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Abstract 

Wading birds have declined across Europe as the intensification of lowland agriculture has 

caused habitat destruction and degradation. Aggregate extraction sites are typically located 

in flat, lowland valley bottoms which would formerly have had extensive wetlands that 

would support waders. These sites have areas of exposed fine sediments deposited as waste 

material in silt lagoons which could recreate lost wader habitat. We explored the value of silt 

lagoons for wading birds by investigating sediment composition, invertebrate food 

availability and monitoring bird activity at Wykeham quarry, North Yorkshire, UK between 

April and September. The silt lagoon supported a variety of birds including six species of 

waders. Bird activity increased over the survey period: during the spring and summer 

breeding period very few waders used the lagoons, but during migration the site supported 

up to 64 lapwing at any one time. A comparison of sediment composition from our focal site 

with remediated sites at Wykeham and nearby past extraction sites revealed that sediments 

from active deposition sites were relatively fine and uniform. These sites also sustained very 

few invertebrates. We suggest that the very fine, uniform sediments of modern silt lagoons 

result in the formation of an impenetrable layer of sediment which results in anoxic 

conditions at shallow depths in the depositing sediment. This prevents the growth of 

invertebrates and reduces the sediments’ ability to provide feeding grounds. Introducing 

some larger, more variable sediment to the surface of active deposition areas may improve 

oxygen diffusion and enhance the value of these sites for wader conservation. 
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Introduction 

Populations of many lowland birds have declined significantly across Europe in 

recent decades, primarily through the loss of important habitats, often associated with 

farmland (Wilson et al. 2004). Many small, regional wetlands have been lost as seasonally 

wet areas have been drained, ponds filled in and the planting of crops has spread into 

previously unfarmed areas. These areas were once vital to a variety of wading birds who 

relied on them for the invertebrate prey that they contain, and their loss has certainly 

contributed to the wider decline in wading birds. Aggregate extraction sites are typically 

located in flat lowland valleys that would have originally contained extensive seasonal and 

permanent wetlands. Restoration of these sites for wading birds therefore has the potential to 

contribute significantly to regional, national and international conservation priorities. 

Aggregate extraction sites provide opportunities for good wader habitats: many waders 

make their nests on the ground in gravel scrapes, and most depend on wet, soft-sediment 

areas for feeding. The fine sediments that are produced in silt lagoons or settlement ponds as 

part of aggregate extraction provide potentially ideal foraging habitat for waders. However, 

differences between the composition of naturally deposited fine sediments and those 

produced by quarrying activities may restrict the value of these sites for wader feeding. This 

project therefore aims to assess the value of current sites and investigate ways which these 

sites could be improved for wader conservation. 

 

Objectives 

1) Survey birds on silt lagoons of different ages to assess which species are present and how 

use varies across sites and with time of year with a particular focus on waders. 

2) Characterise the physico-chemical properties of sediments sampled from a variety of 

locations from restoration sites of different ages at Wykeham quarry and elsewhere.  

3) Extract invertebrates from sediments to assess their diversity and abundance.  

4) Carry out experimental studies of sediment-living organisms in the laboratory to assess 

how sediment composition and chemistry affect their growth and survival.
1
 

5) Synthesise results from these different studies to assess the current value of silt lagoons 

for waders, and their potential to be improved to enhance wader conservation. 

6) Provide some recommendations for management of silt lagoons for the promotion of 

wader conservation.  

                                                 
1
 In practice it proved impossible to maintain experimental mesocosms in the laboratory so this objective was 

abandoned in favour of exploration of invertebrate diversity at sites other than Wykeham, and more detailed 

analysis of characteristics of sediments collected in the field. 
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Background information 

We focussed our study at Wykeham Quarry in the Vale of Pickering, North 

Yorkshire, UK. Sand and gravel have been extracted at Wykeham since the early 1980s. 

Current extraction rates are around 220,000 tonnes per annum with future plans to extract 

from a 50 ha area at the site. The site includes a range of active extraction and restored areas, 

most of which form small lakes. Past and future restoration plans include a combination of 

recreation and nature conservation. Surveys were carried out in three settlement ponds 

(Figure 1). These comprised a series of active and former settlement areas which offer a 

sequence of relative age of spontaneous succession from open silt/sand substrate. Sites A 

and B are well-established restored former settlement ponds, A being older than B. Site C is 

an active settlement area with an extensive exposed silt flat of around 3ha.  

 

Figure 1: Location of survey sites within Wykeham quarry.  

In addition we collected samples from the mature, rehabilitated sand and gravel 

quarry at Seamer Gravel Pits (NGR: TA030830).  This is an old gravel extraction site where 

workings ceased in 1994 and it is now a nature reserve managed by the Yorkshire Wildlife 

Trust (YWT, 2012). 

 

Methods 

Bird activity 

We studied bird activity on and around past and active settlement ponds. Pilot 

surveys at restored sites indicated few or no wading birds used these areas, probably because 

the dense vegetation provided cover for predators and left little exposed sediment for 

foraging. Detailed surveys therefore focussed on the large, open active area. 

Bird surveys were carried out on a weekly or fortnightly basis from April to 

September. The total number of individuals of each species using exposed silt flats was 
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recorded, together with their location on the flats and dominant behaviour. Records were 

taken on a half-hourly basis. For ease of interpretation and to minimise the effect of chance 

fluctuations in bird numbers, the maximum number of individuals of each species recorded 

on a visit was averaged for all visits undertaken in each month. Opportunistic visits were 

also made to other similar restored wetlands in the region to assess bird diversity and 

abundance at these locations. 

 

Freshwater Invertebrates 

Samples of sediment were collected from the three sites at Wykeham. Three replicate 

samples of sediment were collected from each and microhabitats within these sites by 

removing the top 1cm layer from 0.01m
2
 of substrate. Sediment scrapes rather than cores 

were used as initial investigations had shown the presence of an anoxic layer very close to 

the surface of the sediment, below which no invertebrates were found. 

Where possible, the different microhabitats within each site were sampled in order to 

investigate the effects of vegetation and sediment type on freshwater invertebrate abundance 

and richness. Only one habitat was sampled from the mature lake within a well-vegetated 

lake margin (Wykeham A), whereas samples from both the shallow littoral (Wykeham B 

bed) and sparsely vegetated shore (Wykeham B shore) were collected from Wykeham B. 

Three habitats were sampled at the main wader study site (Wykeham C), the fenced reed bed 

(Wykeham C vegetation), the gravel area adjacent to the main sedimentation zone 

(Wykeham C gravels) and the edge of the lake (Wykeham C mud). 

Replicate samples of sand (Seamer LargeS) and gravels (Seamer LargeG) from the 

littoral substrate of the large and gravels from the small lake at Seamer gravel pits were 

collected for comparison to those of Wykeham. All sediment samples were sorted and the 

invertebrates removed and stored for identification in 70% ethanol. Identification was 

undertaken to Class/Order for all taxa (Croft,1986) and the number of each taxon was 

recorded. 

 

Sediment analysis 

Triplicate sediment samples were taken from sample stations at locations where 

invertebrates were collected at Wykeham and Seamer Gravel Pits. Organic content of the 

substrate was assessed through loss on ignition at 550
o
C until constant weight was achieved. 

Particle size distribution was assessed through oven drying (at 105
o
C), disaggregation of 

coned and quartered samples which were then separated through a standard nest of sieves (2, 

1 mm; 500, 250, 125, 90, 63, 45, 38 and 19 µm) with particle size distribution represented as 

a percentage of total dry weight of sample. X-Ray Diffraction on two selected samples from 

the active settling area (Wykeham C) was undertaken on a PANalytical X’Pert Pro 

diffractometer, with phase identification carried out by means of the X'Pert accompanying 

software program High Score Plus and the ICDD database. Surface waters were sampled 

with a frequently-calibrated Myron Ultrameter (for pH, electrical conductivity, oxygen 

reduction potential, temperature) and a YSI550 Dissolved Oxygen meter. 

 

Results 

Bird activity 

In total 21 bird species were recorded on the active settlement area. The number of 

species and the number of individuals using the area showed a seasonal pattern with usage 

dropping from April to May, remaining low through May, June and July and increasing 

markedly in August and September (Table 1). Usage was dominated by gulls and geese. 

Lapwings were the most common wader over the six months of the study, though they were 
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absent for all but August and September. From April to July the most common wader was 

little ringed plover, which was also found nesting in gravels adjacent to the settlement pond. 

Oystercatchers also used the site during spring and early summer and occasional dunlin, 

common sandpiper and knot were recorded. 

 

Table 1: Usage of active deposition flats at Wykeham by month. Bird species are listed in 

order of total average abundance and colour coded by RSPB threat status 

http://www.rspb.org.uk/wildlife/birdguide/status_explained.aspx : Red = high; Amber = 

moderate; Green = low; Black = unclassified. 
 Month 

Species April May June July August September Total 

Black headed gull 0 0 0 11 148 163 322 

Greylag goose 0 0 0 29 61 110 200 

Herring gull 0 0 10 9 66 50 135 

Lapwing 0 0 0 0 26 38 64 

Canada goose 0 0 0 12 19 2 33 

Great black backed gull 0 0 0 0 10 9 19 

Mallard 0 0 0 2 6 6 14 

Little ringed plover 3 2 6 1 1 0 13 

Oystercatcher 3 0 4 1 0 0 8 

Carrion crow 2 0 2 2 1 0 7 

Pied wagtail 2 1 2 1 0 0 6 

Tufted Duck 0 0 3 1 0 0 4 

Coot 0 0 0 0 1 2 3 

Common gull 0 0 0 0 2 0 2 

Dunlin 0 0 1 0 1 0 2 

Grey heron 0 0 0 0 1 1 2 

Lesser black backed gull 0 0 0 0 1 0 1 

Common sandpiper 0 0 0 0 0 1 1 

Knot 0 0 0 0 1 0 1 

Shelduck 0 0 0 0 1 0 1 

Teal 0 0 0 0 0 1 1 

Total Species 4 1 6 6 8 8 16 

Total Individuals 10 3 28 69 346 383 839 

 

Three bird of prey species were seen in the vicinity of the site, potentially foraging 

on birds using the flats: hobby, peregrine falcon and buzzard. We also recorded signs of 

three mammalian predators: fox, badger and domestic cat. Bird activity was concentrated at 

the edge of the flats, close to the water. Non-wader species spent the majority of their time 

roosting on the flats. There were behavioural differences between wader species: little 

ringed plovers fed continuously, oystercatchers roosted and lapwing fed continuously during 

August but reduced feeding rates in September. Bird surveys at nearby similar sites (Seamer 

gravel pits and Filey dams LNR) revealed all the species encountered at Wykeham and a 

number of others, including black and bar-tailed godwit, snipe, curlew, redshank and 

greenshank, several of which are of conservation concern (Wilson et al. 2004). All species 

apart from lapwing were less common at Wykeham than at other sites. Lapwing were far 

more common at Wykeham than at other sites. 

 

Freshwater Invertebrates. 

The highest sediment invertebrate abundance in the Wykeham lake complex was in 

the fine sediments from the littoral zone and shore of Wykeham B, the second oldest lake 

(Table 2), though much of this was accounted for by high numbers of waterboatman nymphs 

(Table 3). This site also had the highest richness of the Wykeham sites with nine different 

http://www.rspb.org.uk/wildlife/birdguide/status_explained.aspx
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taxa in the samples. In contrast, invertebrate abundance was very low in the fine sediment of 

the oldest lake (Wykeham A) and only four taxa were recorded. At the main wader study 

site, very few invertebrates were found in the sediment at the lake edge (Wykeham C mud) 

and none within the fenced reed beds (Wykeham C vegetation). The coarser gravel material 

at the edge of the lake (Wykeham C gravels) contained three invertebrate taxa all in 

relatively low abundance. 

 

Table 2:  Average abundance and taxon richness of invertebrates found in the samples taken 

from the different lakes at Wykeham and Seamer gravel pits. Numbers in brackets are 

standard deviations. 

Sample Substrate Mean Invert. 

Abundance 

Mean Taxon 

Richness 

Wykeham A Fine sands/silts 3.3 (4.9) 1.7 (2.1) 

Wykeham Bbed Fine sands/silts 38.7 (13.9) 6.0 (2.0) 

Wykeham Bshore Fine sands 11.3 (9.1) 4.3 (3.5) 

Wykeham Cmud Fine sands 0.7 (1.1) 0.3 (0.6) 

Wykeham Cgravels Gravels 3.3 (2.1) 2.0(1.0) 

Wykeham Cvegetation Fine sands 0 0 

SeamerLargeS Fine sands 9.5 (7.6) 3 (1.6) 

SeamerLargeG Gravels 72.0 (35.6) 6.6 (1.9) 

SeamerSmallG Gravels 47.0 (25.6) 7.4 (1.8) 

 

 

Table 3: Mean abundance (standard deviation) of each invertebrate taxon from the main 

sampling sites at Wykeham and Seamer. 

Taxon Wykeham  

A 

Wykeham  

B 

Wykeham  

C 

Seamer 

Large 

lake 

Seamer 

Small 

lake 

Caddis fly larvae 1.0 (1.0) 0.7 (0.6) - 40.6 (20.7) 10.0 (11.3) 

Cranefly larvae - 1.0 (1.0) 2.3 (1.5) 0.3 (0.5) - 

Daphnia - 2.3 (4.0) - 1.2 (1.3) - 

Diptera larvae - 4.7 (6.4) 0.7 (0.6) 18.0 (11.4) 7.8 (4.4) 

Gammaridae 0.3 (0.6) - - 0.3 (0.5) 0.6(0.9) 

Lesser waterboatman - 14.0 (12.0) - - - 

Mayfly nymph 1 - 0.7 (0.6) - 2.4 (1.4) 1.2 (1.3) 

Ostracod - 6.0 (7.0) 0.3 (0.6) 2.6 (0.9) 0.6 (0.6) 

Spire shell (Hydrobia) 0.3 (2.9) 1.7 (2.9) - - - 

Pond snail (Lymnaea) 1.7 (2.9) 2.0 (2.6) - - - 

Flatworm - - - - 0.2 (0.5) 

Stonefly nymph - - - 0.2 (0.5) - 

Annelids - - - 2.3 (1.2) 0.2 (0.5) 

Waterbeetle larvae - - - 1.8 (4.0) 1.0 (1.4) 

Water mite - - - 0.25 (0.5) 0.2 (0.5) 

Water beetle - - - 0.2 (0.5) - 

Mayfly nymph 2 - - - 1.4 (0.9) - 

Midge pupae (biting) - - - 1.4 (0.9) - 

Midge pupae (non-biting) - - - 0.3 (0.5) 1.6 (2.0) 

Diving beetle - - - - 0.2 (0.5) 
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In comparison, the gravel samples collected from Seamer had a far higher 

invertebrate abundance and richness than those from Wykeham. Fifteen different taxa were 

recorded from the large lake and eleven from the small lake, with key invertebrate taxa such 

as annelids, midge larvae and beetle larvae being found (Table 3). Fine sand samples from 

the large lake at Seamer did have a lower abundance and richness than that of the gravels 

from the same area, but these were still higher than that seen at Wykeham A and Wykeham 

C. 

Invertebrate richness and overall invertebrate abundance was significantly greater in 

more coarse-grained than in fine sediments from either site (Mann Whitney U-tests, 

P<0.01), and the more established Seamer gravel pits supported a significantly higher 

invertebrate abundance and richness (Mann Whitney U-tests, P<0.01 in both cases) than 

Wykeham lakes. 

 

Sediment Analysis 

Loss on ignition (LOI) provides a useful indicator of nutrient status in skeletal soils 

such as those encountered at Wykeham. Figure 2 shows low overall organic content at both 

the Wykeham and Seamer Gravel Pit sites within the range of 3-15%.  Such values are 

typical of skeletal quarry soils elsewhere (e.g. Mayes et al. 2005). Highest organic matter 

content is consistently apparent in the more established Wykeham sites (A and B) as would 

be expected given the more mature vegetation cover.  The modest values at the active 

settlement area (Wykeham C) are quite variable, but within a similar range to the established 

sites at Seamer Gravel Pits. As such, it would appear that organic content and inferred 

nutrient availability is likely to be of secondary importance as a constraint on invertebrate 

communities in the open sand areas at Wykeham.  

 

 

 

 

 

 

 

 

Figure 2. Mean (+/- standard deviation; n 

=3 for each sample) loss on ignition for 

substrate samples from the restored 

Seamer Gravel Pit (S1-3) and Wykeham 

Quarry (WA-C). 

 

 

The particle size distribution (Figure 3) shows clear differences between the sites. 

There is a prevalence of very fine sand and silts in the active settlement area (Wykeham C) 

where tightly compacted, finely laminated deposits were apparent (Appendix B2). The older 

sites at Wykeham (A and B) have a slightly higher proportion of coarser sand fractions. This 

may reflect changes in siltation at the site with an increasing proportion of the medium-

coarse sand fractions now being of economic value and therefore utilised. The substrate that 

predominates at Seamer is the coarser gravel-rich material which plots to the far right of 

Figure 3, distinct from the other samples. Samples from the finer substrate at Seamer show a 

similar curve, albeit generally coarser distribution to the Wykeham samples, being 

dominated by medium to coarse sands.  

X-Ray Diffraction (XRD) of samples taken from the active silting area confirmed the 

consistent presence of quartz, calcite and amorphous ferric oxyhydroxides. All are consistent 
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with the worked Quaternary deposits and the underlying bedrock. The amorphous iron 

oxides are a common feature of the weathering of pyrite which is present in modest 

quantities in lignite and till deposits across the Vale of Pickering. 

 

 

Figure 3. Particle 

size distribution 

for representative 

samples from 

Wykeham Quarry 

and Seamer 

Gravel Pits. 

USDA standard 

fractions shown 

adjacent to x axis.  

 

 

 

 

 

 

 

 

 

 

Water analysis 

Major physico-chemical parameters of surface waters were monitored at the sample stations 

during routine monitoring (Table 4). 

 

Table 4:  Summary of major physico-chemical parameters in surface waters at Wykeham 

Quarry and Seamer Gravel Pits.  Range given where multiple measurements were taken.  

Sample 

station 

pH Electrical 

conductivity 

(S cm
-2

) 

ORP (mV) Dissolved 

oxygen (% 

saturation) 

Temperature 

(
o
C) 

WA 7.2-8.0 610-820 120-177 92-100 13.5-14.3 

WB 7.9 862 92-120 94-100 15.3-15.9 

WC 8.1-8.2 867-900 76-107 88-92 14.3-15.3 

S1 8.5 550 113 100 10.6 

S2 8.6 401 88 99 11.6 

 

Water pH was in the range 7.2-8.2, while dissolved oxygen was a range more than 

adequate for aquatic life (80-100% saturation). Electrical conductivity (which indicates the 

level of dissolved solids in the water) is in a range typical of bicarbonate-rich water. 

Marginally higher values of both pH and conductivity in the active settling pond are 

consistent with the dissolution of calcite-bearing fines in this area.  Oxygen Reduction 

Potential
2
 at all sites was consistently high and in keeping with well-oxygenated surface 

                                                 
2
 ORP measures the tendency of chemical species in water to acquire electrons (and therefore be reduced).  In 

simple terms, a positive value indicates an oxidising environment which would be anticipated in surface 

settings.  A negative value is found in anoxic conditions, such as an organic-rich, waterlogged soil.  
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waters.  These broad indicators all show the bulk parameters to be within the limits suitable 

for aquatic life and to be typical of groundwaters in the Vale of Pickering. The alkaline 

waters and the observed presence of calcite in silt deposits is particularly important, as 

secondary carbonate-rich deposits can be a key contributor to hardpan formation in mineral-

rich soils, and particularly those with fluctuating water tables (e.g. Mayes et al. 2005).  

Where particle size is very fine, the secondary carbonate deposits can also have the effect of 

cementing the matrix together with minimal pore-space. This can limit oxygen diffusion into 

sub-surface layers.   

One interesting feature of note at sample station WB, where extensive hardpans were 

apparent in sub-surface layers (Appendix B1), was the apparent anoxia of interstitial soil 

waters. Small soil pits were dug (depth ~20cm), which rapidly filled with pore water.  ORP 

values from these pore waters were in the region of -100mV which is in the range expected 

in highly reducing soils (e.g. mature reedbed or estuarine sediments) and where we may 

expect sulphate to be reduced to sulphide.  The characteristic smell of hydrogen sulphide 

was also noted along with gas bubbles in the disturbed substrate.  This again suggests the 

limited oxygen diffusion through the highly compacted surface layers of the lagoon 

sediments. 

 

Discussion 

Our research has shown that settlement ponds can, and do, provide habitat for 

wading birds at certain times of the year. The presence of good numbers of lapwing, rated as 

under high threat by the RSPB, on the active settlement area demonstrates the existing 

resource is of value to this species. Nevertheless, the only waders seen feeding at this site 

were those with short bills which feed on surface or near-surface invertebrates. Observations 

of the exposed silt showed that in places flying insects had landed on the surface and 

become trapped there and it is likely that these provided the main food source for waders we 

observed feeding. Waders were present on and around our study site throughout the study 

period, though use of the site itself was predominantly during the post-breeding migration. It 

may be that factors which determine nest-site location are more important in governing 

wader habitat use during breeding than food availability. Our active settlement area did 

provide feeding and nearby nesting for little ringed plover, but seemingly not for other 

species. One of the major factors influencing wader stop-over sites on migration is prey 

availability (Andrei et al., 2008), so while Wykeham had an open aspect and broad, shallow 

topography, the aquatic invertebrate food supply was poor. Focussing on improving such 

sites as stop-overs for migrating waders may provide the most immediate benefit to this 

group of birds. 

Our data show that sediments in active settlement areas have very low invertebrate 

diversity and abundance but that nutrient availability, water chemistry and organic content 

are all commensurate with sediments that support abundant and diverse invertebrates. 

Furthermore, the structure of the invertebrate faunal community in restored sites at 

Wykeham demonstrated few grazers (such as Daphnia, gammarids) or detritivores (such as 

mayfly nymphs and annelids) and no freshwater invertebrate predators such as diving 

beetles and their larvae. The key factor at Wykeham causing this discrepancy appears to be 

the very fine particle size and resultant presence of a near-surface anoxic layer. Whilst there 

is organic material within the sediments for the organisms to feed upon, the anoxic layer is 

very close to the surface and therefore restricts colonisation by burrowing invertebrates 

which form the food supplies for predators at higher trophic levels, both invertebrate and 

vertebrate. 
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Waders can be divided into groups based on their main feeding mode, typically a 

result of a combination of leg and bill length. Species with different leg lengths can access 

different water depths, and those with different bill shapes and lengths can forage for 

invertebrates at different sediment depths. Sites which only provide surface or near-surface 

invertebrates will clearly only be able to support a very restricted group of species. 

Evidence that restored sites can support good invertebrate food sources for waders 

comes from the lakes at Seamer which contained annelids and midge larvae along with 

higher numbers of dipteran larvae, all of which are considered important food items for 

waders during stop-over (Sanders, 2000). However, the sites at Seamer did not provide the 

extensive, open areas, important in avoiding predation, that are present in the active 

settlement pond at Wykeham. Both the occurrence and relative abundance of invertebrate 

species is highly seasonal (Canedo-Arguelles & Rieradevall, 2011). As we only sampled 

during the summer, our study may not reflect the seasonal changes in abundance and 

richness of invertebrates at the sites, and a year-round study is required to assess both 

invertebrate communities through the over-wintering period, and waders’ use of them. 

 

Recommendations 

The open, shallow nature of active silting areas is an important aspect of their 

potential value to wading birds as this provides an element of protection from predators. 

Proposals to restore them to scrub or reed bed should be considered in the context of this. 

The incorporation of coarser sediments into active silting areas would likely yield benefits in 

terms of substrate structure, subsequent oxygen diffusion and invertebrate food abundance. 

It may be possible to achieve this through periodic (perhaps annual) intervention, or for the 

purposes of restoration, a single intervention such as dispersal of coarser (coarse sand to 

gravel) material. Lignite deposits are abundant at Wykeham and currently stockpiled, 

however the presence of pyrite (albeit in low concentrations) within the lignite could cause a 

decline in pore water quality due to acid generation from pyrite weathering.  Simple 

leaching tests would rapidly establish if this risk was negligible. A more risk-free approach 

would be to further investigate other on-site sources of waste coarse material, or to invest a 

small amount of product in maintenance and restoration of settlement ponds. There may also 

be value in exploring opportunities for periodically seeding active silting areas with small 

volumes of substrate from areas on-site not investigated during this preliminary study with 

well-established invertebrate assemblages.  This could speed-up the establishment of 

invertebrate communities in the active silting area, although monitoring of such 

interventions would be recommended.  

 

Conclusions 

The key conclusions from our work are that: 

 Silt lagoons can provide habitat for large numbers of waders of some species, and for 

other birds, including during their active lifespan. 

 Invertebrate prey are very scarce in active settlement and in some restored areas 

 The development of an anoxic layer at shallow depths in active and former 

settlement ponds, driven by consolidation of the very fine, uniform particles, may 

prevent establishment of sediment-living invertebrates much beyond the surface. 

 Taking measures to increase sediment size diversity in near-surface parts of 

settlement ponds, both during active deposition and restoration, should increase their 

suitability for invertebrates and consequently for waders.  
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Appendix B: Images 

 

 
B1: Hard pan development on edge of restored settlement pond (Wykeham B). The hard pan 

is visible as a uniform pale colour in the centre of the picture. 2-3 cm of soft sediment have 

been scraped away from the surface to reveal it. Vegetation is shallow-rooted in this surface 

sediment. 

 

 
B2: Cross-section through sediment at active settlement pond (Wykeham A) showing the 

finely laminated compacted structure. 
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B3: Large flocks of geese use the area for roosting. They also occasionally graze reeds and 

other vegetation emerging through the sediment. Geese faeces deposited on the sediment 

may be a significant source of nutrients in the substrate. 

 

 
B4: A mixed flock of gulls and lapwing, roosting and foraging typically close to the water’s 

edge. 
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B5: Little ringed plover on nest adjacent to active settlement pond. Adults and fledged 

young frequently fed on surface invertebrates on the exposed silt areas. 

 

 
B6: Hobby, an uncommon raptor in the UK was frequently seen foraging over the site in the 

early summer. It is possible that predation on small waders using the settlement pond as well 

as large flying invertebrates emerging from the water, are important components of these 

birds’ diet during the breeding season. 


