View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Queen Mary Research Online

&
wQf Queen Mary
University of London

The role of large wood in retaining fine sediment, organic matter and plant

propagules in a small, single-thread forest river
Osei, NA; Gurnell, AM; Harvey, GL

10.1016/j.geomorph.2015.01.031

For additional information about this publication click this link.
http://gmro.gmul.ac.uk/xmlui/handle/123456789/9838

Information about this research object was correct at the time of download; we occasionally
make corrections to records, please therefore check the published record when citing. For
more information contact scholarlycommunications@qgmul.ac.uk


https://core.ac.uk/display/77038264?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://qmro.qmul.ac.uk/xmlui/handle/123456789/9838

This is the post_peer review, pre-publication version of the following article:

Osei, N.A., Gurnell, A.M., Harvey, G.L. 2015. The role of large wood in retaining fine sediment, organic matter

and plant propagules in a small, single-thread forest river. Geomorphology 235: 77-87.

The published version is obatianable from http://dx.doi.org/10.1016/j.geomorph.2015.01.031

The role of large wood in retaining fine sediment, organic matter and plant

propagules in a small, single-thread forest river

Nana A. Osei*, Angela M. Gurnell, Gemma L. Harvey

School of Geography, Queen Mary University of London, Mile End Road, London, E1 4NS,
UK

* Corresponding author. Tel.: +44 (0)7832915095; email address: n.osei@qmul.ac.uk.
ABSTRACT

This paper investigates associations among large wood accumulations, retained sediment and
organic matter, and the establishment of a viable propagule bank within a forested reach of a

lowland river, the Highland Water, UK.

A wood survey within the 2 km study reach, illustrates that the quantity of wood retained within
the channel is typical of relatively unmanaged river channels bordered by deciduous woodland,
and that the wood accumulations (jams) that are present are well developed, typically spanning

the river channel and comprised of wood that is well-decayed.

Sediment samples were obtained in a stratified random design focusing on 9 subreaches within
which samples were aggregated from five different types of sampling location. Two of these
locations were wood-associated (within and on bank faces immediately adjacent to wood jams)
and the other three locations represented the broader river environment (gravel bars, bank faces,
floodplain). The samples were analysed to establish their calibre, organic and viable plant

propagule content.

The gravel bar sampling locations retained significantly coarser sediment containing a lower
proportion of organic matter and viable propagules than the other four sampling locations. The
two wood-related sampling locations retained sediment of intermediate calibre between the

gravel bar and the bank - floodplain samples but they retained significantly more organic matter



and viable propagules than were found in the other three sampling locations. In particular, the
jam bank samples (areas of sediment accumulation against bank faces adjacent to wood jams)

contained the highest number of propagules and the largest number of propagule species.

These results suggests that retention of propagules, organic matter and relatively fine sediment
in and around wood jams has the potential to support vegetation regeneration, further sediment
retention, and, as a consequence, landform development within woodland streams, although
this process is arrested by grazing at the study site. These results also suggest that self-
restoration using wood is a potentially cost-effective and far-reaching river restoration strategy
but that its full effects develop gradually and require the establishment of a functioning wood

budget coupled with grazing levels that are in balance with vegetation growth.

Keywords: Large wood; Hydrochory; Sediment characteristics; River restoration

1. Introduction

Naturally-functioning forested rivers typically display complex riparian vegetation structure
and fluvial forms that are driven by interactions among dead and living vegetation and fluvial
processes (Gurnell, 2013). These interactions are reflected in the presence of a dynamic mosaic
of large wood accumulations that induce spatial and temporal variations in flow velocity and
patterns; erosion, sorting and deposition of sediments; the formation of landforms of varying
sediment calibre including lateral bars and benches, eroded banks and side channels that
strongly impact on the age structure and patchiness of the riparian forest (e.g. Gregory et al.,

1991; Naiman et al., 2005; Latterell et al., 2006).

Large wood accumaltions in the active river channel not only significantly influence flow
hydraulics, the retention and sorting of organic and inorganic fluvial sediments, and thus the
morphological characteristics of the channel (e.g. Abbe and Montgomery, 2003), but these
wood structures also perform important ecological functions as they are habitats in their own
right; induce the development of other habitats, such as pools, vegetated and unvegetated bars,
and side channels; provide shelter for organisms from predators as well as hydraulic refugia;
and are a source of food. As a result, large wood structures support many organisms and their
life history stages (e.g. Anderson et al., 1984; Benke and Wallace, 2003; Dolloff and Warren,
2003; Francis et al., 2008, Schneider and Winemiller, 2008). This paper contributes to research

on associations among large wood, physical habitats and living organisms by exploring the



relations between wood jams, sediment patches representative of particular physical habitats,

and plant propagule retention.

Rivers are important for dispersing plant propagules across the landscape. The process of
hydrochory (i.e. dispersal of diaspores by water, van der Pijl, 1982; Andersson et al., 2000) has
been investigated by many researchers in relation to the colonisation of riparian zones and
related influences on riparian vegetation communities (e.g. Nilsson et al., 1991; Nilsson and
Grelsson, 1990; Andersson et al., 2000; Jansson et al., 2000; Gurnell et al., 2006). As well as
floating freely in rivers, plant propagules can be transported within the water in the same
manner as sediment particles, and by attaching to floating objects such as small pieces of wood,
logs, twigs and leaves, and can then be stranded in large wood accumulations (Johansen and
Hytteborn, 2001) and other obstructions within the channel. Indeed, deposition of relatively
fine sediment in the shelter of obstacles on river bars and channel margins has been shown to
be accompanied by the deposition of plentiful seeds and other plant propagules (Gurnell et al.,
2007). Therefore, wood obstructions within river channels could be expected to provide
important sediment and propagule retention sites. There is some published evidence for plant
propagule retention by wood. Fetherston et al. (1995) and Abbe and Montgomery (2003) noted
that trees colonise the bar surfaces that aggrade in the lee of bar-apex jams, and Collins et al.
(2012) placed forest regeneration at the centre of their ‘large wood cycle’. Furthermore, Pettit
et al. (2006) surveyed some of the 200,000 wood piles deposited along a 105-km length of the
Sabie River’s bedrock macro-channel following a very large flood and found that vegetation
regeneration from seedlings was occurring in 28 % of wood piles and that wood was sprouting
in 36 % of the piles. The substantial vegetated patches that are produced by these processes not
only influence further vegetation colonization and associated landform development but the
resulting vegetated landforms can provide sufficient shelter from disturbance for areas of
exposed sediment downstream, that seedlings can successfully initiate vegetation colonization
of these sheltered areas (Moggridge and Gurnell, 2009). However, to our knowledge, no direct
assessment of seed bank development associated with wood jams has been undertaken to date.

This topic forms the focus of the present paper.

In parallel with the broader literature on the physical effects of large wood in rivers, three
decades of research within the Highland Water, where the present research was conducted, has
focused on the distribution and dynamics of large wood accumulations and their interactions
with channel geomorphology (e.g. Gregory et al., 1985; Gregory and Davis, 1992; Gregory et
al., 1994; Gurnell and Sweet, 1998). Research on the geomorphological role of large wood has



concentrated on studying the varying physical properties of wood accumulations, the stability
of pool-riffle sequences, and the number and size of pools associated with large wood
accumulations (Piégay and Gurnell, 1997; Gurnell and Sweet, 1998; Gurnell et al., 2002;
Millington and Sear, 2007). Research has also investigated how large wood accumulations
influence floodplain sedimentation (Jeffries et al., 2003; Sear et al., 2010), focusing on the
impact of wood retention on the frequency and duration of overbank and floodplain deposition,
the formation of multi-channel patterns, and the formation and maintenance of floodplain
surfaces. Biological research on the Highland Water has been limited. Recently, there has been
some research on the significance of wood for fish populations (e.g. Langford et al., 2012). In
addition, Sear et al. (2010) inferred that depositional features such as large wood accumulations
along the Highland Water may be important germination sites for trees and shrubs.
Nonetheless, there has been no formal research to investigate the possible relationships

between large wood accumulations and plant propagule retention in the Highland Water.

This paper investigates associations between wood, sediment and plant propagule retention
along a 2 km reach of the Highland Water. The study first explores the type and distribution of
wood accumulations within the reach, and then considers the properties of sediment retained
within five recurring types of sampling site within the river, two of which are wood-associated.

The research addresses the following research questions:

1. What are the types and characteristics of large wood accumulations present within the

studied river channel?

ii.  What are the characteristics of sediments and associated plant propagules retained in
the river channel in sampling locations within, near and between the wood

accumulations?

iii.  Are there any significant associations between sediment and plant propagule

characteristics and the types of sampling location in which they are found?

2. Study Area

This study was conducted along a reach of the Highland Water, flowing through the New
Forest, Hampshire, UK (Figure 1). The 2 km study reach has an average slope of 0.006 m.m’!
and the relatively shallow active channel (approximately 1m to bankfull level) extends to an
average width of approximately 4 m (Gurnell and Sweet, 1998). The size of the bed material

within the active channel is highly variable, ranging from local cobble-pebble deposits to more



widespread coarse gravel deposits with frequent patches of sand and silt. The banks are

composed mainly of sand, silt and clay sized particles with gravel lenses.

The study reach is bordered by old, mainly deciduous woodland, including alder (A/nus
glutinosa (L.) Gaertn), ash (Fraxinus excelsior L.), birch (Betula pubescens Ehrh.), beech
(Fagus sylvatica L.), holly (Illex aquifolium L.), oak (Quercus petraea (Mattuschaka.) Leibel.)
and several species of willow (Salix spp.). The woodland is largely unmanaged, although
grazing of the ground vegetation and lower branches by ponies, deer and cattle is intense. The
river channel is also essentially unmanaged and follows a sinuous course through the woodland
with large wood and other tree-related features such as exposed tree roots forming important
structures and geomorphic features within the channel bed and banks. Despite the heavy
grazing, the lack of management of large wood and riparian woodland, make the Highland
Water one of a very small number of sites in England suitable for this study, since the majority
of English rivers have been subject to riparian tree management and wood removal over many
decades even centuries. This paper focuses on sediment retained by wood accumulations
(hereafter called jams) and associated geomorphic units and considers the calibre and organic

content of the sediment and its associated seed bank.

3. Methods
3.1. Field methods

The approximately 2 km long study reach was divided into nine contiguous 200 m sub-reaches
(Figure 1). Two types of data or samples were collected from all nine sub-reaches: (i) all large
wood jams were located and their characteristics were recorded; (ii) sediment samples were

collected to provide data on sediment calibre, organic content and the plant propagule bank.

3.1.1. Large wood jam survey

Although many definitions of ‘large wood’ have been used (Hassan et al., 2005), large wood
was defined for the present study as wood pieces exceeding 1 m in length and 0.1 m in diameter.
All large wood jams that spanned at least 20 % of the channel width were surveyed between 9

and 12 May 2011 to record the properties listed in Table 1.

Each jam was characterised according to its position, type (following the classification of

Gregory et al., 1995), and decay status (Table 1). Position was categorised with respect to the



the nearest river bend; type was categorised on the basis of the way the jam interacted with
flow; and a simple three-fold categorisation of decay status reflected the predominant level of
decay of the large wood pieces as an indicator of jam age and stability. The outer dimensions
(length, width and height) of the jam were also measured as was the channel width at the

location of the jam.

For each jam, the number and dimensions (length and diameter) of all large wood pieces were
measured, from which the length and diameter of the largest (key) piece, the ratio of the key
piece length to the channel width, and the average length and width of the key pieces were
estimated. All measurements were made to the nearest 5 cm for lengths and 1 cm for diameters

using a 30 m measuring tape and a 1 m rigid rule.

The volumes of wood pieces (estimated from length and diameter) and jams (estimated from
length, width and depth) were also calculated, with a correction to the latter of 0.2 to estimate

the wood volume rather than wood-air volume (Gurnell et al., 2000).

3.1.2. Sediment sampling

Samples of mineral and organic sediment and their contained propagule bank were collected
during May 2011 using a stratified random sampling design. The sampling period followed the
recession of the major winter and spring floods and preceded the main summer flowering
period for the majority of species and so essentially captured the persistent seed bank (Hodgson

et al., 1995; Thompson et al., 1997).

Samples were collected from within each of the nine sub-reaches. In each sub-reach, sediment
samples were collected from five types of location: bare (unvegetated) side- and mid-channel
gravel bar surfaces (BGB); within wood jams (JM); the lower face / toe of banks immediately
adjacent (upstream or downstream) to wood jams (JB); the face of bare eroding banks located
away from wood jams (BK); and the top of the bank / floodplain edge surface (FP) (Figure 2).
These locations were chosen because they represented ubiquitous locations within and around
wood jams and across the broader river bed, banks and floodplain, including two wood-related
locations (JM and JB) and three commonly-occurring locations that were not directly related

to wood jams (BGB, BK, FP).

Three (for JM, JB, BK, FP) and four (for BGB) widely-spaced, replicate samples of each
location type were obtained from each sub-reach and these were combined to provide a single,

aggregate sample of each type. The larger number of samples for BGB locations were to ensure



that sufficient finer sediment was obtained for laboratory analysis from these coarse sediments.
Each sample was obtained using a cylindrical corer (5 cm deep, 6 cm diameter), and so we
extracted samples to a depth of 5 cm, which is typical for seed bank studies (Thompson et al.,
1997). The sub-reaches were sampled in sequence from downstream to upstream to avoid

sample contamination from transported sediment.

In relation to the propagule bank, the aim of the study was not to undertake a detailed ecological
analysis of its composition and abundance, which would have required many more samples
and sampling occasions as well as a different and more lengthy treatment of the samples.
Rather, the aim was to evaluate the degree to which viable propagules are characteristic of
sediments drawn from particular geomorphological locations and show differences among

these locations.

3.2. Laboratory methods

Following preparation and storage, two groups of methods were adopted in the laboratory: (i)
analysis of particle size and organic content; (ii) assessment of the viable propagule bank

through germination trials.

3.2.1. Sediment preparation and storage

Each sediment sample (aggregate of three replicate samples) was weighed, thoroughly mixed
and concentrated by sieving through a 4 mm sieve (Goodson et al., 2001). The <4 mm fraction
includes the entire propagule bank (Thompson et al., 1997) and so concentrates the propagules
within the sample extracted for germination trials. The volume and weight of the > 4 mm and
< 4 mm fractions were measured for inclusion in the particle size analysis of the sediments.
Two sub-samples of the <4 mm fraction were extracted for (i) particle size and organic content
analysis and (ii) germination trials. The samples for propagule bank analysis were placed in
cold storage (below 0°C) and all samples were subjected to germination trials at the same time.
This ensured equal treatment of the samples with the aim of achieving comparability in the
germination trial results rather than maximising the number of propagules and species

germinated.

3.2.2. Particle size and organic content analysis



100 ml sub-samples were extracted from each (< 4 mm) sample reserved for particle size and
organic content analysis. Each was weighed into a crucible, dried in an oven for 48 hours at
55°C, desiccated in a vacuum desiccation chamber and re-weighed, combusted in a furnace for
5 hrs. at 550°C, desiccated once again in a vacuum desiccation chamber after the combustion
process and reweighed to determine percentage loss-on-ignition of organic matter (Bott, 2006).

The combusted organic matter was expressed as a percentage of the dry sample weight.

The remaining mineral sediment sample was sieved through 2 mm and 1 mm meshes and a 5g
sub-sample of the < 1 mm fraction was analysed using a Beckman laser sizer to obtain a particle
size distribution for the < 1 mm fraction. The resultant data were combined with information
on the coarser fractions to provide estimates of the percentages of the dry weight of the original

aggregate field sample that were gravel, sand, silt and clay.

3.2.3. Germination trials

250 ml sub-samples were extracted from each (<4 mm) sample reserved for germination trials.
Germination trials were undertaken for 12 weeks, since it can take time for some species to
germinate (Baskin and Baskin, 2003; Finch-Savage and Leubner-Metzger, 2006). The 250 ml
sub-samples were spread on top of 500 ml sterilised compost (FertileFibre®) in bottom-
draining 20.5 x 15 x 5 cm plastic seed trays and 50 ml of vermiculite was sprinkled on top to
help prevent desiccation. Seed trays were arranged randomly in the germination room, watered
daily and then illuminated using 600-W Growmaster model Metal-Halide lamps for a period
of 16 h per day (Gurnell et al., 2008). Seed trays were periodically rotated in position to avoid
differences in light exposure and the soil surface was periodically disturbed to break up any
surface barriers created by mould or algae (Amrein et al., 2005; Adams and Steigerwalt, 2011).
The seedling emergence method was used to determine the number of viable propagules in the
sediment sample (Thompson et al., 1997; see Boedeltje et al., 2002 for aquatic plants). As
propagules germinated they were identified to species level and then removed from the seed
tray. Where seedlings proved difficult to identify, they were transplanted into pots and grown-

on until it was possible to identify their species or in some cases their genus.

In addition to the number of taxa recorded in each sample (propagule species richness), the
number of viable propagules per unit volume (propagules per litre) and surface area
(propagules per square metre) of the original bulk sample were estimated to allow comparison

with other published data (e.g. Butler and Chazdon, 1998; Gurnell et al., 2007, 2008).



The above, standardised approach to seed germination aimed to provide comparable (relative)
germination trial results based on a manageable laboratory effort. However, it is important to
note that more complex and time-consuming treatments are needed if the germination
requirements of all species are to be met and a more comprehensive evaluation of the viable

propagule bank is to be achieved (e.g. Boedjelte et al., 2002, 2003).

The variables derived from the analysis of particle size and organic content and the assessment

of the viable propagule bank are listed in Table 2.

3.3. Data analysis

Data derived from the raw field and laboratory measurements were assessed using descriptive
statistics to explore whether any trends were apparent in the data. Most of the monitored
variables were not normally distributed and the variables frequently showed differences in
variance between sampling location types, so non-parametric statistical methods were used for
data analysis. Kruskal-Wallis (KW) tests were used to explore the differences in the variables
among the sampling location types. Where KW tests indicated a significant difference (p<0.05)
in a particular variable, multiple pairwise comparisons were then performed using Dunn’s
procedure (Bonferroni corrected significance level) to identify which sampling location types
showed significant differences in the variable. Multivariate associations within the data set
were then explored using two ordination techniques: Principal Components Analysis (PCA) to
investigate the particle size and organic content properties of the samples and Detrended
Correspondence Analysis (DCA) to explore the species composition of the samples. KW tests
and PCA were performed using XLSTAT-Pro software (version 9.1.3, 2009), while DCA was
performed using CANOCO v4.5 (ter Braak and Smilauer, 2002).

4. Results
4.1. Characteristics of wood jams

A total of 141 large wood pieces were incorporated into 25 major wood jams within the 9
studied sub-reaches of the Highland Water (Figure 1). The majority of jams were located at
river bends (13 jams, 52 %), were complete jams (11, 44 %), and were comprised of large wood
pieces with partially decayed xylem (15, 60 %). Four (16 %), 11 (44 %), 7 (28 %), and 3 (12

%) jams were, respectively, active, complete, partial or high types, illustrating that the majority



of the jams were in contact with the bed and crossed the entire channel (i.e. 15 (60 %) were
active or complete jams). Only five jams (20 %) showed complete bark removal, and the same
number showed only partial bark removal, illustrating that most of the jams (15, 60 %) were

composed of wood that was predominantly in an advanced stage of decay.

Jams and their constituent large wood pieces varied greatly in size along the study reach (Figure
3). The median jam length, width and depth were 3.15 m, 2.5 m and 0.79 m, respectively, but
the volume of jams varied widely, ranging from 0.4 m* to 408.0 m® (median 6.12 m?). The
wood volume of the jams within the study reach was estimated to be 56.7 m*/ha. Each jam
contained an average of six large wood pieces (median, 4). The median wood piece length and
diameter were 2.50 m and 0.14 m, respectively, but wood piece sizes were highly variable with
wood piece volumes ranging from 0.004 m> to 10.804 m? (median 0.041 m?). Key wood pieces
had a median length of 4.0 m and median diameter of 0.22 m. The median length of the key

wood piece within the 25 jams relative to the local channel width was 1.38.

4.2. Sediment calibre and organic content

Despite the small sample size and variability in each of the sediment characteristics from each
type of sampling location, box and whisker plots show apparent differences in most of the
sediment characteristics according to sampling location type (Figure 4). Kruskal Wallis tests
(p<0.0001 in all cases) followed by multiple pairwise comparisons revealed statistically
significant differences (p<0.05) between bare gravel bar (BGB) samples and those from the
other four location types in each of the sediment properties (Table 3). Jam bank samples (JB)
showed significantly higher percentage organic matter (%OM) than gravel bar samples (BGB).
Floodplain (FP) samples showed a significantly higher percentage sand (%S) and lower
percentage gravel (%G) than gravel bar samples (BGB), whereas bank (BK) and floodplain
(FP) samples were found to be significantly finer (Dso) and showed significantly higher silt
(%ST) and clay (%C) content than jam (JM) and gravel bar (BGB) samples.

To explore multivariate contrasts in sediment properties among the samples, Principal
Components Analysis (PCA) was used to identify gradients in the sediment characteristics
across the 45 samples (9 for each sampling location type). Because the variables were
percentages and were not normally distributed, PCA was performed on a rank correlation
matrix. In this analysis %ST and %C were combined because they were very highly correlated

(r=0.99, p<0.0001) and so they each provided almost identical information. The first principal



component (PC1, Table 4) explained over 74 % of the variance in the data set and described a
gradient of decreasing particle size with %G showing a strong positive loading and Dso (phi),
%S and %ST+%C showing strong negative loadings. The second principal component (PC2,
Table 4) explained 18 % of the variance in the data set and had one very strong positive loading
on %OM. Therefore PC2 described a gradient of increasing percent organic matter in the

samples.

Figure 5 plots the scores of the 45 samples on PC1 and PC2, and codes them according to
sampling location type, using circles for jam-associated locations (JM, JB) and triangles for
other locations (FP, BK, BGB). A Kruskal Wallis test comparing scores on PC1 according to
sampling location type was highly significant (p<<0.0001). Multiple pairwise comparisons
revealed that BGB samples had significantly higher scores (i.e. were coarser) than FP, JB and
BK samples, and JM samples had significantly higher scores than FP samples (p<0.05). A
Kruskal Wallis test applied to sample scores on PC2 was also highly significant (p<0.0001),
with JB and JM samples having significantly higher scores (i.e. higher organic content) than
BK and BGB samples (p<0.05). Thus, BGB, JM, JB, BK and FP samples are well discriminated

according to their scores on PC1 and PC2.

4.3. Propagule bank

In total 19,609 propagules of 25 species and 3 genus (2 woody, 3 rush, 19 herb, 4 grass, Table
5) germinated from the sediment samples across the five sampling location types. Propagule
species richness and abundance varied in the sediment samples collected across the five
sampling location types (Figure 6). Kruskal Wallis tests followed by multiple pairwise
comparisons revealed that propagule species richness was significantly higher (p<0.05) in the
samples from jam banks (JB) and banks (BK) than in gravel bar samples (BGB), whereas
propagule abundance was significantly higher (p<<0.05) in jam bank (JB) and floodplain (FP)
samples than in bare gravel bars (BGB) (Table 3).

To explore more subtle gradients in the species composition of the propagule bank among the
samples from the different sampling location types, an indirect gradient analysis, Detrended
Correspondence Analysis (DCA), was applied to the species presence data. All species and
genus were included in the analysis and there was no downweighting of rare species.
Eigenvalues for the first two axes were 0.363 and 0.298 and the lengths of gradient were 2.997

and 2.675. These two axes only explain a total of 23.4 % of the variance in the species data.



Figure 7 shows the DCA biplot for the propagule species (Figure 7A) and the samples coded
by sampling location type (Figure 7B). Although there are some detailed differences in the
distribution of the samples from different sampling locations with respect to the species, there
are no clear and consistent differences to suggest that propagule species composition varies
with sampling location (Figure 7B). This probably reflects the fact that sampling was only
undertaken at a single time when propagule species diversity was likely to be low, and the
sampling effort, storage and germination trials were not designed to maximise the number of
species and propagles that germinated but to support a preliminary assessment of relative
differences among five geomorphologically different sampling locations. Therefore, although
the number of species and the abundance of propagules varies significantly among the sampling
locations, with the jam bank samples showing the highest combination of species richness and
propagule abundance (Table 3, Figure 6), there are no particularly distinctive contrasts in the
overall species composition of sets of samples drawn from the five different sampling location

types particularly from the JM, JB, BK and FP locations (Figure 7).

5. Discussion and Conclusions
5.1. Large wood jams

An enormous body of research has emerged over the last three decades, demonstrating the
importance of wood to river ecosystems (Gregory et al., 2003). In this context, an important
property of large wood is its size in relation to the size of the river channel (Gurnell, 2013),
since this affects the formation of channel-spanning jams that can have an enormous impact on
flow hydraulics, sediment retention and transfer, and physical habitat construction. In spite of
the rather small wood piece dimensions identified along the Highland Water, the key wood
piece length to bankfull width ratio within the 25 studied wood jams was an important factor
influencing jam size, the size of other wood pieces recruited into jams, and the stability of the
wood and the jams as suggested by other studies (e.g. Braudrick and Grant, 2000, 2001; Martin
and Benda, 2001; Abbe and Montgomery, 2003).

The majority of jams were wedged at river bends (52 %) and completely spanned the river
channel and its bed (44 %). Judging from their decay status (the majority of wood pieces
showing partially decayed xylem in 60 % of the jams), the jams represent long-term wood
retention within the river and probably long term persistence of individual jams. Indeed, the

persistence of jams within the Highland Water has been demonstrated previously by Gurnell



and Sweet (1998), who showed that although the type of jam may change through time the

location of the largest jams changes little.

Furthermore, the estimated volume of wood in the studied reach (56.7 m*/ha) is typical for
relatively unmanaged rivers bordered by deciduous woodland (Gurnell, 2013). Thus, the
studied reach provides an example of typical levels of wood accumulation within a river
bordered by deciduous woodland, where wood has been accumulating in the longer term to

form substantial, persistent jams.

As illustrated by Baillie et al. (2008), larger, longer and more stable than average large wood
pieces within jams influence channel morphology and habitat development. For example, wood
pieces and jams along the Highland Water have previously been shown to strongly influence
the abundance and distribution of different types of pool (Gurnell and Sweet, 1998). The
structure and persistence of wood features coupled with their impact on channel morphology
creates a complex environment within which sediment retention is likely to be high.
Understanding the character of the sediment that is retained in association with some of these
complex features contributes to a better understanding of the contribution of wood to river

ecosystems.

5.2. Sediment

Considerable spatial heterogeneity was observed in the sediment calibre and organic matter
content of samples obtained from different sampling locations in the studied reach. However,
there was significant sediment fining (Dso) from bars to jams and jam banks through to
floodplain and bank sampling locations, placing the two wood-related sampling locations (jams
and jam banks) in an intermediate position between the gravel bed and floodplain sediments in
terms of their sediment calibre. Bank and floodplain samples were significantly finer, with
bank samples containing a higher proportion of silt and clay, while floodplain samples
contained significantly more sand. The latter may accord with the observation of sand splays
on the floodplain following overbank flows typical of spring floods by Sear et al. (2010). The
two wood-related sampling locations also retained significantly more organic matter than bars
and banks. Thus wood provides sites for retention of sizeable quantities of relatively fine,
organic-rich sediment that would otherwise have few retention sites within the active river

channel.



5.3. Plant propagules

Seeds and vegetative fragments of plants form part of the river’s load of organic material, and
hydrochory (dispersal of propagules by water) has been shown to be a key process for
dispersing propagules downstream along rivers from the catchment species pool (e.g.
Andersson and Nilsson, 2002; Goodson et al., 2003; Boedeltje et al., 2004) and laterally into
the riparian corridor (Johansson et al., 1996; Goodson et al., 2003; Gurnell et al., 2008). The
abundance of viable propagules found in samples from the study reach (up to 9138 propagules
per square metre) is somewhat higher than those reported for other wooded riparian areas (e.g.
Ferris and Simmons, 2000; Goodson et al., 2001), despite the fact that the laboratory methods
were not designed to maximise propagule abundance but rather to identify relative contrasts in

abundance among five different types of sampling location.

The jam bank samples retained the highest numbers of viable propagules as well as the
highest number of propagule species, although there were no specific species associated with
the jam bank or any of the other types of samples. Propagule retention is important for the
establishment of vegetation in riparian and aquatic habitats, and it appears that the sampled
wood-associated habitats are hotspots for such retention. As noted in the introduction, Abbe
and Montgomery (2003) and Fetherston et al. (1995) describe the development of woody
vegetation on wood accumulations along the Queet’s River, USA, and Collins et al. (2012)
refer to a large wood cycle, where wood jams that are incorporated into the floodplain
provide hardspots on which the oldest trees are able to develop. The research presented here,
illustrates that propagule retention by wood is a significant process in the study reach, which
has the potential to feed a cycle of vegetation development, further sediment retention, and
consequently in-channel vegetated landform development associated with the wood jams.
Furthermore, high propagule retention is associated with the retention of relatively fine
organic sediment which is suitable to support germination and early growth of the seedlings.

Unfortunately, heavy grazing in the New Forest may prevent this potential being achieved.

The relatively low species richness (28 taxa) of viable propagules found during this study
may also reflect restriction of the species pool due to heavy grazing within the riparian forest
bordering the river. The pressure of grazing, reduces the number of seedlings that reach
maturity, and hence retards regeneration of the ground vegetation (Douglas and Pouliet,
1997; Clary, 1999; Shaw and Kernot, 2004). However, the time of sampling (May) as well as
the sampling and laboratory methods employed, which were not designed to achieve a full

ecological analysis but to investigate relative differences among the five types of sampling



location, are very likely to have reduced the propagule species richness observed.
Furthermore, most of the seedlings identified in the present study were from species with a
persistent seed bank (that is seeds remain viable for > 1 year; Thompson and Grime, 1979;
Thompson et al., 1997), reflecting the fact that many plant species set seeds in summer and
also produce seeds with a shorter period of viability than one year. Strong seasonal variations
observed in the composition of bank top, bank face and channel bed seed banks and their
species traits along two other UK rivers, support these suppositions (Gurnell et al., 2007,
2008). This research on two reaches of the River Frome (southern England) and one reach of
the River Tern (central England), revealed the highest species richness in propagule banks
deposited and accumulated between October and January (i.e. following the summer) and
highest abundance in propagule banks deposited and accumulated between June and
September. Species traits (plant functional types, longevity of viability, dispersule weight)
varied between the background (mainly persistent) propagule bank (sampled during May as
in the present study) and depositional additions to the propagule bank accumulated over four
sampling periods (June to September, October to January, February to May, June to October).
The research also demonstrated how inundation depth, duration and frequency; and the
hydraulic conditions affecting the sampling locations, inferred from the calibre of sediment
deposited; were important explanatory variables for propagule abundance and species
richness. These observations and those made in flume experiments by Merritt and Wohl
(2002) also support the implications of the present research that there is strong interaction

between fluvial processes including hydrochory and the characteristics of sampling locations.

Overall, competition, herbivory, propagule functional traits, and the frequency and magnitude
(depth and duration) of flood inundation may account for the supply of propagules to different
sampling locations by hydrochory, but the overall flow resistance and complexity of the wood
jams explains why the wood-associated sampling locations provide important retention sites
for propagules and other organic matter. The longer-term geomorphological and plant
ecological role of wood jams and jam banks may be simply be as temporary storage sites for
propagules that are remobilised and transferred elsewhere by floods. However, in the absence
of grazing these substantial wood-related features are most likely to act as germination sites,
on which plants grow, sediment accumulates and the sites eventually evolve into landforms
such as vegetated bars, benches, islands and extensions of the flooplain as indicated by Abbe

and Montgomery (2003) and Gurnell et al. (2005).



5.4. Importance of large wood jams for river restoration

Recently, restoration schemes have started to incorporate the reintroduction of large wood to
enhance channel structural and hydraulic complexity and thus to re-establish the physical and
ecological functions associated with large wood jams in undisturbed river systems (Palmer et
al., 2010). The value of large wood for improving hydraulic diversity, driving widespread
sediment sorting and redistribution, and as a resource for river restoration and recovery has
been demonstrated by research relating habitat complexity to fish and macroinvertebrate
community indices (e.g. Crispin et al., 1993; Sotir, 1998; MacNally et al., 2001; Lester and
Boulton, 2008; Nagayama et al., 2008). The study reported here has shown that well established
wood jams not only influence channel morphology and sediment structure but they also have
an important role in plant propagule, organic matter and fine sediment retention. This effect is
almost certainly enhanced by the age, complexity and state of decomposition of the wood in
the studied jams, and so the effect of wood on these retention processes builds over many
decades as a dynamic wood budget establishes, rather than being an instant gain from wood

emplacement.

The availability of plant propagules is an important factor for landform development and the
regeneration and restoration of natural habitats as the propagule bank functions as a latent plant
community (Thompson, 1992; Bakker et al., 1996). Propagules concentrate in areas of flow
separation or low shear stress, characteristic of wood jams, following depositional processes
(Abernethy and Wilby, 1999; Goodson et al., 2001; Andersson and Nilsson, 2002; Tabacchi et
al., 2005), and these environments can provide suitable environmental conditions (nutrients,
moisture, disturbance etc.) for germination. Propagules of many plant species have been shown
to have the ability to tolerate and germinate or sprout in relatively disturbed river habitats
(Barrat-Segretain et al., 1999; Barrat-Segretain and Bornette, 2000). Consequently, the
progressive deposition and accretion of sediment and propagules, sprouting of early-
successional germinants and the eventual colonization success of vegetation in the wood-
related patches sampled in the Highland Water may be important factors for determining earlier
successional processes and plant diversity (Barrat-Segretain et al., 1998; Pollock et al., 1998;
Middleton, 1999; Guilloy-Froget et al., 2002) and may also influence channel and floodplain
development (Fetherston et al., 1995; Montgomery and Abbe, 2006; Collins et al., 2012).
Linking with observations in less heavily-grazed rivers (e.g. Abbe and Montgomery, 2003;

Collins et al., 2012), the wood-related propagule and sediment retention process has the



potential to feed cycles of vegetation regeneration, sediment retention and landform

development that are at present arrested by grazing within the New Forest.

Overall, wood appears to play an important role in the physical and biological development of
rivers and has the potential to drive river self-restoration. Emplacement of wood in rivers has
important physical effects, but time is needed for the wood budget to develop and for well-
developed accumulations to appear. Such accumulations undoubtedly have important
geomorphological impacts on the surrounding channel. However, the results presented here
suggest that plant propagule banks within large wood-related patches may be important tools
in the conservation of plant species and in contributing to the trajectory of floodplain
morphological and forest development. However, further research involving a larger number
of samples, repeated (i.e. seasonal) sampling, and a different methodology for sample storage
and processing samples is required if the full plant ecological implications of the retained
propagule banks are to be appreciated. Finally, this process of river self-restoration driven by
wood is very cost-effective but it needs to be recognised that it requires not only the
establishment of a functioning wood budget but also the maintenance of grazing at levels where

vegetation and herbivores are in balance.
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Table 1. Characteristics recorded for all wood jams.

Variable

Description

Jam position
(upstream, downstream, at
bend)

Jam type
(active, complete, partial,
high)

Jam decay status

(partly decayed, bark
removed, bark partly
removed showing xylem)

Number of large wood
pieces in jam

Key wood piece length
Key wood piece diameter

Ratio of key wood piece
length to channel width
Wood piece length
Wood piece diameter
Jam length

Jam width

Jam depth

Jam volume

Upstream: jam located upstream of a bend.
Downstream: jam located downstream of a bend.
At bend: jam located at the crest of a bend.

Active: jam completely spans the channel width and is
sufficiently impermeable that it induces a step in the
water surface slope under baseflow conditions.
Complete: jam completely spans the channel width and is
sufficiently permeable that no step in the water surface
slope is induced under baseflow conditions.

Partial: jam only spans part of the channel width.

High: key piece(s) is / are suspended above the channel
bed and thus only influence flow hydraulics during high
flows.

Partly decayed: jams showing predominantly large wood
with partly decayed xylem.

Bark removed: jams showing predominantly large wood
with bark (almost) completely removed.

Bark partly removed: jams showing predominantly large
wood with bark only partly removed or intact.

Total number of large wood pieces in the jam.

Length of the largest wood piece in the jam (m).
Mid-stem diameter mid-stem of the largest wood piece in
the jam (m).

Length of the longest (key) wood piece relative to the
channel width.

Average length of large wood pieces within the jam (m).
Average mid-stem diameter of large wood pieces within
the jam (m).

Distance from the upstream to downstream edges of the
wood jam measured parallel to the river channel axis (m).
Width of the jam measured perpendicular to the river
channel axis (m).

Maximum depth of the wood jam measured vertically
from the river bed (m).

The volume of the smallest rectangular box (including
air) into which a wood jam would fit (m?). Following
Gurnell et al. (2000), the wood+air volumes were
adjusted to produce estimates of wood volume by
multiplying the jam volume by 0.2.




Table 2. Properties recorded for bulked (aggregated) sediment samples extracted from five
sampling location types along the study reach of the Highland Water.

Variable Abbreviation  Description

% Organic matter %OM Percentage organic matter content of bulk sample
dry weight.

Median particle size of bulk sample dry weight.

Median particle size Dso

(phi units)

% Gravel %G Percentage gravel of bulk sample dry weight.
% Sand %S Percentage sand of bulk sample dry weight.
% Silt %ST Percentage silt of bulk sample dry weight..
% Clay %C Percentage clay of bulk sample dry weight.

Species richness TPropSR The total number of propagule species identified.

Propagules per litre TProp/1 The number of viable propagules per unit volume
sampled in the field.

Propagules per TProp/m? The number of viable propagules per unit surface

square metre area sampled in the field.

Table 3. Statistically significant differences (p<0.05) in sediment and propagule bank variables
of samples obtained from five sampling location types, identified using Kruskal-Wallis tests
with multiple pairwise comparisons performed using Dunn’s procedure with Bonferroni
correction.

Variables Significant differences among sampling location types
Sediment

%0OM JB >BGB

Dso BK, FP > JM, BGB
%G BGB > FP

%S FP > BGB
%ST BK > BGB

%C BK, FP > BGB
Propagule bank

TPropSR JB, BK > BGB
TProp/1 FP, JB > BGB
TProp/m2 JB, FP > BGB




Table 4. Eigenvalues, percent variance explained and sediment characteristic loadings on the
first two principal components (PC1, PC2) of a Principal Components Analysis (PCA)
performed on the sediment characteristics of all bulk sediment samples from five location

types.

PCl1 PC2

Eigenvalue 3.720 0.902
Variance explained (%) 74.407 18.044
Cumulative variance (%) 74.407 92.451
Loadings

%0OM -0.377 0.925
Dso -0.955 -0.183
%G 0.977 0.052
%S -0.908 -0.031

%ST+%C -0.942 0.100




Table 5. Plant species/genus germinated from samples drawn from different sampling location
types.

Sampling Location

Species name Abbreviation BGB BK JM JB FP
Agrostis sp. Agr sp X X X
Ajuga reptans Aju rep X X
Alisma plantago-aquatica  Ali p-a X X X X
Alnus glutinosa Aln glu X X X X
Apium nodiflorum Api nod X

Betula pubescens Bet pub X X X X
Callitriche hamulata Cal ham X
Callitriche stagnalis Cal sta X X X
Cardamine pratensis Car pra X

Carex pendula Car pen X X X X X
Carex sp. Car sp X X X X X
Digitalis purpurea Dig pur X X
Epilobium ciliatum Epi cil X X
Epilobium hirsutum Epi his X X X X
Euphorbia sp. Eup sp X
Festuca gigantea Fes gig X X
Hypericum humifusum Hyp hum X X
Juncus acutiflorus Jun acu X X X X X
Juncus effusus Jun eff X X X X X
Luzula campestris Luz cam X

Persicaria hydropiper Per hyd X X
Prunella vulgaris Pru vul X X X
Ranunculus repens Ran rep X

Sagina procumbens Sag pro X X X X X
Senecio vulgaris Sen vul X X X X
Sonchus oleraceus Son ole X
Stachys sylvatica Sta syl X
Taraxacum officinale agg. Tar agg X

Veronica serpyllifolia Ver ser X
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Fig. 1. (A) Location of Highland Water in the New Forest, South England; (B) the Highland
Water study reach, showing the location of the sampling sub-reaches and the investigated jams

(JM) from upstream (top left) to downstream (bottom right).
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Fig. 2. Schematic representation of the typical patterning of habitat patches representative of
the study reach along the Highland Water. The patches identified within the river corridor along
the study reach were bare (unvegetated) gravel bar (BGB), jam (JM), jam bank (JB), bank (BK)
and floodplain (FP).
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Fig. 3. Percentage frequency distributions of:
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Fig. 5. Scatter plot illustrating sample scores on PC1 and PC2 of the PCA described in Table
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abbreviations see Table 5, the dashed box marks the limits of the graph shown in (B)); (B)

samples coded by sampling location type.






