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Abstract
Flooding and inundation is an integral process driving the physical conditions of ERS, which in turn
influences the specialist invertebrate fauna that live in these habitats. This piece of research aimed to
create a small scale hydrological model for an area of ERS on the River Severn, Wales, UK which
permits the quantification of the frequency and extent of inundation throughout a two year period. The
influence of partial and complete inundation on invertebrate abundance, species diversity and
assemblage similarity was also be examined. The fieldwork was conducted on ERS on the River
Severn during May-September 2007 and May-September 2008. The results presented here focus on
the hydrological model created using data collected via the DGPS. The biological implications of the
hydrological model form chapters in the thesis of which this is a part.
Background
Exposed Riverine Sediments
Exposed riverine sediments (ERS) are frequently inundated areas of relatively un-vegetated, fluvially
deposited sediment (sand, silt, gravel and pebble) (Bates et al., 2009). Inundation during flood events
results in repeated sedimentation and erosion processes (Junk et al., 1989) making ERS a highly
dynamic habitat with a high diversity of microhabitats. These microhabitats are the result of strong
lateral gradients in temperature, humidity (Desender, 1989; and Hannnah, 2003) inundation frequency
(Tockner et al,, 2001) and aquatic food availability (Paetzold et al., 2005, 2008) and of variations in
morphology, elevation, vegetation structure and cover and sediment size, sorting and distribution
(Bates et al., 2007, Gilvear et al., 2007). Patches of ERS with greater habitat heterogeneity support
more species rich assemblages and contain larger numbers of rare and specialist invertebrates (Sadler
et al., 2004). ERS on the River Severn at Llandinam supports a very rich and specialised invertebrate
fauna, including populations of UKBAP priority invertebrate species (Sadler et al., 2006).
Periodic high magnitude flow events are essential for the maintenance of ERS habitats.
Flooding scours the sediment preventing/reducing vegetation succession and sediment stabilisation
(compaction). If ERS become heavily vegetated and stabilised, they become less favourable for
specialist ERS invertebrates and more favourable for generalist invertebrates, which can lead to the
exclusion of the specialist species (Bates et al., 2009).
River Severn
The study site is located on the River Severn at 52o28’30.59’’N 3o26’32.59’’W (national grid
reference SO 0214 8735) on Llandinam Gravels nature reserve in Powys, Mid Wales. The river drains
approximately 190km2 (NRFA, 2008) of high relief, generally impermeable, pasture, forest and
moorland. Mean annual rainfall ranges from <2400mm at the Plymlimon watershed to 1400mm at the
study site (Lawler, 1987), which lies approximately 10km downstream of Clywedog Reservoir an
dam. Water management in the reservoir heavily influences the flow patterns and has greatly reduced
the magnitude and frequency of flooding by 25% to 31% since its construction (Higgs, 1987).
Without regulated releases from the reservoir, the river’s summer levels would be very low causing
problems for fish reproduction and aquatic invertebrate populations. The river level in the summer is
therefore is artificially maintained at a higher level than would occur naturally.
The study bar is one of 10 ERS bars on the 1km meandering stretch of river within the nature
reserve (Figure 1 & Plate 1). The bar is a large point-bar (approximately 320m2) situated at the upper
end of the reach. The bar is made up of a well-sorted mix of cobble, pebble and finer gravely
sediments and displays a fining gradient downstream. The bar has a gentle sloping profile towards the
water’s edge and gorse has colonised some of the downstream areas of the bar increasing the sediment
stability.
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Figure 1: (a) Map and (b) Aerial photograph taken from Google Earth showing the study bar on the River
Severn at Llandinam. Blue star indicates the study bar and the red lines indicate the cross sections.

Summary of survey procedure
Detailed topographic data of the study bar was collected using DGPS (Leica 1300). The x, y and z
coordinates were taken at an accuracy of 1.5cm. Particular attention was paid to the breaks in slopes
and the surface forms present, such as scroll bars and lobes.
Two cross-sections (one pool and one riffle, Figure 1) were surveyed using a level, staff and
tape. Stage, relative to the cross-sections, was also surveyed at four different discharges. To facilitate
this, pegs were positioned to mark the water level. Pegs were also used to evaluate the slope of the
channel for each given discharge.
To evaluate bankfull in the field is a difficult and subjective measurement. In this study,
bankfull stage was estimated from the location of perennial vegetation and flood deposited debris on
the top-level of the bar. Bankfull slope was measured by surveying the drop in elevation on the top of
the survey bar and the next downstream point bar (shown in Figure 1) over two meander wavelengths.
In conjunction with measurements of the downstream distance between points bars, this provides a
consistent bankfull slope.
A pebble count (based on Wolman 1954) was carried out on the riffle section to provide
physical information on the surface roughness of the channel boundary and reinforce the theoretical
estimations.
To survey ground active invertebrates two transects each containing ten pitfall traps were
located on the study bar. The traps were set at 1m intervals running from the water’s edge to the top of
the bar. The traps were emptied weekly between May and September 2007 and again in 2008. These
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results are still undergoing analysis in relation to the hydrological data and are not presented in this
report.
Preliminary results/ findings to date
Hydrological model
Figure 2 displays the pool and riffle cross-sections, four different stage heights, their concurrent
discharge and the estimated bankfull stage for each cross-section. The water height corresponding to
0.68m3s-1 is not shown on the riffle cross-section because at this stage the central channel bar is
exposed causing flow separation. These cross-sections describe the geometric dimension of the
channel at different flows; width, maximum depth, area wetted perimeter (thus hydraulic radius)
which are also presented numerically in table 1. Figure 2 shows a steep left bank on the outside of the
meander bend and describes the uneven profile of the point bar (25m-65m) under investigation, the
right bank, and how increasing stage will result in further inundation of ERS.

Figure 2. A) pool cross-section. B) riffle cross-section. Discharges (m3s-1) for each stage are displayed in the
cross section A- they apply to both. Vertical scale exaggerated (x10).

Surveyed water surface slopes corresponding to the four discharges and estimated bankfull slope are
plotted in figure 3; the tangential slope, at the riffle cross-section is also calculated for each flow
(Table 1). Figure 3 illustrates the difference in slope between riffle and pool. The riffle acts as weirs
causing local acceleration and flow separation and also ponding the flow in the neighboring upstream
pool. At approximately 205m there is some disruption to the slope profiles caused by a mid-channel
increased riffle height, exposing a central bar at low flows (see Plate 1), probably as a result of the
aforementioned flow separation. This will not have any affect at higher flows as the riffle and mid
channel bars will be drowned out, yet the riffle cross-section is located slightly upstream of the
steepest part of the riffle( at ~190m) where flow is approximately uniform, thus providing more
accurate results.
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Figure 3. Water surface slope profiles and their corresponding discharge (m3s-1). The major riffle is located
between 180m and 225m. The locations of pool (a) and riffle (b) cross-sections are displayed. Vertical scale is
exaggerated.

Figure 4. Surface bed material sample

Figure 4 is a graphical representation of the riffle-pebble count. It shows cumulative frequency
percentage of particle size. Sampled bed sediment ranged from gravels (min= 1.2cm) through coarse
gravel to large cobbles (max = 26.1cm). The graph allows deduction of useful descriptors of bed
sediment caliber which are often used in empirical formulae: D90 is 0.128m, D84 is 0.115m, D50 is
0.07m and D35 is 0.059m.
Table 1. Summary of field data

Discharge m3s-1
Date & Time 2007
Pool
Area (m2)
Max depth dm (m)
Top width w (m)
Wetted perimeter p(m)
Hydraulic radius R (m)
Riffle
Area (m2)
Max depth dm (m)
Top width w (m)
Wetted perimeter p(m)
Hydraulic radius R (m)
D84 (m)

0.68
25/04
11:00

2.01
11/0
16:45

2.59
13/06
14:00

3.58
15/05
15:00

Bankfull

3.003
0.300
12.7
15.826
0.190

4.837
0.415
16.2
16.454
0.294

5.659
0.465
16.7
17.007
0.333

6.758
0.530
17.1
17.477
0.387

37.722
1.410
59.6
57.633
0.655

3.073
0.295
21.70
21.745
0.141
0.01027
0.115

4.398
0.355
22.25
23.311
0.197
0.00960

5.653
0.410
23.30
23.371
0.242
0.01013

38.627
1.235
49.50
49.802
0.776
0.00239
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Estimating bankfull
Initially, bankfull discharge requires estimation of at the riffle cross-section through flow resistance
equations. This can subsequently be applied to the pool to better describe the ‘at a point’ hydraulic
geometry. Applying parameters, defined in Table 1 to equations 1,2,3 and 4 effective roughness D
can be calculated for the riffle. These results of this procedure are summarized in Table 2 and Figure
5. Figure 5 describes the change in roughness with width at the riffle section. As width increases
roughness also increases.
Table 2. Effective roughness calculated at the riffle section for three given discharges.

Discharge m3s-1
Effective roughness D
Average D

2.01
0.214

2.59
0.465

3.58
0.616
0.432

Figure 5. Relationship between channel width (w) and effectiveness of roughness (D) at the riffle.

Average calculated roughness is 0.432m (Table 2), which represents the perimeter grain roughness for
the uniform flow. Applying the pebble count data to Hey’s (1979) empirically derived roughness
coefficient, 3.5D84, effective roughness becomes 0.4025m. To account for the variation in D as the
channel expands over different sediment patches, linear extrapolation of the width-roughness
relationship (Figure 5) was employed to determine bankfull roughness value of approximately 7.5m.
Separate bankfull discharge estimations, at the riffle section, based on these different effective
roughness coefficients are presented in Table 3.
Table 3. Bankfull discharge estimations based on various roughness values

Method
D (m)
a
f
U
Bankfull discharge ( m3s-1)

Average D84
0.4320
12.864
0.1306
1.054
40.72

3.5D84
0.4025
12.846
0.1249
1.078
41.64

Extrapolated
7.5
12.846
15.9511
0.095
3.685

Hydraulic geometry curves
Figures 6 and 7, which incorporate the four measured data as well as estimated bankfull data,
illustrate the hydraulic geometry of the channel at the pool section. These curves describe how the
channel cross-section changes with discharge. As the pool cross-section is adjacent to the ERS bar of
interest, essentially they explain the variation in ERS inundation with discharge.
The curves (Figure 6 and 7) are plotted on logartithmic scales, facilitating linear trend lines.
As a result, it is hard to visualize relationships. If plotted on arithmetic scale, width would increase
with flow gradually initially; however, as the channel fills, the change in width per unit of discharge
becomes greater. Basically, the opposite is true for depth, at lower flows, additional discharge will
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have more pronounced effect on depth, whilst higher flows increase in discharge will achieve smaller
rises in stage.

Figure 6. Hydraulic geometry: Width- Q curve

Figure 7. Hydraulic geometry: Depth-Q curve

Hydrological regime
Figure 8 shows the hydrograph for the River Severn at Dolwen in 2007 and 2008. The data are from
Dolwen, the Environment Agency gauging station 2km upstream of the study site. There are no major
tributaries or other inflows or outflows between the station and the site; therefore it represents
accurately the discharge at the field site. Estimated bankfull discharge, 40.72 m3s-1, is exceeded
(causing complete inundation) on eleven occasions throughout 2007 and 2008.
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Figure 10. Hydrograph for the River Severn based on discharge data from Dolwen. The red dashed line indicates
the bankfull level when the whole of the bar in inundated.

Figure 10. Flow duration curve for Dolwen using the 15 minute interval data.
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Width and Depth duration curves
The width (Figure 11) and depth (Figure 12) duration curves, constructed by combining the hydraulic
geometry and the flow duration curves, represent the proportion of time during which a given width or
depth of the channel is exceeded. It must be stressed that no representation of the chronological
sequence of events is enumerated in these curves. They are simply a means of representing the
variability of width and stage in terms of the entire flow record, thus providing the necessary spatial
(vertical and lateral) and temporal extent of inundation for investigating ERS hydrogeology. It also
must be noted that the geometric relationship between the flow and width/depth is not known for
conditions exceeding bankfull (59.6m for width; 1.41m for depth). Consequently, the extreme upper
end of these curves is not wholly reliable. However, when considering ERS, which by definition are
within these limits, this is inconsequential. Table 4 summarizes numerically the depth and width
duration curves.
Table 4. Data tabulated from Figures 11 and 12 (accurate to reasonable level as read from graph)

Exceedance %
0.5
1
2
3
5
10
20
30
50
90

Width (m)
59.6
46
37.5
34.5
31
26.5
21
18.5
17
15.75

Figure 11. Width duration curve at the pool

Depth (m)
1.41
1.30
1.18
1.13
1.05
0.95
0.76
0.64
0.52
0.34

Figure 12. Depth duration curve at the pool

Integrating topography
The DEM (Digital Elevation Model) representing the topographic GPS survey is presented in 3-D in
Figure 13. It displays in detail the point bar surface. The image views the bar (from north to south)
from a point above the opposite bank near the apex of the meander. The lowest of the contours that
can be made out approximately follows the channel boundary at low flow conditions.
The depth exceedance duration of the pool cross-section, displayed in Table 4., have been
cross-calibrated with the elevations of the DEM to provide better spatial analysis of the inundation
duration of the ERS patch (Figure 13). The information was layered horizontally from the known
depths at the cross-section, and therefore water surface slope was not accounted for. The small spatial
coverage of the site allows this without generating significant error.
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Figure 12. DEM of point bar. Flow is from right to left- indicated by arrows. Line A represents ap[proximate
location of pool cross-section. Vertical scale is exaggerated x10.

Figure 13. Orthographic 2d representation of inundation duration at the point bar. Resolution = 1m. Ignore
information provided outside of the extent of the GPS survey. The whole bar is inundated at 0.5%. Legend
below
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Preliminary findings and conclusion based on the hydrological model
There are many different and complex approaches to quantifying flood inundation. The methods used
in this study were simple and therefore transferable to a range of sites; requiring cross sections, pebble
counts and an accurate flow record. The creation of a DEM allows the assessment of the inundation
dynamics of the study bar. The duration of exceedance of particular depths and widths of the channel
are identified (over the specified time period) as a means for quantifying spatial and temporal
inundation dynamics. Relationships can then be established between inundation dynamics (of an ERS
bar) and the invertebrate assemblage structure, species abundance and richness as well as spatial
habitat usage prior to and after flood events.
Based on the hydrological model the estimated bankfull discharge for the study site is 40.72
m3s-1. This level of discharge results in complete inundation. During 2007 and 2008 the study bar was
inundated on eleven occasions. These events were predominately in the winter months (NovemberFebruary), however in both 2007 and 2008 unexpected heavy rainfall in the summer resulted in the
bar becoming completely inundated. This occurred once in July 2007, once in July 2008 and twice in
September 2008. The DEM of the bar shows the varied profile and elevation, the central upper
sections of the bar are more elevated, elevation is decreased towards the water’s edge. These elevated
areas will provide refuge for invertebrates during smaller and medium sized flow events, and provide
‘safer dryer’ areas that could be potentially be used for over wintering or larval development. Bars
with more varied topography and areas of higher elevation could allow greater refuge and survival
during flood events. Whereas shallow flat, bars will afford limited refugia during inundation events.
Andersen’s work (1968) links species distribution to distance from the water’s edge and Bates et al.,
(2007) found different ERS beetles to have an affinity with particular elevations.
The second part of this research will analyses the invertebrate data collected in 2007 and
2008. These data will be examined in relation to small and medium flow events and the total
inundation events that occurred in both summers. The distribution, abundance (and mortality) and
species composition will be examined weekly. The specimens have been identified to species level
and comprises of three groups; Carabids, Staphylinids and Spiders. These have then been further split
into specialist ERS species and generalist (non specialists). The total abundance, species richness,
species diversity, beta diversity and Bray Curtis community similarity for the whole bar for each
week, and split into the water’s edge, middle and top of the bar zones. This is to assess variation in
distribution in relation to rising and falling flow levels. Preliminary results indicate an upward
(increased elevation) shift in the distribution of invertebrates during small and medium flow events.
After the total inundation events both abundance and species richness was significantly reduced.
Interestingly the species composition changed, smaller numbers of generalist species persisted after
the event, the specialists, although initially reduced were able to repopulate the bar relativity rapidly.
Conclusion
This piece of research takes a key step towards understanding the resilience, sensitivity and
organization of ERS invertebrates with respect to fluctuating water levels, which may improve current
understanding of the environmental controls on ERS invertebrate species richness and diversity. As a
result some progress will be made towards developing a tool that links riverine ecology and
hydrology, which are required for informing management decisions and gaining a better
understanding of the ecology and habitat requirements of ERS invertebrates of conservation concern.
Publications
These data will form part of two thesis chapters, two papers, and has been presented as part of a poster
at EGU. One chapter is based around the data present in this report; the other is focused on the
physical habitat dynamics of ERS (sediment, temperature and moisture). The information this piece of
research has provided on the bankfull level has been used in conjunction with sediment temperature
data, to assess seasonal sediment temperature variation in relation to inundation at different point of
the study bar.
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