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Abstract Erosion and sedimentation in water courses

represent a major and costly problem everywhere on the

planet. Perception of local actors of the state of the river

can be a useful source of information to document the

river’s changes. The main objective of this study consists

of understanding how multiple data sources can be used for

identifying the most sensitive areas subject to erosion and

sedimentation in a watershed. To achieve our objective we

combined three complementary methods: conducting

interviews, estimating the most sensitive soil loss areas

using the Revised Universal Soil Loss Equation for

Application in Canada (RUSLEFAC) and taking mea-

surements of environmental variables (turbidity, deposition

rate, particle size, water quality, rainfall). The information

gathered from the interviews allowed us to determine

which areas were the most affected (e.g., either erosion or

deposition). However, we observed that there were some

differences between the areas identified by the participants

and those obtained from the RUSLEFAC and in situ

measurements. Among these differences, participants

identified sites which were the results of misuse or bad

practices (e.g., ATV). By contrast sensitive sites for ero-

sion, as identified using RUSLEFAC, are instead areas of

steep slopes, located near the river without forest cover.

The in situ measurements were very helpful in establishing

background values for turbidity but also for comparing

quantitative information (e.g., particle size) with what was

reported in the interviews.

Keywords Watershed � Sedimentary budget �

Perception � RUSLEFAC � New Brunswick

Introduction

Over the last 10 years, residents of the Cocagne River

watershed (Southeast of New Brunswick, Canada) have

voiced their concerns about the deteriorating conditions of

the Cocagne River and have demonstrated a keen interest

in preventing further degradation of their river (Gauvin,

personal communication, 2010). The Cocagne River has

ecological, recreational, and economic values for the resi-

dents of the many communities through which the river

flows. The concerns that have been brought to the forefront

are mainly related to erosion and sedimentation. Slaymaker

(2003) defines a sediment budget as: ‘‘… the accounting of

sources, sinks and redistribution pathways of sediment in a

unit region over unit time’’.

Erosion is a natural process but water course deteriora-

tion due to erosion increases with human activity. Erosion

is generally more important where there is more human

activity such as in urban areas (Barton 1977; Kummu 2009;

G. Fortin (&)

History and Geography Department, Université de Moncton,
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Walsh et al. 2005). But even in rural areas with lower

population density, other kinds of activities or disturbances

such as logging, agriculture, or forest fire can modify land

use and have a high potential for inducing erosion and

water course deterioration (Barton 1977; Fox 2011; Lewis

1998; Pandey et al. 2007). Soil characteristics and other

factors such as precipitation, temperature, and vegetation

cover are also important determinants for erosion and

sedimentation (Bryan 2000). The economic and environ-

mental costs of erosion can increase substantially when

land use change occurs (Pimentel et al. 1995).

Tolerance levels for soil erosion vary greatly throughout

the world. In Canada the mean tolerance level is estimated

to be 6 tons/hectare/year (3 tons/acre/year) or less (Wall

et al. 2002). Using the Revised Universal Soil Loss

Equation For Application in Canada (RUSLEFAC), it is

possible to calculate the potential for erosion within a

watershed (Wall et al. 2002). The simplicity of the equation

and the availability of data required for most of the vari-

ables have made this a popular method of estimating soil

loss potential.

After the sediments resulting from erosion have been

transported far enough for deposition to occur, sedimenta-

tion ensues. Sediments are an important source of pollution

in rivers and streams worldwide, whose negative impact on

aquatic ecosystems (Pandey et al. 2007) include higher water

temperature, a decrease in the number of spawning areas for

many fish species, a decline in habitat formacroinvertebrates

and increased turbidity that reduces photosynthesis in the

degraded water course (Robertson et al. 2006). The rate at

which sediments are deposited (the deposition rate) increases

with urban sprawl and development (Allmendinger et al.

2007). Different methods have been used in the past to

identify the sources of suspended sediment and their trans-

port and deposition either in the river channel or at the scale

of the entire watershed (Collins and Walling 2004; Gao

2008). With the increasing popularity of waterfront proper-

ties and activities, the water quality of many rivers are under

serious stress and could suffer further degradation without

proper mitigation practices. Few studies combine data

sources from the social and natural sciences. Our study is a

pilot study that combines complementary data sources from

the natural and social science in order to assess the potential

contributions of such an approach.

The main goal of this research project was therefore to

understand how multiple data sources can be used in a

complementary manner to identify the most sensitive areas

subjected to erosion and sedimentation in a watershed. Local

knowledge can be useful for providing information about the

state of a watershed and the changes it is undergoing. For

example, ethnopedology uses both natural sciences and

social sciences to better understand local perceptions of the

classification, appraisal, use, and management of the soil

(Barrera-Bassols and Zinck 2003). We used a similar

approach here to document and understand the sedimentary

budget of a small watershed. We first explored, through

individual interviews, the perception of local residents of the

condition of the Cocagne River and its erosion/sedimenta-

tion problem.We then used RUSLEFAC to create amap that

identifies and classifies areas within four levels of potential

erosion rates (high, medium, low, and tolerable). On an

annual basis, RUSLEFAC is a useful tool for computing

erosion in an area, which makes it a good indicator of the

quantity of sediment being delivered downstream. We also

measured in situ deposition rates, which we combined with

other water quality parameters and meteorological data to

describe sediment characteristics (grain size, weekly amount

of sediment received, etc.) and environmental conditions.

While these data were collected for only a single season and

are therefore of little value for evaluating longer-term

changes, they were collected in an exploratory perspective to

verify whether the melding of scientific and community

information could improve our understanding of sediment

dynamics within a watershed. Finally, we have also identi-

fied the multiple stressors causing environmental change

within the study area and where they exerted the most

pressure on the environment.

Study Area

The Cocagne River watershed is located in Kent County in

the southeastern region of the province of New Brunswick,

Canada (Fig. 1). The watershed covers an area of approx-

imately 345 km2 and is drained by the Cocagne River

(70 km long), and its many tributaries (Northwest Branch,

Shaw Brook, Butler Creek, Murray Brook, and Meadow

Brook). The average flow rate of the main branch is

4.6 m3/s with peak rates of 49 m3/s (Gauvin et al. 2009).

Like many other rivers along the shores of southeastern

New Brunswick, the Cocagne River runs into the drainage

basin of the Northumberland Strait. Common characteris-

tics of rivers in this area are that they start in wetlands or

from a lake and run toward the sea, with estuaries that

widen rapidly. Tidal influence on these rivers can go up a

few kilometers inland, as is the case with Cocagne River

(approximately to site #5, see Fig. 1).

Many different habitats can be found in this region;

closer to the Northumberland Strait we find salt marshes

and low undulating hills characterized by forested and

agricultural land. In the upper sections of the watershed,

there are peat lands (Gauvin et al. 2009). The highest

elevation reaches approximately 205 m above mean sea

level (AMSL).

There are no municipalities in the Cocagne River

watershed, but there are many local service districts (LSD),
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an administrative unit that was created by the provincial

government in order to offer services (such as garbage

pick-up, fire department, etc.) to the many smaller com-

munities found in the area (Cocagne, Notre-Dame, Irish-

town, Saint-Antoine, and Grande-Digue). The watershed

has approximately 3000 permanent residences and many

seasonal secondary residences (Gauvin et al. 2009). The

local economy is primarily based on natural resources

(forest and agriculture) as well as goods and services that

are offered in the region.

Materials and Methods

The first part of this section presents in a broader per-

spective how the interviews were structured and organized.

Subsequently, an explanation of the application of

RUSLEFAC is given to understand what factors were used

to create a thematic map of the different classes of potential

soil loss in the study area. Finally, the last section contains

a series of in situ methods and instruments that have been

used (sediments traps and a portable weather station) dur-

ing a limited period of time (July 17, 2011–September 19,

2011).

Semi-structured Interviews

The local population can provide a significant amount of

information on environmental issues, particularly with

regard to their perception of a situation (Baum et al. 2006;

Dunlap and Michelson 2002; Kindon 2010; Smith et al.

2010). Different participatory approaches and methods can

be used to understand people’s perception of environ-

mental issues, including semi-structured interviews (Bell

et al. 2012; Mustelin et al. 2010). Interviews (n = 15) with

residents of the watershed (age 35–70 years old; 12 men

and 3 women) were conducted during two consecutive

summers in 2010–2011. All participants who were selected

for interviews were from the community and were identi-

fied from a list of river users or riparian owners provided

by a local watershed management agency. The semi-

structured interviews resembled a friendly conversation,

thus creating a degree of trust between the interviewee and

the interviewer. It is known that this trust can ensure a

higher quality of data (Fortin 2010).

The interviews were done following an interview guide

(the original survey was written in French and included a

total of 30 questions) and a blank map (see appendix 1).

The interviews began with some general questions and

Fig. 1 Location of the Cocagne River and sample sites within the watershed
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quickly moved toward the blank map so that the explana-

tions could be localized within the study area. They

included, for example—Have you ever fished or are you

fishing regularly in the river or in the Bay of Cocagne? If

so, what species of fish have you caught?—To the best of

your knowledge, what are the activities that are practiced

around the river in summer and winter?—Do you think the

amount of sediment in the river has increased or decreased?

Why?—Is there, in your opinion, specific areas of the river

where you have noticed an accumulation of sediment on

the bottom of the river? Would you be able to identify on

the map where this phenomenon occurs?—Do you know

where to find information about the state of the river?—Are

you aware of any tools (zoning, policy, regulation…) that

exist to help prevent or minimize the problems that can

affect the river?

The information collected was then analyzed and cate-

gorized in one of the following main categories: (1) the

river and its use, (2) the state of the river and its sedi-

mentation, and (3) communication—how to create aware-

ness with the users, the residents, and the decision makers.

It is important to solicit local knowledge and traditional

environmental knowledge (Mamun 2010; Berkes 2009;

Berkes 2007; Berkes et al. 2007; Berkes 2004; Parlee et al.

2006) in order to know the history of the multiple uses of

the natural resources and the ecosystem. Local knowledge

may also help to complete the interpretation and explana-

tion of scientific data and to understand the biodiversity of

an ecosystem, conflicts over use and changes occurs within

the watershed, especially as concerns modifications of fish

habitat.

RUSLEFAC Mapping

RUSLEFAC is a valuable tool providing a general over-

view of soil loss potential for a watershed. This tool can be

used for agricultural soil but it is also applicable to non-

agricultural conditions such as construction sites (Renard

et al. 1997). A revised version of the original equation

(USLE) has been developed for applications in Canada by

Agriculture and Agri-Food Canada and known as RUSL-

EFAC (Wall et al. 2002). Both USLE and the RUSLEFAC

are calculated as follows (Wischmeier and Smith 1978;

Renard et al. 1997):

A ¼ R� K � L� S� C � P;

where:

A is the potential, long term average annual soil loss in

tons per hectare per year (or tons per acre per year).

R is the rainfall factor (MJ mm ha-1 h-1).

K is the soil erodibility factor (t h MJ-1 mm-1).

L and S are the slope length and steepness factors,

respectively (dimensionless).

C is the cropping-management factor (dimensionless).

P is the support practice factor (dimensionless).

The factors used in the RUSLEFAC equation can be

obtained or estimated from different sources (Table 1). The

software ArcMap 9.3.1 (ESRI) and the ArcHydro 1.4

module were necessary to prepare the thematic map. Using

these different data sets we can then calculate soil loss for

each pixel in the study area. The value obtained for each

pixel is then classified in one of four different classes:

tolerable, low, moderate, or high soil loss. Pixels are then

grouped to create homogeneous polygons representing the

main class of soil loss. The result is a map that graphically

represents the location of areas more or less sensitive to

water erosion and soil loss.

Sediments Traps and Meteorological Data

In this study two types of sediment traps, used for fine

sediment with mean grain size of less than 50 lm, were

selected for field measurements of the deposition rate in the

Cocagne River: (1) sédibacTM by Bio-Innove Inc. and (2)

gravel buckets. In the literature different kinds of sediment

traps have been used over time and compared with their

respective advantages and disadvantages (Bloesch and

Burns 1980; Ice 1986; Luce and Black 1999; Pavey 2006).

Traps were chosen for their effectiveness, low cost, and

simplicity of use. Both types of sediment traps (three

replicas each) were installed at five different sampling sites

(Fig. 1). The sites were selected with consideration of river

access, the results from the RUSLEFAC map and infor-

mation shared by local residents during the interviews.

SédibacTM

SédibacTM has been used in many studies (Delisle and

Dubé 2001; Dubé et al. 2006; Lachance and Dubé 2004;

Table 1 Factors used in the RUSLEFAC equation

Factor Source

R Wall et al. (2002) proposed an R value of 1550 MJ mm

ha-1h-1 for the study area

K Generalized K values can be estimated based on the work of

Wall et al. (2002)

LS The LS values were calculated using a Digital Elevation

Model originally made by the government of New

Brunswick and the ArcHydro module in ArcGIS 9.3.1

C A layer containing land use information from the

government of New Brunswick was used. Trahan (2002)

also provided C values for eight different land use based on

the literature that could be used if no data was available for

a study area

P When no data is available for this factor a value of 1 is used

(Wall et al. 2002)
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Pavey 2006). This cylindrical sediment trap consists of two

perforated containers measuring 12 cm in diameter and

13.5 cm high. They are filled with a mesh bag containing

clean gravel. The perforations on the cylindrical containers

each measure 1.3 cm2 for a total surface area of 39.8 cm2

of open space on the sides of the sediment trap. These

perforations allow the natural flow of water and sediments

through the bed load.

Gravel Buckets

Bloesh and Burns (1980) presented some evidence that

closed systems could have advantages such as a reduction

in turbulence and flow impacts on the collection of sedi-

ments. This second method consists of four liters buckets

(with a diameter of 20 cm and a depth of 18 cm) filled with

gravel and installed in the riverbed.

With both methods, fine sediment (B50 lm) was col-

lected weekly. Proper care was taken to ensure that no

unnecessary turbulence was created, which could bias the

data. The SédibacTM and the gravel buckets were emptied

into zipper storage bags for transportation to the laboratory.

At the laboratory, the samples were transferred into beakers

for decantation during a minimal period of 12 h, after which

excess water was removed. Afterward, sediments were

heated on a hotplate until the remaining water was evapo-

rated thus completing the drying process. The sediments

were then weighed and submitted to a burning process

(500 �C for 6 h) to determine the proportion of organic

matter. The sediments were then sifted using a mechanical

sieve shaker in order to determine the grain size distribution.

We also collected water quality parameters weekly,

during the study period. Water temperature, atmospheric

pressure, dissolved oxygen, specific (at 25 �C) conductiv-

ity, pH, salinity, and total dissolved solids were measured

using a YSI Professional Plus Handheld Multiparameter

Instrument. The speed of the water current was measured

using a Global FP111 Flow Probe and the turbidity was

measured once in laboratory with a LaMotte 2020 hand-

held Turbidity Meter.

Meteorological Data Acquisition

Finally, in addition to collecting in situ data we also

installed a portable weather station in the study area.

Meteorological measurements were made in an open area

(46�19021.5600N, 64�43046.7900W) at an elevation of 35 m

AMSL and at a distance of approximately 800 m from the

Cocagne River. A portable weather station (Onset Hobo

Weather Station) recorded precipitation, solar radiation, air

temperature, relative humidity, soil moisture, atmospheric

pressure, as well as wind velocity and direction from July

17, 2011 to September 19, 2011.

The most important parameter, to achieve our goal were

precipitation amount and intensity, which relates to soil

losses from water erosion. To ensure that our data was in

accordance with the weather’s regional patterns, we com-

pared the results from the Hobo station with two nearby

weather stations from the national network of Environment

Canada (Buctouche CDA CS, 46�25049.0100N,

64�46005.0100W, 35.9 m AMSL and Moncton Airport

46�06044.0000N, 64�40043.0000W, 70.7 m AMSL, Depart-

ment of Environment, Canada 2011). We have done two

simple linear regressions for hourly precipitation data from

our Hobo station with Buctouche and Moncton stations.

Our Hobo station has shown a very good fit (respectively

R2
= 0.92 for the first and R2

= 0.88 for the latter)

meaning that our station was in good agreement with the

others and recorded most of the same weather patterns

(rainfall events for example).

Results and Discussion

In this section, we first describe what were the most

important issues as perceived by the local population and

we locate the most sensitive areas within the catchment

area according to the interviewees. We then identify the

most sensitive areas for soil losses from water erosion

using RUSLEFAC. Finally, in situ data allows us to

improve our understanding of the sediment sources and

sinks. We also identify the challenges related to improving

the water quality of the river.

Interviews

The first observation from the results of the interviews is

that most of the interviewees consider the Cocagne River to

be an integral part of their life: ‘‘it makes the territory’s

identity’’ but also ‘‘people’s identity’’ as said by an inter-

viewee. All of them declared with conviction that it is

important to guarantee the quality of life along the river.

The River and Its Use

The Cocagne River is essentially used for leisure activities

even if some of the interviewees also use it for their

occupation (especially fishing). Boating and fishing are the

activities most cited. Boating includes sailing and kaya-

king. Recreational fishing was practiced by 11 persons out

of 15 (Fig. 2). Most of them go (or used to go) fishing

occasionally. Salmon, trout, and smelt are the most com-

mon species found in the Cocagne River (Gauvin et al.

2009). In a previous study in the same area by (Caissie

2006) it was mentioned that the salmon could be affected

negatively by an increase of fine sediment in the river.
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According to interviewees, the Cocagne River banks are

also very popular with ATV riders. This topic raised much

criticism during the interviews, as we will see below.

Among the interviewees, 6 out of 15 persons said they

practice ATV along the river. All of the riders said they are

members of a club and well informed about best practices

and conduct to minimize negative impacts of their activity

on the environment.

Sedimentary Budget in the Cocagne Watershed/River

During interviews, it became apparent that the condition of

the Cocagne River is a concern, especially in relation to

water pollution, erosion, and sedimentation. Some of these

issues seem to be directly related to the use of the territory.

Among interviewees, opinions differed slightly concerning

water quality and wildlife habitat conditions along the

Cocagne River. Overall, water quality and wildlife habitat

were judged as being in good condition with some reser-

vations about certain sections of the river, especially

downstream (below site #5, near the bay) where houses are

located (Table 2).

When asked about significant changes on the river over

the past 30 years, erosion and sedimentation were the two

most frequent words that came out. Interviewees were able

to identify where these problems were located in the

watershed, and it appeared that the upstream zone was

more affected by erosion whereas the downstream zone

was more affected by sedimentation (Fig. 1; Table 3).

All of these comments allowed us to continue the

interview talking about river conditions and its sedimentary

dynamic. As a first question targeting sedimentation issues,

people were asked whether, in their opinion, sediment

quantity has tended to increase or decrease. An explanation

was also expected. A great majority (73 %) of the inter-

viewees noticed that the quantity of sediments in the river

had a tendency to increase. Only one person noticed a

decrease: ‘‘I have the impression that it has decreased

because of works done by the river organization, the

Fig. 2 Principal activities

practiced within the Cocagne

River watershed by

interviewees

Table 2 Verbatim extract about water quality of the Cocagne River

Verbatim extract

‘‘All of the chalets which have been built, everything created

pollution’’

‘‘…in residential areas, downstream, quality is worse’’

Table 3 Verbatim extract about erosion in the Cocagne River

Verbatim extract

Erosion ‘‘We have lost terrain over the past 8 years’’

‘‘At the NW branch, […] there are more erosion

gullies’’

‘‘Along the path, the bank collapsed down the river’’

‘‘A rock peak was destroyed in 1960’’

Sedimentation ‘‘The canal close to the old bridge disappeared, it

silted up. It is much shallower than it was’’

‘‘The downstream river is filling up, it is shallower’’
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respect of forestry cuts, and buffer zones’’. One person did

not answer the question and two others did not see sig-

nificant changes in sediment activity. For one of them, the

sand was replaced by mud: ‘‘There is less sand, but more

mud’’. This statement means that there seems to be more

silt and clay (fine sediments).

Both human and natural forces were invoked by inter-

viewees to explain the changes in the sedimentary dynamic

of the Cocagne River (Fig. 3). ATVswere identified as being

the principal damaging human activity on the river. Ten in-

terviewees out of 15 criticized the fact that they ride in the

rivers and on pathways along it—often carelessly. The forest

industry (through the creation of dirt roads) and residential

development near the Cocagne River were also mentioned,

but without more precise explanation. According to the in-

terviewees, natural phenomena could also have an impact on

the sedimentary dynamic of the Cocagne River. Heavy rains,

high tides, and seasonal cycles (freeze/thaw) seem to be the

most influential natural phenomena.

Interviewees were able to identify, on a blank map of the

Cocagne River watershed, zones that seemed to be affected

either by natural erosion or sedimentation and those which

appeared to be caused by users. The most impacted sectors are

the NW junction, Murray Brook, the bay, and Mack Bass

stream (mostly in the southeast of the watershed, Fig. 1).

Except Pitt andWillyburg roads, where there is no evidence of

sediment nor erosion butwhere there is clear damage caused by

users, there is a significant correlation between sites affected by

erosion or sedimentation and those impacted by users.

Communication and Territory Actors

In general, interviewees are worried about river conditions.

Except for two people, all of the interviewees took into

consideration possible impacts on the river in their deci-

sions and actions. They try to preserve Cocagne’s natural

environment (Table 4).

Even if most interviewees know where to gather infor-

mation about the river’s conditions (GDDPC, New

Brunswick Department of Natural Resources or Depart-

ment of Fisheries and Oceans Canada), they believe that

more public communication should be done in order to

heighten users awareness through meetings, pamphlets, and

websites. Most of the interviewees think that nothing can

be done without support from local and provincial insti-

tutions. There are regulations to prevent erosion and sedi-

mentation (buffer zones for example) but most of the time

they are not followed or enforced. Institutions need to be

more involved with that issue.

Lastly, interviewees were asked to think about priorities

they would like to see improve in the years to come.

Examples cited included the creation of special-interest

groups working with institutions, with priority given to the

understanding of ongoing territorial issues around the

Cocagne River. Participants also emphasized the impor-

tance of controlling residential development, maintaining

dirt roads, and improving education for users.

Fig. 3 Main factors

contributing to soil erosion

according to interviewees

Table 4 Verbatim extract about river protection actions

Verbatim extract

‘‘At home, I make sure that everything is done properly; for

example: septic tank maintenance, sediment trapping, etc’’

‘‘I gather up as much sediments as I can in my terrain’’

‘‘I ride my ATV with caution, and I bring back home all of my

garbage when I go fishing. I also inform authorities when I am a

witness of a bad act’’

‘‘When I mow, I leave a buffer zone close to the riverbank’’
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Semi-structured interviews provide relevant information

complementary to quantitative data which often cover only

a short period of time and often a small area. They help to

better understand sediment dynamics for the entire study

area and its temporal evolution. Yet, the perception of the

state of the environment remains subjective and varies

according to the participants. It is still possible to reach

some consensus among the participants thanks to the use of

the blank map. We also noticed that participants mainly

identified anthropogenic stressors. The degraded sites are

indeed relatively easy to identify in the field when they

result from human activities (illegal crossing of ATV in the

river, forest road not maintained).

RUSLEFAC Mapping

As a complement to the interviews, we used the RUSL-

EFAC application which allowed the creation of a map

(Ligonja and Shrestha 2013), where the territory is classi-

fied into four main classes of soil loss as proposed by Wall

et al. (2002) (Fig. 4): tolerable, low, moderate, and high.

This map showed us that the LS factor is important for

areas that are typically in the vicinity of the river. When the

distance between a surface and the river is large (usually

greater than about 133 m for our watershed), the sediments

transported by water will not reach the river. The slope

length vary depending on inclination and could be esti-

mated using the digital elevation model. The ‘‘slope length

is defined as the horizontal distance from the origin of

overland flow to the point where either (1) the slope gra-

dient decreases enough that deposition begins or (2) runoff

becomes concentrated in a defined channel’’ as defined by

Renard et al. (1997). These authors indicate that slope

lengths seldom exceed 400 foot (±122 m), although

occasionally they may be found as long as 1,000 foot

(±305 m). Our values are within the value range suggested

by Renard et al. (1997). The majority of the land in our

study area is relatively flat, except at the river banks and in

a small area in the southern part near the border of the

watershed, which partly explains why the vast majority of

the territory is classified as tolerable. Other important

factors that explained the distribution of the different

classes of soil loss are land cover and land use. A large

section of the territory, especially near the head of the

river, is forested, which limits soil erosion and sediment

transport. Areas that appear to be most affected are mainly

located either on the edge of the stream (residential) or

along the main and secondary roads, including logging

roads and ATV trails. But as shown by Nearing et al.

(1999) soil erosion prediction can entail a large number of

errors. Nearing et al. (1999) also observed that ‘‘…the

coefficient of variation in soil erosion data tends to be

much greater when measured soil loss values are relatively

small,’’ which could apply to part of our study area.

The thematic map (Fig. 4) is based primarily on physical

characteristics (slope length and steepness factors, soil

erodibility factor and so on), although includes land use

classes, which depend on human activity. It is partly for this

reason that there is somedistortion between locations that are

classified as highly erodible and those identified by partici-

pants as having erosion problems. As we noted above, only a

few places were identified by interviewees as having serious

erosion problems. These problems are located at specific

sites and are caused by human activities. While site char-

acteristics can lead to erosion, according to RUSLEFAC

erosion ismostly related to placeswhere human activities are

associated with steep slopes over short distances (less than

133 m asmentioned above) and near the river. In accordance

with this observation we found that only a few sites both are

considered to be at risk (based on RUSLEFAC) and are

actually affected by water erosion problems. Mapping offers

many advantages such as a complete and rapid visual over-

view of an area to document suspended sediment sources and

sinks. It also has some disadvantages, such as subjectivity

(for map interpretation) that makes it difficult to determine

whether eroded areas are contemporary or historical. Map-

ping is also time-consuming and requires cartographic skills,

as mentioned by Collins and Walling (2004).

Field Measurements and Meteorological Data

Turbidity

Canadian Water Quality Guidelines for the Protection of

Aquatic Life (Canadian Council of Ministers of the Envi-

ronment 2002) suggest that an increase of more than 8

nephelometric turbidity units (NTU) in turbidity for short-

term exposure (i.e., 24 h) or an augmentation of 2 NTU for

long-term exposure could be detrimental to aquatic life.

These values are based on an increase above the back-

ground concentration at clear flow. It has been observed

that a value of 30 NTU or more has significant effects on

the feeding efficiency on juvenile salmon (Arndt et al.

2002). Arndt et al. (2002) have measured values above

30 NTU in some New Brunswick rivers after flood events

but our results are well below this threshold.

Given that our turbidity measurements for July 18, 2011

were very close in value and that there was little precipi-

tations recorded for the week prior to sampling, we used

the average of these values as the background concentra-

tion at clear flow (2.1 NTU). Therefore, thresholds of 2.0

and 8.0 NTU are set at 4.1 and 10.1 NTU in accordance

with the critical exposure level at short and long term for

the aquatic life, as mentioned above (Fig. 5).
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At sites 1, 2, and 3 (the higher section of the river) we

observed an increase in turbidity, which surpassed the

threshold of 4.1 NTU. However, sites 4 and 5 did not

exceed this threshold during our measurement period. The

threshold of 10.1 NTU was exceeded only once (August

23) for a single site (site 2). This high value (10.2 NTU) is

probably the result of several episodes of heavy rain that

occurred in the previous days (as described further in

Sect. 4.3.3.). It must be noted that turbidity was measured

weekly and therefore could have fluctuated between sam-

ple times and peak turbidity could have been missed. An

evidence of increases of sediment amount in the river has

been captured by time lapse cameras deployed at sites #1,

#3, and #5 for this purpose.

Little information on turbidity was collected through

interviews and the RUSLEFAC thematic map does not

provide data closely related to this variable.

Grain Size Distribution

As turbidity is directly related to sediment contribution

from surface water flow, grain size is also related to the

Fig. 4 Soil loss map of the study area using RUCSLEFA
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amount and intensity of water rainfall. Increase in human

activity has an effect on the distribution of sediment texture

(Paul and Meyer 2001). It has been observed that anthro-

pogenic disturbance increases coarse sand fractions while

decreasing fine sediments (clay) and gravel class (Paul and

Meyer 2001). We found a slight decrease in coarse sand

([500 lm) and an increase in smaller sized particles from

the head of the river toward the outlet. This is very

Fig. 5 Turbidity values

variations during summer 2011

Fig. 6 Particle size distribution

at each site
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Fig. 7 Deposition rate at site #1(a), #2(b), #3(c), #4(d), #5(e)
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noticeable in the 250 lm class, with a decrease of 13 %

from site 1 to site 5. The grain size is particularly important

for the early stages of fish development. For example,

Peterson and Metcalfe (1981) have shown that finer sand

(size under 220 lm) can affect the emergence rate of sal-

mon. The increase in the proportion of coarse sand may be

associated with anthropogenic activities and may thus be

more closely related to point sources of erosion, mainly dirt

roads and the passage of ATVs in the river. This is con-

sistent with what was reported by participants during the

interviews. On the other hand, some interviewees reported

having noticed a siltation. This could be the case for the

lower section of the river (sites 4 and 5) where finer sed-

iment (B250 lm) is more common than coarse sediment

([250 lm). For example, at site 1 fine sediment

(B250 lm) counted for 54 % of the total sediment retained

by the sediment traps while the proportion reached 67 % at

site 5 (see Fig. 6). For coarse sediment the opposite situ-

ation was observed. This observation is in agreement with

Fox (2011) who found that coarse sediments are most

common upstream while fine particles move downstream

since both erosion and deposition are particle size selec-

tive. Moreover, Young (1980) observed that particles

between 20 and 200 lm are more erodible, which also

corroborated our result. However, during grain size mea-

surement a small amount of the sediments remained in the

pan (between 3 and 6 % of the total amount) and was not

included in the grain size class shown in Fig. 6.

Deposition Rate of Sediments

The Canadian Water Quality Guidelines for the Protection

of Aquatic Life (Canadian Council of Ministers of the

Environment 2002) does not have a threshold for deposited

sediments because there is insufficient information avail-

able to establish one. Pavey (2006) measured median

deposition rates ranging from 1.3 to 67 kg/m2/year for

disturbed waterways located downstream of an exploited

peat area in New Brunswick. Owens and Walling (2002)

obtained values between 0.2 and 2.2 kg/m2/year for the

period from 1963 to mid-1990 and between 0.6 and 5.9 kg/

m2/year for the period from 1894/1895 to 1963 with the

highest values corresponding to a period of intense human

activity in the study area. Our median values vary from 0.9

to 496.3 kg/m2/year (the highest value was recorded at site

5, August 16, 2011) depending on location and time

(Fig. 7). The lower values are in agreement with the

observations made by Pavey (2006); Owens and Walling

(2002) but our high values are well above her results.

Suspended load can have a significant effect on fish

population. While grain size is important, the concentration

of sediment and the duration of sediment exposure must

also be taken into account to determine sublethal and lethal

effects (Robertson et al. 2006).

Meteorological Conditions

As mentioned above, the total amount of water and the

intensity of rainfall events are critical factors for water ero-

sion and transportation. Soil properties are also important for

soil erodibility, as in the case of fine sediment transported

into the river after a heavy rain. Two photos taken on July 21,

2011 clearly show this. A first photo was taken at 5:46 PM

and a second an hour and a half hour later at 7:16 PM (using a

time lapse camera). During the period from 5:30 to 7:30,

5.1 mm of rain fell (Fig. 8), for a total amount of 0.8 mm of

rain in the first hour (5:30–6:30) and 4.3 mm in the second

hour (6:30–7:30) based on data recorded by our rain gage.

Moreover, previous results helped us establish a threshold of

20 mm of rain per day as corresponding to the average

amount of rain necessary for a significant contribution of

sediments to be observed in the watercourse as measured by

our sediments traps. This threshold was exceeded four times

during our study period (54.9 mm on 27th July; 23.8 mm on

30th July; 29.4 on 8th August; 21.3 mm on 28th of August).

For these four rain events the maximum values for the

deposition rate were all measured at site #5 and varied from

148.4 to 496.3 kg/m2/year as shown in Fig. 7. This amount

of sediment is closely linked to precipitation, turbidity, and

grain size data. For a disturbed area Barton (1977) has also

recorded maximum suspended solids levels during a sudden

rainstorm, but the amount of precipitation brought during

this event is not available.

Although the influence of rain on erosion was rarely

mentioned during the interviews, it exerts a significant

influence on the sediment dynamic in a watershed. Some

Fig. 8 Quantities of precipitation during summer 2011 at three

weather stations
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participants mentioned that they noticed an increase in

erosion and sediment in the river after heavy rains or a

thaw. This is significant since a good way to reduce the

amount of sediment in the water is to reduce activities that

promote erosion due to heavy rains and thaw. With mea-

surements of deposition rate and rainfall recorded, we were

able to determine the critical threshold of heavy rain

(20 mm), beyond which a large amount of sediment goes

into the river. This threshold applied to the river in our

study could be used to restrict activities having adverse

effects on erosion and sedimentation such as using dirt

roads or ATV trails after heavy rains or during the spring

thaw.

Conclusions

The use of different data sources to document erosion and

sedimentation in a watershed can improve and diversify the

quantity and quality of information. Interviews are useful

to better understand the current and past state of the river

and its watershed. Multiple data sources can also help

identify the main sources of potential water erosion and

locate the most sensitive erosion areas. In addition, the

RUSLEFAC, based on several factors from various data

sources, was useful to classify potential losses of soil and

prepare a simplified map with these data. The area most

susceptible to water erosion can be located and linked to

the information from the interviews in order to provide a

more thorough study of the watershed. We were able to

identify and locate erosion-sedimentation problems from

the information collected during the interviews. However,

we also found that this information is not always consistent

with the results from other methods. For example, the map

produced from RUSLEFAC showed some erosion prone

areas. These areas at increased risk of erosion were espe-

cially steep sites located near the river on bare soil or non-

forest land. However, the interviewees’ concerns for the

erosion problems were rather limited to very specific sites

and mainly linked to malpractice or negligence by land

users (e.g., VTT). Moreover, collecting in situ data (tur-

bidity, grain size, and deposition rate) combined with the

acquisition of meteorological data is a useful way to pro-

vide a state of the river on a quantitative basis. This is

helpful to better understand how the river reacts to rainfall

and to determine the background values for turbidity and

deposition rate for example. This in situ information can

also be used to establish some thresholds at which the

sediments are more prone to be transported and deposited

either in the watershed or in the river. In situ data can be

used to verify and validate some observations that are

related to the perception of participants by quantifying

certain variables (increased sedimentation, reduced water

turbidity). However, since our study was conducted over

1 year it is not possible to generalize.

In conclusion, this pilot study combines various methods

based on various data sources from both the social sciences

(interviews) and natural sciences (RUSLEFAC and in situ

measurements). One challenge for stream studies is not

only to better understand both watersheds and stream

processes but also to match this information with the

social, economic, and politic drivers of the urban (Walsh

et al. 2005) and rural environments. We have thus been

able to establish thresholds for deposition rates. These

thresholds could either be used for rivers with similar

characteristics in the same area or serve as a comparison in

future studies at larger scales.

Some limitations exist in this study. The information

gathered in the interviews is more representative of the

recent period (week or last month) than recent years or

even decades. The location of interviewee’s house/activi-

ties along the river probably affects their perception of the

river in general. In future work, more information about

interviewees could be gathered in order to analyze their

responses based on their profiles and geographical position.

Future investigations of the local population’s perception

associated with an approach that allows describing the

variation in time should be conducted for a better under-

standing of spatiotemporal change in the area over the last

years or decades.

Acknowledgments The authors would like to thank Julie Mallet

and Janelle McLaughlin for carrying out part of the field measure-

ments, data analysis, and laboratory work. Alida Thiombiano, Julie

Mallet, Nicolas Bastien, and Jacinthe Roberge for conducting inter-

views and/or their analysis. Jeremy Hayhoe for his proof-reading

assistance. Yves Blanchard for the RUSLEFAC mapping. We also

want to acknowledge our partners Jocelyne Gauvin, Rémi Donelle,

and Nathalie LeBlanc for their help and comments during and

throughout the duration of the project. Finally, a special thanks to all

the participants who helped us during the interviews. This project has

been financially supported by Environmental Trust Fund of New

Brunswick and New Brunswick Wildlife Trust Fund.

References

Allmendinger NE, Pizzuto JE, Moglen GE, Lewicki M (2007) A

sediment budget for an urbanizing Watershed, 1951–1996,

Montgomery County, Maryland, U.S.A. J Am Water Resour

Assoc 43(6):1483–1498. doi:10.1111/j.1752-1688.2007.00122.x

Arndt SKA, Cunjak RA, Benfey (2002) Effect of summer floods and

spatial-temporal scale on growth and feeding of juvenile Atlantic

salmon in Two New Brunswick streams. Trans Am Fish Soc

131(4):607–622

Barrera-Bassols N, Zinck JA (2003) Ethnopedology: a worldwide

view on the soil knowledge of local people. Geoderma

111:171–195

13



Barton BA (1977) Short-term effects of highway construction on the

limnology of a small stream in southern Ontario. Freshw Biol

7:99–108

Baum F, MacDougall C, Smith D (2006) Participatory action

research. J Epidemiol Commun Health 60(10):854–857

Bell S, Morse S, Shah RA (2012) Understanding stakeholder

participation in research as part of sustainable development.

J Environ Manag 101:13–22

Berkes F (2004) Rethinking community-based conservation. Conserv

Biol 18:621–630

Berkes F (2007) Adaptive co-management and complexity: exploring

the many faces of co-management. In: Armitage D, Berkes F,

Doubleday N (eds) Adaptive co-management. University of

British Columbia Press, Vancouver, pp 19–37

Berkes F (2009) Community conserved areas: policy issues in historic

and contemporary context. Conserv Lett 2:19–24

Berkes F, Berkes MK, Fast H (2007) Collaborative integrated

management in Canada’s north: the role of local and traditional

knowledge and community-based monitoring. Coast Manag

35(1):143–162

Bloesch J, Burns NM (1980) A critical review of sedimentation trap

technique. Schweiz Z Hydrol 42(1):15–55

Bryan RB (2000) Soil erodibility and processes of water erosion on

hillslope. Geomorphology 32:385–415

Canadian Council of Ministers of the Environment (2002) Canadian

water quality guidelines for the protection of aquatic life: total

particulate matter. In: Canadian environmental quality guide-

lines, 1999, Canadian Council of Ministers of the Environment,

Winnipeg

Caissie C (2006) The impact of fine sediment of the Chockpish,

Boutouche, Little Boutouche and Cocagne Rivers. Report for the

New Brunswick Environmental Trust Fund, pp 16

Collins AL, Walling DE (2004) Documenting catchment suspended

sediment sources: problems, approaches and prospects. Prog

Phys Geogr 28(2):159–196
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