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1.Introduction

This chapter contains guidance on monitoring standing water habitats (except canals and ditches)
where these are notified or qualifying features on SSSI/ASSI, Ramsar sites and cSACs (see section
1.1). Canals and ditches are covered by separate guidance sections. This chapter also provides more
specific guidance on monitoring aquatic vascular plant species in standing waters, based on their
ecological characteristics and addressing difficulties of carrying out botanical monitoring in sub-
aquatic environments. Where these species are notified features in their own right, this guidance
should be used in conjunction with the Vascular Plants guidance section.

Standing waters may additionally be notified for a wide range of faunal species, for which the relevant
guidance sections should also be used (Birds, Mammals, Reptiles and amphibians, Freshwater fauna,
Invertebrates). The Introduction to freshwater habitats and species should also be consulted when
using this guidance.

1.1 Standing water features
1.1.1 Habitats
Standing water cSACs in the UK may qualify for one or more of the following Annex | habitat types:

o H3160 Natural dystrophic lakes and ponds

H3110 Oligotrophic waters containing very few minerals of sandy plains: Littorelletalia uniflorae
H3130 Oligotrophic to mesotrophic standing waters with vegetation of the Littorelletea uniflorae
and/or of the Isoéto-Nanojuncetea

H3150 Natural eutrophic lakes with Magnopotamion or Hydrocharition-type vegetation

H 3140 Hard oligo-mesotrophic waters with benthic vegetation of Chara spp.

H 3180 Turloughs

H 3170 Mediterranean temporary ponds

Detailed descriptions of these habitat types are given in McLeod et al., 2002 — www.jncc.gov.uk.
Mediterranean temporary ponds is a very rare type in the UK and is not considered further here. The
relation between Annex | habitat types and other habitat classifications can be seen from the
Favourable Condition Tablers contained in this guidance.

However, standing water SSSI/ASSI and Ramsar sites in the UK have been notified for a wide variety
of standing water feature types. Standing waters can be classified in a variety of ways. A Nature
Conservation Review (Ratcliffe 1977) identified six broad types, namely dystrophic, oligotrophic,
mesotrophic, eutrophic, marl and brackish standing waters. Selection of standing water SSSIs in Great
Britain, as set out in the Guidelines for the Selection of Biological SSSIs (NCC, 1989) was based
primarily on a botanical classification system recognising 10 site types by Palmer (1989). A revision
of this classification, using a larger dataset, is in preparation (Duigan et al. in press). Chapter 5 of the
SSSI guidelines, which gives fuller details of the rationale for site selection, may be helpful. In
Northern Ireland, a parallel classification has been produced and used for selection of ASSI in a
similar way (Wolfe-Murphy et al., 1992). It is important, though often not straightforward, to
determine why a particular site has been notified for its standing water interest and the citation and
any notification criteria sheets should be consulted. Appendix 1 gives an approximate relationship
between different types of lake classification.

The links between SSSI/ASSI and SAC features may not always be clear. Although most
SSSI/ASSI features can be ‘matched’ to Annex | types, there are categories of SSSI/ASSI lakes which
are not adequately covered by the SAC habitat definitions. SSSI/ASSI and Ramsar standing water
feature descriptions which may not correspond exactly to SAC habitat types include:


http://www.jncc.gov.uk/

oligotrophic lake
mesotrophic lake
oligo-mesotrophic lake
meso-eutrophic lake
base-rich lake

machair lake

brackish lake

trophic range

This list is not necessarily exhaustive.

Difficulties arise in definition of lake types, because of the different methods of classification, based
on vegetation, pH/hardness/alkalinity and phosphorus/nitrogen/chlorophyll a. A lake with high
concentrations of total phosphorus may have been termed eutrophic, but so may a water body with
high values for alkalinity or hardness. There is a generic SSSI/ASSI attribute table (see section 2.1)
for lake types that may not fit into an Annex | cateogry.

1.1.2 Plant species

Rare vascular plants may be present as part of the standing water interest. Standing waters may also
qualify for individual vascular plant species, or assemblages of notable vascular plants and
charophytes. The principal species covered by this chapter are listed below. Najas flexilis is a Habitats
Directive Annex Il species; the remaining species are nationally scarce. Other vascular plant species
may be notified features of standing water sites, including Luronium natans (see Vascular Plants
guidance chapter), which is also an Annex Il species. Additionally, there are lower plant species
which may be notified features of standing water sites, in particular certain stonewort species
(Charophytes).

Najas flexilis (SAC, SSSI/ASSI)
Potamogeton rutilus (SSSI/ASSI)
Potamogeton filiformis (SSSI/ASSI)
Potamogeton coloratus (SSSI/ASSI)
Nuphar pumila (SSSI/ASSI)

Isoetes echinospora (SSSI/ASSI)
Elatine hydropiper (SSSI/ASSI)
Elatine hexandra (SSSI/ASSI)
Limosella aquatica (SSSI/ASSI)
Pilularia globulifera (SSSI/ASSI)
Eriocaulon aquaticum (SSSI/ASSI)

2. Attributes and targets

To assess the condition of features, we need to consider the major characteristics, or attributes, which
define them. Targets are set for these in order to assess whether feature attributes are typical for the
feature type or are otherwise in favourable condition.

The attributes used in CSM for assessment of habitat featur es are as follows:

extent

composition of macrophyte community
macrophyte community structure

water quality

hydrology



e substrate
e sediment load
e indicators of local distinctiveness

It is mandatory to use of all of these attributes in condition assessment.
The attributes used in CSM for assessment of aquatic vascular plant features, are as follows:

presence/absence

population size/extent
regeneration

water quality

substrate

hydrology

sediment load

indicators of local distinctiveness

2.1 Habitat features

Guidance on the selection of attributes and the setting of appropriate targets for open water habitats is
given below and in generic attribute tables 2 to 8. There is a Favourable Condition Table (generic
attributes table) for each of the Annex | habitat types, but as indicated in Section 1.1, these are not
adequate for all standing water types on SSSI/ASSI and Ramsar sites. To include these lakes, a
generic SSSI/ASSI lake attribute table has also been produced (Favourable Condition Table 2). This
table should be consulted for Ramsar, SSSI/ASSI and SAC sites prior to examining the specific tables
for individual habitats and species.

2.1.1. Biological attributes

Within biological communities, pressures on the habitat result in changes in structure, abundance and
biomass before species are lost. A measure of abundance,in terms of the number of points at which a
species is recorded, and structure of the macrophyte community, can therefore be examined as
indicators of change for condition assessment.

2.1.1.1. Macrophyte community composition

The flora present in standing waters are dependent not only upon water quality but also sediment
quality and physical aspects of the system. Macrophytes are therefore appropriate indicators to assess
condition. Sites have been designated on the basis of plant species richness, species rarity, absence of
alien species and the representativeness of the flora compared with the characteristic lake type, as
defined by Palmer (1992) and Palmer et al. (1992). It should be borne in mind that a range of lake
types is covered in the Oligotrophic to mesotrophic SAC habitat feature. For lakes in Northern
Ireland, reference should be made to the Northern Ireland Lake Survey 1988-1991 (Wolfe-Murphy et
al., 1992).

Macrophyte taxa indicate different lake types, reflecting differences in physical and chemical
variables. The continuum of environmental gradients in lake ecology means that taxon presence in
one lake type does not preclude presence in all other lake types. The 10 lake types (12 including sub-
types) defined by Palmer (1992) and Palmer et al. (1992) are described using constant and faithful
species. Constant species occurred in more than 40% of sites of a type, whilst faithful species were
recorded at 20% constancy in three or fewer of the 12 types and sub-types. Constancy categories were



>40-60%, >60-80% and >80%. These descriptions have been updated in Duigan et al. (in press). As
an example, Littorella uniflora is present in 87% of type C2 lakes (an oligotrophic type) and
Myriphyllum alterniflorum in 75%, so these species would be regarded as characteristic of a C2 type
oligotrophic water body.

In addition to constancy tables, the new British lake classification (Duigan et. al in press) presents
plant lake ecotype indices for macrophyte species (PLEX scores) developed using a modification of
the trophic rank scoring method (Palmer et al. 1992). A PLEX score for a site is the mean of the
species PLEX scores present. Examples are given where PLEX scores are used to pick up
environmental changes within lakes, such as acidification or eutrophication. Although this approach is
not part of CSM guidance, it may become a useful aid to assessing condition.

The aim for any feature type is that it should support characteristic species. Directional changes in
plant species composition from a baseline type may indicate changes in the lake habitat. Changes in
frequencies of the most abundant species may indicate more acidic or eutrophic conditions or changes
in lake habitat or hydrology. Site accounts and citations should also be used and geographical
variation considered when interpreting expected macrophyte assemblages for a particular lake type.

Site specific targets should be set for each standing water, and indicative thresholds interpreted using
expert judgement. Guidance is given in section 4 (assessment) and the generic attribute tables.

Invasive non-native species have been set targets (see 4.1.2.). The list of species given is not
exhaustive and should be updated as new threats become apparent.

2.1.1.2 Macrophyte community structure

Zonation occurs within the macrophyte community from shallow water to deeper water, depending on
the depth preferences of different species. For example, the expected zonation from shallow to deeper
water in Oligotrophic to mesotrophic standing waters would be Littorella uniflora, Lobelia
dortmanna, then Isoetes species. In certain lake types, pondweeds or charophytes may dominate in
deeper waters. The precise nature of the zonation will be site specific, depending upon e.g. water
colour, substrate type, basin shape. Changes to zonation may indicate stress to the water body. For
example, increased phytoplankton or sediment would result in decreased light penetration, thereby
adversely affecting plants growing in deeper water. Loss of shallow water species may indicate
alteration of the shoreline or changes in substrate.

The different types of plant form present are a further aspect of macrophyte community structure that
should be examined. Plant form refers to the shape and size of different types of plants e.g. isoetids
are small rosette shaped plants with narrow leaves, whilst water lilies have relatively large, broad,
floating leaves. Retaining the vegetation structure, including a well-developed riparian fringe, is
important in providing a diversity of habitats within the lake.

2.1.2 Non-biological attributes

Examination of physical and chemical characteristics of lakes is desirable for a comprehensive
assessment of habitat condition; as these determine the ecology of lakes. Such attributes include
extent, water quality, hydrology, substrate and sediment load.

2.1.2.1. Extent

The extent of standing water may be affected by a range of activities, such as groundwater abstraction,
regulationconstruction within the lake, excessive sediment deposition and natural succession. Where a
site has been notified for the interest of the open water, it is clearly important to maintain the extent of
this but here needs to be a distinction between natural succession and anthropogenic factors when



setting targets and assessing data on this attribute. Evidence of increased sedimentation rates (see
section 2.1.2.4) or knowledge of changes in catchment land use, may be important in this respect. In
cases where anthropogenic influences have caused a reduction in extent prior to notification of the
site, at least the extent at time of notification should be maintained.

2.1.2.2 Water quality

Macrophyte species composition in lakes is partly determined by climatic factors and the physical
properties of the catchment area. Geology, soils and land use in the drainage basins of lakes determine
the chemistry of the water and sediments in a water body. Water quality parameters of major
importance in determining macrophyte species composition are pH, alkalinity and hardness,
phosphorus (P) and nitrogen (N).

Many water quality variables may be measured in the investigation of lake habitats e.g. Secchi depth
(a surrogate for light attenuation or turbidity), temperature, dissolved oxygen, pH, conductivity,
alkalinity, acid neutralising capacity (ANC), total phosphorus (TP), total dissolved phosphorus (TDP)
and dissolved reactive phosphorus (DRP), total ammoniacal nitrogen (TAN), nitrate nitrogen (N),
nitrite N and chlorophyll a (a surrogate for algal biomass). The sum of the concentrations of nitrate N
and nitrite N constitutes the level of total oxidised N (TON). Data on all of these variables are useful;
but as a minimum, pH, alkalinity and TP should be examined. With little additional effort
conductivity can also be measured. Determination of alkalinity allows calculation of ANC which
links to the Water Framework Directive (WFD) lake typology, and allows confirmation of water body
type. Assigning lakes to the typology is desirable, to facilitate setting of appropriate TP targets. An
updated version of the GB lakes inventory currently under development will include lake type for
most water bodies over 5ha but as lakes have been assigned from national datasets there may be a
requirement for some local validation of type. With pH, conductivity and alkalinity the macrophyte
communities present can be compared with those expected, given the background chemistry of the
water body. Inclusion of other determinants in CSM will be dependent upon requirements at
individual sites and the availability of resources. For SACs and larger SSSIs WFD risk assessments
may be helpful in identifying which chemical variables should be measured at a particular site.

pH

pH is an important variable to measure as it influences all chemical and biological processes e.g. P
binding in sediments, the source of carbon available for photosynthesis, species present and pollutant
toxicity. Changes in pH, either through eutrophication or acidification, can therefore have
considerable effects on lake ecology. In setting targets, in addition to ensuring that pH is appropriate
for the macrophyte communities characteristic of each habitat type, consideration should also be
given to standards for fish health e.g. Council Directive 78/659/EEC, on the quality of waters needing
protection or improvement in order to support fish life; see Alabaster and Lloyd (1980). Such
references also provide useful information on other water quality variables e.g. dissolved oxygen,
suspended solids. The optimum pH range for fish health is pH 5.50 — 9.00, though pH values of
between 5.00 and 5.50 are not generally directly toxic to fish. However, certain habitat types such as
dystrophic lakes may naturally have pH values lower than those required to ensure fish health. Indeed
many dystrophic lakes may not support fish at all due to naturally acidic conditions. It is important
when setting targets and carrying out monitoring to take account of natural fluctuations in pH
throughout the year e.g. snow melt may lead to pulses of acid water, and increased plant biomass in
summer may result in large fluctuations in pH as well as daytime increases in pH values. The models
for pH prediction in waters at risk of acidification are outwith the scope of the CSM evaluation. Site
specific pH targets should be set, and reference should be made to the alkalinity or ANC of the water
body.

Acid neutralising capacity (ANC)




In water bodies at risk of acidification, alterations occur in the ANC of the water column before
changes in pH become evident. ANC needs to be assessed to provide an early warning of these
changes.

The alkalinity of a lake is the combined concentration of bicarbonate and carbonate, but also includes
anions of other weak acids, such as silicate and borate, and the hydroxyl ion. ANC is calculated from
alkalinity and dissolved organic carbon (DOC) concentration, to take into account additional buffering
capacity provided by humic substances (Cantrell et al. 1990, in Fozzard et al. 1997). This parameter is
used in classification schemes of lake condition, such as the Scottish Environment Protection
Agency’s (SEPA) lake quality classification scheme (Fozzard et al. 1997).

The lowest category of ANC values in SEPA’s classification system (0- 0.019 meq I™), is consistent
with the recommendation of a threshold ANC value of 0.020 meq I, for protection of natural waters,
except in cases where it is estimated that ANC has always been lower than this value, in which case,
the recommended standard is 0 meq I"* (DEFRA, 2004). Where site-specific work on ANC standards
is possible, this should be undertaken. As many lakes in the UK are naturally acidic, it may be useful
to consider ANC in the context of historical values, which may be estimated using models (e.g.
Wright and Henriksen, 1983; in Fozzard et al. 1997). However, it may not be considered necessary to
examine hindcast ANC, where alkalinity and ANC are both > 0.04 meq I"* (Fozzard et al. 1997).

Total phosphorus (TP)

Changes in the ecology of a lake from anthropogenic nutrient inputs are often first apparent in the
phytoplankton within the water column. The relationship between increased water column TP
concentrations and increased phytoplankton biomass is well established (Dillon and Rigler, 1974;
Vollenweider, 1976; OECD, 1982). Increasing loads of phosphorus to a water body are therefore
likely to lead to enhanced algal growth and increased biomass. This algal growth can have significant
impacts upon the standing water ecosystem through for example: competition with vascular plants for
nutrients and light; changes in pH; oxygen depletion; secretion of toxins; and high ammonia levels as
a result of algal death and decay. TP is therefore a key parameter for assessment.

Data availability

For many larger standing waters there will be TP data from environmental protection agency routine
monitoring programmes. Elsewhere, site specific investigations or research projects may have
collected some TP data that may be useful, though caution should be exercised in using old data or TP
concentrations ascertained from a single sample. Where there are no TP data there are two options: a)
to arrange for water sampling and analysis either as part of a CSM monitoring or preferably in liaison
with the environmental protection agency; or b) estimate TP concentrations through modelling (e.g.
loss coefficient models). The modelling approach is useful in determining the magnitude of likely P
loads based on catchment population and land use but due to modelling uncertainties the results
should be interpreted with caution and reference to the assumptions of such models. Where these
options are not feasible, the nutrient enrichment pressure will have to be assessed through surrogate
attributes (e.g. presence of excessive algal growths, changes in flora or water transparency). Where
these surrogates point to a problem investigative work should be undertaken and TP concentrations
measured along with some estimates of phosphorus loads from different sources.

Certain lake types (e.g. shallow mesotrophic and eutrophic lakes) have some resilience to slight
nutrient enrichment as phosphorus can be ‘locked up’ in macrophyte biomass. However, increases in
nutrient loading increase the risk that other factors (e.g. changes in the fish community, damage to
submerged plants) will lead to a switch from a macrophyte dominated state to an algal dominated one.
Hence, whilst increases in nutrient concentrations alone, do not constitute eutrophication any increase
beyond the targets outlined below represents an unacceptable risk to the site integrity. In practice it is
useful if an indicator of algal abundance is also examined, such as chlorophyll a but it should be noted
that a single monitoring visit once every cycle may not reveal these biological problems.



Setting targets

Using SAC lake habitat types to set TP targets is difficult as SSSI/ASSI and SAC habitat types do not
completely coincide. Furthermore, SAC habitat types are based on broad macrophyte flora classes,
which may occur across a range of water chemistry conditions for example, ‘oligo-mesotrophic
waters...”. So, using generic figures for SAC habitat types may mean a nutrient poor lake could
undergo considerable enrichment before exceeding the SAC target.

Table 1 presents TP targets for the lake types of the UK Water Framework Directive (WFD) typology
(http://www.wfduk.org/tag_guidance/Article_05). The typology is defined by the geology of the
catchment, validated by alkalinity data where available, and mean lake depth (3m or less: shallow;
>3m :deep). The targets are based on proposals for WFD boundaries for high-good ecological status,
the OECD report on eutrophication (1982) and expert judgement (including the Ecoframe project
Moss et al., 2003). There is considerable work being undertaken at present across Europe linking
ecology to nutrient levels to support the implementation of the WFD; the conservation agencies will
review this information as it becomes available and consider reviewing the targets in Table 1 in light
of any key findings.

Generally, low alkalinity lakes may be described as nutrient and species poor, whilst high alkalinity
lakes have naturally higher nutrient levels and as result are rich in flora and fauna.Generally, the
higher the alkalinity of a lake, the better its capacity for immobilisation of P, as the concentrations of
cations which may bind with P increase. Targets for ‘deep’ medium and high alkalinity lakes are more
stringent recognising that: a) in deep lakes a smaller proportion of the water volume is occupied by
macrophytes and hence there is greater potential for algal blooms to develop; b) retention times are
generally longer; and c) there is greater potential for P to be lost to the sediment or hypolimnion and
thus for a given P load the expression as P concentration in the water column is likely to be lower in a
deeper lake.

Shallow lakes may have a higher carrying capacity for nutrient enrichment (see above), but this is not
necessarily the case for peaty and low alkalinity lakes. Lakes with low alkalinity and TP levels, and
no anthropogenic nutrient input from the catchment area (other than airborne sources) generally have
relatively stable TP values, and would be expected to have TP concentrations almost below the limits
of detection and certainly less than 10 pg P 1. Small changes in TP levels of lakes with naturally low
TP levels can have significant effects however, particularly on phytoplankton ecology. In addition,
although iron, manganese or aluminium may provide binding sites for P there may be few sediment
adsorption sites in such lakes which tend to be characterised by relatively coarse substrates.

Marl lakes and peat lakes have particular characteristics which determine their high capacity for P
immobilisation due to coprecipitation of P with calcium and magnesium. Thus, P concentrations are
typically low in these lakes even under relatively high external P loads. Hence targets for these marl
lakes are lower than for equivalent high alkalinity lake types.

In peat dominated catchments, TP may exist in humic-iron-P complexes. Additional P from
anthropogenic sources does not bind well with sediments of low pH and high organic content, such as
may be found in these water bodies. Although there is reduced light penetration, it is still possible to
get increases in algal biomass, as certain algal types (e.g. species of blue-green algae) are suited to
harvesting light under such circumstances.

TP Ranges and Thresholds

In recognition that shallow eutrophic lakes may exist in either a plant-dominated or an algal
dominated state across a wide range of nutrient conditions, two sets of values are presented for
shallow high alkalinity and shallow marl lakes. For these two lake types a range is presented with the
upper figure representing a threshold value above which there is considerable risk of a switch to algal
dominance. In practice lakes within these types could remain in favourable condition across the P
range presented subject to other factors (e.g. nature and structure of the fish community). However, to
assess condition and any proposals for discharges, a management target somewhere within this range
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will be required. The appropriate target may vary for individual lakes but will be difficult to determine
in the absence of good long term data. As such a default management target of 50pg P I is proposed.
Where there are good water quality and biological data or evidence from palaeolimnology that another
target is more appropriate the management target may be revised to a site specific target. For example,
analysis of diatom remains in the sediment may indicate that historically a lake has always had P
concentrations (present day relationships between diatom species and chemical variables are used to
estimate historical values for chemical variables) in excess of or below 50ug P I

Table 1 Total Phosphorustargetsfor designated lakes (SAC, SSSI/ASSI, Ramsar)

Lake Type Approximate Depth TP target/limit TP Range**
corresponding  Category* (Mg P 1) (Mg P I
feature type

Peat dystrophic Deep 10 na

Shallow 10 na

Low Alkalinity oligotrophic Deep 10 na

Shallow 10 na
Medium Alkalinity mesotrophic Deep 15 na
Shallow 20 na
High Alkalinity eutrophic Deep 35 na
Shallow 50 35-100
Marl hard water Deep 20 na
Shallow 35 20-50
Brackish brackish Deep 35 na
Shallow 35 na

na not applicable
* Shallow 3m or less/ Deep: >3m
* See supporting text

Note that the terms oligotrophic, mesotrophic and eutrophic are used in the general sense of biological
richness of the water body, rather than referring specifically to levels of P and N. Overlapping
categories of different lakes classification systems are also documented in Appendix 1.

Exceptional circumstances

It is anticipated that the targets will be employed in all cases. However, there may be individual lakes
where there is a body of robust evidence that indicates that the target given in Table 1 is not valid.
Such evidence might be in the form of diatom inferred TP concentrations from palaeolimnology or
long term water quality and biological data. In these situations the data should be discussed with the
relevant national specialist before setting a site specific target.

Nitrogen

It is generally accepted that in most freshwater situations eutrophication is driven by increases in P
loading; this guidance reflects this, providing targets for P but not N. However, there may be standing
waters that are sensitive to nitrogen (N) enrichment and where eutrophication may be driven by
increases in N. Upland lakes and lowland lakes where the catchment is naturally rich in P, may be N-
limited, but site specific information is usually required to determine whether N or P is more
important. In enriched lakes, nitrate concentrations may be high in winter, but below the limit of
detection in summer. The concept of a limiting nutrient is misleading in situations where either N or P
concentrations are already high, for example N may appear to be the ‘limiting nutrient’ in lakes where
there are very high P concentrations but in practice neither will limit algal or plant growth. As such



where N enrichment is thought to be a risk it will be necessary to set a target that also reflects the
target P concentration.

Generally, phytoplankton are P-limited. Certain species of algae can grow in waters with extremely
low levels of available N, or are capable of fixing N. Whilst P is generally the limiting factor for
phytoplankton, the ratio of N:P is important in determining which species of algae will dominate the
phytoplankton community. Macrophytes are more likely to be N-limited, as macrophytes rooted in
sediment can use sediment P sources. There is some recent evidence that reduced macrophyte species
richness may be linked to elevated N concentrations but further work is required to establish a
definitive impact. In the interim, where the risk of N enrichment is thought to be significant e.g.
because there are signs of ecological change, but P levels have remained within targets, N targets
should be set with reference to the normal range for the lake type. When more information becomes
available on the N:P ratios which would support stable ecological conditions in different lake types,
this will be incorporated in the guidance.

2.1.2.3 Hydrology

Hydrology influences lake ecosystem functioning in two ways: determining residence time (flushing)
and water level fluctuations. Flushing of lakes is important for dilution and removal of nutrients and
phytoplankton. Both annual and within-year flushing patterns should remain unchanged. The timing
of different flushing rates within the year influences the biology of the lake. For example, reduced
flushing in summer would encourage bloom conditions. In practice adverse impacts upon flushing
should be evident through assessments of water quality and the biology of the system.

Water level fluctuations can have both positive (e.g. providing opportunities for germination or seed
dispersal) and negative (e.g. flooding marginal and riparian plants or exposing plants to desiccation)
influences on habitat diversity and trophic structure. In particular water level fluctuations play a
critical role in the succession and development of littoral and emergent vegetation. Furthermore, water
level fluctuations are an important control on lake morphology through wave action and shoreline
stability. Reduced water levels, as a result of lake drawdown, have the potential to cause adverse
impacts upon littoral floral and faunal communities and may result in the loss of marginal plant
populations.

Determining whether there is an appropriate hydrological regime from a single site visit is difficult
although there may be evidence of major impacts, for example stranded marginal vegetation, exposed
lake sediments or signs of former shorelines. Emergent plants may exhibit morphological differences
under different hydrological regimes but this varies between species; for example Phragmites
australis seedlings may form longer leaves under exposed conditions but in contrast Scirpus lacustris
seedlings may display the same morphological change when submerged. In practice evidence from
site visits will need to be interpreted with reference to information on known changes to the
hydrology of the catchment.

The entire catchment area of the lake should be examined when considering hydrological regime.
Management of upstream waters e.g. through regulation of reservoirs, may have considerable impacts
on downstream water bodies and artificial drainage may alter seasonal dynamics.

2.1.2.4 Lake substrate

Lake sediments consist of mineral material (e.g. clays, silicates), decomposing organic matter, and
inorganic components of biological origin (e.g. skeletal material, siliceous shells). Particulate material
is transported from the catchment area, but also generated within lakes e.g. plant debris. On reaching a
lake, heavier particles are expected to sediment out first, finer material taking longer to settle. Lake
sediments are therefore sorted along particle size gradients. Once deposited, sediments are subject to a
number of processes such as degradation or slumping. The distribution of sediment particle size and
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organic content influences the biology of the lake and will affect the suitability of within-lake
habitats for invertebrates and macrophytes, and fish spawning grounds. Increases in sediment loading
from activities in the catchment area, including those on the lake shore, may result in the smothering
of coarse sediments. Increased inputs of leaf litter, as a result of scrub encroachment, may also be
cause for concern, as organic-rich sediments may be a poor rooting medium for macrophytes.

Inclusion of hard engineering solutions to lake management may have detrimental effects on lake
ecology, replacing semi-natural substrates with man-made materials. Alteration of the shoreline may
also result in changes in water movements within the lake, which would have effects on patterns of
sediment deposition.

2.1.2.5 Sediment load

The sediment loading from the catchment area to a lake occurs due to soil disturbance and
precipitation. Natural variation occurs in the sediment loading to different lakes, depending on local
conditions. The magnitude of loss of soil to water courses is related to catchment size and soil type,
but is increased through factors such as lack of vegetation cover, trampling by cattle, inappropriate
field drainage and ploughing regimes, type of crop etc. Organic matter may be increased through
inadequate storage facilities for biological waste. Increased sediment loadings may result in clogging
of the lake bed, increased siltation in the basin and deoxygenation of sediments. Blockage of coarser
substrates with finer sediment restricts water flow-through, whilst increases in organic matter increase
biochemical oxygen demand.

2.2 Vascular plant features and rare vascular plants

Where rare vascular plants are present in the water body (see FCT Table 1 - Favourable Condition
Table for direct (population) attributes for rare aquatic vascular plants in standing waters) some
assessment of the population status needs to be made. The Vascular plants Guidance (available from
the JINCC website) should be also consulted. Luronium natans has an individual FCT Table in the
Vascular plants guidance.

The habitat attributes water quality, substrate, hydrology and sediment load are mandatory for
vascular plant features. Presence/absence of the species is also a mandatory attribute.

The other population attributes described in FCT Table 1 (population size/extent and regeneration) are
discretionary. Population size/extent and regeneration data is useful in assessing sustainability, which
is an integral part of favourable conservation status (FCS). Monitoring these attributes is therefore
recommended, particularly where a site or series of sites support a significant proportion of the UK
population of that species. Schedule 8 and Red List species should receive particular survey effort.

2.3. Indicatorsof local distinctiveness

Indicators of local distinctiveness is intended to cover any site-specific aspects of the habitat feature,
forming part of the reason for notification, which are not covered adequately by other attributes, or by
separate guidance (e.g. for notified species features). This is a discretionary attribute in that it may not
be applicable to every site; but where local distinctiveness has contributed to the selection of a site for
standing waters, it should be mandatory. It is not intended that a target is set for detailed species
monitoring, rather to provide a rapid indication of presence/absence and or approximate extent,
allowing for natural fluctuations in population size. Targets are set as appropriate, on a site by site
basis, to maintain distinctive elements at current extent, or levels, and/or in current locations.

2.4. Aspects of environmental disturbance
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In addition to examining the above attributes, aspects of environmental disturbance, such as artificial
barriers, fish introductions and exploitation should be noted as an accompaniment to assessing
condition. These activities do not comprise condition targets but are intended to help set the context
for condition assessment.

There is a list of possible impacts that might be observed at the end of each FCT (Favourable
Condition Table).

3. Monitoring
3.1 Approach to biological attribute monitoring

Accurate macrophyte distribution maps and plant counts throughout lake basins are not often
available or achievable, due to difficulties such as working under water, isolating individual plants or
incomplete coverage by plants within areas of colonisation.

CSM requires a semi-quantitative approach. Condition assessments are carried out with respect to
targets, but we also need to assess whether feature condition is declining, recovering or unchanging.
Essentially a partial survey is recommended, which, in combination with information on other
attributes and site management, will identify changes with time. The monitoring methodology
recommended for CSM is therefore based on recording presence/absence data in a large humber of
point samples. This is a more statistically robust approach than assessing counts, or cover, in small
numbers of large samples (Gunn et al., 2004) and helps minimise the time spent at each water body to
be surveyed. Point frequency sampling produces objective, repeatable and quantifiable data.

3.2 Preparation for monitoring of biological attributes
3.2.1 Timing of surveys

Monitoring work should take place once during each reporting cycle. Surveys should be at least 4
years apart. Aquatic macrophytes are most easily located and identified from June to mid-September.
Surveys undertaken outwith this growing season are likely to be problematical due to vegetation
having lower biomass, individual plants being small and distinguishing characteristics, such as
flowering parts absent. The biology of individual species should also be taken into account, as
different species develop throughout the summer. For example, Najas flexilis is better observed in
August and September and surveying in June or early July may be too early for some species.
Geographical differences should also be considered when scheduling surveys. The growing season is
likely to start later and be of shorter duration in the north of Scotland than in the south of England.

3.2.2 Selection of water bodiesto be examined

In sites where the feature is represented by many water bodies, such as occurs in Caithness and
Sutherland Peatlands SAC, it will be possible to monitor only a small number of representative lakes.
Lakes which should be considered for monitoring are those which:

(a) are named in the citation or site account

(b) have been surveyed previously

(c) are in a near-natural state

(d) support species of particular interest

(e) contain a rich assemblage of characteristic species
(F) are highly representative of their type

(g) are at greater risk of harm.

Where logistical or financial difficulties dictate monitoring be limited to a minimum, the coincidence
of qualifying features should also be taken into account, e.g. if there are three features in one site and
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all are found in one water body, monitoring that water body only would be appropriate and will
reduce survey time. Where prioritising selection of standing water other factors such as accessibility,
previous survey information, sampling by the environment agency, water body risk assessment under
the WFD, will also play a part.

3.2.3 Choice of locationswithin lakesto be surveyed

Ideally, if adequate baseline information is not available, an initial survey should be carried out to
locate species or communities of interest in the lakes to be monitored. In each lake, work will focus in
areas which support the macrophyte species or communities characteristic of the feature. Prior to
survey, plant records, Ordnance Survey and bathymetrical maps should be examined, along with
information on the ecology of different plant species or groups, to identify areas which are likely to
support the macrophytes of interest.

Please see Appendix 2 for greater detail on choice of survey sector location.
3.3 Methodsfor monitoring
3.3.1 SKill requirementsfor macrophyte work

Taxonomic expertise is required for monitoring of lake macrophytes. Plants should be recorded to
species level using Stace (1997). Voucher specimens should be taken where it is not possible to
confirm the identification of a species in the field. For difficult genera such as Potamogeton,
Callitriche, Utricularia, Chara, and Nitella, samples should be collected for independent expert
verification .

3.3.2. Methodology

For methodology for biological and non-biological attributes for standing water habitat features and
vascular plant species see Appendix 2.

3.3.3 Outputs from field work

Field data recording forms (Appendix 3) and a reporting form should be submitted for each feature.
The reporting form should include site name, feature, summary of results, interpretation of results and
recommended condition category. In addition, the activity assessment form will be completed.

3.3.4 Other legal responsibilitiesrelevant to surveyors

Working in or near water carries with it an inherent risk. Legal responsibilities should be observed
with regard to the Health and Safety at Work Act (1974), to ensure the health and safety of employees
(whether Conservation Agency or contractor staff) and any other person who may be affected by their
actions or omissions. Risk assessments should be submitted prior to starting monitoring work. As
there may be many sites to visit, sometimes in remote areas, care should also be taken that surveyors
are working within the requirements of the Working Time Directive (EU Directive 93/104/EC).

4. Condition assessment

The condition of each feature will be assigned to one of the seven condition categories, unless there
are insufficient data available from earlier surveys to make this possible. In the latter case, the feature
will be classed as favourable or unfavourable.

Confidence in data collected for non-biological attributes will be high or low, depending upon the

method of collection. When confidence is low, the qualifier “at risk,” may be included, where
biological attributes indicate that features are in favourable condition, but other habitat factors suggest
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that the features may be adversely affected in future. If there is high confidence in the non-biological
data, the features should be classed as being in unfavourable condition.

This section includes guidance on the circumstances where a feature is described as being in
unfavourable condition. To assess whether a feature in unfavourable condition is improving, declining
or remaining the same, it will be necessary to examine the changes in results and management
practices, between monitoring cycles. For a site in unfavourable condition to be described as
recovering, more direct or indirect targets should be met than in the previous monitoring cycle. To
conclude there has been no change at a site, results should be consistent with the previous survey.
Where there is conflicting evidence as to whether the condition of a site is declining or improving, the
assessment may also be that there has been no change. At sites where less attributes are meeting their
targets than in the previous monitoring cycle, the feature can be recorded as declining. Features
should be described as destroyed when the species of interest and its habitat have been permanently
lost. Features should be termed partially destroyed when this applies to part of the site only. The
condition and extent of the remainder of the feature will be reported.

4.1 Habitat features
4.1.1 Vegetation composition: macrophyte community

For each of the Annex | Habitat Types, a list of 'core' characteristic species is provided (see
Favourable Condition Tables). These are the species to which greatest attention should be paid. In
general, high diversity and frequency of characteristic species is a good indication that the site is in
favourable condition. However, you should not necessarily expect to find every characteristic
Species at any given site. Targets have been set so that one or more of these characteristic species
must be present for the site to be in favourable condition. (see FCT tables). There is also a target for
frequency of ocurrence of core characteristic species (typically - 6 out of 10 sample spots should
include at least on of the characteristic species listed).

In addition, there should be no loss of any characteristic species recorded from the site or rare species
that is part of the standing water feature. Expert judgement may be required where it appears there has
been a loss of a characteristic or component species. Consideration should be given to survey
methods, previous abundance ratings and the life strategy of the species of interest.

A list of associates has been provided with the list of characteristic species. Associate species
frequently occur in conjunction with the characteristic species but often have broad ecological
tolerances and are not good indicators of the habitat type. They are provided for information purposes;
the list of associates will not be exhaustive. Reference may be made to the constancy table from work
on lake types (Palmer et al., 1992) and the updated lake classification (Duigan et al. in press), the data
of the Northern Irish Lakes Survey (Wolf-Murphy et al., 1992), and descriptions of the Annex I
habitats.

Species presence at a site (in the absence of anthropogenic pressures) is the result of chance
colonisation and habitat suitability. Therefore there may be valid reasons why a characteristic
speciesisnot present in a particular site. Consequently, in applying targets to an individual site
the characteristic species list should be reviewed in light of local knowledge, historical records
and known biogeographic ranges. Preston & Croft (1996) isa good starting point.

Vegetation composition: negative indicator species

With regard to non-native species, the feature should be classed as being in unfavourable condition
under the circumstances detailed below:

(a) any alien species has recently colonised a water body and is dominant in the plant community
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(b) the following invasive species are observed: Azolla filiculoides, Crassula helmsii, Hydrocotyle
ranunculoides and Myriophyllum aquaticum (this list is not exhaustive and should be updated as
new threats become apparent)

(c) Elodea nuttallii is present at >5% frequency

(d) Elodea canadensis has recently colonised a water body and is present at >5% frequency

(e) Elodea canadensis is present at >40% frequency in unproductive lakes (e.g. dystrophic and
oligotrophic waters) and at >50% frequency in more productive water bodies (e.g. mesotrophic, hard
water or eutrophic lakes).

If Elodea canadensis or Elodea nuttallii have become a naturalised and occur at low frequency, then
the feature may be classed as favourable, provided all other attributes meet their targets.

4.1.2 Macrophyte community structure
Habitat features should be classed as being in unfavourable condition when:

(a) there has been a loss of characteristic macrophyte community zonation

(b) there has been a significant decrease (i.e. 0.5 m or more) in the maximum depth of colonisation of
deep water species.

(c) there is a significant change in relative abundance of plants of different growth forms. Table 2
lists the growth forms of characteristic species.

4.1.3 Examples of applying biological habitat featur e assessments
General examples of how these rules would be applied, based on Gunn et al. (2004), are as follows.

1. In an oligotrophic lake SSSI/ASSI feature, macrophytes recorded in the survey are Littorella
uniflora, Lobelia dortmanna, Isoetes lacustris, Myriophyllum alterniflorum, Juncus bulbosus and
Nitella opaca. L. uniflora was found in shallow water, L. dortmanna in slightly deeper water, then I.
lacustris and Nitella opaca in deeper water than L dortmanna. No non-native species are recorded.
The community is typical for this lake type with a high diversity of characteristic species. The
zonation which would be expected from shallow to deep water is present. Macrophyte results indicate
that this lake is in favourable condition.

2. In an oligotrophic to mesotrophic lake SAC feature, which is known from previous surveys to be at
the richer end of this range, macrophytes recorded in the survey are: Littorella uniflora, Isoetes
lacustris, Myriophyllum alterniflorum, Nitella opaca, Potamogeton perfoliatus and Nuphar lutea.
These species are all characteristic of the lake type and zonation is present from shallow water
Littorella uniflora populations to Isoetes lacustris, Potamogeton perfoliatus and Nitella opaca in
deeper water. The vegetation structure from small rosette to larger Potamogeton forms, with floating-
leaved species is also present, as previously recorded. Though not a recent introduction, Elodea
canadensis is present at 7% frequency. In addition, Crassula helmsii is recorded, so the site should be
defined as being in unfavourable condition.

3. In a hard water oligo-mesotrophic lake SAC feature, the following taxa are found: Chara species, 4
Potamogeton species, Callitriche species. Also present are Zannichellia palustris and Potamogeton
pectinatus, which are characteristic of more eutrophic conditions. However, the latter two species are
present at low frequencies, and Chara species dominate the site. The site should therefore be classed
as being in favourable condition.

4.1.4 Water quality

Features should be classified as unfavourable when pH, ANC or TP levels are outwith the target
ranges for the feature type.
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Confidence in the water quality data should be examined. Confidence relates to the representativeness
and accuracy of the data. Consideration should be given to the quality assurance of the analytical
results, location and timing of sampling. If water quality results are found to be outwith the target
range for a water body, and confidence in the data is high, then it should be concluded that the site is
not in favourable condition. If confidence in the data is low, the site should be defined as being in
favourable condition, but at high risk, and further monitoring should be implemented. The following
generalisations on data confidence should be considered when examining water quality, with regard to
condition assessment.

Confidence in water quality data decreases from those obtained through multiple, in-lake samples, to
single outflow samples, to edge samples. Confidence that results are representative of a water body
also decreases depending on time of sampling, from spring to autumn to winter to summer.

Examples of methods of generating results in which confidence would be high are as follows:

monthly sampling

quarterly sampling

annual spring outflow sample, in context of several years’ data indicating similar results/trend
single spring survey, with multiple in-lake sampling locations, and a high quality of analysis

Examples of methods of generating results in which confidence would be low are as follows:

single spring sample for single year

single summer sample

samples taken from water’s edge

observational information of occurrence of algal blooms
analyses undertaken using Kits

4.1.5 Other non-biological attributes

Hydrology, substrate and sedimentation results should be subject to site-specific, expert judgement.
Interpretation of the results will be dependent upon the quality and quantity of data available; as with
water quality, confidence in the results should be considered, before assigning condition category. To
a certain degree, hydrology will have been considered in relation to extent.

4.2 Vascular plant features
4.2.1 Presence/absence (mandatory attribute)

The feature should be described as being in unfavourable condition when there has been a loss of a
species which

(a) constitutes the vascular plant feature

(b) contributes to a vascular plant feature

4.2.2 Population size/extent (discretionary attribute)

The feature should be classed as unfavourable when there is a decrease of

(a) the number or size of populations present

(b) occurrence of metapopulations

(c) the class of number of plants present (0-100, 101-300 etc.)

(d) frequency of occurrence of the species of interest of >50%, but also if there has been a total
decrease in frequency of occurrence of > 50% over the last two CSM visits.
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4.2.3 Successful regeneration (discretionary attribute)

It is recommended that features are classified as being in unfavourable condition when the plants of
the species of interest do not exhibit evidence of their reproductive strategy.

4.2.4 Examples of applying vascular plant species featur e assessments
General examples of how these rules would be applied, based on Gunn et al. (2004), are as follows.

1. A large population of the species of interest is present (>100m in extent). It contains hundreds of
individual plants. Using a bathyscope and grapnel, the species is recorded in 70% of sampling points,
whilst cover is generally >75%. Reproductive structures are noted. Results indicate favourable
condition.

2. The species of interest cannot be found in any of the areas which would provide suitable habitat,
during a search period of four hours. The species is a perennial, so low variability would be expected
between years. In addition, survey results from the previous year indicated that the species could not
be found. Results therefore indicate unfavourable condition.

3. The species of interest is not recorded. However, water levels are high at the time of survey, and the
species requires water levels to be lower, in order for plants to develop. The species is an annual, so
between year variability is high. There are no other recent data on the occurrence of the species in the
water body. However, the lake is meeting its targets for habitat attributes. The site would therefore be
classed as being in favourable condition, but at high risk, and further monitoring should be
implemented.

4.2.4 Data confidence

Expert judgement will be necessary when considering apparent loss or extreme decrease in the
presence of a species, as different species exhibit a range of natural variability in numbers and
distribution within individual water bodies. In general, perennial plants exhibit much less variability
than annuals, whilst deep water plants are less variable than shallow water species.

The probability that an observed change in abundance is significant will depend on the intensity and
timing of sampling, but also on the variability of the species in question; detection of change will be
more easily accomplished for species which remain relatively stable, in terms of numbers and
distribution. Further consideration will be required when a highly variable species has seemingly
disappeared or become scarce within the water body. The reliability of the viewing method should
also be considered (e.g. if boat and bathyscope are used in the examination of deep water species,
instead of snorkelling or SCUBA techniques, there is a higher risk of false negatives). A further
survey of the same water body may be necessary, to confirm the condition assessment. When signs of
reproductive strategy have not been observed, consideration should be given to whether inappropriate
timing of the survey could have resulted in a false negative.

When there has been a reduction in the species presence or extent and the species is of low variability
the site should be classed as unfavourable. Where a species is highly variable, or difficult to detect the
results should be reported as unfavourable but should trigger further monitoring. Consideration of
other habitat attributes should be helpful in this respect.

4.3 Overall assessment
Biological and non-biological attributes must be examined for condition assessment of both vascular
plant and habitat features. A site should be classed as being in unfavourable condition if any

individual attribute fails to meet its targets. However, careful consideration must be given to the
confidence in the data collected. If observational information only has been obtained, there would be
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low confidence in the data, whereas data from long-term, regular, robust monitoring should have a
high level of confidence. The absence of a species when habitat conditions are favourable could be a
false negative due to the ecology of the species, or the timing of the survey. Failure of a particular
attribute from low confidence data should trigger further investigation and monitoring.

Water Framework Directive Risk Assessments may also prove useful in the final analysis of condition
for habitats and species.
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