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Abstract: The effect that wood deposited in a river, woody debris (WD), causes on its hydrogeomorphic processes depends 

on the dimensions of the wood and the channel. Studies related to WD are still very rare in Brazil. Therefore, the objective of 

the present study was to demonstrate the feasible methodology of field survey and to characterize the WD along a natural 

channel inside the Perdizes stream basin, located in the municipality of Cambará do Sul, Rio Grande do Sul state. The study 

basin is characterized by the Mixed Rain Forest (Araucaria Forest), in a good condition of conservation. The final part of the 

stream, from its mouth, was divided into 3 sections. The WD field survey within these sections included orientation against 

the channel, size, origin and location. A topographic survey was carried out to construct the stream longitudinal profile. The 

results show that the volume and frequency of WD are directly related to the presence of araucaria in riparian vegetation. The 

total WD-quantity was compared with other rivers around the world. Furthermore, it was observed that the highest 

proportion of WD was oriented parallel to the flow direction, confirming an already known trend. In addition, the obtained 

results permit to say that the present methodology of field survey and of statistical analysis is useful for the DW dynamics 

study. 

Keywords: Forest hydrology; Riparian vegetation; Fluvial geomorphology. 

Resumo: O efeito que a madeira depositada em um rio, detritos lenhosos (WD), causa nos seus processos 

hidrogeomorfológicos depende das dimensões da madeira e do canal. Estudos sobre WD são muito poucos no Brasil. 

Portanto, o objetivo do presente trabalho foi demonstrar a metodologia viável de pesquisa de campo e caracterizar a DL ao 

longo de um canal natural na bacia do arroio Perdizes, localizado no município de Cambará do Sul (RS). A bacia de estudo é 

caracterizada com a Floresta Ombrófila Mista (Floresta de Araucária), em bom estado de conservação. A parte final do arroio, 

a partir da sua foz, foi dividida em 3 trechos. O levantamento em campo dos WD incluiu orientação no canal, tamanho, 

origem e localização. Em relação ao arroio, foi realizado levantamento topográfico. Os resultados mostram que o volume e a 

frequência dos WD estão diretamente relacionados à presença de araucárias na vegetação ripária. A quantidade total de WD 

foi comparada com outros rios em outros países. Observou-se que a maior proporção de WD estava orientada paralelamente 

à direção do fluxo, confirmando uma tendência já conhecida. Além disso, os resultados obtidos mostraram que a presente 

metodologia de pesquisa de campo e de análise estatística é útil para o estudo da dinâmica de WD. 

Palavra-chave: Hidrologia florestal ; Vegetação ripária; Geomorfologia fluvial. 
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1. Introduction 

The rivers and their flood plains, which are both closely associated, represent corridors of extraordinarily 

ecological, environmental, social, cultural and economic value (ANDREOLI et al., 2012). These corridors are also 

called riparian zones, an area considered as an ecotone between terrestrial and aquatic ecosystems (KOBIYAMA, 

2003). 

In these places, there is normally riparian vegetation. The preservation of these vegetated corridors has been 

discussed all over the world. Paola (2011) made a pertinent observation of the relationship between vegetation 

and the river. The author emphasized that rivers should be seen literally as living beings, so that their ecosystems 

are intertwined with their respective processes. Ecological processes of trees, shrubs and grasses and 

hydrogeomorphological processes interact and also depend on one another in complex ways. Each ecosystem has 

its own characteristics, where several factors control the ecological equilibrium. One of such factors is the 

vegetation density, which, according to Stoffel and Wilford (2012), controls the vitality, the number of species and 

age distribution of riparian vegetation. 

Riparian vegetation and hydrogeomorphological processes are strongly connected in a basin. Eaton et al. 

(2012) highlighted that more satisfactory understanding of these processes that control channel morphology is an 

important objective of fluvial geomorphology. Among these processes, the production, transport and storage of 

woody debris (WD), or Large Wood (LW), which is plant material such as branches and trunks, are very 

significant (NAKAMURA; SWANSON, 1994). Such processes take place from the riparian corridor to the 

riverbed.  

The WD presence is a common feature in drainage networks in forest basins around the world. However, 

Comiti et al. (2006) observed that only in headwater regions of relatively intact forest mountains these woody 

materials can be found abundantly. It is due to the massive deforestation that has been occurring for centuries on 

accessible hillslopes and floodplains. This situation is particularly common in developing countries that keep 

native forests only in the headwaters where conditions for human activities, such as agriculture are less favorable 

(COMITI et al., 2006). Furthermore, a large landslide near drainage networks generates a lot of WD which can 

flow into a downstream river, which modifies fluvial landforms (RUIZ-VILLANUEVA et al., 2014; CHAITHONG 

et al., 2018). 

When the WD contributes to accumulations in the mountainous river channel, they act in the formation of 

step-pool and riffle-pool, which are a kind of geomorphological system (HOGAN; LUZI, 2010). Consequently, the 

WD presence increases the resistance to flow and stores a large volume of sediment (COMITI et al., 2008). These 

morphological effects vary considerably depending on the degree of forest disturbance and the basin 

anthropization. 

In addition, the use of wood and WD is a widespread low-cost technique for restoring river environments. 

For example, in Brazil, Fernandez et al. (2010) set up wooden stakes in stream channels in western Paraná state, 

and Pinto, Agra e Furley (2017) carried out similar work in the Mangaraí River, Espírito Santo state. The second 

authors reported that the use of eucalyptus trunks was a good alternative for exercising fluvial restoration 

techniques, and showed rapid and positive results in terms of channel morphology and fish abundance. Given the 

relatively small amount of financial resources currently available for river recovery and the wide range of 

degradation, it can be inferred that only a simple and low-cost approach would be feasible, such as the use of 

woody materials (PASTERNACK, 2013). 

Brooks (2006) pointed out that in the state of New South Wales (Australia), the WD removal from rivers is 

listed in fisheries legislation as a threatening process. In this case, a threatening process is defined as a process that 

threatens, or may threaten, the survival or evolutionary development of a species, population or ecological fish 

community. 

In various countries, technical manuals that seek to didactically clarify the role of wood in the river 

ecosystem have been published. For example, Schuett-Hames et al. (1999), Giordanengo et al. (2016), and USBR; 

ERDC (2016). These manuals highlighted that the allochthonous plant material provides fluvial structures at 

various spatial-scales, nutrients (by decomposition) and habitat for aquatic species. These are the main ecological 

implications provided by WD. The manuals result from many scientific and technical works on WD, and guide 

works in various fields of study. 

On the other hand, studies related to WD are rare in the Brazilian scenario (BINDA; FERNANDEZ, 2011; 

CAMPAGNOLO; KOBIYAMA; FAN, 2020). In Brazil, there is a great diversity of ecosystems. Each of them has 
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the potential to supply different volumes of WD with different susceptibilities to decomposition, and 

consequently determines different fluvial structures and permanent times of accumulations. Such a variety of 

situations requires more studies of WD dynamics along the rivers. 

The WD is a vital natural component of watercourses. However, the traditional management carried out in 

Brazil often has aimed to remove it from the river system. According to Comiti et al. (2011), this social activity has 

already occurred in Italy, where the increasing presence of WD in rivers has led managers to suppress riparian 

forests, so they removed logs from the channels. The authors mentioned that such activities had been carried out 

without scientific approach and that their economic justification (cost-benefit balance) was debatable. The same 

consideration must be put in Brazilian cases. 

Understanding of the WD dynamics is essential in riparian forest management (GRAHAM et al., 1994; 

RIFFELL et al., 2011). Therefore, its scientific and technical information also becomes an essential issue for 

biological conservation within the forest ecosystems (MORRISSEY; JENKINS; SAUNDERS, 2014). Moreover, such 

dynamics can be encountered in the two principal components in a basin: river channels and hillslope sites. Thus, 

for any community working in an integrated management of basin, water resources and forest resources, the 

information on WD is very important. 

Upon concluding a review of the occurrence of debris flow and its scientific studies in Brazil, Kobiyama, 

Michel e Goerl (2019) suggested five urgent actions for Brazilian organizations, one of which is further research on 

the WD flow dynamics. Hence, knowledge of the WD characteristics along the river channels is essential. 

In this way, the objective of the present study was to present the methodology of field survey and to 

characterize the WD in a natural channel located in the municipality of Cambará do Sul, Rio Grande do Sul state. 

A demonstration of results obtained through the field survey certainly confirms that the present methodology is 

easily feasible. Furthermore, such a study does not exist in regions characterized with Araucaria Forest. Therefore, 

the obtained results can be of national importance. To check whether these results are peculiar or not, they were 

compared to other studies in the world. 

2. Material and Methods 

2.1. Study area 

The present study was developed within the Perdizes stream basin (15.24 km²) which is located in the 

municipality of Cambará do Sul (Figure 1). This basin is a part of the Aparados da Serra National Park (PNAS), 

and the studied section is close to the Itaimbezinho canyon and the administrative headquarters of the PNAS. This 

region is inserted in the Atlantic Forest biome, with an average altitude of 920 m.  

 

Figure 1. Study area: Perdizes stream basin and three analyzed sections. 
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Because of the PNAS, Cambará do Sul receives many tourists who want to see the natural beauty mainly with 

canyons. According to its official management plan (IBAMA, 2004), in the PNAS the forest fields and formations 

close to the Itaimbezinho canyon show regular environmental integrity, probably due to disturbances from public 

visitation and use as well as the occupation of areas with livestock (areas not expropriated by the federal 

government).  

The upper part of the Perdizes stream basin is characterized with a physiognomy naturally marked by a 

mosaic of grass and forest. The dominant substrate in the channel is pebbles, with the stream having an average 

width of 8 m. The main forest formation in the region corresponds to the Mixed Rain Forest, also called Araucaria 

Forest. The “mixed” nomenclature results from the association between coniferous and deciduous trees. It must 

be noted that, in Brazil, only three species of native coniferous are encountered: Araucaria angustifolia (araucaria), 

Podocarpus lambertii (pinheiro-bravo) and Podocarpus sellowii (pinho-bravo). Because of the geographical and 

climatic conditions, this forest formation has unique characteristics in the PNAS region, and this forest is 

preserved and also related to the richness of existing epiphytes (IBAMA, 2004). Santos et al. (2015) highlighted 

that the forest in the PNAS is characterized with the emerging crowns of the araucaria, and confirmed that the 

canopy is formed mainly by species of Myrtaceae, Lauraceae and Aquifoliaceae. Furthermore, Bergamin (2010) 

pointed out that the Podocarpus lambertii is scarce. 

Based on the Köppen System classification, the region's climate is defined as Cfb: humid subtropical with no 

defined dry season, with mild summer. The mean annual temperature is 14.8oC, the mean annual rainfall is 1,787 

mm and the relative humidity is around 80% (MORENO, 1961). 

According to the Environmental Information Database (BDiA) of the Brazilian Institute of Geography and 

Statistics - IBGE, the Perdizes stream basin is covered predominantly by the aluminum humic cambisols (IBGE, 

2020). This soil type is poorly developed and presents low permeability, being normally associated with gentle 

and/or mountainous reliefs (EMBRAPA, 2018). 

2.2. Data collection and analysis 

The topographic survey was carried out by using Topcon© total station model CTS3007 in the channel with 

about 770 m along the Perdizes stream, from its mouth (SIRGAS 2000 Datum, -29.157339°S -50.077713°W). Then it 

was divided into 3 sections: initial section, middle section and final section (Figure 1). 

The WD volume survey in the section was carried out in July 2019, where all the pieces of wood with more 

than 7.0 cm in diameter and 1.0 m in length were measured. This measurement criterion with size is common 

among scientists who studied the WD dynamics in the channel, for example, Abbe and Montgomery (2003), 

Andreoli et al. (2007), Comiti et al. (2008), and Galia et al. (2018). According to these authors, this criterion was 

considered adequate to represent the WD characteristics in relation to the channel dimensions. The WD 

measurements were performed with forest suture and measuring tape (Figure 2). Here it should be mentioned 

that this debris was not removed from the measurement site.  

 

Figure 2. Measurement of diameter of woody debris with forest suture.  
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At the moment of measurement, the origin of the wood deposited in the channel was identified as coniferous 

(in the case of the study basin, araucaria) or deciduous, as Galia et al. (2018) also did. In ecosystems such as the 

Mixed Rain forest, coniferous trees are considered key species. It is emphasized that, in the study area, there is a 

marked presence of araucaria (Figure 3).  

 

Figure 3. Woody debris of araucaria in the Perdizes stream.  

The volume of each wood fragment (V) was calculated from its maximum diameter, applying a form factor 

and assuming a solid cylindrical shape, as is commonly done in forest inventories: 

                    (1) 

where L is the WD length (m); d is the WD diameter (m); and f is the form factor (= 0.7). 

The spatial abundance of WD along the river channel in terms of volume (m³ / river section) and the number 

of elements (parts/river section) were calculated. 

The orientation of individual WD in relation to flow was also measured. Then the orientation was classified 

into four types:  parallel, perpendicular, and two kinds of oblique (Figure 4), similarly to the classification used 

by Magilligan et al. (2008). In this type of classification, the orientation is numbered, where the Orientation 1 is 

parallel to the flow, regardless of the orientation of the roots; the Orientation 2 is perpendicular to the flow; and 

the Orientation 3 is oblique to the flow, with the roots oriented upstream, meanwhile the Orientation 4 is oblique 

with the roots oriented downstream.  

 

Figure 4. Orientation categories of woody debris in the stream.  
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The sinuosity of the section (S) was determined with: 

  
  

  
  (2) 

where Lt is the actual length of the section (m); and Lv is the straight line length (m). 

Pearson's Correlation coefficient (r) was used to analyze the correlation between the characteristics of the 

river and the WD found within the channel. Its value varies from -1 to +1.  

3. Results and discussion  

From the topographic survey, the longitudinal profile of the study stream was generated with high precision 

(Figure 5). The stream has a steeper course near its mouth. Table 1 demonstrates the summary of some parameters 

of three stream-sections and WD, obtained with the topographic survey.  

 

Figure 5. Longitudinal profile of an analyzed stretch of about 770 meters in the Perdizes stream.  

Table 1. Field survey information along the Perdizes stream: (a) Stream section characteristics; and (b) woody debris 

characteristic.  

(a) (b) 

 
Initial 

section 

Middle 

section 
Final 

section 
 

Initial 

section 

Middle 

section 
Final 

section 

Stream section 

length (m) 
260 260 255 

Abundance (number of 

pieces/m) 
0.17 0.26 0.17 

Mean slope 

(%) 
0.28 0.54 0.84 Mean diameter (m)* 0.19 0.19 0.21 

Sinuosity 

(m/m) 
1.82 1.13 1.24 Mean length (m)* 3.65 3.02 3.33 

    Total volume (m³/section) 4,66 7,14 6,09 

    
Origin (%) 

Coniferous 20.5 22.1 23.3 

    Deciduous 79.5 77.9 76.7 

*there was no statistical difference between the means of diameter and length. 

 A total of 155 pieces of WD were identified and characterized within 770 m of a stream stretch. 

The WD was more abundant in the middle section whose mean slope is 0.54%, totaling 7.14 m³ of 

material (about 40% of the total) (Table 1). In addition, 17% of all WDs were at least 5 m long. Regarding 

the WD measured and disposed perpendicular to the flow, it was observed that the materials had a mean 

size of 0.16 m x 2.92 m (diameter x length). The frequency distribution of diameter and length 

measurements WD can be observed in Figure 6. survey. araucaria (Figure 3).  
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Figure 6. Frequency distribution of WD: (a) diameters; and (b) lengths. 

The sections have a similar distribution approximately, which is the same way that Martin, Pavlowsky e 

Harden (2016) inventoried WD along nine reaches of the Big River, Midwestern USA. Wohl et al (2011) and 

Martin, Pavlowsky e Harden (2016) analyzed the average wood piece diameter and length in two American 

forested basins, and demonstrated that the physical dimensions of WD in old-growth forests are, in general, 

smaller compared to those in younger forests, even considering that river systems in different regions possess 

different species and ecosystems. According to these authors, it occurs due to different recruitment processes, 

mainly related to the erosion of the margins, in young forests, and the mortality of trees, in old forests. Still, older 

and larger trees in ancient forests are more likely to contribute small pieces because of the wind. 

The total volume of wood (m3/river section) showed a strong positive correlation (r = 0.93) with the mean 

slope (%), and a strong negative correlation (-0.96) with the sinuosity (m/m). The abundance of wood (n° 

pieces/meter) per section presented a negative correlation (-0.62) for sinuosity and a strong positive correlation 

with the channel slope (0.97) (Table 2). According to the results, the mean slope of the section was not a 

determinant factor of WD abundance. On statistical base, the mean diameter and the mean length of the pieces 

were not different among three sections (Table 1). 

Table 2. Pearson's correlation coefficient (r) between characteristics of sections and woody debris variables. 

Stream characteristic 

Woody debris variables 

Total volume 

(m³/section) 

Abundance 

(number of pieces/meter) 

Slope 0.93 0.97* 

Sinuosity -0.96* -0.62 

*significant Pearson correlation degree (α = 20%). 

Comparing the results of Magilligan et al. (2008) that measured the WD dimensions in some rivers with 

width from 10 to 54 m, in the USA, it is noted that their results of mean length were larger than those of the 

present study meanwhile their mean diameters were similar to those of the present study. Since the studied 

sections of the Perdizes stream have an average width of 8 m, it can be thought that the stream width may 

influence the mean length of WD. 

Analyzing WD (d > 20 mm and L > 0.6 m) in stretches of a lowland river in the UK, with the basin area and 

flow similar to the Perdizes stream, Blaen et al. (2018) observed that the greater the sinuosity, the larger quantity 

of WD. The same result did not occur in case of the Perdizes stream. It implies that there is no simple relation 

between the hydrogeomorphological processes in river and WD dynamics. 
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Relative to the origin of the debris, the relevance of the Araucaria could also be confirmed in the WD supply 

to the stream, because more than 20% of all WDs encountered in the channel were identified as this species. It was 

observed that there is a predominance of WD of Araucaria in the pools along the stream. This is probably due to 

the high density of this wood and also its high resistance against rot. According to Haga et al. (2017) that 

investigated the effect of small wood on large ones along streams, different tree species have different decay-rates 

of wood, and contribute to the variation of basic density of WD in each depositional environment. Thus, peculiar 

characteristics of Araucaria would be necessarily investigated in future.  

Figure 7 demonstrates an overview of the study site and the spatial distribution of WDs along the three 

sections. Parallel orientation was found most frequently (more than 60% in all the sections) during the survey 

(Figure 8). It is probably because this orientation is more stable in the system. Martin, Pavlowsky e Harden (2016) 

also reported that more than half (56%) of the WD pieces surveyed in the Big River were oriented parallel to the 

direction of flow, too. However, there is a different report, for example, Baillie and Davies (2002) that analyzed 

native streams in New Zealand and observed that most of the WD was perpendicular to the flow. 

Furthermore, according to Magilligan et al. (2008), the orientation controls the potential for convergence and 

divergence of the flow, and consequently the formation of pools and sediment storage places. In analyzing basins 

in the coast of Maine, the authors observed that the dominant WD orientations, regardless of basin size, are 

parallel or oblique to the flow. Considering the hazard assessment, Wohl et al. (2016) pointed out that the 

orientation of wood influences its ability to act as a strainer or to snag floating objects, and that it substantially 

influences hazards. Therefore, it can be said that the WD orientation should be studied more at each fluvial 

condition.  

 

Figure 7. Spatial distribution of woody debris along the stream: (a) initial section; (b) middle section; and (c) final 

section. 
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Figure 8. WD orientation: (a) Initial section; (b) middle section; and (c) final section. The orientation of each category 

is shown in Fig. 4. 

During the field survey, it was clearly observed that the composition of tree species in the riparian zone 

directly affects the volume of WD in the stream channel in headwater regions. The presence of araucaria (conifer) 

was a relevant variable for the total volume of WD, with the mean value of approximately 22%, which is larger 

than its presence among live trees. Galia et al. (2018) in a similar study concluded that coniferous trees tend to 

provide larger WD (usually whole trees). 

One of the most important topics related to the WD study might be the "woody debris budget", investigated 

by Benda et al. (2002, 2003) and Benda and Bigelow (2014). It consists of making an inventory of the supply of WD 

to the river by factors that include the forest dynamics (natural mortality), hillslope dynamics (mass movements 

and soil erosion) and river network dynamics (supply of wood and other sediments). In case of just sediment, the 

concept of budget together with routing has been intensively and widely investigated since Dietrich and Dunne 

(1978). However, the case of WD, i.e., woody debris budget and routing is still very scarce. This investigation is 

only possible with a long-period continuous monitoring system. 

To define which size can be efficient for stabilizing the WD in terms of orientation, further measurements will 

be necessary, especially after strong rainfall events. 

5. Conclusions  

An environmentally-sustainable future is widely desired by all the society. Therefore, it is extremely 

important that Brazilian scientists provide technical and scientific support to guide the comprehensive 

management of forest-river ecosystems, i.e., riparian ecosystems. In this circumstance, through a detailed survey 

of the WD encountered within the Perdizes stream (RS), it can be concluded that the riparian vegetation provides 

a large volume of WD for the fluvial ecosystem (17.9 m³/770 m). Furthermore, it could be shown that the present 

methodology of field survey and of statistical analysis is useful and feasible for the DW dynamics study. 

As a suggestion for future studies, the WD distribution must be related to the hydrodynamic features 

(discharge, velocity and depth) of the stream, in addition to sediment sizes distribution on the channel-bed. This 

type of hydrogeomorphic investigation will allow better understanding the WD distribution in the stream 

channel. 

Finally, the importance of riparian vegetation, living and standing as well as dead and deposited on 

streambed and forest floor, should be emphasized not only in the scientific community, but also in the local 

community responsible for basins management. 
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