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Abstract Worldwide, the ecological condition of streams
and rivers has been impaired by agricultural practices such
as broadscale modification of catchments, high nutrient and
sediment inputs, loss of riparian vegetation, and altered
hydrology. Typical responses include channel incision,
excessive sedimentation, declining water quality, and loss
of in-stream habitat complexity and biodiversity. We
review these impacts, focusing on the potential benefits and
limitations of wood reintroduction as a transitional reha-
bilitation technique in these agricultural landscapes using
Australian examples. In streams, wood plays key roles in
shaping velocity and sedimentation profiles, forming pools,
and strengthening banks. In the simplified channels typical
of many agricultural streams, wood provides habitat for
fauna, substrate for biofilms, and refuge from predators and
flow extremes, and enhances in-stream diversity of fish and
macroinvertebrates.

Most previous restoration studies involving wood rein-
troduction have been in forested landscapes, but some
results might be extrapolated to agricultural streams. In
these studies, wood enhanced diversity of fish and macro-
invertebrates, increased storage of organic material and
sediment, and improved bed and bank stability. Failure to
meet restoration objectives appeared most likely where
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channel incision was severe and in highly degraded envi-
ronments. Methods for wood reintroduction have logistical
advantages over many other restoration techniques, being
relatively low cost and low maintenance. Wood reintro-
duction is a viable transitional restoration technique for
agricultural landscapes likely to rapidly improve stream
condition if sources of colonists are viable and water
quality is suitable.
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Introduction

Agriculture is the single largest land use in Australia,
occurring across more than 60% of Australia’s 768 million
hectares (Land and Water Australia 2001a). Practices
associated with agriculture, including clearing, extraction
of water, irrigation and the introduction of exotic species,
have led to significant changes in the condition of Aus-
tralia’s catchments and rivers (Boulton and Brock 1999;
Lake and Marchant 1990; Norris and others 2001). In 2002,
33% of Australia’s river length was estimated to have
impaired aquatic biota, and >80% of river length was
judged to be affected by catchment disturbance, relating
land use to the degradation of streams and rivers (Land and
Water Australia 2002). Without urgent improvements in
management and rehabilitation, the degradation of Aus-
tralian rivers was predicted to continue.

Rehabilitation techniques to address ecosystem degra-
dation as a result of agriculture include fencing to exclude
stock, revegetation of riparian zones and steep slopes, and
the creation of buffer strips to reduce sediment and nutrient
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input to streams (Anbumozhi and others 2005; Boutin and
others 2003; Carline and Walsh 2007; Correll 2005;
Hefting and others 2005; Parkyn and others 2003). This
review focuses on a technique that is less commonly
applied in Australia: the reintroduction of natural woody
debris to agricultural streams to restore habitat complexity.
The technique complements natural riparian vegetation
recovery as sources of wood become reestablished along
river banks. Although this review specifically addresses
Australian rivers, changes in river condition due to human
activities have occurred worldwide (Allan 2004; Gurnell
1995), and many of the issues discussed here are global.
Because Australia spans a wide variety of climatic zones
and agricultural industries, it is likely that rehabilitation
approaches are broadly transferable given the similarity of
impacts and issues.

In this review, we summarize management practices and
pressures associated with agriculture, document the effects
of those pressures and their interactions on stream condi-
tion in Australia, investigate the role of wood in streams,
both in agricultural and forested catchments, and explore
the potential for wood reintroduced into streams to redress
ecological problems associated with agriculture, using
examples where possible.

Agricultural Practices and their Effects on Australia
Streams

In Australia, particular agricultural activities tend to be
concentrated in specific geographical locations. Inland, dry
conditions favor beef, sheep, and wheat production,
whereas coastal regions with higher rainfall, particularly in
the east, have extensive dairy and horticultural industries
(Land and Water Australia 2001a). The concentration of
specific types of agriculture in distinct geographic regions
has resulted in a variety of impacts in different locations,
depending on climatic and edaphic context and the type of
agriculture. For example, the fertile floodplains of the
Williams River in northern New South Wales (Fig. 1) have
been used for cropping and cattle grazing since the mid-
19th century (Brooks and others 2004). There, deforesta-
tion, flood mitigation, and “river training” have resulted in
channel expansion, significant bed instability, and
increased bank erosion (Brooks and others 2004). In the
Western Australian wheat belt, clearing of deep-rooted
vegetation for shallow-rooted crops has increased salinity
in rivers such as the Kalgan and Blackwood (Fig. 1;
Schofield and others 2000). In these rivers, salinization led
to salt-tolerant aquatic invertebrates replacing more sensi-
tive species (Blinn and others 2004; Pinder and others
2004). Even in relatively well-watered areas such as the
New England Tablelands (Fig. 1), intensive grazing and
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Fig. 1 Predominant agricultural industries and rainfall in Australia.
(a) Predominant agricultural industries across Australia; (b) Average
annual rainfall across Australia and the location of rivers used as
examples within this review: 1. Blackwood River (WA), 2. Kalgan
River (WA), 3. Willochra Creek (SA), 4. Glenelg River (Vic), 5.
Wannon River (Vic), 6. Gordon River (Tas), 7. Little Yarra River
(Vic), 8. Bunyip River (Vic), 9. Latrobe River (Vic), 10. Castle and
Creightons Creeks (Granite Creeks) (Vic), 11. Ovens River (Vic), 12.
River Murray (NSW, Vic, SA), 13. Cann River (Vic), 14. Thurra
River (Vic), 15. Murrumbidgee River (NSW, ACT), 16. Williams
River (NSW), 17. Chichester River (NSW), 18. Darling-Barwon
River (QId, NSW), 19. New England Tablelands (NSW), and 20.
Johnstone River (Qld)

poor riparian management have caused sedimentation and
impaired river condition (Reid and others 1997).

Despite this variety of agricultural practices across
Australia, some common land disturbance themes emerge:
catchment and riparian clearing, channelization of streams
and rivers, regulation and abstraction of flow, increased
pollution entering streams, widespread grazing, and clear-
ing of in-stream wood (desnagging). We discuss each
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agricultural practice and its effect on stream environments
in turn, beginning with processes that operate at a land-
scape scale through to those operating at a stream-reach
scale (Fig. 2). Of course, these spatial scales are continuous
(hence the overlap in Fig. 2), but the spatial constructs
form a useful hierarchy for discussion and environmental
management.

Landscape-Scale Practices
Land Clearing

Throughout temperate and tropical Australia, floodplains
and catchments have been cleared for agriculture, as a
source of building materials and firewood, and for urban
development. More than 500,000 km? of eucalypt open
forest, woodland, open woodland, and acacia forest and
woodlands have been cleared since European settlement in
the late 18th century (Land and Water Australia 2001b).
The eastern seaboard and southern Western Australia have
been most extensively cleared, and Victoria now has the
lowest proportion of native vegetation of all Australian
states (Land and Water Australia 2006). The pattern of

clearing coincides with weed and feral animal encroach-
ment, the location of ecosystems that are “at risk,” and the
degree of change in hydrological regimes, illustrating the
synergistic impacts of the clearing on the landscape as a
whole (Land and Water Australia 2006). Clearing patterns
also coincide with declines in river condition, highly
modified catchments, elevated nutrient and suspended
sediment loads, reduced riparian vegetation, and disrupted
stream connectivity due to water impoundment (Lake and
Marchant 1990; Schofield and others 2000).

The experimental clearing of a catchment in south-
western Western Australia reduced the interception storage
of the catchment, increasing peak flows and groundwater
recharge and resulting in higher baseflows in the stream
(Ruprecht and Schofield 1991). As the saline water table
approached the surface, a sharp increase in stream salinity
occurred (Ruprecht and Schofield 1991). In South Australia
early in the last century, land clearance into the semiarid
zone (in the mistaken belief that “rain follows the plough”)
devastated large areas of native vegetation and led to
channel incision and salinization of streams (e.g., Willo-
chra Creek, Fig. 1; Boulton and Williams 1996). Increased
catchment erosion rates, partly due to overclearing, can
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Fig. 2 Agricultural pressures and their effects, and those elements
that wood might address. Note: Square boxes depict agricultural
pressures and rounded boxes show their effects. Effects are either
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shaded light gray if wood is unlikely to address them or dark gray
where wood additions will or might have an effect
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deliver increased loads of sediment to streams and rivers,
smothering fish spawning and nursery habitats (Hendry and
others 2003) or creating large, slow-moving accumulations
of sediment known as sand slugs (Bond and Lake 2003).
Streams affected by sand slugs in the Strathbogie Ranges
(including Granite Creeks; Fig. 1) had higher velocities,
shallower depths, and less in-stream wood than unaffected
streams (Downes and others 2006). Clearing of catchments
and floodplains has had similar effects in other parts of the
world (e.g., Europe, Gurnell 1995, and the United States,
Allan 2004). Figure 2 summarizes the effect of land
clearing on streams, along with the other agricultural
pressures reviewed herein.

Flow Regulation and Extraction

Flow regulation has also had a profound impact on streams
and rivers, particularly in Australia because flow regimes
are naturally extremely variable in space and time (Fin-
layson and McMahon 1988; Puckridge and others 1998;
Robertson and Rowling 2000). Water extraction, storage of
large quantities of water, and altered hydrographs have led
to lower total flows, fewer small to moderate floods, and
higher, more consistent dry season flows (Maheshwari and
others 1995). Cooler average water temperatures down-
stream of impoundments are also a result (Boulton and
Brock 1999), as impounded water is typically released
from the base of large storages in summer. For example,
water released from the Gordon Dam in southwest Tas-
mania (Fig. 1) was, on average, 5°C cooler than waters
upstream, with a significant decline in oxygen saturation
and high levels of hydrogen sulfide (King and Tyler 1982;
Lake and Marchant 1990). Impacts due to flow regulation
are widespread, with almost all water in rivers in New
South Wales and Victoria fully allocated or overallocated
for human use (Land and Water Australia 2006). More than
70% of water in these areas is used for irrigation purposes
and a further 6% is used by rural communities (Land and
Water Australia 20006).

Catchment-Scale Practices
Channelization

Channelization of streams has occurred in many areas,
often with the objective of improved land drainage (Brock
and others 1999). This practice includes straightening
channels, removing meander bends from rivers, lining
channels with impervious materials such as concrete or
clay, and constructing new channels to drain wetlands. One
of the major impacts of channelization is a reduction in in-
stream variability, with more uniform depths, velocities,
and structural diversity as a result (Brooks and others 2004;

Harmon and others 1986; Shields and others 1994). This
can be seen in the Bunyip River in Victoria (Fig. 1), where
a lack of suitable habitat in channelized sections resulted in
lower abundance and species richness of fish (Hortle and
Lake 1983).

Riparian Clearing

Removal of riparian vegetation is also a widespread prac-
tice (Growns and others 2003). Riparian clearing increases
stream water temperature (Sovell and others 2000). Strong
relationships have been detected between riparian shading
and water temperature, with more than 4°C difference in
daily maximum temperature between shaded and unshaded
streams on agricultural properties in Western Australia and
southeast Queensland (Rutherford and others 2004). Quinn
and others (1997) also reported that pasture streams in New
Zealand had daily maximum water temperatures 6—7°C
higher than adjacent uncleared streams. Increased temper-
atures alter in-stream production rates, saturation levels of
dissolved oxygen in the water, and carbon dynamics in the
stream ecosystem (Robertson and others 1999). Removal
of the source of in-stream wood and particulate organic
matter is another effect of riparian clearing, again leading
to reduced in-stream habitat complexity. Coarse particulate
organic material (CPOM) and fine particulate organic
matter (FPOM) are reduced because there is less opportu-
nity for leaf litter to enter the stream, transport rates are
higher, and there is less retention of CPOM (e.g., behind
accumulations of wood in the stream), reducing the carbon
available for processing (Bilby and Likens 1980).

Riparian clearing can also exacerbate channel incision.
Channel incision occurs due to a lack of balance between
the ability of the stream to transport sediment, the amount
of sediment available for transport, and structural controls
on the bed (such in-stream wood and riparian vegetation)
(Hendry and others 2003; Triska 1984). Incision reduces
levels of in-stream habitat diversity (Shields and others
2004) as riffles are eroded and pools are filled in with fine
sediment (Brooks and others 2004). Loss of habitat in this
manner has contributed to declining abundances of the
Green and Golden Bell Frog (Litoria aurea) in the southern
Tablelands of New South Wales (Hazell and others 2003).
In addition to a loss of in-stream habitats, homogeneity of
the stream-bed longitudinal profile can also result in a loss
of connectivity with the hyporheic zone and with ground-
water (Boulton 2007).

Pollution and Eutrophication
There are numerous common sources of pollution to

streams in agricultural catchments. Fertilizers, herbicides,
and pesticides applied to agricultural land impact directly
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on stream ecosystems (Leonard and others 1999), with
90% of river reaches surveyed by Land and Water Aus-
tralia (2002) showing higher nutrients (primarily
phosphorus) and suspended sediment than expected natu-
rally. The application of fertilizers to pasture and crops has
caused widespread eutrophication of streams and rivers,
which can lead to increased growth of macrophytes or algal
blooms, with associated oxygen depletion and pH changes
(Hendry and others 2003). For example, low-flow condi-
tions, an influx of sulfate-rich saline groundwater, and an
increase in the level of N-fixation led to large blue-green
algal (cyanobacteria) blooms in the Darling-Barwon River
in 1991 (Fig. 1; Donnelly and others 1997). In tropical
Queensland, sugarcane cropping has resulted in substantial
leaching of nitrogen into the soil and adjacent surface-
water and groundwater bodies in the Johnstone River
catchment (Fig. 1; Rasiah and others 2003). The effects of
such leaching are poorly documented but probably include
serious groundwater contamination. Pesticides such as en-
dosulfans also enter waterways via runoff and are
considered to be largely responsible for impaired aquatic
macroinvertebrate communities in the cotton-growing
regions of New South Wales (Hose and others 2003).
Roads and road crossings are another source of in-stream
pollutants, causing significant increases in in-stream sus-
pended sediment levels (Cornish 2001) that have then been
associated with negative effects on biodiversity, such as the
decreased tadpole growth and development of the Spotted
Tree Frog (Litoria spenceri) (Gillespie 2002).

Reach-Scale Practices
Grazing

Alteration of riparian and aquatic habitats has often been
linked to grazing practices (e.g., Gunderson 1968; Myers
and Swanson 1996; Platts and Nelson 1985), which have
substantially affected Australian river systems (Robertson
and Rowling 2000; Walker 1993). Excluding cattle from
several floodplain wetlands in the Murrumbidgee River
(Fig. 1) significantly increased the species richness, stem
density, and biomass of the littoral plant community
(Robertson 1997). Grazing reduces the proportion of
overhead canopy and the amount of woody vegetation
(Chapman and Knudsen 1980), alters bank stability (Myers
and Swanson 1991), encourages the spread of weeds
(Boutin and others 2003), and reduces the recruitment of
native species (Robertson and Rowling 2000). Cattle also
alter the quantity and quality of organic material available
in the stream, which can have a major impact on ecosystem
functioning, as many of these systems naturally rely on
allochthonous carbon to support riverine food webs (Rob-
ertson 1997). Waste products from stock elevate nitrogen
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and phosphorus levels (Robertson 1997; Sovell and others
2000), which might be of particular concern in some nat-
urally nutrient-poor regions in Australia. Trampling of
vegetation by cattle can increase in-stream water temper-
atures (Sovell and others 2000) and damage fragile banks,
promoting slumping and sedimentation. In Australian
dryland rivers, which are often reduced to a chain of pools,
productivity is concentrated in a “bathtub ring” of benthic
algae at the littoral margins of these pools (Bunn and others
2003). Damage to these littoral margins by stock trampling
is likely to have a large impact on the food web that relies
on that algae as a food source (Bunn and others 2003).

Desnagging

The active removal of wood from streams (desnagging) has
profoundly changed in-stream environments. Desnagging
has been common around the world (Brooks and others
2004; Maser and Sedell 1994; Triska 1984) and was
widespread in Australia between the 1880s and mid-1990s
(Erskine and Webb 2003). Desnagging resulted in the loss
of almost the entire natural wood load from many rivers in
Australia (Gippel and others 1992). For example, more
than 8000 logs were removed from the Williams and
Chichester Rivers in the Hunter Valley, New South Wales,
between 1954 and 1991 (Fig. 1; Erskine and Webb 2003).
Wood and other channel obstructions were removed to
increase maximum flow velocity, decrease erosion and
frequency of flooding, and speed drainage of the floodplain
(Erskine and Webb 2003). In Victoria, the Glenelg and
Wannon rivers (Fig. 1) were desnagged in 1961-1962,
resulting in a 20% increase in flow velocity and the
increased transport of sediment to the now heritage-listed
Lower Glenelg River (Erskine 1994). In some instances,
such as the Latrobe River (Fig. 1), desnagging operations
increased bed scour, exposing previously buried wood,
which was then removed, further increasing bed scour and
exposing additional buried wood (Reinfelds and others
1995). This cycle continued, resulting in average channel
incision of more than a meter (Reinfelds and others 1995).

Desnagging removes structural diversity within streams,
both directly as well as removing the indirect effect of
wood on nearby habitats (Brooks and others 2004; Harmon
and others 1986; Shields and others 1994). Loss of in-
stream habitat as a result of desnagging has been identified
as a factor in declining fish populations in the River Murray
(Fig. 1; Koehn and O’Conner 1990) and habitat destruction
is considered the major cause of extinction for freshwater
fish populations worldwide (Collares-Pereira and Cowz
2004; Koehn and O’Conner 1990). Limited physical het-
erogeneity also removes sources of shelter for other aquatic
organisms (Harmon and others 1986), reducing the density
and diversity of macroinvertebrates (Nakamura and



Environmental Management (2008) 42:310-326

315

Yamada 2005; Probst and others 2005). Although agri-
cultural streams often have high abundances of
macroinvertebrates, diversity is reduced and communities
are dominated by tolerant taxa such as oligochaetes and
mollusks (Stone and others 2005). Overall, there is a trend
toward simpler food webs with fewer taxa represented as a
result of disturbance to the in-stream environment.

The Role of Wood in Streams
Stream Morphology

At a reach or catchment scale, stream morphology is most
likely to be affected by large pieces or accumulations of
wood. The movement of water around obstacles alters the
velocity profile, which changes patterns of local erosion
and sedimentation. Pieces that occupy more than 10% of
the channel cross-section can have a significant impact on
the conveyance of a river (Gippel and others 1996), which,
in turn, can affect velocity profiles and sedimentation
patterns (Brooks and others 2004). Orientation and piece
stability influence the type and amount of scour caused by a
single log (Hilderbrand and others 1998). Pieces oriented
perpendicular to the flow have the greatest potential for
scour (Gippel and others 1996), whereas pieces angled with
the current create the most aggradation (Cherry and Bes-
chta 1989; Hilderbrand and others 1998; Mutz 2000). Log
length relative to channel width determines the level of
stability of the piece in the channel, with the longest pieces
typically moving the shortest distances (Hilderbrand and
others 1998). When present in sufficient quantities, how-
ever, small pieces also have the capacity to alter channel
morphology, as was the case for Schlaube Stream, Ger-
many (Mutz 2000). The total load of wood in a stream can
also control flow resistance, sedimentation, bank strength,
and channel migration (Abbe and Montgomery 1996;
Gurnell 1995; Koehn and others 2004).

Prior to European settlement, large wood might have
been the dominant control on geomorphological processes
in many rivers in Australia (Brooks 1999). A comparison
of the extensively cleared and desnagged Cann River in
Victoria with the nearby, relatively pristine Thurra River
(Fig. 1) revealed substantial differences in geomorphic
processes (Brooks and others 2003). The Cann River has
undergone significant channel enlargement, with a 360%
increase in depth, a 240% increase in slope, and a 700%
increase in channel capacity since European settlement
(Brooks and others 2003). In contrast, channel shape in the
Thurra River has been controlled by riparian vegetation
and in-stream wood, and changes have been minor over the
same time period (Brooks and others 2003). These results
highlight the importance of physical controls, including

riparian vegetation and in-stream wood on the bed and
bank, to the stability of the stream system.

Water Chemistry

The presence of wood in streams also alters water chem-
istry. Increased turbulence as the water flows over pieces of
wood causes aeration, increasing dissolved oxygen levels
(Wallace and Anderson 1996). Wood can act as a site for
the fixation of nitrogen (Buckley and Triska 1978) or other
biofilm activity, selectively transforming nutrients (Ryder
and others 2006; Vallett and others 2002). It can also alter
the amount and sources of carbon available in a stream,
even acting as a direct source of carbon that can be broken
down by macroinvertebrates, fungi, or bacterial processes
(McKie and Cranston 1998). Wood traps organic matter,
including leaves, and alters storage of particulate organic
matter by creating more pool habitats (Bilby and Likens
1980; Fisher and Likens 1973; Triska 1984), thereby
increasing the available carbon for processing by other
organisms (Smock and others 1989). Another important
effect of wood in a stream is to enhance vertical water
movement between surface and subsurface flows (Hester
and Doyle 2008). This process increases channel com-
plexity and has the capacity to improve water retention
times and enhance nutrient processing within the hyporheic
zone (Boulton 2007; Kasahara and Hill 2007).

Habitat and Biological Diversity

Large pieces of wood in streams increase the habitat
available for colonization by a range of organisms (Benke
and Wallace 2003; Davies and others 2000). Habitat
diversity is increased by the creation of pools and scour
holes and by the diversity in the depth and velocity profiles
of the stream (Abbe and Montgomery 1996; Harmon and
others 1986). Such diversity is crucial in providing
appropriate habitats for a range of species (Koehn and
others 2004), particularly in soft-bottomed streams where
there is no other hard substrate available (Wallace and
Benke 1984). Wood also traps leaf litter and drifting plant
material, which provide an additional habitat for aquatic
macroinvertebrates (Scealy and others 2007).

The log structure itself can provide complex cover for
fish from predators and high flows (Abbe and Montgomery
1996), whereas the increased pool habitat can provide
refuge and a source of recolonists during low-flow condi-
tions (Bond and Lake 2005; Collier and Halliday 2000;
Hax and Golladay 1998). Australian threatened fish spe-
cies, including the Mary River Cod, Murray Cod, and
Eastern Freshwater Cod, use logs to define their territories
and as cover (Coysh and others 2000; Harris and Rowland
1996; Merrick and Schmida 1984). Other native species
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also use wood as spawning sites and territory markers
(Crook and Robertson 1999).

Wood-associated macroinvertebrates and biofilms are an
important source of food for higher-order consumers,
including many fish species (Crook and Robertson 1999).
Macroinvertebrate communities are also influenced by the
availability of wood as a habitat (Benke and others 1984;
Benke and Wallace 2003; Wallace and others 1995). Even
at low densities, wood has been associated with dispro-
portionately high levels of invertebrate richness and
biomass in a stream (Benke and others 1984; O’Connor
1992; Wallace and Benke 1984). In some cases, macroin-
vertebrates preferentially select different species of wood,
altering the community composition of wood-associated
macroinvertebrate faunal assemblages (McKie and Cran-
ston 2001) or use wood in preference over other habitats
(Anderson and others 1978).

Restoration Projects Involving the Reintroduction of
Wood to Streams: A Meta-Analysis

As described earlier, naturally occurring wood in streams
influences channel morphology and water chemistry and is
associated with increased habitat and biological diversity.
A number of studies have been carried out worldwide on
whether actively reintroducing wood to streams will restore
these characteristics to streams where wood has been
removed. We did a meta-analysis of 15 studies in the
ecological literature where the goal of the research spe-
cifically involved the restoration or rehabilitation of a
stream using the introduction of in-stream wood. These
studies are summarized in Table 1. Studies that tested
hypotheses unrelated to restoration or investigated the
effects of extant in-stream wood were excluded.

Of the published examples of restoration projects using
wood as a stream rehabilitation tool, most were carried out
in the United States. These American projects were usually
undertaken on moderate-sized streams (second to fifth
order; Crispin and others 1993; Millington and Sear 2007,
Shields and others 2006; Wallace and others 1995),
whereas elsewhere (e.g., Australia), they have focused on a
range of stream sizes from small streams (e.g., Lester and
others 2007) to large rivers (Brooks and others 2004;
Koehn 1987). Forested landscapes were the most common
context for the rehabilitation projects (Crispin and others
1993; Coleman 2006; Gerhard and Reich 2000; Hilder-
brand and others 1997; Shields and others 2003; Wallace
and others 1995) with fewer studies occurring in agricul-
tural (Bond and Lake 2003; Brooks and others 2004,
Moerke and others 2004; Spanhoff and others 2006; Zika
and Peter 2002) or urban landscapes (Larson and others
2001; Moerke and others 2004). Almost all projects were
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reported as a case study on a particular waterway (or paired
with a reference stream) except Larson and others (2001),
who reviewed six restoration projects and studies under-
taken by Roberts and others (2007), Millington and Sear
(2007), and Lester and others (2007), who each assessed
responses in several rehabilitated streams.

The most commonly stated goals for the restoration
projects were improved bed and bank stability (Brooks and
others 2004; Coleman 2006; Shields and others 2006) and
the creation of in-stream habitat (Brooks and others 2004,
Bond and Lake 2005; Crispin and others 1993; Hilderbrand
and others 1997; Larson and others 2001; Roberts and
others 2007; Wallace and others 1995; Zika and Peter
2002). In an urban setting, flood control and erosion control
were common goals for restoration (Larson and others
2001). The restoration works typically included the addi-
tion of large pieces of wood (>10 cm in diameter;
commonly logs, root wads, and boles) using heavy
machinery (Brooks and others 2004; Coleman 2006;
Crispin and others 1993; Gerhard and Reich 2000; Hil-
derbrand and others 1997; Shields and others 2006). In one
instance in which a rehabilitation technique was trialed,
railway sleepers (railway ties) were used so that the
introduced elements were of a standard size (Bond and
Lake 2003). The use of smaller-size classes of wood
(<10 cm in diameter) was not specifically mentioned in the
majority of projects, possibly because such pieces are more
transient in a reach or more likely to accumulate naturally
if there was large wood to stabilize them. They were,
however, specifically included in the studies by Lester and
others (2007), Spanhoff and others (2006), and Millington
and Sear (2007), who focused on the rehabilitation of rel-
atively small streams where small wood was more likely to
be stable. In several projects, wood additions were com-
bined with other rehabilitation techniques, including the
addition of rocks (Crispin and others 1993; Koehn 1987),
riparian plantings (Shields and others 2003), modification
to channel shape (Millington and Sear 2007), or the crea-
tion of off-channel areas (Crispin and others 1993).

Reach lengths for rehabilitation varied from 10 m
(Lester and others 2007) to ~20 km (Bond and Lake 2003)
but were usually in the order of 0.5-1 km (e.g., Brooks and
others 2004; Hilderbrand and others 1997; Wallace and
others 1995). Where possible, studies compared treatment
and control reaches both before and after the restoration
works (Brooks and others 2004; Coleman 2006; Crispin
and others 1993; Hilderbrand and others 1997; Koehn
1987; Lester and others 2007; Roberts and others 2007;
Shields and others 2006). Common parameters measured
included in-stream habitat elements [including pool and
riffle frequency, association of pools with introduced wood
and pool depth (Bond and Lake 2005; Brooks and others
2004; Crispin and others 1993; Gerhard and Reich 2000;
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Table 1 Synopses of published examples of restoration projects involving the addition of wood to streams and rivers

Stream, location

References

Landscape

Project synopsis

Main findings

Ovens River,
Victoria,
Australia

Williams River,
NSW, Australia

Little Yarra River,
Victoria,
Australia

Castle and
Creightons
creeks, Victoria,
Australia

Eight streams in
Victoria,
Australia

Jossklein and
Liider, Hesse,
Germany

Stream
Muhleback,
Fiirstentum,
Liechtenstein

Lymington River,
Hampshire, UK

Ladberger
Muhlenbach,
Northrhine-
Westphalia,
Germany

Koehn (1987)

Brooks and
others (2001,
2004)

Coleman (2006)

Bond and Lake
(2003, 2005)

Lester and others
(2007)

Gerard (1995)

Zika and Peter
(2002)

Millington and
Sear (2007)

Spanhoff and
others (2006)

Forestry,
agriculture,
recreation, and
gravel
extraction

Agriculture

Forested with
some
agriculture

Agriculture

Agriculture

Forestry, meadows
with some
agriculture

Agricultural

Forested

Agricultural

Large rocks were added to a 24-m reach Increased habitat diversity and increased

downstream of a constructed log weir

as habitat for native fish. Willow
debris was incidentally deposited
downstream of the control reach, so
was also monitored.

Twenty engineered log jams were
introduced over a 1.1-km reach to
prevent channel incision, trap
sediment and create in-stream habitat
diversity. Morphological change, bed
material, and fish communities were
assessed.

Wood that had previously been removed
from the river was reintroduced into a
1.5-km reach to stabilize bed erosion
and increase in-stream biodiversity.

Reaches totaling 20 km of two streams
were treated to create habitat diversity
previously lost to sedimentation.
Railway sleepers (ties) added to span
the stream. Treatments of O, 1, or 4
structures per reach were added to
each site.

cover resulted in a threefold increase
in the abundance of fish using the
treatment reach.

Increased bank stability and sediment
retention in the reach were observed.
There was also increased hydraulic
and habitat diversity with greater fish
species richness and stability. Longer-
term monitoring needed to clarify
ecological response to changes in
channel morphology.

Differing results between taxa
highlighted importance of a specified
end point, appropriate scales, and
appropriate monitoring.

Careful consideration should be given to
the creation of refugia from adverse
conditions (e.g., drought) to improve
the resilience of stream ecosystems in
the long term.

Small wood was added to 10-m reaches Compared to control streams, treated

of eight streams across two regions in
Victoria, Australia. Streams were
monitored for changes in
macroinvertebrate community
composition.

The accumulation of wood due to

forestry was compared with the
introduction of wood in streams that
had previously been regulated.
Habitat distribution, channel shape,
and biodiversity were assessed.

Forty-five trees were added across five

treatment sections varying in length
from 50 to 550 m and the impact on
the fish populations was assessed.

Restoration works including bank

stabilization, raising bed levels,
addition of meanders and log jams,
and exotic species removal occurred
over 10 km in order to improve the
wood retention in the channel. Three
sites were assessed by adding dowels
as surrogate organic matter.

Twenty-five packages of branches (3—

6 cm in diameter) were added to a 50-
m reach. The effect on chironomid
pupal exuviae was monitored.

streams had greater family richness
and greater richness of all functional
feeding groups. Increased richness
was not limited to the introduced
wood, but was also observed in the
benthic and edge communities.

The habitat quality of straightened and

regulated rivers was improved by the
inadvertent addition of wood.
Demonstrates that improvements can
occur as a by-product of management
in some instances.

Despite some confusion in the logic of

the article, it appears that the
abundance and biomass of brown and
rainbow trout increased, as did fine
organic material and the number of
pools in the treatment reach.

Distances traveled downstream changed

in the 2 years after restoration. One
site had higher but more variable
transport, whereas the other 2 showed
declines in transport distances. Wood
jams were the most important
trapping location.

The treated reach showed elevated levels

of bed erosion and an initial decline in
chironomid diversity. These results
might have been due to the wood
species used, its placement, or short
time frames for monitoring.
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Table 1 continued

Main findings

A total of 200 structures, mainly tree
boles and some boulders and root
wads, were added to a 4.2-km reach to
create a series of pools, glides, and
riffles in the main channel and 11 side

A range of urban stream rehabilitation
projects were reviewed, assessing
changes in channel characteristics,
biological condition, project design,
and ability to reverse consequences of

Logs were added downstream of three
riffle reaches within the stream and
the impact on nutrient uptake,
macroinvertebrates, and stream
morphology were assessed.

Wood was added to two streams to

Stream, location References Landscape Project synopsis
Elk Creek, Oregon, Crispin and Forestry
USA others (1993)
channels.
Six urban streams, Larson and others Urban
Puget Sound (2001)
Lowland,
Washington,
USA
degradation.
Cunningham Wallace and Forested
Creek, North others (1995)
Carolina, USA
North Fork Stony  Hilderbrand and  Forested

and North Prong

others (1997);

Barbours creeks, Lemly and
Virginia, USA Hilderbrand
(2000)

Little Topashaw
Creek,
Mississippi,
USA

Four streams in

Shields and
others (2003,
2004, 2006)

Roberts and

Forested with
some
agricultural

Forested regrowth

Fort Benning others (2007) (previously
Military agricultural)
Installation, with military
Georgia, USA activities

compare differences between the
random or systematic placement of
pieces. Changes in habitat diversity
and macroinvertebrate communities
were compared.

Substantial changes in habitat diversity
were measured and salmon
abundances in the stream increased
fourfold (in both treatment and
control reaches). Similar increases in
spawning were not observed in other
streams.

Results were mixed. Objectives for some
projects were met. Wood additions
could not address all identified issues
in all catchments. Many other projects
were never monitored for biological
improvement.

Stream depth increased, current velocity
decreased, sedimentation was
observed, and there were increases in
CPOM and FPOM. The
macroinvertebrate community showed
decreased abundance and biomass of
scrapers and filterers, increased
collectors and predators, and altered
shredder composition.

Changes in detritus storage and

macroinvertebrate community
composition were small within pool
and riffle habitats, but the distribution
and number of each changed,
increasing overall retention.
Systematic placement had a lower
impact on erosion and scour rates than
random placement.

Seventy-two large wood structures were The long-term success of the project was

installed along eroding banks and
4000 willow cuttings were planted in
a 2-km reach to improve physical
aquatic habitat and fish community
structure.

Wood was added to four streams with

varying levels of catchment
disturbance due to military exercises.
Each stream received 10 additions of
3 logs over 100 m to improve
hydrodynamic and structural
complexity and to increase nutrient
uptake rates. Treated streams were
compared to four control streams.

questionable. Many structures failed
over time. Short-term improvements
in erosion rates did not persist past the
failure of structures. The impact on
fish communities was moderate, but
appeared to be related to improved in-
stream cover.

Disturbance level was inversely related

to uptake of ammonia. Wood
additions increased the hydrodynamic
complexity and nutrient uptake in the
treated streams.

Hilderbrand and others 1997; Koehn 1987; Larson and
others 2001; Shields and others 2006; Spanhoff and others
2006)], fish diversity and abundance (Bond and Lake 2005;
Brooks and others 2004; Coleman 2006; Crispin and others
1993; Koehn 1987; Shields and others 2006; Zika and Peter
2002), macroinvertebrate community diversity, density, or
biomass (Coleman 2006; Gerhard and Reich 2000; Hil-
derbrand and others 1997; Lester and others 2007;
Spanhoff and others 2006; Wallace and others 1995), bank
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stability (Shields and others 2006), and sediment storage
(Brooks and others 2004; Shields and others 2006). Some
projects also monitored organic matter storage (Bond and
Lake 2005; Gerhard and Reich 2000; Millington and Sear
2007) and processing (Wallace and others 1995), habitat
use by platypus (Coleman 2006), nutrient uptake (Roberts
and others 2007; Wallace and others 1995), and changes in
stream velocity profiles (Brooks and others 2004; Coleman
2006).
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The results of the individual projects varied with loca-
tion, land use, and stream order. For example, there was a
threefold increase in native fish abundance (but not rich-
ness) in the treatment reach of the Ovens River, Victoria
(Koehn 1987) that has persisted for more than 10 years
(Koehn, Arthur Rylah Institute for Environmental
Research, Australia, personal communication, 13 March,
2008), a significant increase in fish abundance and richness
at the Williams River, New South Wales (Brooks and
others 2004), and a significant increase in coho salmon
spawning in Elk Creek, Oregon (Crispin and others 1993),
but no changes in fish richness or abundance were detected
in the Little Yarra River, Victoria (Coleman 2006). Prior to
drought conditions, improvements in abundance of com-
mon fish species were observed at Granite Creek, Victoria
(Bond and Lake 2005). The addition of wood increased the
bank stability of the Williams River (Brooks and others
2004), but there was no persistent effect of wood intro-
duction on erosion in Little Topashaw Creek, Mississippi
(Shields and others 2003, 2006). Wood addition led to
increased nutrient retention in some cases (Roberts and
others 2007), but results were mixed in others (Wallace and
others 1995). The most consistent responses across the
different studies have been increased habitat diversity
(greater diversity of depths, velocities, and habitat ele-
ments; Brooks and others 2004; Gerhard and Reich 2000;
Roberts and others 2007; Wallace and others 1995) and
increased sediment and organic matter storage (Brooks and
others 2004; Gerhard and Reich 2000; Millington and Sear
2007). For the most part, the addition of wood led to
greater diversity of macroinvertebrate communities (Ger-
hard and Reich 2000; Hilderbrand and others 1997; Lester
and others 2007), sometimes specific to particular groups
of taxa (e.g., trichopteran and dipteran shredders; Wallace
and others 1995), although such increases were not detec-
ted in urban environments (Larson and others 2001) or in
the primarily forested Little Yarra River, Victoria (Cole-
man 2006). Based on these studies, Fig. 2 highlights those
agricultural pressures on streams where wood addition is
likely to have an impact.

Among the projects undertaken in agricultural land-
scapes, Lester and others (2007) detected an increase in
diversity of macroinvertebrate communities, whereas Zika
and Peter (2002) observed increases in abundance and
biomass of trout, along with increased fine organic material
and the number of pools in the reach. One of the streams
studied by Gerhard and Reich (2000) was in an agricultural
catchment. The stream did show some improvement in
microhabitat diversity, but effects were minor. This might
have been due to the lack of large flows during the project
(Gerhard and Reich 2000). Brooks and others (2004)
reported substantial improvement in bank stability and
sediment storage within the treated reach in a New South

Wales river, but in a sand-slugged Victorian stream, no
refuge habitats were created that were sufficient to hold
free water during a severe drought (Bond and Lake 2005).
This was attributed to the lack of flushing flows prior to the
dry conditions (Bond and Lake 2005). In a German stream,
the addition of groups of branches led to changes in
channel morphology, including increased erosion during
high flow and resulted in an initial depletion of the target
chironomid community (Spanhoff and others 2006). The
authors ascribed the initial negative finding to the choice of
wood species, the placement of the wood, and insufficient
time of monitoring (Spanhoff and others 2006). The rec-
ommendation that longer time frames were needed to fully
understand the effects of wood addition on stream mor-
phology was common (Bond and Lake 2005; Brooks and
others 2004; Shields and others 2003, 2004).

Although all of the studies reviewed here have under-
gone assessments of the response of the stream to the
rehabilitation attempt, few, if any, have been assessed for
ecological success according to criteria proposed by Pal-
mer and others (2005). The results of this meta-analysis
should be considered with caution because the various
studies reviewed were undertaken using different methods
with different objectives in a variety of stream orders and
across different landscapes. Criteria for ecological success
include the use of a guiding image, improvement of an
ecosystem relative to that image, increased resilience, no
lasting harm results, completed ecological assessment
(Palmer and others 2005) and that specific hypotheses are
tested (Jansson and others 2005) and attainment of eco-
logical success must remain a primary goal for restoration
(Palmer and others 2005). In order to maximize the value
of each rehabilitation project and inform future strategies
for stream restoration, future projects should insist on
measuring the ecological success of the rehabilitation as
well as trying to identify the mechanism of response
(Jansson and others 2005). This will enable projects to be
compared objectively and for lessons to be applied in
future stream restoration research.

Does Wood Have the Potential to Address Stream
Degradation Associated with Agriculture?

Although most previous rehabilitation and restoration
works involving the addition of wood to streams have been
undertaken in forested landscapes, some insights can be
gained into the potential for wood reintroductions to
redress stream degradation associated with agriculture. As
reviewed earlier, there are a number of common effects
arising from agricultural practices. These include channel
incision, excessive sedimentation, reduced structural
diversity in the channel, including fewer pool and riffle
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sequences, increased transport of water and organic mate-
rial in the channel, less riparian and in-stream vegetation,
changes to water temperature, and increased inputs of
pollutants.

Introduction of wood potentially increases pool forma-
tion and hydraulic diversity of stream channels
(Montgomery and others 1995; Webb and Erskine 2005),
altering the pool-riffle sequence of the stream and typically
increasing the amount of pool habitat available (Abbe and
Montgomery 1996; Keller and Tally 1979). This has con-
sequences for the hydrology of the stream, influencing
energy dissipation (Gippel and others 1996), sediment
storage (Bilby and Ward 1991; Wallerstein and Thorne
2004), and flood peaks (Gurnell 1995). In agricultural
landscapes, large wood is likely to accelerate the recovery
of a stable channel profile in streams affected by channel
incision (Wallerstein and Thorne 2004). Accumulations of
wood have increased sediment storage within a stream
reach (Wallerstein and Thorne 2004) and the introduction
of in-stream habitat components (stone and planted wil-
lows) increased the depth of pools, although channel
planform geometry and the stage—discharge relationship
did not change (Shields and others 1997). Large wood has
the potential to decrease bed-transport rates by up to an
order of magnitude, thereby contributing to channel sta-
bility (Brooks 1999). For example, a reach of the Williams
River, New South Wales (Fig. 1) that was rehabilitated
with engineered log jams showed a net gain of 40 m® of
sediment per 1000 m? of channel area over 12 months,
whereas an untreated reach experienced a net loss of
15 m? per 1000 m” over the same time period (Brooks and
others 2004).

Improvements in water quality due to the addition of
wood to streams are also possible. The introduction of
obstacles like wood creates diversity in the velocity profile
and increases turbulence. Higher levels of turbulence can
elevate dissolved oxygen levels and contribute to the
mechanical breakdown of CPOM (Hendry and others
2003). Organic matter storage has also been shown to
increase with the addition of wood (Lepori and others
2005; Trotter 1990). The effect of wood additions on
nutrient cycling is not clear, with studies finding variable
relationships between wood loads and phosphate, ammo-
nia, and nitrate uptake rates (Roberts and others 2007;
Vallett and others 2002; Wallace and others 1995; Warren
and others 2007). Preliminary work undertaken in the
Hunter River in New South Wales indicates that wood
additions can also increase surface—subsurface connectivity
by enhancing exchange with the hyporheic zone (Boulton
2007; Mika, University of New England, Australia, per-
sonal communication, 24 March 2008), although no
increase in hyporheic storage was noted for a US sand-bed
stream (Stofleth and others 2008). Other restoration work
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in agricultural areas, although not involving wood addi-
tions, has shown that improving horizontal channel
complexity can also increase lateral connectivity and
enhance hyporheic flows (Kasahara and Hill 2007).

The presence of wood in several agricultural streams in
the United States increased macroinvertebrate richness in
both Minnesota and Michigan (Johnson and others 2003)
and was associated with more diverse fish communities in
the Midwest (Talmage and others 2002). Wood additions in
agricultural regions in Victoria, Australia also led to
increased macroinvertebrate diversity (Lester and others
2007). Given suitable water quality, the habitat available in
a stream influences the biotic communities supported by
that stream (Davies and others 2000). Factors including
condition and position of wood, water depth, and current
velocity are known to influence macroinvertebrate coloni-
zation and community composition on a piece of wood
(Johnson and others 2003; Nilsen and Larimore 1973;
Scealy and others 2007). Fish communities should benefit
from the presence of woody debris given the increase in
cover and food provided, the associated reduction in sil-
tation, and the formation of additional pool habitats
(Angermeier and Karr 1984; Talmage and others 2002).

Although we believe it is too simplistic to identify
regions within Australia (or elsewhere) where wood is
more or less likely to be beneficial, the restoration projects
reviewed here can give some insight into conditions under
which wood reintroduction are most likely to be of use.
Despite the wide range of streams, landscapes, and objec-
tives for rehabilitation, the majority of authors
recommended wood introductions as a stream rehabilita-
tion tool (e.g., Brooks and others 2004; Hilderbrand and
others 1997; Kail and others 2007; Roberts and others
2007). Benefits to stream stability, habitat heterogeneity,
and macroinvertebrate and fish diversity were observed in
clay/silt, gravel, and sand-bed streams, in small to medium
streams and in larger rivers. There was also evidence that
using larger accumulations of wood was more likely to
affect channel morphology (Gerhard and Reich 2000).
Together, these findings suggest that wood introductions
can be successful over a wide range of conditions.

Situations in which wood might be less likely to be
beneficial include areas that experience severe channel
incision, as wood might not be sufficient to stabilize the
banks and improvements might be short term if structures
fail (e.g., Larson and others 2001; Shields and others
2006). In these circumstances, restoration of the stream
bank might be necessary before in-stream habitat can be
considered and the choice of wood and placement of
accumulations needs to be carefully considered. Given the
lack of biological rehabilitation in urban areas (Larson and
others 2001), highly degraded agricultural areas might also
be unsuitable for restoration using wood reintroductions.
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Factors such as poor water quality might override any
benefit derived from additional in-stream habitat diversity.
Another factor likely to slow response to wood in urban or
highly degraded agricultural areas is the location of the
nearest source population of colonists and the diversity of
that population. This is important for biological restoration
to facilitate colonization of the improved habitat (Schriever
and others 2007). There was also a suggestion by Larson
and others (2001) that the benefits of wood addition were
lowest in the steepest streams. Finally, wood additions
might not be appropriate for streams that were not origi-
nally in a forested ecosystem and would have a negligible
natural in-stream wood load.

Conditions likely to affect wood transport and decay
should also be considered. Streams where wood is likely to
be transported out of a reach of interest (i.e., due to a flashy
hydrograph) might mean that anchoring will be necessary.
The density of wood should be considered, although this is
less likely to be an issue in Australia, where most native
species are denser than water. In addition, flows need to be
sufficient to induce change in channel morphology before
significant benefits are likely, either to habitat diversity or
to biodiversity. The relevant conditions at each target
stream should be assessed individually to determine whe-
ther wood additions are likely to aid in restoration.

Wood Reintroduction to Streams in Agricultural
Landscapes: Synthesis and Conclusions

Wood has been shown to have a positive effect on the bed
and bank stability, to increase the sediment storage
capacity of a reach, and to increase the diversity of the
depth and velocity profiles. Reintroducing wood has
increased these properties in previously cleared reaches in
forested and in agricultural landscapes. Most studies
undertaken in agricultural landscapes detected at least
short-term improvements in biological diversity attribut-
able to enhanced physical complexity. This is encouraging
for the general applicability of the technique.

In contrast, some impacts that are primarily due to
agriculture, such as increased nutrients, input of pesticides
and herbicides, and reduced shading, might not be ame-
liorated by wood reintroduction. Additionally, broad-scale
factors such as climate change or change in land-use
practices are not likely to be affected by wood addition.
Indeed, these larger-scale impacts might act as environ-
mental filters (Poff 1997), constraining the viability or
sources of potential recolonists, regardless of the habitat
complexity and the amount of wood in the channel. The
overlapping spatial scales at which processes occur are
depicted in Fig. 2. Where processes cause large-scale
impairment, the addition of wood to streams is unlikely to

improve biological diversity and might not be an appro-
priate use of resources.

Propagation of realistic expectations regarding likely
improvements due to wood addition is important for
ensuring that stakeholders (including landholders) are sat-
isfied with the results of a restoration attempt. In
agricultural landscapes, achieving stakeholder success is
potentially as important as ecological success. Without
landholder support, benefits arising from projects on pri-
vate property might be eroded over time through
production-focused management practices (Bennett and
Mac Nally 2004). Some studies have found that initial
negative outcomes might result but expect that benefits will
become apparent over time (e.g., Spanhoff and others
2006). Unrealistic expectations for changes in biodiversity
might foster disillusionment and an unwillingness to par-
ticipate in future projects.

Another barrier to stakeholder success is community
perception about wood. Some communities tend to view
rivers as having lower aesthetic value, higher danger, and
greater need for improvement when wood is present than
when it is absent (Chin and others 2008; Piegay and others
2005). These perceptions might effectively prevent land-
holders from participating in restoration projects involving
the addition of wood to streams. Consideration should also
be given to identifying and managing any risks to infra-
structure. Identifying variables where improvement is
obvious to stakeholders might also be important. For
example, tracking improvements in water clarity, algal
biomass, fish abundance, or pool depth, for example, might
be an easy way to give stakeholders a sense of success.
Stakeholder success is touched upon infrequently (see
Brooks and others 2004) in published restoration projects,
despite its importance to long-term success in managed
ecosystems like streams in agricultural areas and restora-
tion works on private land where ongoing access is
essential.

To adequately assess the applicability of the addition
of wood, additional assessment of rehabilitation projects
is required in agricultural landscapes. In particular, a
better understanding of the factors responsible for differ-
ences in the findings of previous studies is required along
with testing of hypotheses regarding the mechanisms
underlying different responses. From the empirical evi-
dence collected to date, water quality and flow regimes
are likely to be important factors driving these differ-
ences, along with the location of source populations.
Explicitly testing how these factors interact and how this
affects wood-based restoration across a range of streams
might be useful in identifying where wood additions
would be most successful.

A range of guidelines and advice exists for the reintro-
duction of wood into streams for restoration purposes (e.g.,
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Erskine and Webb 2003; Kail and others 2007; Rutherfurd
and others 2000; Treadwell 1999). Recommendations
include mimicking the natural loading and distribution of
wood and sourcing wood from “waste” wood supplies so
as not to remove valuable habitat from other ecosystems
(Erskine and Webb 2003; Kail and others 2007; Treadwell
1999). Locally indigenous wood species are also recom-
mended, as exotic species are less palatable to native
macroinvertebrates in some Australian streams (McKie and
Cranston 2001) and to minimize the spread of disease and
pests. Anchoring the wood must be considered where there
is a risk of damage to infrastructure downstream, and
downstream orientations are recommended to limit the
potential for problems with localized scour (Treadwell
1999). These, along with local conditions and farmer atti-
tudes, should be considered for any restoration project
involving wood addition.

Irrespective of the applicability of the technique to
individual streams, reintroducing wood should only be one
part of the stream restoration strategy. It is a transient step
that can introduce habitat and biological diversity and
physical stability in the short term. It is not a self-sus-
taining long-term restoration strategy, as pieces will be lost
to decay and transport processes. Complementary strate-
gies such as the revegetation of riparian zones and selective
exclusion of excess grazing pressure are needed to ensure
that a source of wood exists to replenish pieces over time
and to address other problems associated with agricultural
landscapes that are not remedied by the addition of wood to
the stream.

Compared with restoration methods currently used in
agricultural landscapes, such as engineered erosion control
devices (Comoss and others 2002; Wu and Feng 2006),
wood reintroduction has some distinct advantages, and
these should be reviewed with landholders and farmers.
One is that the technique is focused on the in-stream
environment and uses minimal productive riparian land
(although, ideally, the wood introduction would be linked
with riparian revegetation). The second is that the stream
ecosystem responses are often quite rapid, especially
regarding morphological changes and increased physical
heterogeneity, and there are a number of variables, like
increased fish density and improved water quality, that will
be evident to the landholders. Third, many farmers have the
machinery and technical expertise to install wood in their
stream reaches, guided by professional managers and
resource management agencies. This direct involvement
confers a strong sense of ownership of the project and
increases the likelihood of initiation in other areas. Finally,
the longer-term maintenance is often less than in riparian
revegetation projects where weeding and fence mainte-
nance might be ongoing and a substantial investment of
time and money, making it an attractive addition to a
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rehabilitation strategy without adding significantly to the
required resources.
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