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Summary

1. Fieldwork produced a data set of invertebrate samples and salinity measurements from 30 sampling sites distributed across the catchments of the River Ant and the River Thurne. 
2. The invertebrate samples contained a total of 384 species from target invertebrate groups, comprising aquatic insects (bugs and beetles), ground-living Coleoptera and selected families of Diptera.
3. The species richness of aquatic insects (bugs and beetles) exhibited a negative response to higher salinity levels. Among the Diptera, craneflies also exhibited a similar negative response in their species richness. Craneflies include aquatic larvae that develop in ditch margins. The species richness of groups that develop on wet peat above the ditch margins such as ground beetles, rove beetles and Dolichopodidae did not show any significant response. 
4. The abundances of four individual species, all with widespread distributions and good powers of dispersal, were lower in samples taken from ditches with higher salinity levels. 
5. Ditches in the project area with lower salinity levels were confined to the Ant catchment. Therefore, there is a caveat to these findings. It is possible that inter-catchment factors other than salinity levels are affecting the observed results.
6. Species richness was found to be a much more responsive parameter than the Berger-Parker dominance index. However, measurement of species richness is severly affected by variations in sampling effort and any future work following up the current project should use exactly the same sampling protocol in order to achieve comparable results.
Introduction
This project investigated the response to increased salinity of wetland invertebrate assemblages of conservation value. 

The invertebrate communities of coastal saltmarshes are characterised by a restricted group of halobiontic and halophilic species well adapted to the extreme abiotic aspects of their environment. Some of these specialised species may occur in brackish marshes but are rarely found in low salinity marshes further inland. Brackish marshes have their own specialised fauna as well as supporting species more characteristic of both saline and freshwater sites. The invertebrate assemblages of freshwater tidal marshes were found to be sharply differentiated from those of brackish and salt marshes in a study of the River Schelde in the Low Countries (Desender and Maelfait, 1999). This finding suggests that relatively large changes in salinity in the Broads may occur before any change in wetland invertebrate assemblages is observed but the same study did find a clear inverse relationship between salinity and species diversity. Therefore, for the purposes of this project, species diversity may be a better indicator of changes in salinity than species composition. 
Various measures of species diversity have been used in environmental assessment studies. Species richness is a simple count of the number of species in a sample. It is a straightforward diversity measure with intuitive meaning but is heavily dependent on sampling effort. Dominance indices can be a useful complement to species richness, because they can detect a change in assemblage composition towards the dominance of one or two tolerant species and tend to be less dependent on sampling effort.
Caruso et al (2007) demonstrated the effectiveness of the Berger-Parker dominance index when monitoring the impact of soil disturbance on oribatid mite communities. In an earlier study Spurgeon & Hopkin (1999) demonstrated the impact of heavy metal pollution on earthworm assemblages using a combination of species richness and dominance indices. However, other studies (e.g. Kevan et al, 1997) have concluded that species richness alone is an adequate measure of environmental assessment.
Sampling of invertebrates
Samples of aquatic insects, terrestrial beetles were collected from 30 sampling sites in May 2009. Samples of diptera were collected from the same sites in June 2009. This number of samples was taken in order to provide a dataset that could give statistically robust results. The scoping report identified Auchenorryncha and spiders as additional target groups but these were excluded from the project on economic grounds as it was considered they were least likely to show measureable responses to salinity. 
Species richness is highly sensitive to sampling effort and related factors such as sampling efficiency (Southwood & Henderson, 2000). Therefore, the sampling protocols followed the same standardisation procedures that were used for project 1. In addition, the recording of species abundances was essential for calculating the Berger-Parker index of dominance.

Stratified random sampling was considered an appropriate strategy for this project. Although divisions of the salinity gradient were to be used as strata in site selection, a lack of recent salinity measurements and difficulties of access to some of the selected sites compromised the randomness of selection. In order to investigate pure responses to salinity it was necessary to focus on sites affected by saline incursion into groundwater rather than sites subject to regular tidal inundation. Large tidal ranges are suspected to influence cranefly assemblage species composition as well as the species diversity of other groups. The Bure and Yare catchments were excluded from the analysis because of their tidal influences and sites were needed from both the Ant and Thurne catchments to achieve a reasonable range of salinity values.
Recording of environmental variables

Salinity measurements were taken at each on the 30 sampling sites in both May and June 2009. Two digital meters were used at each site and a mean value calculated.
Methods of analysis

Assemblage parameters calculated for each sampling site were the species richness, S, and the Berger-Parker index of dominance. Both parameters were calculated for each of the target taxonomic groups.

The Berger-Parker index of dominance expresses the proportional abundance of the most abundant species, d, given by
d = Nmax  / N

where Nmax = the number of individuals in the most abundant species and N = the total number of individuals in the whole sample. It has the advantage of being easy to calculate and based on a simple ecological model of niche apportionment. 
Results
There was a very high correlation between the two salinity measures at each site (Pearson’s r statistic = 0.99, p < 0.0001) indicating that there was negligible relative variations in salinity between sample sites during the project period.
Table 1 shows the distribution amongst target groups of the 384 species recorded in the samples. The full list of species and details of all their records are contained in a spreadsheet supplied separately as Appendix 3. The spreadsheet also contains details of additional species in non-target groups that were recorded casually outside the standard sampling protocol.
The salinity measures and assemblage parameters for each sample are given in Appendix 2.

Pearson correlation coefficients between salinity measures taken in May and assemblage parameters are shown in tables 2 and 3. Sample species richness of aquatic insects (freshwater bugs and beetles) is negatively correlated with salinity. No significant response was detected in samples of Coleoptera or Diptera as a whole, although some individual groups of Diptera (Tipuloidea and Ephydridae) did exhibit a significant response. Overall, the Berger-Parker index of dominance showed a much weaker response than species richness.

Table 1. Number of species recorded in ditch samples used to explore responses to salinity levels 
	Target group
	Total no. species
	Mean species richness

	
	
	

	Aquatic beetles & bugs
	65
	10.1

	Carabidae & Staphylinidae
	63
	7.6

	Diptera
	256
	42.9

	Craneflies
	41
	10.7

	Dolichopodidae
	45
	6.4

	Ephydridae
	37
	6.0

	Sciomyzidae
	27
	3.0


Table 2. Pearson correlation coefficients, r, for salinity and species richness, S 
	Target group
	Correlation coefficient

r
	Significance

(2-tailed p)

	
	
	

	Aquatic beetles & bugs
	-0.58
	p < 0.001

	Carabidae & Staphylinidae
	+0.18
	n.s.

	Diptera
	-0.31
	n.s.

	Craneflies
	-0.51
	p < 0.01

	Dolichopodidae
	-0.14
	n.s

	Ephydridae
	-0.39
	p < 0.05

	Sciomyzidae
	-0.34
	n.s.


Table 3. Pearson correlation coefficients, r, for salinity and Berger-Parker dominance index, d 
	Target group
	Correlation coefficient

r
	Significance

 (2-tailed p)

	
	
	

	Aquatic beetles & bugs
	+0.18
	n.s.

	Carabidae & Staphylinidae
	-0.09
	n.s.

	Diptera
	+0.14
	n.s.

	Craneflies
	+0.44
	p < 0.05

	Dolichopodidae
	-0.03
	n.s

	Ephydridae
	-0.09
	n.s.


Although the identification of individual species sensitive to high levels of salinity was not incorporated into the project design, it was possible to detect a negative response to high salinity levels in the recorded abundances of the diving beetle, Hyphydrus ovatus, (see Fig. 1), the water bug, Ilyocoris cimicoides, (see Fig. 2), the cranefly, Molophilus medius, (see Fig. 3) and the phantom midge, Chaoborus crystallinus, (see Fig. 4).
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Figure 1: Scatter plot of recorded abundances of the diving beetle, Hyphydrus ovatus, against sampling site salinity.
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Figure 2: Scatter plot of recorded abundances of the water bug, Ilyocoris cimicoides, against sampling site salinity.
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Figure 3: Scatter plot of recorded abundances of the cranefly, Molophilus medius, against sampling site salinity.
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Figure 4: Scatter plot of recorded abundances of the phantom midge, Chaoborus crystallinus, against sampling site salinity.
Discussion
The apparent negative responses of assemblage parameters to higher salinity levels should be treated with some caution. Because of the split in the salinity gradient between sites in the Ant catchment and the Thurne catchment, there is always the possibility that other inter-catchment factors may be affecting species richness. However, the responses detected in individual species are unlikely to be due to historical fragmentation of populations because all four species are widespread and have good powers of dispersal.
It is to be expected that aquatic groups would be more sensitive to higher salinity levels than terrestrial groups because the larvae of terrestrial groups develop on the surface of the fen and will have less direct contact with saline water coming up the ditches. Among the Diptera, the craneflies have a higher proportion of aquatic larvae living in the ditch margins than the Dolichopodidae, whose larvae mainly develop on wet peat and mud further away from the direct influence of saline water in the ditches. The larva of Chaoborus crystallinus lives in the open water column of the ditch.
Species richness was found to be more responsive than the Berger-Parker dominance index in the current study. However, its measurement is problematic, because of its dependence on sampling effort. Any future project work designed to produce comparable results will need to follow exactly the same sampling protocol that was used in the current study. Although the Berger-Parker dominance index is much less dependent on sampling effort than species richness, its relatively poor response at the current level of saline incursion would appear to mitigate against its useful employment.
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Appendix 1: Sample sites
	River system
	Sample site
	Sample code
	Grid reference

	Ant
	Barton Fen
	BartFS1
	TG36032365

	Ant
	Barton Fen
	BartFS2
	TG35722374

	Ant
	Barton Fen
	BartFS3
	TG35632372

	Ant
	Barton Fen
	BartFS4
	TG35772354

	Thurne
	Sutton Fen
	SuttFS1
	TG36872331

	Thurne
	Sutton Fen
	SuttFS2
	TG36842309

	Thurne
	Sutton Fen
	SuttFS3
	TG37012317

	Thurne
	Hulver Ground
	HulvGS1
	TG36031787

	Thurne
	Hulver Ground
	HulvGS2
	TG36061773

	Thurne
	opposite How Hill
	HowHlS1
	TG36861909

	Thurne
	Turf Fen, Reedham
	TurfFS1
	TG36681855

	Thurne
	Turf Fen, Reedham
	TurfFS2
	TG36251905

	Thurne
	Hickling Broad
	HicklS1
	TG42202155

	Thurne
	Hickling Broad
	HicklS2
	TG41632201

	Thurne
	Catfield Dyke
	HicklS3
	TG40732167

	Thurne
	Catfield Dyke
	HicklS4
	TG40812167

	Thurne
	Hickling Broad
	HicklS5
	TG41202121

	Ant
	Hickling Broad
	HicklS6
	TG42582141

	Ant
	Heigham Sound
	HeighS1
	TG43692055

	Ant
	Heigham Sound
	HeighS2
	TG43682024

	Thurne
	Candle Dyke
	CandDS1
	TG43442012

	Thurne
	Meadow Dyke
	MeadDS1
	TG44272143

	Thurne
	Meadow Dyke
	MeadDS2
	TG44162140

	Thurne
	Meadow Dyke
	MeadDS3
	TG43792121

	Thurne
	Meadow Dyke
	MeadDS4
	TG43522098

	Ant
	Meadow Dyke
	MeadDS5
	TG43342086

	Ant
	Horsey Mere
	HorseS1
	TG45372239

	Ant
	Horsey Mere
	HorseS2
	TG44942254

	Ant
	Breydon Marshes
	HorseS3
	TG44682247

	Ant
	Breydon Marshes
	HorseS4
	TG44482219


Appendix 2: Salinity measures and assemblage parameters recorded
	River system
	Sample
	Salinity (May)
(mS cm-1)
	Salinity (July)
	S
(aq)
	S
(col)
	S
(dip)
	S
(dol)
	S
(tip)
	S
(eph)
	S
(sci)
	d
(aq)
	d
(col)
	d
(dip)
	d
(dol)
	d
(tip)
	d
(eph)

	Ant
	BartFS1
	0.81
	0.74
	10
	6
	45
	10
	8
	5
	5
	0.18
	0.17
	0.26
	0.56
	0.20
	0.36

	Ant
	BartFS2
	0.78
	0.78
	9
	3
	33
	6
	5
	4
	5
	0.11
	0.33
	0.19
	0.36
	0.63
	0.81

	Ant
	BartFS3
	0.78
	0.74
	13
	1
	53
	8
	14
	6
	5
	0.08
	1.00
	0.34
	0.76
	0.18
	0.42

	Ant
	BartFS4
	0.84
	0.76
	9
	12
	75
	17
	13
	9
	7
	0.20
	0.08
	0.16
	0.46
	0.30
	0.28

	Thurne
	CandDS1
	4.94
	4.94
	16
	9
	43
	13
	9
	7
	0
	0.12
	0.11
	0.20
	0.45
	0.27
	0.50

	Thurne
	HeighS1
	5.85
	5.32
	11
	12
	46
	10
	8
	3
	4
	0.09
	0.08
	0.25
	0.42
	0.29
	0.71

	Thurne
	HeighS2
	5.18
	5.01
	10
	13
	30
	5
	10
	3
	1
	0.10
	0.08
	0.13
	0.33
	0.26
	0.62

	Thurne
	HicklS1
	5.30
	-
	2
	4
	32
	7
	4
	3
	8
	0.50
	0.25
	0.22
	0.57
	0.81
	0.50

	Thurne
	HicklS2
	5.26
	5.84
	7
	10
	26
	8
	5
	3
	2
	0.14
	0.10
	0.39
	0.61
	0.36
	0.83

	Thurne
	HicklS3
	4.88
	5.21
	11
	8
	44
	11
	3
	10
	5
	0.09
	0.13
	0.18
	0.45
	0.50
	0.45

	Thurne
	HicklS4
	5.26
	5.31
	8
	5
	35
	11
	5
	3
	3
	0.13
	0.20
	0.18
	0.30
	0.77
	0.50

	Thurne
	HicklS5
	5.76
	5.81
	9
	6
	26
	9
	7
	6
	1
	0.11
	0.17
	0.45
	0.30
	0.33
	0.59

	Thurne
	HicklS6
	5.48
	5.76
	14
	4
	32
	8
	4
	6
	2
	0.07
	0.25
	0.12
	0.28
	0.40
	0.42

	Thurne
	HorseS1
	10.21
	10.15
	3
	8
	45
	14
	3
	3
	1
	0.50
	0.13
	0.22
	0.25
	0.53
	0.56

	Thurne
	HorseS2
	10.2
	10.08
	3
	8
	30
	6
	3
	3
	1
	0.33
	0.13
	0.26
	0.38
	0.83
	0.56

	Thurne
	HorseS3
	10.35
	10.13
	5
	7
	27
	7
	4
	4
	0
	0.20
	0.14
	0.27
	0.30
	0.56
	0.52

	Thurne
	HorseS4
	10.31
	10.03
	1
	9
	34
	7
	5
	5
	2
	1.00
	0.11
	0.37
	0.56
	0.36
	0.29

	Ant
	HowHlS1
	1.00
	0.85
	7
	6
	31
	9
	3
	3
	1
	0.14
	0.17
	0.25
	0.32
	0.50
	0.94

	Ant
	HulvGS1
	1.27
	1.00
	13
	11
	37
	12
	6
	8
	4
	0.14
	0.09
	0.25
	0.51
	0.54
	0.51

	Ant
	HulvGS2
	1.75
	1.38
	17
	7
	38
	14
	5
	6
	2
	0.11
	0.14
	0.24
	0.29
	0.33
	0.59

	Thurne
	MeadDS1
	10.12
	9.12
	15
	9
	25
	8
	3
	5
	1
	0.07
	0.11
	0.52
	0.28
	0.67
	0.55

	Thurne
	MeadDS2
	9.95
	9.16
	10
	8
	64
	15
	6
	4
	6
	0.10
	0.22
	0.16
	0.35
	0.42
	0.47

	Thurne
	MeadDS3
	7.19
	8.24
	7
	9
	74
	19
	6
	11
	4
	0.14
	0.11
	0.48
	0.84
	0.36
	0.64

	Thurne
	MeadDS4
	7.76
	6.32
	8
	7
	34
	12
	3
	4
	1
	0.13
	0.14
	0.18
	0.52
	0.83
	0.57

	Thurne
	MeadDS5
	6.55
	5.76
	9
	8
	45
	14
	5
	5
	4
	0.20
	0.13
	0.17
	0.21
	0.39
	0.65

	Ant
	SuttFS1
	0.68
	0.78
	16
	10
	76
	19
	13
	19
	2
	0.06
	0.10
	0.21
	0.31
	0.23
	0.42

	Ant
	SuttFS2
	0.62
	0.65
	16
	8
	71
	15
	14
	17
	3
	0.06
	0.13
	0.11
	0.30
	0.17
	0.33

	Ant
	SuttFS3
	0.63
	0.61
	16
	9
	41
	9
	7
	4
	1
	0.06
	0.11
	0.14
	0.34
	0.33
	0.82

	Ant
	TurfFS1
	2.03
	1.89
	13
	5
	54
	7
	10
	5
	5
	0.08
	0.20
	0.70
	0.25
	0.25
	0.95

	Ant
	TurfFS2
	0.97
	0.91
	16
	5
	40
	11
	2
	8
	5
	0.06
	0.20
	0.28
	0.27
	0.50
	0.41


Appendix 3: Species records
Key to methods:
PN
Pond netting

GS
Ground searching

SW
Sweeping

SS
Suction sample
















