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Summary 
This report describes the results of macro invertebrate surveys of the Montgomery Canal I 
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biological and chemical water quality data relating to the canal. 

The Montgomery Canal supports a macro invertebrate assemblage typical of'minimally 
impaired' canals, with species richness and rarity values close to the national average for high 
quality canals. A total of 122 macro invertebrate species were recorded in the present study with 
roughly equal numbers in the two seasons (spring 2.0.03: 9.0 species, autumn 2.0.04: 94 species). 
Five Nationally Scarce macroinvertebrate species were recorded but the canal iii nofcurrently 
known to support any BAP or Red Data Book species. Surveys of dragonflies conducted in 1997 
recorded 8 breeding species: a good total, but below the level regarded as the qualifying number 

. for selection as a SSSI on the basis of the dragonfly population. . ',-, ~ , 

Surveys undertaken during the present project at 1.0 sites along the canal showed that the fauna 
generally increased in species richness from north to south. Species richness was lowest at 
Queen's Head and Maesbury Marsh; it was highest at Buttington Cross. Combined with 
DECORANA analysis, this indicated that the canal could be broadly divided into two sections: a 
northern, boated, relatively species-poor section and a southern, ligho'y or unboated, section 
which generally had a richer fauna. Nationally Scarce species were found at all sites except 
Lower Frankton, although no site had more than two Nationally Scarce species. 

Environment Agency water quality monitoring data for the period 199.0-2.0.03 were available 
from four sites on the canal: Queen's Head, Parson's Bridge, Buttington Cross and Aberbechan. 
Queen's Head has the poorest water quality of the four sampling locations with nutrient and!
ammonia concentrations significantly higher than elsewhere. Levels of nitrate nitrogen and, 
orthophosphate phosphorus at Queen's Head were sufficiently high to cause detrimental impacts 
on aquatic ecosystems, particularly aquatic plants. Water quality at the three other sites was. 1. 

good, in terms of nutrient concentrations, with phosphorus concentrations on the mesotrophic
eutrophic boundary. 

Environment Agency data show significant differences in pH at the four sampling locations 
although all sites can be classified as circumneutral. Mean pH at Parson's Bridge and 
Aberbecahan was 7.12 and 7.21, respectively, with mean pH values of 7.43 and 7.45 at 
Buttington Cross and Queen's Head, respectively. Surprisingly there were no significant 
differences in suspended sediment concentrations between the four sampling locations, although 
there was a slight suggestion that concentrations were higher at the most southerly site: 
Aberbechan. Mean dissolved oxygen concentrations increased from Queen's Head (73.6%) to 
Aberbechan (87.7%). 

The differences between the invertebrate assemblages of the northern and southern sections of 
the canal were probably due mainly to the markedly poorer water quality in the northern section. 
Boat traffic probably exacerbates these effects by further reducing the abundance of submerged 
aquatic, and possibly marginal, vegetation. The results of the study suggest that different 
environmental factors may be influencing the composition of invertebrate assemblages in spring 
and autumn. 

Recommendations are made about the future monitoring of the canal invertebrate popUlations: 
the canal should be routinely sampled at 5-yearly intervals, with more frequent sampling during 
any periods of accelerated change which might be associated with reopening further sections to 
navigation. It is also recommended that further work is undertaken to integrate botanical, 
macroinvertebrate and water quality monitoring. Given the importance of fish in structuring 
freshwater, particularly macrophytes, assemblages it is recommended that baseline data on fish 
populations are also obtained. 
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A spring survey of aquatic macroinvertebrates in the Montgomery Canal 

1.1 Background 

The Montgomery Canal is one of the United Kingdom's highest quality aquatic ecosystems, 
-long recognised as a site of considerable importance fOl-its aquatic plants and supporting a rich 
invertebrate fauna. -

Of a total length of 55 km, 39 km of the canal are designated as a Site of Special Scientific 
Inte~est, primarily in Wales ' . The Welsh section of the canal is also designated as a candidate 

-;SpecialArea for Conservation (cSAC) under the Habitats Directive. 

The Montgomery Canal is particularly renowned for its diverse assemblage of aquatic plants 
including the Annexe II Habitats Directive species Luronium natans, and the Nationally Scarce
species Potamogeton compressus. It also supports populations of the water quality sensitive 
species Potamogetoll a/pinus, P jriesii, P praelongus, Hydrocharis morsus-ranae and Hottonia 
pa/ustris. 

Although the flora of the Montgomery Canal has been extensively investigated, few recent data 
are available describing the invertebrate fauna. 

-1.2 Aims of the project 

The main aimofthe present project was to coIIect baseline data on the aquatic macroinvertebrate 
fauna of the Montgomery Canal to establish a baseline for future monitoring of the waterway. 
Macroinvertebrate data were collected using the Canal PSYM method, developed by the ,_. 
Environment Agency and the Ponds Conservation Trust for assessing canal ecological quality. A ";j 

copy of the PSYM manual (which covers both pond and canal monitoring) is included in 
Appendix 1 of this report. 

In addition a review of existing macroinvertebrate and chemical data from the Montgomery . 
Canal was undertaken. 

2. Initial data review 

2.1 Review of existing invertebrate data from the Montgomery Canal 

2.1.1 Introduction 

The most extensive data describing the invertebrate assemblages of the Montgomery Canal 
come from two major surveys: the 1980s Montgomery Canal Ecological Survey (Briggs 1988) 
and more recent, but less comprehensive, studies commissioned by British Waterways (1999). 
Neither survey used standard methods for recording aquatic macro invertebrates making these 
data difficult to compare with the results of other studies. However, both give a good indication 
of the general fauna of the canaL 

In addition to these studies the Environment Agency and the Ponds Conservation Trust coIIected 
standard macro invertebrate data from three sites on the Montgomery Canal during the creation 
of the canal PSYM database in 1997. 

ITwo sections of the Montgomery Canal are designated as SSSls: in England, the short section from Aston Locks to Keepers Bridge; 
in Wales, the full length of the canal from L1anymynech on the border to Freestone Lock, just outside Newtown, is designated as 
SSS!. 
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I 2.1.2 Surveys in the 1980s by the Montgomery Canal Ecological Survey 

Surveys described in Briggs (1988) found a total of 143 species in the main aquatic 
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species), molluscs (22 species excluding Pisidium spp.) and caddis flies (19 species). The total 
represents about 18% of the UK macro invertebrate fauna in the groups surveyed. The relatively 
rich snail"and caddis faunas are typical of permanent still, Oislowly flowing, waters. 

The! 980s Montgomery Canal survey programme was based on a fairly intensive sampling 
programme with' samples taken at I km intervals over 42 knfOf the canal, and surveys 
undertaken in two seasons (spring and summer). Given the relatively high intensity of sampling 
and the non-standard methods used it is difficult to compare the species richness of the 
Mcinigo~ery Canal with that of other sites and surveys;; However, it is clear that the canal, as a 
whole, compares well wit)1 other top quality sites: for example, at the Pinkhill Meadow 
experimental pond creation site in Oxfordshire, whic.h is a complex of approximately 40 ponds 
and "pools from 1 m2 to 0.5 ha in area, 156 species were recorded between 1990 and 1995 
(PCTPR, unpublished data). 

Of the invertebrate species recorded in .the original 1980s surveys, six are now regarded as Local 
or Nationally Scarce (Table 1). . 

Table 1. Local and Nationally Scarce macroinvertebrate species recorded in the 
1980s surveys of the Montgomery Canal 

Sphaerium rivicola (River orb mussel) 

Corixa dentipes (A lesser water boatman) 

Cymatia coleoptrata (A lesser water boatman) 

Haliplus heydeni (A crawling water beetle) 

Noterus crassicornis (A diving beetle) 

l/ybius guttiger (A diving beetle) 

2.1.3 1997 survey of the Montgomery Canal 

Local 

Local 

Local 

Nationally Scarce 

Nationally Scarce 

Nationally Scarce 

The 1997 survey of the canal considered only molluscs and dragonflies. 

The survey recorded 17 species of snails and mussels, indicative of a reasonably rich fauna, all 
being common species. Note that the failure to record smaller snail species such as Leach's 
Bithynia (Bithynia leachii) and the White Ram's-hom (Gyraulus albus), both found in the 1980s 
surveys and fairly common in the current surveys reported here, casts some doubt on the quality 
of the 1997 survey work. 

Eight breeding species of Odonata were recorded in the 1997 surveys with observations made of a 
further 11 species recorded on or close to the canal without evidence of breeding. The number of 
species recorded breeding in the canal is good, but below the regional threshold (12 species) for 
consideration as a Site of Special Scientific Interest on the basis of the dragonfly population. The most 
notable breeding species recorded was the Club-tailed Dragonfly (Gomphus vulgatissimus) which is a 
Nationally Scarce species mainly restricted to a small number of larger rivers, including the Severn. 
There are a small number of UK non-river breeding records. 
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2.1.4 Sites in the PSYM database on the Montgomery Canal 

Background to PSYM 
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Environment Agency and the Ponds Conservation Trust to assess the biological quality of standing 
waters (lakes, ponds, canals, ditches, lagoons) in England and Wales. To date working PSYM 
modules have been developed for ponds (including small lakes up to 5 ha) and canals. 

PSYM for canals uses a number of invertebrate measures (knoWn as metrics), that are combined 
together to give a single value which represents the waterbody's overall qUality status . 

. ,.~ ,.;-' ... ". 
Using the method involves the following steps: 

(i) Simple environmental data are gathered for each canal site from desk data (e.g. maps) and 
field, evidence ( e.g. location, altitude, substrate etc. ).'" " 

(ii) Biological surveys of the macroinvertebrate communities are undertaken and het samples are 
proces·sed. ," , 

(iii) The biological and environmental data are entered into the PSYM computet programme which: 

(a) uses the environmental data to predict which animal families should be present in the canal 
if it is undegraded, 

(b) takes the real animal lists and calculates a number of metrics. 

Finally the programme compares the predicted animal metrics with the real survey metrics to see 
how similar they are (i.e. how near the waterbody currently is to its ideal/undegraded state).:The 
metric scores are then combined to provide a single value which summarises the overall ecological 
quality of the waterbody. 

The selection of baseline 'minimally impaired' sites in Canal PSYM was based on the premise that 1 

water quality should be good and that moderate boat use was a normal part of the canaJ 
environment. Minimally impaired canal sites were drawn from the following canals: Ashby, 
Basingstoke, Bridgewater and Taunton, Cannock Extension, Grand Union, Grantham; 
Huddersfield Narrow, Kennet and Avon, Lancaster, Leeds-Liverpool, Llangollen, Leven, . ) 
Monmouthshire and Brecon, Montgomery, Newport, Oxford, Pocklington, Ripon, Shropshire 
Union and Stourbridge. 

PSYM results from the Montgomery Canal 

Three sites on the Montgomery Canal were surveyed as part of the creation of the PSYM 
database in spring 1997. These were at Queens Head (S1340269), Wem (S1252143) and 
Buttington Cross (S1242089). . 

The lists of invertebrate species recorded in standard spring PSYM samples from these sites are given 
in Appendix 2. The three Montgomery sites supported 21, 43 and 45 species in a standard PSYM 
sample (mean 36.3 species), very similar to the mean for minimally impaired canals in the PSYM 
database (37.1 species). 
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2.2 Review and analysis of Environment Agency water quality data from 1990 onwards from 
the Montgomery Canal 

2.2.1 Introduction 

Water quality monitoring data; collected by the Environment Agency, are available fromfour 
sites on the Montgom~ry Canal from 1990 onwards (see Figure 3). These,are: 

Queens Head (SJ3390026800) 

Parsons Bridge.(SJ26450l8960) 

Buttington Cross (S'1241 0008900) 

Aberbechan (SO 1425093530) .. , .. ';, 

Data are available from these sites forthe following deterrninands: pH, alkalinity, total hardness, 
biochemical o~ygen demand, total ammonia, unionised ammonia, total oxidised nitrogen, suspended 
solids, total chloride, nitrate, nitrite, orthophosphate and dissolved oxygen. 

Differences in water quality at the four sampling stations were analysed, as part of the current 
project, using ANOY A. Results of statistical analyses are summarised briefly in the following 
sections. 

For each deterrninand critical biological levels are given: 

• Suspended sediments. The concentrations at which impacts on fish populations are 
recognized are given. Critical levels for invertebrates or plants are not available. 

• Total oxidized nitrogen. The concentrations typical of minimally impaired still waters are 
given; levels above this are likely to contribute to eutrophication, increasing algal 
populations at the expense of macrophytes. Invertebrates and fish are not generally thought 
to be affected by total oxidised nitrogen directly at the concentrations which impact plant 
communities. 

• Orthophosphate phosphorus. The concentrations typical of minimally impaired stiil waters 
are given; levels above this are likely to contribute to eutrophication, particularly promoting 
the growth of algae at the expense of macrophytes. Invertebrates and fish are not thought to 
be directly impacted by phosphorus at the concentrations causing eutrophication, except as a 
result of indirect effects due to habitat loss. 

• Ammonia. Concentrations dangerous to fish are given. Other groups of organisms are 
generally thought to be less sensitive to ammonia than fish. 

Note pH and dissolved oxygen concentrations vary over a wide range naturally in minimally 
impaired waters. For this reason specific levels damaging to biota cannot be given. 

2.2.2 pH 

Water in the Montgomery Canal is typically circurnneutral in pH and varies over about I pH unit 
in the course of the year (Appendix 3 Figures 1 a-d). There are significant differences in pH 
along the canal with Queens Head and Buttington Cross having a higher mean pH than Parsons 
Bridge and Aberbechan (Figure 1). 
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There is no evidence of any trends in pH over the last decade. 

1\ It is not possible to define an ideal 'baseline' value for pH since a full range of pHs can 
__ -.--;...., ______ potentially be observed in natural environments. 
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Figure 1. Mean pH at four sampling locations on 
the Montgomery Canal, 1990-2003. Error bars 
show 95% confidence limits. 

2.2.3 Dissolved oxygen concentrations 
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Figure 2. Mean dissolved oxygen concentration at 
four sampling locations on the Montgomery Canal, 
1990-2003. Error bars show 95% confidence limits. 

Dissolved oxygen concentrations vary significantly along the canal with a mean of 74% at 
Queens Head rising to 84% at Aberbechan (Figure 3). There were no long-term trends in 
dissolved oxygen concentrations through the survey period. 

It is not possible to specify a natural baseline dissolved oxygen concentration for canals at present. 
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Parsons Bridge (near Four Crosses) 

Buttington Cross (Welshpool) 

Aberbechan 

Figure 3. Environment Agency water chemistry sampling stations on the Montgomery Canal 
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I 2.2.4 Suspended sediment concentrations 

Suspended sediment concentrations are generally below the level regarded by the European 
f---------'---------'-~~~~UI. Jand-Eisheries_Association-as_damaging_to_fIsh_populations._Although_suspended_sediment~:""""-''--_~~-I 
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concen tra ti ons. 
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Queens Head Parsons Bunington Aberbechan 

Bridge Cross 

Figure 4. Mean-suspended sediment conc
entrations at four sampling locations on the 
Montgomery Canal, 1990-2003. Error bars show 
95% confidence limits. 

2.2.5 Nutrients and ammonia 
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Figure 5. Mean total oxidised nitrogen conc
entrations at four sampling locations on the 
Montgomery Canal, 1990-2003. Error bars . 
show 95% confidence limits. .; 

Mean total oxidised nitrogen concentrations varied significantly along the canal, being highest at 
Queens Head and lowest at Aberbechan (Figure 5). Concentrations were considerably'above 
mean concentration seen in minimally impaired in natural still waters (0.5 mg/l NOrN) 
(PCTPR, unpublished data). There was no evidence of a long-term trend in total oxidised 
ni trogen concentrations. 

Mean orthophosphate phosphorus concentrations also varied significantly between sites, again 
being highest at Queens Head (Figure 6). Concentrations were above the level seen in minimally 
impaired still waters at Queens Head, but below this level at all other sites. There was no 
evidence of long-term trends in nitrate or phosphate concentrations. 

Mean total ammonia concentrations were highest at Queen's Head but all sites had 
concentrations which were similar to those seen in the cleanest rivers (Environment Agency 
Class 1 River Ecosystems) (Figure 7). 
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Figure 6. Mean orthophosphate phosphorus 
concentrations at four sampling locations on 
theM(}ntgomery Canal, 1990-2003. Error bars 
show 95% confidence limits. 
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Figure 7. Mean total ammonia concentrations 
at four sampling locations on the Montgomery 

. Ca·Iial, 1990-2003. Error baTS show 95% 
confidence limits. 

2.2.6 Summary of results of water quality monitoring 

Environment Agency monitoring data indicate that phosphorus concentrations were significantly 
elevated in the Queen's Head section of the canal. Levels were high enough to cause impacts on ,:~ 
aquatic plant communities. Changes to plant communities initiated by raised phosphorus .. ~' 
concentrations could potentially have indirect impacts on invertebrate assemblages through loss 
or alteration of plant habitats. 

Total oxidised nitrogen concentrations were significantly elevated in all section of the canal,. 
although highest in the Queen's Head section. Levels were high enough to cause impacts on 
plant assemblages and, as with phosphorus, could cause indirect impacts on invertebrate 
assemblages as a result of loss or alteration of plant habitats. Arnmonia concentrations were also 
highest in the Queen's Head section of the canal, but levels are unlikely to be high enough to 
cause major impacts. 

pH, suspended sediment and dissolved oxygen levels were unlikely to be high enough to cause 
significant damage to either aquatic plant or invertebrate communities. 
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3. Invertebrate survey 

3.1 Methods 

3.1.1 The survey method used 

ThesUivey of macro invertebrates for the present project was undertaken using the standard 
canal PSYM methodology (see Appendix 1). 

This sampling technique used in PSYM is based on the following rationale: 

·1.Can~ls'~~~ steep-sided and relatively deep waterbodies, so the area-related hand-net sampling 
methodologies appropriate for rivers (e.g. typical RlVPACS sampling) cannot be directly 
applied to canals. In particular: (i) hand-net methods. are diffi'cult to apply to the deepest open
water areas of canals, (ii) most invertebrate species are concentrated in a narrow band at the 
canal edge, so that an area-based sampling method can considerably under-sample invertebrate 
diversity. 

2. The sampling technique used to collect canal invertebrate samples for PSYM was developed 
as a hybrid between the 'three-minute hand-net sample' currently used for sampling shallow 
rivers, and. the 'one-minute hand-net sample + dredge hauls' m.ethod recommended for sampling 
deep rivers. 

3. The method comprises: 

(i) A one-minute search for invertebrates which may be overlooked in hand net and dredge 
sampling (e.g. pond skaters, whirligig beetles) 

(ii) A two-minute semi-continuous hand-net sampling of the canal margin, shallows and any 
emergent plant habitats present. This sample typically covers a bank length of 5 m to 15 m. 

(iii) Four net hauls from deeper bottom sediments along a canal length of approximately 10m, 
elutriated on site to wash out the bulk of muds and fine sands. These should be taken atc. 3 m 
intervals along the canal sampling length. 

4. Two directly compatible field techniques can be employed to gather the four bottom sediment 
sample hauls from deeper areas, the choice depending on canal depth and accessibility: 

(i) where canals are shallow enough to wade, bottom samples can be collected using a hand
net haul (c.3m length) taken perpendicular to the bank, 

(ii) where canals are too deep to use a hand net, bottom samples are collected using a dredge 
with a hand net sub-sample filling ca. one quarter of the pond net then taken from this 
dredged material. It is recommended that the bank and bottom samples are kept separate, 
since this makes the samples easier to sort in the laboratory. 

The Canal PSYM sampling method is designed to replicate the effort associated with a three 
minute hand-net sample ensuring compatibility with other Environment Agency river sampling, 
and also sampling of pond invertebrates undertaken for the National Pond Survey. 

3.1.2 Sampling locations 
Samples were collected at 10 locations identified by British Waterways staff (Figure 8). A list of 
sites is given in Table 2, and locational information about each site shown in Appendix 4. A 
wide range of environmental data were collected including information on substrate types, bank 
structure, vegetation abundance, shade, water and sediment depths, adjacent land use and basic 
water quality (pH, conductivity, dissolved oxygen concentration). 
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Table 2. The location of macroinvertebrate sampling sites on the Montgomery Canal 

Site number Site name 

1. . Low-er Frankton 

2. Rednal 
.. 

3. Queen's Head 

4. Aston Locks 

5. Maesbury Marsh 

6. ... Vyinwy Aqueduct 

7. Parson's Bridge 

8. B.ank Lock 

9. Buttington Cross 

10. Aberbechan 

Note: Detailed sampling loC'stion skdches are held by PCTPR 

3.1.3 Date of survey 

Grid Reference 
S1370318 
S1350275 
S1341269 

S1335263 
S1305248 

SJ254197 
SJ264189 

SJ260130 
SJ241089 
S0142934 

Date of surveys 
'------~----------~ 

19th May 2()03 " 8ih "September2004" 

19th May 2QO~ . 8th September 2004 
19th May 2003 9th September 2004 

19th May 2003 9th September 2004 
19th May 2003 9th September 2004 
28 th MaY200J 14th September 2004 
28 th May 2003 14th September 2004 

28 th May 2003 14th September 2004 
28th May 2003 14th September 2004 
28th May 2003 14th September 2004 

Surveys were carried out on the 19th and 28th May in 2003 and on three dates in September in 2004. 

3.1.4 Laboratory processing of samples 

Invertebrate samples were returned to the laboratory where they were live-sorted following 
standard PSYM procedures. 

3.1.5 Assessment methods 

The characteristics of the invertebrate assemblages of the Montgomery Canal were assessed in 
terms of their basic faunal composition, the nature conservation value of the assemblages and in 
terms of overall ecological quality. 

Information on the composition of the fauna gives basic background data on the nature of canal 
invertebrate assemblages, which generally have received relatively little attention from aquatic 
ecologists. In the present study such data allow broad comparisons of the fauna in the 1980s to 
be made with the present fauna. . 

Conservation value assessments allow the value of the sites to be assessed in terms of the 
occurrence of uncommon species. Commonly, such methods are used by nature conservation 
agencies to identify sites of high wildlife importance. Assessments were made in terms of 
species richness (the total number of species) and the occurrence of uncommon species (using a 
Species Rarity Index). Both methods have been widely used by conservation scientists. 

The ecological quality of the canal was assessed to determine the extent to which the canal deviates 
from a minimally impaired baseline condition. This measurement is more concerned with the overall 
condition of the canal rather than the occurrence of uncommon species, although sites of high 
ecological quality often support uncommon species. Ecological quality was assessed using the Canal 
PSYM system which has been developed jointly by the Environment Agency and the PCT. At present 
this is the only such system available for assessing canals in terms of their invertebrate assemblages. 
PSYM assessments for canals currently requires samples collected between March and May ('spring') 
as the underlying database from which computer predictions are made is based only on spring samples. 
For this reason canal ecological quality was assessed using the 2003 dataset. 

The two assessment methods (conservation value and ecological quality) are complementary in 
that they assess different aspects of the quality of the canal. Conservation value simply gives an 
indication of how many species occur, with particular emphasis on species that may be of 
conservation concern (e.g. Red Data Book species or BAP species). Ecological quality is 
concerned more broadly with the overall condition of the canal. 
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Figure 10. The proportion of the macroinvertebrate fauna represented by different faunal 
groups in the Montgomery Canal 
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Figure 11. The relative abundance of different macroinvertebrate groups in the 
Montgomery Canal 
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3.2.2 Assessment of the conservation value of the canal 

Macroinvertebrate assemblages on the Montgomery Canal were typical in terms of their species 
richness compared to other high quality canals in the UK. The mean number of 
macro invertebrate species in a 3 minute spring PSYM sample from high quality canals was 37.1, 
compared to 32.2 (spring 2003) and 33.3 (autumn 2004) for the lO sites in the present survey 
(Figure 12). 

Macroinvertebrate species richness in the Montgomery Canal: 

Range - spring 2003. 23-41 species in a J minute sample 

14 Range - autumn 2004' 24-49 species in a 3 minute sample 

12 

10 

8 

6 

4 

2 

0 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 >70 
Number of macroinvertebrate species in a 3 minute hand-net sample 

Figure 12. macroinvertebrate species richness in minimally impaired canals: a comparison of sites in the 
present survey of the Montgomery Canal with other high quality sites in the PSYM database 

In the present survey the canal supported a small number of Nationally Scarce species, all of 
which were water beetles. These were: 

• Gyrinus aera/us: a whirligig beetle (spring 2003 only) 

• Gyrinus urinalor: a whirligig beetle (spring 2003 only) 

• Ilybius Jenestratus: a diving beetle (spring 2003 and autumn 2004) 

• No/erus crassicornis: a flightless diving beetle (spring 2003 and autumn 2004) 

• Dytiscus semisulcatus: a great diving beetle (autumn 2004 only) 

Only one of these species was recorded in the 1980s surveys (the flightless Noterus 
crassicornis). Two other Nationally Scarce species recorded in the 1980s surveys (Haliplus 
heydeni and llybius guttiger) were not recorded although this is perhaps not surprising given the 
comparatively limited amount of sampling undertaken in the present study and the long time 
interval between the two surveys. 
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There was a significant correlation between location on the canal and sample species richness 
with the number of macro invertebrate species increasing from north to south along the canal 
(2003 and 2004 data combined: n = 20, Spearman R = 0.59, p<0.01) (Figure 13). Although this 
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. between the two years. 

.. In the spring 2003 survey there was some eyjdence that macroinvertebrate species richness was 
related to canal water quality, particularly dissolve.d oxygen concentration and, at lower levels of 

.- statistical significance, boat traffic and turbidity (Table 4). There was also some evidence that 
structural factors (bank type, vegetation abundance and shade) were important. Note that 

.. detailed measurements of chemical water quality, which might be expected to show the strongest 
relationships with macroinvertebrate richness, were not available for the invertebrate survey 
sites. 

In 2004, in contrast, there was little evidence that macro invertebrate species richness was 
correlated with water quality. No significant correlations were found between macroinvertebrate 
richness and boat traffic, dissolved oxygen concentration or turbidity. However, there was a 
suggestion that structural factors were still important, although the factors involved (algal 
abundance, land use, bank structure) differed from those in 2003. 
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Figure 13. Number of macroinvertebrate species in PSYM samples collected from 10 locations on 
the Montgomery Canal. 

Speices Rarity Index (SRl) values ranged from 1.00 (no uncommon species) to 1.20 (usually 
indicative of at least one nationally scarce species). There was no evidence of significant trends 
in SRl values along the canal in either 2003 or 3004 (Figure 14). The highest SRls were 
recorded at Rednal (2003 and 2004) and at Maesbury Marsh (2004). All sites, except Lower 
Frankton, supported Nationally Scarce species in either 2003 or 2004 indicting that uncommon 
invertebrates were distributed throughout the canal. Sites in the southern half of the canal did not 
have significantly higher SRl values than those in the more boated northern half. 
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Figure 14. Species Rarity Index values for invertebrate assemblages on the Montgomery Canal 
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Table 3. Correlations between macroinvertebrate species richness and 
environmental variables in the Montgomery Canal in 2003 and 2004. 
Variables in large type face significant at p<0.05; variables in small type face are near significant (0.1 <p<0.05). 

Environmental factor 'Code n 

Dissolved oxygen concentrations .1 OODOmg/1 10 
(mg/I) 

Shading of the survey area (50 m 13ShadeWater50Sampl 10 
either side of sample area) ('Yo) . e . 

Shading of the edge of the canal 10ShadeEdge50Sample 10 
in the survey area (50 m either 
side of sampling area) (%,) 

Extentof rank vegetation in 5- 78Rank5-1000ther 
100m landuse zone (%) 

Altitude '(m) 1 Altitude 

Shading of the sampling area (%J 

Water clarity 

11 ShadeWaterSample 

5Secchi 

Earth bank on sample side (%) 

Northing 

36BankSampSideEarth 

3Northing 

Boat tramc (thousands/year) 6Boat traffic 
(thousands/year) 

Abundance of algae on sample 19VegSampleAIgae 
side (% cover) 

Water depth 96WDepth2 

Extent of woodland in O-Sm 56WoodO-50ther 
landuse zone (%) 

Flow (m/s) 7Flow (mls) 

Maximum water depth 99WDepthMax 

Gravel substrate ('%) 90SubG 

Northing 3Northing 

Metal bank on sample side (%) 34BankSampieMetai 

Extent of tracks in 0-5m landuse zone 54TracksO-5 
(%) 
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Spearmans R 

0.729487 

0.702612 

0.694089 

-0.674200 

-0.623879 

0609272 

0579279 

-0.564412 

-0563636 

-0.552679 

0.709299 

-0.697823 

-0.691786 

0.615701 

-0595044 

0577920 

-0558324 

-0551677 

-0.551677 

. Year' 

0_016647-2003 

0.023456 2003 

0.025964 2003 

0.032516 

0.053898 

0.061509 

0.079272 

0.089186 

0.089724 

0.097545 

0.021610 

0.024844 

0.026671 

0058078 

0.069570 

0.080147 

0.093464 

0.098282 

0.098282 

2003 

2003 

2003 

2003 

. lOO] 

2003 

2003 

2004 

2004 

2004 

2004 

2004 

2004 

2004 

2004 

2004 
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I 3.2.3 Factors affecting the composition of invertebrate assemblages in the Montgomery Canal 

DECORANA (De trended CORrespondence ANAlysis) ordination analysis was undertaken to 
!------c-------'---~--,invesligate-f\;lrther-the-pattems-in-inacroin-v~ft~brat~assemblage-struGtur~-and-the-en-vironmental~---'---~ 

I factors which could be influencing those patterns. DECORANA shows the degree of similarity 
between different samples in terms of the, composition of their invertebrate assemblages. These 
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patterns can then be related to environmental variables by correlation analysis. 

Data from the two years were first analysed separately (Figures 15a and b). In spring 2003 AXis 
I of the DECORANA plot, which represents the major axis of variation in the dataset, clearly 
separated the sites into two main groups: the bOated northern section of the canal (Lower 
Frankton to Maesbury Marsh) and the southern unboated or low movement sections (Vymwy 
Aqueduct to Aberbechan). Correlation analysis indicated, that the major environmental variables 
related to this pattern were boat tiaffitkvels, sec chi depth (i.e. water transparency) and 'location 
on the caval (Table 4).· 

In autumn 2004 this pattern was initially less clear, mainly because Site 1, Lower Frankton;' 
supported an assemblage which was very different to the rest of the canal, leading to a distortion 
of the analysis (Figure 15b, inset). When Site 1 was removed (Figure I5b, main figure) the 
separation of the two groups of sites, boated and lightly boated, could again be seen. However, 
in autumn 2004 only one environmental variable of those measured (width of marginal 
vegetation stands) showed any correlation with the DECORANA axis 1 scores (Table 4). 

There was evidence of marked differences in the invertebrate assemblages between the two 
years. This was shown by a DECORANA analysis in which both sets of samples were analysed 
together (Figure. 16). In this analysis all sites from 2003 are clearly separated from those of;{ 
2004, indicating that season or year had more effect on the composition of the invertebrate'", 
assemblage than location. It is also noticeable that in 2004 the invertebrate assemblages of 
individual locations were more widely separated from each other than in 2003. This indicates 
that invertebrate assemblages differed more from place to~place in the autumn 2004 samples 
than in from spring 2003. 

Overall, the results suggest that in spring 2003 the assemblages were rather similar and 
responding to a single set of dominant environmental variables related to water quality. In 
autumn 2004 assemblages were more varied and possibly responding to a wider variety of 
environmental parameters, with the influence of individual parameters varying from site to site, 
Despite this there was good evidence in both surveys of a split into a 'clean', unboated southern 
half and a 'polluted', more heavily boated northern half. 
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Figure 15. DECORANA analysis of macroinvertebrate assemblage data from the Montgomery 
Canal. 
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Figure 16. DECORANA analysis of macroinvertebrate assemblage data from the Montgomery 
Canal: combined spring 2003 and autumn 2004 analysis 

Table 4. Correlations between macroinvertebrate species richness and ... ~-

environmental variables in ·th·e Montgomery Canal in 2003 and 2004. 0;,' 

Environmental factor Code n ' Spearmans R p Year 

Spring 2003 

Boat traffic (thousands of 6Boat traffic 10 -0.855337 0,001603 
movements/year) (thousands/year) 

Aquatic vegetation cover in the 17VegSampieAquatic 10 0.845824 0.002043 
sampling area (% cover) 

Proportion of earth bank in the 36BankSampSideEarth 8 -0.845594 0.008170 
sample area (%) 

Water clarity 5Secchl IO 0.750014 0.012475 

Aquatic vegetation cover on the 29VegOppositeAquatic 10 0.738549 0.014702 
opposite bank (% cover) 

Water depth 96SDepth2 9 -0.76948 0.015326 

Substrate: % coarse detritus 89SubCoaD 8 -0.80512 0.015905 

Northing 3Northing 10 -0:721212 0.018573 

Easting 2Easting 10 -0.660606 0.037588 

Autumn 2004 

Width of marginal vegetation stand 2lVeg50Width 10 -0.755255 0.011541 2004 
50 m around the sampling site 
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I Table 5. Results of PSYM analysis of Montgomery Canal macroinvertebrate 
---------- --~-

__ ~_SSeI!lbl~ge_s __________ 
-- -- ----------

I -
A giossary of terms used in this table is given on the following page 

ASPT EPT NINV NCOL Total 0/0 

I IBI 

Lower Frankton Observed 5.00 5 20 2 
Predicted 5.05 4.88 28.29 3.60 

I EQI 0.99 1.03 0.71 0.56 
IBI 3 3 2 2 10 83% 

I Rednal Observed 4.74 4 .23 2 
, Predicted 5.04 4.94 28.29 3.58 1-, EQI 0.94 0.81 0.81 0.56 

lBI 3 3 . 3 2 11 92% ! 

-
i 

Queen's Head Observed 4.11 2 18 3 

11 Predicted 5.06 4.89 28.21 3.61 
EQl 0.81 0.41 0.64 0.83 
IBI - 3 2 3 9 75% 

I, Aston Locks Observed 4.43 2 21 2 
Predicted 5.06 4.87 28.14 3.61 

i EQI 0.87 0.41 0.75 0.55 I 
I 

IBI 3 2 ., 
8 67% I, .J 

Maesbury Marsh Observed 4.89 1 19 1 , 
f Predicted 5.04 4.95 28.18 3.57 

Ii 
EQI 0.77. 0.20 0.67 0.28' .', 

IBI 3 0 2 1 6 50% 
i Vyrnwy Aqueduct Observed 4.40 3 20 3 

I, Predicted 5.05 5.21 29.06 3.63 
EQI 0.87 0.58 0.69 0.83 
IBI 3 2 2 3 10 83% 

I 
Parson's Bridge Observed 4.35 2 23 2 

Predicted 5.04 5.14 29.05 3.62 
EQI 0.86 0.39 0.79 0.55 
IBl 3 3 2 9 75% 

I Bank Lock Observed 4.23 2 22 2 
Predicted 5.11 5.34 28.53 3.66 
EQI 0.83 0.37 0.77 0.55 

I. IBI 3 3 2 9 75% 

Buttington Cross Observed 4.48 2 21 3 
Predicted 5.07 5.19 28.73 3.63 

I EQI 0.88 0.39 0.73 0.83 
IBI 3 2 3 9 75% 

Aberbechan Observed 4.47 2 19 3 

I Predicted 5.12 5.51 28.58 3.67 
EQI 0.87 0.36 0.66 0.82 
IBI 3 2 3 9 75% 

I 
I 
I 27 
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3.2.5 Glossary of terms used in the PSYM system 

I! ASPT Average Score per Taxon (from the BMWP system). One of fourmetrics 
~~ILi ~~~~~~~~~~~~.(1?iQIQgi~al measures) used in th~~PJLlJ~:Ls}'stemJo~describejm~ertebI"at.t:-_______ 9 I.. assemblages . 

. , EPT Ephemeroptera, Plecoptera, Trichoptera. One of four metrics (biological 
i measures) used in the PSYM system to describe invertebrate assemblages 

III, NCOL NumoerofColeoptera families. One of four metrics (biolog~cal measures) used 
in the PSYM system to describe invertebrateassemb!ages ... '" . 

I 

II., 
NINV Number of macro invertebrate families. One of four metrics (biological 

. . measures) used in the PSYM system to describe invertebrate assemblages. 

J Observed Values derived from the field data collected during the survey .. 

I,! Predicted Computer predicf~d values made by the PSYM programme. 

EQI The ratio between the observed and predicted value. Essentially this is a measure 

I I." of how close to the minimally impaired baseline condition each metric is. 

! IBI Index of Biotic Integrity. The EQI value normalised onto t a four point (0,1,2,3) 
I . scale. Individual IBI values are added together to calculate the overall PSYM II ~~. 

i % The percentage of the maximum IEI score possible. For Canal PSYM the 
maximum IEI score possible is 12 (4 metrics x a maximum individual score of 

I ;,. 3). Scores between 75% and 100% indicates that the site fully reaches its 
ecological potential. 

3.2.6 Further information on PSYM results 

I: 
! 

The main PSYM datasets from canals (approximately 120 sites) are described in Environment 
Agency R&D reports on the development ofPSYM (Williams et at. 1998, Biggs et al. 2000).; 
These can be supplied by PCTPR or are available from the Environment Agency. 
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4. Conclusions and recommendations for future monitoring 

4.1 Conclusions 

The present study indicates that the macro invertebrate fauna of the Montgomery Canal is typical 
of high quality canal sites and is dominated by species of water beetles, molluscs and caddis 
flies. The fauna also includes a moderate number of uncommon species. Total"speciesrichness 
was very similar in spring 2003 and autumn 2004. 

The overall composition of the fauna appears to have changed little since the 1980s. 
DECORANA analysis indicated that the fauna of the main navigable section differs· fromthaf of 
the un-navigable, or lightly trafficed, southern section. This suggests that, as the canal has 
gradually been reopened to navigation, some changes in the invertebrate fauna will have 
occurred. 

The present study indicates that macroinvertebrate species richness generally increases 
southwards. DECORAN~ analysis showed that the sampling stations couldpe separated into 
those on the northern boated section of the canal (Lower Frankton to Maesbury) and the 
southern section where boat traffic is low or absent. This pattern was clearest in spring 2003, but 
still apparent in autumn 2004. Despite the differences in the composition and richness of the 
fauna above and below Maesbury, all of the canal sections except Lower Frankton had one or 
more Nationally Scarce species. There was little evidence from the current survey that the 
number of scarce species was affected by boat traffic levels. 

The PSYM analysis considered the available information in a different way, using invertebrate 
family data to assess the overall ecological quality of the canal for invertebrates. 

PSYM analysis indicated that most sites on the canal were of good ecological quality with only 
Aston Locks and Maesbury Marsh clearly below the level expected of high quality canals (75% 
of the maximum possible score). In contrast to the analysis of species richness PSYM did not 
strongly separate the northern and southern sections of the canae. 

Chemical monitoring of the canal by the Environment Agency also indicated that the canal can 
be separated into two main areas on water quality grounds: the poorer quality northern section 
and the higher quality southern section. 

Overall, the results indicate that: 

the Montgomery Canal supports a high quality invertebrate assemblage 

increased boat traffic will both modify the invertebrate assemblages of the canal and probably 
reduce their species richness 

there may be some underlying water quality problems stressing the invertebrate assemblages 
widely in the canal, affecting both the poorer quality northern end of the canal, and the 
cleaner south. 

21t should be noted that Canal PSYM does not currently include a plant component, which means that it 
does not reflect the botanical quality of the canal, and is not directly sensitive to eutrophication or 
turbidity effects. 
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4.2 Recommendations for future monitoring 

4.2.1 General recommendations 

The survey reported here provides a good baseline for future monitoring of the aquatic 
macroinvertebrate assemblages ofthe Montgomery Canal. We recommend that future surveys 
of the canal are repeated at five yearly intervals. As a minimum these should include a PSYM 
(i.e. family level) analysis, with the option for asp~cies level survey to assess the conservation 
value of the canal. 

. In ·addition to routine monitoring of the canal macroinvertebrate assemblages at 5-yearly 
intervals we would also recommend a period of more frequent annual monitoring of the 
invertebrate stations used for the present project during any periods of boat traffic increase. 
Water quality samples should also be collected at the same locations (preferably by the . 
Environment Agency at least quarterly and ideally monthly) to assess the: extent to which 
changes in water quality occur at the sal!letime. 

In addition to ensuring that canal invertebrate assemblages are regularly assessed we also 
recommend that further Montgomery Canal sites are incorporated into the PSYM database to 
ensure that the canalis adequately represented in the computer model. This should be done 
before further sections are opened up to increased boat traffic. 

There is a large body of data from the Montgomery Canal describing the aquatic flora. We 
recommend that a review linking plant and aquatic invertebrate ecology is undertaken to ensure 
that there is proper integration of the two aspects of the canals special aquatic interest. This 
study should provide the basis for a proper integrated monitoring programme for the future. 

4.2.2 Water quality, plants and fish 

The present study has not considered in detail the vegetation survey data collected at various 
times on the canal in the context of the water quality data. 

Given the importance of the water quality for the aquatic flora we recommend that a short study 
is undertaken to link more fully the water quality and plant survey data. 

It should also be noted that fish can have a major impact on vegetation community structure and 
abundance in freshwater ecosystems. At present, we are not aware of any data on fish 
populations in the Montgomery Canal. We recommend, therefore, that consideration be given to 
a baseline fish survey to determine whether fish populations could be having a significant impact 
on the aquatic plant assemblages. 

4.2.3 Recommendations for an invertebrate monitoring methodology for the new canal 
reserves 

There are likely to be two main objectives for assessing the quality of the invertebrate 
assemblages of the new canal reserves: 

(i) Comparison with the canal 

(ii) Assessment of the quality of the new waterbodies in a wider context. 

To allow direct comparison with the canal, the new waterbodies should be sampled using the 
Canal PSYM method (i.e. sampling ofa typical short (10-15 m) length of bank combined with 
deeper water dredging). Generally it would be beneficial to have more than one sample per site 
(2-3 would be adequate) to improve confidence in the results. However, if a large number of 
waterbodies required sampling it would be acceptable to reduce the sampling to a single 
location. 

Given that the new waterbodies are likely to be rather pond-like in character it might also be 
worth considering collecting some data to enable them to be compared directly with ponds, 
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using the Pond PSYM method and the detailed species level data in the National Pond Survey 
database. For a pond assessment, the NPSIPSYM method involves sampling the whole of the 
waterbody from representative habitats in a single 3 minute sample . 

. TffiSNPS7PSYNfpOfiO assessmennnetlloo wt)UI<rtyplcaI1y generate longer species lists than the 
Canal PSYM technique simply because the full range of habitats present in the waterbody are 
sampled~ It therefore gives a better indication of the overall contribution of the waterbody to 
biodiversity. It wo.uld also allow the new water bodies to be cOPlpared with the database of 
information available about ponds which is considerably larger than that available for canals. 

Note that the PondPSYM method could also provide an objec!iv~ as.s.{!ssment method for 
macrophyie~ege'tadon monitoring. 

31 



I, 
I 

5. References 
I ! Biggs, J., P. Williams, M. Whitfield, G. Fox and P. Nicolet (2000). Biological techniques of still 

i water qualityassessment. Phase 3. Method development. Environment Agency R&D Technical 
~~~j~~~~~~~o~ep~o~r~tEnO. EnVIronment Agency, Bnstol. 

I i Briggs, 1. (ed.) (1988).}10ntgl?!YleryCanpl ecological survey. Survey report 1985~88. 
i Montgomery Canal Ecological Survey, Llanymynech. 

II 
I 

II 
! 

II 
I 
i 

1\ 
! 

I. 
I. 
I, 

"'r, 

British Waterways (1999) Montgomery Canal ecological surveys. The reporrofthe1997 
surveys with comparisons to the 1980s surveys. British Waterways, Gloucester. 

Kerney, M. (1999). Atlas o/tfle:la~d and freshwater molluscs of Britain and Ireland. Harley 
Books, Colchester. 

Williams, P.~ J. Biggs;M. Whitfield, A. Corfield, G. Fox and K. Adare (1998). ·Biological 
techniques of still water quality assessment. Phase 2. Method development. Environment 
Agency R&D Technical Report E56. Environment Agency, Bristol. 

32 



Ii 
Ii 
1-

I, 
i 
i 

11 
i 

Ii 
j 

Ii 
i 

Ii 
f 
I 

II 
i 

I Ii 
I 

! 

I: 
I: 

I 
I: 

I 
I 
I 
I 

,. ,-, ".: 

Appendix 1. The PSYM manual 

33 



If , 
! 

Ii 
I 

.: 
i 

I, 
! 
~ 

I: 
j 
i 

I~ 
; 
i 

Ii 

I 
a 
I 
I 

! 

A guide to monitoring the ecological quality 
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MONITORING THE QUALITY OF STILL WATERS 
USINGPSYM 

1. Introduction 

PSYM, the Predictive SYstem for MuItimetrics, (pronounced sim) has been developed to provide a method for 
assessing the biological quality of still waters in Englandand Wales. 

The method uses a number' of aquatic plant and invertebrate measures (known as metrics)3, which are combined 
together to give a single value which represents the waterbody's overall quality status. ' 

Using the method involves the following steps: 
1. Simple envirorurtental data are gathered for each waterbody from map or field evidence (area, grid reference, 

geology etc.). , 
2. Biological surveys of the plant and animal communities are undertaken and net samples are processed. 
3. The biological and environmental data are entered into the PSYM computer proliamme which: ' 

(i) uses the environmental data to predict which plants and animals should be present in the waterbody if it is 
undegraded, 

(ii) takes the real plant and animal lists and calculates a number of metrics l
. 

Finally the programme compares the predicted plant and animal metrics with the real survey metrics to see how similar 
they are (i.e. how near the waterbody currently is to its ideaUundegraded state). The metric scores are then combined to 
provide a single value which summarises the overall ecological quality of the waterbody. Where appropriate, individual 

,metric scores can also be examined to help diagnose the causes of any observed degraciation (e.g. eutrophication, metal 
"contamination). ' , . ,. 

2. Background 

2.1 Why was the method developed? 

Historically, the Environment Agency and other statutory bodies have undertaken relatively little monitoring of still 
waters (lakes, ponds, canals, ditches etc.). The absence of a standardised ,assessment method was a major barrier to the;' 
assessment of these waterbodies. 
The PSYM methodology provides a standard assessment method for still waters which enables a variety of 
organisations involved in waterbody management to consider water quality in a broad national context. It provides the 
Environment Agency with a means to assess still water quality for General Quality Assessment (GQA) and other 
reporting purposes, and can be used in partnership with others such as DEFRA or English Nature. The method also 
enables public or private sector NGOs (e.g. consultants, community groups) to improve general standards of assessment 
in waterbody management plans or environmental impact assessments, and provides a means of assessing management 
techniques. 

2.2 About PSYM 

PSYM is a waterbody quality assessment methodology which essentially combines the predictive approach of 
RIVPACS 4 with multimetric-based methods used for ecological quality assessment in the United States. 

In multimetric assessments, a range of variables (metrics) each related to degradation is used to assess water quality 
giving a broad-based assessment of quality. The values from individual metrics are combined to give a single measure 
which aims to represent the overall ecological quality of the waterbody. Combining this with predictive techniques 
gives a powerful method for comparing waterbodies of any type with their undegraded counterpart. 

The PSYM methodology directly parallels the approach defined in the EU Water Framework Directive. This includes 
requirements for (i) comparisons with minimally impacted baseline conditions, and for (ii) assessments to be based on 
multiple parameters related to degradation. 

2.3 Which waterbodies can be monitored using the method? 

The PSYM approach is potentially applicable to all still waterbody types (e.g. lakes, ponds, temporary ponds, canals). 
However, to apply the method, specific data need to be collected from each waterbody type. These data are used both to 
(i) develop equations which can be used to predict the species which should occur at an undegraded site and (ii) to 
identify which biotic measures (e.g. species richness, ASPT) are the most effective at tracking degradation in that 
waterbody type. 

Jrv1etrlCs are variables such as species richness or rarity which can be used to help identify how damaged a waterbody's corrunWlity is. They have been shown to have a 
strong monotonic relationship with degradation. 

'RJVPACS, The River InVenebrate Prediction And Classification System. developed by the In.stitute of Freshwater Ecology and Environment Agency (Wright et al. 1984, 
Wright 1995). 
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So far, the method has been developed for use on two still waterbody types (i) canals (ii) ponds5 and small lakes (up to 
about 5 ha in area). An extension of the method for temporary ponds is currently being developed independently by 
PCTPR with support from the Freshwater Biological Association. Methods have not, so far, been developed for 
assessing the quality of large lakes, ditches or brackish waters. 

The baseline dataset used to develop the metrics for ponds was based on survey data from sites with broad coverage of 
England and Wales from a wide range of altitudes (O-550m), and land types (representative coverage ofITE land 
classes), so the resulting model is suitable for sites across England and Wales. 

2.4 Why a~.$~SS water quality using both plants and invertebrates? 

Ideally, PSYM should use information from both the plant and animal communities present in a waterbody. This is 
. because, together, plants and animal groups span a complementary range of sensitivities to potential degradation ' 

factors. Plants are, for example, particularly sensitive to waterbody nutrient status, whereas animals typically exhibit 
greater oxygen sensitivity. 

Matrix analysis suggests that in most waterbodies, the most effective plant group to use for assessment is likely to be 
either diatoms or macrophytes. The most effective animal groups are likely to be macro invertebrates and/or potentially 
fish in large pennanent waters. Combining a plant and animal group from these asse~blages gives a range of taxa 
which span a number of trophic levels, occupy a variety of water body habitats (e.g. can be found in the littoral zone and 
open water) and are long-lived, so that they can provide a temporally and spatially integrated measure of the current 
ecosystem state. Invertebrate, diatom and macrophyte assemblages are also relatively species-rich groups> ensuring that 
a good cross section of waterbody biodiversity is included in the quality assessment. . 

In ponds, macroinvertebrates and macrophytes have been chosen as the most practical and effective taxa for quality 
assessment. In canals, the choice was macroinvertebrates and diatoms, although the method has so far only been 
d~velQped for macroinvertebrates.Macrophytes were assessed as being less suitablefOJecanaJassessment because the 

,. -h~-gh~hlrblditY and artificial banks which characterise most navigated canals often ~eans that very few higher plant 
spe~ies are present, regardless of overall water quality. 

2.5 Do you have to use both plant and invertebrates for PSYM pond assessments? 

Although PSYM pond quality assessments should be made using both plant and invertebrate assemblages, a partial 
assessment can be made using just one assemblage if necessary. If this is the case, macro invertebrates are likely to be 
the best single choice of organisms for assessing overall waterbody quality: Macrophytes, however, have the advantage
of being very quick to survey and can be used, if necessary, as a rapid bio-assessment method. ..(.( 

2.6 How are the plant and invertebrate metrics chosen? 

Metrics are biological measures (such as taxa richness) which vary with anthropogenic degradation and can, therefore; 
be used to measure the extent of ecosystem degradation. The concept underlying multimetric assessment is that by 
using a number of different measures and summing these together, an overall assessment of environmental degradation 
can be made. For canals, at present, only an invertebrate option is available. 

Metrics are chosen by correlating known degradation gradients (nutrient levels, heavy metal levels, presence of road 
runoff etc.) with a wide list of possible test metrics e.g. family richness, number of exotic species, EPT (number of 
Ephemeroptera, Plecoptera and Trichoptera families). The 'test' list is narrowed-down to a list of viable metrics by 
looking at the significance of relationships between each potential metric and anthropogenic degradation gradients. For 
invertebrates, metrics are chosen at the highest taxonomic level i.e. family or order level rather than species-level to 
reduce effort (although species level information can be derived from the samples if needed for conservation work). In 
practice, there were generally at least equally strong correlations between family-level macro invertebrate metrics and 
degradation as there were between species-level metrics and degradation. This enables family-level macroinvertebrate 
data to be used for quality assessments in both ponds and canals. Plant metrics are generally based on species level 
information. 

5Waterbodies between Iml and 2 ha in area which usually retain water throughout the year (Collinson et al,. 1994). 
Includes both man-made and natural waterbodies. 
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Analyses have shown that the most effective metrics for assessing environmental degradation in ponds and canals are: 

Ponds 

Invertebrates 
• Average score per taxon (ASPT) 
• Nwnber of dragonfly (Odonata) and alderfly (Megaloptera) families (F _OM) 

F-~~-----,-. ~NwnDer of15eetle{Coleoptera) faiiiiliesW::COr:),---------------------------4 
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Plants: 
• Nwnber of submerged and emergent plant species (SM _NTX) 
• Trophic ranking score for aquatic and emergent plants (TRS~ALL) 
• Number of uncommon plant species «PL_NUS) 

Canals 

Invertebrates 
0' Average score per taxon (ASPT)- -- .' 

- Nwnber of Ephemeroptera, Plecoptera and Trichoptera families (F _ EPT) 
- Number of beetle fariiiIies (F _COL) 
-Number of invertebrate families (lNV _NFA) 

Note that in canals methods for assessing the chosen plant group (diatoms) have not yet been developed. 

In order to calculate predictions for these metrics the PSYM model predicts which taxa will be found at a site. 
example of a predicted and observed taxa list is given in the following table. 

Predicted and observed taxa lists for pond plants and macroinvertebrates for Asham Meads field 
pond, Oxfordshire. 

.. 
Species Predicted Observed Species Predicted Observed .. ~~: 

(probability of (probability of 
occurrence) occurrence) 

Wetland plants Macroinvertebrates 

Agrostis stolorrifera 0.76 ./ Lymnaeidae 1.00 ./ 
Juncus effusus 0.75 ./ Planorbidae 1.00 ./ 
Epilobiwn hirsutum 0.66 ./ G lossiphorriidae 1.00 ./ 
Solanum dulcamara 0.64 ./ Coenagrionidae 1.00 
Juncus articulatus 0.61 ./ Corixidae 1.00 ./ 
Alisma plamago- 0.58 ./ Haliplidae 1.00 ./ 
aquatica 
Glyceria t1uitans 0.54 ./ Dytiscidae 1.00 ./ 
Typha latifolia 0.52 H ydrophilidae 1.00 ./ 
Lycopus europaeus 0.52 Notonectidae 0.80 ./ 
Mentha aquatica 0.50 ./ Baetidae 0.78 ./ 
luncusint1exus 0.48 ./ Asellidae 0.76 ./ 
Galium palustre 0.43 ;" Libellulidae 0.75 
Sparganium erectum 0.42 Gerridae 0.64 ./ 
Eloeocharis palustris 0.39 ./ Leptoceridae 0.61 
Deschampsia 0.38 ./ Sialidae 0.61 
caespitosa 
Myosotis scorpio ides 0.30 ./ Hydraerridae 0.58 ./ 

Limnephilidae 0.56 ./ 
Aquatic plants Aeshrridae 0.53 
Lemna minor 0.67 ./ Crangonyctidae 0.49 ./ 
Callitriche spp. 0.52 ./ Caerridae 0.45 ./ 
Chara spp. 0.44 Planariidae 0.42 
Potamogeton natans 0.32 ./ Erpobdellidae 0.39 

Hl'drobiidae 0.32 

. ~. 

An 

I:' 



• 

I 

I ', . , 

! 

I 

I 

1 

I: 
I 

I 
I 
1 
1 

3. 
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Assessing pond quality using Pond PSYM 

Introduction 

Pond PSYM has currently been developed for use in the Summer season (June, July, August), and is based on 
assessments of both macroinvertebrate and macrophyte assemblages. 

Pond PSYM can be used on ponds and small lakes up to about 5 ha in area in England and Wales. The method can, in 
theory be used to assess the quality of seasonal ponds, but in practice it 'over-predicts' for ponds which are highly 
seasonal (i.e. which dry hard every year), and is best restricted to ponds which'are either permanent, or semi-seasonal 
(i.e. which dry occasionally in very hot years). An extension of the method is currently being developed for use with 
fully temporary ponds. 

3.3 Field data collection 

The environmental. data which need' to be collected from eachpc)Jid to lise Pond PSYM' include: 

(i) locational and other data used for data processing. This includes: site name and code, county and nearest to\VTI, six 
or eight figure grid reference as necessary to identify the site, survey date, surveyor, site description. 

(ii) predictive \·;ariables used in the pond PSYM programme to predict the undegraded biota for the pond. This includes: 
map-based locational information (six figure grid reference, altitude), together with site data describing shade, the 
presence of an inflow, cover of emergent plants; pond base geology and pH. 

Collecting predictive variable data 

The methods used to collect the main predictive variable data are briefly outlined below. 

Grid reference: six figure reference, taken from 1 :50,000 or I :25,000 OS maps, input into the model as Easting and 
Northing (100 km cel! reference followed by 3 figures). :1 

Altitude: in metres above sea level, taken from I :50,000 or i:25,000 OS maps. 

pH: measured either (i) in the field in a bucket of water taken froma representative area of the porid, or (ii) using a 
water sample collected in the field and analysed later in the laboratory. For laboratory analysed samples, use acid: 
washed bottles stored in a cool place after collection (e.g. c'old box) and analyse within one day of collection. 

Pond area: this is the area lying within the outer edge of the pond (see 3.4 below). The pond dimensions can be 
measured using a tape, or by careful pacing. A small sketch can help to make this estimate. For large ponds it t'an be 
easier to use an OS map outline, with the dimensions checked in the field. Note that for the predictions, area data are 
used as log values so, particularly for large ponds, estimates do not need to be highly accurate. 

Pond overhung: the percentage of the pond area which is directly overhung (e.g. by trees, scrub etc.). 

% ofpond edge grazed by livestock: the percentage of the perimeter of the pond to which livestock have active access. 
Note that if cattle, sheep, horses etc. are not grazing at the time of the survey, their presence can be detected by other 
features such as poaching of the ground. 

Pond base: the rock type underlying the pond (beneath the sediment). This can often be assessed directly in the field, or 
be detemlined using a geology map. In the field, push the handle of the pond net through the sediment into the base. 
Exact measurement is not necessary, only broad categorization into one of three percentage categories: 1= 0%-32%, 
2=33%-66%,3=67%-100%. 

Inflow: whether or not the pond has a surface inflow. This can be a direct or indirect inflow from a river, stream, ditch, 
spring or seepage. The inflow can be dry at the time of the survey. 

Emergem plant cover: the percentage of the pond covered by emergent plant species. The term 'emergent plant 
species' includes all species listed as emergents on the wetland plant recording sheet. It includes these species 
regardless of their habit at the time of the survey (e.g. some emergent species may be growing predominantly under 
water at the time of the survey). It does not include any other species e.g. terrestrial species or plants specifically 
defined as 'submerged' or 'floating-leaved' plant species on the wetland plant recording sheet. 

Estimates of the percentage cover of emergent plants should be made for the whole area within the outer edge of the 
pond, not the current water area. The cover of spars ely growing stands of plants (e.g. occasional bulrush plants with 
much open water between), should be estimated as if they were growing closely together. The easiest way of doing this 
is to imagine all emergent plants pushed together on one side of the pond, with an estimate then made of what 
proportion of the pond this covers. 

At present it is recommended that for those variables for which field estimates are made (pH, area, overhanging trees, 
grazing, base type and emergent plant cover) the objective of measurement should be to obtain estimates that are within 
5-10% of the long term mean. It is expected that further work will be undertaken to refine understanding of the effects 
of variation in measurements in the future. 
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3.4 Defining the outer edge of the pond 

Identifying the 'outer edge' of the pond is important for many of the physico-chemical survey assessments and for 
undertaking the plant survey. In all cases, the definition of pond 'outer edge' is 'the upper level at which water stands in 
winter'. 

In practice, the outer edge is usually readily discernible from one or more site characteristics. The best of these is 
~~~~~_usuaIl¥~the~distribution..andLounOIphology_oLwetJand~plants.£or~example,jLmay~be~marked~by~~fringe,.ot:.soft rusJl.....--__ ~ 
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(Juncus effusus) or by thick bundles of fme roots growing out of the trunks of willows etc. Alternatively, the line can 
often be seen as a 'water mark' on surrounding trees or walls and is sometimes evident as a break of slope. The outer 
boundary of the pond will usually, of course, be dry at the time of the survey. . 

3.5 Plant survey methodology 

The aim of plant recording is to make a complete list of wetland plants present within the outer edge of the pond. The 
field recording sheet gives a defmitive list of the plant species regarded as 'wetland'. Terrestrial plants and wetland 
plants growing outside the outer edge of the pond are not recorded. The wetland plant recording sheet includes 
submerged macrophytes;jloa!i!lg-l.em~ed·species and emergent macrophytes, and these groups:aie used'separately in 
analysis. . 

Pond macrophytes are surveyed by walking or wading' the entire perimeter of the dry and shallow water areas of the 
waterbody. Deeper water areas are sampled either using a pond net or by grapnel thrown from shallow water or from a 
boat. 

Most wetland plants are readily identifiable using a hand lens. However, with a few species (especially fme-leaved 
Potamogeton and Callitriche spp.) it may be necessary to remove a small amount of plant material for later microscopic 
examination and confirmation. . ..' 

Record macrophyte species found oli the attached wetland plant recording sheet. 

3.6 Invertebrate survey methodology 

The pond invertebrate survey methods used for PSYM are based on standard three minute hand-net sampling nlethods 
•. d(':veloped for the National Pond Survey (Pond.Action, ,1998)'~':i 

TheNPS invertebrate survey techniques were deve'loped 'P6stcRlVP ACS' in "1989-90, and were designed to be c1~sely 
compatible with the original RIVPACS sampling methods, whilst allowing for differences between river and pond 
habitat types. The ma~n differences between pond and river sampling methods are that: .. 

RlVPACS allocates sampling time on an area basis (i.e. more time is spent sampling extensive habitats), In.pond 
PSYM, time is allocated according to mesohabitat types (i.e. if six main habitat types are identified time is divided 
equally amongst these). This change was made to allow for the fact that many ponds have extensive biologically 
uniform areas of open water and silt, and narrow but highly diverse marginal zones. . 

In Pond PSYM the 3 minute survey subsamples are taken around the entire pond site whereas in RIVPACS samples 
are collected from an area that can be covered comfortably in three minutes: typically a river length of 5-20 m. 

3.7 Selecting mesohabitats for invertebrate surveys 

All the main mesohabitats in the pond are sampled so that as many invertebrate species are collected from the site as 
possible. Examples of typical mesohabitats are: stands of Carex (sedge); gravel- or muddy-bottomed shallows; areas 
overhung by willows, including water-bound tree-roots; stands of Elodea, or other submerged aquatics; flooded 
marginal grasses; and inflow areas. As a rough guide, the average pond might contain 3-8 mesohabitats, depending on 
its size and complexity. It is important that vegetation structure, as well as plant species composition, is considered 
when selecting mesohabitats: it is better to identify habitats consisting of e.g. soft floating leaves, stiff emergent stems, 
etc. than to make each different plant species a separate habitat. Mesohabitats are identified during the initial walk 
around the pond examining vegetation stands and other relevant features (this can be combined with the initial plant 
survey stage). 
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Invertebrate sampling method 

(i) The three-minute sampling time is divided equally between the number of meso habitats recorded: e.g. for six 
mesohabitats, each will be sampled for 30 seconds. Where a mesohabitat is extensive or covers several widely
separated areas of the pond, the sampling time allotted to that mesohabitat is further divided in order to represent it 
adequately (e.g. into 6 x 5 second sub-samples). 

~~~,~. ~~~fiij--Ea~h-mesohabitat~is~netted~vigorously~to-coHect~macroinvertebrates~Stonror-sandrsubstrates~are~lightly-'k:ick~~~~~-i 

sampled' to disturb and capture macroinvertebrate inhabitants. N.B. deep accumulations of soft sediment are 
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avoided, since these areas typically support few species and collecting large amounts of mud makes later sorting 
extremely difficult. Similarly, large accumulations of plant material, root masses, and the like should not be taken 
a",ay in the sample: the idea is to dislodge and capture the·animals without collecting an unmanageable sample. 

The sample is placed in the labelled bucket for later sorting in the laboratory. Note: the three-minute sampling 
time refers solely to 'net-in-the-water' time, and does not include time moving between adjacent netting areas 

. ari::mnd the pond. 

(iii) Amphibians or fish caught whilst sampling are noted on the rec~~din~ sheet and. returned to the pond . 
.. ':'.'-, .... ' 
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Additional invertebrate sampling 

A further I minute (total time, not net-in-the-water time) is spent searching for animals which may otherwise be missed 
in the 3-minute sample. Areas which might be searched include the water surface (for whirligig beetles, pond skaters 
etc.) and under stones and logs (for limpets, snails, leeches, flatwOlTIls etc.). Additional species found are added to the 
main 3-minute sample. 

3 .. 8 Processing invertebrate samples 

Invertebrate sorting and identification methods follow the standard laboratory techniques. Invertebrate samples are 
identified to family level for most groups and class level for oligochaetes. 

Record fmdings in the columns on-the field sheet as follows. If present and so included in ASPT calculation, retord in 
the "ASPT" column, if a .dragonfly or alderfly family also record in the "OM" column, or if a: Coleoptera family in the, 
"Cole." column .. 

3.9 Data processing and analysis 

Biotic data are used by pond PSYMto calculate three plant metrics and three invertebrate metrics: 

Plants 

• Number of submerged.and emergent plant species (PL_NTX) 

• Trophic ranking score for aquatic and emergent plants (TRS _ALL) 

• Number of uncommon plant species (PL_NUS) 

Invertebrates: 

• Average score per taxon (ASPT) 

• Number of dragonfly (Odonata) and alderfly (Megaloptera6
) families (F _OM) 

• Number of beetle (Coleoptera) families (F _COL). 

Calculating the pond metrics from taxon lists 

1. Number of submerged and emergent plant species 

This is simply the sum of the number of submerged plant taxa plus number of emergent plant taxa observed at the site. 
The terms 'submerged' and 'emergent' taxa refer only to the species listed in these groups on the field sheet - not to 
plants of any species which happen to be submerged below water or growing round the edge of the pond at the time of 
the survey. 

The calcuhition does not include the number of floating-leaved species present. This is because the pond data suggest 
that the number of floating-leaved plants occurring at a site does not decline significantly with increasing degradation. 
The metric is therefore improved by omitting this plant group. 

6 Note that there is only one family of Megaloptera in the UK (the Sialidae) and that the metric F _ OM is concerned with 
the combined total of ado nata and Megaloptera, not the occurrence of the family Mepalontera alnnp 



2. Trophic Ranking Score (TRS) 

TRS is a measure of the average trophic rank for the pond. This is calculated by assigning each plant species with a 
trophic score based on its affinity to waters of a particular nutrient status. The trophic scores used in the present study 
were based on work undertaken on lakes by Palmer (1989). Plant scores in this system vary between 2.5 (dystrophic i.e. 
very nutrient poor conditions) and 10 (eutrophic, i.e. nutrient rich conditions). 

I--_~~~~~U::.n:.!fi~o:'.!rtu~n::.:a::.:t~el)', not all {llants have trophic scores. This situation has arisen because the current TRS values for standing~~ __ ~ 
waters (Palmer et af, 1992) are baseclonly on analysisof lab! elata, and many plant species which are common In ponds 
occurred at too Iowa frequency in lakes to give them a score. Nigel Holmes's Mean Trophic Ranking method, which 
was developed for assessing the nutrient status of running water communities, cannot be used in the current analysis 
because trophic values for some plant species can vary between still and running waters (N.Jlolmes pers. comm.). 

The TRS value for a site is calculated as follows: 

(i) The trophic scores from eachplant species present at the site are summed together. 

(ii) The summed score is divided by the total number of plant species which have a trophic ranking score (NOTE not 
the total number of plants at the site) to give the TRS . 

. . ~,., : .... 

3. Uncommon species index 

Uncommon species are those which have a rarity score of 2 or more. The number of these species is simply suinmed to 
give the number of uncommon species. 

Uncommon species refers to species which can be described as 'local', 'nationally scarce' or 'Red Data Book'. 
Descriptions of these categories are given below. . 

Rarity score Definition 

Common 

Local 

Nationally Scarce 

At risk 

,vulnerable 

Endangered 

2 

4 

8 

16 

32 

Recorded from >700 10xl0 Ian grid squares in Britain 

Recorded from between 101 and 700 grid squares in Britain 

Nationally Scarce. Recorded from 15-100 grid squares in Britain 

Red Data Book: Category "At risk" 

Red Data Book: Category "Vulnerable" 

Red Data Book: Categories" Endangered" or "Highly Endangered" 

The rarity score for each species is given on the plant recording sheet so the number of species with a rarity score of 2 
or more can be easily calculated. 

4. Average Score Per Ta.:wn (4.SPT) 

ASPT is calculated, as in RIVPACS, by summing the BMWP8 scores for all taxa present at the site and dividing by the 
total number of BMWP taxa present. 

5. Number of dragolljly alld alderjly families 

This metric is the sum of the number of ado nata and Megaloptera families which occur at the site. 

6. Number of beetle families 

This metric is the sum of the number of Coleoptera families present at the site. The metric has a relationship with bank 
quality as well as water quality. 

7The rarity status values for Scarce and RDB species are based on existing definitions derived from the Red Data Books 
and other authorities. The defmition of 'local' has been used to define species which are not uniformly common and 
widespread in Britain: with plants this refers specifically to species recorded from between 101 and 700 lOx 10 km 
squares (approximately 25% of all 10 Ian in England, Wales and Scotland). 

8 BMWP (Biological Monitoring Working Party) scores assigned to taxa defmed by Maitland (1977), so each is 
allocated a value from I to 10 depending on its known tolerance to organic pollution, a higher score indicates lower 
tolerance. 
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4. Assessing canal quality using Canal PSYM 

4.1 Introduction 

Canal PSYM has currently been developed for use in the Spring season (March, April, May), and is based on a 
macro invertebrate assessment onll. Two canal PSYM models have been developed in response to the potential 

roblem of obtaining bottom samRles. The basic model uses combined edge and bottom samRles, but where this is not 
possible, a second model can be used for which only edge samples are taken. . 

4.2 Sites which can be included 
I"~ 

Caiial PSYM can be used to assess the quality of any section of canal, including both reinforced and natural bank 
sections. The term canal, does not however include major navigations (i.e. canalised rivers), such as the Lee Navigation 
and.~tort Navigation, since these were excluded from the canal survey as many sections are essentially riverine in 
character. 

4.3· . Field sheet data collection ,: , 

Field data collected from each canal site include: 

(i) loeational and other data used simply to identify the site and enable the site to be re-found for monitoring 
purposes. These data include information on: site name and collection code, canal name, nearest town, six or eight 
figure grid reference (depending on the degree of accuracy needed to locate the site precisely), survey date, 
surveyor, description of site. 

(ii) predictive variables used in thePSYM programme to predict the minimally impaired biota for the canaL This 
includes map- or desk-based information (grid referente, altitude, number of boats) and field-based measurements 
(alkalinity, canal substrate). 

Field variables 

The environmental data which need to be collected from each site to use Canal PSYM depend on whether (i) only edge 
samples are taken or (ii) combined edge and bottom samples are used. For (i) Northing, altitude, turbidity, substrate and 
boat traffic are required: For (ii) Easting, Northing, altitude, alkalinity, substrate <lnd boat traffic are needed. Details . 
are as follows. 

Easting: 100 krn cell r~ference followed by 4 figures, from I :25,000 OS maps. 

Northing: 100 krn cell reference followed by 4 figures, from I :25,000 OS maps. 

Altitude: in metres above sea level, taken from 1:50,000 or 1:25,000 OS maps. 

Turbidity: Secchi depth in cm. 

Total Alkalinity: measured as meq r I. Analysed in the laboratory from a water sample collected in the field. 

Canal substrate: a field estimate of the percentage of the canal sediment composition that is sand. Sediment 
composition often varies across the canal, with the edge area usually coarser than the bottom substrate in deeper water. 
Where this is the case, two substrate measurements should be made, one in shallow water and one in deep water and the 
average calculated. 

Number of boats: measured in thousands of boat movements per annum. These data can be provided by British 
Waterways (or other canal authority as appropriate). 

4.4 Invertebrate sampling 

Canals are steep-sided and relatively deep waterbodies, so the area-related hand-net sampling methodologies 
appropriate for rivers (e.g. typical RlVPACS sampling) cannot be directly applied to canals. In particular: (i) hand-net 
methods are difficult to apply to the deepest open-water areas of canals, (ii) most invertebrate species are concentrated 
in a narrow band at the canal edge, so that an area-based sampling method can considerably under-sample invertebrate 
diversity. 

9Ideally PSYM should also include a plant-based assessment, however this has not yet been developed. In canals, 
diatoms have been identified as the most suitable plant assemblage for assessing quality, since macrophytes often occur 
in very low abundance where water is at all turbid and banks are reinforced. 

, -..... '.~ 
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The sampling technique used to collect invertebrate samples for this was developed as a hybrid between the 'three
minute hand-net sample' currently used for sampling shallow rivers, and the 'one-minute hand-net sample + dredge 
hauls' method recommended for sampling deep rivers. The method will also be used by CEH in future canal surveys. 

The method comprises: 

I. A one-minute search. 

2. A two-minute semi-continuous hand-net sampling of the canal margin, shallows and any emergent plant habitats 
present. This sample typically covers a bank length of 5m to 15m. 

3. Four net hauls from deeper bottom sediments along a canal length of approximately 10 m, elutriated on site to 
wash out the bulk of muds and fine sands. These should be taken at c. 3m intervals along the canal sampling 
length. 

Two directly compatible field techniques can be employed to gather the four bottom sediment sample hauls from deeper 
areas, the choice depending on canal depth and accessibility: . 

(i) where canals are sha1l9w epough to wade, bottom samples can be collected usinga;haIld~net haul (c.3m length) taken 
perpendicular to the bank, (ii) where canals are too deep to use a hand net, bottom samples are collected using a 
Naturalist's dredge with a hand net sub-sample filling ca. one quarter of the pond net then taken from this dredged 
material. It is recommended that the bank and bottom samples are kept separate; since this makes the samples easier to 
sort in the laboratory. 

4.5 Processing samples 

Invertebrate sorting and jdentification methods follow the standard laboratory techniques used for processing 
invertebrate samples. Invertebrate samples are identi fied to family level for most groups and class level for oligochaetes. 

Record fmdings in the columns on the field sheet as follows. If present and so included in ASPT calculation, record in 
the "ASPT" column, if a dragonfly or alder fly family also record in the "OM" column, or if a Coleoptera family in the 
"Cole." column. 

4.6 Data processing and analysis 

Invertebrate family data are used by PSYM to calculate four metrics: 

o Average score per taxon (ASPT) 

• Number of Ephemeroptera, Plecoptera and Trichoptera families (F _ EPT) 

• Number of beetle (Coleoptera) families (F _COL) 

• Number of invertebrate families (INV _NFA) 

4.7 Data interpretation and diagnosis 

In analyses it was shown that ASPT and EPT scores both correlated strongly with a wide variety of water quality 
parameters, including heavy metals, suspended solids and chemical water quality (i.e. the overall chemical quality class 
based on suspended solids, BOD and ammonia concentrations). These metrics, however, showed few relationships with 
bank degradation variables. 

In contrast, invertebrate family richness, and particularly beetle, bug and snail richness, showed strong relationships 
with bank structure and boat traffic, but very few relationships with water quality attributes. 

These differences in degradation sensitivity make it possible to assess both water quality and bank effects separately. 
Thus where the main aim of canal assessments is to investigate water quality, then metrics based on ASPT and EPT 
taxa will be most effective. If boat traffic and hard bank structure effects are of concern, then parameters based on taxon 
richness or bug and beetle species or family richness can be combined into the final integrity index, i.e.: 

A. Canal water quality assessment = ASPT + EPT. 

B. Canal bank quality assessment = No. Coleoptera families + No. invertebrate families. 

Total canal ecological quality = A + B. 
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Calculating the canal metricsfrom taxon lists 

1. Average score per taxon (ASPT) 

ASPT is calculated by summing the BMWP scores for all taxa present at the site and dividing by the total number of 
BMWP taxa present. 

~~~~~~...;2::;:.~M..;,..;;;.u~m;..:;b~e:.;,.r~offihemeroptera, Plecoptera and Trichopter,! families (E_¥PT)~~~~~~~~~~~~~~~~~~~ 

I The sum of the number of Ephemeroptera, Plecoptera and Trichoptera families recorded in the sample. 

3. Number of Coleoptera families (F_ COL) 
This metric is simply the sum of the number of Coleopteril families present at the site. 

,',_J,," 

I 4. Number of in vertebrate fam ilies (INV_NFA) 

The number of all invertebrate taxa recorded on the survey form. 
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Pond PSYM Fieldsheet 
Site and sample details 

Site name 

Location 

Code No, Gri d re f. -':(L,-----,L-) ----=:~~=--___,__,_----cc-
Recording format: (SU)345 678 or (41)345678 

-Site access details--
----~~------~--------------------------~--------------------------

Survey date Surveyor 
--------------~------ -----------------------~~~----~-----------------

Notes 

Environmental data .' Sketch of pond 

Altitude (m)lL-_---'I pHI L-_---' 

Shade: %pond'overhtingl' 1 % emergent plant cove~LI __ ---, 

Inflow (absent = 0, present = 1)1 I' Pond area (m2)Li _~ 

% ofpond;m~rgin grazed I J 

l 
L-_________________~ 

Pond base: categorise into one of three groups: 1 =0%-32%, 

Clay/silt S~md, gravel,G91:>bles 

2=33%-66%, 3=67%-100% 

Bed rock 

Peat Other 

MACROINYERTEBRA TE LIST 

Group J lax a (BMWP:IO) ASPT OM Cole. 

Siphlonuridae 
Heplageniidae 
Leptophlebiidae 
Ephemerellidae 
POlamanthidae 
Ephemeridae 
Taeniopterygidae 
LeuclTidac 
Capniidae 
Perlodidae 
Perlidae 
Chloroperlidae 
Aphelocheiridae 
Phryganeidae 
Molannidac 
Beraeidae 
Odontoceridae 
LeplOceridae 
Goeridae 
Lepidostomatidae 
BrachyccnlTidae 
Sencoslomatidae 

No. of lax a 

Group 2 taxa (BMWP:8) 
ASlacidae 
Lcstidae 
Calopterygidae (Agriidae) 
Gomphidae 
Cordulcgasteridae 
Aeslmidae 
Corduliidae 
Libellulidae 
Philopolamidae 
Psychomyiidae 

No. of laxa 

Group 3 laxa (BMWP:7) 

Caenidae 
Nemouridae 
Rhyacophilidae (Glossomatidae) 
Polycemropodidae 
Linmephilidae 

No. of taxa 

Group 4 taxa (BMWP:6) 

Nerilidae 
Vi\iparidae 
Ancylidae (Acroloxidae) 
Hydroptilidae 
Unionidae 
Corophiidae 
Gammaridae (Crangonyctidae) 
Platycnemididae 
Coenagriidae 

No. of taxa 

Group 5 taxa (BMWP:5) 
Planariidae (Dugesiidae) 
Dendrocoelidae 
Mesovelidae 

HydromelTidac 
Gerridae 
Nepidae 
Naucoridae 

Notonectidae 
Pleidae 
Corixidae 
Haliplidae 
Hygrobiidae 
Dytiscidae (Noteridae) 
Gyrinidae 

Hydrophilidae (Hydraenidae) 
Dryopidae 
Elmidae 
Hydropsychidae 
Tipulidae 
Simuliidae 

No. of laxa 

ASPT OM Cole. 

w •• 

Group 6 laxa (BMWP:4) 
Baetidae 
Sialidae 
Piscicolidae 

OM Cole. ,------
No.orlaxa ~ 

Group 7 laxa (BMWP:3) 
Valvatidae 
Hydrobiidae (Bithyniidae) 
Lymnaeidae 
Physidae 
Planorbidae 
Sphaeriidae 
Glossiphoniidae 
Hirudinidae 
Erpobdellidae 
Asellidae 

No. oflaxa 

Group 8 taxa (BMWP:2) 
Chironomidae 

No.ofla .. 

Group 9 taxa (BMWP: I) 

Oligochaela 

No. of taxa 

TOTAL NO, OF TAXA 

TOTAL BMWP SCORE 

ASPT 

NO. OF OM TAXA 

NO. COLEOPT, TAXA 

L -
~ 

1fI1~ 

~ 

~ 

IlI11Da 
I ~ 

L ~ 
DHm ID!iIII 

~ 
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Plant recording sheet (score through each species present) RS = Rarity Score, TRS = Trophic Ranking Score 
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Canal PSYM Fieldsheet 
Site and sample details 

Site name 

Easting 

Canal 

Survey date 

Environmental data 

('l(b) Altitude (m): 

(a)(b) o)~ 'sand in substrate: 

(al(b) Boat traffic: 
(1000's of moyements per year) 

Macroinvertebrate list 
Group I laxa (BMWP: 10) ASPT EPT Cole. 

Siphlonuridae 

Heptageniidae 

Leplophlebiidae 

Ephemerellidae 

Potamallthidae 

Ephemeridae 

Taenioplerygidae 

Leuetridae 

Capniidae 

Perlodidae 

Perlidae 

Chloroperlidae 

Aphelocheiridae 

Phryganeidae 
j\.1olannidae . 

Beraeidae 

Odonloeeridae 

LeplOceridae 

Goeridae 

Lepidoslomalidae 

Brachyeentridae 

Scncoslomaridae 

No_ of taxa 

Group 2 taxa (BMWP:8) 

Astaeidae 

Leslidae 

Caloplerygidae (Agriidae) 

Gomphidae 

'Cordulegasleridae 

Aeshnidae 

Corduliidae 

Libellulidae 

Philopotamidae 

Psychomyiidae 

No of ta". 

Code' no .. _' __ '----'---- Grid ref .. ~( -::----~----:---;;==_:=_______,_=_c_~~ 
Recording lonn.,: (SU)J4S0 6780 or (41)34506780 

Northing 

Location 

Surveyors Which bank sampled 

(.) Turbidity (Secchi depth in cm): 

(b) Alkalinity (meq rl): I 

Group 3 laxa (BMWP:7) 

Caenidae 

Nemouridae 

Rhyacophilidae (Glossomalidae) 
Polyeentropodidae 

Limnephilidae 

No. of taxa 

Group 4 lax a (BMWP6) 

Nerilidae 

Viviparidae 

Ancylidae (Acroloxidae) 

Hydroplilidae 

Unionidae 

Corophiidae 

Gamm.ridae (Crangonyclidae) 

Platycnemididae 

C oenagri idae 

No. of taxa 

Group 5 taxa (BM WP:5) 

Planariidae (Dugesiidae) 

Dendrocoelidae 

Mesovelidae 

Hydrometridae 

Gerridae 

Nepidae 

Naucoridae 

NOlonectidae 

Pleidae 

Corixidae 

Haliplidae 

Hygrobiidae 

Dytiscidae (Noleridae) 

Hydrophilidae 

Gyrinidae 

Dryopidae 

Elmidae 

Hydropsychidae 

Tipulidae 

Simuliidae 

No. of Llxa 

(a) required if edge samples only taken 
(b) required for combined edge and boltom samples 

Group 6 taxa (BMWP4) ASPT EPT Cole. 

Baetidae 

Sialidae 

Pise ieo lidae 

No. of taxa i=r=Jil,III. 
Group 7 taxa (BMWP:3) 

Valvatidae 

Hydrobiidae (Bithyniidae) 

Lyrrmaeidae 

Physidae 

Planorbidae 

Sphaeriidae 

Glossiphoniidae 

Hirudinidae 

Erpobdellidae 

Asellidae 

No. of taxa 

Group 8 laxa (BMWP:1) 

Chironomidae 

No. of taxa 

Group 9 taxa (BMWPI) 

'f_ 
OligochaeLl L 
No. of taxa 

TOTAL BMWI' SCORE LL ___ LI#IiJIiIIjI ___ 1IlI 

ASPT 

NO. OF EPT TAXA 

NO. OF COLEOPT. 

c.".· 

- II1II 
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Appendix 2. Invertebrate species recorded at sites on the 
Montgomery Canal in the 1997 PSYM database creation project 

Taxon 

Polycelis nigra 
Polycelis tenuis 
Dugesia lugubris 
Dendrocoelum lacteum 
Viviparus viviparus 
Valvata piscinalis 

Potamopyrgus antipodarum 
Bithynia leachi 

Bithynia tentaculata 
Physa acuta 

Physa fontinalis 
Lymnaea auricularia 
Lymnaea p~lustr.is 
Lymnaea peregra 

Lymnaea stagnalis 
Planorbis carinatus 
Planorbis planorbis 
Anisus vortex 
Gyraulus albus 
Armiger crista 
Hippeutis complanatus 
Planorbarius comeus 
Anodonta cygnea 
Sphaerium corneum 
Sphaerium lacustre' 
Piscicola geometra 
Theromyzon tessulatum 
Hemiclepsis marginata 

Glossiphonia complanata 
Glossiphonia heteroclita 
Helobdella stagnalis 
Haemopis sanguisuga 
Erpobdella octoculata 
Erpobdella testacea 
Argyroneta aquatica 
Asellus aquaticus 
Asellus meridian us 

Crangonyx pseudogracilis 

Cloeon dipterum 
Caenis horaria 

Caenis robusta 
Platycnemis penni pes 
Ischnura elegans 
EnaJlagma cyathigerum 
Coenagrion pueJla/pulchellum 
Erythromma najas 

Buttington 
.. Cross' 

Wern Queen's 
Head 

Number ofi.ndividuals in a standard PSYM 
sample'(combined edge and middle data) 

20 28 
138 II 16 

6 

7 

13 
34 

7 
2 

II 

63 
70 
4 

22 

40 
9 
17 

4 
4 

8 
4 

9 

804 
I 

55 
95 

92 

50 
5 
1 
2 

49 

9 

4 

8 

4. 
10 
:2 

5 
I 

6 

61 

3 
1 
8 

7 

146 

183 

9 
13 

22 

3 

57 
58 

I 
500 

94 

I 
506 
135 

3 
2 

51 

2 

7 
10 
18 

144 

50 

50 

2 
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Taxon 

Hydrometra stagnorum 
Microvelia reticulata 
Gerris lacustfis 
lIyocoris cimicoides 
Notonectaglauca 
Notonecta mannorea 
Cymatia'coleoptrata ' 
Sigara dorsalis 
Sigara falIeni 
HaIipJus fluyiatilis 
HaIipJus immaculatus 
HalipJus lineatocoJ\is 
HaIiplus lineolatus 
Haliplus ruficollis 
Haliplus wehnckei 
Notenis clavicomis 
Laccophilus hyalinus 
Laccophilus minutus 
Hyphydrus ovatus 
Hygrotus inaequalis 
Hygrotus versicolor 
Nebrioporus depressus 
[Iybius fenestratus 
Coelostoma orbiculare 
Anacaena Iimbata 
Laccobius bipunctatus 
Enochrus melanocephalus 
Enochrus testaceus 
Dryops luridus 
Helichus substriatus 
Sialis lutaria 
Agraylea multipunctata 
Cymus flavidus 
Holocentropus picicomis 
Anabolia nervosa 
Limnephilus flavicomis 
Llmnephilus lunatus 
Limnephilus mannoratus 
Athripsodes aterrimus 
Mystacides azurea 
Mystacides longicomis 
Triaenodes bicolor 
Oecetis lacustris 
Nymphula nymphaeata 
Oligochaeta 
Chironomidae 
Ceratapogonidae 
Psychodidae 

3 

2 
6 3 
3 
2 

7 
8 19 

2 
22 

10 
22 7 3 

6 
39 47 

2 
1 

29 9 
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Appendix 4. Location of survey sites, and field recording sheets, for 
2003 Montgomery Canal invertebrate survey 

1. Lower Frankton (8J370318) 
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3. Queen's Head (SJ341269) 
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4. Aston Locks (SJ33S263) 
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s. Maesbury Marsh (SJ30S248) 
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6. Vyrnwy Aqueduct (SJ~54197) 
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7. Parson's Bridge (SJ264189) 
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8. Bank Lock (SJ260130) 
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9. Buttington Cross (8J241089) 
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I Appendix 5. Macroinvertebrate species recorded in tbe Montgomery Canal: spring 2003 

SpeciestGFoup R'O Lower Rednal Queen's AstQn M'~Jw_""""" P."OO'~,"~B","'''<»L-AhcrbOCh''l 

I 
Frankton Head Locks Marsh aqueduct Bndge Lock Cross 

TRICLADIDA 
Dendrocoelum lacteum 3 6 2 

I 
Dugesiapolychroa 8 

I 
Dugesia tigTiria 
Polycclis tenuis' 41 4 93 13 7 ",.' .. "'., 

."o(,·!'··-,_c.-'-' 

I 

I HIRUDINEA 

\ 
EfJ?obdelIaoctoculata 2 10 6 5 28 31 14 9 8 7 
Erpobdella testacea I 

I 
Glossiphonia complanata I 2 2 2 

Glossiphonia heteroclita 2 2 

Haemopis sanguisuga 2 .' 3 

Helobdella stagnalis I 23 13 2 

I Hemiclepsis marginata 2 2 2 

Piscicola geometra 2 3 

Theromyzon tessulatum _ 

I MOLLUSCA 
Acroloxus lacustris 19 37 3 4 

Anisus vortex 9 7 4 24 32 

I Bithynia leach I 157 400 303 200 350 3 213 113 

Bithynia tentaculata 210 301 252 500 315 19 14 244 243 172 

Gyraulus albus 9 8 12 3 

I 
Gyraulus crista 6 
Hippeutis complanatus 13 3 15 

Lymnaea peregra 7 7 12 21 45 7 28 27 

Lymnaea stagnalis 3 6 132 3 2 4 3 

I 
Lymnaea palustns 5 8 
Physa fontinalis I 8 
Planorbarius comeus I I 6 8 2 3 4 
Planorbis carinatus 9 6 9 34 3 5 19 13 

I Planorbis planorbis 3 3 2 
Potamopyrgus antipodarum 
Valvata cristata 

I 
Viviparus vlviparus 3 

BIVALVIA 

I 
Anodonta cygnaea 
Sphaerium corneum 63 70 302 154 113 100 520 1000 317 1000 

ARACHNIDA 

I Argyroneta aquatica 4 2 

MALaCOSTRACA 

I Asellus aquaticus 375 1000 500 500 500 572 350 239 509 544 

Crangonyx pseudograci I is 520 1000 507 500 500 I500 857 1000 1050 553 

I 
I 

IOColurnn R shows the Species Rarity Score where I ~ Common, 2 = Local, 4 = Nationally Scarce. 
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Ii Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: spring 2003 

. Species/Group. R'.' Lower~Rednal~Queen:s~-_Aston~Maesbur:y· Y_ymW}'_P.arson:s-Bank_Buttington-Aberbechan 

I. Frankton Head Locks Marsh aqueduct Bridge Lock Cross 

EPHEMEROPTERA 

! Caenis horaria, 24 10 

II Caenis luctuosa- 24 

I 
ODONATA ::-," r:··.-~. _"~,,.,~~.,~ ;.'}-.,, .'-~. 

1 

II Aeshna cyanea 
2 

__ C)I.op~e!yx splenden~_:. 1- 2",- '<, ""-. '.- - : ~'!' 
' . '-' ..• - -~ .,:.;'" _ ~ 'f"" '0 .. 

Coeiia-grion'p[l!:llaipulchellum I 2 2 3 3 

I Erythromma najas 2 ~~~. 4 ", I I 
Ischnura elegans 5 4 3 3 3 

---:"1'- ".:.,-; .;.:. 

II 
HEMIPTERA 

Gerris lacustris I 
Microvelia reticulata I 3 

i 
Notoneda -glauca r--" .• <.".',0".""-

2 15 4 2 3 2 I, Notonecta marmorea 15 3 3 
, I Sigara dorsalis 2 3 3 9 2 2 -I 

Sigara falleni 21 4 J 

II MEGALOPTERA ! 

Sialis lutaria 66 2 8 8 5 

II . '-. 
COLEOPTERA 

II 
Anacaena limbata I 3 5 2 
Cercyon marinus 2 I 

- ! Enochrus coarctatus 
Gyrinus aeratus 4 3 

I! Gyrinus substriatus I 
Gyrinus urinator 4 , 
Haliplus flavicollis 3 7 
Haliplus lineatocollis 

I: Haliplus Iineolatus 2 6 
Haliplus ruficollis 5 2 I Helophorus aequalis I 

I: 
Helophorus brevipalpis 2 
Hydraena riparia 5 
Hydrobius fuscipes 
Hygrotus inaequalis I 2 

I, Hygrotus versicolor 2 I 2 
Hyphydrus ovatus 3 7 34 7 
lIybius fenestratus 4 3 
lIybius quadriguttatus 

I Laccobius bipunctatus 3 
Laccophilus hyalin us 3 9 
Nebrioporus depressus 

a Noterus c1avicomis 5 4 5 2 
Noterus crassicornis 4 7' 

I 
IIColumn R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce. 
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Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: spring 2003 

Species/Group. R" Lower Rednal Queen's Aston MAesbury~y;;y-:..Y.arson:s-Bank_Buttingtoll_Aberbechan & ••• ~-,.~. ,. 

Frankton Head Locks Marsh aqueduct Bridge Lock Cross 

LEPIDOPTERA 
.. 

Cataclysta lemnata' 

Elophila nyrnphaeata "'1 
,. :J., " ,~ :. ~ "-" 

TRlCHO~TERA 

Anabolia nervosa, 
,,',' 

• "I') ~ ,.; 3 2 3 "; .. ' 9 28 10 Athripsodes aterrimus 49 8 5 2 r', 
Beraea pullata 112' 
Ceraclea dissiinilis 8 ,.J. 

Ceraclea fulva 

Cymus flavidus 5 
Cymus trimaculatus 
Glyphotaelius pellucidus 2 .2 2 Halesus radiatus . .. 'I" ." T" "':"';~';;"7-' cc·,;:.:·., .... 

2 4 Limnephilus flavicomis I 13 10 12 3 Limnephilus lunatus 12 II 2 12 20 9 92 3 16 Limnephilus mannoratus 34 26 90 20 100 Microptema lateralis 

Mystacides longicomis 
Oecetis testacea 4 
Triaenodes bicolor 12 18 3 

OTHER TAXA 

Ceratopogon idae 7 
Chironomidae 512 100 500 396 1000 1000 550 1000 650 1000 Chrysomelidae 
Dryopidac 
Helodidae 

Oligochaeta 50 25 100 100 510 35 300 16 20 Pisidium sp 500 150 200 500 1000 1500 1000 1300 1000 Psychodidae 10 10 
Ptychopteridae 9 
Syrphidac 
Tipulidae 10 7 5 

Number of species 28 37 23 26 29 31 38 36 41 33 

12Column R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce. 
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1 
I Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: autumn 2004 

Species/Group RIJ Lower Rednal Queen's Aston Maesbury Vymwy Parson's Bank Buttington Aberbechan Frankton Head--hocks-Marsh-aquedui:t~Biidge-l:ock--emss 

I! Species 
., J,.' TRICLADIDA 

I Dendrocoelum lacleum 5 I 

I Dugesia polychroa -I 
, ' 6 2 

I Dugesia tigrina 2 13 3 I I Polycelis tenuis 5 12 ,.4 39 12 ! 
Ii HIRUDINEA 

EflJobdella octoculata 22 9 19 23 33 2 5 6 7 3 
I EflJobdella tesla~ea :~ -, ,_', I 

Glossiphonia complanata 3 2 4 

Ii Glossiphonia heteroclita 2 
Haemopis sanguisuga 

I Helobdella stagnalis I 3 17 3 19 
Hemiclepsis marginata 2 2 4 

II Piscicola geometra I 3 3 
Theromyzon tessulatum 2 3 

I 
I 

-, ·_· .. \.·~;·>-;;.~:i':i·~ ,~:,.:. MOLLUSCA ,-.... 

II Acroloxus lacustris 22 --2 ------J- -32 7 
Anisus vortex 17 I 87 25 14 3 37 
Bathyomphalus contortus I I 
Bithynia leachi 28 68 56 89 6 32 28 217 

II Bithynia tentaculata 3 456 168 115 45 131 62 4 Gyraulus albus 2 4 54 3' 3 Gyraulus crista ! 
Hippeutis complanatus 81 2 1,- Lymnaea peregra III I I 23 2 8 4 II Lymnaea stagnalis 3 4 6 4 16 4 7 I 

Lymnaea palustris 5 15 I 

I: 
Physa acuta type 
Physa fontinalis 13 I 5 3-Planorbarius corneus 2 6 5 3 6 I Planorbis carinatus 2 44 2 21 25 6 26 17 

I: 
Planorbis planorbis 
Potamopyrgus antipodarum 
Valvata crislata 
Valvata piscinalls 

2 

I: Viviparus viviparus 
4 

BIVALVIA , 

Anodonta cygnaea 

I: Sphaerium corneum 6 96 II 3 21 25 22 169 4 

ARACHNIDA I 

Argyroneta aquatica 3 13 8 18 2 I MALOCOSTRACA 
Asellus aquaticus 5 5 357 5 136 4 54 162 515 Crangonyx pseudogracilis 16 5 55 5 48 5 55 752 52 

1 
I 
I 

IJColumn R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce_ 

1 
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I Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: autumn 2004 

l-,~-L----~-~Speciesf,Gr:oup,_",--_R~Lower~RednaL-Queen:s_Aston_Maesbury-Vymwy-Parson's';";;"Barik~BITtlington Aoeroechan 
Frankton Head Locks Marsh aqueduct Bridge Lock Cross I 

II 
I 

II 
L 

I: 

I 
i 

I 
I 
: 
I 

I 
I 

I 
I 
a 
I 
I 

EPHEMEROPTERA 
Caenis horaria 
Caenis lucluosa 
Ephemera danica 

ODONATA 
Aeshna cyanea 
Aeshna grand is 
Calopteryx splendens 
Calopleryx virgo 
Coenagrion 
puellalpulchellum 
Erythromma najas 
Enallagrna cyalhigerum 
Ischnura elegans 
Plalycnemis pennipes 

" . 

HEMIPTERA 
Callicorixa praeusta 
Corixa punclala 
Gerris lacustris 
Hydrometra stagnorum 
lIyocoris cimlcoides 
Microvelia reliculala 
Nepa cinerea 
Notonecla glauca 
Notonecla maculala 
Notonecla marmorca 
Plea leachi 
Ranatra linearis 
Sigara dislincla 
Sigara dorsalis 
Sigara falleni 
Sigara fossarum 

MEGALOPTERA 
Sialis IUlaria 

COLEOPTERA 

Agabus bipuSlulatus 
Anacaena globulus 
Anacaena limbata I 
Cere yon marinus 2 

Dytiscus circumcinctus l5 4 
Dytiscus marginalis 
Elmis aenea 
Enochrus coarclalus 
Gyrinus aeralus 
Gyrinus marinus 
Gyrinus substriatus 
Gyrinus urinalor 
Haliplus tlavicollis 
Haliplus tluviatilis 
Haliplus lineatocollis 

4 

4 

1.'/ 

. 1 

2 

2 

I 
2 

3 

2 
3 

4 
1 

I. 

2 

2 

I· 

4 
1 
6 

8 

2 

3 

1 73 
8 2 

12 5 48 

3 5 
4 

75 
32 
12 

14 2 

4 

14Column R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce. 
15Det. DT Bilton, November 2004. 
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I Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: autumn 2004 

S R'· Lower Rednal ~---___ ---"-'-'-' .pe.~iesLGt:oup-
~----FranKton 

Queen's Aston Maesbury Vymwy Parson's Bank Buttington Aberbechan 
Heail--[OcK-s--Marsn aqueiliiCt-Bn(Jge--wc)(-'-' -Cross 

I 
I 
I 
I 
I 
1",--", 

I 
I 
I 
I 
I 
I 
I 
I 
D 
I 
I 

I1aliplus Iineolatus ", 

Haliplus ruficollis 
Helophorus aequalis 
Helophorus brevipalpis 
Hydraena riparia 
Hydrobius fuscipes 
Hydroporus palustris 
Hygrotlls,inaequalis 
Hygrotus versicolor 
Hyphydrus ovatus 
I1ybius fenestratus 
lIybius fuliginosus 
Ilybius quadriguttatus 
Laccobius bipunctatus 
Laccophilus hyalinus 
Nebrioporus depressus 

, Noterus.c1avicomis,·;',":,i;·,' 
Noterus.crassicomis 

LEPIDOPTERA 
Cataclysta lemnata 
Elophila nymphaeata 

TRICHOPTERA 
Anabolia nervosa 
Athripsodes aterrimus 
Beraeodes minutus 
Beraea pullata 
Ceraclea dissimilis 
Ceraclea fulva 
Cymus flavidus 
Cymus trimaculatus 
Glyphotaelius pellucidus 
Halesus radiatus 
Holocentropus plcicomis 
Limnephalis central is 
Limnephilus flavicomis 
Limnephilus lunatus 
Limnephilus marmoratus 
Microptema lateralis 
Mystacides longicomis 
Notidobia ciliaris 
Oecetis testacea 
Phryganea bipunctata 
Potamophylax 
rotunidipennis 
Triaenodes bicolor 

I 
2 

4 
1 

I 3 
1 

,':1 ' ... c' ••• ;-'->.~,: ;"::. ;c:.ii~;j:_';"'~-:j;Z;;;;;TI:""d:p:;;;-.;:;";;:':: 6" 
4 

I 8 
2 112 

I 
I' 

I 

8 

16 

2 3 

2 

6 

4 

5 

15 

24 

16Column R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce, 

68 

3 9 

, I 7 3 

2 

8 

21 15 9 

35 
2 

2 17 4 

28 5 28 



I· 
Appendix 5. Macroinvertebrate species recorded in the Montgomery Canal: autumn 2004 

~.~. 1 
Sp-eciesJ.GrouJ!.·. ... . Ri7 

Lower Rednal 
.~----------'::! ~-=---=----'-Frankton 

Queen's Aston Maesbury Vyrnwy Parson's Bank Buttington Aberbechan 
Head--l:ocks-Marsh-aqueducr-Bridge-I:ock-eross 

I 
OTHER TAXA 

I 0 0 0 0 0 
0 0 0 0 0 0 
I I I I I I I 

Ceratopogonidae 0 0 0 
Chaoboridae 0 O· 0 
Chironomidae I I 0 1 
Chrjsomelidae 0 0 - 0 0 0 0 0 0 0 0 

0 0 0 0 0 
0 0 I 0 0 I 0 
0 0 0 0 I 0 0 

Culicidae 0 0 0 
Dixidae 0 .-.Q- 0 
Dryopidae 0 0 0 1 
Helodidae 0 0 0 0 0 0 0 0 0 0 

I I 0 0 0 
I I I I 0 
0 0 0 0 0 0 

Oligochaeta I I 0 
Pisidium sp 0 I 0 
Psychodidae I 0 0 1 
Ptychopteridae 0 0 0 0 0 0 0 0 I 0 

0 0 0 0 0 0 0 
I I 0 0 I 

Syrphidae 0 0 0 
Tipulidae 0 I 

'.--:~.~...-~.'f';~':- . ~-.- -'-"-' . . :::::: ~ ,;.~ ~;';' ... -. -:. ,.;. i-- " 

33 24 29 29 38 .49 39 .... -., .. ~ ~~.:.,---~,,:",:,~-,- ...... ~.-. "'-... ,.' 

I 
1 
I 
1 
1 
1 
1 
I 
I 
1 

17Colurnn R shows the Species Rarity Score where I = Common, 2 = Local, 4 = Nationally Scarce. 
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