfils the requirements for the 
macrophyte element of the Directive.

Biological monitoring of water quality has a long history, but it is only relatively 
recently that the use of macrophytes has been added to the suite of existing systems 
based on animals. In Europe, as in many other parts of the world, surveys of inver-
tebrates in rivers dominated the early work on biological water quality assessments. 
One of the earliest was developed for the River Trent in the UK, with pioneering 
biological river water quality indices being developed, the Trent Biotic Index (TBI; 
Woodiwiss 1964). Many different systems then were developed in different countries, 
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so in the late 1970s an attempt was made to develop a system that could be used 
throughout Europe. Several countries got together to assess commonalities within 
their systems, and the result was ‘The Biological Monitoring Working Party’ 
(BMWP) procedure for measuring water quality using macro-invertebrates to 
create quality indices. It was adopted in the UK in the early 1980s (Armitage et al. 
1983) and the basic form has been used in many other countries since.

The BMWP method is based on the principle that different aquatic invertebrates 
have varying tolerances to nutrients or pollutants. Many mayfly (Ephemeroptera) 
and stonefly (Plecoptera) species demand high quality water, and so in the BMWP 
system they are accorded a score of 10. In contrast, worms (Oligochaeta) can with-
stand gross pollution and they are given a score of one. Site BMWP scores are 
determined by adding the tolerance scores of all macroinvertebrate families in the 
sample. Thus, a high BMWP score reflects good water quality. However, naturally 
species-rich sites have higher scores than naturally poor sites even if the water 
quality is the same. To over-come this problem, Average Score Per Taxon (ASPT) 
provides a uniform scale from 1 to 10 for any sample; it is the average of the tolerance 
scores of all macroinvertebrate families found in a sample.

Papers describing the value of macro-invertebrates as water quality indicators 
often quote their relatively large size, long life cycles and low mobility as key attributes; 
this ensures that the presence of a given taxon at the time of sampling reflects past 
conditions (Hellawell 1986). Additional reasons quoted include the low cost and 
ease of sampling and relatively easy identification at family level. Brabec and 
Szoszkiewicz (2006) give equally good reasons why aquatic macrophytes and algae 
can reflect changing nutrient regimes and flow conditions. Phytobenthos are often 
good early warning indicators of change as they grow rapidly, but appear tran-
siently. Most macrophytes on the other hand, due to their longer life cycles, indicate 
more persistent impairment. General advantages of using macrophytes for quality 
assessment are that they are stationary (cannot flee from a pollution incident), visible 
to the naked eye, quantity can be assessed, and relatively low manpower is needed 
to identify core species.

In 1987, Haslam reviewed some of the literature on the use of macrophytes as 
indicators of enrichment in Europe. Some conclusions she came to included the 
following.

“Species are influenced by nutrient regime, and can be ranked according to their •	
distribution in relation to trophic status.”
“Ranking order differs slightly between countries.”•	
“Tolerance range [of species] may be wide, or narrow.”•	
“Correlations with nutrient status may be due to the species’ nutrient requirements, •	
but may also be due to its requirement for another factor which occurs in only part 
of the nutrient range. Therefore the correlation may or may not be causal.”
“There is general agreement that species can be ranked and grouped in relation •	
to habitat nutrient”.

Early correlation of macrophytes with water chemistry, for both running and 
standing waters, paid more attention to relationships between species and base status 
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than nutrient status. For example whilst Seddon (1972) recognised relationships 
between species and nutrient levels, his paper on macrophytes as limnological 
indicators concentrated heavily on parameters such as hardness, conductivity, etc. 
Both Seddon and Hutchinson (1970) noted that the distribution of Myriophyllum 
alterniflorum & M. spicatum could be determined in relation to pH, calcium and 
bicarbonate. Whilst this is certainly true, the latter is far more tolerant of nutrient 
enrichment than the former (Haslam 1987). Weber-Oldecop (1976) and Wiegleb (1978) 
in Germany have associated nutrient-poor species and communities with calcium-
poor chemistry (and vice-versa for nutrient-rich ones), as did Meriaux (1982) in 
France. This highlights that the presence and abundance of many species, not just 
macrophytes, is usually a reflection of many (often inter-related) factors, not one.

The work of Kohler (1975) developed clear associations between individual 
species and communities with nutrients as opposed to cation associations – e.g. 
Ammonium-N and Phosphate. Kelly (1990), Ellenberg (1973) and many more have 
all expounded on the value of macrophytes as indicators of their chemical environ-
ments but their use in water quality assessments found little favour until relatively 
recently. In Ireland a system of combining macrophyte data with standard inverte-
brate methods was also developed in the 1980s (Caffrey 1987). The system is a five 
point biotic Index – Macrophyte Index Scheme (MIS) based upon assessment of 
data from 140 sites on 27 Irish rivers – which enables grouping of pollution-sensitive 
and pollution-favoured species.

What is MTR and How Does it Work?

The MTR system was developed in the early 1990s to enable macrophytes to be 
used alongside invertebrates and other methods to assess river water quality in 
the UK. The prime driver for its development was to assist the UK in implementing 
the European Union’s Urban Wastewater Directive (UWWD: EU 1991).

The term ‘macrophyte’ in MTR embraces higher plants that grow submerged or 
partly submerged, vascular cryptograms and bryophytes, together with macroscopi-
cally distinct algae that are typically composed predominantly of a single species. 
Through several years of testing from 1994 to 1996 the system was refined, and a 
checklist of taxa for inclusion in the system produced. As this was based on UK 
rivers, the checklist included only species that are widely distributed in rivers of all 
types within the UK. It, however, excluded species that are very commonly found 
along the waterlogged margins or on the banks, and others that were equally consid-
ered unlikely to respond to even major changes in nutrient status. A total of 129 
taxa were included on the list, with the possibility of recording indeterminate 
specimens such as Ranunculus, Veronica and Callitriche that cannot always be 
identified to species. The list included: seven algae; seven liverworts; 23 mosses; 
three vascular cryptogams and 89 flowering plants. The use of non-flowering plants 
within the system was considered essential if all river types could be assessed using 
the system; this was confirmed by Baattrup-Pedersen et al. (2006) who reported on 
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European-wide river surveys that small or even large mountains streams are usually 
dominated totally by mosses and liverworts, yet the communities of lowland 
streams tend to be dominated by vascular plants.

Each species on the checklist was assigned a Species Trophic Rank (STR) of 
1–10, depending on its perceived tolerance to eutrophication (1 = tolerant; 10 = 
intolerant). This is similar to the invertebrate BMWP system where invertebrates 
requiring the highest quality of water are assigned a rank of 10, and those with the 
highest tolerance to pollution are given a score of 1.

The sampling unit used in MTR is 100 m in length. For small rivers this would 
include the whole channel width, but for wide or very deep rivers the survey unit 
may be reduced to a 5 m strip down one side or other for 100 m. Macrophyte abun-
dance is expressed in terms of the percentage of the survey length covered by each 
taxon present. The scoring system is on the following scale: 1: <0.1%, 2: 0.1–1%, 
3: 1–2.5%, 4: 2.5–5%, 5: 5–10%, 6: 10–25%, 7: 25–50%, 8: 50–75%, 9: >75% 
cover. The percentage cover for each taxon in each site is referred to as the Species 
Cover Value (SCV). When macrophyte species overlap each other, or there are 
floating species over submerged species, total cover values can exceed 100%. In 
shallow rivers, survey may be done first from the bank and then by wading the 
channel. If channels are too deep for wading, boats may be used as well as grapnels 
to collect material from the riverbed; in such cases the percentage cover values are 
less reliable and this should be noted.

To determine the nutrient status of a site, the SCVs of species present in a 
site are used in combination with the STR to enable a site MTR score to be derived. 
To illustrate how the system works, two hypothetical sites are compared in 
Tables 12.1 and 12.2. Both have exactly the same species present within the sites, yet 
their abundance values are very different (expressed as SCVs). In the hypothetical 
upstream site, SCVs are low for species with a low STR but high for species with 
a higher STR. The converse is the case for the hypothetical site downstream of the 
nutrient-rich discharge. MTR site scores are determined by first multiplying the 
SCV scores for each species present with their STRs to give a Cover Value Score 
(CVS). Next the individual SCV and CVS scores are added together and the latter 

Table 12.1 Hypothetical site 1

Taxon STR SCV Scoring CVS

Enteromorpha 1  1 1 × 1  1
Cladophora 1  1 1 × 1  1
Nuphar lutea 3  1 1 × 3  3
Lemna minor 4  7 7 × 4 28
Potamogeton pectinatus 1  1 1 × 1  1
Zannichellia palustris 2  1 1 × 2  2
Leptodictyum riparium 1  1 1 × 1  1
Ranunculus fluitans 7  7 7 × 7 49
Column totals for MTR scoring 20 86
MTR Score 86 (CVS total) 4/20 (SCV total) = 4.3 

× 10 = 43
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total is divided by the former total score. To obtain an index from 10 to 100, this 
score is multiplied by 10. From this example it can be seen how important the 
accurate estimation of cover within a site is. In the examples given, the MTR scores 
of 43 and 15 are analogous to invertebrate ASPT scores of 4.3 and 1.5.

A draft manual was produced in 1996 to trial the method, followed by a thorough 
independent review of its performance. The review of the method involved matching 
sets of water quality data with the distribution of individual species on the UK 
checklist, and MTR scores derived from surveys carried out where there were 
matching water quality stations. The review concluded the system generally reflected 
well differences in nutrient status, and made recommendations for its wide use, 
unaltered (Dawson et al. 1999). A detailed manual (Holmes et al. 1999) was then 
produced to describe the method in detail, and outline applications for its use.

The MTR method is similar to several other macrophyte survey and assessment 
methods developed at broadly similar times in Europe. Two of the most applied and 
tested are the Trophic Index of Macrophytes (TIM) and The Biological Indice 
Macrophytique (IBMR). The former was developed in Bavaria, and the latter in 
France. The principles of both are similar to the MTR method, but in the IBMR 
system there are 207 checklist taxa, and trophic ranks range from 0 to 20 (with the 
highest numbers representing oligotrophy, and therefore is on an opposite scale to 
MTR and BMWP).

Applications of MTR

The MTR system was developed specifically to assist in delivering the requirements 
of the UWWD in the UK. In England and Wales, wherever there were concerns that 
qualifying discharges (serving >10,000 people) may be impacting a river, MTR 
surveys were carried out upstream and downstream of the discharge. Care was 
always taken to sample sites of similar physical characteristics as flow velocity and 

Table 12.2 Hypothetical site 2

Taxon STR SCV Scoring CVS

Enteromorpha 1  7 1 × 7  7
Cladophora 1  7 1 × 7  7
Nuphar lutea 3  1 1 × 3  3
Lemna minor 4  1 1 × 4 28
Potamogeton pectinatus 1  7 7 × 1  7
Zannichellia palustris 2  7 7 × 2 14
Leptodictyum riparium 1  7 1 × 7  7
Ranunculus fluitans 7  1 1 × 7  7
Column totals for MTR scoring 38 56
MTR Score 56 (CVS total) 4/38 (SCV total)  

= 1.5 × 10 = 15
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sediment can have considerable influence on the assemblage of macrophytes 
present. If surveys consistently indicated much lower MTR scores downstream of 
the discharge, and the reason could be shown to be due to the discharge, phosphorus 
stripping was introduced to reduce the nutrient levels. Surveys usually continued 
following this to monitor the response of the macrophytes through MTR scores.

An example of the application of MTR in relation to sewage treatment work 
(STW) discharges is illustrated in Fig. 12.1. This figure shows the MTR scores for 
sites surveyed on the River Wye, a large river on the Welsh/English border. Surveys 
were carried out upstream of Ross-on-Wye STW discharge for several years from 
1994 to 1996. From 1998 to 2005, surveys were undertaken both upstream and 
downstream of the discharge.

In 2000 phosphate stripping was introduced, and upstream and downstream 
macrophyte surveys continued for 5 years; MTR results clearly suggest that there is 
now no measurable impact on the macrophyte community from the STW discharge.

The example of using MTR surveys to determine whether nutrient stripping is 
required, and then monitoring the response in the river of the management action 
taken, has been repeated on many rivers in England and Wales. These are examples 
of MTR being used specifically to determine the impact of single point sources of 
potential enrichment in rivers. MTR can also be used to identify the cumulative 
effect of diffuse sources of eutrophication within catchments, or characterise the 
nutrient status of whole rivers, or sections within larger ones. Figure 12.2 illustrates 
this application, again from the Wye. This shows 5 years of MTR surveys at 18 sites 
down the Wye from 2000 to 2005. The figure shows that each survey year produced 
very similar results for each site; given the dynamic nature of rivers, these annual 
variations in scores are very small. The MTR scores in the two headwater sites were 
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always above 70, reflecting the very clean water due to the nutrient poor moorland 
landscape and base-poor rocks in the upper catchment. In the lower reaches, from 
km 146 downstream, MTR scores are around 40, reflecting a much more sluggish 
lowland river flowing over more basic and richer rocks, as well as receiving the 
cumulative nutrients from all upstream diffuse and point sources. The figure shows 
clearly that MTR scores rapidly drop around 50 km from the river’s source. 
Reference to geological maps shows this is where the base-poor rocks change to 
more basic sandstones and limestone. Not only does the natural chemistry of the 
water become more enriched, but also land-use becomes more intensive – MTR 
surveys can show evidence of both.

The European Star Project

The STAR (STAndardisation of River Classifications) research project was an initiative 
funded by the European Commission with links to the implementation of the Key 
Action “Sustainable Management and Quality of Water” within the Energy, Environment 
and Sustainable Development Programme. The project had formal links to CEN 
(European Committee for Standardisation – http://www.cen.eu/cenorm/homepage.htm) 
and a key aim was to provide relevant environmental CEN working groups with draft 

Fig. 12.2 Changes in MTR scores down the Wye 2000–2005 (data courtesy of the Environment 
Agency); lines represent surveys in years 2000, 2002, 2003, 2004 and 2005
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methods for surveys and assessments. Results from the STAR project were pub-
lished in a special issue of the journal Hydrobiologia in 2006 (Furse et al. 2006).

As part of the project, over 100 sites in four different WFD regions were surveyed 
using the MTR method alongside any existing national macrophyte survey methods 
(Szoszkiewicz et al. 2006). From the analysis of data, they reported that MTR (and 
IBMR) data could be used to produce metrics for quality assessment. Relationships 
between several macrophyte metrics and nutrient enrichment were found to be 
highly significant, although not sufficiently well correlated to be used as a uniform 
system for all the river types across the whole of Europe. Analysis based on the 
STAR MTR macrophyte database enabled the project to propose a re-designed 
MTR for lowland rivers and a slightly different version for the mountain streams. 
Regional checklists were recommended to improve its application and ease of use 
in different parts of Europe, and it was proposed that the checklist of taxa be 
enlarged so the same basic system could be used as a pan-European macrophyte-
based bio-assessment method. Thus they recommended MTR could be a useful tool 
for determining ecological status of rivers for the WFD, but such an application of 
the method will be most reliable when linked to regional lists developed through 
locally developed programmes using an international protocol.

The Polish MTR System

Following research into the application and performance of MTR in the UK 
(Szoszkiewicz 2004), macrophyte surveys were undertaken in Poland using the 
MTR method, but other macrophytes additional to the UK checklist taxa were 
included during the survey. Using the data from these surveys, a Polish MTR 
system was developed that includes some additional taxa that are common in rivers 
there, and altering slightly STRs for some taxa. Based on correlations with nutrient 
status, some edge taxa have also been added that do not appear in the UK system. 
This modification is consistent with the recommendations of the STAR project.

In 2007 the author undertook surveys on 12 Polish river sites to compare the 
MTR scores derived by using: (i) the unmodified UK MTR method; (ii) the UK 
check-list but using any modified STRs of the Polish system; (iii) the Polish checklist, 
with the modified STRS, and the weighting modifications in the Polish system. 
Results from the different scoring systems are depicted in Fig. 12.3. The first is 
using the UK check-list of taxa, and the original UK STR assigned to each taxon; 
the second used the same UK check-list, but with STRs assigned in the Polish (PL) 
system; the third shows results using the Polish check-list and their SDTR system, 
whilst the last system is a variation of the standard Polish system allowing for 
weighting of selected species. The overall scores derived from the systems are very 
similar. The Polish MTR system (i.e. including the additional taxa and using their 
scoring system) resulted in scores either staying the same as that without using the 
additional taxa, or slightly increasing. These comparisons show that differences in 
STR result in greater changes to MTR scores than the addition of taxa.
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Conclusions

The use of macrophytes in river quality assessment has a very recent history. 
The MTR method has been tested at a pan-European scale and shown to have many 
useful applications, not least helping member EU countries to meet the requirements 
of the WFD. By wide use and testing in many countries in Europe it has been shown 
to be a robust method with a core system that can be refined for use in different 
geographical areas to improve its effectiveness as an assessment tool.
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Introduction

The River Itchen is approximately 28 km long and runs entirely within the UK 
county of Hampshire, from New Cheriton, through Winchester to join the Solent in 
Southampton. It is one of the “classic” chalk rivers (Butcher 1927), rising on the chalk 
of the South Downs and flowing either over chalk or alluvial deposits throughout 
its length; consequently wherever there is faster flow, the bed is dominated by 
flints. Partly due to this uniform geology and partly because of the buffering effect 
of slow release of water from the aquifers from which they derive, chalk rivers are 
seen as being among the most stable river systems in the UK, lacking the massive 
level of flow variation or scour typical of upland rivers on hard geology. Chalk 
rivers are also among the most managed riverine systems in the UK, most having 
been modified and maintained for fishing, watercress farming and, to a lesser 
extent, as a source of power to run mills for many centuries.

The River Itchen was designated as a Special Area of Conservation (SAC) under 
the Habitats Directive. EUNIS habitat 3260 “Water courses of plain to montane 
levels with the Ranunculion fluitantis and Callitricho-Batrachion vegetation” is 
cited as the only habitat serving as a primary reason for designation. In the Joint 
Nature Conservation Committee (JNCC) description, the Itchen is described as 
“a classic example of a sub-type 1 chalk river [..] dominated throughout by aquatic 
Ranunculus spp. The headwaters contain pond water-crowfoot Ranunculus peltatus, 
while two Ranunculus species occur further downstream: stream water-crowfoot 
R. penicillatus ssp. pseudofluitans (a species especially characteristic of calcium-rich 
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rivers) and river water-crowfoot R. fluitans” (www.jncc.gov.uk). The description 
of Habitat 3260 reads: “Watercourses of plain to montane levels, with submerged or 
floating vegetation of the Ranunculion fluitantis and Callitricho-Batrachion (low 
water level during summer) or aquatic mosses”, with the following taxa considered 
to be characteristic: Callitriche subspp., Fontinalis antipyretica, Myriophyllum spp., 
Potamogeton spp., Ranunculus aquatilis, R. fluitans, R. peltatus, R. penicillatus subspp. 
penicillatus and pseudofluitans, R. saniculifolius, R. trichophyllus, Sium erectum 
(Berula erecta) and Zannichellia palustris (eunis.eea.europa.eu). It is interpreted into 
UK practice by Hatton-Ellis and Grieve (2003).

It is a requirement of the Habitats Directive to monitor the condition of habitat 
3260. Following designation, extensive macrophyte surveys were carried out in 
2002–2003 to assess the condition of the Ranunculion fluitantis and Callitricho-
Batrachion habitat, the conclusions of which were that insufficient information was 
available on the macrophytes to fully assess the condition of the Annex I habitat in 
the river. This chapter reports on the use of survey data to assess the condition of 
the Ranunculion fluitantis and Callitricho-Batrachion habitat.

The Study

A project was initiated to collect data on the aquatic plants in the river employing 
the Mean Trophic Rank (MTR) protocol (Holmes et al. 1999b) (see Chapter 12). 
Whilst this method was not designed for this purpose, the Environment Agency 
(EA) was keen to assess whether it had value for monitoring the condition of the 
Ranunculion fluitantis and Callitricho-Batrachion habitat. For this assessment, we 
made the following deviations from the standard method:

A single 100 m section was surveyed for each of the 28 km of the river, whether or •	
not there was a known inflow or discharge. Figure 13.1 provides a topological 
representation of the location of sampling sites on the river.
Surveys were repeated in March, June/July and September each year to measure •	
seasonal effects.
Rather than record taxa against the standard list specified by the MTR method, •	
all taxa were recorded as accurately as possible and, in this, the method employed 
accords better with LEAFPACS (Willby 2005).
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Fig. 13.1 Topological representation of the location of sampling sites on the River Itchen
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Rather than record taxa to a nine point cover scale, the cover of each taxon was •	
estimated to within one percentage point (except estimates below one per cent 
which were estimated as being <0.1% or 0.1–1%), although in practice there is 
a tendency for the surveyor to assign cover values to integers below 20% and to 
the nearest 5 or 10% above this.

Use of the data collected was based on a number of assumptions (Box 13.1), some 
of which apply to all interpretations and some only to calculation of MTR scores. 
Equally, it was not possible to simply employ the data collected without modifica-
tion, and decisions on interpretation of species data are explained in Box 13.2.

Data were analysed to establish whether any of the following could serve to indicate 
the condition of the Ranunculion fluitantis and Callitricho-Batrachion vegetation:

MTR scores•	
Traditional concepts of conservation value (such as rarity, diversity, etc.)•	
Recorded characteristics of the •	 Ranunculus population

Box 13.1 For the purposes of analysis, the following notes must be taken 
into account

The first four datasets (September 2004 and March, June and September •	
2006) were collected by R.V. Lansdown or T.J. Pankhurst, subsequently 
all data were collected by R.V. Lansdown, to reduce the effects of observer 
differences.
Data collected from surveys in 2002–2003 were included in the analysis •	
of MTR scores where they were known to be directly comparable.
During the period for which data are analysed here, the only obvious •	
changes in the river were (i) a period of increased turbidity in the summer 
of 2005, probably due to excavation of an online pond, and (ii) an increase 
in flow throughout the survey period.
On no occasion were data from previous surveys consulted before a survey, •	
the idea being that each recording event should be as independent as possible 
and therefore to resemble the standard one-off recording visit.
The stability of the system (considered a characteristic of chalk rivers) •	
should ensure that vegetation would remain more or less the same in the 
absence of perturbation.
The absolute percentage cover estimates were converted to a 9-point scale •	
for MTR score calculation, as recommended by Holmes et al. (1999a), as 
follows:

In all cases, if a recorded cover estimate fell between two ranks, it was •	
assigned to the lower of the two.
When combining scores (for example various names used for the •	
Batrachian Ranunculus), the highest value has been selected or integers 
added.
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Box 13.2 Decisions relating to the analysis of data

In the process of preparing data for analysis, a number of decisions were 
taken and some artefacts of recording recognised; these are described below. 
The authors are unaware of any record made by other workers of the reasoning 
behind such decisions and yet such decisions are made, consciously or otherwise, 
every time that MTR survey is carried out on a river. Without a record of the 
decisions taken and the implications of these decisions for data interpretation, it 
is not possible to make a reliable comparison of datasets collected by different 
surveyors. In addition, differences in identification and nomenclature will 
strongly affect comparability of data.

Records of “•	 Cladophora agg.” were combined as Cladophora glomerata, 
because according to John et al. (2002) only three species of Cladophora 
occur in UK waters, of which C. fracta occurs in nutrient-rich ponds and 
ditches, while C. aegagropila is easily distinguished from the other two 
and does not occur on the River Itchen.
In the early part of the study, submerged •	 Pellia populations were recorded 
as “Thallose liverwort”. Following confirmation that they were actually 
Pellia species but because they lacked reproductive structures could not be 
identified to species, they were recorded as “Pellia sp.”. These and records 
of Pellia epiphylla which does not occur on the River Itchen, have been 
treated as P. endiviifolia.
All Batrachian •	 Ranunculus records are treated as R. penicillatus subsp. 
pseudofluitans because it has been demonstrated that all populations in the 
river can reasonably be assigned to this taxon (Lansdown 2007). Where two 
Batrachian Ranunculus taxa were recorded, the lowest possible score was 
used (e.g. 4 + 5 = 7.5 = 5).
All records of •	 Lemna minor and L. minor/gibba are treated as L. gibba 
because rigorous searching showed that L. minor does not appear to occur 
on the Itchen.
All records of •	 Callitriche populations that were not flowering and recorded 
as Callitriche platycarpa/obtusangula have been omitted from analysis. 
However this means that the records of C. obtusangula used actually 
represent the proportion of all Callitriche plants present which were 
flowering and could be confirmed as that species, rather than any measure 
of the abundance of Callitriche species in general.
Records of •	 Rorippa nasturtium aquaticum in the 2003–2003 data were 
assigned a score and have been interpreted as R. nasturtium-aquaticum 
sensu stricto, although it is likely that this does include records of the other 
two taxa. Conversely, in 2004–2008 all populations were identified to species 
wherever possible and non-flowering populations recorded as Rorippa 
nasturtium-aquaticum agg. which have been omitted from analysis.

(continued)
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As noted by Hatton-Ellis and Grieve (2003) “The definition of watercourses 
characterised by Ranunculion fluitantis and Callitricho-Batrachion (CB) communities 
is very wide, in practice covering the majority of rivers and streams with aquatic 
plant communities of note”. It cannot be applied with any rigour to different sections 
on a river and any variation sufficient to exclude a section from this class would 
need to be extreme. Hatton-Ellis and Grieve (2003) provide a means of distinguishing 
between six different types of the Ranunculion fluitantis and Callitricho-Batrachion 
communities but these seem to apply only at the whole river level. There seems to 
be no means by which to recognise a degraded community or to define where the 
community begins or ends.

Consequently, although the data collected for this project can be used to assign 
the Itchen to a type CB2 “Base-rich Ranunculus penicillatus subsp. pseudofluitans 
- Callitriche obtusangula rivers, including chalk streams”, it is not possible to 
assess whether individual sections may also be so assigned.

MTR

The MTR scores from sections upstream and downstream of the selected licensed 
discharges or groups of discharges were considered. However, there are hundreds 
of licensed discharges into the River Itchen and it was not practical or meaningful 
to address all of them in the analysis. Therefore, only 17 large discharges identified by 
the Environment Agency’s SIMCAT model were compared. These are represented 
by two Sewage Treatment Works (STW), eight intensive and two unintensive 
watercress beds and five fish farms or hatcheries.

Any consideration of these data must recognise that there are licensed discharges 
not considered here, as well as large numbers of unlicensed discharges and hard-
surface run-off into the river and its tributaries which are generally subject to minimal 
treatment. In addition to various inorganic substances, these may carry organic 
substances which will have an effect on nutrient levels within the river. This is 
particularly the case with the River Itchen, which receives input of run-off from the 

Box 13.2 (continued)

As is the case with the •	 Rorippa nasturtium-aquaticum agg. and Callitriche 
species, non-flowering Veronica populations cannot be identified more 
precisely than to genus. V. × lackschewitzii was not recorded in 2002–2003, 
although it seems very likely that this is the dominant taxon present on the 
river. Records of V. anagallis-aquatica or V. catenata from 2002 to 2003 
are interpreted as sensu stricto, although these records certainly include 
V. × lackschewitzii.



130 R. Lansdown and T. Pankhurst

M3 motorway in a number of places. There are also important inputs of diffuse 
pollution which cannot be quantified for the purposes of this analysis.

Overall the MTR scores (Tables 13.1 and 13.2) are difficult to explain. Downstream 
of some discharges there are significant decreases in MTR score implying nutrient 
enrichment. However, downstream of other discharges MTR actually increases by 
more than 4 units, which may imply a significant improvement in trophic status. 
Equally MTR scores may increase or decrease upstream or downstream of the same 
discharge on different surveys. Significant increases in MTR scores downstream of 
discharges are unlikely and the large number of these results is of some concern.

It may be that the MTR method is not able to adequately reflect trophic changes 
in the state of the River Itchen and this requires further investigation. Also, there is 
no evidence to suggest that observed variation in MTR scores reflects changes in 
trophic state in a way that relates to Ranunculion fluitantis and Callitricho-Batrachion 
communities.

If such problems have been observed in other areas of the country then it would 
seem appropriate to carry out a full review of the MTR method. Until a critical 
review is completed, however, it seems sensible to suggest that a difference of 14 
MTR points (which equates to the greatest increase observed) between two sections 
must be considered to represent normal variation and only a difference well in 
excess of this should be considered “significant”.

Table 13.1 Difference between MTR scores from summer surveys on the main channel between 
sections up- and downstream of licensed discharges. A positive number indicates a rise in MTR 
score as one progresses downstream and a negative score a decline. Bold cells with a shaded 
background indicate a fall in MTR score of more than 4 points and bold cells with a white 
background indicate a rise in MTR score of more than 4 points

Section  
numbers  2:6  4:5 9:10 14:15 16:17 25:26

2002 –1.7 –1.0
2003 –0.7   0.0 –2.5
2005  2.4  2.5 –0.4  –2.7   9.3 –3.0
2006  3.3  3.8  5.5   1.3   -0.9 –4.4
2007 –1.9  9.9  3.6  –3.6  0.0
2008  3.2 –0.6  6.1   0.7  –7.4 –3.8

Table 13.2 The difference between MTR scores from autumn surveys on the main channel 
between sections upstream and downstream of licensed discharges (presentation follows Table 13.1)

Section  
numbers 2:6 4:5 9:10 14:15 16:17 25:26

2002  2.0 –1.9
2003  2.0  0.4 –3.2
2004 –0.9  6.9  6.0  1.7  2.3
2005  0.5 –0.3  2.5  2.7 –9.1 –0.6
2006  1.3  3.2  7.0 –5.0 –4.9 –4.3
2007  7.3  3.1 14.0  5.0 –1.5 –1.8
2008  7.0  1.6 13.6 –0.9 –0.7
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Conservation Value

An established method of assessing the conservation value of sites is to use the 
criteria developed by Ratcliffe (1977) (Box 13.3). However, data collected for MTR 
analysis do not include any means of assessing or comparing the naturalness, fragility, 
typicalness, position in an ecological unit, potential value or aesthetic appeal.

Similarly, although the Itchen has a very important recorded history, dating at 
least from work by Butcher (1927), the data collected for this study provide no 
information relating to this. All the sections surveyed are the same length and therefore 
vary in size only by virtue of channel width, which is not known to have any particular 
association with conservation value. Therefore, only two of the criteria can meaning-
fully be assessed using the data collected: diversity and rarity.

Diversity

A total of 246 plant taxa (including marginal species) was recorded from the River 
Itchen during the study. Of these, 142 (58.9%) were recorded from fewer than 5 (18%) 
sections and only 33 (13.7%) were recorded from more than 25 sections (89%). 

Box 13.3 The “Ratcliffe” criteria

D.A. Ratcliffe (1977) published a review of nature conservation in Britain 
which included a set of criteria for comparison of the relative merits of 
different sites. These can be summarised as follows:

Size – self-explanatory.
Diversity – variety in number of both plant associations and species which 

are usually closely related and in turn depend largely on diversity of habitat.
Naturalness – the degree of modification by human influence.
Rarity – the presence of rare communities, habitats or species.
Fragility – the degree of sensitivity of habitats, communities and species 

to environmental change.
Typicalness – the degree to which a site can be seen to represent the best 

example of its habitat.
Recorded history – the extent to which a site has been used for scientific 

research.
Position in an ecological unit – the degree of connectivity to other sites, 

communities or habitats of conservation value.
Potential value – covers sites which may not have high value at the time 

of assessment, but which could achieve high value through appropriate 
management.

Intrinsic appeal – public perception of value.



132 R. Lansdown and T. Pankhurst

Table 13.3 The number of species per section and number of species per survey by section

2004 2005 2006 2007 2008

Section Sept. Mar. Jun. Sept. Mar. Jun. Sept. Mar. Jun. Sept. Mar. Jun. Sept. Total

1 15 16 18 29 20 22 20 20 18 19 23 15 16 72
2 28 25 21 26 25 20 28 20 26 22 18 29 19 78
3 23 31 29 28 27 32 26 32 27 26 31 32 32 78
4 22 22 25 23 20 25 21 21 22 22 24 34 21 74
5 40 31 34 31 24 28 27 23 29 33 22 32 27 81
6 24 23 30 33 22 28 29 22 31 28 24 29 33 77
7 33 22 35 35 33 35 35 26 28 34 26 35 39 90
8 45 35 33 32 33 35 34 21 34 34 33 39 31 106
9 24 31 26 22 16 30 29 34 29 30 31 27 26 84
10 31 27 30 35 22 30 25 22 28 36 25 30 30 77
11 38 12 23 36 20 27 32 27 29 34 25 32 23 84
12 35 23 30 29 21 31 25 17 34 30 30 30 25 77
13 29 15 24 32 15 30 29 18 31 30 33 34 32 79
14 33 28 29 33 30 36 30 24 37 34 25 35 27 78
15 18 20 22 22 16 28 21 13 18 22 23 65
16 52 50 41 38 40 42 34 26 40 45 40 34 130
17 44 28 27 30 34 37 33 24 30 40 28 26 98
18 30 26 32 30 22 32 32 19 31 34 85
19 29 27 31 31 22 29 31 25 24 28 29 32 26 75
20 37 36 33 34 25 37 41 24 30 24 30 25 25 86
21 33 29 35 33 18 34 34 28 38 36 35 34 89
22 41 41 40 33 20 41 38 25 33 33 27 98
23 23 25 32 33 22 36 34 23 40 29 33 81
24 44 35 34 31 26 34 28 13 27 38 32 33 100
25 34 23 30 24 16 30 35 26 28 40 32 30 78
26 39 25 37 27 26 30 32 18 26 35 32 88
27 23 24 36 33 15 36 43 20 22 34 31 79
28 40 21 35 35 15 27 25 33 23 74
Min 15 12 18 22 15 20 20 13 18 18 18 15 16 65
Max 52 50 41 38 40 42 43 34 40 45 33 40 39 130
Average 32.4 26.8 30.4 30.6 23.0 31.5 30.4 22.6 29.0 31.7 26.8 30.8 28.0 84.3

Thus it can be seen that if the whole river represents a single community (as suggested 
by Holmes et al. 1999a, etc.) then either it is a community with little homogeneity 
or many taxa are recorded that do not actually fall within the community and there 
is no replicable means of distinguishing these additional taxa.

Table 13.3 shows the number of species recorded on each survey on each section, 
together with the total number of species recorded on the section throughout the 
project.

This clearly shows wide variation, not only in the number of species recorded on 
each visit, but in the total number of species recorded on different sections. This wide 
variation is not limited to taxa in the channel but is most strongly influenced by the 
number of marginal and terrestrial taxa occurring within the recording zone. It is 
particularly striking that all sections on which 100 or more species have been recorded, 
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have exposed clays on the margin, with the consequence that species more typical 
of disturbed habitats were recorded. However, there are other sections which also 
have exposed clays in the margins but which have a lower total list. There appears 
to be no simple explanation of the variation in the total number of taxa recorded.

MTR is normally recorded against a standard checklist; using such a system, a 
measure of diversity might be indicated by the proportion of listed taxa recorded on 
each section. However, analysis shows that variation in the number and range of 
MTR taxa mirrors that of all taxa recorded and shows no logical relationship with 
the condition of the river or vegetation.

Rarity

Not many “rare” taxa were recorded on the river; records of Amblystegium humile, 
Orthotrichum tenellum and O. striatum represented the only known populations of 
these species in North Hampshire at the time of recording. However, although 
almost certainly associated with the humidity of the river corridor, A. humile is the 
only one of these that occurred within the MTR recording zone.

Catabrosa aquatica was recorded on two sections, apparently associated at both 
with a reduction in competition caused by cattle-grazing. Oenanthe fluviatilis was 
consistently recorded in river sections from Winchester downstream and on a single 
occasion, a short distance upstream of Winchester; although scarce and declining, 
this species is often associated with filamentous algae and silt deposits and may not 
be an indicator of good condition. These represent only three species directly 
dependent upon the recording zone to serve as indicators of national or regional 
rarity, which is inadequate to enable scoring of sites.

As described above (and considered typical of vegetation sampling), more than 
half of the taxa recorded occurred on less than 20% of the sections and observed 
variation was more closely linked to marginal habitats than to the channel. It therefore 
seems unlikely that assessments of rarity on the river are of use in indicating the 
condition of the Ranunculion fluitantis and Callitricho-Batrachion vegetation using 
the MTR method.

Ranunculus Subgenus Batrachium

Lansdown (2007) demonstrated that it is highly likely that the populations of 
Batrachian Ranunculus in the River Itchen are represented by a suite of polyploid 
clones of R. penicillatus subsp. pseudofluitans. These clones may respond differently 
to different environmental influences and therefore it is impossible to interpret changes 
in populations at the species level using the data collected. Collection of data on 
standard lengths, rather than in relation to stands or individuals plants of Ranunculus, 
means that it is not even possible to measure changes affecting different clones.
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Ranunculus subgenus Batrachium populations have been the focus of much 
attention over the last 30 years, probably more so than any other aquatic plants. 
However, it is of note that C.D. Preston (in Preston et al. 2002) does not support the 
idea that members of the genus are in decline and instead makes statements such as 
“The aquatic Ranunculus species are difficult to identify…”. “Changes in distribution 
are difficult to assess”, “subsp. pseudofluitans [..] is probably still under-recorded”, 
etc., while Cheffings and Farrell (2005) treat all taxa as of Least Concern. Equally, 
Cranston and Darby (2004) carried out an extremely thorough and extensive review 
of information available on the subgenus and refer only to “apparent decline”, also 
noting “major recoveries”. On the Itchen, grazing by swans appears to have a 
significant effect on the biomass of Ranunculus, but even here it is by no means 
clear whether the number or distribution of plants is affected. It must be a priority 
to establish, in fact, whether or not there has been a real decline in Batrachian 
Ranunculus and what form that decline might take.

Conclusions

In summary, plant surveys on 100 m standard-lengths of river do not appear to 
provide data that can be used to monitor the condition of the Ranunculion fluitantis 
and Callitricho-Batrachion community in the River Itchen, for five main reasons.

Significant (i.e. greater than 4 MTR points) positive and negative changes in MTR •	
score occur even when there is no other evidence to suggest a change in trophic state.
There is no evidence to suggest that observed variation in MTR scores reflects •	
changes in trophic state in a way that relates to Ranunculion fluitantis and 
Callitricho-Batrachion communities.
Of the “Ratcliffe criteria”, the data collected can only be assessed against rarity •	
and diversity. Not enough taxa of national or local conservation concern were 
recorded to be used as a measure of the quality of the communities, while actual 
diversity is obscured by adherence to a checklist and, when all observed taxa are 
recorded, by massive variation in the number of taxa observed between visits.
The •	 Ranunculion fluitantis and Callitricho-Batrachion communities are too 
poorly defined, both by EUNIS and Hatton-Ellis and Grieve (2003), to act as a 
standard against which the quality of the river may be measured.
The taxonomy and identification of Batrachian •	 Ranunculus species has not 
been adequately clarified. Consequently, it is not yet possible to demonstrate 
unambiguously that species or populations are in decline. It is highly likely that 
neither Ranunculus fluitans nor R. peltatus occur in the River Itchen and there-
fore that the description of the River Itchen SAC is inaccurate. It follows that 
monitoring against this description must inevitably, and probably erroneously, 
indicate a decline.

There is no immediately obvious means of assessing the condition of the Ranunculion 
fluitantis and Callitricho-Batrachion vegetation of the River Itchen. Given that it 
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seems likely that the Batrachian Ranunculus is one of the more tolerant plants in 
the river, focus on the subgenus may actually distract from more urgent conservation 
needs. Clearly, there is a need to measure and describe the condition of the vegeta-
tion of the river both for the purpose of reporting to Europe and simply to be able 
to respond to the needs of conservation and exploitation of the river. One of the 
problems is poor definition of exactly what is intended by the term “condition” of the 
habitat as far as it relates to the vegetation.

The following recommendations raise issues that would appear to merit further 
consideration and which might enable a more meaningful indication of conservation 
value:

It is clear that certain vegetation associations are repeated along the river •	
(probably more so on a chalk river than other river types). It may be possible to 
characterise these on a phytosociological basis and then compare (a) the range 
of species in different examples of each association and (b) representation of 
these associations in different parts of the river, to derive indices of comparative 
conservation value and even change in response to anthropogenic influences.
All available methods of assessment of the conservation value of the river appear •	
to treat the channel and marginal vegetation in isolation. However, the relationship 
between the river and its floodplain is critical for the survival of a very large 
number of plant species. A thorough assessment of the condition of the river must 
take into account habitats away from the channel, particularly as it is likely that 
the instream vegetation is very strongly affected by changes to the management 
and condition of floodplain habitats.
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Introduction

In 2008 we carried out multiple-observer sampling trials on two stretches of the 
Western Cleddau, a lowland river in south-west Wales. These trials were set up to 
determine the rates of observer variation between surveyors, specifically in relation 
to the detection of macrophyte species and estimates of vegetation cover. These are 
key components of all forms of river macrophyte survey and monitoring projects in 
UK rivers.

The Sampling Trial Locations

The sampling trials took place in two sections of the Western Cleddau, the first 
extending for 500 m downstream of St Catherine’s Bridge (Site 5 in Fig. 17.1), and the 
second extending for 100 m upstream from the small road bridge in Wolf’s Castle 
(Site 3 in Fig. 17.1). These sites are separated by a distance of more than 8 km.

The 500 m Section at St Catherine’s Bridge

This section comprises shallow riffles (<1 m deep) and deeper pools (up to 1.5 m 
deep). The river is about 13 m wide in this section (Fig. 14.1), and it was possible, 
with careful navigation, to complete the recording without leaving the river. Despite 
this, most surveyors got out of the river on at least one occasion to avoid having to 
negotiate the deeper sections of channel.
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The 100 m Section at Wolf’s Castle

The river is about 8 m wide in this section and is shallow riffle habitat <1 m deep 
throughout its length (Fig. 14.2). All surveyors recorded the full 100 m section 
without leaving the river.

Fig. 14.1 Part of the 500 m sampling trial section at St Catherine’s Bridge. Photo by Clive Hurford

Fig. 14.2 Part of the 100 m sampling trial section at Wolf’s Castle. Photo by Clive Hurford
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Methods

The data were collected on seven dates from 23rd June to 30th September 2008, 
within the recommended period for macrophyte recording in the UK. On four dates, 
two surveyors were in the river at the same time, though working independently. 
On the other three dates, a lone surveyor was accompanied by a non-participating 
colleague for health and safety purposes.

Eleven experienced professional botanists participated in the sampling trial. 
These included three accredited freshwater specialist surveyors, six ‘non-specialist’ 
surveyors who had previously received Mean Trophic Rank (MTR) training, and 
two surveyors who had never received training in freshwater macrophyte sampling 
methods. All participants were familiar with the aquatic flora of the region.

For the data collection exercise, we asked the surveyors to record cover estimates 
for all higher and lower plants (mosses and liverworts), lichens and algae present 
in the river channel. To minimise the scope for observer interpretation of the term 
‘river channel’, we asked the surveyors to record ‘all macrophytes submerged or 
partly submerged in the river within the survey length’. We modified an existing 
macrophyte recording form to meet the purposes of the survey. The surveyors were 
also asked to record how long was spent surveying each stretch of river.

As the exercise focused primarily on species detection, as opposed to species 
identification, the surveyors could take samples away with them and submit their 
recording forms after difficult specimens had been verified (by an appropriate referee 
if necessary). Similarly, there was no time limit on the exercise; we asked the 
surveyors to stay on site until they were satisfied that the sample was complete.

We excluded the bank flora from the sampling trials, as the levels of observer 
variation associated with recording terrestrial vegetation are already well documented 
(Leach and Doarks 1991; Hurford 2006).

Finally, we asked the surveyors to collect data only under optimal conditions 
during the recommended sampling period for river macrophyte surveys i.e. during 
periods of low flow and good water clarity in the period from June to September.

Issues Associated with Collating the Data

As the sampling trials focused on recording the diversity and cover of aquatic and 
emergent species, we removed all other species from the dataset following advice 
provided by Nigel Holmes and Richard Lansdown. We then collated all of the surveyors’ 
data into a master dataset.

If there was any doubt over the presence of a species in the river sections, we 
removed that species from the master dataset that we used to determine species 
detection rates. We did not, however, remove any aquatic or emergent species 
from the individual surveyors’ datasets, as these are the data that they would have 
presented under normal circumstances.

Finally, as we believe that all of the Batrachian Ranunculus vegetation in the 
river was hybridised, we lumped all Ranunculus records into a single indeterminate 
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group. The Ranunculus was variably recorded by the surveyors as R. fluitans, two 
subtypes of R. penicillatus, Ranunculus hybrid and as indeterminate Ranunculus.

Results

The sections below outline the results of the sampling trials, focusing on the species 
detection rates and cover estimates in the 500 m and 100 m sections of river.

Detection Rates for Aquatic and Emergent Plants  
in the 500 m Section

At least 59 aquatic and emergent species were present in the 500 m section, 
comprising 12 species of algae and lichen, 14 species of bryophyte and horsetail, and 
33 species of vascular plant. Table 14.1 highlights those species (excluding algae) 
with high detection rates (>75%), and those with low detection rates (<20%).

Detection Rates for Aquatic and Emergent Plants  
in the 100 m Section

At least 48 species of aquatic and emergent plant were present in the 100 m stretch 
of river. These comprised 13 species of algae and lichen, 14 species of bryophyte 
and 21 species of vascular plant. Table 14.1 highlights those species with high and 
low detection rates. Figure 14.3 shows the distribution of detection rates for species 
in this section.

Cover Estimates

The range of observer variation associated with the estimates of vegetation cover in 
each section is outlined below.

Cover Estimates for Aquatic Species in the 500 m Section

Only two species were recorded as achieving more than 1% cover in this section, 
these were the various forms of Ranunculus recorded (grouped here as Ranunculus 
sp.) and Verrucaria sp. The range of observer variation associated with the cover 
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estimates for these species is shown in Table 14.2. No seasonal pattern was evident 
in the dataset: if there was a significant reduction of Ranunculus cover throughout 
the recording period, it was hidden within the range of observer variation present 
in the dataset.

Cover Estimates for Aquatic Species in the 100 m Section

Six species were recorded as achieving more than 1% cover in the 100 m section at 
Wolf’s Castle: these were Vaucheria sp., Chiloscyphus polyanthos, Fontinalis 
antipyretica, Fontinalis squamosa, Myriophyllum alterniflorum and Ranunculus sp. 

Table 14.1 Vascular plant and bryophyte species with detection rates >80% (left) and <20% in the 
500 m and 100 m river sections. Note that Juncus effusus and Iris pseudacorus appear on both 
sides of the table, reflecting their relative abundance in the two sections

Species with a high  
detection rate of >80%

Detection  
rate (%) Species with a low  

detection rate of <20%

Detection  
rate (%)

500 m 100 m 500 m 100 m

Agrostis stolonifera 82 Alnus glutinosa 9
Apium nodiflorum 91 91 Conocephalum  

conicum
9 9

Callitriche brutia 91 Epilobium parviflorum 9
Chiloscyphus  

polyanthos
91 100 Equisetum palustre 18

Fontinalis antipyretica 100 100 Fissidens curnovii 18
Fontinalis squamosa 100 100 Fontinalis antipyretica  

var. gracilis
9

Glyceria fluitans 100 91 Glyceria notata 18 9
Iris pseudacorus 91 Glyceria x pedicellata 9
Juncus effusus 82 Amblystegium sp. 18
Myriophyllum  

alterniflorum
91 91 Hygrohypnum sp. 18 9

Oenanthe crocata 91 Iris pseudacorus 18
Persicaria hydropiper 100 Juncus acutiflorus 9
Phalaris arundinacea 100 100 Juncus effusus 9
Ranunculus sp. 100 100 Lejeunea  

lamacerina
9

Sparganium emersum 82 Lemna minor 9
Sparganium erectum 100 Lunularia cruciata 9

Mentha aquatica 18
Myosotis sp. 18 18
Pellia epiphylla 9 9
Porella pinnata 9 18
Salix cinerea 9 9
Salix viminalis 9
Scirpus sylvaticus 9
Stachys palustris 18
Veronica beccabunga 9
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Of these, the major cover-formers were the two species of Fontinalis, M. alterniflorum 
and Ranunculus sp. The range of observer variation associated with the cover 
estimates for these species is shown in Table 14.3.

Estimating the cover of the two species of Fontinalis presented a difficult 
challenge for the surveyors, who not only had to attempt to separate the species 
from the other bryophytes in the channel, but also had to try and separate them from 
each other.

The cover estimates for Ranunculus sp. ranged from 0.1–1% (<8 m2) to 30% 
(240 m2), with specialist surveyors recording both of these estimates on the same 
day (2nd July). All of the subsequent estimates fell within this range. There was no 
obvious seasonal pattern to the cover estimates, with 30% cover being recorded on 
2nd July and 25% cover recorded on 30th September (see Fig. 14.4).

Table 14.2 The range of observer variation associated with the cover estimates recorded for 
aquatic species in the 500 m section of river at St Catherine’s Bridge

Minimum cover Maximum cover Range of variation

Species % Area (m2) % Area (m2) % Area (m2)

Ranunculus sp. 4 260 40 2,600 36 2,340
Verrucaria sp. <1 <65 60 3,900 59 3,835

Fig. 14.3 The detection rates for aquatic and emergent species in the 100 m section at Wolf’s 
Castle. Half of the species have a less than 20% chance of being detected
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Table 14.3 The range of observer variation associated with the cover estimates recorded by the 
surveyors for aquatic species in the 100 m section at Wolf’s Castle

Minimum cover Maximum cover
Range of 
variation

Species % Area (m2) % Area (m2) % Area (m2)

Ranunculus sp. 0.1–1   8 30 240 29 232
Myriophyllum alterniflorum 0.1–1 <8 25 200 24 192
Fontinalis antipyretica <1 <8 12 96 11 88
Fontinalis squamosa <1 <8 10 80 9 72
Fontinalis sp. <1 <8 15 120 14 112
Chiloscyphus <1 <8 3 24 2 16
Vaucheria sp. <1 <8 5 40 4 32

Variation in the Time Spent Collecting Data

The time that the surveyors spent recording the 500 m section ranged from 1 h 20 
min to 3 h, while the time spent recording the 100 m section ranged from 35 min 
to 1 h 15 min. This equates to a minimum of 36 m2 per minute for the 500 m section and 
a minimum of 11 m2 per minute for the 100 m section. For comparison, an experienced 
terrestrial surveyor might spend 90 min recording a 2 × 2 m quadrat in grassland.

Fig. 14.4 The cover estimates recorded by the surveyors for Batrachian Ranunculus species in 
the 100 m section of river at Wolf’s Castle. Note that the range of cover estimates recorded by 
accredited surveyors on the same day in Week 2 encompassed all of the cover values recorded by the 
other surveyors in the 14-week period from 23 June to 30 September



144 C. Hurford

Discussion

The Western Cleddau sampling trials were carried out to assess the levels of 
observer variation associated with recording river macrophytes. All of the data used 
for assessing observer variation were collected under optimum conditions in the 
period recommended for collecting macrophyte data in the UK.

Although the data were collected on various dates in the period from 24th June 
to 30th September 2008, on four occasions data were collected by two different 
surveyors on the same day: these datasets allowed us to isolate examples of true 
observer variation from seasonal change.

Surveyor Performance in Recording Species Diversity

The results from the Western Cleddau sampling trials show a similar pattern to the 
results from similar exercises carried out in terrestrial habitats. For example, Leach 
and Doarks (1991) found that no surveyor recorded more than 73% of the species 
in a fixed 1 × 1 m quadrat in grassland vegetation, and that no surveyor recorded 
more than 63% of the species in a 10 × 10 m quadrat. By comparison, no surveyor 
recorded more than 64% of the aquatic and emergent species in the 500 m section 
on the Western Cleddau, and no surveyor recorded more than 54% of the species in 
the 100 m section.

With the exception of the freshwater algae and lichens, where the specialist surveyors 
consistently recorded more species than the non-specialists, there was no obvious 
difference between the specialist and non-specialist surveyors (Table 14.4).

However, despite their increased awareness of freshwater algae, there was little 
agreement between the specialist surveyors as to which species of algae were 
present: only four of the 11 species were recorded by more than one specialist 
surveyor.

Surveyor Performance in Recording Cover Estimates

With regards to observer variation in cover estimates, the results from the Western 
Cleddau trials again showed a similar pattern to the results from sampling trials in 
terrestrial habitats. Sampling trials in blanket bog vegetation (Hurford 2006) found 
that estimates of ericoid cover varied by a mean of 36% between observers. By 
comparison, estimates of vegetation cover for the main cover-forming species in the 
Western Cleddau varied by a mean of 24% between observers, with no difference 
between the non-specialist and specialist surveyors (Table 14.5).
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Table 14.4 The mean numbers of species recorded in each section by the non-specialist surveyors 
and the accredited specialist surveyors

Species group Mean number of species recorded in the 500 m section
Non-specialist surveyors Accredited specialists

Aquatic algae and lichens 3 5
Aquatic bryophytes 5 5
Aquatic vascular plants 8 7
Emergents 12 15
Total 28/59 (47%) 32/59 (54%)
Species group Mean number of species recorded in the 100 m section

Non-specialist surveyors Accredited specialists
Aquatic algae and lichens 4 7
Aquatic bryophytes 5 6
Aquatic vascular plants 6 5
Emergents 7 4
Total 22/48 (46%) 22/48 (46%)

Table 14.5 The range of cover estimates recorded by the non-specialist and specialist surveyors 
for the major cover-forming species in the 100 m and 500 m sections of river

Species Range of cover estimates recorded in the 500 m section
Non-specialist surveyors Accredited specialists

Batrachian Ranunculus 4–40% 7–25%
Species Range of cover estimates recorded in the 100 m section

Non-specialist surveyors Accredited specialists
Batrachian Ranunculus 4–25% 1–30%
Myriophyllum alterniflorum 4–20% 1–25%

Conclusions

The sections on surveyor performance illustrate that there was no appreciable differ-
ence between the accredited specialist and non-specialist surveyors, either in terms 
of their ability to record species diversity or estimate vegetation cover. The fact that no 
surveyor recorded more than 54% of the aquatic and emergent species in a shallow 
100 m section of river suggests that macrophyte data collected from both 100 m and 
500 m sections of river are likely to be seriously compromised by observer 
variation.

Half of the species in the 100 m section had a low detection rate (<20%), including 
Iris pseudacorus, Juncus effusus, Lemna minor, Stachys palustris and Veronica 
beccabunga: these species do not present identification difficulties. Neither does 
Potamogeton perfoliatus (Fig. 14.5), which was overlooked by almost half of the 
surveyors (including two of the three specialists) in the 500 m section of river. 
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In practice, if a species was locally distributed in the survey sections it had a <20% 
chance of being detected. These detection rates reflect the inability of the surveyors, 
no matter how experienced, to critically survey the required areas of search: 
c. 6,500 m2 for the 500 m section of river and c.800 m2 for the 100 m section of 
river. In effect, the expertise of specialist surveyors is being nullified by the methods 
that they are being asked to use.

The implications of these sampling trial results for established macrophyte 
recording methods are discussed in Chapter 15.
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Introduction

The scale of observer variation recorded during the Western Cleddau sampling trials 
has implications for all of the established methods of river macrophyte recording, 
and in this chapter we look at the implications for two of the methods associated 
with Water Framework Directive (WFD) monitoring in the UK, namely Common 
Standards Monitoring (JNCC 2005) and the LEAFPACS macrophyte methodology 
(Willby 2005). We also look at the implications for Mean Trophic Rank (MTR) 
recording (Holmes et al. 1999a; Holmes et al. 1999b).

The Implications of Observer Variation for Common Standards 
Monitoring (CSM) River Macrophyte Data

Although we didn’t record riverbank species in the Western Cleddau sampling trials, 
our datasets still allowed us to assess the potential impact of observer variation on 
the Common Standards Monitoring (CSM) methods for macrophyte survey.

The CSM approach differs to the MTR and LEAFPACS methods in four key ways:

1. The condition assessment relies heavily on reference to river community type, 
and on the data gathered during ‘river-type defining’ surveys in the early 1980s.

2. The surveyors must record all species, as they cannot be certain which species 
they will be assessing the river section against – again this will depend on the 
river type defined in the 1980s.
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3. The area of search is a 500 m length of river, as opposed to a 100 m length.
4. The cover estimates are recorded on a three-point scale, as opposed to a nine-point 

scale.

The sample trial data from the St Catherine’s Bridge river section were collected 
over the recommended 500 m survey length, so we have used these data to illustrate 
the potential impact of observer variation on CSM results.

Assessment of River Type

Based on data collected in 1980 (Holmes 1983), the river at St Catherine’s Bridge 
was classified as community type BVd (Western, stable rivers on sandstone and 
shales). Perhaps a little surprisingly, during the 1980s surveys the absence of a 
species within a 500 m section of river was treated with the same significance as 
the presence of a species.

The master dataset from the 2008 sampling trials (derived from pooling the data 
from all 11 surveyors) also suggested that the river community type at St Catherine’s 
Bridge was BVd. However, when we processed the individual datasets, we found 
that, depending on which surveyor’s data we used, the river could have been classified 
as three different communities (and five different sub-communities), as follows:

One surveyor would have classified the section as river type BVd.•	
Seven surveyors would have classified the section as river type AIVa (Base-rich/•	
neutral impoverished rivers, normally close to source).
One surveyor would have classified the section as river type AIVb (Base-poor •	
impoverished ditch communities).
One surveyor would have classified the section as river type BVe (Lowland large •	
rivers in south-west England and Wales).
One surveyor would have classified the section as river type CVIIIa (Steep-gradient, •	
low-altitude sand/shale rivers).

During the surveys of the 1980s, four community types were recorded along the 
length of the Western Cleddau. By contrast, during the 2008 sampling trials, 
depending on which surveyor’s data you used to classify the section, three of these 
four river types were identified within the same 500 m section of river at St 
Catherine’s Bridge. This suggests that observer bias can have a major influence on 
the identification of the river type (biased both by species familiarity and which 
parts of the river channel the surveyor looks at). It also suggests that all of the 
community and sub-community types identified by the sampling trial surveyors are 
different species groupings within the same broad river community.

Furthermore, as most rivers were classified on the evidence of a single dataset 
collected by a single surveyor, observer variation could have had a significant bearing 
both on the selection of sites for protection (Type AIVb does not qualify for protection) 
and, more recently, the results of the CSM condition assessments – which use the 
original 1980s river type to determine which species should be present in any given 
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section of river. It is not difficult to see how a section of river conforming to one 
river type could be assessed against the criteria for a different river type.

A final thought on this matter. In 1980, a total of 39 aquatic and emergent species 
was recorded in two contiguous 500 m sections at Wolf’s Castle: these two reference 
datasets were then used to define the river type. By contrast, in 2008 a total of 48 
aquatic and emergent species was recorded in a 100 m section at Wolf’s Castle, 
including all but one of the aquatic species recorded in the two 500 m sections in 
1980. This suggests that the 1980s datasets used to classify the river were incom-
plete, and the dataset from St Catherine’s Bridge illustrates all too clearly the impact 
that using incomplete datasets can have on the identification of the river type.

Cover Estimates in CSM

The cover estimates for CSM condition assessments are recorded on a three-point 
scale, where:

1 = <0.1% cover of the channel (river) or at its wetted margins (bank)•	
2 = 0.1 – 5.0% cover•	
3 = >5.0% cover•	

The cover estimates recorded by the surveyors during the 2008 sampling trials for 
Ranunculus penicillatus ssp. penicillatus in the 500 m section at St Catherine’s 
Bridge are shown in Fig. 15.1. If we convert these cover estimates to scores on the 

Fig. 15.1 Cover estimates recorded by surveyors for Ranunculus penicillatus in the 500 m section at 
St Catherine’s Bridge. Surveyors 1, 2, 7, 10 and 11 recorded the Ranunculus under different names
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three-point scale outlined above, we find that three surveyors would have posted a 
score of 2, and that three surveyors would have recorded a score of 3: the remaining 
surveyors recorded the Ranunculus under different names.

This suggests that, for practical purposes at least, the three point scale is 
actually a two point scale, where 1 = <0.1% and 2 = >0.1%. The obvious limitation 
of this is that major cover-forming species can undergo significant declines, 
e.g. from 40% channel cover to 0.1% channel cover without any means of detecting 
the loss.

CSM Assessment Results

Using the master dataset, even without recording the bank species, the 500 m 
section of river at St Catherine’s Bridge passed the CSM criteria for a BVd 
river type. By contrast, no individual surveyor would have passed the river 
section against the CSM criteria. Major discrepancies on this scale could lead 
to unnecessary expenditure on management – as a direct consequence of observer 
variation.

Had we recorded the bank vegetation during the sampling trial, it is feasible 
that some of the surveyors’ datasets would have passed the CSM criteria for 
macrophytes. However, this raises the separate issue of whether the presence or 
perceived absence of species such as Agrostis stolonifera, Solanum dulcamara 
and Epilobium hirsutum should determine favourable conservation status for 
the Ranunculion habitat, and by association, good ecological status for a Natura 
2000 river.

The Impact of Observer Variation on LEAFPACS Data

The LEAFPACS methodology was developed to meet the requirements of the Water 
Framework Directive in the UK, and in some respects, it is similar to the MTR 
method, for example:

The macrophyte data are collected from 100 m sections of river.•	
Cover estimates are recorded on the same nine-point scale.•	

LEAFPACS differs from MTR in requiring surveyors to be familiar with and 
record 270 species, including many taxa that present significant identification 
problems.

During the Western Cleddau sampling trial, the effect of increasing the number 
of species contributing to the assessment was to increase the scale of observer 
variation associated with the dataset. For example:
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No surveyor recorded more than 51% of the LEAFPACS species in the 100 m •	
section.
The specialist surveyors recorded a mean of 44% of these species.•	
The non-specialist surveyors recorded a mean of 41% of the species.•	

The small disparity between the numbers of species recorded by the specialist and 
non-specialist surveyors (Table 15.1) can be attributed solely to the familiarity of the 
specialist surveyors with the increased number of algae species in the LEAFPACS list.

This increased awareness resulted in 11 species of algae being recorded in the 
section. However, only four species of algae were recorded by more than one of the 
specialist surveyors; these were Cladophora glomerata, Lemanea fluviatilis, Nostoc 
commune and Vaucheria sp.

Of the 41 LEAFPACS species recorded in the 100 m section, only 11 (27%) had 
a detection rate of >70%; these were Vaucheria sp., Chiloscyphus polyanthos, 
Fontinalis antipyretica, Fontinalis squamosa, Apium nodiflorum, Callitriche brutia, 
Glyceria fluitans, Myriophyllum alterniflorum, Oenanthe crocata, Phalaris arundi-
nacea and Sparganium emersum. At the opposite end of the scale, 20 species (49%) 
had a detection rate of <20% (Fig. 15.2).

The range of values recorded for the cover-forming species in the 100 m 
section of river is shown in Table 15.2. These results suggest that we should allow 
a shift of five points on the nine-point scale to neutralise the effects of observer 
variation.

As the method of conversion from raw data to ecological quality ratio (EQR 
LEAFPACS) is not transparent, it is not possible to generate the EQR scores based 
on the sample trial data, and therefore not possible to assess the impact that these 
levels of observer variation would have on the EQR.

However, any statistical analysis is only as good as the data underpinning it, and 
it would be difficult to justify any statistical analysis that could accommodate 
apparent losses of >50% in species diversity and losses of >30% vegetation cover 
– simply as a consequence of observer variation. Shifts of this magnitude could 
have a significant impact on the conservation value of the habitat.

Table 15.1 Headline results from the 100 m section at Wolf’s Castle, after converting data from 
the Western Cleddau sampling trials into LEAFPACS and MTR data

LEAFPACS MTR

Minimum no. of species present 41 22
Maximum no. of species detected 21 (51%) 15 (68%)
Mean no. of species detected by specialists 18 (44%) 14 (64%)
Mean no. of species detected by non-specialists 17 (41%) 13 (59%)
No. of species with a detection rate >75% 11 (27%) 9 (41%)
No. of species with a detection rate of <20% 19 (46%) 6 (27%)
Maximum MTR score recorded 65
Minimum MTR score recorded 45
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The Implications of Observer Variation for MTR Data

Because MTR methods use a restricted suite of selected species to assess 
changes in trophic status, we would expect the effects of observer variation to 
be less pronounced than in more wide-ranging survey methods that require the 
detection of a larger number of species, e.g. LEAFPACS and Common Standards 
Monitoring (CSM).

The methods used to collect data during the Western Cleddau sampling trial allowed 
us to extract the relevant information and convert it to MTR data. The analysis of 
these MTR data is given below. As all 11 surveyors recorded eight or more of the 
key MTR indicator species in the 100 m stretch of river, all of the datasets would 
meet the criteria for ‘high confidence’ assessments.

Table 15.2 The range of cover value scores (CVS) recorded during the Western Cleddau 
sampling trials for the cover-forming species in the 100 m section at Wolf’s Castle. This system 
(a nine-point scale) is used by both the LEAFPACS and MTR methods

Species Minimum CVS Maximum CVS

Vaucheria sp. 1 4
Fontinalis antipyretica 1 6
Fontinalis squamosa 1 5
Myriophyllum alterniflorum 2 6
Ranunculus sp. 2 7

Fig. 15.2 Detection rates for LEAFPACS macrophyte species in the 100 m section at Wolf’s 
Castle. Almost half of the species have a less than 20% chance of being detected by surveyors
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MTR Data for the 100 m Section at Wolf’s Castle

The critical points from the analysis of the MTR data for the 100 m section are 
shown in Table 15.1, in summary:

At least 22 MTR species were present in this section of the river.•	
No surveyor recorded >15 (68%) of the MTR species known to be present.•	
The mean number of species recorded by the specialist surveyors was 14 (64%), •	
compared to a mean of 13 (59%) recorded by the non-specialists.
The MTR cover value scores (CVS) for cover-forming species varied by up to •	
five points between observers (Table 15.2).
The MTR scores recorded by the surveyors ranged from MTR 45 to MTR 65 •	
(Fig. 15.3).

Only nine (41%) of the 22 MTR species had a detection rate of >75%. These 
comprised cover-forming aquatic species, obvious emergent species and species 
that were abundantly distributed, i.e. Chiloscyphus polyanthos, Fontinalis 
antipyretica, Fontinalis squamosa, Rhynchostegium riparioides, Apium nodiflorum, 
Callitriche brutia, Myriophyllum alterniflorum, Oenanthe crocata and Sparganium 
emersum.

At the opposite end of the scale, six (27%) of the MTR species had a detection 
rate of <20%: Iris pseudacorus, for example, was detected by less than 20% of the 
surveyors, and was overlooked by all of the specialist surveyors.

Fig. 15.3 The range of MTR scores recorded by surveyors for the 100 m section at Wolf’s Castle: 
surveyors 9, 10 and 11 were accredited freshwater specialists
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Discussion on the Impact of Observer Variation on MTR Results

The MTR scores generated by the surveyors for the 100 m section of the Western 
Cleddau varied by up to 21 points on the MTR scale (Fig. 15.3), from MTR 45 to 
MTR 65, with the specialist surveyor scores varying by up to 19 points (from MTR 
45 to MTR 63). In the latter case, the surveyors who posted these scores carried out 
the exercise on the same day, so we can be certain that this was purely a consequence 
of observer variation, and not influenced by seasonal change.

Even if we exclude the outlier dataset (although recorded by a specialist surveyor), 
these results suggest that, to accommodate the range of observer variation associated 
with collecting MTR data, we need to allow 10 points either side of the recorded 
MTR score to be certain that any change at all has occurred. Consequently, if we 
are relying on a single dataset to determine the MTR we have no way of knowing 
whether the surveyor was:

Scoring at the high end of the range (e.g. MTR 65), in which case, we would •	
need to allow for variation of about 10 points lower than the recorded score
Scoring at the low end of the range (e.g. MTR 55), in which case, we would need •	
to allow for variation of about 10 points higher than the recorded score
Scoring somewhere between these two values•	

The implications of this are not trivial. For example, if a surveyor recorded a score 
of MTR 60 in the first monitoring event, then we could only suspect that the true 
score was somewhere in the range of MTR 50 to MTR 70. If the surveyor in the 
second monitoring event then recorded a score of MTR 50, we could not know with 
any certainty whether the trophic status had:

Shifted from MTR 70 to MTR 40, and hence become more eutrophic•	
Shifted from MTR 50 to MTR 60, and hence become less eutrophic•	
Remained more or less stable at MTR 60•	

To be certain of a meaningful change in the trophic status, we would need to see a 
change in the region of more than 15 points on the previous MTR score.

The Strengths and Weaknesses of the MTR Method

The main strength of the MTR method is that it is relatively robust. Despite considerable 
variation between observers in both the number of species recorded and in their 
respective cover values, most of the MTR scores fell within a range of 10 MTR 
points. In effect, this means that all of the sample trial results would have suggested 
that the section of river surveyed was ‘mesotrophic, but at risk of eutrophication’. 
This consistency is primarily a consequence of the weightings allocated to the 
individual species.
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Many of the species recorded in the section are deemed to be typical of 
mesotrophic conditions, and therefore have a similar Species Trophic Rank (STR) 
score. Consequently, adding up the STR scores and then dividing the total by the 
number of species recorded will always generate a similar figure – no matter how 
many species are recorded.

At the risk of stating the obvious, if you record ten species all with an STR of 7, 
the sum of the STR scores will be 70. If you then divide this by the number of 
species recorded you will be left with a score of 7. By contrast, if you record five 
species with an STR of 7, the sum of the STR scores will be 35. If you then divide 
this by the number of species recorded, again you are left with a score of 7.

Therefore, it makes no difference whether you record five species or ten species, 
the result will still be the same. In effect, the only thing that will have a significant 
impact on the MTR score is if several species with mesotrophic weightings are 
replaced by species with eutrophic or oligotrophic weightings.

The sampling trial results showed that even if you lost 55% of the MTR species 
in the river, the MTR score might move only two points – from MTR 56 to MTR 
58. Similarly, the cover of a key species such as Myriophyllum alterniflorum could 
decline from 25% to 0.1%, with the MTR score moving only three points from 
MTR 58 to MTR 55. Therefore, while MTR may provide an indication of trophic 
status, it is not sensitive to changes in either species diversity or cover (real or 
apparent).

Summary

The Western Cleddau sampling trials suggest that high levels of observer variation 
are associated with all of the methods currently used for monitoring river macro-
phytes in the UK. The key findings were that:

Running a river classification on the surveyor datasets from the 500 m section •	
resulted in the section being classified as five different river types, with only 
one of the eleven datasets corresponding to the river type defined during the 
1980s.
The master dataset passed the CSM macrophyte criteria for Favourable •	
Conservation Status, whereas the datasets of all eleven surveyors failed.
The observer variation underpinning the LEAFPACS method was greater than •	
that recorded for MTR.
MTR scores for the 100 m section of river covered a range of 21 points.•	
Only the more obvious species in the two survey sections were detected by more •	
than 75% of the surveyors and, in both cases, almost half of the species in were 
detected by less than 20% of the surveyors.

These results should be a concern for anybody associated with recording river 
macrophytes, particularly as the 100 m data were collected from a stretch of riffle 
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habitat that was <1 m deep, and in a straight section of river no more than 8 m wide. 
Furthermore, as the sampling trials took place under optimal conditions, the results 
represent the minimum range of variation that we might expect to find in macrophyte 
data collected by professional surveyors. Many river surveys are not carried out in 
optimal conditions.

Recommendations for Minimising Observer Variation  
in River Projects

There are several options available to us that will reduce the levels of observer 
variation associated with recording macrophytes in rivers.

1. Significantly reduce the area of search, by replacing 500 m and 100 m sections 
with much shorter sections, ideally located in shallow riffle habitats.

2. Clearly define both (a) the optimum recording period (Fig. 15.4) and (b) the 
optimum river conditions for repeat surveys – accepting that optimal conditions 
for macrophyte surveys are unlikely to occur annually.

3. Use quantitative methods to assess the area of channel covered by key 
macrophytes.

4. Use the co-occurrence of readily identifiable species (Fig. 15.5), combined with 
minimum area targets, as a means of habitat condition assessment.

5. Focus on a small number of species with high detection rates (fauna and flora) 
that are sensitive to the factors known to be impacting on the river.

6. Move away from the ‘one size fits all’ approach to macrophyte surveys and target 
different parts of the river for habitat-specific and species-specific monitoring 
projects.

The results of the Western Cleddau sampling trials raise serious questions over the 
suitability of all macrophyte methods in common usage to deliver either reliable or 
replicable monitoring results. If we persist in using these methods of data collection, 
all of the indications are that we are simply gathering data on the personal biases 
of the surveyors, which will mask all but the most dramatic changes in macrophyte 
extent and diversity in our rivers.

In the event of a much-needed review, the following should be considered good 
practice when developing methods for river macrophyte monitoring:

1. Carry out independent multiple-observer sampling trials to identify sources 
of observer variation before publishing guidance for collecting macrophyte 
data.

2. Use the sampling trial results to modify the methods and minimise the impact of 
observer variation, then carry out further multiple-observer trials to test the 
revised method.

3. State the margin of error needed to accommodate the levels of observer variation 
associated with the method when interpreting the survey/monitoring results.



15715 The Implications of Observer Variation for Existing Macrophyte Recording Methods

Fig. 15.4 The top image shows the Western Cleddau at Welsh Hook in June 2006, while the 
image below shows the same section of river in September 2006. Both of these photographs were 
taken under optimal surveying conditions, at times of low flow, and within the recommended 
recording period for river macrophytes. If surveyors used quantitative measures to assess the 
vegetation cover, there would be a significant difference due to seasonal growth: the Western 
Cleddau sampling trial results suggest that the level of observer variation associated with using 
subjective cover estimates would mask these differences. Photos by Clive Hurford
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Introduction

Unitisation is the term used by the UK nature conservation agencies for the process 
of dividing a protected area into smaller compartments to allow management and 
by association, monitoring issues to be addressed at an appropriate geographical 
scale. For many terrestrial sites (e.g. mires, grasslands), ownership, field boundaries 
and broad habitat types are important factors in the unitisation process. However, 
in the case of rivers these factors are less applicable due to the typically large number 
of owners, each having comparatively little influence on site condition, and the general 
continuity of habitat, lacking clear internal boundaries. A suggested approach to the 
unitisation of river sites is given here using the example of the River Usk Special 
Area of Conservation (SAC) in south east Wales. The River Usk SAC is designated 
principally for its important populations of twaite shad Alosa fallax, sea lamprey 
Petromyzon marinus, river lamprey Lampetra fluviatilis, brook lamprey L. planeri, 
Atlantic salmon Salmo salar, bullhead Cottus gobio and European otter Lutra lutra. 
Secondary reasons for designation are the presence of allis shad A. alosa and river 
habitats dominated by Ranunculus vegetation.

An important general principle is that unitisation enables more effective manage-
ment of harmful impacts on the protected area and is therefore not a purely academic 
exercise. The process also enables the site manager to focus the monitoring effort 
for the key species and habitats in the most appropriate sections of the river. The site 
manager’s knowledge of the distribution of species and the variation of ecosystems 
across the site should be combined with information on the spatial occurrence of 
adverse impacts to define appropriate management units. As unitisation is intended 
to provide a practical framework for management and monitoring, understanding 
when to stop once an optimal number of units has been identified is important. In a 
large river site, the aggregation of several tributaries within a single unit provides 

C. Dyson (*) 
Countryside Council for Wales, Eden House, Ithon Road,  
Llandrindod Wells, Powys, LD1 6AS, UK 
e-mail: c.dyson@ccw.gov.uk

Chapter 16
Unitisation of Protected Rivers

Including Special Areas of Conservation and Sites  
of Special Scientific Interest

Chris Dyson

C. Hurford et al. (eds.), Conservation Monitoring in Freshwater Habitats:  
A Practical Guide and Case Studies, DOI 10.1007/978-1-4020-9278-7_16,  
© Springer Science+Business Media B.V. 2010



160 C. Dyson

useful information on broad-scale similarity, which may be obscured by finer 
subdivision. On the other hand, there should be no prescribed maximum number of 
units; the decisions should be made on a site-specific basis. A coding system that 
uses a hierarchy of ‘units’ and ‘sub-units’ (e.g. unit 10a, unit 10b) can help to retain 
useful information about larger scale patterns. As each ‘unit’ and ‘sub-unit’ has a unique 
identifier within the site management system, there can be no spatial overlap between 
these nominal types.

The Basis for Setting Unit Boundaries

Site unit boundaries may be based on a variety of factors affecting management 
including the location of adverse impacts, the known and predicted distribution of 
designated species and habitats, and administrative considerations such as the 
boundaries of other protected areas included within the site. The rationale for 
applying each of these factors to unitisation is considered in more detail below.

Artificial Impacts on the Site

Adverse artificial impacts on site condition are generally the most important factor 
in defining units. In the River Usk SAC, these impacts comprise major weirs forming 
barriers to the movement of fish, and major water supply abstraction points impacting 
on flows in the river downstream. Further units or sub-units may be defined where 
additional, more localised management issues come to light, for example reaches 
that are heavily impacted by diffuse pollution.

Figure 16.1 shows the River Usk SAC units and the man-made impacts and other 
factors used to define unit boundaries in the main river. Large weirs and major 
water abstractions significantly affect the ecology of the river both upstream and 
downstream. Weirs and bridge sills form a physical barrier to the upstream migration 
of anadromous fish such as shad and Atlantic salmon, while the abstraction points are 
capable of significantly depleting flows and water levels downstream with resulting 
effects on fish and in-stream vegetation. The bridge sill at Crickhowell for example, 
is identified as a cause of the unfavourable status of shad in the SAC, specifically 
in Unit 5; while the public water supply abstraction at Usk is at risk of affecting the 
upstream migration of shad and reducing the area of suitable habitat for lamprey 
ammocoetes in the river margins downstream. The nature of the adverse effects, or 
the positive results from their mitigation, differ upstream and downstream, so it is 
helpful to consider the ecological status of these reaches separately. If mitigation 
measures are successful, the units may be combined where they have broadly the 
same ecosystem characteristics (see the following section).

The tributary rivers are grouped into units according to their position on the main 
stem, i.e. with reference to the boundaries described above for the main stem, and 
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also on the basis of a provisional assessment of broad-scale differences in ecosystem 
characteristics between tributaries. Unit 7 includes all tributaries downstream of the 
weir at Brecon, on the basis that the impact of the weir on mobile species such as 
Atlantic salmon will be the same in adjacent tributaries as in the main stem.

Variation in Natural Ecosystems Across the Site

Within the River Usk SAC, units 8–10 are differentiated tentatively on the basis of 
ecosystem characteristics. Units 9 and 10 are separated from Unit 8 on the basis 
of the results from habitat suitability analysis shown in Fig. 16.2, supported by 
monitoring results (Hull International Fisheries Institute 2006), which suggest that 
the former tributaries (and limited areas within Unit 7) may be especially impor-
tant for brook and river lampreys. The habitat suitability analysis is based on a 

Fig. 16.1 River Usk SAC units and unit boundaries defined by man-made impacts, SSSI bound-
aries, confluences and the tidal limit. © Crown Copyright and/or database right. All rights 
reserved. Licence number 100043571
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combination of river habitat elements of importance to the species (Maitland 2003), 
including substrate and flow types, to give an overall suitability score at the reach 
scale. Monitoring for lampreys consists principally of recording the abundance of 
ammocoetes (i.e. juvenile lampreys) in a sample of silt deposits on the river bed 
(Harvey and Cowx 2003). Tributary-scale habitat differences need to be validated by 
further investigation, but it is considered beneficial to highlight them at this stage 
within the SAC Management Plan (http://www.ccw.gov.uk/landscape-wildlife/
protecting-our-landscape/special-sites-project/river-to-usk-sac-list/river-usk-sac.
aspx) so that the potential for differing management and monitoring requirements 
can be taken into account.

At a more detailed ‘within tributary’ or reach level, Unit 10b (the Upper Senni) 
represents the only reach in the Usk tributaries known to contain extensive stands of 
Ranunculus-dominated vegetation, suggesting it has relatively suitable hydromorpho-
logical conditions for the ‘Ranunculion’ Natura 2000 habitat (H3620). Large stands 
of Ranunculus occur in a meandering alluvial channel characterised by riffle and pool 

Fig. 16.2 Reach suitability for brook/river lamprey derived from hydromorphological data  
(GeoData, 2005). © Crown Copyright and/or database right. All rights reserved. Licence number 
100043571
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morphology and a shallow gradient (Fig. 16.3) compared to the steeper, higher energy 
streams that predominate in the Usk catchment. The relative stability of gravel bed 
material and water depth may be important factors favouring the vegetation here: 
there is no known difference in water quality between this and other tributaries.

River habitat types can be distinguished at the reach scale based on erosional and 
depositional features (e.g. gorge sections, floodplains) and these can be used to 
define units or sub-units where key species show a close association with a particular 
habitat type or where management actions are targeted at the reach scale to address 
a particular localised impact. The distribution of each designated species and habitat 
in the River Usk SAC has been linked with site units at a broad scale with varying 
levels of confidence.

Further work is needed to better understand the actual and potential distribution 
of the species and habitats at the reach scale, principally to help design more effi-
cient monitoring programmes. In general, relatively little direct management of 
habitats and species is carried out in river sites compared to terrestrial sites. 
Management proposals are more likely to involve the management of areas of land 
adjacent to the river as part of catchment management initiatives. An analysis of 
land use and habitats on the Usk floodplain by the author has identified several 
reaches including the Upper Senni (Unit 10b), Upper and Mid Cilieni (part of Unit 
9) and Pencelli floodplain (part of Unit 5) where there is a high cover and/or diver-
sity of semi-natural habitats, which may be managed to help restore catchment 
hydrological processes. In these units, further sub-units may be defined to help 
focus the management on key catchment and riparian areas (CCW 2009).

Fig. 16.3 Ranunculus vegetation in upper Afon Senni, River Usk SAC. Photo by Chris Dyson
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Administrative Factors

Administrative considerations in ascribing SAC unit boundaries include the 
requirement for all component SSSI to be treated as separate units for reporting 
purposes: this predetermines the choice of some unit boundaries even though the 
ecological justification may be relatively weak (e.g. Units 4 and 11). In many cases 
the unit boundaries also coincide with water bodies designated under the Water 
Framework Directive (WFD): at the time of writing there is a greater number of 
WFD water bodies than SAC units defined for the River Usk. WFD water bodies are 
defined mainly by confluences in the river network. While these represent signifi-
cant subdivisions in terms of flow and water quality, the ecological basis for this 
approach in terms of the distribution of suitable habitat for the designated species is 
less clear. Future revisions of the SAC unit boundaries may rely less on tributary 
confluences once the distribution of suitable habitat for the key species is better 
understood. Some species may prove to be relatively evenly distributed through the site, 
in which case the division into units would be more arbitrary in nature, or based only 
on impacts. Other species may show close associations with particular reaches within 
tributaries or the main river, such as the brook and river lampreys in Units 9 and 10.

The examples above illustrate how the assessment of site condition and ecolo-
gical status depend on the selection of appropriate reference conditions with regard 
to hydromorphology in a spatially heterogenous river system. As techniques develop 
and are more widely applied, improved understanding of the hydromorphological 
basis for species distribution and potential distribution within a river system should 
lead to more confident assessments of condition and better targeting of manage-
ment action and monitoring. This demands a multi-disciplinary approach involving 

Fig. 16.4 Less affected by barriers in the main channel than Twaite Shad, the Atlantic Salmon Salmo 
salar is the best known of the fish species designated in the River Usk SAC. Photo by Clive Hurford
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relatively new hydromorphological survey techniques (e.g. fluvial audits) com-
bined with studies of species biology and ecology, alongside well-established 
techniques of environmental quality monitoring such as benthic invertebrate 
community indices.

Unitisation for Monitoring and Reporting

The integration of site unitisation into monitoring and reporting protocols raises 
issues concerning sampling design, and the analysis and presentation of results at 
the sample, unit and whole site levels. Site condition will be reported to stakeholders 
at the unit level in order to show the positive or adverse impacts of the prevailing 
management at that level, and to prompt positive management action where required. 
However, reports of habitat and species status at the whole site level must also be 
made periodically to the UK Joint Nature Conservation Committee. Therefore, the 
way in which localised reports of unfavourable condition at the unit level are handled 
in the context of the whole site must be considered. Where species population 
statistics are averaged over the whole site, an adverse result in one or more units may 
not affect the overall result for the SAC. On the other hand, certain localised impacts 
may need to be mitigated before favourable conservation status can be reported for 
some SAC habitats or species, in particular where they are considered to have an 
adverse impact on site integrity. Taking again the example of barriers to the migration 
of shad in the Usk, even though the population in downstream units may exceed 
threshold values individually or in combination, the status of the overall SAC popula-
tion is likely to be considered unfavourable due to a reduction in species distribution 
and in the accessibility of suitable habitat. Restoration of shad to favourable condition 
in Unit 5 is therefore one of the objectives of management in the Usk SAC.

Conclusions

The approach taken to unitisation of rivers in south east Wales is not based on a 
rigid hierarchy of criteria (with the exception of compliance with component SSSI 
boundaries), but instead represents a flexible, evolving system designed to facilitate 
the achievement of favourable conservation status for the range of designated habitats 
and species and the accurate reporting of their status. On-going work is required to 
validate, further subdivide or aggregate the management units as knowledge and 
changing circumstances dictate. In doing so it is essential to consider the overall aims 
of habitat connectivity and coherence of ecosystem structure and function across 
the whole site. To this end, a decreasing number of site units may be considered an 
indicator of favourable management. Conversely, as knowledge of ecosystem hetero-
geneity across the site improves, the number of units may increase. The resulting 
optimal number of site units will aid the delivery of efficient programmes of conservation 
management and monitoring.
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Introduction

The Western Cleddau is a short river in the county of Pembrokeshire in south-west 
Wales. The main stem of the river extends for only 37.8 km, and has a catchment 
area of 294.5 km2. The river is mesotrophic in nature and is underlain by siliceous 
geology. It rises at about 115 m above sea level and shows the characteristics of 
a lowland river throughout its length. The upper stretch of the river flows through a 
wide marshy valley, with numerous fens and small alluvial woodlands, while the lower 
stretches pass through land that is predominantly agricultural. In the past, the water 
authorities straightened and deepened the upper reaches, and further bank modifica-
tions have occurred along its length through to the town of Haverfordwest. A weir is 
situated immediately downstream of the town, below which the river becomes tidal.

The Western Cleddau is of international importance and forms part of the Afonydd 
Cleddau Special Area of Conservation (SAC) under the Habitats Directive regulations. 
There are three Annex I habitats within the SAC boundary:

Watercourses of plain to montane levels with Ranunculion fluitantis and Callitricho •	
batrachion vegetation, which is designated (H3620)
Alluvial forests with •	 Alnus glutinosa and Fraxinus excelsior, which is present 
but not designated (91EO)
Active raised bog (7710)•	

The river also supports six Annex II species within the SAC boundary, these are:

Otter •	 Lutra lutra, sea lamprey Petromyzon marinus, brook lamprey Lampetra 
planeri, river lamprey Lampetra fluviatilis and bullhead Cottus gobio, all of which 
are designated
Salmon •	 Salmo salar, which uses the river but is not designated
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Defining the Ranunculion Habitat of the Western Cleddau

The initial phase of the project involved compiling background information on the 
flora and fauna of the river. This information, coupled with knowledge gathered from 
site visits, contributed to the following site-specific definition of the Ranunculion 
habitat of the Western Cleddau:

Fig. 17.1 The distribution of sampling sites along the main stem of the Western Cleddau: Site 1 
in the north is near Letterston, Site 2 is at Welsh Hook, Site 3 is at Wolf’s Castle, Site 4 is at 
Treffgarne and Site 5 is at St Catherine’s Bridge. © Crown Copyright and/or database right. All 
rights reserved. Licence number 100043571
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Sections of river where water crowfoots •	 Ranunculus spp. of the Batrachium 
sub-genus are dominant; or where
Batrachian •	 Ranunculus spp. are co-dominant with other aquatic macrophytes such 
as alternate-flowered water milfoil Myriophyllum alternifolium, water starworts 
Callitriche spp., floating bur-reed Sparganium emersum, and the aquatic bryophytes 
Fontinalis antipyretica and Fontinalis squamosa (Fig.17.2)

Typical Species Associated with the Ranunculion  
of the Western Cleddau

We decided that any condition assessment of the Ranunculion habitat should monitor 
both the aquatic flora and the fauna that we would expect to be associated with it. 
We considered several options during the process of selecting our list of ‘typical species’. 
For example, kingfishers Alcedo atthis are unusually abundant on the river and dippers 
Cinclus cinclus also breed at several locations. However, while being typical of the 
river, neither of these species is strongly associated with the Ranunculion habitat, 
so neither would be appropriate for assessing its condition.

Similarly, despite regularly finding lamprey Lampetra sp. ammocoetes in the vicinity 
of the Ranunculus beds, this was simply because there were patches of silt nearby. 

Fig. 17.2 The macrophyte flora at Site 1, near Letterston. Photo by Clive Hurford
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Fig. 17.3 Some of the attributes that we used to monitor the typical species associated with the 
Ranunculion habitat of the Western Cleddau. Clockwise from top left, these are brown trout Salmo 
trutta, mayfly (Heptageniidae) larvae, adult banded demoiselle Calopteryx splendens damselfly 
and an otter Lutra lutra spraint. Photos by Clive Hurford

It would be misleading, therefore, to suggest that these fish are directly associated 
with the Ranunculion habitat.

We would, however, expect to find bullheads Cottus gobio and salmonids, e.g. 
brown trout Salmo trutta, using the Ranunculus beds as a source of cover (Davies 
et al. 2004), and to find signs of L. lutra activity nearby (Fig. 17.3).

We also felt that the freshwater invertebrates associated with the Ranunculion 
are an integral component of the habitat when it is in good condition.

The most visually obvious of these are the adult banded demoiselle Calopteryx 
splendens and beautiful demoiselle Calopteryx virgo damselflies, which use the 
beds of aquatic vegetation for display and egg laying, as well as for cover and feeding 
during the two years that they spend as larvae. Furthermore, as both of these species are 
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sensitive to pollution (Brooks and Lewington 1997), they will provide an additional 
layer of confidence when assessing the condition of the habitat.

The list of typical species was completed with the inclusion of representatives 
from the benthic invertebrate fauna: Environment Agency staff advised us on which 
species are most indicative of clean water environments in the region.

The species we selected were all top-scoring, pure water, indicators from the 
RIVPACS method (Wright et al. 1984; Wright 2000). Logically, if enough of these 
highly sensitive species are present in the river, we can reasonably expect the less 
demanding species to be there.

The Baseline Monitoring

After defining the Ranunculion habitat of the Western Cleddau and selecting its 
typical species, we decided to sample the attributes listed in Table 17.1.

Sampling the Vegetation

After considering the options, we decided that Mean Trophic Rank (MTR) (Holmes 
et al. 1999) was the most appropriate of the existing macrophyte sampling methods 
for monitoring the Ranunculion vegetation. The main reasons for this were that:

Table 17.1 The attributes selected for monitoring the condition of the Ranunculion habitat of the 
Western Cleddau

Attribute Definition Assessment method

Vegetation Aquatic vegetation dominated 
by Ranunculus spp., 
Myriophyllum spp.,

MTR survey

Callitriche spp., Sparganium 
emersum or Fontinalis spp.

Mammals Lutra lutra Check for signs of activity
Fish Salmo spp. Check for presence

Cottus gobio Check for presence
Damselflies Calopteryx splendens Check for presence

Calopteryx virgo Check for presence
Benthic invertebrate families Leuctridae Kick sample for presence

Perlodidae
Chloroperlidae
Ephemerellidae
Heptageniidae
Odontoceridae
Goeridae
Brachycentridae
Sericostomatidae
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Using the 100 m (as opposed to 500 m) recording unit would reduce the scope •	
for observer variation and increase sampling efficiency.
Using a restricted suite of 129 ecologically meaningful species would also •	
reduce the scope for observer variation.
The method recommends a semi-quantitative approach to assessing vegetation •	
cover.

Despite reservations about the area of search, and the potential for overlooking 
locally distributed species in the channel, we believed that the MTR method offered 
the best chance of obtaining a replicable monitoring result.

As the Western Cleddau is generally a slow-flowing mesotrophic river throughout 
its length, we treated the main stem of the river as a single unit (see Chapter 16). 
This decision was supported by a series of site visits – where we found that 
Ranunculion vegetation was well distributed along the length of the river, wher-
ever suitable conditions prevailed.

Against this background, we decided to sample five 100 m sections, distributed 
along the length of the river: downstream from near Letterston in the north to St 
Catherine’s Bridge near Haverfordwest in the south (see Fig. 17.1). We used the 
following criteria to select the sections for monitoring:

Ranunculion vegetation is abundant.•	
The section is mostly unshaded and predominantly shallow riffle habitat.•	
The site is easy to relocate.•	

During the course of sampling we used a high accuracy differential global posi-
tioning system (GPS) to record the OS grid reference for the start and end of each 
section. We then measured the width of the channel, and worked in pairs to collect the 
vegetation data, recording the presence of species as we walked upstream and making 
a semi-quantitative assessment of the area of channel covered by each species on our 
return downstream: this area estimate was subsequently assigned to the appropriate 
value on the nine-point cover/abundance scale used to generate an MTR score.

Sampling for the Typical Species

Some of the typical species were recorded during the course of the vegetation 
survey, e.g. we always recorded the presence of salmonids as we were sampling the 
aquatic vegetation. The same was often true of the Calopteryx damselflies, unless 
sub-optimal flying conditions prevailed. In this instance, we also checked the emer-
gent vegetation for resting individuals.

After completing the vegetation survey, we sampled for the benthic invertebrates, 
using the standard method applied by the Environment Agency.

This involved:

Carrying out three 1-min kick samples in riffle habitat, with the pond net held •	
immediately downstream of the person doing the kick sample
Carrying out a 1-min sweep of the other habitats in the section•	
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Emptying the pond net into a shallow white tray containing river water after each •	
1-min sample
Undertaking the species identification after completing the sampling•	

At this point, one of the two surveyors would carry out the identification of the 
benthic invertebrates while the other checked the section for signs of L. lutra activity 
(spraints or tracks) and for C. gobio (if necessary). At most sites, C. gobio (Fig.17.4) 
was found when sampling for the benthic invertebrates, often while sweeping the 
Ranunculus beds.

On average, each section took two surveyors 2 h and 30 min to sample.

Results

The baseline sampling was carried out in July 2006, during an extended period of 
hot and dry weather that resulted in low flows and optimal sampling conditions. 
Table 17.2 shows the sampling results for each of the five sections.

The vegetation survey generated a mean MTR score of 58 across the five 100 m 
sections, suggesting that the river is generally of a mesotrophic nature, but at risk 
of eutrophication. On average, more than five of the pure-water benthic invertebrate 
families were recorded at the sampling sites, and representatives of the typical species 
groups were found at every site.

Fig. 17.4 Bullheads Cottus gobio are abundant in the Western Cleddau and are commonly found 
sheltering in the Ranunculus beds. Photo by Clive Hurford
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Discussion

The main purpose of the baseline sampling exercise was to collect enough informa-
tion to develop a set of condition indicators for the Ranunculion habitat of the 
Western Cleddau: these are shown in Table 17.3. In our opinion, the sampling results 
suggested that the Ranunculion habitat of the Western Cleddau was in a favourable 
state, and that the attributes we sampled could be used to provide evidence-based 
condition assessments for the habitat in the future.

Rationale Underpinning the Condition Indicators

The condition indicators in Table 17.3 take account not only of the data collected 
in July 2006, but also of the results from the observer variation sampling trials carried 
out in the summer of 2008 (Chapters 14 and 15).

The targets were set on the basis that the sampling would take place under 
optimum conditions in the month of July. In effect, the condition indicators state that 
the Ranunculion habitat of the Western Cleddau will be in favourable condition if:

1. There is sufficient channel cover of Ranunculion macrophytes.
2. The macrophyte species present suggest that the trophic status of the river is stable.

Table 17.2 The results of the Ranunculion sampling for the Western Cleddau (+ = Present)

Attribute Site 1 Site 2 Site 3 Site 4 Site 5

Aquatic flora MTR 57 MTR 55 MTR 53 MTR 65 MTR 58
Benthic invertebrates
Leuctridae + + + + +
Perlodidae + + +
Chloroperlidae + + +
Ephemerellidae + + + + +
Heptageniidae + + +
Odontoceridae +
Goeridae + + +
Brachycentridae + + +
Sericostomatidae +
Damselflies
Calopteryx virgo + + + + +
Calopteryx splendens +
Mammals
L. lutra signs + + + + +
Fish
Salmonids + + + + +
Cottus gobio + + + + +
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3. Enough families of clean-water benthic invertebrates co-occur along the length 
of the river.

4. The fauna that we expect to be associated with the vegetation is present.

The lower limit for habitat extent focuses on the area of river channel covered 
by aquatic mesotrophic macrophytes, and takes account of the fish, invertebrates 
and mammals that we would expect to be associated with the macrophyte beds. 
The requirement for four or more of the mesotrophic indicator species to be present 
provides confidence that the trophic status of the river is remaining relatively stable: 

Table 17.3 The condition indicators for the Ranunculion habitat of the Western Cleddau

Condition indicator table
The Ranunculion habitat of the Western Cleddau will be in 
favourable condition when, 

Habitat extent Lower limit In each of Sections 1–5, during periods of low 
flow and good water clarity in the month of July: 
The major cover-forming aquatic plants cover 
>150 m2 of river channel

Habitat quality Lower limit (1) Four or more aquatic mesotrophic indicator 
species are present in each of Sections 1–5

(2) On average, five or more clean-water benthic 
invertebrate families should be present in 
Sections 1–5, with no less than three families 
present in any one section

(3) Gammarus spp. are present in all sections and
   Asellus spp. are rare or absent in all sections
(4) Fresh signs of L. lutra activity are present in 

each section
(5) Salmonids and C. gobio are present in each 

section
(6) Either Calopteryx virgo or Calopteryx splendens 

(or both) is present in each section, and both 
species should be recorded in at least one section

Site-specific definitions

Major cover-forming aquatic plants Batrachian Ranunculus spp., Myriophyllum 
alterniflorum, Callitriche brutia, and Fontinalis spp.

Aquatic mesotrophic indicator  
plant species

Batrachian Ranunculus spp., Myriophyllum 
alterniflorum, Callitriche brutia, Fontinalis 
squamosa, Chiloscyphus polyanthos, Lemanea 
fluviatilis

Clean-water benthic invertebrate families Leuctridae, Perlodidae, Chloroperlidae, 
Ephemerellidae, Heptageniidae, Odontoceridae, 
Goeridae, Brachycentridae, Sericostomatidae

Fresh signs of L. lutra activity Tracks in silt or mud in the river channel, spraints 
still oily

Salmonids Salmo trutta or Salmo salar

River channel A gently sloping bed of substrate submerged under 
water

Rare Less than five individuals per completed kick 
sample
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all of these species have a Species Trophic Rank rating of 6–9 in the MTR methodology. 
Five of these six indicator macrophyte species have been shown to have high detection 
rates in observer variation sampling trials (Chapter 14). The remaining targets were 
informed by the results of the baseline sampling in 2006.
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Introduction

Multi-fruited river-moss Cryphaea lamyana is a patch-forming pleurocarpous 
riparian moss with a very restricted global distribution: this includes two rivers in 
Wales, five in south-west England (Holyoak 2002), and a handful of sites in France, 
Italy, Switzerland, Spain and Portugal. Its European distribution is Oceanic 
Southern-temperate (Hill and Preston 1998), although Goulborn and Franco (2006) 
suggest that its Italian and Swiss colonies indicate a Suboceanic distribution. Until 
recently, the only known Welsh population was on the Afon Teifi, on the borders 
between the counties of Carmarthenshire, Ceredigion and Pembrokeshire; a colony 
on the Afon Tywi was discovered in 2005 (Bosanquet et al. 2005). The Teifi colony – 
the largest in the UK – is a designated species of the Afon Teifi Site of Special 
Scientific Interest (SSSI). By contrast, the Tywi colony is not listed as a designated 
SSSI species, although it is protected by lying within a SSSI. The Afon Teifi is one 
of the largest rivers in west Wales, with a 94,000 ha catchment that includes the 
northern part of Carmarthenshire and most of southern and eastern Ceredigion. It rises 
in the Cambrian Mountains above the town of Tregaron and flows south-westwards 
through the raised bog complex of Cors Caron and past the university town of Lampeter 
before turning westwards and passing the towns of Llanybydder, Newcastle Emlyn 
and Cardigan. It is a famously back-to-front river, with slow-flowing, meandering 
upper reaches and faster-flowing, rockier lower reaches. It discharges into the 
southern part of Cardigan Bay, more than 120 km from its source.

The Teifi population of Cryphaea has been relatively well studied since its 
discovery by C.D. Preston in April 1978. Holyoak (2002, pp. 10–12) provides a list 
of previous records, although the true number of populations and visits is clouded 
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by duplications in this list, in the Biological Records Centre (BRC) dataset and on 
the Threatened Bryophytes Database (TBDB).

Several records come from a series of surveys by A. Orange and others in 1981 
(Brooker 1982a,b), and these are combined with other more recent records in Orange 
(1993). Holyoak (2002) revisited most of the original sites, relocating Cryphaea each 
time, as well as searching unsuccessfully at five other localities. He also checked 
locations on five other rivers in Pembrokeshire and Carmarthenshire, but Cryphaea 
was absent. The first record from one of the Teifi tributaries, the Afon Tyweli, was 
made by Williams (2002). Finally, general local recording revealed additional 
colonies at Maesycrugiau and Pont Tyweli (Bosanquet et al. 2005) (Map 18.1). 
Despite this succession of different surveys, the only clear information on population 
extent is from the Tyweli (Williams 2002)): the other surveys provide more general 
statements, such as “frequent from the bridge to the falls” or a more useful but still 
imprecise “totals of 45 patches being examined on rock (only a fraction of those present) 
and 41 patches on bark”. This lack of precise information means that it is almost 
impossible to be sure of anything but the most dramatic population trends.

The most precise way to gauge how the population of Cryphaea on the Afon Teifi 
is (or is not) changing would be to map and measure every patch. However, the fact 
that Cryphaea is relatively robust, and appears to be resilient to pounding by water, 
makes it difficult to justify the time and effort that this would involve. Nevertheless, 
as it is limited to so few rivers in the UK, it is important that conservationists do not 
‘take their eye off the ball’ with this species: the loss of a single colony would have a 
serious impact on the total population. Holyoak (2002, p. 17) recommends “detailed 
population monitoring of marked patches”, but monitoring plots that comprise several 
patches are probably more suitable for assessing the wider population.

Both Orange (1993) and Holyoak (2002) found that most patches of Cryphaea by 
the Teifi are on rock, in contrast to its near-constant use of riverside trees in England. 
Given this, monitoring the species on the Teifi needs to focus on the saxicolous 
colonies (Fig. 18.1), with epiphytic colonies examined in lesser detail. At this site, 
the large majority of the saxicolous patches are on near vertical or slightly overhanging 
rock faces, with flatter surfaces occupied either by mosses such as Grimmia lisae 
and Pterogonium gracile, or are scoured by walkers (who abound at this popular 
tourist spot). Cryphaea favours the north bank of the river: partly because of the 
greater availability of near vertical rock and partly because it appears to be tolerant 
of desiccation (this is supported several of the other bryophytes on the rocks at 
Cenarth favouring insolated rocks in Britain, including G. lisae, P. gracile and the 
liverwort Porella obtusata). Orange (1993, pp. 2, 3) described the zonation of mosses 
and liverworts on these riverside rocks: Cryphaea occurs in a zone dominated by 
Cinclidotus fontinaloides and Schistidium rivulare, with occasional Porella pinnata 
and Thamnobryum alopecurum; above a P. pinnata-dominated band in which 
C. fontinaloides, Fontinalis squamosa and Rhynchostegium riparioides are 
occasional; and below a very rarely flooded zone where Brachythecium plumosum, 
T. alopecurum, P. gracile and G. lisae are the principal species. This suggests that 
it is important for the monitoring plots to focus only on the potentially suitable zone, 
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Map 18.1 The enlarged inset area (bottom) shows the distribution of Cryphaea lamyana on the 
Afon Teifi (black dots) related to towns & villages (grey) and administrative areas. This area in 
shown in the context of Wales as a whole (top). © Crown Copyright and/or database right. All 
rights reserved. Licence number 100043571
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rather than extending upwards into the P. gracile zone or downwards into areas with 
F. squamosa.

The ability of Cryphaea to cope with aquatic pollution was investigated by 
Goulborn and Franco (2006). Their analyses of data from Environment Agency 
monitoring stations included records of pH, ammonia, nitrates, nitrites and 
orthophosphates from English and Welsh rivers between 1999 and 2003, as well as 
data on metal ions and water hardness from the five English rivers. One Principal 
Component Analysis (PCA) showed a negative correlation between the abundance 
of Cryphaea and ammonia, nitrate and Zinc levels, whilst another PCA showed 
negative correlation between eutrophication and the abundance of the moss. 
This inability to grow in nutrient-enriched environments makes monitoring Cryphaea 
all the more essential. The presence of a sewage treatment works 400 m upstream 
of the Llandysul colony may be significant, especially as the stronger Cenarth 
colony is more than 4 km from the nearest treatment works discharge. The Welsh 
rivers on which Cryphaea grows are not thought to have been subjected to high 
inputs of chemicals, metals or nutrients because the stretches where it occurs are 
upstream of all but the smallest of urban centres. Furthermore, the main nineteenth 
century industry in the Teifi Valley was milling of corn and wool (Lloyd et al. 
2006): neither of these would have caused much pollution. These mills included a 
number that overhang the river at Pont Tyweli and overlook the Cryphaea colonies 
on the Llandysul bank. It is possible, however, that other large rivers within the 
broad geographic area that is suitable for the species, for example the River Neath, 
may have lost it because of pollution during the Industrial Revolution and intervening 
decades of heavy industry.

Fig. 18.1 Cryphaea lamyana on rocks at Llandysul. The distinctive curled appearance of the 
shoots is characteristic of the species when dry: the optimum monitoring period would be when 
the species is in this state. Photo by Clive Hurford
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Methods

Baseline Survey

The baseline survey focussed on the two largest populations of Cryphaea on the 
Afon Teifi: on rocky stretches of the river at Cenarth and at Llandysul. Initially 
the population at Henllan was thought to be of similar stature, but a visit in 2007 
indicated that it is relatively small. However, providing that the Cenarth and 
Llandysul populations survive and produce sporophytes, there is the potential for 
recolonisation at the minor sub-sites.

The set-up phase of the baseline survey involved an initial site visit to take a 
series of oblique digital photographs from vantage points on the banks opposite the 
Cryphaea colonies. We printed these images on waterproof paper in preparation for 
the survey and monitoring exercises. The overall distribution and size of the 
colonies, at both at Cenarth and Llandysul, was then mapped onto these images. 
Two surveyors were involved in the data collection: one on the bank with the 
Cryphaea, holding up cards to indicate patch sizes, and the other on the opposite 
bank, marking the location and patch size onto the photographs. We used four patch 
size categories: <5 scattered plants; dense patch <25 × 25 cm; dense patch >25 × 
25 cm; extensive patch of scattered plants.

Monitoring

After completing the baseline survey, we used the information to select five 
locations for more detailed monitoring: using plots 200 cm wide × 100 cm high. 
The monitoring focussed on recording the extent of Cryphaea within plots (estimated 
using a 10 × 10 cm square); the largest patch of Cryphaea present within the plot; 
the abundance of Thamnobryum (thought to oust Cryphaea on shaded rocks); the 
extent of scoured rock (% with no bryophytes or lichens at all); and a basic estimate 
of reproductive success (sporophyte frequency) . Invasive vascular plants, notably 
ivy Hedera helix and Japanese knotweed Fallopia japonica (see below) are unable 
to grow in the inundation zone occupied by saxicolous Cryphaea, although H. helix 
can just about survive at the upper edge of this zone, so it was included as a possible 
future threat.

As trees are less regular hosts of Cryphaea on the Teifi than they are on the rivers 
of south-west England or on the Afon Tywi, monitoring the epiphytic colonies was 
considered less of a priority than monitoring colonies on rock. If resources were not 
an issue, then the ideal way to monitor the epiphytic colonies would be to identify all 
of the riverside trees within major Cryphaea zones with numbered tags (see Holyoak 
2002, p. 22) and to record the extent and reproductive success of Cryphaea on each 
tree. This would have an additional advantage of precisely locating trees that support 
this protected species (Schedule 8 of the Wildlife & Countryside Act 1981): particularly 
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as epiphytic colonies are much more easily destroyed than saxicolous ones. 
Nevertheless, this was considered too costly and time-consuming to be justifiable, so 
we focussed the monitoring on a selection of 10 trees that currently support Cryphaea: 
these were distributed within the two main monitoring areas. We monitored a similar 
range of attributes to those used for the saxicolous colonies, but the presence of 
Fallopia japonica was added as a negative attribute because both it and Hedera helix 
pose a threat to epiphytic colonies of Cryphaea. All of the host trees were photo-
graphed, but poor GPS coverage prevented us recording their precise locations.

Results

The Baseline Survey Results

A baseline survey was carried out on 28th & 29th August 2007 – bright, sunny days 
after the first dry week of a very wet summer. It was important to choose a bright, 
dry day because Cryphaea is more readily identifiable when dry, and because good 
light was essential for photographing the host trees in the shady river valley. The 
baseline survey results are shown in Table 18.1: the information gained during the 
baseline survey informed the decisions on where to locate the monitoring plots, and 
the extent attribute in the condition indicator table. The location and size of each 
patch of Cryphaea was plotted on oblique photographs of the saxicolous habitat at 
both Cenarth and Llandysul (Fig. 18.2).

The Monitoring Plot Results

The water levels were sufficiently low to allow access to almost all of the visible 
populations of Cryphaea and were at least 20 cm below its lowest limit. Eight plots 
were recorded for monitoring the saxicolous colonies: a lower number than the 10 
initially planned, due primarily to (a) the extremely sparse nature of the Henllan 
colony and (b) the inaccessibility of much of the south bank of the river at 
Llandysul, which prevented oblique photography. Ten trees, five each at Cenarth 
and Llandysul, were surveyed.

Table 18.1 The results from the baseline surveys carried out in 2007 at Cenarth and Llandysul

Site

Number and size of Cryphaea lamyana patches

Scattered shoots <25 × 25 cm >25 × 25 cm >25 × 50 cm

Cenarth 15 40 6  9
Llandysul 12 18 1  3
Total 27 58 7 12
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Saxicolous Colonies: Cenarth

The results from the saxicolous monitoring plots at Cenarth (Table 18.2) show that 
the population is clearly thriving, and few threats to it are evident. It grows on 
sufficiently steep, inaccessible rocks that there is very little chance of accidental 
damage by visitors. Potentially the most damaging factors here are increased shading, 
change in water levels or aquatic pollution, all of which should result in effects that 

Fig. 18.2 Cryphaea lamyana patches on one section of rocks at Cenarth. Symbols are: circles 
(patch <25 × 25 cm); triangles (patch >25 × 25 cm; not present on this section); linked squares 
(extensive patches of scattered plants). Photo by Clive Hurford

Table 18.2 The results from the Cryphaea lamyana monitoring plots on rocks at Cenarth ( means 
that attribute passed the target, + = present)

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
Extent of Cryphaea lamyana (cm2) 4,300 800 1,100 2,100 3,700
Largest pure patch extent (cm2) 2,400 400 100 2,000 3,100
Extent of Thamnobryum alopecurum (cm2) 0 0 0 0 0
Extent of scoured (totally bare) rock (cm2) 300 100 900 200 3,000
Sporophytes frequent (present on >25 
shoots)?

    

Ivy present on rocks?
Plot metadata

Plot 1. Tall rock face above river, C. lamyana much mixed with Cinclidotus fontinaloides
Plot 2. Dry, lichen-dominated rock face set back from river
Plot 3. Low C. fontinaloides-dominated rock face by river
Plot 4. Large patches of C. lamyana with abundant C. fontinaloides above the river
Plot 5. Extensive patches of C. lamyana, with much bare rock, above a narrow ledge
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are visible in monitoring plots. The absence of Thamnobryum alopecurum from all 
five plots suggests that trees on the south bank of the river do not cast enough shade 
to damage the Cryphaea, but they might need to be cut back at some point in the 
future if they grow too tall.

Cryphaea is clearly able to withstand scouring by the river because the largest 
patches recorded are in Plot 5, where the extent of scoured rock is at its greatest. 
There are powerful spates on the Teifi almost every year (Fig. 18.3), and these 

Fig. 18.3 Most, if not all, of the saxicolous colonies of Cryphaea at Cenarth (on the rocks on the 
left bank in this photo) would have been under water during this spate in November 2007. Photo 
by Clive Hurford
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could easily cause some damage to the bryophyte flora. However, riparian mosses 
of rocky rivers have evolved to deal with pounding by water and rocks, and 
Cryphaea has clearly survived on the Teifi long enough to have an extensive range 
on the river. Overall, the results from the plots suggest that the situation at Cenarth 
is healthy.

Saxicolous Colonies: Llandysul

The Teifi is much more tree-lined at Llandysul than at Cenarth, which explains the 
presence of both Hedera helix and T. alopecurum in Plot 8 (Table 18.3). Both 
species are widespread throughout the stretch, whereas Cryphaea has rather a 
patchy distribution here, although access difficulties make it hard to assess its true 
extent. In general, the Cryphaea grows on rock faces that are set further back from 
the river at Llandysul than at Cenarth, which might make it more vulnerable to 
competition from other plants. A further threat comes from a canoe slalom course 
on this stretch of river. It is unclear whether canoeing takes place when river levels 
would push canoes against Cryphaea patches: liaison with the canoeing fraternity 
might confirm this. Such a robust moss would probably survive a degree of canoe 
damage anyway, given its ability to live through spates.

Epiphytic Colonies: Cenarth

Epiphytic colonies of Cryphaea are scattered upstream of Cenarth Bridge, but play 
a minor role in the overall population (Table 18.4). The steepness of the valley, 
which precludes the use of GPS units to relocate trees, makes monitoring the 
epiphytic colonies difficult. All five of the trees chosen for monitoring can be 
identified from photographs, but this is unsatisfactory: fixed markers along the path 
would be preferable.

Table 18.3 The results from the Cryphaea lamyana monitoring plots on rocks at 
Llandysul ( means that attribute passed the target, + = present)

Attribute Plot 6 Plot 7 Plot 8
Extent of Cryphaea lamyana (cm2) 650 750 1,800
Largest pure patch extent (cm2) 300 200 750
Extent of Thamnobryum alopecurum (cm2) 0 0 700
Extent of scoured (totally bare) rock (cm2) 600 0 800
Sporophytes frequent (present on >25 
shoots)?

  

Ivy present on rocks? +
Metadata

Plot 6. Patchy Cryphaea mixed with abundant Cinclidotus fontinaloides
Plot 7. Low face set back from river; patchy Cryphaea and abundant  
C. fontinaloides
Plot 8. Tall rock faces overhung by Bramble R. fruticosus and H. helix
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Tree 1 was included to highlight the vulnerability of epiphytic colonies to human 
interference: the host tree was felled at a height that left the Cryphaea in situ, but 
the difficulty of identifying individual trees makes it likely that other less obvious 
host trees could be felled at ground/river level, destroying the Cryphaea.

Epiphytic Colonies: Llandysul

The Llandysul population of Cryphaea includes a greater proportion of epiphytic 
colonies than the Cenarth population. Most trees support just a single patch, as was 
the case at Cenarth (Table 18.5). Shading of host trees by H. helix and F. japonica 
is more of a threat at Llandysul, and the monitoring should promote targeted 
removal of these species if any colonies are perceived to be threatened.

Table 18.5 The results from the Cryphaea lamyana monitoring plots on trees at Llandysul ( means 
that attribute passed the target, + = present)

Attribute Tree 6 Tree 7 Tree 8 Tree 9 Tree 10
Extent of Cryphaea lamyana (cm2) 3,300 120 200 550 500
Largest pure patch extent (cm2) 1,100 110 200 200 250
Sporophytes frequent (present on >25 shoots)?     
H. helix present on trunk? dead +
F. japonica present around base? + +

Metadata
Tree 6: both trunks of a large twin F. excelsior tree
Tree 7: Y-shaped F. excelsior tree opposite grassy park
Tree 8: small twin-trunked F. excelsior opposite Tyweli inflow
Tree 9: tall F. excelsior where concrete path starts
Tree 10: F. excelsior among Sycamores Acer pseudoplatanus at east end of sandy bay

Table 18.4 The results from the Cryphaea lamyana monitoring plots on trees at Cenarth ( means 
that attribute passed the target, + = present)

Attribute Tree 1 Tree 2 Tree 3 Tree 4 Tree 5
Extent of Cryphaea lamyana (cm2) 400 1,300 90 150 220
Largest pure patch extent (cm2) 200 1,300 90 150 220
Sporophytes frequent (present on >25 shoots)?     
H. helix present on trunk? Little Little
F. japonica present around base?

Metadata
Tree 1: Alder A. glutinosa cut off at 100 cm in park on south bank of river, just downstream of 
bridge
Tree 2: the first A. glutinosa on the north bank upstream of the waterfalls
Tree 3: small patch of Cryphaea on lowest part of curving Ash Fraxinus excelsior overhanging 
river
Tree 4: F. excelsior roots 3 m downstream of F. excelsior just downstream of 5th revetted 
section of path
Tree 5: base of F. excelsior by rock shelf just downstream of bend
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The Condition Indicators

The condition indicators listed in Table 18.6 have been informed by the data collected 
during the baseline survey and monitoring plot recording carried out in 2007.

Rationale Underpinning the Condition Indicators

The population of Cryphaea on rocks at Cenarth appears to be very strong, and the 
current survey shows no evidence of a decline since previous documented visits. 
The species grows on a good number of rock faces, and a total of 70 patches of varied 
size were recorded. It certainly appears to be in favourable condition. For favourable 
condition to be maintained, the distribution should continue to extend throughout the 
rocky section of the river from the waterfalls to downstream of Cenarth Bridge. It 
should include small patches (<25 × 25 cm), large patches and extensive scattered 
stands, although placing figures on how many of each is beset with problems as an 
extensive stand could fragment to produce five large patches and would then appear to 

Table 18.6 The condition indicators for the Cryphaea lamyana populations on the Afon Teifi

Condition 
indicator table

The Cryphaea lamyana population on the Afon Teifi will be in favourable 
condition when:

Extent Lower limit The extent of the populations mapped at Cenarth and Llandysul 
during the 2007 baseline survey
.............................................................................

Quality Lower limit The saxicolous population at Cenarth comprises
>7 extensive stands
>4 large patches
>35 small patches
The area of Cryphaea is >1,000 cm² in at least
four of the five monitoring plots
Cryphaea sporophytes should be frequent in each of five 
monitoring plots
........................................................................
The saxicolous population at Llandysul comprises
>4 extensive stands,
>4 large patches and
>20 small patches.
Cryphaea sporophytes should be frequent in each of the three 
monitoring plots
The area of Cryphaea is >1,000 cm² in at least two of the three 
monitoring plots
................................................................................
>5 trees host epiphytic colonies at each site

Site-specific definitions
Extensive stands Continuous patches of Cryphaea >50 × 25 cm
Large patches Dense patches of Cryphaea >25 × 25 cm
Small patches Dense patches of Cryphaea <25 × 25 cm
Frequent Sporophytes present on ³25 Cryphaea shoots within a plot
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represent a population increase. Even allowing for this, the targets set out in the condition 
indicator table should suffice to provide an early warning of a decline in condition.

The Llandysul population is smaller than that at Cenarth, and does not appear 
quite as strong as Orange (1993) and Holyoak (2002) suggest. It may have declined, 
perhaps because of nutrient enrichment of the water or canoeing, although the 
imprecise nature of previous data makes it impossible to be certain. Cryphaea is 
currently absent from several apparently suitable rock faces, which combines with 
the low number of patches present to make the population here in unfavourable 
condition. As such, we set similar targets as for Cenarth, though taking the shadier 
situation at Llandysul into consideration. Future monitoring in this section may 
necessitate downgrading of these targets if they are thought to be unrealistic.

Setting targets for epiphytic colonies was relatively arbitrary, and we settled for 
maintaining the status quo. Therefore, if Cryphaea is lost from any tree, or if a host 
tree is destroyed, then we would need to consider a more detailed documentation 
of the epiphytic populations at Cenarth and Llandysul.

Discussion

The monitoring protocol for Cryphaea lamyana on the Afon Teifi in south Wales is 
a good example of how a distinctive lower plant species that grows in the riparian 
zone can be monitored using a combination of oblique photographs and monitoring 
plots. Monitoring more obscure species, or those that grow submerged throughout 
the year, would require some modification of the method used. The extent of the 
species on two stretches of the Teifi was documented more accurately than before; 
despite a good number of previous visits by conservationists and bryologists. 
Base-line mapping of all the saxicolous patches within a population allows future 
changes to be considered precisely, whereas anything other than a severe change 
to a colony might otherwise have gone unnoticed. Precise monitoring using well-
localised plots, which are easily relocated by comparing rock shapes on the fixed-point 
photographs, should also reveal subtle changes, giving an opportunity for management 
changes to be effected before the species suffers a catastrophic decline. At present, 
the population of Cryphaea lamyana on the Afon Teifi as a whole appears to be 
robust, with few threats and with systems in place to identify most potential problems. 
However, there is a slight query over the strength of the population at Llandysul, 
which might have declined because of enrichment of the river.

Future work needs to examine how robust individual patches of Cryphaea 
lamyana are, especially after spate conditions bring tree trunks and rocks down the 
river. Its growth performance in dry and wet years could also be examined, as could 
its sporophyte production in different years. The apparent restriction of Cryphaea 
to rocky stretches of the river needs to be examined critically to establish whether 
its apparent absence from wide floodplains (Goulborn and Franco 2006) is genuine 
or is an artefact of biased bryological recording and the lack of footpaths. There is 
little doubt that further small colonies await detection.

Given the vagaries of the Welsh climate and uncertainties over the effects of 
climate change on river levels, it would be desirable to monitor fluctuations in 
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water levels on the river: to identify any long-term trends, and to establish whether 
the vertical extent of Cryphaea lamyana is varying. Comparison of the height of the 
top and bottom of bands of Cryphaea with mean summer water levels, as suggested 
by Holyoak (2002), is fraught with difficulties, and measurements relative to a fixed 
point on the bank would be preferable.

Furthermore, it would be useful to investigate and model humidity levels in the 
Cenarth section of the Afon Teifi to establish whether this is critical to the growth 
and survival of Cryphaea. Changes in humidity through climate change or water 
abstraction could then be modelled in order to work out how vulnerable the species 
is to future drops in river level. Mills were used to harness the power of the Teifi in 
the past, and scientific evidence may be needed at some point in the future to show 
whether hydroelectric generators would impact on the Cryphaea.

Finally, we should keep an open mind as to whether Cryphaea occurs on other 
Welsh rivers. For a long time, it was assumed that this species was genuinely 
restricted to the Teifi: a feeling backed up by Holyoak’s (2002) brief surveys of the 
Afonydd Gwaun, Cothi, Tâf and Eastern & Western Cleddaus. The discovery of 
Cryphaea lamyana on a stretch of the Tywi in 2005 indicates that it may have been 
overlooked elsewhere, not least because the Tywi colony is fairly small (35 patches/
tufts) and is restricted to a short rocky stretch of the river in an otherwise open flood-
plain. Further work on the Eastern and Western Cleddaus by S.D.S. Bosanquet (pers. 
obs.) has failed to reveal any more colonies, neither has recording on the Gwaun, but 
there is a distinct possibility that parts of the Cothi may be suitable, as may the 
Aeron in Ceredigion or the Dyfi on the Ceredigion/Montgomery/Meirionydd bor-
ders, although the latter would represent a considerable northward range extension.
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Introduction

The EC Habitats Directive (92/43/EEC) on Conservation of Natural Habitats and 
of Wild Fauna and Flora stipulates that Member States maintain or restore habitats 
and species in a condition that ensures their favourable conservation status in the 
community. To comply with this Directive, a number of UK rivers were designated 
as Special Areas of Conservation (SACs) because they support important populations 
of designated species. Three such species in UK rivers are Petromyzon marinus L. 
(sea lamprey), Lampetra fluviatilis (L.) (river lamprey) and Lampetra planeri (Bloch) 
(brook lamprey). All three are widely distributed throughout the British Isles, although 
P. marinus and L. fluviatilis are reported north of the Scottish Great Glen only occa-
sionally (Maitland and Campbell 1992, R. Gardiner, pers. comm.). Petromyzon marinus 
and L. fluviatilis are anadromous and parasitic, with adults typically inhabiting coastal and 
offshore waters (Maitland et al. 1994). Lampetra planeri is a non-parasitic spe-
cies and lives exclusively in fresh water. All three species spawn in fresh water and 
the larvae, known as ammocoetes, of all three species use similar microhabitats, but 
with varying geographical distribution; P. marinus is typically found in the lower 
reaches of rivers, whilst L. fluviatilis and L. planeri are more closely associated with 
the middle and upper reaches, where their distributions often overlap.

Lamprey habitat preferences change with life-history stage (APEM 2001; Maitland 
2003), with gravel-dominated substratum preferred for spawning, and mainly silt and 
sand-dominated substratum for nursery habitat. Optimal nursery habitat is defined as 
extensive areas of stable, fine sediment or sand ³15 cm deep, with low water velocity 
and detritus present (APEM 2002). However, small pockets of suitable habitat are 
often found in open, comparatively high-velocity reaches, interspersed among coarser 
substrata (APEM 2002).
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Other suitable habitats include detritus overlying coarse substratum, submerged tree 
roots and silt banks, silt-dominated cattle drinks and bankside vegetation rooted in silt 
(Harvey and Cowx 2003). These latter areas, designated as sub-optimal habitat, often 
contain very high densities of ammocoetes and are important when assessing the abun-
dance and distribution of lampreys in rivers. Spate rivers, with high flow velocities, tend 
to support fewer ammocoetes because they contain smaller areas of suitable habitat.

Harvey and Cowx (2003) described a protocol for assessing the conservation 
status of lampreys in UK SACs based on the Joint Nature Conservancy Council 
(JNCC) common standards monitoring guidance. The protocol compares the 
abundance and size structure of lamprey ammocoete populations against a prede-
termined set of criteria. This process is known as condition assessment, and is 
considered appropriate for testing for compliance in other European conservation 
areas. This chapter tests the protocol using a case study on sea lamprey in the River 
Wye, and examines the effectiveness of the protocol for condition assessment.

Study Area and Development of Monitoring Programme

The River Wye in Wales is approximately 250 km long from its source at Plynlimon 
to its confluence with the Severn Estuary at Chepstow, draining an area of over 
4,000 km2. In Wales the River Wye (Fig. 19.1), and many of its tributaries, is 
designated an SAC based on a number of features, including seven fish species. 
Populations of each lamprey species are among the primary reasons for the designa-
tion of the River Wye as an SAC. The Wye catchment provides habitat for lampreys 
and supports populations of P. marinus, L. fluviatilis and L. planeri.

Historical data on the occurrence and distribution of lamprey species in the Wye 
catchment were examined to provide an indication of the distribution of the target 
species and a basis for the selection of sampling sites. These data were collated from 
three main sources: (i) the Database and Atlas of Freshwater Fishes (DAFF) (Davies 
et al. 2002; Davies et al. 2004), which collates records of fish species occurrence 
across Great Britain; (ii) Environment Agency of Wales (EAW) fish population moni-
toring data, which comprised records of the occurrence of lampreys at sites surveyed as 
part of their standard electric fishing programme; and (iii) data collected by EAW in 
targeted lamprey surveys. Final site selection was based on the known distribution of 
lampreys in the River Wye, identified by interrogation of historical data, and by consul-
tation with local EAW and Countryside Council for Wales (CCW) staff. Sites were 
selected to provide a wide coverage of both optimal and sub-optimal habitats that may 
support lamprey ammocoetes and metamorphosing ammocoetes (‘transformers’).

Monitoring Targets

The protocol developed for the LIFE in UK Rivers project, and adopted as the 
monitoring standard in the UK (Harvey and Cowx 2003), considered that information 
on the abundance and population demographic structure of ammocoetes is the best 
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Fig. 19.1 Distribution of sampling sites and density estimates of P. marinus in optimal and sub-
optimal habitat in the River Wye catchment. © Crown Copyright and/or database right. All rights 
reserved. Licence number 100043571
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measure for assessing condition status of lamprey populations in SAC rivers. 
The lamprey ammocoete abundance classification is based on two measures: (i) density 
in optimal habitat; and (ii) density based on catchment-wide surveys that include a 
diversity of habitats. Compliance with favourable status is based upon sea lamprey 
ammocoetes achieving threshold densities of ³0.2 individuals m–2 in areas of optimal 
habitat and ³0.1 individuals m–2 on a catchment perspective (Harvey and Cowx 
2003; Cowx et al. 2009). The population demographic structure criterion requires 
at least two age classes to be present in ammocoete populations from optimal habitats 
(Harvey and Cowx 2003).

Materials and Methods

Fifty-four sites on the River Wye and its tributaries (Fig. 19.1) were sampled for 
lamprey ammocoetes in October and November 2005. The sampling strategy 
followed the LIFE in UK Rivers protocol (Harvey and Cowx 2003), with a minimum 
of three quantitative or semi-quantitative samples taken at each site. Lamprey 
larvae were sampled by electric fishing (2 kVA generator, 220 V, 50 Hz pulsed DC). 
For quantitative surveys, a delimiting framework (equivalent to a quadrat base area 
1 m2) was used (Harvey and Cowx 2003). The framework was placed at the selected 
sampling point and left to allow settlement of any disturbed sediment. A single anode 
(40-cm diameter) was immersed approximately 10–15 cm above the substratum, 
energized for 20 s, then turned off for 5 s. This process was repeated for approxi-
mately 2 min. This technique draws lamprey out of the sediment and into the water 
column. Immobilized lamprey were removed using a fine-meshed (280 µm) net, 
and transferred to a water-filled container. The sampling process was conducted 
three times in total, with a resting period of 5 min between each sample. Samples 
were kept separate for analysis. Where deployment of the framework was not pos-
sible (e.g. narrow marginal areas, near overhanging trees, and deep or fast-flowing 
areas), semi-quantitative electric fishing to catch as many ammocoetes as possible 
was used, in this case sampling points were fished only once, rather than three 
times. In both strategies, the microhabitat at each sample point was classified as 
either optimal or sub-optimal.

Lampreys were identified, measured (total length, mm) and returned to their 
place of capture. Petromyzon marinus larvae were differentiated from L. fluviatilis 
and L. planeri in the field by examination of the pigmentation in the oral hood and 
caudal fin (Fig 19.2; Gardiner 2003). Petromyzon marinus were classified into the 
following categories: (1) ammocoete; and (2) transformer.

Petromyzon marinus ammocoete and transformer densities (number m–2) were 
calculated for each sampling point. Absolute density was estimated at quantitative 
sampling points using depletion methods (Zippin 1956; Carle and Strub 1978), while 
gear calibration was used for semi-quantitative sampling points (Cowx 1995). This 
involved calculating the mean probability of capture (p) at quantitative sampling sites 
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1 ˆ( / )
n

p C N= å , and using this value to estimate relative abundance (N = (C/p)/A),  
where C is the total number of ammocoetes caught in the first sample at each sam-
pling point,  N̂ the estimated absolute abundance from quantitative sampling, and A the 
sampling area (Cowx 1995). Mean density estimates were calculated for optimal 
and sub-optimal microhabitats at each site by summing the individual sample 
densities (quantitative and semi-quantitative samples combined) and dividing by 
the number of samples. Length distributions of P. marinus ammocoetes were derived 
for each site to facilitate interpretation of age-structure of the populations.

Results

A total of 453 P. marinus ammocoetes was caught during the study period.  
The majority of P. marinus ammocoetes (68%) were caught at site 54 (Hay-on-Wye) 
in the immediate vicinity of known spawning areas. Petromyzon marinus transformers 
were not captured at any site, although some individuals were of a size (>140 mm) 
considered likely to transform in winter 2005/2006. Petromyzon marinus distribution 
was mainly restricted to below the waterfall in Rhayader (Site 10), with only one 
individual captured upstream (Fig. 19.1).

Fig. 19.2 P. marinus ammocoete captured in surveys in the River Wye. Note, the pigmentation 
extending into the caudal fin differentiates P. marinus ammocoetes from L. fluviatilis and L. planeri 
ammocoetes. Photo by Clive Hurford
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Density Estimates

Mean densities of P. marinus ammocoetes at individual sites ranged from 0.00 to 
30.98 individuals m–2 in optimal microhabitats; mean river densities ranged from 
0.00 to 3.61 individuals m–2 (Table 19.1, Fig. 19.1). The overall Wye catchment mean 
density of P. marinus ammocoetes in optimal microhabitats was 9.04 individuals m–2.

Mean densities of P. marinus ammocoetes at individual sites ranged from 0.00 
to 74.39 individuals m–2 in sub-optimal microhabitats; mean river densities ranged 
from 0.00 to 5.89 individuals m–2 (Table 19.1, Fig. 19.1). The overall Wye catchment 
mean density of P. marinus ammocoetes in sub-optimal microhabitats was 2.20 
individuals m–2. These densities were above the thresholds established by Harvey 
and Cowx (2003) (mean ³0.2 individuals m–2 in optimal and ³0.1 individuals m–2 
in sub-optimal microhabitats), suggesting the populations were in favourable condition. 
Assessment of the distribution of densities of ammocoetes at individual sampling 
sites (Fig. 19.3) showed that the mean density in 54 sites (optimal and sub-optimal 
combined) was 2.58 individuals m–2, again supporting favourable condition. These 
densities compared favourably with those reported from elsewhere in UK rivers 
(APEM 2001).

Size Structure

Demographic structure varied between sites, reflecting variability in inter-annual 
recruitment success and ability to access certain reaches. Individual P. marinus 

Table 19.1 Mean density estimates of P. marinus ammocoetes captured from optimal and sub-
optimal microhabitats on the River Wye. Columns 3 and 4 give the mean density estimates for all 
sites sampled, column 5 gives the mean density estimates in optimal habitat (n/a = not applicable)

Mean density of P. marinus  
ammocoetes m–2 (area sampled m2)

Mean density  
of P. marinus  
ammocoetes m–2

River
Number of 
sites (total) Optimal habitat

Sub-optimal  
habitat

Sites with optimal  
habitat only

Afon Cammarch 2 n/a 0.00 (24.0) No optimal habitat
Afon Elan 4 0.00 (1.00) 0.00 (8.40) 0.00
Afon Ithon 14 0.00 (2.20) 1.38 (34.60) 0.00
Afon Marteg 3 n/a 0.00 (3.00) No optimal habitat
Chwerfri 2 n/a 0.00 (7.50) No optimal habitat
Clywedog Brook 2 n/a 0.00 (4.00) No optimal habitat
Duhonw 2 n/a 0.00 (9.50) No optimal habitat
Dulas 1 n/a 0.00 (6.50) No optimal habitat
Edw 6 0.00 (1.00) 0.00 (15.70) 0.00
Irfon 3 0.81 (1.00) 2.23 (5.00) 2.44
Wye 15 3.61 (6.00) 5.89 (44.20) 27.10
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ammocoetes, with lengths between 60 and 75 mm, belonging to the ³1+ age 
group (2004 year class), were caught at sites 10, 11 and 12. No evidence of recruit-
ment in 2005 (discriminated by capture of ammocoetes <40 mm in length) was found 
at these sites. Further downstream, abundance of larger ammocoetes (>40 mm) 
increased.

At site 17, P. marinus ammocoetes ranged from 32–127 mm; the presence of 
individuals <40 mm indicated recruitment in 2005, and the larger-sized individuals 
(>80 mm) were >1+ age groups. A number of age groups were also captured at sites 
18, 20 and 21, but all were ³1+ individuals; there was no evidence of recruitment 
in 2005 (Fig. 19.4). Ammocoetes <40 mm (0+ individuals) were captured at sites 
28, 53 and 54, indicating recruitment in these areas in 2005; several other age 
groups were also evident at these sites (Fig. 19.4). 0+ ammocoetes dominated 
catches at site 54, suggesting the site is an important spawning and nursery area for 
P. marinus (Fig. 19.4). The presence of more than two ammocoete age classes at 
optimal sites indicates that P. marinus is in favourable condition.

Discussion

Petromyzon marinus populations in the River Wye catchment in Wales achieved 
favourable conservation status, and provide a baseline for comparison with future 
surveys. The following sections discuss the significance of the findings and key issues 
associated with monitoring P. marinus populations; the issues are also considered 
pertinent for monitoring L. fluviatilis and L. planeri populations.

Fig. 19.3 Distribution of densities of P. marinus ammocoetes at individual sampling sites in the 
River Wye catchment
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Habitat Requirements

A key factor determining the distribution and abundance of lamprey ammocoetes 
appears to be the availability of suitable substratum, typically fine particulate 
(organic) matter. Lamprey larvae reside in the river bed, and filter food particles from 
feeding currents that pass through their burrows. The substratum must therefore be 
fine enough to burrow into, but stable enough for respiration and feeding purposes. 
Slow-flowing stretches of rivers or backwaters and eddies, where deposition of sand 
and silt occurs, provide such conditions (Maitland 2003). Petromyzon marinus, L. 
fluviatilis and L. planeri ammocoetes all use similar microhabitats (Harvey and Cowx 
2003). The substratum used is predominantly mud, silt or sand, and may vary in depth 
from a few centimetres to more than 30 cm (Hardisty and Potter 1971).

Availability of optimal and sub-optimal habitats varied greatly in the catchment. 
Optimal habitat was generally restricted to the lower reaches of the main stem and 
tributaries, reflecting the gentler gradient, slower flow regime and increased silt 
loading; this was reflected in high densities of P. marinus and also Lampetra 
ammocoetes at these sites (Harvey et al. 2006).

The upper reaches of the main stem and tributaries of the River Wye typically 
only contained sub-optimal ammocoete habitat, with very few areas of deep stable 
sediment. This reflects the dynamic nature of the river and tributaries in this area. 
Substratum at the majority of sites was gravel, cobble and bedrock, and ammocoete 
habitat was generally restricted to areas sheltered from the main flow, where patchy 
and shallow silt accumulations occurred. Such areas were considered highly mobile 
in times of high flow, which could cause downstream displacement of ammocoetes. 
Notwithstanding, sub-optimal habitat appears critical to P. marinus populations in 
the Wye catchment. Applegate (1950) noted that the depth to which lamprey larvae 
burrow is positively related to their size. Thus, the availability of optimal and sub-
optimal habitat may influence the size structure of lamprey populations, with larger 
ammocoetes occluded from shallow sediments. The issues surrounding the contri-
bution of optimal and sub-optimal habitats to rivers, or reaches, attaining favour-
able conservation status need further consideration as more information becomes 
available. For example, exactly what constitutes ‘optimal’ habitat has not been vali-
dated, and may not accurately reflect the requirements and preferences of lamprey 
ammocoetes. Future research into the factors influencing the suitability of habitat 
for lamprey ammocoetes should allow ‘optimal’ habitat conditions to be quantified 
and revised conservation assessment criteria to be produced.

Abundance Classification

Very few sites in the River Wye catchment had optimal habitat. As such, comparison 
of densities with the criterion for favourable condition in optimal habitat (ammocoete 
density ³0.2 individuals m–2) was only possible at a small number of sites. However, 
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the criterion for compliance with favourable condition in optimal habitat was also 
used for comparative purposes with densities in sub-optimal habitat, primarily to high-
light that sub-optimal habitats often contained high densities of ammocoetes. 
Therefore, for future monitoring, the ammocoete density thresholds for optimal and 
sub-optimal habitat may need adjustment, in conjunction with habitat definitions, 
especially in catchments dominated by sub-optimal habitat. Indeed, the thresholds 
defined by Harvey and Cowx (2003) for attaining favourable condition status were 
intended to be modified as more extensive data become available. At many sites, 
P. marinus densities met the criterion for compliance for optimal habitat, even when 
the habitat was classified as ‘sub-optimal’. Those of P. marinus ammocoetes in the 
River Wye compared favourably with densities reported elsewhere (Maitland 2003; 
Nunn et al. 2008), reflecting good spawning habitat and few migration barriers in the 
catchment. Indeed, one P. marinus ammocoete was captured upstream of the waterfall 
at Rhayader, which was initially considered the upstream limit of sea lamprey, indi-
cating that the waterfall may be negotiable by a small number of adult sea lamprey 
under favourable flow conditions. Ammocoete densities were high in the main River 
Wye at Hay-on-Wye indicating that this reach is a key spawning and nursery area. 
Densities in the rivers Ithon and Irfon, tributaries of the River Wye, were also high 
indicating that smaller watercourses may be important for sea lamprey spawning. 
Based on the data collected for the River Wye, P. marinus ammocoete populations 
were considered to be in favourable condition in 2005.

Population Demographic Structure

There were differences in the population demography between upstream and down-
stream reaches. Ammocoetes were rarely caught in upstream reaches, suggesting 
limited access to this region for adult P. marinus. The waterfall at Rhayader appears 
to be a barrier to migration and must be considered the upstream limit for assessing 
condition status. At least two age classes of P. marinus ammocoetes were captured 
at all sites containing optimal habitat downstream of the waterfall. This was also 
the case at most sites dominated by sub-optimal habitat. Recruitment at the major-
ity of accessible sites with suitable habitat was therefore not compromised, and P. 
marinus populations in the River Wye are in favourable condition for this criterion 
(Harvey and Cowx 2003).

Monitoring Issues

The long-term viability and conservation status of P. marinus populations is an 
important issue in SAC rivers, and spawning activity and distribution within such 
systems should be surveyed regularly. Adult P. marinus are known to locate spawning 
grounds using a migratory pheromone that is released by resident larval conspecifics 
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(Sorensen et al. 2003). Similarly, female P. marinus locate males via a pheromone 
released by males on the spawning grounds (Li et al. 2003). Thus, there is a risk in 
some systems that P. marinus populations could become too small for chemical 
communication to be effective, particularly where age classes are missing in the 
larval populations or where spawning stocks are minimal.

In addition, there is a possibility that the use of common spawning and nursery 
grounds may increase the potential for competition between P. marinus and L. flu-
viatilis larvae. Large spawning aggregations in discrete localities (e.g. site 54 – 
Hay-on-Wye) are extremely susceptible to interference, habitat degradation or 
environmental perturbations such as pollution. Attention should be given to main-
taining effective habitat protection, and access to and prevention of exploitation at 
spawning grounds (Jang and Lucas 2005). Therefore, in any monitoring programme 
for lampreys it is important to identify and monitor the spawning areas, and subse-
quently assess the status of ammocoete populations in the vicinity of the spawning 
localities. This would ensure that any degradation in spawning areas is identified 
quickly and mitigating measures implemented to protect such areas.

In the UK, most historical information on lampreys was gathered opportunisti-
cally, either directly by government agencies as part of other monitoring programmes 
(e.g. EA juvenile salmonid monitoring programmes) or indirectly by members of the 
public, including anglers. There is a need to undertake independent monitoring sur-
veys that specifically target lamprey ammocoetes and transformers. It is, thus, rec-
ommended that independent monitoring of the status of lampreys, following the 
LIFE in UK Rivers protocol (Harvey and Cowx 2003; Cowx et al. 2009), is under-
taken to comply with reporting needs under the Habitats Directive. Unfortunately, 
the reporting frequency under the Directive is every 6 years, which may be too long 
to identify and prevent any catastrophic changes in populations. Thus, more strategic 
monitoring at key locations is recommended annually or biennially (Harvey et al. 
2006; Nunn et al. 2008; Cowx et al. 2009). Such monitoring should assess the dis-
tribution, abundance and demographic structure of lamprey populations so that miti-
gation measures can be initiated should any deleterious changes occur.

Site selection is an important consideration when monitoring P. marinus. In this 
study, it was crucial that sites on tributaries outside the boundaries of the SAC were 
included in the sampling programme as these probably contributed significantly to 
the sustainability of lamprey populations in the SAC as a whole. Furthermore, 
assessing sites outside SACs may identify factors affecting the status of lamprey 
populations within SACs (Cowx et al. 2009). In this study, particular attention was 
paid to the lower reaches of the main river (below Builth Wells) to account for the 
main distribution and lower abundance of P. marinus ammocoetes compared with 
Lampetra species in most rivers (Gardiner 2003). This is especially important 
where barriers, either natural or man-made, may prevent or limit upstream migra-
tion of P. marinus and L. fluviatilis to spawning grounds (Harvey and Cowx 2003; 
Nunn et al. 2008).

Critical to the success of any monitoring programme is the review of historical 
data on lamprey populations, and habitat and water quality. These may provide 
information on lamprey distribution and abundance, and also identify spawning 
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areas, facilitating the selection of survey sites. Furthermore, habitat data (e.g. River 
Habitat Survey – RHS) and chemical and biological water quality data (e.g. EA 
General Quality Assessments – GQA) can be linked with fisheries data to deter-
mine if physical or chemical characteristics compromise population viability. This 
allows assessment of lamprey populations in relation to the full range of JNCC 
common standards monitoring guidance criteria, which gives targets for a number 
of water quality attributes that contribute to favourable condition assessment 
(JNCC 2005).

It appears that one of the key factors dictating whether lampreys succeed in 
reaching their spawning grounds, particularly in regulated rivers, is the river level 
during their spawning migrations. This may be the case for P. marinus (Fig. 19.5), 
which tends to migrate in spring and early summer, when river levels are lower and 
more stable than in the autumn and winter (Nunn et al. 2008). There is a potential, 
tangible link between flow characteristics and lamprey spawning success (Waterstraat 
and Krappe 1998; Oliveria et al. 2004). Indeed, Nunn et al. (2008) identified migra-
tion barriers and low flows as factors potentially contributing to the poor recruit-
ment of L. fluviatilis in the River Ure in 2003 compared with less regulated rivers 
in the Yorkshire Ouse catchment. Therefore, there is a need to understand the rela-
tionships between flow characteristics, migration barriers and the potential impacts 
that climate change, and concomitant shifts in flow regime, may have on lamprey 
population viability. Assessment and future regulation of flow in many rivers is 
currently being undertaken by the Environment Agency within the Review of 
Consents procedure. The findings of these reviews will be important to the assess-
ment of conservation status of lamprey populations in SAC rivers.

Fig. 19.5 Adult sea lamprey swimming upstream to spawning grounds. Photo by Clive Hurford
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Introduction

Wild salmon stocks have declined worldwide (NRC 1996). In many Baltic Sea rivers 
most wild populations of Atlantic salmon (Salmo salar L.) and anadromous trout 
(sea trout, Salmo trutta L.) have been destroyed, with the remaining stocks found 
primarily in rivers within northern Sweden and Finland. Here they suffer high rates 
of fishery exploitation, while hydropower regulation and the re-engineering of rivers 
for floating timber has led to the loss of spawning and rearing habitat and to a loss 
of connectivity among habitats (McKinnell 1998).

To remain viable in the face of demographic and environmental stochasticity, 
salmonid populations require a certain level of abundance, positive growth rates, 
adequate spatial structure, and access to (connectivity among) habitats of sufficient 
quantity and quality to express their life history and genetic diversity (McElhany 
et al. 2000). To understand what is limiting their productivity and viability and 
develop conservation actions for these threatened populations, we need information 
on both the freshwater and marine phases of the salmon and sea trout life cycles.

The Salmon Action Plan (SAP) 1997–2010 was adopted by IBSFC (International 
Baltic Sea Fishery Commission), and states that by 2010 natural production in 
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Baltic rivers should be >50% of the maximum production potential. To date, maximum 
natural production levels have primarily been based on expert knowledge rather 
than empirical estimates (e.g. WGBAST 2008). The Swedish Government now 
recognises the need for index rivers to obtain reliable estimates of abundance, 
productivity, population structure, and to collect the information on life-history 
diversity needed to manage salmonid stocks.

From 2005 to 2008, a pilot study was implemented in the River Sävarån (a small, 
unregulated forest river in northern Sweden), to monitor the downstream migra-
tions of salmon and trout, and explore its suitability as an index river. Rotary screw 
traps were used to investigate the abundance of smolts as well as their timing, size 
and age, and to obtain samples to analyse the genetic composition of the stock. Parr 
densities from electro-fishing surveys were compared with screw-trap data to deter-
mine whether the two approaches produced similar smolt production estimates.

The Study Site

The Sävarån is 140 km long, empties in the Bothnian Bay north of Umeå in northern 
Sweden, and drains a 1,160 km2 watershed (Fig. 20.1). Salmon, resident brown 
trout (Salmo trutta L.), and sea trout inhabit the river. Water temperatures and flow 
regimes are typical of small, coastal rivers that drain the lowland forests of north-
eastern Sweden (Fig. 20.2). The river has been fished for salmon since the sixteenth 
century (Johansson 2004), and recently, efforts have been undertaken to restore 
spawning and rearing habitats (Norberg and Ahlström 2007). Between 18 and 94 
salmon have been counted annually since 1998 at a fish ladder located at river 
kilometer 50. The potential production from an estimated 20 ha of spawning habitat 
is estimated at 4,000 salmon smolts per year (Rappe et al. 1999).

Methods

Smolt Migration: Abundance and Timing

Rotary screw traps (EG Solutions, Oregon, USA) (Thedinga et al. 1994) were 
located at river kilometer 15 to monitor smolt abundance and migration timing 
(Fig. 20.3). Two traps were used in 2005 and 2006, but high recapture rates allowed 
a single trap to be used in 2007 and 2008. Traps were checked twice daily; to record 
the number of smolts collected, species, date, time of day, and smolt length (mm). 
All fish not needed for acoustic telemetry, or previously marked for trap efficiency 
studies, were immediately released downstream from the trap. Water temperature 
and level (flow) were noted daily, except in 2008 when data loggers were used to 
record water temperature and level every 30 min.
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Fig. 20.1 Map showing the location of the smolt trap (installed 15 km upstream from the river 
mouth; Lat: N63° 54¢ 38.6″, Long: E20° 33¢ 56.5″) and electro-fishing sites (black circles) on the 
River Sävarån

Fig. 20.2 Annual flow and temperature for the River Sävarån near the rotary-screw trap site. 
Black lines denote daily flow (thick = median, thin = percentiles; 2.5 and 97.5). Grey line denotes 
average daily water temperatures from 2006 to 2007
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Trapping efficiency was evaluated through daily mark-recapture experiments. 
Captured smolts were tagged with external Carlin tags, transported 2–4 km 
upstream, and released. Tags from recaptured fish and date and time of recapture 
were recorded. Trap efficiencies and population estimates were calculated based on 
a standard, single mark-recapture event (Seber 1982; Carlsson et al. 1998).

To improve the estimates, stratification was tested in 2007 by dividing the out-
migration period into three periods: initial (few smolts, high flows and low recap-
ture probabilities), intermediate (high numbers of smolts and high recapture rates), 
and final (low smolt numbers, low flow, and low recapture rates).

Genetic and Age Structure Monitoring

Tissue and scale samples were collected from a subsample of trapped fish to analyse 
genetic structure and age composition, to initiate a long-term dataset for assessing 
the genetic composition and stability of salmon and trout populations in the region, 
and to assess the effects of non-indigenous hatchery fish straying into the River 
Sävarån.

Microsatellite and mitochondrial DNA markers were selected for the genetic 
monitoring, based on a database being available for these marker systems that 
encompass most wild and cultivated Baltic Sea stocks. DNA was extracted from 
adipose fin tissues from 192 trout and 483 salmon collected throughout the migra-
tion period each year, 2005–2008. Standard procedures for analysing DNA were 
used (see Nilsson et al. 2001; Säisä et al. 2005), and reference DNA samples were 

Fig. 20.3 River Sävarån smolt traps with their lead-arms that guide downstream migrating fish 
toward(s) the traps, as seen from downstream
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used to calibrate allele sizes with existing data. Analysis of the amount of variability 
(heterozygosity) and measures of genetic differentiation (Fst) were performed 
using GENPOP (Raymond and Rousset 1995) software. The software STRUCTURE 
(Pritchard and Wen 2004) was used to estimate the number of populations contrib-
uting to a sample and search for non-indigenous individuals. The age of each 
sampled individual was determined from scale reading.

Parr Density

Electro-fishing has been performed in the River Sävarån since 1989 to estimate parr 
densities using the standardized methodology for Swedish rivers (Degerman and 
Sers 1999; Rivinoja and Carlsson 2008). Initially, salmon stock abundance in the 
river was low, and to increase the number of salmon observed nine sites were 
selected for monitoring from the best habitats, rather than being randomly assigned 
or from a stratified sample. Using this approach, population trends could be 
detected with higher statistical power. For a variety of reasons, including inter-
annual and seasonal variability in flow, all nine salmon-monitoring sites could not 
be sampled each year and there were no sites with samples from all years. The 
missing observations from different years complicated the data analysis; therefore 
data from a geographically expanded electro-fishing programme of 15 sites were 
used to estimate 0+ parr densities for comparison with the smolt abundances.

Results

Smolt Migration Abundance and Timing

The downstream migrations of salmon and sea trout occurred in a relatively narrow 
window from mid-May to mid-June (Fig. 20.4). In general, smolts appeared in the 
trap when the water temperature reached 8°C for salmon and from 5 to 6°C for sea 
trout. While the number of trapped smolts varied between years, the migration 
period was relatively fixed. Trap collection efficiencies, measured as recapture rate 
of tagged fish released upstream, ranged from 15% to 27% for salmon and from 
11% to 27% for trout in 2005 and 2006, and were high for salmon (21–31%) and 
trout (8–15%) when a single trap was used in 2007 and 2008 (Table 20.1).

Estimated salmon smolt population size ranged from 2,600 to 3,900 fish 
(Table 20.1). Uncertainty in the estimates, expressed as percent deviation between 
the 95% confidence limit and the mean was less than 15%. Estimated trout popula-
tion size ranged from 500 to 1,500 fish, but uncertainty in the estimates ranged from 
30% to 65%. The stratified method of estimating population size used in 2007 did 
not change the estimate markedly.
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Genetic and Age Structure Monitoring

In 2005 and 2006, salmon smolts in the River Sävarån were genetically distinct from 
those in other Gulf of Bothnia rivers but were similar to smaller, forest-origin rivers 
in the region. Genetic variability was similar to other Gulf of Bothnia populations. 
Analyses of stock composition revealed that 11% of the gene pool originated from 
salmon stocked from the nearby River Byskeälven. Sea trout in the River Sävarån 
were also genetically differentiated from other nearby rivers, even though these 
populations have served as brood stock for fish stocked into the River Sävarån.

Fig. 20.4 Seasonal (day/month) variation in number of trapped salmon and sea trout smolt during 
2005–2008
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Estimated introgression from stocked fish was higher in sea trout than salmon, 
and genetic differentiation among rivers was less pronounced for sea trout, suggesting 
that gene flow was higher in this species.

In 2007 and 2008, salmon smolts originated from two different sources in 
roughly equal proportions, Sävarån and Byskeälven salmon (Fig. 20.5). Whether 
the introgression of the Byskeälven stock into the previously unique Sävarån stock 
will change the life-history patterns of future offspring in the River Sävarån is 
unknown, and requires additional monitoring.

Smolt sizes were similar between years; salmon smolts averaged 14.1 ± 0.6 
(±1SD) cm, and trout averaged 16.7 ± 0.9 cm. Salmon and trout smolt age varied 
from 2 to 4 years, and averaged 2.7 and 2.9 years, respectively. In general, salmon 
smolt age in the 13–17 cm size range overlapped considerably, and the dominant 
age at smoltification varied among years (Table 20.2). This information, along with 
the expected time at sea, is crucial for assessing salmon and sea trout populations.

Parr Density

Salmon parr densities were low at the beginning of the sampling period and 
increased slowly to a density of about eight 0+ parr/100 m2 at the end of the time 
series (Fig. 20.6). During the last three years, parr density ranged from 0 at some 
sites to average of 30 individuals/100 m2 at others. To reduce the influence of the 
spatial variation between sites, data from the years when all sites were sampled 
were averaged for each site. These averages were then subtracted from each site’s 
time series as a standardization of all sites. To standardize the time series between 
sites, the level of the normalized time series was then shifted to have the same 
densities in the initial phase as the original time series sites.

Table 20.1 Data from smolt trapping in the River Sävarån

Species Year Tagged Recapts Untagged Prob
C

LCI95 Mean UCI95

Salmon 2005 289  42 294 0.15 2,780 3,930 5,080
Salmon 2006 763 205  49 0.27 2,620 3,010 3,410
Salmon 2007 689 213 134 0.31 2,320 2,650 2,990

2007* 2,650 2,850 3,000
Salmon 2008 723 151 106 0.21 3,340 3,950 4,560
Trout 2005  35   4 160 0.11    290 1,404 2,520
Trout 2006 112  30  28 0.27    340    510    680
Trout 2007 122  18  39 0.15    590 1,040 1,490
Trout 2008 85   7  56 0.08    530 1,520 2,500

Prob
C
 denotes recapture efficiency, Mean, LCI95 and UCI95 denote the mean, lower 

and the upper 95% confidence limits of the mark-recapture population estimates. The 
asterisk denotes estimates using three time frames of the migration period (initial, 
intermediate and final).
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Variation in river flow between years resulted in different amounts of area being 
sampled at each site and available for the fish (which directly influences fish density). 
This variability within the time series data was impossible to separate from tempo-
ral population fluctuations. To address this, a three-year moving average was used 
to smooth the time series (Fig. 20.6). Based on this approach, the population was 
recovering during the monitoring period and increased almost 10% each year.

Parr densities ranged from 2.6 to 6.6 individuals/100 m2 from 2005 to 2008, 
which is an increase of 150%. From 2002 to 2006, the corresponding increase for 
the 17 sites sampled was 260%. By contrast, trapping efficiency data estimated 
salmon smolt populations to be between 2,700 and 4,000 fish from 2005 to 2008, 
and increased only 50% throughout the period.

Fig. 20.5 Estimated salmon smolt abundance (individuals) over the study period. Vertical bars 
show proportion of smolts belonging to the wild Sävarån stock (black) and the introduced 
Byskeälven stock (white) assessed using DNA-samples from trapped smolts. Thin vertical lines 
show 95% CL. The open circle denotes the abundance from the stratified method

Table 20.2 Proportion of individuals in each of the three age classes 
recorded from scale reading

Species Year 2 years 3 years 4 years N

Salmon 2006 0.14 0.81 0.05 104
2007 0.47 0.36 0.16 165
2008 0.46 0.51 0.03 127

Sea trout 2006 0.15 0.64 0.22 74
2007 0.30 0.66 0.04 122
2008 0.32 0.61 0.07 90
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Discussion

Several important observations were forthcoming from the smolt migration monitoring 
in the River Sävarån. The estimated number of salmon smolts produced in the 
R. Sävarån based on smolt trapping was similar to the estimated production poten-
tial of 4,000 (Rappe et al. 1999). If accurate, this would mean that 75–100% of the 
potential production (and international conservation limits) of salmon smolts is 
being achieved. However, in a separate research project, acoustic telemetry was 
used to estimate sea trout smolt survival from the trap (personal communication, 
Ignacio Serrano, Umeå University, Sweden) and indicated that 86%, 84%, and 74% 
reached the lower river, estuary and coastal area, respectively. If salmon survival 
rates are similar to survival rates observed in sea trout, then we should reduce our 
estimates of smolt abundance (which are based on smolt-traps) by about 20% in 
order to obtain estimates of the production of smolt leaving the river.

The time window for downstream migrating smolts in the R. Sävarån was gener-
ally consistent among years, and trout smolts migrated 5–10 days earlier than 
salmon on average. Thus, the trap was in place before the onset of the migration 
and the population estimates should not be biased by missing fish before the trap-
ping started. The highest frequency in downstream migrating salmon smolts 
occurred between 10–12°C, which coincided with published reports that found 
increased downstream migration at temperatures of 8–10°C (Österdahl 1969; 

Fig. 20.6 Average densities of one-summer old salmon from electro-fishing at 9 and 17 sites in 
Sävarån upstream of the trapping site. White squares denote annual averages and black dots denote 
adjusted annual averages from the 9 salmon monitoring sites. The thick black line denotes the 
three-year moving average for the adjusted means. The dotted line and the unfilled triangles 
denote the mean densities at the 17 monitoring sites (including tributaries) that were sampled each 
year between 2002 and 2006
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Jonsson and Ruud-Hansen 1985). This information can be used to prepare for the 
start of trapping each year.

Supplemental stocking of salmon from non-indigenous stocks was undertaken 
to build up a new population in the belief that the original population of Sävarån 
salmon was lost. However, this study revealed that this was not the case, and that a 
unique population exists without signs typically associated with population bottle-
necks, such as low heterozygosity. Genetic studies in 2005 and 2006 found that 
salmon smolts were unique to the Sävarån (Nilsson et al. 2008), while in 2007 and 
2008 a large fraction of smolts originated from hatchery released fish. The origin 
of these smolts must come from supplemental stockings done before 2006 since no 
stockings were performed after 2005. The observation that a considerable compo-
nent of the original salmon stock exists suggests that management of Sävarån 
salmon should be redirected toward preserving the indigenous population. 
Managers need accurate estimates of annual smolt production to predict the number 
of adult returns and to safeguard stocks. To evaluate the goal of the Salmon Action 
Plan, it is also important to have reliable measures on the smolt production. In most 
rivers no explicit monitoring of smolt occurs, but the estimate is based on electro-
fishing. The smolt production is then calculated using the number of recruiters from 
adults that spawned 2–4 years earlier. For Sävarån, annual electro-fishing data were 
compared with the observed smolt production but no relationship was found 
between parr densities based on electro-fishing and estimated smolt abundance 
based on trapping. Thus, electro-fishing did not provide a good estimate of smolt 
production. This may have been a result of several factors.

Electro-fishing is sensitive to flow level and currents at the time of sampling •	
(e.g. the high densities observed in 2006 for both 0+ and older fish probably 
resulted from extremely low flows that year) and can lead to biased estimates 
during extreme years that are difficult to separate from temporal variation in 
recruitment success.
The electro-fishing sites were not randomly selected or stratified initially, so •	
up-scaling the recruitment success to the watershed level without bias was not 
guaranteed.
The method focused on seemingly high quality 0+ parr habitats, but other critical •	
rearing habitats may have been missed.
The method is not applicable for estimating trout smolt production. More trout •	
were captured during electro-fishing than salmon. However, sea trout smolt 
counts at the trap were significantly lower than salmon, implying that the 
majority of the trout parr electro-fished were resident brown trout, not anadro-
mous sea trout.

The ultimate goal of conservation efforts in the Baltic region is to preserve viable 
populations of anadromous salmonids, and the conservation of multiple popula-
tions is considered vital for the conservation of a species (Allendorf and Luikart 
2007). However, before stock conservation plans can be developed, the basic unit 
of management effort has to be identified. For example, evolutionary significant 
units (ESUs), based on populations being reproductively isolated or genetically or 



21720 Monitoring Juvenile Atlantic Salmon and Sea Trout in the River Sävarån

ecologically unique (Allendorf and Luikart 2007), are used in the Pacific North-western 
USA to manage salmon populations. In addition, estimates of interaction and 
dispersal rates between populations are crucial to the development of adequate 
management strategies. To develop conservation plans and track their success, 
monitoring is needed on populations or sub-populations to document levels of 
abundance, and life-history and genetic diversity over time. This should include 
recruitment success, downstream migrations, harvest, upstream migrations, and the 
amount and quality of spawning and rearing habitat available. In the Sävarån case 
study, data on recruitment success and downstream migrations were collected, but 
data on the additional monitoring components need to be collected for the River 
Sävarån in the future. We conclude that the smolt trapping, genetic and tagging 
methods described provided critical information on wild salmon and trout popula-
tion status in the River Sävarån, and that the river is a suitable index site for moni-
toring salmonid populations and trends in the forest rivers of northern Sweden.
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Introduction

Shad species are members of the herring family (Clupaeidae) and have a broad 
global distribution, with approximately 200 different species found in all seas 
around the world, except for the Antarctic. Shad primarily inhabit marine ecosys-
tems, but some species are anadromous, i.e. adults return to fresh water to spawn 
and juvenile fish spend part of their life in fresh water before returning to the sea to 
continue their development (Maitland and Hatton-Ellis 2003).

Shad have a generally westerly distribution across Europe and have been recorded 
primarily in major rivers discharging into the Atlantic. The allis shad (Alosa alosa L.) 
and twaite shad (Alosa fallax L.) are the only members of the herring family found 
in freshwater habitats in the UK (Maitland and Hatton-Ellis 2003). They are similar 
in appearance but can be identified to species level through the number, length and 
spacing of their gill rakers. Abundances of shad species have declined in recent years 
throughout their geographic ranges, primarily as a result of migration barriers such 
as dams and weirs, pollution and habitat destruction (Aprahamian et al. 2003). As a 
result, both allis and twaite shad are protected under Appendix III of the Bern 
Convention and Annexes II and V of the EC Habitats Directive 92/43/EEC.

Allis and twaite shad populations are protected as designated features under the 
EC Habitats Directive within the Afon Tywi Special Area of Conservation (SAC) 
in South-west Wales (Fig. 21.1). Although allis shad are extremely rare, with no 
confirmed records of the species within recent years, twaite shad have regularly 
spawned in the river (Aprahamian and Aprahamian 1990; CCW 2005).

The freshwater phase of shad spawning migration is temperature dependent, 
generally taking place when water temperature ranges from 12°C to 20°C. Tidal 
cycles and river flow levels also influence migration, which can be halted during 
strong spate conditions (Aprahamian et al. 2003).
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Shad demonstrate a preference for upstream movement at temperatures between 
11–13°C and spawning generally takes place once water temperatures rise above 
15°C. Shad eggs are particularly sensitive to water temperatures below 16°C and 
the optimal temperature regime for egg incubation is temperatures exceeding 18°C 
throughout June and July (Maitland and Hatton-Ellis 2003; McIlquham, 2006).

Water temperatures in the Tywi River have been impacted by the Llyn Brianne 
dam, which was constructed in the upper reaches of the catchment in 1971 for 
public water supply and subsequently modified for hydropower production. Water 
has historically been released from the lower levels of Llyn Brianne below a ther-
mocline in the lake, which develops over summer months, introducing cold water 
into the upper Tywi at the same time as the freshwater phase of the shad life cycle. 
We had to take this factor into account when developing the methods for shad 
monitoring in the Tywi.

For monitoring purposes, Hillman et al. (2003) recommended that, where suf-
ficient baseline data were available, the adult shad run should be assessed using 
hydroacoustic fish counters and video footage – and that the target should be based 
on the 6-year average of the total shoal count. Shad egg surveys should then 
commence following the sighting of the first adult shoal run of the season and the 
distribution investigated through a comprehensive kick-sampling survey, the results 

Fig. 21.1 The location of the Afon Tywi Special Area of Conservation in South Wales, UK. © 
Crown Copyright and/or database right. All rights reserved. Licence number 100043571
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from the first year providing the baseline target for subsequent monitoring events. 
Reductions of more than 50% spawning distribution would represent an adverse 
change in the distribution of the species. In addition, three juvenile seine nettings 
surveys should be carried out between July and October each year, with annual 
comparisons of catch per unit effort data used against population targets to inform 
condition assessments.

The primary aim of this case study is to outline an approach developed for moni-
toring the spawning distribution of shad in rivers, as a contribution to assessing the 
conservation status of the species.

Pre-existing Survey Information

Aprahamian and Aprahamian (1990) identified a spawning population of shad 
within the Afon Tywi catchment and Environment Agency staff carried out the first 
attempt at shad egg surveys within the catchment in 1998. Thereafter, the initial 
Habitats Directive Review of Consents funded shad egg monitoring work took 
place in 2004 (Smith 2005a). The sites surveyed for shad eggs in 1998 and 2004 
informed the selection of sites for subsequent surveys, with the number of sites later 
extended using aerial photography images and salmonid survey site data to identify 
other suitable locations on the river.

In addition, an underwater camera array was deployed in 2005 in the lower 
reaches of the catchment, downstream of one of the major abstraction points under 
review. Camera array video recordings were primarily used to identify the timing 
of adult shad runs up into the Tywi catchment to spawn.

An Environment Agency temperature monitoring study on the Afon Tywi was 
carried out in 2004 by Smith (2005b) using spot samples at a limited number of 
sites. Subsequently, an extensive network of continuous temperature data loggers 
was established within the catchment to gather time series temperature data. 
Monitoring sites were also located for comparative purposes on the Doethie tributary 
in the Upper Tywi catchment, which flows to the west of Llyn Brianne and joins 
the upper Tywi river some 3 km downstream of the dam. In addition, a passive 
thermistor array was deployed under contract in Llyn Brianne to record water 
temperatures at a range of depths throughout the reservoir water column.

The 1998 shad egg survey recorded spawning activity at three locations, 
upstream of White Mill (NGR SN468215), Llanegwad (NGR SN515212) and 
downstream of Llandeilo Bridge (NGR SN627220) (Fig. 21.2). Smith (2005a) 
recorded shad eggs at six locations from the tidal limit at Llangunnor (NGR 
SN424203) to Nantgaredig Bridge (NGR SN493203) on the Afon Tywi and on the 
Afon Cothi just upstream of its confluence with the Tywi (NGR SN501201). Smith 
(2005b) noted that river flows were low during May and early June 2004 and 
subsequently a freshwater release from Llyn Brianne was authorised on 10–13 June 
2004 to encourage salmonid migration into the river system. An ensuing reduction 
in water temperature was recorded up to 70 km downstream of the reservoir and 
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Smith (2005b) noted that shad eggs were not observed above the point where 
temperatures on the Tywi were impacted by releases from Llyn Brianne, upstream 
of its confluence with the Afon Cothi.

The Generic Conservation Targets

As the EU Habitats Directive requires member states to report on the conservation 
status of habitats and species listed in Annex I and Annex II of the Directive on a 
6-yearly cycle, CCW (2008) specified indicators for the condition of both shad species 
in the Afon Tywi (under the heading of ‘Performance Indicators’ in the manage-
ment plan). These indicators of condition, which had to be met in order to achieve 
favourable conservation status, were stated as

1. No decline in the adult annual run size greater than would be expected from 
variations in natural mortality alone

2. No decline in the spawning distribution of both species

These same ‘generic’ indicators of condition were to be applied to all rivers in the 
UK where either twaite or allis shad had been designated a Natura 2000 species. 
The methods described below were developed to address the second of these 
targets.

Methods

Onset Hobo Water Temp Pro passive temperature loggers were installed by the 
Environment Agency at a number of locations throughout the Afon Tywi catchment 
from March – October 2005 and April – November 2006 to monitor the thermal 
impact of regulated releases from Llyn Brianne (Fig. 21.2). Loggers were located 
at accessible sites to give a wide distribution of locations throughout the catchment. 
The loggers were attached using re-useable cable ties to the lowest available point 
on trees, roots or any other available point as low in the water column as possible 
to try and maintain continuous submersion. Data were downloaded monthly, using 
an infrared Onset base station plugged into a laptop computer.

Hydro-acoustic surveys were carried out at Ty Castell near Nantgaredig (NGR 
SN491203) using a 200 kHz HTI counter in conjunction with a 420 kHz system, 
installed in 2002 with the aim of recording shad shoal data, that detects shad without 
disturbing their migration. Adult shad are known to avoid a standard 200 kHz fre-
quency counter of the type normally used to monitor salmonids (McIlquham 2006). 
Video cameras were also installed at White Mill (NGR SN466214) to assist with 
species identification of migrating fish shoals. Nine submersible multiplexed 
cameras were placed across a 40-m channel in three arrays of three cameras. The 
river width was split into three 13 m sections and an array was placed randomly 
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within each section. Each camera view was perpendicular to the direction of flow 
to enable species identification. Time-lapse recording was used to maximise the 
data stored on each videotape, recording at 10 frames per second. Data were 
recorded from 5 April 2005 to the 29 June 2005 to ensure the whole shad migration 
period was surveyed (McIlquham 2006).

Shad egg surveys were carried out at 10 sites between 10 May 2005 and 18 July 
2005 and 14 sites between 12 May 2006 and 4 July 2006, between Llangunnor 
(NGR SN424205) and Llandovery Bridge (NGR SN761347) on the Tywi, and from 
just upriver of the Tywi/Cothi confluence (NGR SN500201) to Pont-ar-Gothi on 
the Cothi (NGR SN504219). Sites were selected using aerial photographs and 
previous Environment Agency salmonid survey records to identify areas of acces-
sible riffle habitat typically associated with shad spawning. The 2005 and 2006 
shad egg surveys were conducted in accordance with the methodology set out in 
Hillman et al. (2003). A standard 250-µm macroinvertebrate pond net was used to 
complete 25 fifteen-second kick samples at each site in the river stretch downstream 

Fig. 21.2 Afon Tywi temperature logger locations 2005–2006. © Crown Copyright and/or data-
base right. All rights reserved. Licence number 100043571
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of the riffle to within the riffle area (Fig. 21.3). Particular care was taken to include 
any areas of eddying water where shad eggs could be expected to congregate. Each 
kick sample was examined in a white tray with a little river water to identify 
whether any neutrally buoyant and non-aggregating shad eggs were present 
(Fig. 21.4) and the number of shad eggs found was recorded. Data for 1998 and 
2004 shad egg surveys were obtained from Environment Agency records.

Results

Hydroacoustic and video data found shad migration into the Tywi occurred at tem-
peratures between 11°C and 20°C between 5 April and 29 June 2005, with the 
highest numbers of shad at temperatures between 12°C and 15°C and a flow regime 
of 8–19 cumecs (m3 sec–1) (McIlquham 2006). The first migrating shoals of shad 
were detected on 10 May 2005 and the final shoal was detected on 29 June 2005.

Shad egg surveys were carried out between 10 May and 18 July 2005 at ten loca-
tions on the Tywi and Cothi rivers. Shad eggs were confirmed at only one site in the 
Tywi catchment in 2005, at White Mill (NGR SN468215) on 23 June 2005.There was 
a marked increase in the distribution of shad eggs observed in the 2006 survey period 
between 12 May and 4 July 2006. Shad eggs were recorded for the first time since 
1998 at Llandeilo Bridge (NGR SN626220) on 8 June 2006 and the first confirmed 
observations of shad eggs higher in the catchment were recorded at Manordeilo 
(NGR SN687268) also on 8 June 2006, Llanwrda (NGR SN717308) on 20 June 2006 

Fig. 21.3 The author sampling for shad eggs downstream of a riffle in the Afon Tywi in June 
2006. Photo by Clive Hurford
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and close to Lwynjack Farm (NGR SN754331) on 21 June 2006. This last location 
is 1.8 km downstream from Llandovery and 56 km above the tidal limit (Fig. 21.5).

Average daily water temperatures in the 5 km of the Tywi immediately upstream 
of the tidal limit between Carmarthen and White Mill did not consistently exceed 
the 11°C shad migration threshold until 27 April 2005. Temperatures between 
Carmarthen and White Mill fluctuated throughout June between 14–20°C and only 
consistently exceeded 18°C from 9 to 19 July 2005 before declining below the 
threshold survival limit of 16°C for shad eggs and larvae on 28 July 2005.

The weather conditions over the Tywi catchment were more favourable for shad 
species in 2006 with persistent rainfall throughout May, resulting in Llyn Brianne 
overtopping the dam for the entire month, causing higher flows throughout the Afon 
Tywi and warmer water temperatures on the main river. When temperature monitor-
ing commenced on 28 April 2006, average daily temperatures were already in excess 
of the 11 °C migration threshold 47 km above the tidal limit at Llangadog (NGR 
SN513210). Although average daily water temperatures fell back below 11°C 
between 30 April and 2 May and from 22 to 24 May, the 15°C spawning threshold 
was exceeded from 3 June 2006 until the end of the study period (2 August 2006) 
between Llanegwad and the tidal limit, representing a 22-km stretch of the lower 
Tywi river. Average daily temperatures exceeded the 16°C egg and larvae survival 
threshold from the end of June until early August up to Llandeilo (NGR SN626220) 
and average daily temperatures of >16°C were recorded at Llangadog (NGR 
SN513210), 47 km above the tidal limit, between 15 and 27 July 2006.

The results of comparative temperature monitoring work on the lower 75 km 
stretches of the rivers Wye and Tywi between spring and autumn 2005, showed that 
average daily water temperatures were consistently higher in the River Wye than in the 

Fig. 21.4 A shad egg (the spherical object below the ‘20’ on the 20 pence piece) in a white 
sampling tray. Photo by Clive Hurford
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comparable stretch of the River Tywi. Temperatures on the River Wye exceeded the 
shad spawning threshold of 15°C from the end of May until mid-August 2005.

Monitoring showed that average daily water temperatures in the Afon Tywi were 
impacted by regulatory releases of water from below the thermocline in Llyn 
Brianne between spring and late summer in 2005 and 2006 (Figs. 21.6 and 21.7). 
There was a marked difference between average daily water temperatures in the 
Doethie tributary, which joins the main Afon Tywi 2.8 km downstream of Llyn 
Brianne, and temperatures in the 25 km of main river immediately below the dam.

Discussion

At the time of our survey, the shad monitoring and condition assessment targets 
(see Cowx et al. this volume) were primarily informed by the Afon Tywi Special 
Area of Conservation Site Issue Briefing published by the Countryside Council for 
Wales (Version 1.5: CCW 2005). This document aimed to provide a general 
description of the site and its designated features, a future vision for the site, a 
detailed breakdown of the factors affecting the individual designated features 
(including some targets and priorities), an indication of feature condition and a 
table of issues and actions.

The targets for maintaining the presence of allis and twaite shad and enhancing 
their conservation status within the Afon Tywi Special Area of Conservation 
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focused on achieving favourable water quality, ensuring that in-channel features 
were conducive to spawning and migration, maintaining adequate flow regimes to 
support migration, providing sufficient riparian vegetation for the requirements of 
the species and preventing any potentially detrimental developments impacting on 
the designated protected area. Allis shad, which were considered to be rare within the 
Tywi catchment, were provisionally described as being in unfavourable condition, 
whereas Twaite shad, which have been sighted in large shoals within the river system 
at certain times of year, were provisionally said to be in favourable condition. These 
were amended to unfavourable (unclassified) condition for both species in the 
subsequent Core Management Plan.

These performance indicators highlight the main problem with setting monitoring 
targets for the Tywi River and indeed many other rivers. The Joint Nature 
Conservancy Council (JNCC) recommended that targets for adult run size, spawn-
ing distribution and juvenile density should be set using baseline data gathered 
from surveys in six of the 7 years comprising the monitoring cycle for SACs 
(Hillman et al. 2003). To date, however, no such comprehensive survey effort has 
been made to assess allis and twaite shad populations within the Tywi catchment 
and the information available is based on ad hoc survey effort primarily aimed at 
particular life stages of the fish. A more comprehensive and sustained survey pro-
gramme is therefore required before informed monitoring targets can be set for the 
Afon Tywi Special Area of Conservation.

The shad monitoring work carried out by the Environment Agency demonstrated 
that regulation of the Afon Tywi through freshwater releases from Llyn Brianne 
impacted on temperatures in the upstream reaches of the river. Shad migration, 
spawning and egg survival are known to be temperature dependent (Maitland and 
Hatton-Ellis 2003; Aprahamian et al. 2003). Although the temperature differences 
between the Tywi and Wye Rivers could be caused by a number of additional factors, 
including the different geomorphology of river substrata within the two rivers, the 
most upstream evidence of shad spawning activity in the Tywi prior to 2006 was 33 
km upstream of the tidal limit at Llandeilo Bridge (NGR SN626220), whereas shad 
eggs were found 190 km upstream of the tidal limit on the River Wye at Builth Wells 
(NGR SO045512) (McIlquham, 2006). The shad egg survey carried out on the Afon 
Tywi in 2006 showed that it was possible for shad to spawn higher into the catch-
ment when temperature and flow conditions were favourable and that the spawning 
distribution of twaite shad within the catchment could reach almost to the upstream 
boundary of the Special Area of Conservation under such circumstances.

Environment Agency research on shad and other species and habitats protected 
under the EU Habitats Directive within the Afon Tywi SAC has input into the 
Review of Consents process, which is to this date ongoing. Discussions are continuing 
with licence holders over amendments to existing water abstraction licenses to 
effectively limit their impacts upon protected species and habitats, including the 
regulatory regime of the river through releases from the reservoir in the headwaters 
of the Afon Tywi.

Additional research on other shad life stages is adding to the foundation of knowl-
edge on the species within the Afon Tywi catchment. This includes juvenile netting 
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surveys, which were carried out in 2005–2006 in the Tywi and a number of other 
South Wales estuaries to investigate the diets and parasites of larval and juvenile 
shad (Nunn et al. 2008). There remains, however, an incomplete picture of both the 
population density and the distribution of shad within the catchment, making it 
impossible to provide well-informed conservation targets for the Tywi River at the 
present time.

The monitoring protocols described by Hillman et al. (2003) provided details of 
an effective survey procedure for investigating juvenile, adult and spawning shad 
life stages. The importance of measuring temperature, flow and other water quality 
variables was emphasised by this case study. It was also useful to consider histori-
cal salmonid monitoring sites, where suitable riverine conditions exist to carry out 
shad egg surveys, in identifying the shad egg survey site locations in conjunction 
with River Habitat Survey sites mentioned by Hillman et al. (2003). Additional 
research by Nunn et al. (2008) highlighted the importance of further investigation 
into shad diet and parasite loading as useful indicators of population stress and spe-
cies ecology of larval and juvenile shad life stages.

A comprehensive and sustained survey effort following the methodology set out 
by Hillman et al. (2003), with adult spawning run, shad egg and juvenile netting 
research carried out simultaneously represents a significant task in terms of staff 
and resources for any one publicly funded agency. Consequently, collaborative 
work using existing expertise in educational institutions, consultancies and public 
conservation bodies is needed to gain sufficient data on shad populations in all 
freshwater life stages. These data could then be used to develop informed ‘site-
specific’ conservation targets for assessing the condition of the shad populations 
within a river catchment.

The shad egg surveys carried out in the Afon Tywi during the summers of 2005 and 
2006 gave an insight into the distribution and levels of shad breeding we can expect to 
find in the river under both sub-optimal and optimal water temperature conditions. 
These data should be used to inform site-specific targets for shad on the Afon Tywi.

Acknowledgements Thanks are due to Gemma Dickson and Gareth Davies who helped enor-
mously with the shad monitoring survey work.
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Introduction

Acidification of lakes and streams has been, and still is, one of the most serious 
environmental problems of our time. Due to its base-poor bedrock, Scandinavia is 
one of the worst affected areas in Europe. Although the northern parts of Sweden 
are far from the main point sources in central Europe, the biota of both lakes and 
streams has been extensively damaged (Degerman et al. 1987; Degerman et al. 
1992; Ahlström et al. 1995).

Acidification in Sweden has primarily been caused by the deposition of sulphur, 
mostly culminating during the latter half of the 1970s. The sulphur originates 
primarily from the combustion of fossil fuels. Dissolved in the atmosphere, the 
sulphur may travel hundreds of kilometres from the source. The main part of the 
sulphur deposition in Sweden originates from foreign coal power plants.

The liming of lakes and rivers is carried out extensively in Sweden and Norway, 
primarily financed by state subsidies. In Sweden, liming started in 1977 and the 
total cost to date is 415 million €. Presently, 21 million € in state subsidies is spent 
annually on liming. In 2007, 143,000 t of lime were spread in Sweden, with around 
7,000 lakes and 15,000 km of rivers treated.

The River Stridbäcken

The Stridbäcken is a small river draining directly into the Bothnian Sea (Fig. 22.1). 
The catchment area is 16 km2 and is characterised by a steep topography. During 
the last Ice Age, the area was covered by an almost 3 km thick ice-sheet, which 
pressed the earth crust down considerably. After the deglaciation, the sea extended 
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much further inland than it does today. Since then, the sea has slowly and gradually 
receded because of the crustal rebound. The land upheaval in the region is today  
8 mm per year.

Fig. 22.1 Map of the River Stridbäcken with catchment area and monitoring stations
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The Stridbäcken catchment area is completely below the former highest coastline 
and has been exposed to intensive wave action since the last Ice Age. Bare bedrock 
constitutes half of the catchment area. The rest is largely covered with washed 
moraine (till) and sandy, washed sediments. These soil types are characteristically 
sensitive to acidification because of a low content of fine particles and thereby a 
low capacity for ion exchange and a low degree of weathering. The topography and 
soils also accelerate run-off, which allows precipitation to reach the river rapidly 
with no time for accompanying acids to be neutralised.

Acidification in this part of Sweden is primarily caused by deposition of sulphur. 
This deposition culminated during the latter half the 1970s: pH in the precipitation 
then reached a minimum of 4.2 measured as an annual mean. This has increased to 
4.8 today. Acidification has caused considerable damage to the fauna in the R. 
Stridbäcken. The river is a spawning and nursery area for sea trout, and in the 1950s, 
sea trout of 2–3 kg in size were captured in the river mouth. Before the liming started 
in the early 1990s, however, these had virtually disappeared from the river, and the 
benthic invertebrate community was entirely dominated by acid tolerant species.

Liming

Liming started in spring 1993, when a lime doser was installed 4.7 km from the 
river mouth. This first doser, however, had a primitive technical design, which led 
to recurring breakdowns in the operation. The amount of lime disseminated was 
regulated manually, which made it impractical to align the lime dose with the 
current discharge of water in the river. Improvements were made in later years, 
however, and in autumn 1999, the doser underwent a radical renovation: this 
enabled the automatic regulation of lime dosing through using an echo sounder to 
continuously record the water levels. Before the spring flood in 2003, the technique 
was again upgraded with a discharge-regulated dose system.

Liming Methods

Three methods of liming are used in Sweden:

Lake liming – finely ground lime (•	 ∅ 0–0.2 mm) spread by boat or helicopter 
directly on the lake surface.
Wetland liming – coarsely ground lime (•	 ∅ 0.2–1.0 mm) or granulated limestone 
powder spread by helicopter on the ground in areas with upwelling groundwater 
(fens).
Dose liming – limestone powder contained in silos applied dose-wise directly •	
into rivers. The lime dosers are often regulated by remote control.

From a catchment perspective, several methods are usually combined to achieve an 
optimal result, especially when the whole river constitutes the target area for 
improvement.
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Chemical and Biological Objectives

The overall objective of liming is to create the chemical requirements for viable 
populations of the native fauna to re-establish or flourish; pH is used as an operative 
target parameter (Naturvårdsverket 2002). Depending on the present (or previously 
present) fauna, the pH-target is set at 5.6, 6.0 or 6.3. The 6.3 target is used mainly 
for salmon rivers, with 6.0 used for rivers with freshwater pearl mussels and/or sea 
trout and for lakes with roach and/or crayfish. The objective requires the pH not to 
fall below the relevant target.

The water chemical objective in the R. Stridbäcken was initially set at pH 5.6. 
In 2004, this was increased to 6.0, following new national guidelines (Naturvårdsverket 
2002).

There is also an objective to prevent and counteract over-liming. This is defined 
as a specified level of alkalinity that should not be exceeded at high river discharges. 
At a pH-target of 5.6, alkalinity should not exceed 0.07 mekv/l and at a target of 
pH 6.0 the threshold is 0.10 mekv/l.

The biological objectives are defined as the occurrence of benthic species sensi-
tive to acidity or the occurrence of young individuals of acid-sensitive fish species, 
e.g. salmon Salmo salar, L. roach Rutilus rutilus (L.) and trout Salmo trutta L.

Design of the Monitoring Programme

The monitoring is designed to verify changes in water chemistry and biology after 
the introduction of the liming in the system and to maintain the water chemical 
responses at an optimal level. Sampling stations to monitor the effects of liming 
were placed downstream from the lime doser, while the area upstream from the 
lime doser served as an untreated reference area (Fig. 22.1).

Monitoring the Water Chemistry

Sampling Frequency

The purpose of the water chemistry monitoring is twofold, firstly to establish 
whether the liming objectives are being met, but also to serve as a basis for optimis-
ing the liming effort. As a consequence of how the objective is formulated, 
sampling is carried out when the risk of failing the objective is highest. In rivers, 
this means that samples are taken mainly during high flows caused by snowmelt or 
heavy rains. Samples are also taken if the liming effect declines or if the lime doser 
malfunctions. To meet these requirements, a flexible discharge-based sampling 
scheme is used. The recommended standard is to take one sample during the winter 
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base-flow, six samples during the spring flood period, and four samples during high 
autumn flows.

In rivers limed by dosers, a more intensive sampling scheme is advised, i.e. with 
one sample in winter, 10 samples during spring, and 10 during the autumn. In reality, 
however, the sampling frequency is determined by the variation of flow throughout 
the year and may deviate considerably from the recommended schedule.

Fig. 22.2 Lime doser. In front Mats Näslund and Jorun Storeng from the Nordmaling Municipality 
administration. Photo by Johan Ahlström
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Sampling Stations

The sampling stations for water chemistry are located where the objective is considered 
to be most difficult to achieve. This is based on the pH-levels measured before 
liming and on the variation in the efficiency of the lime dose along the river. 
Usually, one sampling station per river is sufficient, but some rivers may require up 
to four stations. In rivers with lime dosers, an additional reference sampling station 
is located upstream of the doser. Accessibility is an important factor when choosing 
the location of the sampling stations: often they are placed near roads that can be 
accessed at all times of the year.

Analyses

All samples are analysed for pH, alkalinity, conductivity, colour, calcium, and mag-
nesium. During spring flood, inorganic aluminium is also analysed on two occa-
sions per station. The results from the analyses are available from the laboratory 
through a web service within 24 h of the samples arriving.

Biological Monitoring

The benthic invertebrate fauna is sampled once per year, directly after the spring 
flood has declined, i.e. when the critical effects of the spring flood on the composi-
tion of the benthic community can be observed. A selective method is used (the 
M42-method; Naturvårdsverket 2008a). This involves sub-sampling at 30 locations 
along a 50 m stretch of river. The sub-samples are taken from all habitat types rep-
resented along the stretch. Each sub-sample plot is about 0.2 m2 and is sampled 
during 5 s by stirring up the substrate with the landing net or by kicking. Since the 
sampling is made in a larger and more variable area, this method is more effective 
in maximizing the number of species and recording indicator species than the stan-
dard non-selective method used in time-series monitoring (Naturvårdsverket 
2008b). The non-selective method involves five sub-samples from a smaller area 
with homogenous bottom structure. The disadvantage of the selective M42-method 
is that it is more sensitive to observer variation (in individual sampling skills and 
experience) than other methods. After collection, the samples are sorted under a 
microscope; all specimens are picked out and determined to species level (or the 
lowest taxonomic level possible). The taxa are then classified according to a five-
degree scale in acidic tolerance, based on Degerman et al. (1994):

Index 0 – Unknown tolerance
Index 1 – Tolerates pH < 4.5
Index 2 – Does not tolerate pH < 4.5
Index 3 – Does not tolerate pH < 4.9
Index 4 – Does not tolerate pH < 5.5
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The fish fauna is monitored by electro-fishing according to the national standard 
method (Naturvårdsverket 2008c). This is carried out in the summer when the yearlings 
have reached a sufficient size (about 30 mm) to be captured effectively. The primary 
objective is to estimate the density of juvenile trout and salmon. The electro-fishing 
stations are therefore distributed in areas believed to be juvenile salmonid nursery 
habitat. The sampling areas are typically 50 m long and generally include the entire 
width of the river. Quantitative electro-fishing is practiced, which means three con-
secutive, exhaustive fishing efforts. All fish specimens are determined to species, 
weighed (g) and measured (fork length, nearest mm). Trout and salmon were 
separated into young-of-the-year (YOY) and older age classes using length 
frequency analysis. Population sizes of both groups were calculated according to 
Zippin (1956).

Results

Water Chemistry

Before the onset of liming, 27 water samples were collected at the station 282. The 
lowest recorded pH-value was 4.45 (Fig. 22.3). Since liming commenced in 1993, 
286 water samples have been taken, which corresponds to an average of 19.1 
samples per year. A maximum of 30 samples were taken in some years (2001 and 
2007) and as few as 10 in 1996, when no spring flood occurred (Fig. 22.4). In 2006, 
flow variation required 16 samples to be taken, two in winter, nine during the spring 
flood, and five during the autumn high flows (Fig. 22.5).

The lowest recorded pH-value after liming started was 5.25, noted during spring 
1995 and on two occasions during autumn 1997. The highest pH-value 7.5 was 
recorded during spring 2003. On eight occasions, pH was lower than the target 
value, which corresponds to less than 3 % of the sampling occasions.

Benthic Fauna

The first benthic invertebrate sample was taken in spring 1993, and although the 
lime doser was already in operation during the spring flood, it is unlikely that any 
new species had colonised the river as a consequence of changes in water chemistry 
at this time. Thus, this sample may be regarded as representing the pre-liming ben-
thic community composition. In total, 18 taxa were found in this sample, of which 
17 belonged to the most acid tolerant class (Index 1 in Fig. 22.6). In the samples 
from 1995, two mayflies Baetis rhodani and Nigrobaetis niger were found. These 
species have been noted every year since, except for 1996, when B. rhodani was 
absent, and 1999 when N. niger was absent. From 2000, we observed an increase 
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Fig. 22.3 pH at station 282. This station, which is downstream of the doser, has been influenced 
by liming since spring 1993

Fig. 22.4 The number of water samples at station 282

in the number of taxa. In 2002, a species from the most acid-sensitive class (Index 4), 
the stonefly Capnopsis schilleri, was found for the first time, and this has been 
observed annually since.
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Fig. 22.5 Water samples and discharge at station 282 in 2006

Fig. 22.6 Benthic fauna at station 88 between 1993 and 2007. The station has been influenced by 
liming since 1993. The sample from 1993 was regarded as the pre-liming situation. The index refers 
to acidic tolerance. Index 0 – unknown tolerance, index 1 – tolerates pH < 4.5, index 2 – does not 
tolerate pH < 4.5, index 3 – does not tolerate pH < 4.9 and index 4 – does not tolerate pH < 5.5



240 J. Ahlström and M. Johansson

Fish Fauna

No trout reproduction was observed in the year before liming started, or during 
the first summer after the lime doser was installed. In 1994, however, YOY 
were captured for the first time at the station furthest downstream. Thereafter, YOY were 
captured in every year except 1996. At the two upstream stations, YOY were first 
observed in 1998 and 2000, respectively (Fig. 22.7). At all stations, the density of 
older trout increased progressively.

The Situation Upstream of the Lime Doser

The upstream part of the River Stridbäcken serves as a regional reference monitor-
ing station, with water chemistry data available for the period 1993–2007 and 
biological data available for 1999–2007.

Since spring 1993, 297 samples have been collected from station 283 – which is 
upstream from the doser. The lowest pH was at 3.85 in November 1993 (Fig. 22.8) 
and highest pH 5.75 in October 1996.

The benthic invertebrate community was dominated by acid-tolerant species. On 
three occasions (1999, 2001 and 2006), a more acid-sensitive taxon (the Diptera 
family Limoniidae, Index 3) was found (Fig. 22.9). No changes in the number of 
taxa or proportion of sensitive taxa were observed during the period. In comparison 

Fig. 22.7 Density of YOY (grey) and older (black) trout at station 203. The station, which is 
downstream of the lime doser, has been influenced by liming since 1993
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Fig. 22.8 pH at station 283, which is situated upstream from the lime doser

Fig. 22.9 Benthic fauna 1999–2007 at station 14. The station is situated upstream from the 
lime doser. The index refers to acidic tolerance. Index 0 – unknown tolerance, index 1 – tolerates 
pH < 4.5, index 2 – does not tolerate pH < 4.5, index 3 – does not tolerate pH < 4.9 and index 4 
– does not tolerate pH < 5.5
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with the limed part of the river, the average number of taxa was lower, 22.7 
compared with 24.3 (1999–2007). The proportion of acid-sensitive species (Index 3 
& 4) varied between 0% and 6 % at the unlimed station compared with 7–15% at 
the limed station.

A few older trout, but no YOY, were recorded at the monitoring station 150 m 
upstream from the lime doser. At the station further upstream, only one older trout 
(length 19 cm) was captured in 2004, with another there (length 22 cm) in 2005.

Discussion

In smaller rivers, discharge may increase rapidly. In the River Stridbäcken, there are 
examples of threefold increases in discharge in 1 day. Changes in discharge are 
generally accompanied by dramatic changes in water chemistry. This relationship 
constitutes a challenge to the practice of liming a river. In a small river with a maximum 
discharge of 5 m3 s–1, the required lime dose may increase from zero to 20–40 kg h–1 
in just 1 day.

In 1993–1999, the lime doser in the R. Stridbäcken was primitive and unreliable. 
The river failed to meet the water chemistry target on seven occasions during this 
period, on five of these mostly as a consequence of technical malfunction. The 
doser also had a manual lime release, and this resulted in frequent over-liming and 
large fluctuations in water chemistry (with occasional high values of calcium, alka-
linity and pH).

The technical improvements in 2000 involved a change in the lime-discharge 
method, from vibration to feeding screws. Furthermore, an automatic system was 
installed to prevent lime from clogging up in the silo. These changes led to a more 
robust and reliable operation. Since 2000, the water chemistry target has been failed 
only three times and on no occasion was this due to technical malfunctioning. The 
change to automatically controlled lime release in 2000 also had positive effects on 
the water chemistry. After 2000, no extreme high alkalinity events were observed. 
The change to a new control system in 2003, however, created some disturbance 
and resulted in some cases of high alkalinity.

The purpose of liming is to raise the pH of a waterbody to a set target. Liming of 
lakes and rivers always involves a higher release of lime than is theoretically required. 
For example, to raise the pH from 4.4 to 6.0 in a river, the Handbook of Liming 
(Naturvårdsverket 2002) recommends a lime dose of 12 g m–3 for lime dosers, 15 g 
m–3 for wetland liming, and 18 g m–3 for liming in lakes in the catchment area of a 
river. These recommendations are based on practical experience. The theoretical 
amount of lime required to achieve a rise from pH 4.4 to 6.0 is only about 5 g m–3.

There are several reasons for these large differences in practiced and theoretical 
lime requirements. Most importantly, lime is normally distributed only once a year 
and the dose is thereby highest directly after the lime release, then gradually 
decreasing until the next liming event. Therefore, for the amount of lime to suffice 
for the period between lime releases, the dose needs to exceed the theoretical needs 
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throughout the period, except for a short period of time before the release. This 
results in a pH much higher than the pH-target directly after liming and an excessive 
release of calcium. The availability of suitable lakes and wetlands also influences 
the lime requirement. Generally, systems with a short turnover time should be 
avoided, particularly lakes with rapid turnover and periodically flooded wetlands. 
As the release of lime from these types of systems will be rapid, the initial lime 
dose needs to be very high to have a lasting effect until the next liming.

Consequently, liming by dosers is the most effective method, because over-
liming is avoided through continuous output of lime. If the lime dose is controlled 
automatically by the discharge, the lime output is continually adjusted and appro-
priate amounts applied throughout. A modern lime doser may also be regulated so 
that the lime dose is adjusted in relation to changes in water volumes at different 
discharges. Generally, a higher dose is required at high discharges, as pH drops 
when the discharge increases. Many limed rivers have higher pH-values than the 
target pH at low discharge. By setting a low-discharge limit for lime release, this 
can be automatically interrupted during low-flow periods with high pH-values.

In the R. Stridbäcken, the lime use in recent years corresponded to a dose of 
about 6 g m–3: only half of the recommended dose in the Handbook of Liming. The 
reason for this is that the recommendations in the Handbook were based on experi-
ence gained from using lime dosers with a less sophisticated regulating system than 
the one used in the R. Stridbäcken. Lime use in the R. Stridbäcken is probably only 
20% higher than the theoretically required amount. We therefore argue that the total 
lime usage in Sweden could be reduced by roughly half if all liming was carried 
out with the same efficiency as in the R. Stridbäcken.

Successful reproduction of sea trout was observed within 1.5 years of the first liming, 
at the monitoring station closest to the sea (which is easily accessible for migrating 
sea trout). This quick re-establishment probably involved trout straying from the 
nearby population in the River Saluån. Upstream from this monitoring station, migration 
is hindered by a bedrock formation, which is passable only under rarely occurring 
flow conditions. This probably delayed re-colonisation in the stretch containing the 
upper monitoring stations. Although the liming carried out initially was not optimal, 
it still created conditions conducive to the re-establishment of a viable sea trout popu-
lation. By comparison, no trout reproduction was observed in the unlimed stretch of 
the river. The absence of YOY suggests that the older individuals captured were the 
result of successful reproduction downstream of the lime doser.

During the 2004 spring flood, a comparative experimental study of trout was made 
upstream from the lime doser and at the river mouth (Ahlström 2005). At the unlimed 
upstream location, aluminium content in the fish gills increased during the study 
period: this led to an impaired gill functioning that affected ion balance and respira-
tion. Some of the fish died during the study period. In the limed location, no accumu-
lation of aluminium occurred in the gills and the fish showed no signs of impaired gill 
functioning. These results showed that the water chemistry upstream of the lime doser 
was unfavourable for trout and that liming with the doser improved conditions.

The response in the benthic invertebrate community was first observed 2 years 
after liming, with the appearance of the mayflies Baetis rhodani and Nigrobaetis niger. 
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These species are known to colonise limed rivers rapidly if the water quality is 
satisfactory (Fjellheim and Raddum 1992; Lingdell and Engblom 1995; Ahlström 
et al. 1997). After 2000, the number of species continued to increase, and in 2003, 
the stonefly Capnopsis schilleri colonised the river. Upstream from the doser, the 
benthic invertebrate community is still dominated by acid-tolerant species. The liming 
has therefore created conditions suitable for benthic invertebrates that are sensitive 
to a low pH.
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Introduction

The European Council Directive 92/43/EEC (the Species and Habitats Directive) 
provides for the protection of animal and plant species of European importance and 
the habitats that support them, particularly through the establishment of a network 
of protected sites.

In the United Kingdom these protected sites are referred to as Special Areas of 
Conservation (SACs), or in the case of birds, Special Protection Areas (SPAs), and 
these are jointly termed Natura 2000 sites. European member states have a duty to 
demonstrate through site monitoring and reporting that steps are being taken to 
ensure that the designated features within Natura 2000 sites are being adequately 
protected and managed. This process will ensure the maintenance of, or where 
appropriate the restoration of, the ‘favourable conservation status’ of habitats and 
species features for which SACs and SPAs are designated.

The Teifi Pools form part of the Afon (River) Teifi SAC (SAC EU Code UK 
0012670). The Afon Teifi, located in the Welsh county of Ceredigion (Fig. 23.1), 
is one of the longest rivers in Wales and one of the most pristine and least modified 
river catchments in lowland Britain. It is 122 km from the source in the Cambrian 
Mountains to the outfall in Cardigan Bay. The source originates at an altitude of 
455 m above Ordnance Datum in Llyn (Lake) Teifi, one of five clear water upland 
lakes that form the series known as the Teifi Pools. Llyn Teifi is the largest of the 
five lakes, the others being, in descending order of surface area, Llyn Egnant, Llyn 
y Gorlan, Llyn Hir and Llyn Bach (Fig 23.1 inset).

The solid geology in the upper reaches of the Teifi catchment is Silurian mudstones 
and shales of the Llandovery series and the landscape is largely rural in character.
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The majority of the catchment area is used for livestock-based agriculture and 
approximately 15% of the catchment area is used for forestry. The habitats immedi-
ately around the Teifi Pools comprise sheep-grazed moorland and acid grassland.

The Teifi Pools are notable for their freshwater plant communities that are of the 
Natura 2000 ‘oligotrophic to mesotrophic standing waters with vegetation of the 
Littorelletea uniflorae and/or Isoëto-Nanojuncetea standing water’ habitat type (EU 
Habitat Code: 3130) and for an internationally important population of the aquatic 
plant floating water-plantain (Luronium natans (L.) Raf.) (EU Species Code: 1831).

The Littorelletea uniflorae and/or Isoëto-Nanojuncetea standing water habitat type 
(subsequently referred to as ‘Littorelletea habitat’) is characteristic of clear water 
lakes of naturally low fertility levels and with stoney substrates. In Britain the habitat 
is typically found in the uplands of western and northern Britain (Rodwell 1995).

Luronium natans is endemic to an area that extends from southern Norway and 
Sweden in the north, through the Republic of Ireland and France to northern Spain, 
east to Poland and it is most frequent in the western part of its range (Britain, France, 
northern Germany and the Netherlands) and rare elsewhere. It can be a difficult species 
to identify and so it is probably under-recorded, but is still considered to be in decline 
throughout its known range. In Wales, Luronium natans is extant in 77% of its known 
historic sites and eleven populations have only been known since the 1980s, suggesting 
that the Welsh population is relatively stable (Lansdown and Wade 2003).

Luronium natans can be found in a wide-range of aquatic habitats, both upland and 
lowland, but is intolerant of competition (Willby and Eaton 1993; Greulich et al. 2000). 

Fig. 23.1 The location of the Teifi Pools in south Wales. The inset box shows the distribution of 
the Pools at the source of the Afon Teifi. © Crown Copyright and/or database right. All rights 
reserved. Licence number 100043571



24923 A Baseline for Monitoring the Freshwater Natura 2000

As such, it requires some form of mechanism to retard competition and succession if it 
is to persist at a site for any length of time (Lansdown and Wade 2003). In the Teifi 
Pools the authors have observed that the best stands are associated with accumulations 
of deep, unconsolidated silty and peaty substrates where other plant species perform 
less well. It is able to exploit a wide variation in water depths and is tolerant of periodic 
drawdown and exposure, which has the benefit of promoting flowering and seed set.

Luronium natans has a number of apparently discrete reproductive strategies, 
defined as: annual flowering; perennial flowering; and perennial vegetative. It 
occurs as dynamic metapopulations that contain different populations with different 
reproductive strategies. These are explored further in Lansdown and Wade (2003). 
Perennial vegetative is the principal life strategy associated with this species in the 
UK in oligotrophic lakes (Willby et al. 2000).

While acknowledging the lack of available information on the management of 
upland lakes for Luronium natans, Lansdown and Wade (2003), quoting Welsh 
data, suggest that upland lake populations are amongst the most stable, and that 
management is unnecessary unless there is a change in water chemistry or the pro-
cesses suppressing succession.

Methods

Survey and Monitoring Needs

In 2003, when this survey was commissioned, there was no agreed standard 
methodology for the monitoring and condition assessment of freshwater Natura 
2000 features. In the case of the Teifi Pools only a limited macrophyte (aquatic plant) 
dataset was available to inform the development of a baseline monitoring strategy 
and site management plan.

As part of the requirement for monitoring freshwater Natura 2000 features, Scott 
Wilson Ltd was tasked by the Countryside Council for Wales (CCW), the Welsh 
Government agency responsible for the management of the countryside and nature 
conservation, to develop efficient and reliable monitoring methods for the vegeta-
tion features of the Teifi Pools.

The objectives of this study were to:

Determine through survey the extent, distribution and condition of the •	
Littorelletea habitat of the Teifi Pools.
Determine through survey the extent of the •	 Luronium natans population of the 
Teifi Pools.
Develop with CCW a concise definition of the •	 Littorelletea habitat and its com-
ponent communities, and define how to recognise when the habitat is in ‘good’ 
and ‘poor’ condition.
Develop and implement a field monitoring methodology for the •	 Littorelletea 
habitat (against targets agreed with CCW).
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Development of a Survey Approach

Based on prior experience, consideration of existing standing water survey 
methodologies and discussions with CCW, a survey approach was developed to 
meet the objectives of this contract.

The key requirements of the survey approach taken were that it should be:

Time and cost efficient as a long-term, baseline monitoring approach.•	
Easily implemented and applicable in a range of survey conditions, a key con-•	
sideration for a physically varied upland site subject to rapidly changing, local 
weather conditions.
Produce reliable and repeatable results.•	
Provide a detailed but manageable baseline dataset that could contribute to a •	
range of management, reporting and decision-making outputs.

A diving survey was not considered necessary by CCW and such an approach was 
constrained by budgetary limitations.

Given the lack of systematic baseline macrophyte data for the Teifi Pools and 
because this project came ahead of the development of a defined UK condition 
assessment methodology, it was determined at the outset that the ‘condition’ of the 
target features would largely be assessed in terms of presence or absence. It was also 
necessary that the survey provide data to allow the production of distribution maps 
showing where features occurred and to indicate the relative distributional abun-
dance of target species such as shoreweed (Littorella uniflora (L.) Asch.), quillworts 
(Isoetes lacustris L. and/or I. echinospora Durieu) and Luronium natans.

Survey Methodology

Over a 1-week period in October 2003, two experienced freshwater botanists, 
working as a pair, surveyed the five lakes. The survey of each lake took, depending 
on their size and complexity, between half a day and a day to complete.

The shoreline of each of the five lakes was walked in full enabling subsequent 
division of the shoreline into easily identifiable survey compartments. For each 
compartment, the communities (largely based on those given in Rodwell 1995) 
present were mapped and the macrophyte flora recorded along with an indication 
of their local population status. Potentially pertinent background data was also 
recorded for the benefit of informing future management decisions.

Many of the approaches to lake monitoring and condition assessment in the UK, 
both shore and boat methodologies, involve the sampling of only a proportion of the 
total lake perimeter. The simplicity of the baseline survey techniques, deployed by 
two experienced field surveyors, enabled data collection around the entire perimeter 
of each lake to be achieved in a comparable timeframe and at a competitive price.

Survey equipment used comprised a small hand held water viewer (bathyscope), a 
standard (Palmer et al. 1992) double-headed grapnel, ranging poles and a digital camera. 
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The range of the grapnel from the shore was 4 to 5 m, depending on wind 
conditions.

The survey methodology applied varied slightly, depending upon the physical 
nature of each lake, with a grapnel being used more heavily for those lakes or 
sections of lakes where it was not practical to wade the margins. Conditions during 
the survey period were too windy for the use of a boat to be an advantage and it is 
demonstrated later that the use of a boat was not a prerequisite for the collection of 
a robust dataset for this site.

The general survey approach was that, where safe to do so, the shallow marginal 
waters (depths up to 70 cm) were waded in a zigzag route covering a band of 
between 3 to 5 m from the shore. Where possible, recognisable land features were 
used to delimit the survey compartments; otherwise they were temporarily marked 
out using ranging poles. A viewer was used to observe the submerged macrophytes 
present. The grapnel was used up to three times every 15 m when wading was not 
possible, for example where the steep rocky shore prevailed over deep water, where 
the bottom was unstable and potentially overly deep, or where macrophytes were 
obscured by wave action. All plants species observed in situ, along with material 
caught by the grapnel, floating to the surface after the grapnel had been thrown or 
washed-up on the shore of the lake, were recorded. Quantitative values for plant 
cover were attempted in local areas where it was considered accurate to do so. 
Representative photographs were also taken.

Where possible local estimates of plant cover were made using the DAFOR 
scale, where:

D = dominant (total vegetative cover of greater than 70%)
A = abundant (total vegetative cover of 30–70%)
F = frequent (total vegetative cover of 10–30%)
O = occasional (total vegetative cover of 3–10%)
R = rare (total vegetative cover of 0–3%)

The data was collected in a form that would allow it to be easily input into a 
Geographic Information System (GIS) and the software standard currently adopted 
by CCW is Mapinfo Professional (Mapinfo Corporation). Incorporation of data into 
GIS has many advantages. It allows data to be presented in a visual format that 
allows it to be more easily understood, by both specialist and non-specialist staff 
and stakeholders, and disseminated. It also ensures a standardisation of visual out-
put so that data can be compared over a time series. Data can also be manipulated 
to generate summary statistics on an area, although such statistics always require 
due consideration of the objectives and limitations of the survey techniques applied. 
In this instance, the data collected provided a detailed picture of the distribution of 
species and communities around the surveyable margins of the lakes, but could not 
be used to define the extent of vegetation and species in areas of deeper water, or 
in areas with deep, unconsolidated substrates.

It should be noted that Luronium natans, as a European Protected Species, 
benefits from strict legal protection within the UK and it is an offence to deliber-
ately pick, collect, cut, uproot or destroy a wild plant of this species. As such, when 
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undertaking survey work at a location where this species is known to occur it is 
necessary to first obtain the appropriate derogation licence from the relevant 
national statutory nature conservation agency. In Wales this is CCW.

Results

The survey identified that the five lakes within the Teifi Pools series are all quite 
different in terms of their physical characteristics and, as a consequence, the vegeta-
tion that they support. A total flora of 30 macrophyte species was recorded from the 
series (Table 23.1). Stands of the European target Littorelletea vegetation and 
Luronium natans were recorded in all of the five lakes. For a more detailed account 
of the characteristics and plant communities of the Teifi Pools the reader should 
consult the source report (Southey and Broughton 2004).

Table 23.1 The aquatic flora recorded in 2003 from each of the five Teifi Pools

Lake
Plant species 1 2 3 4 5
Agrostis stolonifera *
Callitriche hamulata * *
Carex rostrata * *
Equisetum fluviatile *
Glyceria fluitans *
Hydrocotyle vulgaris *
Isoetes echinospora *
Isoetes lacustris * * *
Juncus acutiflorus *
Juncus bulbosus * * * * *
Juncus conglomeratus *
Juncus effusus * * *
Littorella uniflora * * * * *
Lobelia dortmanna *
Luronium natans * * * * *
Lythrum portula *
Menyanthes trifoliata *
Myriophyllum alterniflorum * * *
Nuphar lutea *
Pellia epiphylla *
Potamogeton polygonifolius * * * *
Racomitrium aciculare * * *
Ranunculus flammula * *
Ranunculus omiophyllus *
Scapania undulata *
Schoenoplectus lacustris *

(continued)
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Llyn Hir is a long and narrow oligotrophic lake that covers 5.1 ha and is situated 
in a relatively sheltered valley. It proved to be the richest lake for macrophytes, 
with twenty species recorded within the largely boulder and cobble dominated 
shallows with occasional bedrock and fines. It is the only lake where water lobelia 
(Lobelia dortmanna L.), was proved to still persist. The presence of extensive 
beds of Lobelia dortmanna growing in combination with Littorella uniflora and 
Isoetes species has produced a subtype of the Littorelletea habitat that is unique 
in the context of the five Teifi Pools (although historically it may have been more 
widespread). Llyn Hir is also the only lake where awlwort (Subularia aquatica L.), 
a species that is rare in Wales and in the wider UK (except Scotland), was 
recorded.

Llyn Teifi is a controlled reservoir and the largest lake in the series, covering an 
area of 24.1 ha. It is oligotrophic, and is notable for its large sheltered bays with 
extensive draw-down zones. These bays support excellent populations, the most 
extensive of any of the five lakes, of Luronium natans (Fig. 23.2), with this species 
showing a strong affinity for accumulations of thick silty and peaty sediments. The 
maintenance of these deposits will be important for the ongoing persistence of such 
a strong population of this species. Llyn Teifi also supports good populations of 
Littorella uniflora and Isoetes species and a total of eleven macrophytes were 
recorded. Along with Llyn Hir, this lake supports the best-developed examples of the 
Littorelletea habitat present in the Teifi Pools. Substrate and degree of shelter, in 
particular, seem to be the primary factors determining the distribution of the 
Littorelletea habitat within the lake and the assemblage of plants it contained at any 
given location.

Llyn Egnant is oligotrophic and the other lake in the series that is managed as a 
controlled reservoir. It covers an area of 17.4 ha and has a varied shoreline that 
includes steep rocky headlands, gently shelving cobble and shingle deposits and 
areas of eroding peat deposits. The flora of this lake was observed to be relatively 
species-poor, supporting a total of nine aquatic plant species. The flora was found 
to be largely restricted to the more sheltered eastern shores of the lake, where a 

Lake
Sparganium angustifolium * * * *
Sphagnum denticulatum * * *
Subularia aquatica *
Utricularia minor *
Species total 11 9 20 14 7

Code to lake numbers
Lake 1 = Llyn Teifi
Lake 2 = Llyn Egnant
Lake 3 = Llyn Hir
Lake 4 = Llyn y Gorlan
Lake 5 = Llyn Bach

Table 23.1 (continued)
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more stable substrate combined with much reduced wave action provided condi-
tions more favourable for the development of the Littorelletea habitat.

Llyn y Gorlan is a small oligotrophic lake that covers an area of 3.8 ha. It has a 
relatively diverse flora, second only to Llyn Hir, with fourteen species of aquatic 
plant recorded. The lake was notable for its large deep-water beds of bogmoss 
(Sphagnum denticulatum Brid.) and, unusually for an upland lake, a large stand of 
yellow water-lily (Nuphar lutea (L.) Sm.) growing as a canopy over an otherwise 
typical example of the Littorelletea habitat.

Llyn Bach is, with a surface area of 2 ha, the smallest of the five lakes and the 
only truly dystrophic waterbody present in the series. The water within the lake was 
strongly peat-stained and the flora observed was sparsely distributed and species-
poor, with only seven aquatic plant species recorded.

Populations of Luronium natans were identified from all five of the Teifi Pools 
with greatest concentrations associated with Llyn Teifi (Fig. 23.3) and a locally 
abundant presence in Llyn Egnant and Llyn y Gorlan. Luronium natans was found 
to be rare in both Llyn Hir and Llyn Bach, but the reasons for this are unclear. In 
Llyn Hir, it is possible to speculate that the sheltered position of the lake along with 
the nature of the substrate types present may allow a more stable plant community 
to persist with reduced opportunities for a poorly competitive species such as 
Luronium natans. As Llyn Bach was the only dystrophic lake in the series, it is 
possible that water chemistry may be a factor behind the apparent rarity of 
Luronium natans, as well as the general scarcity of the rest of the flora.

Fig. 23.2 Floating water-plantain Luronium natans occurs at internationally important levels in 
the Teifi Pools. Photo by Clive Hurford
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Discussion

Applicability of the Survey Approach Taken

The simple survey techniques and equipment utilised by two experienced freshwater 
surveyors proved to be highly effective in detecting the presence of macrophytes, 
even locally scarce species, and in determining their relative abundances at any one 
site. As well as being technically appropriate, these techniques have also shown to 
be time and cost efficient. These conclusions have been further substantiated as a 
result of a detailed diving survey undertaken for Welsh Water and reported in 
Pickard (2005). The data and recommendations made as part of this contract have 
allowed CCW to develop well-informed and site-specific conservation objectives 
for the management and monitoring of the Afon Teifi SAC (CCW 2008).

It is reasonable to expect that these techniques could be effectively applied in 
other similar situations, particularly where there is a need to find an efficient and 
effective means to address a lack of detailed baseline data.

The limitations of this survey approach, in terms of the depth range that could 
be covered, are appreciated. Luronium natans grows most abundantly at 1–2.5 m 
water depth in the three largest Teifi Pools (CCW 2008). Littorella uniflora and 
communities dominated by Littorella uniflora can occur over a wide depth range, 

Fig. 23.3 Map showing the distribution and abundance of floating water-plantain Luronium 
natans at Llyn Teifi, and the location of survey transects. © Crown Copyright and/or database 
right. All rights reserved. Licence number 100043571
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from seasonally exposed areas of drawdown to areas of relatively deep water. 
In contrast, Isoetes species and Isoetes dominated communities are generally 
thought to predominate in deeper waters beyond the depth limit of communities 
dominated by Littorella uniflora (Rodwell 1995). However, it has been acknowledged 
that the Rodwell classification and some of its conclusions reflect the limitations of 
the dataset available for analysis (Duigan et al. 2006). While Pickard (2005) found 
stands of Isoetes species growing in the deeper waters of the Teifi Pools, the survey 
data collected for this study has demonstrated that Isoetes species can be found 
growing in shallower waters as a mixed community with Littorella uniflora. As a 
consequence, a shore-based shallow water survey can provide informative data 
representative of the aquatic flora of a lake as a whole, even if there are significant 
limitations on the range of waters that can be sampled.

Regardless of any inherent bias towards the shallow and inshore waters of the 
Teifi Pools, the survey work undertaken succeeded in successfully categorising the 
macrophyte assemblages present and provided baseline distributional data on key 
species and habitats, allowing each lake to be compared and contrasted. As a 
consequence, this survey has demonstrated that a boat or diving based survey, while 
both techniques have their own specific merits, is not always an essential require-
ment for the effective survey of freshwater lakes. This has also been acknowledged 
in more recent survey guidance for the condition monitoring of standing waters 
published by the UK Joint Nature Conservation Committee (JNCC 2005). In our 
experience, there will always be situations where the use of a boat and/or divers are 
not a suitable option due to access constraints (upland lakes can often be remote 
from networks of roads and tracks), the physical characteristics of a site, prevailing 
weather conditions at the time of survey and related health and safety consider-
ations. Similarly, the costs and relatively labour intensive nature of such techniques 
may be prohibitive and they rarely entail the sampling of an entire lake perimeter, 
being instead restricted to sampling a subset of any one water body.

Site Management Issues

A range of issues relevant to the long-term sustainability of the Natura 2000 features 
within the Teifi Pools have been identified during the various studies implemented 
over the past 5 years and these have made an important contribution to the rationale 
behind the core management plan (CCW 2008).

Both Luronium natans and the Littorelletea habitat require adequate water 
levels with a suitable water quality. Given this, adverse factors for the standing 
water habitats may include elevated nutrient levels (particularly phosphate), and 
in the case of the habitats only, artificial regulation of water levels resulting in 
extensive or prolonged drawdown (limited natural drawdown during the warmer 
summer months is to be expected) in the reservoirs of Llyn Teifi and Llyn Egnant 
(Fig.23.4) and poaching of the resultant exposed lakeshores by livestock. It has been 
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concluded that drawdown events do not present a negative threat to floating 
water-plantain and that such events are likely to stimulate flowering of deep water 
populations, leading to opportunities for seed set. However, drawdown has been 
cited as a causal factor that has resulted in the restriction of Lobelia dortmanna 
to Llyn Hir (CCW 2008).

The maintenance of suitable water quality for both of the identified features is 
likely to require catchment-wide measures to control diffuse pollution from agricul-
ture, the principal source of phosphate pollution. Significant livestock reduction 
measures have recently been implemented in the Teifi Pools catchment under the 
auspices of the Tir Gofal agri-environment scheme, and these will contribute to 
reducing nutrient enrichment from these sources (CCW 2008).

An additional potential threat to the vegetation features of the Teifi Pools is 
considered to be the risk of colonisation by the invasive non-native plant New 
Zealand pigmyweed (Crassula helmsii (Kirk) Cockayne). A source of such intro-
ductions could be via the boots, clothing or equipment of anglers visiting the Teifi 
Pools (CCW 2008) or the less frequent activities of aquatic surveyors.

In relation to the above, it is also of concern that the highest aquatic plant diver-
sity and the best example of the Littorelletea habitat are concentrated within just 
one lake, Llyn Hir. In the event of a pollution incident or other extreme event, a 
potentially irreplaceable element of the Teifi Pools could be permanently lost from 
the SAC. This concern is the justification for the requirement that the existing con-
dition of the Littorelletea habitat within the other waterbodies, including those 
subject to water abstraction licences, be maintained, allowing the possibility of 
future species recolonisation (CCW 2008).

Fig. 23.4 Llyn Egnant is one of the Teifi Pools used as a reservoir. Photo by David Broughton
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Condition Assessment of the European Features  
Within the Afon Teifi SAC

As part of the conservation management plan for the Afon Teifi SAC, CCW has 
identified the following vision for the freshwater vegetation of the Teifi Pools 
(CCW 2008):

‘There will be healthy populations of Luronium natans in the Teifi Pools and in 
the river around Tregaron. The Teifi Pools will continue to contain their current range 
of distinctive aquatic plants that are characteristic of these clear-water upland lakes.’

The results of this survey, supplemented by the findings of Pickard (2005) and 
Burgess et al. (2006) along with guidance given in JNCC (2005), have allowed 
CCW to define a final set of site-specific conservation objectives for the Luronium 
natans and the Littorelletea features of the Teifi Pools.

The conservation objectives consist of two elements, a vision for each feature 
and condition indicators. It is considered that a ‘vision for the feature’ brings 
meaning and substance to the conservation objectives, while it is the role of the 
condition indicators to make the conservation objectives measurable and as such, the 
two elements are considered to be inextricably linked (CCW 2008). The condition 
indicators are given in Tables 23.2 and 23.3.

A formal condition assessment of the Teifi Pools was successfully undertaken in 
2006 (Burgess et al. 2006) based on the dataset collected for this study, supported 

Table 23.2 The condition indicator table for the Luronium natans population at Teifi Pools. 
The population at Llyn Bach is excluded as the population in this very small water body is not 
considered critical at present, as there is no obvious threat. The requirement for floating flowers 
will show that the lake populations have the potential for seed dispersal and genetic exchange. 
It is important that there is evidence of sexual reproduction, especially in the long-term

Condition 
indicator table

The Luronium natans population at Teifi Pools SAC will be in favourable 
condition when:

Population 
extent

Lower limit Live vegetative material is present in each of Llyn 
Teifi, Llyn Egnant, Llyn Hir and Llyn y Gorlan

Quality Lower limit Floating flowers are present in at least one of Llyn Teifi, 
Llyn Egnant, Llyn Hir and Llyn y Gorlan (or in any part 
of these) in 1 year in six

And

Epiphytic filamentous green algae indicative of 
eutrophication should have a cover value of not greater 
than 50% on the surface of each plant for the first 9 out 
of any 10 aquatic macrophytes examined in any of the 
pools

And

The presence of non-native invasive plant species, 
including but not limited to Crassula helmsii, will not be 
tolerated in any of the Teifi Pools
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by data presented in Pickard (2005), against the draft conservation objectives set 
by CCW and formalised in CCW (2008). Both the Luronium natans and the 
Littorelletea features were found to be in a ‘favourable state’ meaning that for both 
of the features the specified limits for each of the attributes given in Tables 23.2 and 
23.3 were met (CCW 2008).

We are encouraged that relatively simple survey techniques can be employed by 
skilled aquatic plant surveyors to obtain robust baseline datasets that can be used to 
define conservation objectives and condition indicators for Luronium natans and 
the Littorelletea habitat features. These can then subsequently be employed effec-
tively to undertake a formal condition assessment of these features and to contribute 
to the production of a formal management plan for an SAC.

We hope that in undertaking this work for CCW we have contributed in a small way 
to them succeeding in their vision that ‘the Teifi Pools will continue to contain their 
current range of distinctive aquatic plants that are characteristic of these clear-water 
upland lakes’ and that in so doing the site will remain a wild and special place to visit.

Acknowledgements Thanks go to all the staff at CCW who assisted with, or were involved with, 
this contract. In particular, we would thank Jon Turner (Senior Conservation Officer, Afon Teifi) 

Table 23.3 The condition indicator table for the Littorelletea habitat at Teifi Pools. This table 
suggests that it is necessary to maintain a fully developed Littorelletea community in Llyn Hir 
only. Utricularia minor is also a key species of the community, but is not considered appropriate 
for effective monitoring as it is easily overlooked. It is not considered necessary for the remaining 
four lakes to support a fully developed Littorelletea community

Condition 
indicator table

The Oligotrophic to mesotrophic standing waters with vegetation of the 
Littorelletea uniflorae and/or Isoëto-Nanojuncetea habitat at Teifi Pools 
SAC will be in favourable condition when:

Habitat extent Lower limit All of the following characteristic species are present in 
Llyn Hir: Lobelia dortmanna, Littorella uniflora, Isoetes 
spp.*, Subularia aquatica, Sparganium angustifolium, 
Luronium natans, Carex rostrata

*Both Isoetes lacustris and I. echinospora are recorded in 
the Teifi Pools

And

Those characteristic species (listed above) recorded as 
present in Llyn Teifi, Llyn Egnant, Llyn y Gorlan and Llyn 
Bach, between 1997 and October 2005, should be present

Quality Lower limit Epiphytic filamentous green algae indicative of 
eutrophication should have a cover value of not greater than 
50% on the surface of each plant for the first 9 out of any 10 
aquatic macrophytes examined in any of the pools

And

The presence of non-native invasive plant species, 
including but not limited to Crassula helmsii, will not be 
tolerated in any of the Teifi Pools
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for commissioning us to undertake this work, Dan Guest for preparing the location map, and 
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Introduction

The Broads is an extensive lowland wetland, incorporating shallow lakes, slow 
flowing rivers and associated fenland, together they form part of the UK’s National 
Park family. The Broads catchment covers 3,181 km2, or almost two-thirds of 
Norfolk and much of Suffolk in the South-east of England. The rivers and lakes are 
alkaline, fed by calcium-rich water from the underlying boulder clay. With over 60 
shallow lakes (or broads) and five main slow flowing rivers, The Broads offers 
ample opportunity to monitor and research water plants and their ecology.

The broads originate from peat cutting for fuel in the Middle Ages. Cutting took 
place mainly in the extensive peats formed in the upper river valleys and reached a 
depth of around 3–4 m. These peat pits flooded when sea levels rose, creating shal-
low lakes. Since then, most broads have been connected to the rivers to create a 
connected network for transport purposes, though some remain isolated.

Most broads are freshwater apart from those in the lower valleys, which are 
subject to saline incursion from the estuary and where brackish waters from salt 
seepage affect the coastal broads of the River Thurne. Extensive drainage of the 
coastal strip for agriculture has increased the amount of salt entering the drainage 
ditches over the last century threatening the freshwater ecology.

Excess nutrients, combined with the disturbance from motorised pleasure craft, 
have resulted in a complete loss of macrophyte communities within the many river-
connected broads. By contrast, some water plants have survived in isolated broads 
less affected by eutrophication. However, investigations of the sediment records 
(palaeoecology) reveal that although these plant communities are still present, they 
have also been altered by sedimentation and nutrient change.
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The Broads is listed by Plantlife as a UK Important Plant Area; with the aquatic 
focus of this listing on the sites that support Natura 2000 habitats, i.e. the ‘hard 
oligo-mesotrophic waters with benthic vegetation of stonewort species’ (Habitat 
3140), and the ‘natural eutrophic lakes with Magnopotamion or Hydrocharition-type 
vegetation’ (Habitat 3150).

Aquatic plants have a key structuring role in shallow lake systems (Jeppesen 
et al. 1998), with conservation decisions frequently undertaken on the basis of 
submerged macrophyte assemblages (Pollard and Huxham 1998; Willby et al. 
2006). This case study outlines some of the monitoring methods that have revealed 
the slow ecological recovery occurring in the Broads since their decline 40–50 
years ago (Phillips et al. 2005).

Survey

A range of methods are used to assess submerged aquatic plant populations in the 
Broads, these include transect, point, SCUBA and hydroacoustic surveys. More 
detail of the sampling methods used during these surveys can be found in the 
‘Methods’ section below.

Transect Survey – 26 Year Dataset (1983–2008)

Since 1983, the Broads Authority and its predecessor organisations have undertaken 
an annual macrophyte survey, using a set transect method (Kennison et al. 1998). 
The data from these surveys have proved useful for assessing long-term major 
changes in the submerged macrophyte flora in the Broads over the last 26 years and 
have informed the UK classification for the EU Water Framework Directive. This 
survey method remains the foundation of the current suite of plant surveys under-
taken by the Broads Authority.

Prior to this survey, naturalists had visited sites on an ad hoc basis dating back 
to Victorian times. The data have been stored in a range of places, but mainly as 
biological records in the local museum.

The transect surveys were set up to enable an overview comparison of turbid 
lakes, using a simple replicable method to enhance the potential for continuity in 
data collection and interpretation.

The transect survey routinely covers 80% of the water area, or around 40% of 
the 62 lakes of the Broads (excluding transitory scrapes and turf ponds). We alter 
the survey locations each year to ensure that all broads are covered on a 5 or 6-year 
rotation, except the key broads that are covered annually (the sampling frequency 
is shown in Fig. 24.1a, b).

The survey sites were selected according to the restoration programmes, prior-
itising large lakes impacted by improvements to sewage treatment works and small 
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Fig. 24.1 (a) Locations of transect macrophyte surveys in the northern broads. © Crown 
Copyright and/or database right. All rights reserved. Licence number 100043571. (b) Locations 
of transect macrophyte surveys in the southern broads. © Crown Copyright and/or database right. 
All rights reserved. Licence number 100043571
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lakes owned by the Norfolk Wildlife Trust, the Royal Society for the Protection of 
Birds (RSPB) or sympathetic landowners.

Point Survey – 13 Year Dataset (1996–2008)

Since 1996, a more detailed methodology has been used in the Trinity Broads in the 
Bure valley. The method was introduced to cover more of the lake area and gain 
better estimates of the quantity of macrophytes present: this would help us to evalu-
ate the impact of management changes in a series of clear water lakes. Here we 
weighed the macrophytes, rather than using the more subjective visual assessment 
applied in the transect method. We also extended the sampling to include more 
points, as this will better represent the plant conditions across the lake basin.

SCUBA Survey – 13 Year Dataset (1994–2006)

We initiated a SCUBA survey in 1994, in response to macrophyte cutting proposals 
to facilitate navigation in Hickling Broad in the Thurne valley. This survey gave 
detailed in situ measurements that could not be obtained from the more simple, but 
destructive, methods of the transect survey (see Methods). The diver determines the 
height of specific plants from the bed, as well as making assessments of abundance, 
uprooting and bird grazing.

Hydroacoustic Survey

Whilst the SCUBA survey provides excellent plant height, condition and species 
data, you cannot use it (within a limited budget at least) to rapidly assess a large 
lake or several basins. Consequently the Broads Authority has adopted a novel 
methodology to address these issues. This came in the form of technological 
advances in hydroacoustics. This new method will replace the routine SCUBA 
survey to give data on overall plant height and percent volume infested (PVI), 
although the identification of species will still need to be confirmed using comple-
mentary methods.

Monitoring Targets

Monitoring macrophytes over the past 25 years has shown how restoration of The 
Broads is beginning to have a positive effect on macrophyte communities.
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The Broads have a long, and well-documented, history of recording species 
(George 1992), with Victorian naturalists seeking rarities such as holly-leaved 
naiad (Najas marina) and stonewort (Chara spp., Nitellopsis spp. and Nitella spp.) 
species. More recently the replicated surveys undertaken by the Broads Authority 
aim to show, year on year, long-term change, site condition assessment as well as 
helping to guide site specific management decisions.

Since 1983 the Broads Authority has surveyed around 24–30 broads for aquatic 
plants annually. These transect surveys are the best records for shallow lakes within 
the UK. They are important in a local and national context and form an important 
evidence base for effective restoration management planning. Some examples of 
how our data contribute to the conservation management of the Broads are listed 
below:

By assigning the condition of Sites of Special Scientific Interest (SSSIs): for •	
example, aquatic plant status, derived from the annual transect survey, is used (in 
combination with water quality status and management actions) to determine if the 
government’s Public Service Agreements for 95% of the area of SSSI to achieve 
favourable or recovering condition will be met by 2010
By providing evidence of lake restoration as a result of removing fish and •	
sediments
By informing targets for lakes under the European Water Framework Directive•	
By feeding back on the delivery of Biodiversity Action Plan targets for holly-•	
leaved naiad and five rare stoneworts
By providing data for research on shallow lake ecology•	
By guiding the cutting of aquatic plants for navigational purposes, through •	
determining if thresholds or trigger levels are reached. These thresholds are area, 
abundance, height and species-related as well as being site-specific (dependent 
on the type of boats, frequency of summer use, site ownership and conservation 
designation)
By informing the development of lake management plans for stakeholders•	

Our data are also assessed against the National Park indicators to determine the 
condition and service delivery in the UK National Parks, as well as being used to 
informing stakeholder lake management plans.

Several waterbody-based stakeholder liaison groups are involved in the deci-
sion-making process and these receive regular updates about the plants and water 
quality in the lakes. The lakes that are navigated and have the potential to, or 
already, support water plants have well-developed water space management plans. 
These plans were developed with the stakeholders, ensuring that the many people 
who enjoy using the lakes for recreation contribute to the decision-making process 
for their management.

The Broads Authority’s water space management plan for Barton Broad includes 
maps showing the areas used by different craft and the areas designated for wildlife 
(wintering wildfowl and water plants): these maps define refuge zones for wildfowl 
and non-intervention areas for protecting plants.
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Methods

Transect Survey

The annual transect survey is carried out in June and August by the Broads Authority 
and is supported by site partner organisations and volunteers who all receive train-
ing in monitoring and plant identification to improve reliability.

The method was set up to rapidly survey turbid lakes where visual assessment is 
not possible, i.e. where vegetation grows throughout the lake basin and there is no 
strand line.

The full method used for the plant transect surveys is outlined in Kennison et al. 
(1998). In summary, a series of transects is designed to cover each water body, with 
the total transect length kept relatively constant and related to the area of open 
water (1 ha:100 m transect). A double headed rake is dragged along the transect 
routes behind a boat travelling at around 3–4 mph, ensuring that the rake is on the 
bed. A Global Positioning System (GPS) is used to record the start and end points 
of the transects, as well as the locations of regular stopping points along each 
transect, which are determined by transect length and macrophyte abundance.

When macrophyte abundance is low the rake is pulled up and sampled at 
approximately every 50–100 m, when abundance is high, shorter distances are 
travelled between samples, sometimes only a few metres before the rake is full. 
When the plant beds are very dense and difficult to trawl but the water clarity is 

Fig. 24.2 A section of Barton Broad showing the macrophyte flora. Photo by the Broads Authority
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good, spot samples can be taken by throwing the rake from the boat and pulling it 
in to estimate vegetation cover at intervals along the transect.

Abundance scores for each species are estimated on a five-point scale based on 
the percentage of the rake covered in plant material:

1 = 5% or less (this may also be a fragment of plant)
2 = 6–25%
3 = 26–50%
4 = 51–75%
5= 76% or greater

Point Survey

The point survey is carried out in June and repeated in August each year to collect data 
for early and late emergence species. Each broad has a number of survey points fixed 
by GPS which are returned to with a tolerance of 10–20 m of the GPS position.

At each survey point we record plant height and secchi depth. Where the water 
is too turbid to see plant height, the length of the longest section of each species in 
the rake is measured, ensuring that only the growing stem is measured (i.e. not 
rhizomes or stolons). Macro-algal species, although recorded in the survey, are not 
measured for length.

Percentage overall macrophyte cover is estimated for the point, using 5% inter-
vals, with aid of a bathyscope.

At each of the four points of the compass a double-headed rake is thrown and 
dragged 5 m along the bottom of the broad. Plant material on the rake is washed to 
remove silt, transferred to a net with a drawstring and swung several times until no 
appreciable amounts of water appear to be emerging from the sample. The material 
is then placed into a white tray for recording.

The plant material is gently pushed into a corner of the tray and percentage of 
the tray volume taken up by the material estimated, to the nearest 5% with an odd 
fragment recorded as 1%. This value represents the abundance of plant material in 
the sample.

Species are identified and an estimate of how much each species contributes to 
the total cover estimated as a percentage (in 5% intervals, 1% fragments). For 
example, if the total abundance of plants was 30% of the tray volume, and there were 
equal proportions of two species in the sample, each species would have a 15% 
abundance value given to them. The material from each species is then weighed.

SCUBA Survey

By using SCUBA, aquatic plants can be monitored in situ and without uprooting or 
damage. The main challenge for the SCUBA survey in the Upper Thurne catchment 
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was the limited underwater visibility in the broads, which was often as low as 30 
cm at the bed.

The method employs circular sample areas in which the species, abundance and 
maximum height are recorded, together with sediment type. The centre of the 
sample area is marked with a 2.5 m length pole with square base plate (12 cm × 12 
cm) above a pointed spike at the bottom. This pole is pushed into soft sediments 
until the base plate is firmly located on the bed thus standardising the degree of 
penetration into the sediment. For hard sediments such as compacted sand and 
gravel, no spike is used and the base plate is held firmly on the surface of the sedi-
ment. The diver swims round the pole at arm’s length and records the plants within 
a circle of approximate area 0.4 m2. The species present and their maximum height 
in the water column are recorded by attaching colour-coded tags to a Velcro strip 
on one side of the pole. The pole is passed back to the cover boat, where species, 
abundance, height and water depth are recorded. Five samples are recorded for each 
sample station, all within a radius of 3 m of the cover boat and GPS antenna. In 
addition, the diver makes an overall estimate if the abundance of individual species 
on the DAFOR scale for each sample station.

For each waterbody, a stratified random sampling pattern is employed by divid-
ing the broad into a grid and sampling at a random location in each grid square. The 
grid squares are approximately 100 × 100 m, but size and shape is dependent on the 
size and shape of the broad, and is designed to give an even coverage. The grid 
squares are located by eye using a map of the broad with the superimposed grid, 
marked features in and around the broad and permanent buoys positioned at 
selected locations. The precise position of the samples is recorded using a GPS 
accurate to 1 m. Monitoring is carried out at monthly intervals each summer from 
May to September.

The SCUBA survey monitors seasonal and annual changes in species frequency, 
abundance, distribution and maximum height. Abundance is also used to map plant 
cover for the entire water body.

For all methods, comments about the condition of the macrophytes, water clarity 
and weather are recorded as standard.

Results

Transect Survey

The results of the 2006 survey indicated that over 50% of the lakes visited had 
degraded water plant populations, characterised by low plant abundance. Data from 
three broads: Hickling, Barton and Cockshoot, show different trends up until 2006.



26924 Aquatic Plant Monitoring in the Broads

Hickling Broad – Upper Thurne Valley

Upper Thurne broads are home to the richest population of stoneworts in the 
UK, with 16 species recorded. Stoneworts are recorded in broads outside of the 
Thurne, but only the more common species and in much lower abundance. The 
Red Data Book species recorded include, three ‘vulnerable’ species: Chara baltica, 
C. connivens, Nitellopsis obtusa, one ‘insufficiently known’: C. curta, and one ‘Rare’: 
C. intermedia (Stewart and Church 1992). Thurne broads also provide a strong-
hold for the rare holly-leaved naiad (Najas marina) as well as more common 
vascular plants such as spiked water milfoil (Myriophyllum spicatum) and 
mare’s-tail (Hippurus vulgaris).

Within the Broads, this association of plants is unique to the Upper Thurne. 
Figure 24.3 shows the trend revealed by the transect survey for aquatic macrophytes 
at Hickling Broad.

Barton Broad – Ant Valley

Barton has taken over 20 years to respond to external nutrient control and until 
recently had a very low abundance (and occasional complete absence) of recorded 
aquatic macrophytes (Fig. 24.4). Up to the mid-1990s, only the occasional yellow 
water lily (Nuphar lutea), rigid hornwort (Ceratophyllum demersum) and macro-algae 
were recorded. Since then C. demersum and curly-leaved pondweed (Potamogeton 
crispus), have been noted more regularly. Since 2003, over 10 species of aquatic 
macrophyte have been recorded, at increasing levels of cover. This increase may be 
a result of improved water quality as well as from biomanipulation creating clear 
water and aquatic plant recovery.

Fig. 24.3 Aquatic macrophytes at Hickling Broad 1983–2006
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Cockshoot Broad – Bure Valley

Despite mud pumping and isolation from the River Bure in 1982, aquatic plants did not 
immediately respond, with low abundance of rigid hornwort (Ceratophyllum demersum) 
and water lilies recorded. Biomanipulation resulted in clear water conditions for 
most of the 1990s (Kelly 2008). The clear water reverted to turbid water when fish 
entered the broad in 2001/02, entering via channels around the dams that isolate 
Cockshoot from the River Bure.

These dams were repaired and both the plant growth and the number of species 
have improved from 2003 (Fig. 24.5), with abundance of fine-leaved pondweeds 

Fig. 24.5 Aquatic macrophytes at Cockshoot Broad 1983–2006

Fig. 24.4 Aquatic macrophytes at Barton Broad 1983–2006
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(Potamogeton spp) and other fine-leaved submerged plants now found in the broad. 
Although macro-algae, which have the potential to smother plant beds or prevent 
the germination of seedlings, remain part of the community in parts of Cockshoot, 
the rare Najas marina has formed extensive beds since 2006.

Fig. 24.6 Abundance of aquatic plants in Ormesby Broad measured by weight collected on 
standard rake hauls. © Crown Copyright and/or database right. All rights reserved. Licence 
number 100043571
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Point Survey

The point survey data has been mapped for each of the Trinity Broads (using Surfer 
software). Figure 24.6 shows an example of the plant abundance in Ormesby Broad 
within the Trinity Broads in 2008. Recent increase in plant abundance in all broads 
has resulted in increased survey time, thus a statistical analysis of the data will 
determine if sampling effort can be reduced without significantly affecting the 
overall results. In addition a statistical analysis of the plant, fish, zooplankton, algae 
and water quality data is ongoing.

SCUBA Survey

Changes in the aquatic plant communities in Hickling Broad were monitored over 
a 13-year period using this method. During this period, the abundance of intermediate 
stonewort Chara intermedia increased markedly. We produced maps of the devel-

Fig. 24.7 Development of dense Chara intermedia lawns in Hickling Broad. © Crown Copyright 
and/or database right. All rights reserved. Licence number 100043571
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Fig. 24.8 Changing height of Chara intermedia lawns in Hickling Broad
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Fig. 24.9 Changing abundance of Chara intermedia in Hickling Broad

oping dense stonewort lawns by plotting abundance (plant cover) at the 112 sample 
stations (Fig. 24.7).

The increasing height of the stonewort lawns was also clearly demonstrated 
from the monitoring data. Additional winter monitoring showed that the lawns 
partly collapsed in the winter due to senescence of plant material at the bottom, and 
that spring growth took place from the top of the overwintering lawn. The amount 
of overwintering material increased annually, so that spring growth started at a 
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higher point in the water column each year, thence contributing to greater summer 
heights of the stonewort lawns (Fig. 24.8).

Monitoring has recorded the ‘boom and bust’ growth pattern of Chara intermedia 
in Hickling Broad over a 13-year period. This is shown by plotting the frequency 
of abundance classes for the whole broad (Fig. 24.9).

Discussion

Transect Survey

This survey clearly shows a long-term trend of gradual ecological recovery of the 
river-connected shallow lakes in the Broads, such as Barton Broad, as phytoplankton 
responds to lower total phosphorus concentrations. In addition, these survey results 
have allowed us to quantify recovery from restoration programmes and to detect 
declines elsewhere (as seen at Hickling Broad).

This long-term dataset has become internationally valuable, following its use in 
characterising shallow, lowland alkaline lakes for the EU Water Framework Directive 
process. At a national and local level, the data has provided a base of evidence to 
underpin the SSSI condition assessment, and to inform both the government Public 
Service Agreement targets and the Broads Authority Lake Restoration Strategy. 
The transect survey provides a rapid survey methodology for a large number of 
lakes using a simple, replicable methodology, that is easy for surveyors to use and 
is relatively inexpensive to operate.

The relative simplicity of the transect survey facilitates participation across 
Broads Authority staff and between partner organisations as well as engaging with 
volunteers. These types of liaison promote communication and a broad understanding 
of conservation aims.

The results also provide important information for other functions. As the Broads 
Authority is also the Navigation Authority, it gains a clear picture of any potential 
conflict between the water plant beds and the navigation channels, allowing it to 
mitigate any negative impact on the plants.

The only real limitation of the transect survey is that at high plant biomass, the 
amount of plant material on the rake quickly achieves the maximum score. 
Although the score is divided by the distance travelled, the high biomass that can 
be achieved in these shallow productive lakes is therefore under-represented by this 
survey. This was one of the reasons for developing the more detailed point, SCUBA 
and hydroacoustic surveys that weigh, determine the PVI and/or map the height of 
the plant beds accordingly.

With extended growing periods predicted as a consequence of climate change, 
there may be justification for extending the survey period to accommodate the 
earlier emergence and longer growth periods of the species.
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Point Survey

This long-term survey is an effective way of monitoring an ongoing lake restoration 
programme and designated site targets, with the spatial approach allowing for mapping 
by inferring between points. It provides greater detail than the transect survey and is 
better at quantifying biomass measures by recording the weight of plant material.

SCUBA Survey

SCUBA surveys require qualified divers with plant identification and surveys skills 
working in accordance with the Diving and Work Regulations, and are consequently 
expensive. They do, however, produce powerful evidence largely due to the in situ 
viewing and measuring of aquatic plants. Careful consideration is needed before 
initiating this method due to the ongoing financial commitment, but there are 
instances where in situ survey is the only means of monitoring specific important 
parameters such as plant height.

Underwater viewing also has the advantage of being able to assess plant vigour, 
growth form, impacts of grazing by herbivorous birds, vegetative and sexual repro-
duction, sediment deposition on plants and changes in plant cover and species at 
fixed points.

Hydroacoustic Survey

A new method, hydroacoustic monitoring, is being used and developed by the 
Broads Authority to provide figures on PVI and to assess aquatic plant height. The 
transect surveys have limitations when estimating biovolume, especially at high plant 
biomass, and the hydroacoustic survey also compares favourably to the dive survey 
particularly in terms of expense and availability of appropriately qualified dive 
surveyors. Using Sonar5-Pro equipment, this technique, when operating alongside 
existing methodologies in key sites, has proved particularly important for monitoring 
targets associated with the cutting of aquatic plants for navigation and for resolving 
issues with water users, such as sailing clubs and motorboat owners.
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Introduction

Bosherston Lakes, an outstanding shallow marl lake system, are situated on the 
coast of south Pembrokeshire in south-west Wales (Fig. 25.1). The lakes were 
created at intervals in the late eighteenth and mid-nineteenth century by damming 
and drowning three valleys in the Carboniferous Limestone. The National Trust 
(NT) owns the lakes and they are within Stackpole National Nature Reserve (NNR)
managed in partnership with the Countryside Council for Wales (CCW).

The lake system is fed by three small streams flowing in deeply incised valleys, 
sandwiched between a Carboniferous Limestone plateau and an Old Red Sandstone 
ridge. Parts of the water body are fed by Calcium-rich ground-water sources. 
The lakes are isolated from the sea, but only by a small sand dune ridge at Broad 
Haven.

The lakes support a strong population of rooted submerged and floating macro-
phytes, their distribution largely reflecting the differing degrees of nutrient enrichment 
(eutrophication) within the lake system and its surrounding catchment (Leach and 
Dyke 1978; Holman et al. 2009; Countryside Council for Wales, Bosherston Lakes 
water chemistry data 1977–2008).

The largest arm (Eastern Arm) running north from Central Lake is characterised 
by variable dense stands of curled pondweed Potamogeton crispus, fennel pondweed 
P. pectinatus, spiked water-milfoil Myriophyllum spicatum and Canadian waterweed 
Elodea canadensis.

In contrast, the two smaller arms (Western and Central Arms) linked to the Central 
Lake, are mainly spring-fed. Levels of phosphorus (P) (one of the main nutrients) 
in this southerly section of the water body are generally below 25 µg/l. With a high 
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pH (around 8) and low nutrient levels, the Western and Central Arms support charac-
teristic submerged macrophyte vegetation dominated by stoneworts (Chara) – 
including probably the largest population of Chara hispida (bristly stonewort) in 
Wales.

Chara hispida is a species that is generally uncommon in the Wales (Duigan and 
Haycock 1995) (Fig. 25.2). The C. hispida beds form part of a clear-water, oligo-
mesotrophic marl-lake vegetation community of European importance.

Quite extensive beds of white water lily Nymphaea alba fringe the C. hispida 
beds. There are also smaller and more variable quantities of C. globularis, C. virgata 
and C. vulgaris though these species are not as common as C. hispida. Chara species 
are also found in a few small man-made pools in an adjacent drier valley behind 
Broad Haven dunes where an additional charophyte species Tolypella glomerata 
has also been recorded.

Much of the shoreline is wooded, and by the inflow streams and lake-shoreline there 
is emergent vegetation of common reed Phragmites australis, bulrush Typha latifolia, 
common spike-rush Eleocharis palustris, branched bur-reed Sparganium erectum and 
greater pond-sedge Carex riparia as swamp and fen communities develop.

Otters Lutra lutra are resident within and around the lake margins and have at 
least one breeding holt: Bosherston Lakes are a stronghold for this species. The lake 
system and its extensive linear shoreline are also attractive to bats, notably horse-
shoe bats Rhinolophus spp. which utilise sheltered wooded flight-lines for feeding 
purposes.

Fig. 25.1 The Bosherston Lakes system and its topographic setting. © Crown Copyright and/or 
database right. All rights reserved. Licence number 100043571
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The Distribution of Chara hispida at Bosherston Lakes

Chara hispida forms dense beds up to 1m high (Fig. 25.3), with individual plants 
up to 3.5m long within the Central Arm, throughout much of the Western Arm and 
more intermittently within the Central Lake area (Fig. 25.4). Other charophytes 

Fig. 25.2 10km squares with records for Chara hispida (Bristly Stonewort) in Great Britain and 
Ireland. (Source: National Biodiversity Network). © Crown Copyright and/or database right. All 
rights reserved. Licence number 100043571
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Fig. 25.3 A Chara hispida bed in the Central Arm of Bosherston Lakes. Photo by Bob Haycock

Fig. 25.4 The distribution of Chara hispida (green) and submerged transect locations within the 
Bosherston Lakes system. © Crown Copyright and/or database right. All rights reserved. Licence 
number 100043571
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(notably C. globularis) occur in quite low quantities in these same areas and also in 
the Eastern Arm, where C. hispida is currently presently absent or rare. Most of the 
Nymphaea alba beds are in the Western and Central Arms.

Survey History – the Development of the Monitoring Methods

Charophytes have been recorded from Bosherston Lakes since at least the 1930s 
(Wade 1937; Stewart 1997). But it was not until the late 1970s, during the establish-
ment phase of Stackpole National Nature Reserve, that any systematic recording of 
submerged macrophytes (including Chara species) was achieved.

The first detailed surveys of submerged and emergent vegetation within the Lake 
system were undertaken in the summer of 1977 (Dyke and Leach 1978; Dyke et al. 
1978) as part of a series of base-line surveys to record and interpret the biological and 
physical features of Stackpole NNR. These surveys were undertaken by two graduates 
employed by the NT (funded by the Manpower Services Commission), and jointly 
supervised by the Nature Conservancy Council (predecessor of CCW) and the Field 
Studies Council. Surveys of macrophytes were repeated in 1978 (Leach 1978).

The following method summary is based on an abstract from Dyke and Leach 
(1978). The aim of this survey was to describe the submerged macrophyte communi-
ties, get some idea of their distribution and abundance, and establish permanent 
surveillance transects.

Transects

Transect-lines were selected through all the submerged macrophyte communities 
identified during preliminary survey. Eleven transects were identified for recording 
macrophytes out of twenty recorded for emergent as well as submerged communities.

The survey line was marked by strong nylon cord, tied on opposite banks of the 
lake to permanent stakes. The cord was marked at 2 m intervals with bitumen. 
Submerged macrophytes were sampled along this line using a small four-pronged 
grapnel opened to a grab diameter of approximately 45 mm. They recorded all species 
retrieved with three drops of the grapnel. The sampling interval was usually 2–4 m, 
with all transects surveyed from a canoe.

The results were given as % frequency for each species at each transect - imagining 
each transect to be a large “points frame”. The results provided a quantitative measure 
of the distribution and abundance of each species recorded.

Underwater Survey

Initially, they feared that the “grapnel” technique may have been too insensitive to 
pick up changes in the vegetation. To test this, two SCUBA divers surveyed one of 
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the selected transects (Transect 9) using subdivided ½ × ½ m quadrat frames to 
estimate % rooted frequency of each species. This method proved to be very time-
consuming; eight quadrats were recorded this way, in addition to providing a run-
ning commentary on the character of the vegetation along the whole transect.

It became clear that while the grapnel method may “underestimate” the abun-
dance of species with low cover values, it was surprisingly sensitive at picking up 
the more important changes in community structure. It also had the overriding 
advantage of being relatively simple, inexpensive and easily repeatable.

Of the transects sampled in 1977, those in the Central Lake; in the Central Arm; 
and in the Western Arm crossed through Chara hispida beds, an important compo-
nent of the submerged macrophyte community.

Method Refinements

Further studies were carried out on Bosherston Lakes between 1980 and 1986, 
including surveys of submerged macrophytes. Henshilwood (1982) re-surveyed the 
1977 transect lines in 1982, then Hinton (1987, 1989) re-surveyed most of them at 
regular intervals between 1984 and 1987. Three extra transects were also added in 
the Western Arm (T17, T18 and T19) where it was determined that more locations 
were needed to record the presence and frequency of Chara hispida beds, which 
had markedly declined since 1977.

As in 1977, a line was tied to permanent stakes on each bank, but the cord was 
marked at 5 m intervals, instead of 2 m intervals. Submerged plants were sampled 
at each point using a similar grapnel to that used in previous surveys. Hinton 
recorded those species collected from 10 grapnel drops at each point (compared 
with three drops in the previous surveys). Thus the frequency of each macrophyte 
was recorded as a number between 0 and 10 (equivalent to 0–100%) at each point 
on the transect line. Cumulative percentage frequencies were then compiled for 
each transect surveyed; for example a 100 m long transect would be represented by 
200 grapnel drops (20 × 10).

Further testing of the linear transect grapnel method showed that it is consistent in 
determining species dominance, producing results in agreement with quantitative 
estimates made using two biomass sampling methods (a modified grab operated from 
the surface of the lake and a hand-held box quadrat deployed using SCUBA divers). 
Major changes in species dominance, whether seasonal or longer term, could be 
detected using the linear transect method, however variability (inherent in the linear 
transect method) meant that subtle long-term changes could be overlooked.

The main transects considered to be representative of the series appropriate for 
future surveillance/monitoring were: T1, T4, T8, T9, T10, T12, and T13 of the Leach 
and Dyke series; plus T17, T18 and T19, added by Hinton (Fig. 25.4).

Hinton (1987) recommended that these transects should be surveyed at least 
once every 5 years, and that more frequent effort is required for the Chara hispida 
beds - notably T4, T10, T12, T13, T17, T18 & T19,..... ideally annually, or at least 
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every two years. This has method has been used to the present day (Perry 1994; 
Countryside Council for Wales, Bosherston Lakes submerged macrophyte 
transect records 1977–2008).

For several years this was the adopted method, utilising a large reel of nylon cord 
clamped to the stern of a rowing boat to make deployment easier between regular 
lake-side anchor points (identified by photographs and permanent shoreline con-
crete markers) on opposite banks. Not less than two personnel were required, one 
to hold the line/fasten the boat into position and record the species, etc.; the other 
to drop the grapnel and identify species captured. We also collected records of 
depth and water clarity (using a Secchi disk).

Whilst bank-side markers and photographs made it fairly easy to re-find the 
transect lines, the downside was the long time needed to deploy the nylon cord and 
to do the survey especially in a strong breeze!

During the last 10 years portable GPS units have become readily available and 
relatively inexpensive, and it is now possible to store hundreds of 10 figure British 
Ordnance Survey (O.S.) grid reference (co-ordinate) locations as waypoints, making 
such devices excellent survey tools. For the last five years, fixed nylon cord has been 
abandoned in favour of GPS to locate and record positions along the transect routes. 
Although there is some inherent “wobble” in the new recording lines, this is more 
than made up for by the time saved and the ability to record and store more points, 
including sample points between the regular transect routes. Furthermore, there is 
the added value of being able to easily transfer, store and display the sampling loca-
tions into computer-generated maps in Geographical Information Systems (GIS).

SCUBA divers were employed again in 1989 and in 1993, to record changes in 
Chara hispida biomass since Hinton’s earlier survey. Known volumes of Chara 
were collected from box quadrats placed on the bed of the lake in the Western and 
Central Arms and Central Lake. The retained samples were bagged, dried in a low 
temperature oven and then weighed to assess their biomass as a comparison with 
results reported by Hinton (Moore 1989, 1993). This method, as well as requiring 
additional health and safety measures and trained divers, was relatively expensive.

Monitoring Targets

Because of the initial survey work and regular surveillance of submerged macro-
phytes along standardised transects since 1977, we know quite a lot about the distribu-
tion of Chara within the lake system. The lake water chemistry and hydrology have 
also been recorded regularly over the last 30 years and we also know how the health 
and distribution of the population has fluctuated over this time due to various factors 
– including changes in water quality (increased eutrophication); changes in water 
levels and climate; and responses to the management of these factors.

This enabled us to establish a conservation objective and monitoring targets for 
the Chara beds, a component of the Pembrokeshire Bat Sites and Bosherston Lakes 
Special Area of Conservation (SAC). The key Natura 2000 habitat associated with 
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the lakes is ‘Hard oligo-mesotrophic waters with benthic vegetation of Chara spp./
Calcium-rich nutrient-poor lakes, lochs and pools’ (EU Habitat Code: 3140).

A “Vision” for Chara hispida Within Bosherston Lakes

Chara hispida will be considered as having favourable conservation status, when 
all of the following general conditions are satisfied:

‘Standing open freshwater habitats and communities, supporting stoneworts are 
being maintained within the Bosherston Lake system. Water remains clear in the 
ground-water fed Western and Central Arms of the lake revealing quite striking 
beds of submerged Chara hispida vegetation, fringed by Nymphaea alba beds. 
Chara is also present within the Central Lake.’

We don’t expect Chara beds to be present within the stream-fed parts of the lake 
system though these areas will be generally well-vegetated with other submerged 
and marginal plants. In the Eastern Arm, Potamogeton crispus and Myriophyllum 
spicatum are both quite common. Other submerged plants, include P. pectinatus 
and small pondweed P. berchtoldii. Smaller quantities of Chara species (not neces-
sarily C. hispida) are also found along surveillance transects.

Water depth varies from about 3.5 m (winter maximum) to about 0.5 m or less 
in places in summer. Because the Western and Central Arms are spring-fed, nutrient 
levels here are low. One of the main nutrients (total phosphorus) (TP) reaches no 
more than 25 µg/l at regular sampling points.

We know that nutrient limits above this limit can tip the balance in favour of 
more nutrient tolerant species and filamentous algae that can shade out Chara. 
However, we expect that in the stream-fed Eastern Arm, levels of TP will be higher, 
though if actions are being maintained to remove point and diffuse sources, levels 
of TP are no more than 50 µg/l.

There is evidence that nitrogen (N) is also an important nutrient affecting vegeta-
tion growth; current estimates suggest N should be less than 1 mg/l at all sampling 
points to maintain “healthy” Chara beds. Open water is a key requirement so the 
lakes should not be infilling from silt eroding from adjacent farmland.

Rationale Underpinning the Condition Indicators

The extent of Chara beds as mapped in 1995 was used to inform the lower limit for 
habitat extent, with Chara hispida used both as a marker species for the habitat and 
as an indicator of habitat condition. The lower limits for the frequency of Chara 
hispida were informed by the results from a long-standing series of surveillance 
transects on the site dating back to 1977. Similarly, we know that the negative indi-
cator species are likely to be present in the more nutrient-enriched parts of the lake 
system and that their presence at high frequency in the ‘clear-water’ lakes could 
indicate a worsening of water quality and loss of Chara (Table 25.1). NB. We have 
also set performance indicator targets for water quality, hydrology and sedimentation 
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(physical factors that may influence the Chara community) but these are not 
presented here.

Results

Over the last ten years, trends in repeat transect measurements of macrophytes and 
Chara species indicate that Chara hispida maintains a very healthy population 
within the Central Arm of the lake system (its core area). It is also maintaining its 
target condition in the Western Arm (Fig. 25.5), but is regularly failing to meet the 
target condition in the central lake (Fig. 25.6).

Table 25.1 The condition indicators for the ‘Hard oligo-mesotrophic waters with benthic vegeta-
tion of Chara spp./calcium-rich nutrient-poor lakes, lochs and pools’ habitat at Bosherston Lakes

Condition 
indicator table

The ‘Hard oligo-mesotrophic waters with benthic vegetation of Chara spp./
calcium-rich nutrient-poor lakes, lochs and pools’ habitat at Bosherston 
Lakes will be in favourable condition when:

Extent Lower limit >30% of the lake bottom in the Western and Central 
Arms should be covered by 1healthy Chara hispida

Vegetation 
composition

Lower limit 2Clear water plant communities should be present along 
seven standard transects sampled in the Western and  
Central Arms and Central Lake, of which:

Chara hispida should have a frequency of at least:
50% in 3 out of 4 transects in the Western Arm (T12, 17, 
18 & 19);
70% in the Central Arm transect (T10);
20% in the Central Lake (T4 & T13).

And

Myriophyllum spicatum, Potamogeton pectinatus, Elodea 
canadensis, Lemna spp. should have individual frequencies of:

<30% along transects 4, 10, 12, 13, 17, 18 and 19;

And

Filamentous algae should have a frequency of
<20% along transects 4, 10, 12, 13, 17, 18 and 19;

And

Invasive alien species, e.g. Azolla filiculoides, should be 
absent from all transects (For the purposes of this attribute, 
Elodea canadensis is considered an ‘honorary native’)

Site-specific definitions
1Healthy Chara hispida Bright green spiny shoots (not dull blue-green shoots that are 

coated with algae, e.g. blue-green algae, and apparently rotting).
2Clear water plant communities Vegetation characterised by the presence of Chara hispida



286 B. Haycock and G. Hinton

Fig. 25.6 Mean percentage frequency of Chara hispida at two submerged macrophyte surveil-
lance transects in the Central Lake 1998 to 2008

Fig. 25.5 Mean percentage frequency of Chara hispida at four submerged macrophyte surveil-
lance transects in the Western Arm 1998 to 2008
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Variable amounts of Myriophyllum spicatum, Potamogeton crispus and Elodea 
canadensis now regularly dominate much of the Central Lake. Chara hispida is 
relatively scarce, but in 2008 Chara globularis was more evident along most 
transects than it is in some years (Fig. 25.7). Other negative indicator species, such 
as blanket weed algae Cladophora sp. (often combined with ivy-leaved duckweed 
Lemna trisulca) have also become more abundant over the last 10 years. However, 
in 2008 neither of these was quite as frequent – possibly due to a cooler, wetter 
summer. Both seem to grow well in summers when water levels are lower.

Water quality targets for TP of <30 µg/l are generally being met in the Central 
and Western Arms, and P has declined during the last c. 30 years – helped by 
improvements to stream water quality at a sewage works upstream of the lake sys-
tem. However, the Central Lake levels of TP are still occasionally higher than the 
desired state and so fail to meet overall target condition. Lake water clarity and pH 
target levels have been maintained in all sections.

Lake levels fluctuate considerably, usually reaching low conditions within the 
Central Lake and the Western Arm during late summer. Water leaks away due mainly 
to natural processes, but wet summers in recent years have maintained slightly higher 

Fig. 25.7 Mean percentage frequency of macrophytes along transects within Bosherston Lakes in 
2008. © Crown Copyright and/or database right. All rights reserved. Licence number 100043571



288 B. Haycock and G. Hinton

levels than usual. Low summer water levels, combined with algal and macrophyte 
die-back, have increased the amount of sedimentation at the head of the Western Arm 
over the last 30 years.

Overall therefore, the condition of the Chara hispida “habitat” in 2008 was 
unfavourable.

Discussion

Long-term surveillance (over 30 years) of regular transects has enabled us to collect 
a lot of comparable data, and whilst it used to take more than a week to survey the 
whole lake, with the advent of GPS it is now possible to survey all the transects and 
collect additional records form other points within 3–3.5 days.

Furthermore, the availability of GIS means that it is now possible to map and 
display the results for each species. This makes comparison between years rela-
tively straightforward. Digital photography also enables us to obtain regular images 
of the Chara beds, although there are limited view-points where we can employ 
fixed-point photography.

Due to the density of Chara beds in the Central and Western Arms and the 
falling summer water levels, it is important to record these areas no later than 
the end of June, or else it could be impossible to row and manoeuvre a boat over 
the Chara and lily beds in these areas.

The Chara beds are still reasonably healthy over much of the spring-fed parts of 
the lake, though currently not in the Central Lake (which is at the interface between 
low nutrient ground-water and higher nutrient stream-water influences): the periods 
when it is abundant here are very few.

Significant steps have been made to reduce nutrient enrichment and levels of P 
entering the lakes. A number of point-sources for enrichment have been identified 
and managed – including diversion of treated sewage which, prior to 1984, dis-
charged into a stream entering the lakes Eastern Arm. A pipeline was installed on 
the bed of Central Lake to by-pass stream-fed water from the Eastern Arm from the 
spring-fed lower lakes (Haycock and Duigan 1994; Moss et al., 1996). For a time 
(in the early-mid 1990s) this appeared to be having a significant positive affect on 
Chara hispida, which re-colonised the Central Lake to levels not seen since 
1977/78. Steps have also been taken to intercept nutrient-enriched silt eroding from 
the intensively farmed catchment, using several silt-trap pools. Within-lake sediment 
has also been excavated at the heads of the Eastern and Western Arms (Haycock 
and Ellis 2002; Haycock and Bennett 2008).

Over the last 10 years, Chara has struggled to maintain a toe-hold in the Central 
Lake. Here, filamentous algal (Cladophora) growths together with Lemna trisulca 
(this species was unknown in the lakes until the late 1980s) can now become abun-
dant in late summer, as water levels fall and water temperatures rise. Also, there are 
still issues affecting Central Lake water quality. TP is still not as low as it could be 
in the Central Lake and one of the other possible nutrients (N) could also now be 



28925 Monitoring Stoneworts Chara spp. at Bosherston Lakes

influencing plant growth generally within the lake system. However, early in 2009, 
the Bosherston Lakes catchment was designated a Nitrate Vulnerable Zone, so 
hopefully it should be possible to regulate levels of N more closely in the future.

We still don’t completely understand the hydrology of the lakes, but we are 
aware that water leaks out of the lake system – possibly through very many small 
natural fissures in the lake bed (Thomas 2007; Husband and Cassidy 2008). 
Warmer summers, rises in water temperature (combined with regularly low summer 
water levels, and gradually increasing sedimentation within the lake) as well as 
predicted sea level rise over the next 50–100 years, means that the Central Lake 
could become more regularly saline in future. It is also possible that the Chara beds 
will retreat naturally, and if this occurs we will need to review the conservation 
objectives and monitoring targets accordingly.
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Introduction

The water vole (Arvicola terrestris) is a medium sized rodent that displays remarkable 
ecological plasticity throughout its European range. In stark contrast to its common 
name, water voles adopt a fossorial (underground dwelling) lifestyle in many 
regions of mainland Europe in which the occurrence of water is not a defining 
factor in their distribution (Strachan and Jefferies 1993; Strachan 1998). There, 
water voles inhabit mountainous terrain and grassland habitats and are regarded as 
a serious pest species of vegetable root crops in some European regions (Giraudoux 
et al. 1997; Morilhat et al. 2008). In contrast, the distributions of water vole popula-
tions in Britain (the species is absent from Ireland), the Netherlands and parts of 
Spain and France are closely associated with wetland habitats providing suitable 
opportunity for burrowing and abundant structured riparian vegetation (Carter and 
Bright 2003; Moorhouse and Macdonald 2008). Alarmingly, over the last 100 
years, the British water vole population has undergone a dramatic and widespread 
decline (Jefferies et al. 1989; Strachan and Jefferies 1993) and the species is currently 
a priority Local Biodiversity Action Plan (LBAP) listed species of significant 
national conservation concern in Wales, England and Scotland (Strachan 1998; 
Strachan and Moorhouse 2006).

Research undertaken by the Vincent Wildlife Trust and the Environment Agency 
has clearly shown that the number of sites historically occupied by water voles is 
reducing significantly in all regions of Britain (Jefferies et al. 1989; Strachan and 
Jefferies 1993). The factors that have driven this alarming decline, in what was previ-
ously a relatively common mammal in Britain, are complex and not completely 
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understood. However, it is generally agreed that modification and loss of wetland 
habitats, coupled with the active predation of water voles by feral populations of 
American mink (Mustela vision), are significant determining factors in the wide-
spread decline of water voles (Woodroffe et al. 1990; Macdonald and Strachan 
1999). Since the plight of the water vole in Britain was recognised and highlighted, 
significant effort has been invested in the identification and monitoring of local 
populations by a wide range of statutory and non-statutory organisations. In addition, 
a considerable amount of autecological research has been conducted on water voles, 
predominately on populations inhabiting linear wetland habitats such as rivers, 
ditches and canals. This research has revealed important insights into how water vole 
populations behave at both the local and broader landscape scale (e.g. Bonesi et al. 
2002; Telfer et al. 2003) and into the relationships between water vole distribution, 
population density, different vegetation community types and mink (e.g. Woodroffe 
et al. 1990; Lawton and Woodroffe 1991; Rushton et al. 2000; Moorhouse and 
Macdonald 2005). This and other ongoing work is beginning to provide the information 
and tools necessary to successfully monitor, appropriately manage and safeguard the 
remaining British populations of water voles with the ultimate aim of restoring this 
important species to as much of its former range as possible.

Current Techniques Used to Monitor Water Vole Populations

The most widely used technique to monitor the activity of water voles is the standardised 
transect survey in which the presence/absence of distinctive field signs (including 
food caches, burrows, foot-prints, and, perhaps more reliably, faeces and latrines) 
are recorded over a defined distance of wetland edge (see Strachan 1998; Strachan 
and Moorhouse 2006). Live capture and release programmes (under controlled and 
licensed conditions) can also provide an extremely valuable and detailed source of 
population-level data. These techniques have recently been used by Oxford 
University to study several water vole reintroductions (Moorhouse et al. 2009). 
Over time this approach can provide information on the number of animals present, their 
respective range sizes and movement patterns in different water vole populations.

Study Site

This case study describes a recent water vole project undertaken at the National 
Wetlands Centre Wales (grid reference SS 532 984), a National Key Site for water 
voles in Wales, United Kingdom. This site provides an ideal location to study the 
water vole as it supports an established meta-population within a number of diverse, 
interconnected habitats including ponds, ditches and reed beds of varying size and 
complexity. Long-term data collection across multiple connected areas of the wet-
lands has provided a valuable insight into the dynamics of wild populations. This 
study focuses on two interconnected ponds, one relatively large and complex (Pond 
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A – 360 m circumference – Fig. 26.1) and one smaller and circular (Pond B – 80 
m circumference). The two ponds are adjacent to one another and connected by a 
broad expanse of soft rush Juncus effusus pasture.

Water voles captured within the study site used the two ponds concomitantly and 
thus we regarded the ponds both as two separate entities and as a combined system 
when interpreting the results. This study highlights the need to consider the proximity 
of other potential habitats when monitoring the activities of water voles as they 
frequently move between suitable patches, provided they have the necessary vege-
tation corridors.

Aim

To develop a vegetation-based sampling approach for monitoring water vole activity 
within a complex pond system.

Methods

This study builds upon previous live capture and release approaches used to monitor 
water vole populations. Here however, we describe a new method of studying the 
movement patterns of water voles in relation to discrete stands of vegetation. In order 
to do this, it was necessary to identify a set of site-specific vegetation types, defined 
by the dominant plant species within each stand. These ‘dominant vegetation types’ 

Fig. 26.1 Pond A – Optimal habitat with dense bankside vegetation. Photo by Penny Neyland
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(DVTs) were mapped in the field onto recent ortho-rectified aerial photographs at 
1:1250 scale and the boundaries subsequently digitised using Geography Information 
System (GIS) software. The respective movements of individually micro-chipped 
voles tracked over 16 months were superimposed onto this DVT matrix to establish 
the use by individual water voles of each DVT. Little information is available 
describing the population size, movement patterns and other ecological aspects of 
water vole populations occupying non-linear habitats such as ponds. We anticipated 
that our study would provide a detailed assessment of the local movements of a 
water vole population in distinct plant patches that may assist in the construction of 
empirically derived models that could potentially be used to predict water vole 
population densities under different ecological conditions. This case study and 
the approach it describes should augment the knowledge required for the effective 
monitoring and management of pond systems containing water voles and provide 
useful comparative data on the species’ ecology.

Vegetation Surveys

Since water voles depend on the vegetation surrounding the water body as both a 
source of food and cover from predation, we mapped all of the bankside and emer-
gent vegetation of the ponds together with the surrounding land use (tracks, trees/
scrub). This provided a vegetation map onto which other activities such as trapping 
events and field signs could be mapped. In effect, this is a bottom-up description of 
habitat utilisation. Homogenous stands of vegetation were identified in the field and 
drawn onto the aerial photographs. Each stand was labelled according to the domi-
nant vegetation type (DVT). Plant community associates were also noted as these 
often feature in the water vole diet, but were not used to define the map. The result-
ing field map was then digitised using Mapinfo Version 8.5 (MapInfo GIS is a 
product of the MapInfo Inc.) which creates colour-coded polygons corresponding to 
individual plant species and provides a way of visualising the vegetation patterns.

The DVTs serve as the experimental blocks or sampling units. Intensive field 
surveys together with capture data can be overlaid onto these sampling units to pro-
vide a multidimensional map of water vole habitat selection and utility. This multi-
layered approach offers a holistic interpretation of water vole ecology and can serve 
as a baseline from which to develop further studies of wetland mammals.

Live Trapping

A total of 22 numbered single entry rat cage traps were positioned at 20 m intervals 
in the dense vegetation close to the edge of the ponds. The number of traps posi-
tioned in each study pond was restricted by the size of the pond, accordingly 18 
traps were placed around pond A and 4 traps around pond B. All traps were pro-
vided with abundant dry hay and circa 150 g of apple. Traps were set for continuous 
periods of at least 5 days every month over a 16-month period. During each trapping 
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Fig. 26.2 Water vole in vegetation at National Wetland Centre Wales. Photo by Penny Neyland

period, every trap was regularly checked and fresh hay / apple provided as required 
(field voles, Microtus agrestis frequently consume apple bait without triggering 
the trap mechanism). Any water voles caught were examined whilst in the trap for 
injuries, parasites and other notable features, before being transferred gently to a 
netting bag. Each vole was then sexed visually and individually tagged using a 
single Passive Interrogation Tag (PIT) injected between the scapular. All re-cap-
tured voles were scanned using a hand held PIT reader to determine the identity of 
marked animals. In order to minimise the potential exposure risks to voles caught 
in traps, trapping was not conducted in either very hot or cold weather, or during 
periods of heavy and prolonged rainfall. The total amount of trapping effort 
expended during this project was 1,760 trap nights.

Bulrush Typha latifolia and soft rush Juncus effusus are the most common dominant 
vegetation types (providing both food and cover) with yellow flag Iris pseudacorus 
and water-pepper Persicaria hydropiper as examples of community associates (and 
seasonal components of the water vole diet).

Analysis

Population densities are presented as the mean number of individuals per 100 m of 
habitat and calculated separately for each pond. The minimum number of animals 
alive (MNA) provides the most conservative population estimates (i.e. the least 
number of water voles on a pond during a given trapping session) and includes 
adults and juveniles. MNA was used as the population estimate for the site thus: 
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population density = (population estimate for site/length of trapped habitat) × 100 
(Moorhouse and Macdonald 2008). If an animal was not trapped for a particular 
month the MNA was calculated from recaptures thereafter. The location and move-
ments of individuals were plotted on the vegetation map (Fig. 26.3).

Current knowledge suggests that adult females exclude same sex individuals 
from their range during the breeding season (February–October) but overlap with 
males (Strachan and Jefferies 1993; Strachan and Moorhouse 2006). Females have 
been seen to overlap with other females when establishing territories at the onset of 
the breeding season or after territoriality breaks down during the onset of winter 
(PN personal observation). Live trapping throughout the year allows us to observe 
these overlaps that may be overlooked by other studies that focus on trapping during 
the breeding season only.

Results

Populations

The traps were occupied on 87 occasions, and 35 water voles caught over the duration 
of the study: these comprised 16 females, 14 males and 5 juveniles unable to be 
sexed (Fig. 26.4). Fourteen water voles were recorded only once. Seven voles 
moved between this site and adjacent ponds not included in this study.

Three voles were previously marked elsewhere within the wetland complex and 
immigrated into the study area. Eight voles (five males and three females) were 
caught repeatedly in the same trap within a given trapping session. Breeding was 
confirmed on both ponds by the presence of sexually active males and lactating 
females, and by the capture of young water voles.

The mean density of water voles (on both ponds as a combined system) decreased 
from approximately 3.5 voles per 100 m to less than one animal per 100 m during 
the breeding season of 2007 and subsequently dropped to 0.5 voles per 100 m, where 
it remained until early in the summer of 2008 (Fig. 26.4). The MNA data indicate 
that water vole numbers decreased on pond A from between two to four animals 
after November 2007 and then dropped to only one animal throughout the winter, 
until February. Two animals were then recorded on pond A from March onwards (in 
comparison to the previous March when 12 animals were caught), with a total of six 
recorded there in June 2008. There were fewer water voles on pond B, with a maximum 
of three animals recorded. No animals were caught on pond B between July 2007 
and June 2008. Several water voles (both males and females) occupied ranges that 
were restricted to only one or two trap locations, most noticeably after the summer 
of 2007. This restricted movement of animals and overall low density of voles 
recorded throughout the latter part of the monitoring period may have been the result 
of an increase in rat Rattus norvegicus presence at the ponds (see Discussion) or 
simply one of the natural oscillations in population cycles common to most species 
of Microtine rodents (Lambin et al. 1998; Oksanen et al. 1999).
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Fig. 26.3 The Dominant Vegetation Type (DVT) map for the water vole study area covered in this 
chapter. © Crown Copyright and/or database right. All rights reserved. Licence number 100043571

Fig. 26.4 Population density of water voles trapped on ponds A and B as a combined system 
(mean number of individuals per 100 m of habitat)
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Dominant Vegetation Types

A greater number of water vole captures took place in soft rush (Juncus effusus) than 
any other DVT, reflecting to some degree that more traps were located in Juncus effusus 
than any other DVT. However, the number of captures was adjusted for unequal sample 
distribution in each patch to provide a true reflection of patch preference (Fig. 26.5).

Figure 26.5 clearly illustrates that water voles show a preference for specific 
DVTs. Juncus effusus supports the highest relative number of animals, particularly 
females (Fig. 26.6). Typha latifolia is also an important component of the habitat, 
particularly for males (Fig. 26.7) and juveniles. Females were associated with four 
DVTs whilst males and juveniles were restricted to two.

Discussion

During the course of the study the numbers of brown rats (Rattus norvegicus) caught 
(and associated field signs) increased significantly. During October 2007 a routine 
clearance of Typha latifolia was undertaken on pond A. During the months after the 
clearance a substantial increase in rat activity was seen around the ponds. Furthermore, 
water voles trapped during this period occasionally exhibited injuries atypical of 
intra-specific fighting injuries (Forman and Brain 2006), and on one occasion the 
remains of a dead water vole were found in a rat food cache, although it is not clear 
whether rats predated or scavenged this vole. However, as it is highly likely that rats 
influenced the distribution and behaviour of the water voles on both ponds during the 

Fig. 26.5 Relative number of water voles caught per DVT (adjusted for unequal sample distribu-
tion in each patch)
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Fig. 26.6 The number of captures in each Dominant Vegetation Type for each female water vole

Fig. 26.7 The number of captures in each Dominant Vegetation Type for each male water vole
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study period, density estimates are likely to have been influenced by this. Accordingly 
the following discussion will focus on the DVT approach rather than comparatively 
interpreting our data in light of similar studies describing water vole populations.

Water Vole Activity in DVTs

Water voles were trapped most frequently in two DVTs, Juncus effusus (primarily) 
and Typha latifolia. Both of these vegetation types provide consistent cover and 
food throughout the year and their importance to water voles has been recognised 
in other studies (Carter and Bright 2003; Strachan and Moorhouse 2006).

Females used four different DVTs namely Juncus effusus, Typha latifolia, 
Epilobium hirsutum and Glyceria maxima. Most use was made of Juncus effusus, 
which provides year-round food and cover, with the soft pith used to line the nests 
during breeding season (DWF & PN, personal observation): perhaps unsurprisingly, 
all sexually active females were associated with this DVT.

Epilobium hirsutum was occasionally used by females; this plant is rich in nitrogen 
(PN, unpublished data) and is therefore of particular nutritional benefit to water 
voles (particularly breeding females) that require this element for the production of 
proteins and nucleic acids.

Monthly field surveys revealed that young leaves of Epilobium hirsutum are 
frequently found in food piles from February onwards (when fresh growth occurs) 
and the species is foraged upon throughout the breeding season (PN, personal 
observation). Males were only caught in two DVTs, Juncus effusus and Typha lati-
folia, whereas newly weaned juveniles were captured only once in these DVTs and 
were presumably operating in the vicinity of mothers. The importance of Typha 
latifolia to water voles should not be underestimated, as recent observations indi-
cate that this plant is exploited as an important source of food throughout the winter 
months (DWF & PN unpublished data). Furthermore, as we only studied above 
ground habitat utilisation, the field survey results should be treated with caution as 
many food caches (and sources of food) are located underground. Frustratingly, our 
inability to study them underground limits our understanding of their behaviour.

At the pond scale (in this study c. 440 m in total perimeter), water voles displayed 
different ranging behaviours – with some permanently on the ponds, some regularly 
moving between the study ponds and other ponds nearby (c. 200 m away), and 
other more transient animals that were caught only once or very infrequently. Water 
voles have been seen to use both underground tunnel systems and overland routes 
to travel between ponds and ditches separated by concrete paths and rank grassland 
habitats at the study site. As such, to ensure that water voles are free to move 
between ponds, it is important to protect terrestrial areas that link wetland patches 
together, both above and below ground.

Analysis of patch-based data gathered over a longer time period and larger spatial 
scale at the study site will provide further clarification of the extent and nature of localised 
water vole movement patterns within and between different ponds and other habitat 
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patches. However, based on the results from our study, the following section outlines 
our recommendations for management and monitoring water voles at NWCW.

Recommendations for Conservation Management and Monitoring

Water vole distribution and activity is strongly related to a variety of habitat parameters, 
particularly vegetation structure and composition. It is important that vegetation is 
mapped in order to monitor successional processes of change as well as water vole 
population density and distribution in given areas to be managed. The approach 
described in this case study provides a useful and easily standardised method of 
monitoring activity of water voles at the habitat level. It also provides a common 
ground to facilitate comparisons between locations and habitat types with varying 
plant species composition and physiognomy and water vole population density. 
Live trapping provides the most robust and accurate estimate of population density 
and combined with field surveys can give a comprehensive and synergetic descrip-
tion of habitat utilisation, and given adequate resources is the recommended 
method of monitoring water vole populations.

However, live trapping is time consuming and must be undertaken by skilled 
(and licensed) individuals who may not be available or affordable to site managers. 
Where live trapping is impractical field surveys of vole activity can be undertaken, 
although it should be noted that these only give an indication of habitat utilisation 
and not occupation, unless drum-marked latrines are present (indicative of breeding 
females). It is important to note that the absence of water vole field signs does not 
automatically imply the absence of water voles as much water vole activity is con-
fined to underground burrow systems. The Condition Indicator Table (Table 26.1) 
and recommendations are based on the best available data and techniques at the 
current time and are specific to the NWCW. Ongoing research involving a number 
of habitat types and water vole population densities over a 3-year period is currently 
being conducted and analysed. This additional research will facilitate further 
refinements to the DVT approach and will ultimately provide a more robust and 
generic monitoring tool for this and other wetland species.

Rationale Underpinning the Condition Indicator Table

The population targets are set to take account of known annual fluctuations in rodent 
populations and set at a level that we would expect to see exceeded in a healthy popula-
tion at least once in every 3 years. These figures are based on research on the ponds 
described plus observations from six other ponds within the metapopulation complex at 
NWCW. Habitat targets set to take account of distribution and extent of various vegeta-
tion types. Stands of vegetation (i.e. DVTs) should be spread across each pond.

A pond in isolation may be declared unfavourable if all recommended DVTs are 
not present and there are no habitat corridors linking to more favourable ponds.
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Table 26.1 The Condition Indicator Table for the water vole population at the National Wetland 
Centre for Wales

Condition indicator 
table

The water vole Arvicola terrestris population at the National Wetland 
Centre for Wales will be in favourable condition when:

Population size Lower limit In any 3-year cycle

Minimum of 20 individuals (MNA) including at least one 
juvenile are known to have been present in Areas A and B 
(collectively) (see map)

And/or

Signs of water vole activity are present in at least 20% of 
the bankside; with a minimum threshold latrine density 
typically 6.4/100 m (25% of these drum-marked)

Habitat quality Lower limit In each of Areas A and B

>1% of the total pond area is open water (with at least 1 
continuous patch of open water over 1.5 m2 in extent)

At least 95% of the bankside is vegetated (no more than 
5% of the bank should be covered by bare ground/mud, 
with no areas of bare ground >1 m2)

>50% of the bankside vegetation should be dominated by 
Juncus effusus and >5% by Typha latifolia – with at least 
one DVT present of Epilobium hirsutum (>3.5% of the 
pond/ditch edge) and one DVT of Carex riparia (>1% of 
the pond/ditch edge)

<10% of the bankside vegetation should be dominated by 
trees/scrub

Habitat corridors should be present between areas A and B
Site-specific definitions

Signs of water  
vole activity

Food-piles (aggregations of cut vegetation of identified plant species circa 
10 cm in length)

And/or

Latrines (water vole faeces of varying age in aggregations) that may/may 
not be drum marked

(See field survey recommendations)
Bankside Area of habitat within 5 m of open water with/without submerged 

macrophytes (e.g. Potomageton natans) or with emergent vegetation (e.g. 
Typha latifolia/Eleocharis palustris/Ranunculus lingua/Glyceria fluitans)

Open water Open water includes water with / without submerged macrophytes (e.g. 
Potomageton natans, Glyceria fluitans, Lemna sp., etc.)

Habitat corridors Continuous terrestrial vegetation / necessary substrate in which to burrow 
linking different ponds, providing protection from predation whilst 
travelling above/below ground

Juvenile Water vole weighing less than 140 g



Water Vole Field Survey Recommendations

In the first instance a DVT map of the site that requires management or monitoring 
should be created. This provides a baseline onto which movements of individuals 
and the results of field surveys can be plotted. In addition to the vegetation map, 
plant community associates should be noted for each DVT as these will assist in 
species identification of plants in food-piles during field surveys.

Note that after surveying each DVT ensure that vegetation remains undisturbed; 
return any swards of vegetation back to their original arrangement ensuring that the 
ground below is not exposed otherwise voles returning to their food-piles (Fig. 26.8) 
and latrines (Fig. 26.9) are more visible to aerial predators. If field surveys suggest 

Fig. 26.8 A food-pile of Iris pseudacorus in a stand of Juncus effusus. Photo by Penny Neyland

Fig. 26.9 Water vole latrine with fresh and drum-marked pellets. Photo by Penny Neyland
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that the habitat is occupied by a breeding population (i.e. in a favourable condition) 
then a trapping survey can be undertaken. Trapping should be conducted for at least 
one breeding season however at least three breeding seasons are required to reveal 
true population processes. Recommendations for water vole food-piles and latrine 
field surveys are outlined in Tables 26.2 and 26.3 respectively.

Table 26.2 General information on water vole food-piles

Food-piles - mark location of each on DVT map
Plant species Identify to species level. Unskilled surveyors can use a key to identify 

any unknown species. There are a number of plants that may be 
confused; using a key, hand lens and internal structure of the stem 
will aid in classification. Once a food-pile has been located there 
is usually evidence of feeding on nearby vegetation (since water 
voles are predominantly patch based foragers). This can also aid in 
identification of the species in the food-pile.

Length c. 10 cm long N.B. Take care not to confuse water vole food-piles 
with those of field voles, Microtus agrestis (which are much shorter 
and often covered in small faecal pellets).

Angle of cut Rodents cut vegetation at a 45° angle across the stem.
Distance from edge of 
water body

Mostly within 50 cm, but up to 200 cm on this site.

Notes Care should be taken when comparing species that are superficially 
similar, particularly if the flowering spike is not present, e.g. Juncus 
effusus and Eleocharis palustris (the two can be distinguished by 
the arrangement of the pith, which is cylindrical and fills the stem in 
Juncus, but cross-hatched and paler in Eleocharis). Typha latifolia and 
Iris pseudacorus may also be confused in food piles, (the former has a 
fleshier and less glaucous blade).

Table 26.3 General information on water vole latrines

Latrines – mark location of each on DVT map
Faecal pellet size About 10 mm long, cylindrical, rounded at tips

N.B. Take care not to confuse with rat pellets which are of 
a similar size but have a pungent smell, or field vole pellets 
which are a similar shape but only a few mm long

Drum-marked Look for drum-marked pellets that have been marked with 
scent and crushed into the ground, these indicate the presence 
of breeding animals

Distance from edge  
of water body

Mostly within 50 cm, but up to 200 cm on this site

Notes Latrines themselves are not necessarily indicative of breeding 
but are deposited at range boundaries. Small aggregations of 
faeces may deposited by animals that are moving through more 
transient areas, rather than actually occupying them
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Introduction

Seals in the Baltic Sea are of great concern. There are three reasons for this: firstly, 
we want to conserve seal populations for their own sake. Populations are small, 
red-listed and protected according to national and international regulations. 
Secondly, we use seals as environmental indicators (cf. Chapter 4). Seal popula-
tions should be studied thoroughly, as the status of their health can give an early 
warning of environmental problems. Thirdly, we should manage seal populations to 
avoid damage to fisheries. Seals eat fish and damage catches as well as fishing gear. 
When seal populations increase, the damage to fisheries also increases, unless 
appropriate actions are taken to counteract the problems.

Seals in Sweden

Three species of seal occur in Swedish waters; the grey seal (Halicoerus grypus) in 
most of the Baltic Sea, the harbour seal (Phoca vitulina) in the southern parts, and 
the ringed seal (Phoca hispida) (Fig. 27.1) in the northern parts of the Baltic Sea. 
During the first decades of the twentieth century, the numbers and distribution of 
all three species had been greatly reduced due to the effects of over-hunting and 
environmental contamination, but seal populations have started to increase again, 
as the intensive hunting has stopped and as levels of pollutants have decreased. 
With increasing seal populations and increasing damages inflicted by seals upon 
coastal fisheries, there is an increasing demand for a management of the species.
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Fig. 27.1 A ringed seal sun-bathing on a rock in the Bothnian Bay. The species is named after its 
coat pattern. Photograph by Jörgen Wiklund

The Ringed Seal

The ringed seal is the smallest of all seal species. It has a circumpolar distribution 
and is resident in North Pacific, North Atlantic and Arctic waters. There are five 
subspecies, of which three are adapted to living in brackish and freshwater environ-
ments. Phoca hispida botnica occurs in the Baltic Sea including the Gulf of 
Bothnia, the Gulf of Finland and the Gulf of Riga (Figs. 27.2 and 27.3). Two other 
subspecies live in the freshwater habitats of Lake Saimaa in Finland (P. h. saimen-
sis) and Lake Ladoga in Russia (P. h. ladogensis). These subspecies have been 
isolated since post-glacial land uplift reduced the extent of the Baltic Sea about 
8,000 years ago. The world population of ringed seals is estimated to be 6–7 mil-
lion, while the population in the Baltic Sea, which we focus on here, consists of 
about 10,000 animals (Schneider et al. 2009 and references therein).

The Baltic subspecies is larger than other subspecies. Adult animals are up to 
150 cm in length and weigh up to ca. 140 kg. Females are slightly smaller than 
males. Pups are born in February and March, and mating takes place shortly after-
wards. Ringed seals give birth in snow lairs over holes carved in the ice far out on 
the sea. Lairs are predominantly found in dense drift ice with ridges, where snow 
drifts are formed by wind action (cf. Fig. 27.4). These lairs protect pups from cold 
temperatures and predators (Reeves 1998).
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Fig. 27.2 Geography of the Baltic Sea

Fig. 27.3 The ringed seal inhabits the northern and eastern parts of the Baltic Sea. Reproduction 
occurs mostly in four restricted areas. The Bothnian Bay is the most important refuge for the 
species in the Baltic Sea
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The Gulf of Bothnia

The Gulf of Bothnia is the northernmost part of the Baltic Sea, bordered by Sweden 
in the west and Finland in the east (Fig. 27.2). The Gulf is subdivided into the 
Bothnian Bay in the north and the Bothnian Sea in the south. The waters in the 
Bothnian Bay are relatively shallow and brackish (Salomonson et al. 2006). Large 
parts of the Gulf of Bothnia are covered by ice during winter (Fig. 27.5), from 
December until April/May (SMHI 2008). The ice cover reaches its largest extent in 
February/March.

Simulations of sea ice development in the northern Baltic predict a reduction of 
83% on average of ice-cover by the end of the current century. As a consequence, 
most of the current breeding areas of the ringed seal will become ice-free 
(Schmölcke 2008 and references therein). Only in the northernmost part of the 
Bothnian Bay will ice persist long enough for ringed seals to breed. Thus, the 
breeding population of the species in the Baltic Sea is likely to decline and to shift 
northwards, with extinction possible in the more southerly parts of the Baltic Sea 
(HELCOM 2007). It seems likely that only the Gulf of Bothnia will persist as a 
fairly good winter sea ice habitat for the species.

Changing Focus

Until recently, the ringed seal was mostly viewed from a conservation perspective. 
Surveys focused on population development and its underlying mechanisms, espe-
cially environmental contamination and health problems. Today, we acknowledge 
that we have to actively manage the species. For practical management to work at 
both a national and regional scale, we even have to look at fisheries and how these 
are affected by the seals. We have learned lessons from the management of large 

Fig. 27.4 Drift ice in the Bothnian Bay in April 2009. Far out amongst the ridges and not to be 
seen on the photograph, ringed seals are basking in the sun. Photograph by Michael Schneider
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Fig. 27.5 The extent of the ice cover in the Baltic Sea is variable, depending on winter conditions. 
The Bothnian Bay and the inner parts of the Gulf of Finland are covered by ice even during warm 
winters. Adapted from a map compiled by the Swedish Meteorological and Hydrological Institute 
(SMHI 2008)

terrestrial carnivores in northern Sweden (see Schneider 2006) regarding the 
involvement of stakeholders in management planning. Consequently, we have 
started to discuss the possibilities of hunting ringed seals and to develop a platform 
for international co-operation between Finland and Sweden regarding the practical 
management of the species in the Gulf of Bothnia (Schneider et al. 2009). This 
change of focus poses new questions and new challenges for monitoring activities 
within ringed seal management.

Key Factors for the Management of Ringed Seals

There are four key factors that influence management decisions for the ringed seal. 
These include the conservation status of the species, an overall lack of knowledge, dam-
age to fisheries, and the fact that Finland and Sweden share a common population.

Conservation Status

The Baltic ringed seal is listed as ‘vulnerable’ by the International Union for the 
Conservation of Nature (IUCN), and as ‘near threatened’ in the latest version of the 
Swedish red list of threatened species (Gärdenfors 2005). It is also listed in the EU 
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Habitats Directive and the Bern Convention, and is covered by the Helsinki Commission 
(HELCOM) recommendation on the conservation of seals in the Baltic Sea.

Lack of Knowledge

The existing knowledge about the biology and ecology of the Baltic ringed seal is 
limited: questions about diet, summer habitat, behaviour, and the exchange of indi-
viduals between subpopulations have still to be answered (Schneider et al. 2009).

Damage to Fisheries

Seals can cause reduced catches by taking fish from nets or traps, and they can 
cause expensive damage to fishing equipment. This is known for grey seals, but it 
is unclear the degree to which ringed seals are engaged in these activities 
(Hemmingsson and Lunneryd 2006).

International Population

Sweden and Finland share a common population of ringed seals in the Gulf of 
Bothnia. Management decisions made in one country may also affect the status of 
ringed seals in the other country. Therefore, a co-management of ringed seals is 
necessary, which has been acknowledged by authorities in both countries (Jord- och 
skogsbruksministeriet 2007; Schneider et al. 2009).

Objectives for Our Work

Objectives for the work with ringed seals are different when we look at an interna-
tional, a national or a regional scale.

International Obligations

HELCOM, the governing body of the Helsinki Convention, works to protect 
the marine environment of the Baltic Sea from all sources of pollution through 
inter-governmental co-operation between Denmark, Estonia, the European 
Community, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden. 



31327 Ringed Seals in the Gulf of Bothnia

HELCOM adopts recommendations for the protection of the marine environ-
ment, which the governments of the contracting parties must act on in their 
respective national programmes and legislation (www.helcom.fi).

In 2006, HELCOM issued recommendations regarding the management of seals 
in the Baltic region. These recommendations suggest specific reference levels for 
population size, distribution and health status and are meant to provide guidance for 
current and future management actions. For the Baltic ringed seal, two management 
units were defined: the sub-population in the Gulf of Bothnia, and the subpopula-
tion in the more southerly parts of the Baltic Sea (HELCOM 2006).

National Targets

To successfully manage the population of ringed seals in the Gulf of Bothnia, we 
must learn much more about the species’ biology and ecology. To maintain a posi-
tive population trend, we have to achieve a good health status among ringed seals. 
We also have to keep track of a possible switch by the seals from ice to land for 
reproduction and we have to try to understand what this means for the species in 
terms of pup survival, productivity and population growth rate. Ringed seals and 
grey seals occur together in the Gulf of Bothnia, with the latter apparently the more 
problematic species. However, as it often is hard to distinguish between problems 
caused by different seal species, the co-management of ringed and grey seals is a 
necessity. Also, ringed seals in Sweden and Finland should be managed in a uni-
form way, as they belong to the same population.

Regional Necessities

At a regional scale, the number of seals drowning in fishing gear should be low. 
At the same time, seal damages inflicted on fisheries should be kept at a low level. 
Local fishermen as well as regional groups, organisations and authorities with an 
interest in seals should be involved in the management of the species. Hunters 
should have the possibility to market seal products (skin, meat, etc.). Illegal hunting 
should be rare.

Ongoing Activities

The ringed seal is a species of concern from both a conservation and a management 
point of view. Therefore, we must make the effort to learn more about the species 
in the Gulf of Bothnia.

http://www.helcom.fi
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Population Surveillance

Three different methods have been used to estimate the development of the 
population of ringed seals in the Bothnian Bay: hunting statistics, modelling and 
aerial surveys. For the first half of the twentieth century, hunting statistics reflect 
the decline of the species (Harding and Härkönen 1999). A modelling approach 
has then been used to look at the population during the period 1950–1990 
(Schneider et al. 2009 and references therein). Since the mid 1970s, ringed seals 
in the Bothnian Bay have been censused using aerial surveys (Helle 1980). Since 
1988, this survey has been conducted in a more structured way (Härkönen and 
Heide-Jørgensen 1990; Härkönen and Lunneryd 1992) (Fig. 27.6). During 
April–May each spring, ringed seals are counted by researchers using fixed-
wing aircrafts patrolling above the last remnants of the winter ice, where the 
seals are emerged to change coat. These counts are weather-dependent, and only 
parts of the sea ice (at least 10%) are surveyed each year. Even under optimal 
conditions for surveillance, only parts of the population will be observed. 
This results in estimations of the population size, not in exact figures (Härkönen 
et al. 1998).

Fig. 27.6 Flight transects for the aerial survey of ringed seals are oriented in a north-southward 
direction in the Bothnian Bay. Surveys are conducted annually. At least 10% of the ice sheet has 
to be covered during each survey. The figure depicts the transects used in 1996. Adapted from 
Härkönen et al. (1998)
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Survey of Health Status

The Swedish Museum of Natural History in Stockholm is responsible for collecting 
and examining dead seals in Sweden. During the last 30 years, the museum has 
conducted necropsies on 50–200 seals from the Baltic Sea annually, comprising 
those that had drowned in fishing gear (by-catches), that had been found dead or 
that had been shot during the grey seal hunting season. Most of the seals received 
by the museum were grey seals. During necropsy, different measurements are taken 
and the seals are weighed. The cause of death is determined and pathological 
changes are looked for in the bodies. Samples are then taken for long-term storage 
and for different research projects (Karlsson et al. 2007).

By-Catches

In 2002, the Swedish Board of Fisheries carried out telephone interviews to inves-
tigate the number of by-catches of seals, porpoises and birds in the Swedish fishing 
industry. In total, 220 randomly selected commercial fishermen were interviewed. 
By comparing the fishing efforts of the respondents in the survey with the total 
national fishing effort, it was possible to calculate the total number of seals that 
drowned in Swedish commercial fisheries in 2001 (Lunneryd et al. 2004).

Damage to Fisheries

Fishermen blame seals for causing reduced catches by taking fish from nets or 
traps, as well as for causing expensive damage to fishing equipment. This has been 
scientifically verified for grey seals, but not for ringed seals (Hemmingsson and 
Lunneryd 2006). In the Bothnian Bay, seals are believed to affect the coastal 
salmon and whitefish fisheries. Current research is aiming at determining the extent 
to which damages are caused by ringed seals, and to develop fishing tackle that can 
withstand the attention of seals (Schneider et al. 2009).

Attitudes

A survey of attitudes towards seals (grey seal and ringed seal) has been conducted 
in Finland (Storm et al. 2007). This survey targeted people that are affected by 
seals in their daily life, as well as organisations and authorities that deal with 
nature conservation, that exploit natural resources, or that are responsible for 
natural resource management. A questionnaire was sent out to groups, organisations, 
institutions and authorities at a regional and national scale. About 250 responded. 
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Furthermore, ca. 10 meetings were organised along the Finnish coast to collect 
information on local attitudes. In total, 440 people participated and 640 comments 
were made in these meetings.

Available Information

Population Size

As estimated from hunting statistics, the population of ringed seals consisted of about 
200,000 individuals in the beginning of the twentieth century. Due to intensive hunt-
ing, the population decreased to a few tens of thousands of animals in the 1950s. 
Environmental contamination caused a further decline of the population and a low 
population size between 1960 and 1980. By modelling, the size of the population has 
been estimated at 5,000 animals in the Baltic Sea for that period. Since the 1980s, 
annual surveys have been conducted and the population is now estimated from numbers 
of animals observed on the ice (Fig. 27.7). The current population in the Bothnian 
Bay is increasing at a rate of about 5% per year, numbering some 8,000 animals 
(Fig. 27.8). Populations in the Gulf of Finland (ca. 300 animals) and the Gulf of Riga 
(ca. 1,000 animals) are much smaller and appear to be stable or decreasing.

Fig. 27.7 Three different methods have been used to estimate the size of the population of ringed 
seals in the Baltic Sea: hunting statistics, modelling and aerial surveys. From an estimated 200,000 
animals, the population crashed to about 5,000 individuals, but it has started to increase again 
during recent decades
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Distribution of Breeding Habitat

Ice is crucial for the reproduction and the moult of Baltic ringed seals. In the 
Bothnian Bay, the winter distribution of ringed seals varies only slightly between 
years, and during the last 10 years, the highest concentrations of seals have been 
observed in an area south-east of the island of Haparanda Sandskär. Figure 27.9 
shows the winter distribution of ringed seals in the Bothnian Bay in 1996. Surveys 
conducted before and after 1996 show the same results, as do data from the 1930s. 
The highest densities of ringed seals have been found on the pack ice in the central 
parts of the Bothnian Bay (Härkönen et al. 1998).

Health Status

In total, about 400 ringed seals were delivered to the Swedish Museum of Natural 
History for necropsy during the last 30 years. Increased levels of PCB have been 
made responsible for a disease complex (pathological kidney alterations, uterine 
occlusions) found in ringed seals between 1965 and 1985 (Bergman et al. 2001). 
Since then, levels of contaminants have been decreasing, but still 30–40% of adult 
females are sterile (Mattson and Helle 1995). This infertility in females is believed 
to be responsible for a reduced rate of population growth. The population increase 
has been estimated to be 4–5% per year, as compared to a possible 10% for the 
species (Karlsson et al. 2007, Härkönen 2006).

Fig. 27.8 The numbers of ringed seals observed during aerial surveys in the Bothnian Bay. 
Survey results (yellow dots) vary between years. Since 1988, the population has increased with 
about 4.5% per year (blue trendline). Adapted from Karlsson et al. (2007)
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By-Catches

Every year, several ringed seals are caught in different types of fishing equipment 
in the Gulf of Bothnia. In the survey carried out by the Swedish Board of Fisheries 
in 2002, there was a large variation in the number of animals caught in the by-catch 
between different fishermen and different areas. A large majority of fishing vessels 
(73%) did not report any seals in their by-catch, while a few (3.5%) caught more 
than five seals each. In total, a by-catch of 10 ringed seals was reported for 2001, 
and these reports came from the northern Baltic Sea only. The majority of 
by-catches occurred in fixed traps for salmon. By comparing the fishing efforts 
of the respondents in the survey with the total national fishing effort, the Swedish 
Board of Fisheries calculated that 52 (34–70) ringed seals drowned in Swedish 
commercial fisheries in 2001. These figures are supposed to be an under-estimation 
of the total loss, as they do not include part-time and non-commercial fishing, and 
as they do not cover adequately by-catches in fishing methods that are known to 
have low by-catches (Lunneryd et al. 2004).

Damage to Fisheries

Seals hunting around fishing equipment can chase away fish that could otherwise 
have been caught in the traps or nets. Seals can also remove fish that have already 
been trapped, or just take bites off the fisherman’s prey. Seals can also damage fishing 

Fig. 27.9 The winter distribution of ringed seals in the Bothnian Bay in 1996. Adapted from 
Härkönen et al. (1998)
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equipment when they try to gain access to captured fish. It is well known that grey 
seals can inflict great damage on fisheries. According to fishermen operating in the 
Bothnian Bay, even ringed seals can be problematic, and some hold that ringed seals 
pose a much bigger problem than grey seals. The academic knowledge about the 
level of damage caused by ringed seals is restricted, but there are video recordings 
of ringed seals inspecting fish traps and nets (Hemmingsson and Lunneryd 2006).

Attitudes

A survey of attitudes of people, organisations and authorities towards seals and seal 
management has been conducted in Finland, but not in Sweden (Storm et al. 2007). 
Many different opinions emerged during the survey, but fishermen and hunters were 
over-represented among respondents. Generally, opinions were rather negative and 
seals were looked upon as being problematic. Many respondents stressed the dam-
age inflicted by growing seal populations on fisheries and how these damages 
jeopardize the livelihood of the fishermen. Criticism was directed not only at the 
seals, but also at the managing authorities, researchers, conservationists, the 
European Union, and especially the shortcomings of the compensation system for 
seal damage. Seal hunting was put forward as the main solution to the problems 
(Storm et al. 2007).

Discussion

Unclear Objectives

The seal expert group within HELCOM has suggested three population reference 
levels for the ringed seal in the Baltic Sea, which are intended to aid the manage-
ment of the species. The Target Reference Level is set at the population size where 
the population growth rate starts to level off to an asymptotic population level, 
which in ecological terms is called “carrying capacity”. The Limit Reference Level 
is the population size when the long-term persistence of the population is ensured. 
The Precautionary Approach Level is the population size where the population is at 
maximum productivity (HELCOM 2006).

However, with our current and limited knowledge of ringed seal ecology and 
population dynamics, it is not very clear what these levels mean in terms of actual 
seal numbers. What is the current carrying capacity of the environment? Which 
factors determine the carrying capacity today, and how and why may this upper 
limit for population size change over time? Thus, the suggested reference levels are 
not very easily applied in practice.



320 M. Schneider

Today, we lack concrete and measurable objectives for ringed seals in the Gulf 
of Bothnia regarding:

Population increase, population size, and distribution•	
The frequency and extent of damages that are tolerable to coastal fisheries•	
The maximum number of by-catches•	
Possible future hunting quota•	

All of these objectives have to be developed in the near future.

Unsophisticated Political Ideas

In a Swedish–Finnish project on the management of grey seals, participants focused 
on the sustainable harvest of seals and the marketing of seal products (Kvarkenrådet 
2008). However, as a reaction to unethical hunting methods outside the European 
Union, the EU-commission presented recently a proposal to prohibit the trade with 
seal products (Carlberg and Lundquist 2008). If seal products cannot be sold, there is 
little reason for Swedish hunters to shoot seals. If seals are not hunted to regulate 
their population, damage to fisheries may increase, local discussions may get more 
infected, fewer seal corpses will be available for health status examination and 
screening for environmental contaminants, and the regional management of the 
species will get more difficult.

Current and Future Activities

Looking at population size and health status of ringed seals only is not enough. For 
practical management to work, we even have to look at fisheries and how these are 
affected by seals. Schneider et al. (2009) identified a list of activities in order to start 
up a functioning management system for ringed seals in Sweden. To acquire the 
information needed for informed management, we have to continue with what we 
already do, we have to develop certain activities, and we have to start up new ones.

Activities to Be Continued

Annual aerial surveys of population size•	
Surveys of health status•	

Activities to Be Developed

The process for reporting survey results to managing authorities and the public •	
has to be streamlined to guarantee a fast and unhampered flow of information.
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Regular surveys of the frequency and extent of damage to fisheries inflicted by •	
ringed seals have to be conducted.
Structured surveys of causes and rates of mortality in ringed seal populations •	
have to be carried out.
Research on ringed seal ecology has to be intensified.•	

Activities to Be Started

The factors that determine carrying capacity of ringed seal habitats have to be •	
identified.
Ecological research and population viability analyses have to determine current •	
and future carrying capacity.
Attitude surveys have to be conducted also on the Swedish side of the Gulf of •	
Bothnia. Attitudes reflect the success of the management system and may give 
some indication on the extent of illegal hunting.
The willingness of hunters to shoot seals with and without the possibility to •	
market seal products has to be analysed.
The suitability of regional seal councils to survey traditional knowledge and •	
opinions and attitudes of stakeholders has to be analysed. Regional seal councils 
are meeting places for fishermen, hunters, researchers, conservationists and 
managers to discuss seal management.

The implementation of the existing Finnish management plan for ringed seals 
(Jord- och skogsbruksministeriet 2007) and the presumable adoption of the Swedish 
action plan for the species (Schneider et al. 2009) in 2009 hopefully will make 
things happen.

Acknowledgements I am grateful to Johnny Berglund and Clive Hurford for valuable comments 
on the manuscript.
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Donana Natural Space – A Brief Overview

Protected since 1968, Doñana National Park (537 km2) is a UNESCO Biosphere 
Reserve, a Ramsar Site, a Natural World Heritage Site and is integrated in the 
Natura 2000 network. It contains the largest wetland in Western Europe (García 
Novo and Marín Cabrera 2005), an intricate matrix of marshlands (270 km2), 
phreatic lagoons, and a 25 km-long dune ecosystem with its respective shoreline 
and representative Mediterranean terrestrial plant communities (Fig. 28.1). The 
conservation objectives include the preservation of (a) critically endangered species 
(Iberian lynx Lynx pardina, Spanish imperial eagle Aquila adalberti, marbled teal 
Marmaronetta angustirostris), (b) the abundance of waterfowl, and (c) the 
Mediterranean wetlands and terrestrial ecosystems. Furthermore, Doñana is both a 
critical stopover site for Palearctic birds migrating to Africa and an important over-
wintering site for waterfowl.

Doñana marshlands have a typical Mediterranean climate: the hydrological 
cycle starts in September and usually reaches maximum inundation levels during 
February, mainly driven by the rainfall regime. In late spring, evaporation becomes 
the most important factor in the water balance, and the marshes dry up slowly until 
they are completely dry by the end of July. At this time, the aquifer plays a central 
role in maintaining water levels and permanent lagoons (Grimalt et al. 1999). As is 
the case for most continental wetlands, interannual variability is driven by meteo-
rological patterns.
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Historical Monitoring Initiatives and Gaps in Knowledge

The protection of Doñana was originally promoted by José Antonio Valverde 
(Fig. 28.2), who faced many challenges and threats before the administration finally 
declared Doñana a National Park (DNP) in 1969, making it the largest protected area 
in Spain. Just 6 years previously, J.A. Valverde had already preserved Doñana 
Biological Reserve (DBR), a 6794 ha plot inside the current National Park (see 
Fig. 28.1), with the essential help of the World Wildlife Fund. At the same time, he 
created the Doñana Biological Station (DBS), a specific research centre belonging 
to the Spanish Research Council (CSIC). Thus, since the very beginning, Valverde, 
as the first DNP manager and DBS director, firmly linked conservation to research.

Initially, DBS scientific research focused on conservation biology, and espe-
cially on threatened species and management benefits. In subsequent years, DBS 
became a leading research centre on biological conservation topics. From the outset, 
Valverde passionately promoted the systematic collection of data on relevant 
conservation variables, such as Iberian lynx population size and distribution, bird 
banding and band readings or cork oak inventory and marking (Solís 1996). As a 
consequence, local staff working at DBR began to focus systematically on under-
standing the most relevant species present in DNP, with staff and visitors keeping 
field diaries to record both occasional events and daily field work either inside 

Fig. 28.1 Limits of Doñana Natural Space, Doñana LTSER platform and Doñana Biological Reserve
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Doñana or even overseas (Valverde led many exploratory campaigns in different 
continents). Also, during that period, monthly aerial waterfowl censuses were intro-
duced to record habitat selection and migratory trends of the most abundant aquatic 
birds in Doñana marshlands. These, in fact, were the first attempts to establish 
periodical monitoring activities as the basis for research and management of 
Doñana’s fauna and flora.

In the period from 1970 to 1990, many management decisions for DNP were 
based on information from field diaries, aerial census reports and assessments. 
Systematically collected data derived from these research activities have since con-
tributed to publications in international scientific journals (Almaraz and Amat 
2004a, b; Rendon et al. 2008).

Despite the obvious interest in, and effort invested in collecting, long-term data-
sets, these mostly focused on the abundance and occurrence of birds.

It was only in the 1980s that Doñana National Park began focusing more on eco-
logical, limnological, hydrological or ethological issues (García Novo and Marín 
Cabrera 2005). After the eminent Spanish ecologist Ramón Margalef had described 
the planktonic community of Doñana lagoons (Margalef 1976), other taxa and natural 
processes came to be accepted as relevant conservation issues for Doñana.

However, even at the end of the last century, there were still gaps in our knowl-
edge, both from a research and monitoring perspective, particularly relating to top-
ics such as plant physiology, ecophysiology, plant ecology, landscape ecology, land 

Fig. 28.2 José Antonio Valverde, the first director of DBS and first manager of DNP
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use cover changes, soil sciences, plant–soil interactions and land cover energy 
balance. Many of these have since been addressed through the development of an 
integrated monitoring programme and associated research projects.

The Framework for an Integrated Monitoring Programme: 
Policy and Opportunity

Vaughan et al. (2001) defined integrated monitoring as monitoring that uses 
detailed sets of ecological information, unlike simple monitoring, survey monitoring 
and proxy monitoring. Although many of the periodical surveys carried out at 
Doñana acquired relevant data on population condition and breeding success, by 
the end of the 1990s, the need for an integrated program of long-term ecological 
monitoring was evident. Therefore, in 2001, a meeting held among DBS and DNP 
heads led to the proposal for a joint project to set up the integrated ecological long-
term monitoring of DNP. Representatives from both institutions (CSIC-DBS and 
Spanish National Parks Network) agreed on the main features to be monitored 
according to conservation priorities. The main goal was to achieve long-term 
knowledge on the dynamics of Doñana natural processes and the conservation 
management effects on its biodiversity. The conceptual approach focused on moni-
toring the following features: species, habitats and ecological processes. The species 
level monitoring focused on the endangered and threatened species, while the foci 
habitats were mostly the representative and under-represented ones. Finally, the 
ecological processes did not only include the natural processes interlinking ecosystem 
functioning and structure but also the human driven impacts (resulting from man-
agement decisions – including the conservation measures). Thus, the joint project, 
entitled “Design and refinement of the integrated programme for monitoring 
natural processes and resources in Doñana National Park”, was initiated in 2002 
and devoted 3 years of research to the validation of monitoring protocols and the 
conceptual model of long-term ecological monitoring. The specific goals of the 
project were:

1. To achieve an exhaustive bibliographical review of available, up-to-date and 
standard protocols for the selected features to be monitored.

2. To designate scientific supervisors with recognised expertise in the ecological 
monitoring targets.

3. To propose feasible monitoring protocols and test their validity and adequacy for 
monitoring the proposed targets.

4. Final adoption/rejection of the tested methodological protocols and the features 
proposed for monitoring.

Originally, both institutions agreed on a number of proposed features for monitoring 
(Tables 28.1 and 28.2). The conceptual approach led to addressing the features 
under three main monitoring themes and 11 monitoring targets. In addition to flora, 
fauna, management and geophysical monitoring, a landscape scale monitoring 
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approach was proposed to monitor broad-scale processes in the DNP and in its 
surroundings (unprotected area, see Fig. 28.1). The rationale behind this relies on 
the need for understanding underlying ecological processes such as connectivity, 
fragmentation or habitat loss at the landscape scale.

Thus, the main purpose of the programme was to assess individual features 
using a set of proposed indicators, usually relevant informative variables such as 
relative and absolute abundance, species distribution, species richness and life 
condition.

Programme Implementation: Protocol Validation  
and Arising Issues

A thorough bibliographical review revealed a complete set of available methods for 
Doñana features (at least suitable after minor modifications). Most reference 
sources were supplied by the UK Environmental Change Network (http://www.ecn.
ac.uk/), US National Park Service (http://www.nps.gov/), Environment Canada 
(http://www.ec.gc.ca/) and the Europarc handbook (Atauri et al. 2005), reference 
guidelines and books as well as scientific papers. During the period 2002–2005, the 
guidelines of the joint project were to test the validity of the programme. Every 
feature was then assigned to at least one methodological protocol consisting of:

The rationale behind the need for feature monitoring (narrative)•	
Specific objectives•	
State indicators•	
Location of sampling sites on the study area, minimum sampling unit and mini-•	
mum required sampling frequency
Material and staff needed (Standard Operation Procedures according to Oakley •	
et al. 2003)

Validation mainly consisted of evaluating (through the preliminary monitoring 
results from the first phase (2002–2005) of the indicators’ suitability) the protocols’ 
feasibility and statistical reliability and the actual relevance of proposed features to 
be monitored.

During this period it became evident which features had been improperly 
approached, either by using an unsuitable spatial scale, by using unfeasible sam-
pling frequencies or by using inappropriate sampling methods. Often, accessibility 
was the critical factor to overcome in order to ensure continuous monitoring: for 
example, to reach the most remote areas inside DNP, trail and track networks often 
cross deep sand banks, mud covered areas and deep water pools, implying long and 
harsh journeys to reach monitoring plots and the waste of a full day of labour.

The monitoring protocol for juniper (Juniperus phoenicea ssp. turbinata) wood-
lands provides an example of how we carried out the validation. The original 
proposal for this habitat, which is characteristic of top-stabilized coastal sand 
dunes, was to carry out monitoring every 5 years. However, data gathered during 
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the first 3 years stressed the need for a higher sampling frequency to properly 
record the disturbance effects on the demographic dynamics of this xeric plant 
community. Many other features were also subjected to a change of sampling 
frequency and sample size. Other features originally planned as landscape scale 
projects, such as monitoring of erosion of the Guadalquivir river bank, had to be 
reassessed due to the inability of automatic remote sensing or digital aerial photo-
graph analysis to easily delineate changes on the river shoreline. Finally, certain 
standard protocols, in particular those using trapping nets, had to be refined accord-
ing to the behavioural traits of specific species, e.g. for monitoring the population 
and abundance of aquatic macroinvertebrates.

After the validation exercise, a further set of monitoring activities were proposed 
for features not originally considered, such as monitoring phenology, or plant physi-
ology: this is an ongoing process. However, among the leading monitoring institu-
tions there is an implicit awareness of constraining the relevant features to be 
monitored, based mainly on available funding and resources. From the outset, the 
responsibility for implementing the long-term ecological monitoring programme in 
Doñana was assigned to five managers – one for each work area, i.e. landscape scale 
(which included vegetation dynamics and geomorphological monitoring), amphibi-
ans and reptiles, limnology, birds and mammals. In developing the programme, each 
of these managers had to employ 12 staff members, most of whom were assigned 
for birds monitoring. During this process, we ran specific training courses for the 
Doñana monitoring team (ESPN) to facilitate participation, motivation and increase 
basic monitoring skills. One of the first courses introduced the practical use of GPS 
and Personal Digital Assistant (PDA) devices. Other courses addressed the identifi-
cation of Doñana’s flora (both aquatic and terrestrial), driving in harsh conditions 
and health & safety criteria. Two recent courses have provided the monitoring staff 
with an introduction to data representation standards (map visualisation of sampling 
units and variables) and on simple guidelines for reporting results (charts, graphs 
and tables). A short introduction was also provided on the use of Cybertracker soft-
ware for data collection through PDAs in the field (see below).

Nowadays, the monitoring programme relies on 15 staff members, ten of whom 
occupy permanent positions funded by CSIC (Fig. 28.3). However, the programme 
aims to increase the number of permanent positions in order to achieve the long 
term monitoring objectives. DBR also runs a volunteer programme that often ben-
efits the monitoring team. Skilled volunteers are periodically recruited to help staff 
members in baseline monitoring activities, though always after training and under 
strict staff supervision. This help is gratefully received.

Critically, after a favourable hearing from the Spanish Constitutional Court in 
2005, full environmental competences were transferred from the central adminis-
tration to autonomic governments and, in 2008, the responsibility for DNP manage-
ment was transferred to the Andalusian regional government. Under this new 
regime, Doñana Natural Park, (a protected area of 55,300 ha managed by the 
Andalusian administration that forms a buffer around DNP) was merged for moni-
toring purposes with DNP. This new and expanded protected area, named Doñana 
Natural Space (DNS), is now the target area for the monitoring programme, with 
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major implications for most of the monitoring activities. As a consequence, we 
have had to enlarge sampling areas, and reduce both the sampling effort and the 
number of sampling locations inside DNP to achieve the integration. Today, this 
remains the most pressing challenge for the implementation phase of the DNS 
monitoring programme.

Automatic Monitoring and Data-Quality Assessment: 
Enhancing the Programme

As a consequence of the issues outlined above, we identified the need for automatic 
procedures to make the monitoring programme cost-effective. Concerns about data 
quality assessment and metadata management were already evident. Both issues 
were addressed by different opportune solutions.

The first issue was resolved by Cybertracker: free software (http://www.cyber-
tracker.org/) that uses PDA devices to digitally record any type of observation in the 
field. It was originally conceived as a tool to improve environmental monitoring by 
increasing the efficiency of data collection and observer reliability (see Chapter 32 
for more information). Since the Doñana monitoring programme began using it 
there have been two major efficiencies achieved by the combined use of PDAs and 

Fig. 28.3 Group picture of most of the staff members devoted to Doñana Integrated Long-Term 
Ecological Monitoring Programme
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Cybertracker software: firstly by avoiding the loss of required data, i.e. occasionally 
required records were just skipped or ignored on site; and secondly by reducing the 
time needed to digitally archive data by rapid synchronization to the database. 
However, efficient sequential procedures have to be designed prior to on-site applica-
tion, and this requires advanced skills in Cybertracker database management.

The second issue was resolved by the recognition of DBR as a Scientific and 
Technological Singular Infrastructure (ICTS) by the Spanish Ministry of Science and 
Innovation. Under the Spanish Research Framework Programme, projects of this type 
qualify for the award of an initial budget to enhance services from such infrastruc-
tures to the scientific and technological communities. DBR started to improve the 
infrastructure by setting up a wireless communication network inside DBR, this was 
essential and allowed us to install a real-time network of probes, sensors and devices 
to cover the gaps that we had identified in the monitoring programme. Up to 1 M€ 
was allocated to monitor new features such as soil, below-ground water content and 
temperature, water quality monitoring, tropospheric O

3
, CO

2
 or enhancing sensor 

networks such as the meteorological network. ICTS is also providing support for 
integrating the wireless network with other sensors working in Doñana, sensors that 
were established a long time ago like the piezometer gauges or hydrological stations. 
Besides the integrative role played by ICTS for long term ecological monitoring in 
Doñana, the implementation programme also provides an opportunity for European 
scientists to apply for short-term prospective projects to be carried out in DNS. Such 
projects may be proposed under a specific call for projects open twice per year, cover-
ing travelling expenses and accommodation. Many of the current ongoing research 
projects are tightly linked to features already being monitored by enhancing scientific 
research on global change effects on the Doñana biota.

Interestingly, these solutions have combined to advantage the whole programme, 
notably through the development of a wireless protocol to easily transfer data gath-
ered in the field (by means of PDA devices) to the central database at the moment 
of data collection (see Chapter 32). We expect innovative synergies like these to 
increase the cost-effectiveness of the monitoring programme.

Data Access and Publishing

Since the outset, one of the premises of the monitoring programme was to make the 
resulting data publicly available. The only restrictions would apply for conservation 
purposes, such as locating nesting sites of endangered birds for instance. This man-
datory premise has been accomplished by producing reports in which results are 
presented in tables that are updated annually. Moreover, these reports provide con-
cise interpretations according to the latest observed trends. DNP managers are 
therefore provided with an annual update on every feature being monitored. 
However, it is also essential to allow data access through a web page, and over the 
first 5 years, the ESPN developed a web portal for accessing data results, protocol 
documentation, annual reports and many other relevant documents at: http://www-rbd.
ebd.csic.es/Seguimiento/seguimiento.htm.
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This web page, which is still online at the time of writing, is being transferred 
progressively to the new ICTS website (http://icts.ebd.csic.es) where results and 
protocols from manually monitored features are merged in the same database with 
the results from the automatic procedures. The final web portal will soon allow any 
visitor to query the central database on results from both approaches (automatic and 
manual) providing quick insights on trends and the relationship between different 
indicators.

Success Stories on Data Use for Research and Management

The main overarching goal of the monitoring programme is to provide baseline 
information on long-term trends and changes of the monitored features. Accordingly, 
historical data might be used to set up robust criteria for effective conservation 
management.

Since 2005, the Doñana management board has considered monitoring results as 
valid criteria for informing management decisions. The use of baseline trends of 
ecological indicators in the decision-making process is considered a practical reali-
sation of the monitoring programme’s usefulness and success. Early warning moni-
toring for toxic algal blooms is one such success story. Fully implemented in 2006, 
the protocol activates a set of management decisions when the indicators reach a 
standard threshold. Outbreaks of toxic cyanobacteria blooms have occurred peri-
odically in Doñana marshlands causing the poisoning and death of hundreds of 
different species. During the last 2 years, episodic events have been successfully 
managed, reducing dramatically the number of affected birds.

On the other hand, monitoring a cork oak (Quercus suber) population (named 
“La Pajarera”) that is more than 200 years old, where up to 14,000 pairs of herons 
and storks nest every year causing tree decay, has provided evidence of the need for 
preventing the depletion of the acorn and seedlings bank by wild herbivores. With 
a mortality rate of 1.96 individuals per year in the last 43 years, the “Pajarera” site 
has only recruited 72 individuals by planting and none through natural regenera-
tion. Intensive acorn predation occurs during fruiting season by fallow deer (Dama 
dama), wild boar (Sus scrofa) and red deer (Cervus elaphus). In 2005, an expert 
panel proposed a long term restoration programme for this site consisting of several 
actions, including an experimental design of exclosure fences for testing grazing 
effects and granting tree recruitment.

Donana LTSER Platform in the ILTER and LTER Europe 
Networks

In 2006, DBS joined the European Network of Excellence named ALTERNet (A 
Long-Term Biodiversity, Ecosystem and Awareness Research Network). ALTER 
Net aims to establish a lasting infrastructure for integrated ecosystem research.  
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This combines ecological and socio-economic approaches, with emphasis on commu-
nication with the relevant audiences focusing on the CBD (Convention on 
Biological Diversity) target of attaining a significant reduction of the current rate 
of biodiversity loss by 2010. Many of the partner research institutions also partici-
pated in the ILTER network (International Long-Term Ecological Research 
Network) and its regional section of LTER-Europe. During the project develop-
ment, the LTER-Europe constitution in 2007 proposed the first nine LTSER 
(Long-Term Socio-Ecological Research) pilot platforms based on selected criteria. 
The Doñana LTSER platform emerged from this process as a relevant place to 
investigate socio-economic drivers and pressures on biodiversity following the 
DPSIR framework (Bugmann and Solomon 2000; Parr et al. 2003; Gobin et al. 
2004; Nikolaou et al. 2004). The Doñana LTSER platform includes DNS and the 
immediate surrounding area, conforming to Doñana County (see Fig. 28.1), in 
order to assess the effects of human drivers and pressures on biodiversity. The 
Doñana LTSER platform has started to contribute by developing the socio-ecolog-
ical long-term research and implementing the DPSIR framework (Haberl et al. 
2006). Doñana, together with two other LTSER platforms (Pleine-Fougères in 
Brittany and Islands of Breila in Romania) have recently reported on an early 
assessment of EU regulations (Common Agricultural Policy) of unexpected effects 
on local biodiversity (unpublished ALTERNet Report). The Doñana LTSER plat-
form has also successfully collaborated in the proposal of a conceptual socio-
ecological model for LTSER platforms (Haberl et al. 2009) that will soon be 
implemented and tested. Both experiences are helping in spreading the LTSER 
concepts. Since then, DBS has played a major role in setting up the LTER process 
in Spain. Thus, LTER-Spain was formally accepted as an ILTER and LTER-
Europe member in 22nd August 2008. It currently comprises 10 sites, including 
the Doñana LTSER platform. These sites represent the main ecosystems present in 
the Iberian Peninsula. LTER-Spain has agreed on the minimum common ecologi-
cal parameters to be monitored by every LTER-site of the network. These param-
eters cover abiotic variables, primary producers, consumers and other relevant 
parameters. To date, meteorological variables are the most widely monitored at 
every LTER-Spain site, closely followed by forestry parameters, birds, inverte-
brates, soil characteristics, atmospheric deposition, phenology and water body 
characteristics.
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Introduction

‘Doñana Natural Space’ (DNS), a protected area resulting from the merge of the 
former Doñana National and Natural Parks, covers a surface area in excess of 1,000 
sq. km and includes a wide range of habitat types, from scrub to marshes and from 
pine forests to sand dunes. Within that heterogeneous landscape, aquatic ecosys-
tems play such an important role that the whole of DNS cannot be properly under-
stood without considering them, the biodiversity they harbour and the ecological 
processes depending on them. In fact, nearly half of the DNS surface is occupied 
by marshes linked to the Lower Guadalquivir River. Those marshes are vast 
wetlands in which estuarine and tidal ecosystems co-occur with freshwater systems 
located in the floodplain: mainly fed by the rain and the water entering the area 
through some small streams (e.g. Guadiamar, Rocina). The whole system was 
originally a coastal lagoon with a surface area of more than 150,000 ha. This lagoon 
progressively silted up over the last two millennia, producing a rather flat area 
where small topographic variations translate into important ecological differences 
(a descriptive synthesis can be found in García Novo and Marín 2005). Within this 
floodplain a large number of diverse water bodies can be found. This diversity is 
the outcome of differences in the origin and duration of the flooding period, in the 
type of soils, and in their capacity for exchanging salts with the water, thus creating 
an array of aquatic ecosystems ranging from ephemeral to permanent, and from 
subsaline to hypersaline (Bernués 1990). Furthermore, one half of the territory rests 
on silt-rich, non-permeable substrate, while the other half lies on porous, highly 
permeable detritic materials. This feature, in combination with a poor drainage 
network, results in the existence of an important aquifer system: a groundwater 
system that shows up dramatically in the ‘El Abalario-Doñana’ lake complex, 
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where more than 600 small, low-salinity, temporary ponds occur. Their common 
origin might suggest that all these ponds are rather homogeneous; an assumption 
that is dispelled on examination of their ecological features. Within this lake 
complex, interdunal ponds that lie in the active front of the mobile dunes are 
particularly remarkable, as they overlap with already stabilised dune fields displaying 
a range of variability in both flood period and salinity (Serrano et al. 2006); of 
these, Santa Olalla lake stands out for its size (>30 ha in full flood), salinity and 
hypertrophic status (Bravo and Montes 1993).

In this context, and given that most fluxes of matter and energy in the area are heavily 
dependent on the functioning of these aquatic ecosystems, the implementation of a 
limnologically based monitoring plan is essential in order to understand and preserve 
the ecological integrity of DNS. Until relatively recently, however, the limnology was 
overlooked in the monitoring schedule and research agenda for the area. Geological and 
geomorphological processes were simply considered too stable and unchangeable to be 
worth monitoring. Instead, the main focus was on flood patterns, i.e. whether marshes 
and ponds filled on a seasonal or a permanent basis and how long they remained 
flooded, in the confidence that the biological diversity of the aquatic systems was tightly 
linked to this trait. Consequently, limnological monitoring protocols (sensu lato) were 
not implemented in the area until the 1970s, starting with the assessment of the aquifer 
phreatic levels – as this was considered an aspect of the water cycle highly sensitive to 
human activity. Flooding patterns on the marsh flood have been monitored, in an inter-
mittent and uneven manner, since the 1980s, when water gauges were fitted in some 
ponds and in the main water bodies in the marshes. Water quality parameters were not 
intensively studied until the end of the 1980s and have only been monitored regularly 
during the last decade, following the mine spill in Alznalcóllar, when automatic water 
gauges and water quality sensors were installed in the marshes of the National Park. 
That event led to the implementation of a hydrological restoration project called 
‘Doñana 2005’. This project, with an initial budget of over 80 million Euros, included, 
together with other aims, monitoring the quality of the water entering the DNS (Saura 
et al. 2001). Since 2006, the efforts of the ‘Doñana 2005’ project have been comple-
mented by the set up of the ICTS-Doñana Biological Reserve monitoring network that 
aimed to, among other goals, improve access to research data in the area and the estab-
lishment of facilities for the retrieval of environmental information for scientific use.

Background on Groups Selected for Biomonitoring

Hydrological data, like the quantity and quality of water flowing through the sys-
tem and the flood patterns inferred via remote sensing techniques, are of great 
importance to any comprehensive limnological monitoring programme, and these 
are extensively covered elsewhere in this document. Here, therefore, we will focus 
exclusively on biological monitoring; i.e. the use of biological indicators (namely 
aquatic vegetation, aquatic invertebrate fauna and fish communities) to assess the 
condition or health of aquatic systems in the Doñana Natural Space.
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The rationale behind using biological monitoring is that the integrity of the biota 
inhabiting aquatic ecosystems provides a direct, holistic and integrated measure of 
the integrity or health of the ecosystem as a whole. In addition to their practical 
value for biomonitoring purposes, these groups also provide relevant information 
on biodiversity, as they are rich in species, include many rare and endangered taxa, 
and are major contributors to the overall diversity of the area.

Aquatic Vegetation

Our focus for aquatic vegetation is on the so-called macrophytes, i.e. vascular 
plants (angiosperms), non-vascular plants (like liverworts and mosses) and mac-
roalgae (Characeae). Beyond their role as primary producers, which transform solar 
energy into organic molecules and release oxygen, macrophytes have an important 
function as structural elements of the aquatic habitat by providing shelter to many 
organisms, increasing water transparency and enhancing the diversity of microhabi-
tats (Carpenter and Lodge 1986). This is particularly so in the abundant shallow and 
ephemeral water bodies in Doñana, where macrophytes are of outstanding signifi-
cance by comparison with phytoplankton.

Information on the vegetation of Doñana dates back to the 1940s (Vicioso 1946), 
and includes floristic and phytosociological studies (Castroviejo et al. 1980 and 
Rivas-Martínez et al. 1980, respectively). However, it was not until the work of 
González-Bernáldez and his colleagues (Allier et al. 1977) that the aquatic vegeta-
tion was considered to be a key functional element. Subsequently, many studies 
have contributed to our knowledge of the composition and distribution of macro-
phyte communities in the aquatic systems of Doñana (see references in Montes 
et al. 1998). Some of these studies applied an ecological approach, trying to relate 
environmental conditions, including the activity of vertebrate herbivores, to func-
tional features in the aquatic vegetation, like space occupancy patterns and seed 
bank development (Duarte et al. 1990; Montes and Bernués 1991; Grillas et al. 
1993; González 1999; Espinar et al. 2002).

Aquatic plants are known to be sensitive to changes in salinity, pH, trophic status and 
the duration of the flooding period, and have therefore been widely used for monitoring 
the aquatic systems in the area (Cirujano et al. 2005). With regard to their contribution 
to overall biodiversity, the DNS acts as a refuge area for many macrophyte species with 
a restricted distribution (e.g. Hydrocharis morsus-ranae, Althenia filiformis).

Benthic Macroinvertebrates

Aquatic invertebrates are, together with macrophytes, very good indicators of water 
quality and, as such, have been extensively used for monitoring lotic ecosystems 
(Rosenberg and Resh 1992; Usseglio-Polatera et al. 2000): this is less common, 
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however, in shallow, temporary, lentic habitats (but see Boix et al. 2005; Gascón 
et al. 2008; Menetrey et al. 2008). Therefore, although some indicator indexes are 
being developed based on correlations between actual macroinvertebrate fauna in 
the DNS and environmental conditions, most effort has been devoted to assessing 
the diversity of the group, its distribution at a local scale and the dynamics of the 
most abundant populations. Background information is scattered and biased; some 
groups, such as gastropods and beetles, have been intensively studied, while others, 
such as mites and nematodes, are practically unknown. Jiménez (2000) lists a total 
of 120 species of insect in the orders Coleoptera (43 spp.), Odonata (29), 
Heteroptera (28), Diptera (14) and Ephemeroptera (6), and 14 species of gastro-
pods. A recent study by Millán et al. (2005) provides accounts for 108 species of 
Coleoptera, giving a clear indication of the amount of information still lacking for 
this group alone.

Among the macroinvertebrates occurring in the DNS, some species exert a sur-
mounting influence on its functional processes and are recognised as actual ecosys-
tem engineers, capable of modifying the physical structure of the habitat where they 
live. This is particularly true of the red swamp crayfish Procambarus clarkii, an 
alien species that became to be a fundamental node linking primary resources 
(mainly organic matter stored in the sediment and aquatic vegetation) with larger 
sized secondary consumers, such as fish, birds and mammals (Gutierrez Yurrita and 
Montes 1997). The amount of energy currently transferred by crayfish to higher 
trophic levels suggests that changes in crayfish population density can trigger shifts 
between alternative ecological states of the aquatic systems; a topic that is currently 
under investigation (Crehuet et al. 2007).

Since this crayfish was first introduced in the area in 1974, its distribution range 
has grown to cover almost the entire marsh, and it can now be labelled as the best-
known invertebrate species in Doñana. Like the Greek god Janus, the red swamp 
crayfish displays two heads. One is mild and gentle, due to its economic value as a 
fishery resource and that some endangered species in the area have benefited from 
it (like the otter Lutra lutra and many birds). The other one, however, is harmful 
and destructive; the species seems to be responsible for local extinctions and popu-
lation declines in several native species, it has also contributed to the modification 
of some environmental features in the marsh, and its commercial exploitation put 
some undesired pressure on protected areas. Against this background, the red 
swamp crayfish is undoubtedly a key factor in the functioning of the aquatic eco-
systems in Doñana, and the significant effort committed to this species in our moni-
toring programme reflects this.

Fish Communities

Inland fish species are among the most threatened groups of vertebrates in the 
world. On a global scale, fish populations in inland waters have declined due to 
overexploitation, flow modification, destruction of habitats, invasion by exotic 
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species and pollution, all of which are interacting (Lévêque et al. 2008). Fish have 
also a significant functional role by producing large quantities of biomass that are 
supplied to higher trophic levels in the ecosystem, such as birds and mammals, 
especially in periods of high energy demand (such as during the breeding season). 
The study of their population fluctuations provides invaluable information on the 
functioning of the aquatic ecosystems.

Fish in Doñana are, by far, the least well-known group of vertebrates, with only 
a dozen studies devoted to them up to the 1980s (see references in Montes et al. 
1998). Indeed, the first fish inventory of the National Park, including fish community 
composition and their conservation status, dates back to 1994 and remained as an 
internal report until its public release 6 years later (Fernández-Delgado et al. 2000). 
In total, 72 species of fish have been recorded in DNS; most of them marine or estua-
rine species that occasionally enter the marshes through tidal channels. Of the 16 
species most frequently found in the marshes and ponds of DNS, 2 species are criti-
cally endangered (Aphanius baeticus and Squalius pyrenaicus), 1 is considered 
locally extinct (Gasterosteus gymnurus) and 6 are introduced exotic species (e.g. the 
ubiquitous mosquito fish, Gambusia holbrooki) (Fernández-Delgado 2005).

Monitoring an Unpredictable Environment

Covering the huge diversity of habitats in the area was the first challenge when 
planning the design of our sampling station network. The classification of ecotopes 
provided by Montes et al. (1998) was used as a basis for the design; and given the 
large number of different categories and in order to keep the network feasible, it 
was decided to restrict monitoring to those habitat types covering the largest pos-
sible surface areas of the DNS. Accordingly, monitoring stations were placed both 
in the marsh and in several ponds on sandy substrates: these are the most frequent 
and representative habitat types in the DNS. Within the marsh, a second habitat-
type level was selected to accommodate the variability in salinity concentration and 
the hydroperiod (the duration of the wet period). The ‘pond’ category was also split 
in several types to incorporate different sorts according to their substrate, altitudinal 
location and degree of link to the aquifer (Borja Barrera and Díaz del Olmo 1987; 
Borja Barrera et al. 1999).

In order to guarantee continuity in the collection of data, other circumstances 
like all-year-around accessibility were also taken into account for deciding the 
exact location of the monitoring stations. That was not a minor issue given that 
sampling activities frequently require the use of vehicles, or other suitable means 
of transport, to carry large and heavy pieces of equipment. Because movements in 
the natural marsh are severely restricted during the flooding period, we made an 
effort to keep the number of sampling stations accessible only by foot or horse to 
a minimum. Finally, some additional stations were incorporated into the network 
as a consequence of the expansion of the study area when the DNS was established 
in 2007.
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The final outcome is an open design with monitoring stations allocated to one of 
the following categories:

Level 1; this includes forty-one sites considered to be first-order sampling  –
stations with regional importance (Fig. 29.1).
Level 2; second-order sampling stations comprising all those sites that have been  –
used at some time during previous studies and those for which there is historical 
information.
Level 3; sites that have been sporadically used within the context of specific  –
research projects.

Another concern during the establishment of the monitoring network was the fre-
quency of sampling. It takes about 2 months to collect samples from all of the sites 
during the rainy season, so we decided to limit the sampling campaigns to only two 
per year at each station: one to be carried out in autumn–winter (actually between 
October and March), during the early wet period when water has been present for 
sufficient time to allow resistant life stages (i.e. spores, diapausing eggs) to hatch; 
and then a second sampling campaign in spring (from April until June), coinciding 
with the period of highest biological activity prior to the summer drought. An 
optional sampling campaign can be carried out in mid-summer to account for arti-
ficially flooded, permanent aquatic environments. Finally, and due to their special 
characteristics, tidal channels (three sampling stations) are each sampled on 30–45 
days. These habitats are exceptionally important because fish use them extensively 
to move from the estuary to the marsh (and back).

Fig. 29.1 Limnological network of level 1 sampling sites
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Sampling Protocol

The sampling at each station takes no less than 2 days, a limit set by the minimum 
amount of time that traps for capturing crayfish must remain in the water (Bravo 
1998). The sampling protocol starts with the assessment of some physico-chemical 
attributes (including water temperature, conductivity, pH, dissolved oxygen con-
centration, chlorophyll a, and nitrate and ammonium concentrations) and is fol-
lowed by sampling the biological communities (macrophytes, benthic 
macroinvertebrates, crayfish and fish communities). In all cases, the sampling 
methods and the observed variables have been chosen on the basis of three criteria: 
easy use (i.e. not too time-consuming and not requiring a highly specialised team); 
fast results (most data are collected in situ and post-sampling processing is kept to 
a minimum); and relevance to the functioning of the system. Except for benthic 
macroinvertebrates, which are mostly taken and transported to the laboratory for 
identification, samples are directly identified in the field and returned to the water 
shortly after capture.

For aquatic vegetation, the following variables are recorded:

Species (or genus) richness, identifying species to the lowest taxonomic level •	
possible depending on the degree of development of the diagnostic characters
Cover (valued from 0 to 5) of each taxon and different biological types; i.e. emer-•	
gent (helophytes), submerged (hydrophytes) and free-floating macrophytes
The phenological status of each species•	

Aquatic macroinvertebrate monitoring requires several methodological approaches. 
Hand-nets (0.5 mm mesh size) are used in shallow waters for qualitative sampling, 
gathering presence/absence data but not abundance. We use a core sampler (25 cm 
diameter, 3 replicates) to collect less mobile and smaller species from the upper 
sediment layer (first 5cm) and the water column, using a filtration net (also 0.5 mm 
mesh size) to sieve the sample. Finally, net traps (4 mm mesh size, 5–9 replicates), 
a modification of those regularly employed for the commercial fishing of eels and 
crayfish, are used for catching larger and more mobile specimens. Because these 
traps are also intended to capture crayfish, they remain in place for 24 h. Once 
removed, the invertebrates in the traps are identified in situ, counted and returned 
to the water. Wherever possible, the invertebrates are identified to species level, 
then either counted or weighed (as appropriate).

Due to its importance in the monitoring schedule, we have a more complex 
methodological protocol for the red swamp crayfish: this includes an analysis of the 
population structure by measuring the length (rostrum-telson), the identification of 
sex and the assessment of the degree of sexual maturity (Huner and Barr 1991).

Fish communities are monitored using the same large net traps used for inverte-
brates. Most species are identified to species level, then counted, and total biomass 
is recorded. We record additional data for particularly important species (e.g. eel, 
mugilids, barbel Barbus sclateri and carp Cyprinus carpio), such as total length, 
individual weight and reproductive state.
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Preliminary Results: The Case for a Long-Term Monitoring 
Programme

The entire raw dataset is still to be fully analysed but it can be retrieved via the 
monitoring web page: http://icts.ebd.csic.es.

More than 50 macrophyte taxa have been recorded in the spring campaigns, 
although not all of them identified to species level. Helophytes (emergent macro-
phytes) and amphibious plants are the most frequent and widely distributed types. 
Although their floristic value is low, these species are responsible for most primary 
production in DNS aquatic ecosystems.

Given the high environmental diversity of the area and the uneven distribution 
of the sampling effort, we grouped the vegetation data into four habitat types: 
temporary ponds, brackish marsh, channels within the salt marsh, and transition 
areas where small streams run over the sandy substrate to enter the marshland 
(showing a mix of features between ponds and marsh). A fifth type, artificial ponds, 
has been added.

These artificial ponds, locally called ‘zacallones’, are holes dug to reach ground 
water so that livestock can drink. These can remain as small, permanent ponds for 
a long time, and during the very dry spring of 2005 were almost the only signs of 
surface water present in DNS.

Some results from the aquatic vegetation monitoring in DNS are presented in 
Table 29.1. The environments hosting the highest diversity are the temporary 
ponds, whereas artificial ponds and marsh channels are the least diverse. Figure 29.2 
shows changes in average species-richness through time.

Table 29.1 Communities of aquatic vegetation recorded for some of the more extensive habitats. 
The dominant taxa in each habitat are listed first.

Marsh channels Temporary ponds
Brackish and salt 
marsh Streams

Scirpus maritimus Ranunculus 
peltatus

Scirpus maritimus Scirpus maritimus

Ranunculus peltatus Baldellia 
ranunculoides

Ruppia drepanensis Lemna minor

Chara sp. Myriophyllum 
alterniflorum

Chara sp. Panicum repens

Ruppia drepanensis Callitriche sp. Callitriche sp. Baldellia 
ranunculoides

Scirpus lacustris Illecebrum 
verticillatum

Ranunculus peltatus Callitriche sp.

Callitriche sp. Eleocharis palustris Azolla filiculoides Iris pseudacorus
Zanichellia 

obtusifolia
Hydrocotyle vulgaris Baldellia 

ranunculoides
Ranunculus peltatus

Lemna minor Panicum repens Scirpus littoralis Agrostis stolonifera

(continued)

http://icts.ebd.csic.es
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Table 29.1 (continued)

Marsh channels Temporary ponds
Brackish and salt 
marsh Streams

Phragmites australis Scirpus maritimus Zanichellia 
obtusifolia

Scirpus lacustris

Scirpus littoralis Juncus heterophyllus Iris pseudacorus Apium nodiflorum
Typha domingensis Chara sp. Lemna minor Eleocharis palustris
Callitriche truncata Eleocharis 

multicaulis
Scirpus lacustris Scirpus littoralis

Azolla filiculoides Lemna minor Myriophyllum 
alterniflorum

Typha domingensis

Baldellia 
ranunculoides

Typha domingensis Apium inundatum Myriophyllum 
alterniflorum

Eleocharis sp. Agrostis stolonifera Eleocharis 
multicaulis

Apium inundatum

Ranunculus 
peltatus subsp. 
saniculifolius

Hypericum elodes Phragmites australis Azolla filiculoides

Scirpus lacustris Ranunculus peltatus 
subsp. fucoides

Callitriche brutia

Artificial ponds Apium inundatum Agrostis stolonifera Eleocharis 
multicaulis

Chara sp. Eleocharis sp. Callitriche brutia Eleocharis sp.
Lemna minor Zanichellia 

obtusifolia
Callitriche 

obtusangula
Lemna gibba

Panicum repens Iris pseudacorus Callitriche truncata Phragmites australis
Ranunculus peltatus Azolla filiculoides Chara canescens Ranunculus 

peltatus subsp. 
saniculifolius

Azolla filiculoides Callitriche brutia Hypericum elodes Typha sp.
Baldellia 

ranunculoides
Lemna gibba Panicum repens

Eleocharis palustris Phragmites australis Ranunculus 
peltatus subsp. 
saniculifolius

Illecebrum 
verticillatum

Ruppia drepanensis Typha domingensis

Zanichellia 
obtusifolia

Scirpus littoralis Ruppia sp.

Apium nodiflorum

Changes in crayfish abundance in the main habitat types are shown in Fig. 29.3. 
The highest values in all cases correspond to the 2004 campaign: since then popula-
tions have suffered a severe decline, due to the drought in 2005. Their distribution 
in 2005 was restricted to sites where brooks entered the marshland and where 
groundwater reached the surface, i.e. the transition zone between the aeolian sand 
deposits and the silt-rich marsh.
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Populations of other invertebrate aquatic predators, such as beetles (families 
Dytiscidae and Hydrophilidae), follow similar patterns to crayfish (Fig. 29.4).

During the drought of 2005, most catches of these species were obtained in 
artificial environments, where the densities observed were an order of magnitude 
higher than in the natural systems – highlighting their function as refuges for many 
aquatic fauna. Figure 29.5 plots the catches of the shore crab Carcinus maenas in 
the marsh channels close to the mouth of the Guadalquivir River; high densities 
found in 2006 experienced a ten-fold decline to reach a level that remained stable 
until the most recent sampling (<10 Captures per Unit Effort).

Table 29.2 lists the fish communities found in some of the more extensive habi-
tats. These species have been ranked according to their frequency of appearance in 
consecutive sampling events carried out since 2004. The most abundant species are 
the mosquito fish and the carp: both alien species and the only ones that are found 
in artificial environments. The marsh channels and deeper areas within the marsh 
host the most diverse fish community, with 23 species. This is mainly due to the 
presence of typically estuarine species in this ecotone. Among the native species, 
the Iberian loach (Cobitis paludica) and the eel (Anguilla anguilla), stand out for 
their wide distribution, and the catches of Aphanius baeticus, endemic to the South 
West of the Iberian Peninsula, are remarkable due to its importance for conserva-
tion. Table 29.3 lists the catches of the most interesting species in recent years and 
shows the frequency of occurrences, respectively.

Fig. 29.2 Macrophyte species-richness in spring. The mean number of species recorded for each 
of the major habitat types defined
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Fig. 29.3 Distribution and density on CPUE of red swamp crayfish populations by sampling sites 
in spring from 2004 to 2008. Shows a minimum in 2005 followed by a slow recovery that does 
not reach the values for 2004
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Fig. 29.4 Trends in catch per unit effort in the spring of Dytiscidae & Hydrophilidae in different 
habitats during the sampling period. This also shows the mean catches across all sampling sites

Fig. 29.5 Trends in catch per unit effort of Carcinus maenas in different habitats during the 
sampling period. This also shows the mean catches across all sampling sites
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After six years of limnological monitoring, one of the preliminary conclusions 
that can be drawn from the data analysis is that climatic factors have a weight that 
significantly exceeds that of other stress factors.

Given the nature of the Mediterranean climate, i.e. highly unpredictable and with 
large inter-annual variations, and after having analysed the existing time series, it is 
not possible to unambiguously relate modifications in population densities to changes 
in management practices or to trends in average weather conditions. Indeed, most of 
the variability observed in species richness and other biological features with indica-
tor values can be more easily related to local, short-term, climate driven variability 
than to consistent, stable, long-term drift. The only observed biological response to 
non-climate related phenomenon was due to the increase of total suspended solids 
(TSS) in the Guadalquivir River that occurred in 2007, and that correlates with a fall 
in the catches of Carcinus maenas in the tidal channels (Fig. 29.5).

Compared with the regularly occurring, highly predictable, summer drought, 
winter drought is a true disturbance event with consequences that show up imme-
diately and last for some time. Its main effect concerns the absence of surface water 
that is readily reflected by indicators applied in the monitoring programme.

Table 29.2 The fish communities recorded from some of the major habitats. The species were 
ordered according to their frequency of occurrence in catches. The high diversity in the marsh 
channels is due to the exchange of species with the estuary. In artificial systems, only introduced 
species have been found

Marsh channels Brackish marsh and saltmarsh Stream

Gambusia holbrooki Cyprinus carpio Gambusia holbrooki
Cyprinus carpio Gambusia holbrooki Cyprinus carpio
Fundulus heteroclitus Fundulus heteroclitus Cobitis paludica
Anguilla anguilla Atherina boyeri Anguilla anguilla
Atherina boyeri Anguilla anguilla Micropterus salmoides
Mugil cephalus Liza ramada Aphanius baeticus
Liza ramada Micropterus salmoides Barbus sclateri
Pomatoschistus sp. Aphanius baeticus
Micropterus salmoides Cobitis paludica Artificial ponds
Carassius auratus Carassius auratus Gambusia holbrooki
Sparus aurata Chelon labrosus Cyprinus carpio
Liza aurata
Dicentrarchus punctatus Temporary ponds
Barbus sclateri Gambusia holbrooki
Chelon labrosus Cyprinus carpio
Solea senegalensis Cobitis paludica
Dicentrarchus labrax Anguilla anguilla
Solea vulgaris Aphanius baeticus
Cobitis paludica Fundulus heteroclitus
Liza saliens
Barbus bocagei
Gobio gobio
Lepomis gibbosus
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Table 29.3 Occurrence of each of the more important fish species in the 2004 – 2009 sampling 
campaigns. I, Fall-Winter; P, Spring; V, Summer

Species Habitat
04 05 06 07 08 09
P P V I P V I P I P V I

Anguilla anguilla 16 9 4 12 23 25 15 31 31 22 41 7
Stream 1 2 3 1
Marsh channel 2 8 12 21 25 9 14 30 16 32 7
Temporary ponds 2 1 3 8
Brackish and salt 
marsh

12 2 6 15 1 3

Cobitis paludica 11 1 12 4 6 6 9 9 3
Stream 3 1 5 1 4 3 1 3
Marsh channel 3 4
Temporary ponds 5 7 2 3 1 2 3
Brackish and salt 
marsh

3 3 4

Cyprinus carpio 159 12 2 7 71 7 43 120 30 21 1
Stream 12 9 3
Marsh channel 64 7 7 46 7 26 56 30 6 1
Temporary ponds 16 5 12
Brackish and salt 
marsh

67 5 16 17 59

Fundulus  
heteroclitus

5 16 12 20 29 86 53 16 17 22

Marsh channel 16 12 20 13 36 29 15 16 22
Temporary ponds 1 1
Brackish and salt 
marsh

5 16 50 24

Gambusia holbrooki 121 22 17 44 39 4 135 101 98 107 11 36
Stream 15 10 5 15 11 25 9 21 24 1
Marsh channel 33 2 20 7 4 69 38 41 42 9 26
Temporary ponds 43 7 9 1 6 15 20 26 28 1 10
Brackish and salt 
marsh

30 3 8 15 26 34 10 13

Most interesting, nevertheless, is that recovery rates differ significantly between 
groups of organisms and between functional features. The vegetation recovers 
faster and reaches maximum cover levels as soon as flood patterns are re-estab-
lished. The recovery of the fish population is slower and, unfortunately, with alien 
species performing better than natives.

The results analysed to date highlight the importance of the permanently flooded 
artificial ponds in the context of large seasonal variations. Although of minor signifi-
cance with regards to overall plant diversity, these ponds are extremely valuable for 
several rare, and locally distributed, plant species. Invertebrate species, and particu-
larly some large predatory beetles, typically use these artificial ponds as refuges, 
colonising the highly productive temporary waters as they become available. 
Similarly, some alien fish species retreat to these permanent habitats when most of 
the temporary ponds have dried up, only to re-invade them when they flood again.
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Unsurprisingly, we have not unequivocally established any causal relationship 
for any of the observed patterns. Indeed, the large-scale heterogeneity (both spatial 
and temporal) which is characteristic of the ecological structure and functioning 
of the Mediterranean systems prevents us from naively assuming that DNS can be 
adequately understood from the results of a short-term series of observations. 
Obviously, long-term monitoring projects are needed to increase our levels of 
understanding and inform our management decisions. This, however, does not 
necessarily mean that nothing can be done until a long series of data is available. 
The whole approach must be interactive, using data gathered in the short term as 
the starting point in the search for plausible causal factors and for establishing 
cross analysis with observations derived from other components of the monitoring 
programme, such as those tracking water quality using monitoring probes and 
remote sensing.
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Background Information

The declarations of both Doñana Biological Reserve in 1964 and Doñana National 
Park in 1969 were based mainly on the presence of the Iberian lynx Lynx pardinus 
and the Spanish imperial eagle Aquila adalberti: two species endemic to the Iberian 
Peninsula that have been very scarce for some time (see Valverde 1960). Of equal 
importance were the many species of waterbirds that use the area (see García et al. 
2000; Garrido et al. 2004), many of which are nationally or internationally threat-
ened species (Madroño et al. 2004; BirdLife International 2008).

In 1989, the area was declared Doñana Natural Park, and, in 1999, Doñana 
Natural Space (DNS from here on) came into existence – a legal entity that includes 
the Natural Park, National Park and its protection zones (Fig. 30.1). The area is also 
designated as a Biosphere Reserve (UNESCO), a Wetland of International 
Importance of the Ramsar Convention, an Important Bird Area (IBA), a World 
Heritage Site and a Site of Community Interest.

DNS occupies 108,087 ha, with natural, temporary marshes that flood each 
autumn–winter (fed by rainwater and streams) forming 47.5% of the area: these start 
reducing in depth and area through spring, and dry up in summer (see Valverde 1960). 
However 1,160 ha have been converted into industrial saltpans, and 2,971 ha into 
ponds for extensive aquaculture, located mainly at Veta la Palma. Neither of these is 
dependent on rainfall, both acquire water from the Guadalquivir River. In addition, in 
the northern zone, 1,398 ha of wetlands have been converted into rice fields.
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The remaining area of DNS represents aeolian deposits (Montes et al. 1998), the 
so-called “cotos”, where Mediterranean scrub predominates, in a mosaic with 
extensive areas of cork oak Quercus suber and pine forest Pinus pinea and a large 
number of lagoons (Bravo and Montes 1993). While the majority of these lagoons 
are temporary, the interdunal lagoons are exceptional for being large and either 
permanent or semi-permanent.

Other lagoons of interest in DNS are the Tarelo lagoon and the lagoon complex at 
El Acebuche. The former is a permanent artificial lagoon, where water from the aqui-
fer reaches the surface in an area where aggregates were mined during the 1980s. By 
contrast, the El Acebuche complex is a lagoon-marsh system that, after suffering a 
process of drainage in the 1950s, was restored during the 1970s and 1980s.

In this chapter, in addition to DNS, we cover two small wetlands located very 
close to the Cadiz sector of the Natural Park (Fig. 30.1): the Codo de la Esparraguera 

Fig. 30.1 Map of the Doñana Natural Space. The numbers indicate the approximate location of 
places cited in the text: 1 – El Acebuche lagoon complex; 2 – El Rocío Marshes; 3 – interdunal 
lagoons; 4 – Doñana Palace; 5 – Pajarera; 6 – Caño (marsh channel) of La Madre; 7 – Lucios (large 
depressions in the lower marshes) of FAO; 8 – Juncabalejo; 9 – Caño (marsh channel) of Guadiamar; 
10 – Bonanza lagoons; 11 – Tarelo lagoon; 12-Codo de la Esparraguera; 13 – Ford of Don Simón
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(Trebujena), formed by marshland that has been converted into aquaculture ponds, 
and three lagoons at Bonanza (Sanlúcar de Barrameda), which have the same origin 
as the Tarelo lagoon.

The hydrological status of the natural wetlands depends basically on rainfall.  
The Palacio de Doñana meteorological station maintains a complete record of the total 
rainfall (in mm) during the crop or hydrometeorological year (from 1st September to 
31st August of the following year). The meteorological station also records the rainfall 
registered during winter months (from 1st September to 31st March): most of the annual 
rainfall needed to fill the marshes occurs in this period. As illustrated in Fig. 30.2, this 
varies greatly, and determines the degree of wetland flooding and, by association, the 
availability of habitat for waterbirds. In order to evaluate the recorded rainfall, we have 
compared the values with the historical annual average (551.57 mm, n = 28) and histori-
cal average during the autumn–winter months (420.15 mm, n = 28).

This paper focuses on the seven species of waterbird that are classified as 
“Endangered”: this category carries the maximum threat of extinction from a legal 
perspective in Spain (according to the National Catalogue of Threatened Species). 
These seven species are marbled teal Marmaronetta angustirostris, ferruginous 
duck Aythya nyroca, white-headed duck Oxyura leucocephala, bittern Botaurus 
stellaris, squacco heron Ardeola ralloides, black stork Ciconia nigra and red-
knobbed coot Fulica cristata.

The three ducks species are also threatened at a global level, although in different 
categories: ferruginous duck is classified as “Near Threatened”, marbled teal as 
“Vulnerable” and white-headed duck as “Endangered” (BirdLife International 2008).

Fig. 30.2 Annual rainfall (in blue) and autumn–winter rainfall (in red) recorded at the Palacio de 
Doñana meteorological station from 1979/80 to 2007/08 (does not show the rainfall of 1988/89, 
as this was not measured in its entirety). This also shows the historical annual average (blue line) 
and historical average during the months of autumn–winter (red line)
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The Methods

The main reason for monitoring these species is to determine the size of the population 
in DNS, especially during the breeding season, and to detect any trends that evolve over 
time. The method used is species-dependent, and is always based on a systematic survey 
of the entire natural wetland. This information is then supplemented with detailed 
surveillance of the nests, family groups (territorial males in the case of the bittern) and 
wintering birds. The marsh survey is carried out mainly on horseback and, in the case 
of the red-knobbed coot, using a “cajón” (a flat-bottomed boat propelled by poles). 
The census method involves a direct count of the bird flock settled in each of the 
wetlands: a method used for the majority of the waterbirds (Tellería 1986; Sutherland 
1996). The count is performed from fixed locations (or by fixed route), depending on the 
size of the wetland and the existence of observation points.

The three duck species and the red-knobbed coot are also censused nationally in 
the middle of January, April, June, September and November. When pairs or nests 
of these species are detected, they are monitored throughout the breeding season.

The breeding population of the bittern is surveyed by locating ‘booming’ territo-
rial males, systematically covering the entire wetland on horseback during the rele-
vant period.

The breeding population of the squacco heron is censused by counting the nests 
or pairs in the breeding colonies from suitable locations.

Finally, we census the wintering population of black storks, taking account of data 
from the international census in January. This census covers all the wetlands on the 
right bank of the Guadalquivir river, both DNS and neighbouring areas that have been 
converted into rice fields or are used for the farming of other crops, and the Dehesa 
de Abajo Concerted Nature Reserve, as well as the main wetlands on the left bank.

The data are derived mainly from the archives of the Bird Section of the Natural 
Processes Monitoring Team (EBD-CSIC), which collaborates with the administra-
tions managing DNS.

We have used TRIM (Trends & Indices for Monitoring Data; Pannekoek and Van 
Strien 1998) to analyse population trends: this is a statistical program designed for 
analysing data for wild populations. This program determines if the observed trend 
could be due to chance or not, and if not, determines the signal of the trend and the 
index of annual increase or decrease, taking the first year of sampling as the base 
year (100%).

Results by Species

Marbled Teal

Censuses show that the population trend from 2003/2004 to 2007/2008 has a simi-
lar pattern (low numbers in September, a peak in November, almost total absence 
in January, slight increase in April and larger increase in June), except 2006/2007 
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when very few ducks were seen. The Strait of Gibraltar is not a great barrier for the 
species, and flocks move between Morocco and Western Andalusia at any time of 
year, depending on changes in habitat availability (Green et al. 2004).

Marbled teal was the most abundant of the nesting ducks in these wetlands at the 
end of the nineteenth century. By the 1950s, however, only 100–200 pairs remained 
in years of average rainfall (Valverde 1960). During the 1970s, there was another 
marked decline, and by the end of that decade the breeding population was esti-
mated at only 10–20 pairs.

Thereafter, following a drought in the early 1980s (Fig. 30.2), the breeding 
population recovered to over 100 pairs between 1984 and 1988, before falling again 
during a drought at the beginning of the 1990s, when the population reached its 
lowest level: in 1995 not a single pair was found in the Gualdalquivir Marshes (see 
Navarro and Robledano 1995; Green et al. 2004).

Between 1996 and 2008, estimates suggest that the maximum number of pairs 
in the area fluctuated between 10 and 83 (Fig. 30.3). The low numbers in 1996 can 
be explained by a severe drought that occurred over the previous 5 years, and the 
low numbers in 1999 and 2005 can be explained by extreme droughts in the previ-
ous winters (Fig. 30.2): the rainfall was not sufficient to flood the natural wetland 
and the Veta la Palma aquaculture pools and, during dry years, the salinity level is 
too high for breeding ducks (Green 2000).

Nevertheless, the low numbers since 2006 are worrying, since the predicted 
recovery after years of average and high rainfall (Fig. 30.2) has not materialised.

As far as broods are concerned, the estimates ranged from 2 to 31 (Fig. 30.3), 
with considerable differences between the numbers of pairs and the number of 

Fig. 30.3 Number of estimated pairs and number of estimated broods of marbled teal at Doñana 
Natural Space and other nearby wetlands over the period from 1996 to 2008
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broods seen. One of the main causes for this is the high predation rate, mainly by 
rats Rattus spp. in the natural marshes (Navarro and Robledano 1995; Green 1998), 
and by red fox Vulpes vulpes in Veta la Palma.

In keeping with the trend for pairs, the trend in the number of broods shows a 
slight decrease. Critically, however, between 50% and 100% of the broods have 
been found in Veta la Palma aquaculture pools every year (Fig. 30.4), with this 
percentage increasing significantly during the study period (p = 0.0033). This 
means that this area of man-made habitat, where broods are able to complete their 
development (marbled teal nests later than other duck species in the area, see Green 
1998) is becoming crucial to the survival of the species in DNS.

The Spanish population of marbled teal is an important part of the Western 
Mediterranean population (Green et al. 2004), and these data show that DNS is, 
after the wetlands of the Southern Alicante region (Gómez et al. 2006), the second 
most important area for the species in the country.

Ferruginous Duck

Valverde (1960) reckoned that about 500 ferruginous duck pairs bred in the 
Guadalquivir Marshes at the beginning of the last century, compared to just a dozen 
at the end of the 1950s.

Between 1970 and 1992, breeding was confirmed in only three seasons, in 1984 
(two broods), 1987 (one brood) and in 1989 (some fledglings) (Green 2004). 
During the 5-year period 1992–1996, more than 125 captive birds were released: 
first in the El Acebuche lagoon complex (DNS) and later in Portil lagoon, in the 

Fig. 30.4 Percentage of broods of marbled teal at Veta la Palma aquaculture poools to the total 
study area over the period from 1996 to 2008
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province of Huelva (Green 2004). Since then, breeding was confirmed at El 
Acebuche in 1993 (three pairs), 1994 (two broods) and 1996 (one brood).

Despite annual sightings of males and females at El Acebuche, the next con-
firmed breeding was in 1999, when a female with four ducklings was seen in one 
of the interdunal lagoons. Breeding was also confirmed in 2000 at El Acebuche, 
with the sighting of a female with five small ducklings in the middle of August, and 
an adult female with two juveniles (male and female) in October, presumably the 
survivors.

Although there have been breeding season sightings in 2001, 2002 and 2003, 
and winter sightings since then, there have been no subsequent breeding records at 
DNS. These data suggest that the releases undertaken in the 1990s have not aided 
the recovery of the population in Doñana and the Guadalquivir Marshes, the most 
important in all of Spain (Green 2004). This could be because the main cause of the 
decline (habitat degradation) still persists. Ferruginous ducks seem to require wet-
lands that are rich in emergent, floating vegetation and submerged macrophytes 
(Green 2004).

White-Headed Duck

The coordinated censuses from 2003/2004 to 2007/2008 have shown that this spe-
cies is currently much more abundant in DNS and its surrounding areas in autumn 
and winter than during the breeding season. The main wintering locations are the 
fishponds of Veta la Palma and the Tarelo lagoon.

The first Spanish records for white-headed ducks were at Doñana and the 
Guadalquivir Marshes (see review in Torres Esquivias et al. 1986). According to 
Amat and Sánchez (1982), some 200 pairs bred in this area in the 1950s. However, 
the species stopped breeding in Doana and the Guadalquivir Marshes in the late 
1960s (Ree 1973), and there were no further breeding records until 1985, when 
between three and 10 broods seem to survive (García et al. 1986; Clarita 1986). The 
following year at least one brood hatched in one of the interdunal lagoons (García 
et al. 1989). After this, there was no evidence of breeding in the natural marshes 
until 2007, though 11 ducklings were seen at Tarelo lagoon in June 1993, with suc-
cessful breeding also confirmed there in 1994 and 1995 (Torres Esquivias and 
Moreno-Arroyo 2000).

The number of estimated broods in DNS and surrounding areas from 1996 to 
2008 are shown in Fig. 30.5. Due to the low numbers, it is not possible to establish 
a statistically significant trend. Note, however, that this population represents only 
a small percentage of the total Spanish population of around 2,300 birds (Torres 
Esquivias 2004).

These data suggest that Tarelo lagoon has diminished in importance as a breed-
ing site for the species over the last 3 years. There was no nesting there in 2002 
and 2003, which coincides with a reduction in benthic chironomid biomass related 
to the hypereutrophy and episodes of anoxic conditions (Serrano et al. 2004), 
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which may also have happened subsequently. It seems unlikely that this species 
will return to nest in the natural marshes on a regular basis, given that its disap-
pearance is due to the lack of deep and semi-permanent waters suitable for breeding 
(Green and Figuerola 2003).

For this reason, urgent measures are needed to protect the Bonanza lagoons, 
where the species has been breeding in recent years, as these lagoons are located in 
an area of intensive farming, where the risks of pollution and degradation due to 
hyper-eutrophication are high. Similarly, illegal hunting and disturbance by domestic 
animals in the lagoons pose a serious threat to the breeding population.

Bittern

According to Valverde (1960), the bittern was a scarce but well-distributed nesting 
species in the Marshes to the late 1950s. According to Urdiales (unpublished 
report), it certainly bred in what today represents the National Park until the 
beginning of the 1980s, when large areas occupied by the species and dominated 
by bulrush Typha sp. disappeared; meanwhile, in the marshes to the north of the 
present DNS, it seems that it bred until the middle of the 1980s, when all the northern 
“lucios” were drained.

In 1991, this last author detected eight territories in the Guadalquivir Marshes 
(five of them located in the “Eastern Branch” of the Guadalquivir River, where 
bitterns were heard every year). Thereafter, there were no records during a cycle of 
drought that lasted from 1992 until 1995 (Fig. 30.2).

Fig. 30.5 Number of estimated broods of the white-headed duck in Doñana Natural Space (natural 
marsh and Tarelo lagoon) and Bonanza lagoons over the period from 1996 to 2008
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Subsequently, despite abundant rainfall in several years, with the exception of 
one bird seen near El Rocío on 17th April 1999 (Arce and Sal 2001), the only 
observations were outside the breeding season. There was no evidence of breeding 
until 2002, when four territorial males were present in the natural marshes through-
out the breeding season. As nests are very difficult to locate, there is no evidence 
that the species bred, or evidence to the contrary.

In the 2003 season, 12 territorial males were present, and breeding was con-
firmed in the natural marshes of the National Park and in Veta la Palma (Ibáñez 
et al. 2004). In 2004, however, 11 territorial males were recorded, but there was no 
evidence of fledged young and at least three of the four nests were lost, two reoc-
cupied by purple heron Ardea purpurea and one raided by wild boar Sus scrofa 
(Espinar and Ibáñez 2004).

The drought of 2005 prevented breeding in Doñana, while in 2006 five territorial 
males were seen but there was no evidence of breeding.

In the 2007 season, nine territorial males were reported and five nests located, 
two of which were reoccupied by purple heron and one raided by wild boar. The 
others were successful in producing young, though only one was seen to fledge.

In 2008, eight territorial males were reported at the beginning of the breeding 
season, but these had stopped calling by the end of April, suggesting that they all left 
the area earlier than normal because of the low water level in the natural marshes. 
This year the total annual rainfall was close to the historical average (Fig. 30.2), but 
for the first time the rainiest month was April, in the middle of the spring.

Although not statistically significant, the trend in the number of territorial males 
since the species began to nest again in DNS, shows a slight increase. As a conse-
quence, DNS is now the second most important breeding area for this species in 
Spain after the middle Ebro river valley, which supports between 12 and 17 territo-
rial males (Bertolero and Soto-Largo 2004). However, it must be born in mind that 
a long drought could threaten the survival of this species in DNS.

One problem we have mentioned is the reoccupation of bittern nests by purple 
herons, which happens in areas of wetland fenced to exclude livestock and encour-
age regeneration of common reed Phragmites australis. This fencing has resulted 
in dense areas of reedbed where colonies of purple heron have proliferated, and 
where bitterns have also settled. The problem does not occur when bitterns nest in 
wetland dominated by alkali bulrush Bolboschoenus maritimus, though they can be 
easy prey for wild boar in these areas if the water level is not sufficiently high.

Squacco Heron

According to Valverde (1960), the 60–80 pairs of squacco heron that nested in the 
Guadalquivir Marshes during the 1950s in the famous “Pajarera” (a big colony of 
herons and spoonbills Platalea leucorodia) of Doñana, was the most important 
population in Western Europe. During the 1960s and 1970s, their numbers in this 
colony declined, until in 1980 only two pairs were seen (Aguilera and Sañudo 1986). 
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Meanwhile at La Rocina, near El Rocío, an estimated 100 to 200 pairs was present 
during the early 1970s (Ree 1973), but this colony disappeared in 1974 (Castroviejo 
1993). Fortunately, since 1974, the species has taken refuge on the edge of the 
Guadalquivir River, first in La Isleta and later in Los Olivillos (La Puebla del Río, 
Sevilla). In 1974, some 50 pairs were present (Castroviejo 1993) and, since then, 
between 5 and 70 pairs have bred in the area every year.

Although one pair was reported in the “Pajarera” in 1990, the species really 
came back to breed in DNS in 1996 (Table 30.1), after the long period of drought 
of the early 1990s (Fig. 30.2). This time, the species settled in the Casas “lucio” of 
FAO, where it formed a mixed colony with purple herons and glossy ibis Plegadis 
falcinellus. This is an area protected from large herbivores and terrestrial predators, 
which can be supplied with water from a well, and where the species nests in both 
bulrush Typha dominguensis and African tamarisk Tamarix africana.

Since then, this colony has consolidated (Table 30.1) and, except in years of 
severe drought, such as 1999 and 2005 (Fig. 30.2), these three species have bred. 
Currently, this is one of the most important colonies for Ciconiiforms in the whole 
of Europe. Also in 1996, a pair bred successfully in a mixed colony in a pine forest 
by the El Acebuche lagoon (Máñez and Garrido 1997); but this was an isolated 
incident.

In 1998, the squacco heron returned to the “Pajarera” as a breeding species, but 
in 1999 it did not nest at all within DNS due to the drought. The following year, the 
number of pairs in DNS was low, no doubt affected by the drought of the previous 
year. However in 2001, the number of pairs in the FAO and the “Pajarera” increased 
substantially, and the species formed a third colony in DNS, in Juncabalejo, an area 
of common reed fenced to protect it from herbivores (Fig. 30.1). However, due to 
the low water table in this area, a wild boar raided eight nests and an Egyptian 
mongoose Herpestes ichneumon ate some of the chicks from the remaining nests.

In 2002, the number of pairs breeding in the three colonies increased within DNS, 
while in 2003 and 2004 this increase was only seen in the FAO. The severe drought 
of 2005 practically prevented this species from breeding in DNS, and only two pairs 
were reported in a new colony located on some tamarisks in Entremuros, close to 
Ford of Don Simón (Natural Park), although successful breeding could not be con-
firmed. In 2006, the breeding population in DNS recovered and reached 84 pairs, of 

Table 30.1 Minimum number of estimated breeding pairs of squacco heron at the colonies  
of Doñana Natural Space over the period from 1996 to 2008. No squacco herons bred in 1999

Colony/year 96 97 98 00 01 02 03 04 05 06 07 08

Pajarera 0 0 5 5 22 29 26 17 0 1 31 0
Acebuche 1 0 0 0 0 0 0 0 0 0 0 0
FAO 130 100 45 15 70 160 331 389 0 80 100 100
Juncabalejo 25 67 3 24 0 0 40 0
Ford of Don 

Simón
2 2 0 2

Tarelo lagoon 1 0 6
Total 131 100 50 20 117 256 360 430 2 84 171 108
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which 95% where in the FAO area. There was also confirmation, for the first time, 
of breeding (one fledgling) in a colony of small herons in Tarelo lagoon.

In 2007, the breeding population in DNS doubled by comparison with 2006, but 
this population increase was not sustained in 2008, when low water levels contrib-
uted to a lack of colonies in the inner National Park (Pajarera and Juncabalejo).

Despite the trend in number of pairs from 1996 to 2008 showing a slight 
decrease, the DNS population is the second most important in Spain, second only 
to that of the Ebro delta, in Tarragona (Pérez-Aranda et al. 2003). It seems that 
excluding large herbivores from areas of marshland vegetation may have contrib-
uted to this.

Black Stork

Valverde (1960) refers to concrete evidence of black storks (Fig. 30.6) nesting 
within the limits of the present DNS, and the species is included in the list of birds 
that nested in Santa Olalla, the main interdunal lagoon in 1774. There has been no 
other confirmed breeding in the area that today corresponds to DNS, although in 
2007, there was a late attempt to nest in a pine forest in Doñana National Park, but 
the birds left before egg-laying.

The monitoring of this species, mainly summer resident in Spain, has detected the 
wintering in the study area since the early eighties, which has grown from a few 
individuals to over 300 in January 2007, although this number dropped by 60% over 
the subsequent two winters, returning to numbers similar to those in 2004 and 2005. 

Fig. 30.6 A black stork at Doñana Natural Space. Photo by J.A. Sencianes/EBD-CSIC
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However, these numbers mean that the Gualdalquivir Marshes are the main winter-
ing ground of the species in Spain.

Overall the trend in numbers of wintering black stork between the years 2000 
and 2009 (Fig. 30.7) shows a slight increase; this corresponds to significant incre-
ment in DNS (p < 0.05), 18.6% annually, while not being statistically significant 
across the rest of the wetlands.

If we break down the census taking into account sightings within DNS (except the 
small rice field zone within it, which occupies 1.3% of the area), in all the rice fields and 
in the rest of wetlands censused (Fig. 30.8), the highest count every year (except one) is 

Fig. 30.7 Number of individuals of black stork in the censuses of January 2000 to 2009 at 
Doñana Natural Space and other wetlands of the Guadalquivir Marshes

Fig. 30.8 Percentage of individuals of black stork observed from census in January 2000 to 2009 
in Doñana Natural Space (excluding rice fields), rice fields and the other wetlands in the 
Guadalquivir Marshes
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in the rice fields. This is of great importance from a conservation perspective, since at 
least 93% of the rice field area that is cultivated every year (ranging from a minimum of 
22,000 ha to a maximum of 37,000 ha from 2000 and 2007) is not protected.

Red-Knobbed Coot

Valverde (1960) stated that, according to professional egg collectors, the red-
knobbed coot (Fig. 30.9) was formerly common in the wetlands and nested in a 
1:10 ratio with common coot Fulica atra. By the end of the 1950s, however, the 
species nested only in very small numbers, raising fears of rapid extinction in the 
area. Although still rare, the species continued nesting until the end of the 1980s, 
with a breeding population of between 10 and 20 pairs and a ratio of 1 red-knobbed 
coot to every 630–710 common coots (Máñez 1991).

In 1990, a year of abundant rainfall, it was estimated that there were only three 
pairs in the area, and during the 3-year period between 1996 and 1998, also with 
abundant rainfall, very few birds were recorded during the breeding season and 
only one nest (in 1996) was found.

However, at the end of the winter of 2000/2001, sightings increased, and at least 
37 pairs were seen in DNS in spring 2001 (32 in the National Park and five in the 
marsh channel of Guadiamar), six of these broods were monitored. The reasons for 
this spectacular increase are not certain, but it seems logical to assume that it was 
influenced by habitat degradation at some of the best breeding locations for the 
species in Morocco (Green et al. 2002), and augmented by the release of birds from 
captive breeding programs in Andalusia and Valencia (Amat and Raya 2004).

Fig. 30.9 Adult red-knobbed coot in breeding plumage. Photo by Héctor Garrido/EBD-CSIC
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In 2002, estimates suggested there were 50–54 pairs in DNS, of which 80% 
were in the National Park, and the rest in the marsh channel of Guadiamar. In 2003, 
73–82 pairs were detected in DNS, of which 90–93% were in the National Park, 
5.5–7% in the marsh channel of Guadiamar and the rest in Veta la Palma. Finally, 
in 2004, there were between 91–111 pairs in DNS, of which >95% were in the 
National Park and the rest in the marsh channel of Guadiamar. These surveys indi-
cated that DNS was again the most important breeding area for the species in Spain, 
after the barren 1990s, when the species found refuge mainly in the Cádiz lagoons 
(Amat and Raya 2004). Moreover, within the Guadalquivir Marshes, the National 
Park is the most important area, especially the marsh area close to Juncabalejo, 
where the two main marsh channels meet.

Subsequently, in 2005, a very dry year, there was no sign of breeding, and the 
following year only one nest was detected in the whole of DNS, in the natural 
marshes of the National Park. As no chicks were seen in the area, which dried up 
soon after, we can assume that breeding was not successful.

However, the population partially recovered in the spring of 2007, where an 
estimated 64 pairs gathered mainly in the marsh area close to Juncabalejo, where 
they bred fairly successfully. Only four pairs were studied outside this area, three 
in the marsh channel of Guadiamar, where no chicks hatched, and one at El 
Acebuche lagoon, a new location for the species, where two chicks fledged.

The poor hydrological conditions during 2008 prevented the species from settling 
in the natural marshes of the National Park, nor were there sightings of pairs in the 
marsh channel of Guadiamar. Only two pairs were seen: one that raised a chick at El 
Acebuche lagoon (F. Robles, pers. comm.) and the other at El Rocío Marshes.

The trend in the number of pairs of red-knobbed coot since its return as a breed-
ing species shows a slight decrease: this, however, is undoubtedly influenced by the 
years when numbers were very low and when the species was absent.

Conclusions

The long-term surveillance of the endangered breeding species suggests that the 
three duck species have declined in DNS by comparison with the populations in the 
1950s. Ferruginous duck rarely breeds any more, and the others have found refuge 
in artificial habitats, marbled teal in the aquaculture pools of Veta la Palma and 
white-headed duck in man-made lagoons.

These population declines are related to changes in the natural marshes, with 
the disappearance of deep water and semi-permanent areas, suitable for the two 
diving species, and a shorter annual period of flooding, affecting all three species 
(Green and Figuerola 2003).

In the case of the marbled teal, predation by rats and disturbance (by humans and 
livestock) in the natural wetland led to the creation of a “Reserve Zone” located in 
the southern marsh in 2005. These problems are yet to be fully eliminated.

The remaining species are faring considerably better. The bittern, which was 
extinct as a breeding species in the area during the 1980s and 1990s, has recovered 
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part of its original population in the early years of the twenty-first century, and the 
squacco heron population is larger than it was in the 1950s, and with a substantial 
increase in the number of colonies in DNS. A few consecutive years of adequate 
rainfall, combined with the various measures taken by the Management Body of 
DNS, such as (a) the reduction of livestock in the National Park, (b) the fencing of 
areas in the natural marshes (to exclude livestock and allow regeneration of marsh 
vegetation), and (c) improved exchange of water with the estuary (allowing fish to 
enter from the Guadalquivir River), appear to have aided this recovery.

The populations of red-knobbed coot are higher than those of the 1950s, although 
much lower than previously. As this species seems to require fresh water wetlands 
and clear water with a high diversity and coverage of submerged plants (Green et al. 
2002), it can be construed that some areas of the natural marshes have been in opti-
mum condition during recent years. Nevertheless, during the open season for hunt-
ing in Andalusia, hunting common coots should be banned at sites that provide 
shelter for red-knobbed coots, a measure that is already in place in some areas.

In the case of the black stork, wintering depends to a large extent on the existence 
of rice fields, a crop of great importance for many species of wintering waterbird in 
the Guadalquivir Marshes (Toral and Figuerola, unpublished report). Therefore its 
replacement by any other crop or use, with the exception of the restoration of the 
natural wetland, would be detrimental for this species and many others.

In summary, survey and monitoring of the bird populations is a basic and essential 
tool for both researchers and managers. The researchers can then study the relation-
ships between the changes in the bird community and the temporary changes in the 
wetland conditions (Green and Figuerola 2003). They can also assess the adequacy 
of the management measures implemented by managers, and may recommend that 
these measures are reviewed within the proposed conservation objectives.
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The Value of Remote Sensing Images

The first synoptic images from space were provided by TIROS spacecraft with a 
video camera onboard in 1960 (Susskind et al. 1984), these images revealed a huge 
spheroid fully covered by oceans and clouds. There was still a long way to travel 
from simply picturing Earth to the current technological achievements of remote 
sensing science. However, the main scientific purposes of using remote sensing 
images have been maintained since those days. The very earliest uses of remote 
sensing are now much more focused and widespread, and often driven by military 
objectives. Indeed, remote sensing owes its rapid development almost exclusively 
to military initiatives (Barret and Curtis 1999). From a military perspective, targets 
should be differentiated as accurately as possible, and this requirement has resulted 
in the increased spatial resolution of remote sensors. Spectral resolution – the num-
ber of sensor bands imaging at different wavelengths – has been cultivated to help 
discriminate between false positives and true targets.

Space technology has also played an essential role in improving the potential of 
remote sensing – mostly by enhancing satellite platform designs, accurate orbiting 
and the launch of more satellites.

However, it was at the beginning of the 1970s when a new concept for remote 
sensing was introduced and that the new technology drifted towards a more applied 
discipline: Earth Observation Systems (EOS). While hundreds of satellites were 
launched for telecommunication, military uses or spatial prospecting, a few were 
also designed simply to monitor the Earth surface under the EOS concept. This new 
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generation of Earth sentinels aimed to systematically capture images from all over 
the world. The first two missions with this aim were the NOAA-AVHRR (Advanced 
Very High Resolution Radiometer) mission and the Landsat mission (originally 
named ERTS from Earth Resources Technology Satellite). The former was basi-
cally designed for oceanography and meteorology and launched in 1979. The latter, 
with the MSS (Multi-Scanner Sensor) onboard, was launched in 1972 and designed 
primarily to image Earth land cover. Both missions are ongoing and carry com-
pletely new sensors (Table 31.1). The main differences between the two are the 
spatial and temporal resolutions. NOAA-AVHRR was able to acquire 2,580 km 
swath of 1.1 × 1.1 km2 pixel size images while Landsat captured 185 × 185 km2 
scenes of 59 × 79 m2 pixel size images. NOAA-AVHRR missions have increased 
our knowledge of weather patterns, sea surface temperature, global vegetation 
dynamics, wildfire monitoring, snow cover, etc., whereas Landsat missions have 
contributed more to understanding land cover dynamics and change, such as defor-
estation, flood mapping, fire scar and fire risk mapping.

Since 2000, hundreds of Earth Observation Systems have been launched with 
significantly improved spatial resolutions of up to 60 cm (Quickbird panchromatic), 
improved spectral resolution (prototype hyperspectral missions are already provid-
ing 200 bands images such as Hyperion), improved radiometric resolution (up to 
1,024 bits such as MODIS Terra/Aqua) and improved temporal resolution (geosta-
tionary satellites such as MSG-2 provide images every 15 min). These technologi-
cal achievements have successfully contributed to the development of remote 
sensing, and forestry, geology, agriculture, urban planning, biology, ecology, clima-
tology, geography, archaeology and hydrology, are just some of the disciplines that 
have benefited from the use of remote sensing images.

However, there is also an added value attached to the use of remote sensing 
images. Some sensors have been capturing images of the same locations for 36 years, 
giving end-users a powerful multi-temporal time series of images that can be acquired 
retrospectively to study any natural process and its dynamics, as well as historical 

Table 31.1 Comparison of the spectral, temporal and spatial resolutions of Landsat 
MSS, TM and NOAA-AVHRR imagery. Modified from Ozesmi and Bauer (2002)

Resolution Landsat MSS Landsat TM AVHRR

Band 1 0.45–0.52 0.58–0.68
Band 2 0.52–0.60 0.72–1.10
Band 3 0.63–0.69 3.55–3.93
Band 4 0.5–0.6 0.76–0.90 0.77–0.86
Band 5 0.6–0.7 1.55–1.75 11.5–12.5
Band 6 0.7–0.8 10.4–12.5
Band 7 0.8–1.1 2.08–2.35
Radiometric (bits) 64 256 1,024

Temporal 18 days 16 days 12 h
Spatial 59 × 69 m2 30 m, 120 m TM 1.1 km at nadir
First launched 1972 1982 1979
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changes, by means of digital image analysis. Hopefully, many of the historical  
sensors will remain active so that we can expand these time series into the future.

Remote Sensing Limitations

Although many studies provide evidence to support the use of remote sensing 
images for mapping land use and land cover, as well as the different structural and 
biophysical parameters characterising them, we are also aware of many limitations. 
These restrictions increase when our aim is to analyse a time series of images, for 
example:

 1. High resolution satellite images are expensive
 2. There are intellectual property restrictions
 3. There is limited availability and usability of optical images as a result of:

•	 Cloud	cover
•	 Sensor	or	acquisition	failure
•	 Acquisition	planning	and	scheduling
•	 Mission	continuity

 4. The need for geometric and radiometric consistency among scenes to allow 
consistent removal of atmospheric effects

 5. The restricted spectral range of nominal bands
 6. Insufficient revisiting time
 7. The need for ground-truth data (data collected in the field)
 8. Extensive data processing
 9. Computer limitations
 10. Subscription rates for future image acquisitions

The following example illustrates how these limitations can impact on a project. In 
2002, the Remote Sensing & GIS Laboratory (LAST-EBD) from Doñana Biological 
Station had the opportunity to acquire a long time-series of Landsat images (MSS, 
TM and ETM+) for the Doñana region (Landsat scene 202/34). We ordered all the 
available scenes for this path and row through the European distributor Eurimage. 
At that time, 239 scenes were available, covering the period from 1975 to 2001. 
The MSS scenes cost 200 € each, while TM and ETM+ were on special offer at 700 
€ each, giving a total cost of 133,000 €. From the available dates we requested, about 
30 scenes were under cloud cover and another 56 were rejected due to different 
acquisition failures. We then entered a contract for a periodical research subscrip-
tion for future scene acquisitions, priced at 500 € per image. To date, LAST-EBD 
has been under subscription for 5 years, but in 2004 the subscription rules changed. 
Initially, there was a chance to replace up to two cloud-covered images with new 
requests. Nowadays, there is no option to reject fully cloud-covered scenes despite 
the images being totally useless.

Before processing the time-series, we set up a protocol that included metadata 
retrieval, geometric correction, co-registration, radiometric correction and normalisation 
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and backup for every scene. This process can be time consuming (up to 4 h per 
image) but recently we have reduced this by up to 1 h per image.

One of the first applications of the Landsat time series was to map flooding 
levels in the Doñana marshland and reconstruct the historic flooding regime, look-
ing at both temporal and spatial patterns. After several trials to identify true wet-
land, cross-validated with ground-truth data, TM band 5 (1.55–1.75 m) was selected 
as the best variable to mask water bodies by simple thresholding. We then com-
puted flood masks, i.e. binary images of flooded pixels (value 1) and non-flooded 
pixels (value 0) for every single date and calculated the hydroperiod (duration of 
flooding per hydrological cycle). However, the unavailability of certain scenes 
prevented us from estimating this valuable variable for every cycle. The secondary 
goals of the research project were to map aquatic vegetation tightly linked to the 
hydroperiod and then to analyse plant dynamics and changing trends. Different 
approaches have been trialled to this end, but with no satisfactory results to date, 
mostly due to the lack of thin spectral bands in the short wave infrared region that 
might help to discriminate the critical plant species.

In 1999, Landsat 7 was launched with the introduction of the ETM+ sensor, an 
Enhanced Thematic Mapper that added a new panchromatic band of 15 × 15 m2 
pixel size and increased the thermal band spatial resolution up to 60 m. Due to its 
longevity, the Landsat mission has suffered many major setbacks in its time, includ-
ing a failure to reach orbit (Landsat 6 in 1993) and unexpected sensor malfunction, 
such as the Scan Line Corrector failure of ETM+ in 2003 that yields a zigzag pat-
tern across the satellite ground track. However, astonishingly, Landsat 5, which was 
launched in 1984, is still orbiting and has been reprogrammed to capture new 
images up to the present time. Most recently, in April 2008, USGS (US Geological 
Survey) who operate the Landsat mission, announced plans to provide all archived 
Landsat scenes at no charge to users. Today, the historical dataset for any place in 
the world can be requested and downloaded from Glovis (http://glovis.usgs.gov) or 
Earth Explorer (http://earthexplorer.usgs.gov).

As such, many of the cited constraints associated with using remote sensing as 
the main tool for long-term monitoring have been resolved (within reason), increas-
ing its suitability for monitoring large or inaccessible wetlands.

Remote Sensing for Wetlands

The first remote sensing applications targeting wetlands dealt with basic delinea-
tion of wetland boundaries. In addition to eventual flood and floodplain mapping, 
wetlands have been mapped and inventoried with remote sensing images since the 
1970s. Remote sensing appears to be the best tool for mapping large and relatively 
inaccessible areas (Engman and Gurney 1991). The rationale behind the remote 
sensing approach to delimiting water bodies relies on the fact that water has a rela-
tively low reflectance, especially in the near-infrared region, from 0.7 to 3.0 m 
(Gardiner and Díaz-Delgado 2007). Therefore, the accuracy of detection is based 
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on the reliable identification of water and the spatial resolution of the sensor. 
Interestingly, cloud shadows, dark soils, closed canopy forests and urban areas 
may show similar reflectance values. Image interpretation was used as mapping 
tool long before the development of digital image analysis techniques. The human 
eye may easily integrate information from colour, texture, intensity and contextual 
characteristics allowing quick delineation of water bodies despite being shallow or 
deep, turbid or pristine, plant covered or bare water. However, this approach is 
always subject to individual interpretation and can be very time-consuming. Digital 
image analysis offers, through the application of validated algorithms and classifi-
cation rules, an objective way to proceed with a multi-temporal series of images.

Long-Term Monitoring of Doñana Marshland  
Through Remote Sensing

Doñana marshes occupy almost 500 km2 at the mouth of the Guadalquivir River 
(SW Spain). Protected as a National Park since 1968, it is the largest wetland in 
Europe and vast numbers of waterfowl breed or use the marshes as a stop-over site 
during migration. Natural inundation takes place between October and March, 
mostly fed by rain in the drainage watershed. Since an artificial levée was built in 
1984, tidal influence is no longer a significant factor. The levée retains water inside 
the marsh for as long a time as possible, operating as a dump and preventing saline 
water from entering. In 1998, toxic runoff from the Aználcollar mine into the 
Guadiamar River made it necessary to dam the affected river to avoid a pollution of 
the Doñana marshlands, which caused an artificial increase of the marshland hydro-
period. As such, the historical inundation regime has changed dramatically as a 
consequence of management decisions. Today, Doñana encompasses an ambitious 
restoration project called Doñana 2005, which aims to restore the natural inunda-
tion process by applying widely accepted decisions based on data gathered over the 
past 10 years on a point station basis.

In this context, more than ever, it is necessary to know the historical inundation 
patterns, either spatial or temporal, and their relationships with natural variability 
and human modifications. For many years, details of the inundation process, such 
as inter-annual and seasonal variation, both spatial and temporal, as well as the 
influence of human transformations have been required by decision-makers in 
order to apply a scientific-based or adaptive management regime to Doñana 
marshes. To date, the hydrological management has been conducted on an “event-
reaction” basis, which has led to temporary solutions eventually becoming a part of 
new problems. Hence, to date, the long-term monitoring protocols for Doñana wet-
lands include hydroperiod mapping, i.e. the duration of flooding within the hydro-
logical cycle; spatially explicit flood mapping, i.e. to reconstruct the flooding 
regime; water turbidity; water depth and water temperature. Remote sensing is the 
main tool used for monitoring these protocols.
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Flood Mapping, Hydroperiod and Flooding Regime

As stated previously, water bodies have low reflectivity, especially in Near Infrared 
and Mid Infrared bands (bands 4, 5 and 7 of TM and ETM+), and several proce-
dures have been developed to identify flooded areas based on the low reflectivity 
of water in these spectral regions. Some indices have been proposed to automati-
cally determine the inundation level in Landsat scenes. Ángel-Martínez (1994) 
suggests the CEDEX index to discriminate continental waters:

CEDEX = (TM4/TM3) – (TM4/TM5)
Where TM4 accounts for either TM or ETM band 4. According to Castaño et al. 

(1999) CEDEX values below 0.4 are inundated areas. Domínguez Gómez (2002) 
suggests the Normalized Difference Water Index (McFeeters 1996) as being useful 
to discriminate oligotrophic waters:

NDWI = (TM2 – TM4) / (TM1 + TM4)
Domínguez Gómez (2002) argues that the NDWI fails when applied to images 

collected by the airborne ATM-Daedalus sensor and suggests that it is better to 
apply simple band thresholding (density slicing) on the B4 histogram. Kyu-Shun 
et al. (2001), working in wetlands with different turbidity levels, show that TM5 is 
less sensitive to sediment charged waters and therefore the best to delineate the 
borders between water and soil in turbid waters.

Finally, several authors have argued that the third component of Tasseled Cap 
transformation for TM (Crist and Cicone 1984; Baker et al. 2006), known as 
‘Wetness’, is tightly related to soil wetness. We also compute this index with the 
coefficients for Landsat 5 and 7 for reflectivity values in order to evaluate the capa-
bility for discriminating inundation levels.

Doñana marshlands are highly variable. They may appear as dry soil in summer, 
as bare water pools during the flooding season, or as pools densely covered by 
emergent and floating plants; in both cases with patchy turbidity patterns due to 
differences in suspended sediment concentrations (Fig. 31.1). In order to capture 
this variability, we carried out seven ground-truth sampling campaigns simultane-
ously with the acquisition of six Landsat scenes (4 TM and 2 ETM+).

Several transects were located across heterogeneous inundated areas and every 
60 m we recorded information on water turbidity (measured in NTU with a neph-
elometric turbidimeter), depth, bare ground cover, plant cover, open water cover, 
dominant and most abundant plant species and inundation level.

Among several bands and radiometric indices, band TM5 was selected as the 
best flooding level discriminator for all of the cases. Single image slicing using a 
regression tree technique enabled us to map four flooding levels (dry soil, wet, 
damp and inundated). Regression trees identify threshold values to assign spectral 
classes to thematic categories. Subsequent grouping of the dry soil and wet pixels, 
and damp soil and inundated pixels, allowed us to automatically produce flooding 
inundation masks for every available Landsat scene covering the period 1984–2007 
(Fig. 31.2). A similar process was applied retrospectively to band 7 of the Landsat 
MSS time series of images, which covered the period 1975–1984.
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Fig. 31.1 Pictures showing the variability of Doñana marshlands

Fig. 31.2 An example of the inundation levels map and flooding mask for the same date image, 
7th January 2002. Note that the dry and wet soils are classified as non-flooded areas in the flood-
ing mask
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We estimated the hydroperiod for the whole time series by applying two differ-
ent approaches to the masks. The first method provides a synthetic image in which 
every pixel shows the number of days it remained inundated over a complete hydro-
logical cycle (from 1st September to 31st August). This method assumes that flood-
ing has been maintained between two consecutive scenes if flooding has been 
detected in both. This first approach consisted of assigning the cycle day number 
(number corresponding to image date being 1st September valued as 1 and 31st 
August valued 365) to flooded pixels of every inundation mask.

Thus, final images give information on the number of days a pixel remained 
inundated per cycle, named annual hydroperiod (Díaz-Delgado et al. 2006a). We 
also generated decadal hydroperiod composites by adding every available date per 
month and subsequently averaging the results per decade. This latter method was 
designed to allow inter-decadal comparison after important transformations in the 
marshland, while the former aims to detect quantitative local changes in hydrope-
riod trends when subjected to natural variability and human transformations 
(Fig. 31.3). Both automatic mapping procedures are also systematically applied to 
the new acquired scenes by Landsat TM and ETM+.

Water Turbidity and Depth

Turbidity is a measure of how much of the light travelling through water is scattered 
by suspended particles. The scattering of light increases with increasing suspended 

Fig. 31.3 A comparison of the decadal hydroperiod in the 1975–1985 and 1995–2004 decades. 
The legend shows the average number of days per decade inundated (from 0 to 365). Red circles 
highlight large differences in the hydroperiod between decades, such as the Veta la Palma fisheries, 
rice fields and main water income areas
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solid and plankton content, i.e. turbidity is a tight surrogate of SSC (Suspended 
Sediments Concentration) and chlorophyll content.

In order to map the turbidity and depth of Doñana marshlands we fit, in a step-
by-step mode, a generalized additive model (GAM) to ground-truth data by using 
the best Landsat sensor bands and indices as predictors (Bustamante et al. 2009). 
The best GAM model selected with the step-by-step procedure included bands 
TM3, TM5 and the ratio B1/B4. The model indicated a positive curvilinear rela-
tionship with TM3, a negative curvilinear relationship with TM5 and a negative 
linear relationship with the ratio B1/B4. The model explained 40% of the variance 
in turbidity (Fig. 31.4a).

Water turbidity is best estimated in situations where bottom soil reflectance and 
aquatic vegetation do not interfere, but it is still possible to build a predictive model 
for situations like those of the Doñana marshes – with shallow waters and abundant 
aquatic vegetation

Unlike for turbidity, the best predictors bands for the depth model were TM1, 
TM5, the ratio TM2/TM4, and bottom soil reflectance in band TM4 (from an image 
in September, when the marsh is completely dry) and the ratio between the B4 
reflectance and the B4 reflectance for the same pixel in September. As expected, 
we found that band TM1 was the most informative wavelength as it is inversely 
related to depth. The model explained 75.42% of the variance. Once applied to the 
images we produced more than 240 maps of the water depth in Doñana marshlands 
showing the historical changes in its bathymetric characteristics (Fig. 31.4b).

On the basis of these results and newly available image acquisitions, we are cur-
rently monitoring water turbidity and depth by producing quantitative maps and 
identifying the main trends for both parameters (Díaz-Delgado et al. 2006b).

Fig. 31.4 (a) A reclassified water turbidity map of the Doñana marshes for the Landsat TM image 
of 14th January 1990. (b) The water depth map of the flooded area in the Doñana marshes in 
logarithmic scale for the Landsat TM image of 25th March 2004
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Monitoring the Spread of an Aquatic Alien Species

The aquatic fern Azolla filiculoides is a small floating plant originally from America 
and largely naturalized in Northern Europe. Its physiology and growth pattern lim-
its access to light for the submerged vegetation.

Azolla tends to deplete phosphorous, generates anoxic bottoms under the dense 
carpets it forms, and prevents the development of other submerged or floating veg-
etation species. This pteridophyte was first detected in Doñana marshlands in 2000, 
and has been found recurrently during the flooding season, invading larger and 
larger areas. In Doñana it is invading open marshes (open water bodies), marshland 
covered by helophytes and macrophytes, “lucios” (shallow lagoons) and “caños” 
(old tidal water courses). As Doñana marshlands occupy up to 25 000 ha, that 
become virtually inaccessible when flooded, it is a difficult task to map Azolla 
distribution through conventional methods. This fern grows and spreads at the 
beginning of the flooding season (January) and finally dies off during the drying 
out period (from May to June).

Usually, the invaded wetlands appear fully covered and this modifies their 
reflective characteristics. The alien fern shows a characteristic spectral signature 
that is very different from the rest of aquatic plants, and this makes it possible to 

Fig. 31.5 (a) Landsat TM image of Doñana acquired on 5th May 2007 (false colour composite 
RGB bands 4-5-3) showing simultaneous to image acquisition ground-truth transect points (b) 
enlargement of sampled area showing the dominant species at each point. Densely covered Azolla 
points are clearly identified by bright red circles
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map it even amid other dominant species such as Scirpus litoralis, Scirpus mariti-
mus or Arthrocnemum macrostachyum. Since 2003, the LAST-EBD has been sys-
tematically collecting ground-truth data in Doñana marshlands, recording the 
presence and cover (%) of Azolla across transects simultaneously to Landsat TM 
and ETM+ acquisitions. Areas densely covered by Azolla appear in the images as 
highly reflective in the Near Infrared region (700–1,100 nanometers): this suggests 
high photosynthetic activity, much higher than that shown by native vegetation in 
flooded areas (Fig. 31.5).

Discussion

Traditional monitoring at the plot scale is strongly complemented by monitoring 
using remote sensing, as the latter provides information integrated at the landscape 
scale that can easily be combined with ground-truth data. While probes and sensors 
may be reporting local changes for a parameter, remote sensing images give the 
opportunity to extrapolate the information and quantitatively map the targeted vari-
able and its gradients in a spatially explicit way. Underlying processes mapped at 
the landscape scale may reveal natural trends, induced changes, sudden threats or 
blooms, thus providing a valuable synoptic tool for adaptive wetlands management 
(Gardiner and Díaz-Delgado 2007). Furthermore, long time-series of images 
enhance long-term monitoring by helping to reconstruct historical processes that 
would otherwise remain uncertain. Retrospective mapping of synoptic parameters 
allows us to assess land cover changes in comparison to historical trends (anomalies 
from the average). Restoration projects may also benefit by using historical remote 
sensing images and the resulting maps as a baseline reference.

Landscape monitoring of Doñana marshlands is helping to integrate plot data on 
species richness, abundance, presence, water quality or breeding success with inun-
dation level, annual hydroperiod or water turbidity. Other remote sensing monitor-
ing protocols to be soon implemented will focus on: water temperature, 
evapotranspiration, net primary production, plant cover, and helophyte and macro-
phyte distribution mapping.

However, the techniques that we have implemented to monitor the processes 
mentioned above might not be easily extrapolated to other wetlands.

Specific characteristics of the Doñana marshlands have led us to apply specific 
and empirical remote sensing methods not necessarily valid for other wetlands. 
However, while there is likely to be a site-specific element to the development of 
protocols for other sites, many of the general approaches we have developed could 
be readily adapted elsewhere.
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Pecharromán, L. M. Campoy and P.L. Porta helped with image processing. The authors want also 
to thank Clive Hurford for reviewing the manuscript and for his suggestions to improve the read-
ability of the chapter.
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Introduction

Now, more than ever before, environmental data are needed to inform efficient 
environmental management. Information on biodiversity and ecosystems is essen-
tial, for governments as well as the scientific and educational communities. Much 
of this information, however, is not readily accessible, yet scientists need access to 
high quality data for their research; planners need readily available and reliable 
information to make appropriate decisions for the management of environmental 
resources; and we should not forget the need to satisfy the growing interest in bio-
logical information from the general public. Enabling access to this information is 
of vital importance in the face of the rapid decline in biological diversity. The pur-
pose of this chapter is to describe the solution developed to automate the process of 
data collection and facilitate the use of long-term monitoring information by the 
Natural Processes Monitoring Team (Equipo de Seguimiento de Procesos Naturales, 
ESPN) of the Doñana Natural Park.

Obtaining Quality Data

Data are of high quality if they are suitable for use in operations, decision-making 
and planning (Juran 1964 in Chapman 2005). It is important for the organisations 
that plan to make their data available to others to have a policy with respect to the 
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quality of data. Projects for the evaluation of biodiversity require large amounts of 
information on species in order to obtain significant results. These projects are very 
expensive to run, and data collection, particularly gathering information on species, 
is invariably the most time-consuming activity. However, data quality principles 
must be applied at all the stages of the process of data management (capture, digi-
talisation, storage, analysis, presentation and use). Any loss in quality at any of 
these stages reduces the applicability, usage and validity of the data.

Traditionally, during fieldwork, observers either follow a standard protocol and 
fill in the appropriate forms or make field notes recording the place, date, time, 
location, etc. The forms are then handed in to the office for their storage and sub-
sequent analysis. This method, although widely used, has some problems both in 
the field and in the office.

Data collection with pen and paper is not an ideal method for guaranteeing the quality  
of the information. Handwritten material could, at the time of digitalisation, be badly 
interpreted due to the handwriting or even discarded for being illegible. The drifting 
attention of the observer due to the repetitive nature of the work, or due to bad weather, 
can lead to errors in form completion, or even the loss of forms. The absence of a struc-
ture or uniform format in the field notebooks makes the transfer of the information to a 
database even more complex and time-consuming, not to mention the tedious process 
of transcribing handwritten data into a digital format that also can lead to errors.

The key factors for improving the quality of the data are prevention and valida-
tion. The prevention of errors is closely related to the information gathering and 
database entry phases. The development of a simple and easy-to-use interface for 
data input can be a way of minimising errors, because there are fewer opportunities 
for them to occur. Although considerable effort should be directed towards the 
prevention of errors, it is also important to consider the validation of data (error 
detection plus correction). And one of the best ways to reveal errors is to allow data 
to be seen (Edwards 2004).

New Technologies

Biodiversity informatics (Bisby 2002) is an emerging discipline born from the need 
to find more efficient methods for capturing and processing environmental information. 
It draws on collaborations between biologists and software and network engineers. 
The objective is to acquire with precision, represent, communicate, integrate, analyse 
and apply the information extracted from natural systems. It is supported by the 
application of new technologies to guarantee the fulfilment of protocols, and 
the introduction of data integrity and quality controls. This system will facilitate the 
rapid presentation of reports and data in real or quasi-real time, with all of this 
based on a powerful device for database management.

New technologies have the potential to revolutionise the process of data gather-
ing. Personal Digital Assistants (PDA) and handheld electronic diaries have the 
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same functionality and capabilities as microcomputers and, owing to their portability, 
allow observations to be digitised in the field. For example, the Global Positioning 
System (GPS) allows users to accurately register the location of specific sites; 
over the Internet, via WiFi (wireless Internet) or using a mobile telephone net-
work, users can send observations from a remote database in the field to database 
servers; and, finally, the data can easily be made available to analysts and managers 
through the Web.

One of the most revolutionary of these new technologies is the free software 
CyberTracker (www.cybertracker.co.za). This is a program for data capture 
widely used in environment and wildlife conservation. It is a very efficient 
interface for collecting large quantities of geo-referenced data. CyberTracker 
can incorporate positional data from a GPS - if available (some e-diaries have 
built-in GPS, and others allow connection to small GPS receptors via Bluetooth). 
The original concept behind its development was to create an interface that was 
very user-friendly and could be used by fieldworkers. The tool is based on the 
principle of using the touch screen of the PDA or electronic diary to store infor-
mation. Computerising data in situ is considerably more efficient than digitising 
the data manually.

The application is very simple and allows for personalisation in its use. A user 
can design and edit a database, developing screen sequences with different inter-
faces (Fig. 32.1). For each methodological protocol for data acquisition, a sequence 
is created in which, step-by-step, all the possible options and elements needed for 
describing field observations should appear on the screen. The sequence, which is 
the same for all the observers, thereby enables a standardisation of the methodol-
ogy, leaving little leeway for personal interpretation of protocols by fieldworkers.

With CyberTracker, the design of a database with sequential screens does not 
require knowledge of programming. The creation of elements for each screen 
allows the automatic generation of a structured database.

Once the data are downloaded onto the PC, they are transferred into a database 
for permanent storage, analysis, visualisation and export. Data are viewed in tables 
but can also be projected over maps and aerial photographs, allowing the verifica-
tion of the entries before their final validation. The information can also be rapidly 
exported into other programs, such as spreadsheets or GIS (Geographical 
Information System) software, for advanced analysis. In this way, CyberTracker 
integrates the traditional gathering of environmental data and the disciplines of 
spatial information analysis.

In the context of a set of manual procedures with little or no automation, the 
ESPN of Doñana Natural Park began to consider the idea of incorporating this new 
technology for the process of capture, classification and exploitation of data deriv-
ing from its own work on long-term monitoring programmes. Due to the diversity 
of protocols, the vast number of observers and the annual deadlines for submitting 
reports, the use of this technology has meant a radical change in the way of acquir-
ing data in the field, leaving aside the traditional field book, in exchange for the 
modern PDA.
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The Starting Point

In October of 2007 a new work area was developed in the ESPN, the area of data 
quality. The objective was to introduce IT tools to improve data collection, preserve 
the integrity of the information and offer end-users the information more rapidly. 

Fig. 32.1 Examples of PDA screens used for collecting field data
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From March 2007, we started to use the CyberTracker software for the acquisition 
of data in more than 50 protocols for long-term ecological monitoring in Doñana 
Natural Park.

The ESPN was born with the objective of generating basic, reliable and verifi-
able information about the state of the physical and biological environment of 
Doñana. This information is used by the managers of Doñana Natural Park, as well 
as the scientific community, to detect changes in the fauna, flora and environmental 
quality of the protected area.

The main aim of the ESPN consists of the implementation of an open-ended 
monitoring programme, to evaluate the spatial and temporal tendencies of the bio-
logical diversity and the ecosystems of Doñana. Its work is supervised by a scien-
tific committee composed of researchers both within the Biological Station and 
from elsewhere. Every year since 2002, the ESPN and its 18 technical staff have 
applied more than 50 methodological protocols for capturing information in fields 
as diverse as water quality, hydrological dynamics and geomorphological pro-
cesses; land use; dynamics of the aquatic and terrestrial vegetation communities; 
herbaceous plants and bush productivity; changes in the surface coverage of plant 
matter; distribution and population dynamics of invertebrates, fish, amphibians, 
reptiles, mammals, and of threatened, key and invading species. Some of the data 
collection process was already computerised, with data from PDA’s downloaded 
onto non-shared databases and/or spreadsheets that had to be subsequently homoge-
nised and filtered. Finally, after technical validation, the information was exported 
to permit its publication on the web, with this process being carried out by hand.

The introduction of these new technologies in the ESPN has involved a major 
investment in training to extend their use across the workforce. Interestingly, some 
of the members of the ESPN, who were initially reluctant to use the new IT, were 
later among the most convinced and adept users of the PDAs and CyberTracker. 
This updating process has also meant an improvement in protocols, as it entailed a 
profound revision of the data collection procedures. After the initial implementa-
tion, it can be stated that the most important benefit has been the improvement in 
data quality, reflected in the complete compliance with protocol requirements, the 
disappearance of omitted data and semantic homogeneity. In addition, the experi-
ence has allowed the maximum automation of the chain of data capture, reducing 
the minimum number of users necessary, for the processes of acquisition and digi-
talisation, to just one. Thus, CyberTracker has shown itself to be an optimum pro-
gram to comply with most of the criteria for data quality.

This process has returned naturalists to a leading role on the staff in place of the 
technical experts. It is a very democratic program in the sense that with knowledge 
of nature, and a little practice, anybody can collect data with this system with no 
previous expertise. Thanks to CyberTracker, we have made the most of the time 
spent on the fieldwork. For example, in the case of the monitoring of the aquatic 
ecosystems of Doñana, the limnological sequence allows the user to perform 18 
different protocols with the same sequence (Table 32.1). Once the data have been 
downloaded, all the information can be interrogated through the same database.
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Another very important benefit of the software is the considerable saving of time 
dedicated to the digitising process. This gain allows the observer more continuity 
in their fieldwork, while at the same time, affording more time for error detection. 
The possibility of seeing the data directly, the same day, in a table and projected 
over a map, makes it easier to detect errors in numbers and in geographic position-
ing or failed data.

However, CyberTracker, despite all the improvements that it has given to the 
ESPN, has not provided, to date, a reduction in the time between data acquisition 
and delivery to the final users, i.e. the scientific personnel, managers and the gen-
eral public. As the program does not amass all of the consolidated data in a single 
platform or unified scheme that would allow independent access to the process, it 
has not solved the problem of distributing the information. If the data cannot be 
downloaded centrally onto a single PC, the information manager will have the 
laborious task of compiling the data, and the more PDA users there are collecting 
the same sequence of data, the more dispersed the information will be. Updating 
CyberTracker was also difficult: if we wanted to change a data sequence, we would 
have to gather in the PDAs and do this manually. Furthermore, the software did not, 
originally, allow us to make the information gathered by the technical staff of the 

Table 32.1 Wetland monitoring protocols used in Doñana

Habitat Objectives
Aquatic fauna Quantitative estimation of fish, amphibians, reptiles and 

macroinvertebrates in temporary and semi-temporary ecosystems
Specific monitoring of Procambarus clarkii (alien species)
Thirty-eight locations: twice a year
Quantitative estimation in shallow tidal waters of the marshes
Three locations: every other month
Trachemys scripta elegans (exotic species)
Four locations: monthly
Population dynamics of native turtles
Five locations: every 4 years
Survey of amphibians in temporary ponds
Thirty locations: monthly checks when there is water

Aquatic vegetation General description of coverage
Specific description of the coverage, phenology and location
Estimation of biomass
Thirty-eight locations: twice a year
Non-systematic monitoring of protected and alien species

Water Estimation of water quality (To, Cond., DO, pH, NO
3
, NH

4
, Chlorophyll 

and turbidity) in temporary and semi-temporary ecosystems
Thirty-eight locations: twice a year
Estimation of water quality in ephemeral ponds
Estimation of the area submerged and duration
Thirty locations: monthly checks when there is water
System for early alert of algal blooms
At least four locations: at least twice a week in high risk periods
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ESPN available in real time. Therefore, we proposed a new software development 
that would benefit both CyberTracker and the ESPN. This was necessary to centralise 
data and to deal with incorporating the data from all the monitoring protocols (more 
than 50) and from the technical workforce (18 people).

With the financial help of the Spanish government programme for the recognition 
of Unique Scientific and Technical Infrastructures (ICTS), and in collaboration with 
the consulting company SATEC (specialists in communication systems), the ESPN 
asked the CyberTracker programmer, Justin Steventon, to carry out some modifica-
tions and improvements to the software. Basically, the technical request consisted of 
making it possible to use CyberTracker in a network, with all the sequences and 
databases migrating to a single server. The synchronisation, the transfer of sequences, 
the downloading of data and the visualisation of data were to be performed remotely 
from the server using an internet connection. As a consequence of these improve-
ments, it would be possible to download data collected with the PDA to the server, 
from any location with wireless coverage or by using the mobile telephone network.

Planning for Data Transfer to a Central Server

The first step for optimising the process of data capture and storage is to develop a 
structured diagram showing how the processes of capture, consolidation and valida-
tion, and finally exploitation of data can be separated on different levels, based on 
a classical three-level diagram with a client–server structure.

Data Capture

At this level we needed to generate the sequences necessary for allowing data capture 
by PDA users. The data can then be transferred either in real time (if there is wireless 
or mobile phone coverage) or delayed, and then transferred en masse when the mobile 
devices are connected to PC workstations. The basic tools for this process are:

PDA with Wireless connection•	
An updated version of CyberTracker, for data transmission through the web•	
Observation sequence (methodological protocol)•	

Data Consolidation

This is facilitated using a network relational database, MySQL. This database (DB) 
will store data in double format: on the one hand, it is a repository of the 
CyberTracker database itself, and, on the other hand, due to the proprietary way in 
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which CyberTracker stores its data (encrypted), it also stores certain types of data 
in a non-encrypted format, so that they are accessible directly by third party applications. 
The basic components of this level are:

FTP Server•	
CyberTracker•	
MySQL DB Server•	

Data Exploitation

This has two methods of consulting and/or exploitation, due to the double format 
in which data are stored. The first one is for the CyberTracker application itself, to 
enable researchers to perform complex tasks such as making advanced filters for 
consultations; and the second method is to enable the general public to access these 
data en masse, through the ICTS of the Doñana website. The components of this 
third level are:

CyberTracker•	
ICTS Web (http:/icts.ebd.csic.es)•	

Figure 32.2 shows the physical diagram outlining the implementation of the new 
processes for monitoring with CyberTracker in the Doñana Biological Reserve 
(DBR).

Observations made can be sent to a FTP/HTTP server on the DBR network 
from the PDAs, making use of the WiFi Access Points to the Reserve’s data net-

Fig. 32.2 A diagram illustrating the network infrastructure in Doñana Natural Park
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work or via an Internet connection directly from the PDA, and from a PC, connected 
to the Internet and synchronised with the PDA. The data on the FTP/HTTP server 
are transferred onto the MySQL DB using scheduled processes of CyberTracker 
and stored in both non-encrypted and CyberTracker proprietary formats. Both 
generic users and researchers can access the data, the former via the Internet, by 
consulting the website of the ICTS, and the latter, by access through the 
CyberTracker application that is installed on their personal equipment and mak-
ing use of the centralised database. The stages in the new monitoring scheme are 
as follows:

The observer loads the CyberTracker sequence corresponding to the appropriate 
monitoring protocol onto the PDA. Data collection is initiated following the chosen 
sequence step-by-step. The CyberTracker configuration allows the instantaneous 
transmission of the data when desired if there is wireless or GSM coverage, or 
subsequently, when the aforementioned connections become available or on insti-
gation by the user. The data are sent to an FTP server in the CyberTracker propri-
etary exchange format. A process launched by a Windows scheduler downloads the 
data from the FTP server to the MySQL DB in CyberTracker format, while, in 
parallel, another independent process exports the CyberTracker data to tables previ-
ously designed for each type of sequence/protocol, to ensure that these data can be 
used by applications other than CyberTracker. This flow of data between users and 
the servers is illustrated in Fig. 32.3. Researchers can use the CyberTracker soft-
ware from their own equipment through the central DB. Generic users can view the 
data in a standard format through a web interface using the application for data 
exploitation on the ICTS website.

The Application of Our Design in International Monitoring 
Networks

One of the major difficulties in forming global strategies for evaluating biodiver-
sity is data comparability. Reliable measurement of trends and changes in 
biodiversity requires standardised data collection and analysis in order to be 
comparable. Therefore, if we want to evaluate data both at a local scale and global 
scale, we will need a coherent system for data collection and communication.

The technology incorporated in the long-term ecological monitoring programme 
of Doñana Natural Park has recently been put forward as a technological reference 
for the regional network LTER-Europe (European Long-Term Ecosystem Research 
Network, www.lter-europe.net). The aim is to extend the use of the CyberTracker 
software as a tool for the normalisation and harmonisation of data acquisition pro-
tocols. This would improve the quality, and quasi-real time availability, of data for 
end-users.
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Section 7
Appendix



Glossary

Accuracy: how close a single measurement, or group of measurements, is to the 
true value of a parameter.

Alien species: a species occurring outside its natural past or present distributional 
range, where its presence and dispersal is due to intentional or unintentional human 
action.

Area of search: the area searched at the scale of an individual sample point: in a river, 
the area of search for a single sample might be 5000 m2. By contrast, in terrestrial 
grassland it might be 2 m2.

Area of study: the total area that we look at in the field, including every point 
which might be included as part of a sample.

ASPT: Average score per taxon.

Attribute: measurable characteristic of a habitat or species.

Baltic: the area surrounding the Baltic Sea.

Bathymetric: of, or relating to, measurements of the depths of oceans or lakes.

Bathyscope: a device for looking below the surface of water.

Benthic: of or relating to, or happening on the bottom under a body of water, e.g. 
bottom-dwelling aquatic plants and animals.

Biomass: the total mass of living matter within a given unit of area.

Blanket-weed algae: dense surface scum of filamentous algae – commonly 
Cladophora species.

BMWP method: the Biological Monitoring Working Party (BMWP) procedure for 
measuring water quality using macro-invertebrates to create quality indices.

Brackish: water with a higher salinity than fresh water but a lower salinity than 
seawater.

By-catch: animals caught unintentionally while fishing for other species.

401



402 Glossary

Carrying capacity: the population size of a species that the environment can sustain 
in the long term.

Catchment: the area of land that collects rainfall, which then flows into a waterway, 
or into the groundwater system.

Charophytes: a division of the plant kingdom that includes the stoneworts.

Circumpolar: found in areas immediately surrounding the North Pole.

Cryptogams: a group of plants that reproduce using spores, not seeds.

CSM: Common Standards Monitoring.

DAFOR scale: Dominant, Abundant, Frequent, Occasional, Rare – a subjective 
cover/abundance scale for estimating the amount of plant material present.

Derogations: the addition of exemptions, special conditions or partial repeal of a 
law, which in some way diminishes the original intent or scope.

Detection rate: the frequency at which a species is detected by different observers.

Diffuse pollution: Pollution resulting from scattered or dispersed sources that are 
collectively significant but to which effects are difficult to attribute individually.

DNS: Doñana Natural Space.

DVT: Dominant Vegetation Type – a stand of homogenous vegetation classified by 
the most dominant component.

EOS: Earth Observation Systems.

ESPN: Natural Processes Monitoring Team (Equipo de Seguimiento de Procesos 
Naturales) of Doñana Natural Park, Spain.

EUNIS: A comprehensive pan-European habitat classification system.

Eutrophication: an increase in compounds containing nitrogen and/or phosphorous, 
usually associated with pollution. It is the process by which a lake or other water body 
becomes rich in dissolved nutrients and often deficient in oxygen. Eutrophication can 
occur either as a natural stage in lake maturation or can be artificially induced by 
human activities (e.g. organic waste, fertilizers, sewage run-off from the land). 
Excessive nutrient-enrichment is often referred to as hyper-eutrophication.

Evapotranspiration: the term used to describe the sum of evaporation and plant 
transpiration from the earth’s land surface to the atmosphere.

Favourable condition: this is used to describe a habitat or species that is in a 
desired or acceptable state. This state is defined in the condition indicator table.

Feature (interest feature): a general term sometimes used in this book to mean a 
habitat or species designated as of conservation importance on a given site.

Filamentous algae: single algae cells that form long visible chains, threads, or fila-
ments. These filaments intertwine forming a mat that can resemble a blanket of wet 
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wool. Filamentous algae start growing along the bottom in shallow water or attached 
to structures in the water (including other aquatic plants). Often filamentous algae 
float to the surface forming large mats, commonly referred to as pond scum.

Fossorial: living underground.

Generalized Additive Model (GAM): a statistical model developed for blending 
properties of generalised linear models with additive models.

GIS (Geographical Information Systems): sophisticated computer systems able 
to manipulate, analyse and display spatial information.

GPS (Global Positioning System): a highly accurate satellite navigation system. 
The receiver calculates a position on the ground by timing signals that are broadcast 
from a series of special GPS satellites.

HELCOM: the Helsinki commission, the governing body of the Helsinki 
Convention.

Helophyte: the phytosociologic definition of a biennial or herbaceous plant of 
which only the buds survive a harsh period, such as winter.

Heredability: a measurement of the relative importance of the genetic variance 
(mainly genetic additive and dominance variance) in the phenotypic variability 
found for a certain quantitative trait within a population. It scores from 0 to 1.

Hibernacula: sites where bats congregate to hibernate during the winter months.

Hydroacoustic: the study or use of sound in water to remotely obtain information 
about the physical characteristics of the water body, such as the bed of a lake or 
vegetation structure.

Hydromorphology: describes the hydrological and geomorphological processes 
and attributes of surface water bodies. For example, for rivers, hydromorphology 
describes the form and function of the channel as well as its connectivity (up and 
downstream and with groundwater) and flow regime.

Hydroperiod: the length of time that a wetland holds water.

Indicator assemblage: a suite of co-existing species that will respond either posi-
tively or negatively to factors expected to impact on the condition of a habitat.

Indicator species: a species known to respond, either positively or negatively, to fac-
tors expected to impact on the condition of a habitat – or that of associated species.

Insolated: exposed to sunshine for most of the day.

Introduction: direct or indirect movement by human agency of an organism out-
side its past or present natural range.

Invasive species/invader: an established alien species that is rapidly extending its 
range in a new region. This term is usually associated, although not necessarily, with 
an alien species causing significant harm to biological diversity, ecosystem function-
ing, socio-economic values and human health in the region of introduction.
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JNCC: Joint Nature Conservation Committee.

Lairs: caves in the snow layer on the sea ice that ringed seals use.

Land uplift: the rebound of an area after an ice shield has disappeared.

Landsat: the Landsat Program is a series of Earth-observing satellite missions 
jointly managed by NASA and the U.S. Geological Survey. Since 1972, Landsat 
satellites have collected information about Earth from space.

LEAFPACS: a recording method for river macrophytes, recommended for Water 
Framework Directive reporting in the UK.

Limnology: a discipline that concerns the study of fresh waters, specifically lakes, 
ponds and rivers (both natural and manmade), including their biological, physical, 
chemical, and hydrological aspects.

Lotic: of, relating to, or living in moving water.

LTER: Long-Term Ecological Research. It usually refers to research programmes 
carried out on natural sites belonging to a network.

LTER-Europe: European Long-Term Ecosystem Research Network.

LTSER: Long-Term Socio-Ecological Research. It usually refers to socio-eco-
nomic and ecological research programmes carried out on platforms (several sites) 
belonging to a network.

Macrophytes: plants (including vascular plants, bryophytes, algae and lichens) that 
are visible to the naked eye and nearly always identifiable in the field, typically 
used in reference to aquatic vegetation.

Magnopotamion or Hydrocharition-type vegetation: these are aquatic plant 
communities protected under Natura 2000 legislation. Hydrocharition are free-
floating surface communities comprising species such as duckweeds, bladderwort 
and water solider. Magnopotamion are large pondweeds such as floating leaved and 
fine-leaved pondweeds (Potamogeton spp.).

Marl-lake: a lake rich in natural marl deposits - Marl or Marlstone being a calcium 
carbonate or lime-rich mud or mudstone, formed under freshwater conditions in 
deposits of lake sediments.

Mesotrophic: the prefix “meso” means mid-range. The mesotrophic state is 
defined as having a moderate supply of nutrients and therefore moderate biological 
productivity.

Mid Infrared: the mid-wave infrared region of the electromagnetic spectrum (from 
3,000 to 5,000 nm).

MIS: Macrophyte Index Scheme.

MNA: Minimum Number Alive – Minimum number of water voles alive in any one 
month based on trapping data that month (or animals tagged previously and captured 
thereafter).



405Glossary

Monitoring protocol: a predefined written procedural method in the design and 
implementation of long-term monitoring.

Monitoring: for the purposes of this book, monitoring is defined as assessing the 
condition of a habitat or species against a predetermined standard.

MS: macrophyte survey.

MTR: Mean Trophic Rank.

Near Infrared: the near infrared region of the electromagnetic spectrum (from 
about 800 to 2,500 nm).

Necropsy: the surgical examination of a dead animal.

Nephelometric turbidimeter: an instrument for determining the concentration or 
particle size of suspensions by means of transmitted or reflected light.

NNR: National Nature Reserve.

NVC: National Vegetation Classification (NVC). This is a comprehensive floristic 
classification of terrestrial and freshwater vegetation types in the UK. It recognises 
roughly 400 separate plant communities, many further divided into sub-communities.

NWCW: National Wetland Centre Wales – a National Key Site for water voles in 
Wales.

Oligo-mesotrophic lake: lakes and pools with waters moderately rich in dissolved 
bases. The water is very clear (pH often above 7.5) and poor to moderate in nutri-
ents; commonly the water is oxygen rich and low in turbidity.

Oligotrophic: describes ecosystems that are nutrient-poor and have a low produc-
tivity. Often referring to rivers and lakes that have clear water and low biological 
productivity (oligo = little; trophic = nutrition).

Optimal condition: used to describe when a habitat or species of conservation 
priority on a site is in the best condition that we could hope to achieve, as defined 
in the condition indicator table. The term ‘favourable condition’ suggests some-
thing less than this, and is often interpreted as an ‘acceptable’ state.

ORL: Observed Range Length – estimates of the minimal range of an animal cal-
culated as the distance between the two furthest capture positions following the 
contours of the watercourse on the satellite map.

Otter holt: a place where otters rest and breed.

Parr: a juvenile fish preparing to leave the fresh water of its natal habitat.

PCB: polychlorinated biphenyls, artificial organic compounds that are classified as 
persistent organic pollutants that are toxic and accumulate in animals.

PDA: Personal Digital Assistant, a handheld computer.

Phenology: the study of periodic plant and animal life cycle events and how these 
are influenced by seasonal and interannual variations in climate.
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Phreatic: refers to matters relating to ground water below the static water table.

Physiology: the study of the mechanical, physical, and biochemical functions of 
living organisms.

Phytoplankton: the term phytoplankton, or algae, encompasses all microorgan-
isms that make energy from sunlight in water. Phytoplankton serves as the base of 
the aquatic food web.

Piezometer: small diameter water well used to measure the hydraulic head of 
groundwater in aquifers.

Point Source: a stationary location or fixed facility from which pollutants are discharged; 
or any single identifiable source of pollution, such as a pipe, ditch or channel.

Post-glacial: after the ice age.

Precision: how close repeated measurements of the same attribute are to one 
another, though not necessarily to the true value of the attribute: we may not know 
the true value.

Public Service Agreement: the British Government’s Public Service Agreement 
(PSA) target to have 95% of the SSSI area in favourable or recovering condition by 
2010.

PVI: Percent Volume Infested – the percentage of the underwater space occupied.

RCS: River Corridor Survey.

Red Data Book: the IUCN (International Union for the Conservation of Nature and 
Natural Resources) maintains an international list, published as the Red Data Book. 
Red Data Book species are classified into different categories of perceived risk. 
Each Red Data Book usually deals with a specific group of animals or plants (for 
instance, reptiles, insects or mosses).

Remote sensing: broadly used to describe any measurement taken of an object at 
some distance, rather than by direct contact.

Rhizomes: underground stems of a plant.

RSPB: Royal Society for the Protection of Birds (UK).

SAC: Special Area of Conservation – a site protected under Natura 2000 
legislation.

Saxicolous: living on rocks or stones.

SCUBA survey: underwater dive survey.

SCV: Species Cover Value – a component of Mean Trophic Rank analysis.

Secchi disk: a disk, divided into black and white quarters, used to gauge water clar-
ity by measuring the depth at which it is no longer visible from the surface.
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Sediment: matter that has been deposited by some natural process; any particulate 
matter that can be transported by fluid flow, and which eventually is deposited.

Semi-aquatic: spending at least part of its existence living in water.

Silt: silt is soil or rock derived granular material of a grain size between sand and 
clay. Silt may occur as a soil, or as suspended sediment in a surface water body.

Site: used in this book to describe the area of conservation interest under discussion. 
In general, it has been used to refer to any area protected for nature conservation.

SMHI: Swedish Meteorological and Hydrological Institute.

Smolt: a stage in the life cycle of salmonid fish, where they become physiologically 
adapted to salt water and when they move down to the sea.

Special Areas of Conservation: Natura 2000 sites that are designated under the 
Habitats Directive.

SPOT: Système pour l’observation de la Terre. A sensor used for Earth Observation.

SSSI: Site of Special Scientific Interest. A site of national conservation importance 
protected by legislation in the UK.

Stolons: horizontal stems which grow at the soil surface or below ground.

Stonewort (Charophyte): Stoneworts are classified along with green algae and are 
simple multi-celled organisms descended from some of the earliest life forms that 
appeared on Earth. The plant consists of a series of “giant cells” up to several cen-
timetres in length.

STR: Species Trophic Rank – a component of Mean Trophic Rank analysis.

Surveillance: typically, a series of repeat surveys used to detect or track trends of 
habitats or species. Differs from monitoring by not measuring against a predeter-
mined standard.

Survey: a set of standard observations, usually obtained with a standard method 
and within a restricted time period, typically a one-off exercise, e.g. mapping a 
habitat or compiling a species list.

Thematic map: a map that displays the spatial pattern of a theme or series of attri-
butes, showing statistical rather than topographical information about a place. 
Thematic maps emphasise spatial variation of one or a small number of geographic 
distributions.

TIROS: Television Infrared Observation Satellite.

Total phosphorus (TP): the total concentration of phosphorus found in the 
water. Phosphorus is a nutrient essential to the growth of organisms, and is 
widely believed to be the limiting factor in the primary productivity of surface 
water bodies.
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Turbid water: turbidity of water can be caused by suspended particles of sediment 
or algae that prevent sunlight from entering the water.

Water body: (Water Framework Directive) a manageable unit of surface water, 
being the whole (or part) of a stream, river or canal, lake or reservoir, transitional 
water (estuary) or stretch of coastal water. A ‘body of groundwater’ is a distinct 
volume of underground water within an aquifer.

Water Framework Directive: European Union legislation – Water Framework 
Directive (2000/60/EC) – establishing a framework for European Community 
action in the field of water policy.

WiFi: wireless Internet.

Xeric: relating or adapted to an extremely dry habitat. Succulents such as cacti, 
aloes, and agaves are xeric plants.
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