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The importance of wood in rivers was not appreciated until large amounts of it were removed and the effects on streams witnessed by researchers like Bilby (1984).  Since then a large body of knowledge has been developed regarding the ecology of what became known as large woody debris, or LWD.  The vast majority of this research was conducted in the Pacific Northwest region of the United States.  The key aspects of LWD ecology are LWD’s ecological role, addition and distribution processes, and removal processes.  

Definition of Large Woody Debris

Recently scientists have been trying to end the use of the term debris due to its negative connotations.  I will use the established term in this literature review but it should be noted that various other terms may be encountered in recent studies.  Large woody debris is often defined as logs that are at least 10cm in diameter and 1m in length.  This is the definition used by Hauer et al, and others (Hauer et al 1999, Andrus et al. 1988, Fausch and Northcote 1992, Richmond and Fausch 1995).  Wood pieces must be at least partially contained in the obvious high water channel to be considered stream LWD.  It seems possible that the somewhat arbitrary definition of the size of LWD may lead to studies missing some critical aspect of wood in rivers.  Beechie and Sibley (1997) found that in small channels logs as small as 20cm in diameter could form pools.  Culp et al (1996) found that simulated fine woody debris accumulations increased rainbow trout fry abundance.  There is some evidence, and it is reasonable to consider, that small wood in small streams has a role similar to large wood in large streams.  Thus, it is this author’s opinion that the definition of what is large woody debris should be based on stream size.  On small streams it may be necessary to study all wood in the system.  

Ecological Role of LWD

The addition, processing, movement, and removal of LWD are natural processes critical to the functioning of many types of rivers.  In steep streams with bedrock channels, and in large rivers, LWD plays less of a role in stream function than in lower gradient streams with less stable alluvial channels (Bilby and Wasserman 1989).  The amount of LWD that is natural for a river is highly variable depending on the channel geomorphology and the upland and riparian plant communities.  Streams in the Pacific Northwest naturally receive far more LWD than streams anywhere else in the country (Bilby and Ward 1991).  The land use changes that have occurred since the colonization of this country have altered many ecological functions, including the input and retention of LWD in streams.  These changes decreased the amount of LWD in many streams and rivers.  As LWD disappears from streams, many changes occur in the geomorphology and ecology of the stream, as well as the species composition of the riparian areas.  Many attributes of a healthy stream ecosystem are lost as streams readjust after LWD reductions.  It is critical to the success of restoration projects and to the understanding of stream ecosystems to grasp these functional roles that LWD plays in streams.

Physical Structural Significance

Large woody debris can structurally alter the channel for long periods of time by forming plunge pools, eddies, gravel bars, or large debris accumulations (Bilby and Bisson 1996).  These features cause complexity in current velocity, direction, depth, and even temperature.  Throughout the history of a single piece of LWD debris in a stream, it may create multiple features.  A freshly fallen tree that still has many needles or leaves will create very different features than a tree that has lost all its branches and bark.  Trees of different ages and different locations produce a mosaic of habitats and structural features in streams (Hauer et al. 1999).  If LWD, or LWD input potential, is removed from a system the river channel will often destabilize, simplify, and typically widen and/or downcut (Bilby and Likens 1980, Bilby 1984).      

River features associated with LWD often have the effect of slowing current velocity.  This has a number of very important additional effects.  By reducing stream velocity, LWD also dissipates stream power that could otherwise erode stream banks.  In this way, LWD aids in maintaining bank stability and reducing sediment input (Ralph et al 1994).  However, LWD can deflect flows out of the thalweg and actually cause bank erosion.  This is typically an isolated effect and in a natural system merely adds to the mosaic of habitats.  Slowing velocity also allows for sediment to drop from suspension and be deposited on the stream bottom.  This can cause gravel bars during high flows or could cause pools to fill in with nutrient-rich, fine particulate organic matter (FPOM).  This retention of particulate organic matter (POM) increases with the amount of LWD in the stream, and causes macroinvertebrate abundance to increase, as well as the relative proportion of shredders (Wallace et al. 1995, Bilby and Likens 1980).  This retention of POM results in the processing of nutrients, rather than the downstream transport of them, thereby enriching the food web of the reach (Bilby and Likens 1980).   Bilby and Ward (1991) further described the relationship between LWD and POM by showing that as stream width increases, the proportion of the streambed covered in sediment stored by LWD decreases. 

Significance to Fisheries

The majority of research on LWD in streams has been done from a fisheries perspective.  Likewise, the majority of restoration of LWD has been intended to benefit fish, specifically salmonids.  This is for valid reasons.  Large woody debris has been found to provide critical habitat for salmonids that are of special concern in the Northwestern US because of their economic, recreational, and ecological value (Ralph et al 1994).  Several species of salmonids have been reduced to dangerously low numbers and much of their habitat has been heavily altered by land use practices, primarily logging (Reeves et al.).  

McMahon and Hartman (1989) found that juvenile coho salmon used structurally complex habitats consisting of shade, low velocity, and woody debris during the winter and emigrated if none were to be found.  These critical habitats are naturally formed by root wads and accumulations of LWD.  They found that the number of coho salmon present in the reach was positively correlated with the habitat complexity of the reach.  Similar results were found in British Columbia for adult cohos during other seasons (Fausch and Northcote 1992).  The positive relationship between salmonids and stream complexity supported by LWD has in fact been shown throughout the Pacific NW by numerous studies (Reeves et al. 1998, Elliot 1986, Dolloff 1986).  Natural systems produce a mosaic of habitats that different organisms use differently, during different seasons, and in different life cycles.  Large Woody Debris aids in creating this habitat diversity in stream ecosystems.

LWD Addition Processes 

           
It is perfectly natural for trees to fall into rivers and streams.  There are several main processes that cause trees to enter streams.  Bank cutting causes the soil to erode from beneath riparian trees and they lean, and eventually fall, into the stream.  Bank cutting is caused by water, usually at bank-full stage, hitting an unprotected bank.  Interestingly, trees that fall because of this seem to alleviate the problem by dissipating the water’s energy locally and armoring the bank (Murphy and Koski 1989).  This process of LWD additions is most common in low gradient alluvial streams where bank erosion is more common.  Wind-throw is also a major contributor of LWD to streams.  Riparian trees are often susceptible to wind-throw due to shallow rooting caused by a high water table, or by the physiology of the tree species.  Wind-throw is the dominant cause of LWD additions to high gradient bedrock controlled streams.  This process presumably works independently of the channel geomorphology (Lienkaemper and Swanson 1987).  This is relevant because unlike lower gradient systems, high gradient streams do not typically have or need large amounts of LWD (Murphy and Koski 1989, Bilby and Wasserman 1989).  

Another source of LWD additions is tree mortality and decay.  Some trees simply die and fall over.  This source is not as dominant in providing LWD as the previous sources except when large amounts of tree mortality occur in a short amount of time, as is the case with fires, insect infestations, or flooding by beavers.  Other sources, such as avalanches and landslides, can provide huge amounts of LWD to stream at one time (Bilby 1984).  In Alaska under natural conditions, the sources of 99% of the LWD in streams were within 30m of the stream bank, 95% were within 20m of the stream bank and 50% were from within 1m of the stream bank (Murphy and Koski 1989).  

Beavers are worthy of mentioning in this discussion because historically they have added large amounts of trees to stream channels.  Some floodplains have been built and maintained by beavers for centuries.  As beavers were removed through trapping these systems experienced downcutting and other significant changes.  Beavers are habitat modifiers, and in that regard play a role somewhat similar to humans.  The major differences between beaver dams and human structures is that beaver dams are constantly being built, modified, replaced, or abandoned and are therefore more flexible and responsive to the streams’ actions (Hey and Phillippi 1995).   


Wind-throw, bank erosion, and tree mortality are natural phenomena, however, these LWD sources can be exacerbated by humans’ land uses.  Bank erosion and undercutting increases with flows and riparian vegetation loss. Both increased flows and riparian vegetation loss are associated with logging and development (Bryant 1983, Ralph et al 1994).  Wind-throw too can be made more common by forest fragmentation because newly exposed forest edges are not as wind resistant as natural edges (Keim et al. 2000).  Tree removal on steep slopes can increase landslides and avalanches (Bryant 1983).  Wildfires are often set accidentally by people, and historic fire suppression makes these fires even more destructive.  Historically, loggers directly added LWD to streams in the form of slash, the branches and tops of trees.  Slash is very different from larger LWD in its hydrodynamic properties and its nutrient supply rates (Bryant 1983).    

LWD Removal Processes


In many ways, as soon as LWD is added to a stream, the processes of removing that LWD have begun.  The fate of much LWD is to be washed downstream either as one large piece or many small pieces (Bryant 1983).  Trees that fall into streams are often moved by those streams to more stable positions and locations.  This could manifest as a slight shift of one end until it hits a rock or until it is no longer perpendicular to the current, or the entire tree may be washed miles downstream until an obstruction is reached (Fausch and Northcote 1992, Bilby 1984).  In unlogged watersheds in Washington it was found that two thirds of the LWD present was at least partially contained in the low-flow channel, half of the LWD was fully contained in the low-flow channel (Ralph et al. 1994).  Obviously, movement of LWD varies with the size, discharge, and channel characteristics of the stream, as well as the size and shape of the LWD.  Typically, as channel width increases, the amount of LWD present decreases (Bilby and Ward 1991).  Some logs find very stable locations in the stream channel and are further stabilized by sediments and other LWD (Wallace et al. 1995).  It has been found that longer logs are more likely to become stable than shorter ones, but are also more likely to be transported farther than shorter logs if they are unstable (Hilderbrand et al 1998).            


Another process of removal of LWD is physical breakdown.  The abrasive forces of water carrying sediment and other debris can physically fragment and remove pieces of LWD such as branches, leaves and bark.  If the LWD is moving down the stream channel, collisions with rocks and other solid objects can also fragment LWD (Keller and Swanson 1979).  Aquatic insects and microbes are responsible for some physical and chemical breakdown as well.  Logs submerged in water have been found to have a significantly lower decomposition rate than logs on land (Keller and Swanson 1979).  Ultimately it seems that LWD is capable of providing a very small amount of nutrients itself, however it often structurally traps large amounts of finer sediments and debris that have a large effect on the associated aquatic food web (Bilby and Likens 1980). 


People currently and historically have played an active role in the removal of LWD from streams (Bilby 1984).  Virtually all of the LWD in streams was often removed after logging operations to facilitate the passage of anadromous fish (Sedell and Luchessa 1981).  This practice is no longer done, however the effects of logging on LWD in streams are still very significant (Bryant 1983).  Bilby and Ward (1991) found that when compared with streams in clear-cut and second-growth forests, streams in old growth forests had more plunge pools, more diverse pool types, greater piece volume of LWD, and more LWD-associated sediment and fine particulate matter.  They also showed that many of these effects happen within the first five years after harvest (Bilby and Ward 1991).  Ralph et al. (1994) found supporting data and also showed that logging increases the mobility of LWD and in turn increases stream-bank instability.  They also found that logging leads to simplification of the stream channel, in part, by changing the spatial distribution of the LWD in the channel.  This distribution difference is manifested in intensely harvested watershed as clumping of LWD into channel margins, the insides of bends, and in areas of reduced velocity.  This has the effect of dramatically decreasing the amount of LWD affecting the channel during periods of low flow (Ralph et al 1994).  

In addition to logging, other human uses of rivers have lead to debris removal.  Safe passage through the waterway is one of these uses.  Removal of LWD for this reason has varied widely in scale.  The United States Army Corp of Engineers (USCOE) is charged with maintaining the navigability of our nation’s rivers.  This duty has often entailed removing logs and log-jams for safe passage of large boats.  On a smaller scale recreational boaters sometimes remove LWD that poses a direct hazard to boaters or simply prevents them from safely paddling a particular rapid.  Often this is manifested as the removal of one small tree in a large reach of river, however some popular whitewater runs are entirely “cleaned” of LWD.  Projects like these are the exception rather than the rule of how recreational boaters affect LWD, and are clearly ill advised.   

