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Executive Summary 

The Chinook salmon population in the Chilkat River watershed has been declining for many years. A 
significant contributor within the watershed to this overall population has been the Kelsall River. The 
number of fish sampled in Kelsall River spawning areas in the Alaska Department of Fish and Game’s 
annual drainage-wide Chilkat River Chinook salmon in-river abundance estimates has indicated a similar 
decline.  The Takshanuk Watershed Council initiated a study to analyze the changes in morphology of 
the Kelsall River between 1961 and 2014 to see if there are any noticeable changes within the 
watershed that may be affecting Chinook salmon habitat.  Aerial imagery from the Haines state forest of 
1961, 1978, and 1998 were obtained, scanned, and georeferenced in ArcMap 10.2 along with satellite 
imagery from 2003 and 2013.  TWC used ArcMap 10.2 GIS and ERDAS Imagine 2014 remote sensing 
software to analyze a suite of approaches to evaluate if the Kelsall River salmon habitat has changed 
from 1961 to 2014.  The study found that the habitat in the Kelsall River has fluctuated in the lower 
delta but has remained relatively stable in the upper reaches.  Even with the fluctuations in the habitat, 
quality habitat remained productive and does not seem to be a factor in the decline in the number of 
returning Chinook salmon to the Kelsall River.  

Introduction 

The Kelsall River originates in British Columbia and flows into the Northern Panhandle of Southeastern 
Alaska via the Chilkat River Valley.  The Chilkat River Chinook salmon population, considered the third or 
fourth largest producer of Chinook salmon in Southeast Alaska (McPherson et al. 2003), have been 
trending downwards for many years.  Chilkat River Chinook salmon are also an indicator stock that is 
included in Pacific Salmon Commission (PSC) forecasts of the aggregate abundance of Chinook salmon 
stock.  Historically, one of the largest sub-basin contributors to the Chilkat River is the Kelsall River.  The 
number of Chinook salmon adults captured in the Kelsall River drainage during Alaska Department of 
Fish and Game (ADF&G) spawning ground sampling in August has decreased in recent years (personal 
communication, Richard Chapell ADF&G Haines) (Figure 1).  
 



 
Figure 1. Number of Chinook salmon captured by ADF&G in the listed drainages during the annual 
spawning ground sampling. 
 
The Takshanuk Watershed Council (TWC) used a suite of approaches to evaluate if the Kelsall River 
salmon habitat has changed from 1961 to 2014 and if so, has the change affected Chinook salmon 
production?  Since Chilkat River Chinook salmon are an indicator species for the PSC, it is important to 
understand if that population’s decline is due to factors limited to the Kelsall drainage or due to factors 
outside of the Kelsall that may affect other PSC populations.  

 

Goal & Objectives 
The overall goal of this project is to evaluate the current and historical (i.e. pre-year 2010) fluvial and 
physical habitat characteristics of the lower 20 km of the Kelsall River.  This was accomplished through 
the following two objectives.  
 
Objective 1:  Conduct a current salmon habitat assessment of the Kelsall River using a combination of 
on-the-ground fluvial habitat surveys and remote-sensing classification/delineation.  
 
The parameters for the habitat assessment consisted of:  
Habitat Type: The habitat type was categorized by riffles, runs, pools, and eddy-drop zones/backwater 
as used by Marcus et al. (2003) and Woll et al. (2011) 
Physical Habitat: consisted of a suite of metrics including the presence and quantity of Large Woody 
Debris (LWD), dominant substrate, channel slope/gradient, riparian vegetation, and channel bed-width.   
Channel Metrics: consisted of braiding index, sinuosity index, and flood-plain width.   
Spatial Distribution: consisted primarily of fish distribution data that the Haines area ADF&G biologists 
were already collecting.   



Water Quality:  consisted of temperature, specific conductivity, dissolved oxygen, pH, and oxidation 
reduction potential. 
 
Objective 2:  Develop a habitat assessment at historical intervals using a combination of archived 
imagery and data mining.  
 
The same habitat parameters listed in Objective 1 were used to provide historic assessments except all 
the data was obtained from archived sources, and in some cases was limited. The ADF&G Haines staff 
provided historical data and the Haines State Forestry office provided historic aerial photos and satellite 
imagery that was used for analysis.  

Study Area 

The Kelsall River (Figure 2) is a medium sized glacial transboundary river originating from Kelsall Lake in 
Northwest British Columbia.  From Kelsall Lake the river flows south through mountainous terrain for 
approximately 31 km in British Columbia and 18 km in Alaska before it joins the Chilkat River and flows 
53 Km more to the Chilkat Inlet. 

 
Figure 2.  Overview map of the Kelsall River and study area. 
 
The study area of this project occurs in the lower 20 km of the Kelsall River, where a majority of the 
Chinook salmon activity occurs, though Chinook salmon spawning has been documented in the British 



Columbia reaches of the river (Ericksen and Chapell 2005, Johnson 1991, Johnson 1992).  The extent of 
the historic aerial imagery from the Haines State Forest, close to the U.S. Canadian border, limits the 
upper extent of the study area to this distance.   

The study area was split up into 5 reaches based on distinct geomorphological characteristics of slope 
and flood plain width (Figure 3).  Four of these reaches are along the Kelsall River and the fifth reach 
encompasses the first 2 km of Nataga Creek, a tributary of the lower Kelsall River. 

 
Figure 3.  Overview map of the study area 

Reach 1: Is 3.7 km long starting at the confluence with the Chilkat River to the confluence of Nataga 
Creek.  This reach is the widest and most heavily braided as the terrain around this reach is part of the 
historic flood plain of the Chilkat River. 

Reach 2: Is 6.2 km long starting at the confluence of Nataga Creek upstream of reach 1.  This reach has a 
narrow flood plain confined by steep banks. 

Reach 3: Is 5.6 km long starting upstream of reach 2.  This reach has a wider flood plain which allows for 
some braiding and is a slope break between reaches 2 and 4.  The 1961 imagery for this reach does not 
cover the entire length of the reach. 

Reach 4:  Is 4.8 km long starting upstream of reach 3.  This reach is similar to reach 2 with a narrow flood 
plain confined by steep banks and very little braiding.  The 1978 imagery for this reach does not cover 
the entire length of the reach and there was no 1961 imagery for this reach. 



Reach 5:  Is the lower 2.2 km of Nataga Creek starting at the confluence of the Kelsall River and ends at a 
slope break upstream.  This reach is moderately braided.  

 

 

Methods 

TWC used a suite of approaches to evaluate if the Kelsall River salmon habitat has changed from 1961 to 
2014.  The methods used in this study were based on papers (Marcus 2001 & 2003, Smikrud 2006 & 
2007, Woll 2011) that used remote sensing techniques to evaluate habitat parameters, specifically 
habitat type, LWD, and riparian vegetation. 

Imagery and software  

Pleiades Primary 1A archival satellite imagery from 2013 was purchased.  It encompassed the study area 
with 8-bit and 4-band (red, green, blue, and near infrared) with a resolution of 50cm.  Quickbird satellite 
imagery from 2003 purchased jointly by ADF&G and Alaska Department of Natural Resources and 
georeferenced by Haines State Forest staff was shared with the Takshanuk Watershed Council (TWC).  
The Quickbird satellite imagery collects panchromatic at 61cm resolution with multispectral imagery at 
2.44 m resolution.  Aerial photographs from 1961, 1978, and 1998 were obtained from the Haines State 
Forestry office archives.   The aerial photographs were scanned at 3200 PPI. 

The analysis of the imagery was done using ERDAS Imagine 2014 and Arc GIS 10.2 software.  

Data Mining 

The data mining effort focused mainly on the fisheries data collected by ADF&G.  This data consisted of 
field data collected during annual coded wire tagging of juvenile Chinook Salmon in the Kelsall River, 
reported data from three radio telemetry studies in 1991, 1992, and 2005 (Johnson 1992, Johnson 1993, 
Ericksen and Chapell 2006), and data from the annual Chilkat River Chinook salmon escapement studies.  

Habitat assessment by remote sensing and on the ground observations 

It was decided that the change in the Kelsall River in one year before field work would not be significant 
enough for this project to warrant the possible time delay and increase in cost of purchasing same-year 
(2014) imagery. Archived Pleiades Primary 1A satellite imagery from 2013 was purchased for this project 
and received as 18 separate tiles.  These tiles were stitched together into a mosaic in ERDAS Imagine 
software to create one shapefile for general use.  A clip of the river with a buffer was also extracted for 
easier ERDAS Imagine software processing. 

The scanned aerial photographs from the Haines State Forest were brought into ArcMap 10.2 and 
georeferenced to the Pleiades Primary 1A satellite imagery for the use in the remote sensing exercises.  
The georeferencing was done by using the georeferencing tool in ArcMap 10.2. Features identified on 
the aerial photograph (i.e. roads, trees, ponds, etc…) were matched with the same features on the 
Pleiades Primary 1A satellite imagery.  ArcMap 10.2 then aligned the aerial photograph with the Pleiades 
Primary 1A satellite imagery and the position of the aerial photograph was saved. 



On the ground assessment was used for some habitat parameters to ground truth and calibrate the 
remote sensing exercises and to collect data for the current Salmon Habitat Assessment (Table 1).  

Parameter Data Type Remote Sensing On the Ground 

Habitat Type Riffles, Runs, Pools X  

Physical Habitat LWD X X 

 Dominant Substrate  X 

 Channel Gradient X X 

 Riparian Vegetation X X 

 Channel Bed-Width X  

Channel Metrics Braiding Index X  

 Sinuosity Index X  

 Flood Plain Width X  

Spacial Distribution Fish Distribution X X 

Water Quality Water Quality  X 

Table 1.  Data collection method used for each habitat parameter.  

Habitat Type 

The parameters for habitat type were categorized as riffles, runs, pools and eddy-drop zones/backwater.  
Supervised classification in ERDAS Imagine was attempted to separate out these categories, but this was 
unsuccessful due to the lack of clarity in the imagery needed to differentiate pools from riffles. On-the-
ground assessment was attempted to determine pools but was determined unsafe due to river depth 
and velocity.   

Physical Habitat  

From the satellite imagery and topographic maps, the presence and quantity of Large Woody Debris 
(LWD), riparian vegetation, channel gradient, and channel bed-width were determined.  From on-the-
ground surveys the dominant substrate was determined through Wolman pebble counts on river bars. 
 
Large Woody Debris:  LWD is typically defined as wood pieces larger than 10 cm in diameter and 1 m in 
length (Lisle 1986, Wooster 2004) within the stream or river flood plain.  Since the best resolution of the 
imagery is 50 cm with the Pleiades Primary 1A satellite imagery, all recognizable woody debris in the 
imagery would be larger than the standard and was classified as LWD. 

An attempt was made to use ERDAS Imagine software to determine the presence and quantity of LWD, 
but through many attempts to find the correct filters, there were significant amount of misclassifications 
and under-classifications of LWD.  It was determined that digitizing the LWD manually would be the 
most effective and accurate way to determine its volume.  

Two types of shapefiles were created in ArcMap 10.2 for the LWD to determine the area of LWD 
coverage.  Polygons were drawn around log jams and lines were drawn for single isolated pieces of LWD.  
From 2014 ground truth measurements of LWD, the average diameter was determined (0.6 meters) and 
this diameter was multiplied by the length of the single piece to calculate the area of each single piece.  



The area (m2) of the log jams and single pieces of LWD were added together to give a total area covered 
by LWD for each reach by year of the imagery.  This was done for all years of the imagery. 

Dominant Substrate:  Wolman pebble counts were conducted on gravel bars in accessible reaches of 
the study area (reach 1, 3, and 5).  The water levels of the river are too high to conduct Wolman pebble 
counts across the channel so gravel bars within the flood plain were used.  This field exercise was 
completed for the 2014 assessment. 

Channel Gradient:  The channel gradient of reaches 2-5 was determined from topographic maps in 
ArcMap.  The difference between the 100’ contour lines was divided by the thalweg length between the 
two contour lines measured in ArcMap to determine percent slope.  In reach 4 there was only one 
contour line so the upper most contour line in reach 3 was used as the lower point for reach 4.   

In reach 1 there was only one contour line so GPS points were taken with elevation data at two points, 
one at each end of the reach and the difference between elevations of the points was divided by the 
length of the thalweg between the two points to determine percent slope.   

For all the reaches it was assumed that the elevation difference stayed the same from year to year since 
there was only one set of elevation data for each reach.   

Riparian Vegetation:  The riparian vegetation was classified into trees, shrubs, and sand/gravel.  The 
vegetation along channels, as identified by the thalweg, was manually digitized for each year of imagery 
and the river lengths of each vegetative class were summed. 

Channel Bed Width:  The channel bed width changes with water level.  No standard reference was 
found to gauge the relative water level in each historic image and during on the ground observations.  
This parameter was not used in favor of flood plain width (see below), which does not vary with water 
levels and can be compared from year to year. 

Channel Metrics:   

Braiding index, sinuosity index, and flood-plain width were determined from the satellite and aerial 
imagery.  These parameters where calculated in ArcMap 10.2.    

Braiding index = (Sum of all the mid channel length)/ (thalweg length). (Friend 1993)     Braiding index 
can change dramatically with changing water levels as some channels disappear at high water levels and 
some channels are dry at low water levels.  To account for this a channel was defined as a braid if it is 
separated by a vegetated island (Figure 4).  A value of 1 (the minimum value) in the braiding index 
indicates no braiding. 



 
Figure 4. Braiding index mapping for calculations 
 
Sinuosity index = (length of reach thalweg)/ (length of the river’s down valley path). (Friend 1993)  
Sinuosity is the deviations from a path defined by the direction of maximum downslope (Figure 5).   The 
river’s down-valley path length is the length of a line which is everywhere midway between the base of 
the valley-walls. The flat topography of reach 1 creates difficulty in determining the base of the valley-
walls, a straight line length from the outlet to the inlet of the reach was used instead.   A value of 1 (the 
minimum value) in the sinuosity index indicates a straight channel.  



 
Figure 5. Sinuosity index mapping for calculations 

Flood Plain Widths: 10 flood-plain widths were measured for each reach and then averaged.  The widths 
were spaced evenly across each reach and the same transect locations were used for each year of 
imagery. 

Because of the multiple channels in reach 1 and the difficulty of measuring multiple channels accurately, 
the total flood plain areas of reach 1 was digitized in ArcMap 10.2 for each year to determine the change 
in total flood plain area in the reach.    

Spatial Distribution 

Relevant Chinook fisheries data from the Kelsall and Chilkat Rivers was obtained from the ADF&G Haines 
office.  This data consisted of catch per unit effort (CPUE, the number of juvenile Chinook salmon 
captured per trap per day) and trap location data from annual coded wire tagging (CWT) marking efforts 
on juvenile Chinook salmon in the Kelsall River, adult fish distribution data from radio telemetry studies 
in 1991, 1992, and 2005 (Johnson 1991, Johnson 1992, Ericksen and Chapell 2005) and estimated in river 
abundance of large (age-1.3 and older) Chinook salmon from 1991-2014 (Johnson et al. 1992 & 1993, 
Johnson 1994, Ericksen 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004, & 2005, Ericksen 
and Chapell 2006, Chapell 2009, 2010, 2012, 2013a, 2013b, 2014). 



This data was compiled and Shapefiles for ArcMap were created from fish location data, and fish 
abundance data was compiled and graphed in various ways to determine trends in distribution.  

Water Quality 

An YSI 556 MPS Multi Probe was used to obtain water quality data at locations along the accessible 
reaches of the study area.  This probe took temperature, specific conductivity, dissolved oxygen, pH, and 
oxidation reduction potential (ORP) at each site.  The probe was calibrated the morning of the data 
collecting days.   

Water quality data was obtained in reaches 1, 3, & 5 on three different dates: July 24th, August 27th, and 
September 4th, 2014. 

 

Results and Discussion 

 

Habitat assessment by remote sensing exercise and on the ground observations 
Useful results were not obtained using the ERDAS Imagine software.  GIS Analyst from ADF&G and non-
agency consultants were consulted regularly.  A subset of the Pleiades Primary 1A satellite imagery was 
sent to ADF&G and outside consultants for analysis.  Similar processing strategy used by Kathy Smikrud 
(ADF&G GIS Analyst), who authored papers (Smikrud 2006, Smikrud 2007) on this type of remote 
sensing analysis on other rivers in southeast Alaska, were attempted to identify LWD but they had a low 
rate of accuracy.  A significant amount of LWD was left not classified and there were also areas classified 
that shouldn’t be.  It was suggested by ADF&G and consultants to manually digitize the parameters 
within the imagery to be more effective and accurate.  TWC took these suggestions and decided to 
discontinue the analysis of the imagery with ERDAS Imagine and use a more manual approach with 
digitizing in ArcMap 10.2 for the remote sensing parameters.   
 

Habitat Type 
 
Remote sensing and on the ground observations methods were unsuccessful in categorizing reaches by 
habitat types (riffles, runs, pools and eddy-drop zone/backwater).  The difficulties with classifying the 
habitat type came from training the ERDAS Imagine software to recognize the difference between the 
habitat types. This was due partially to the resolution of the imagery and the glacial cloudiness of the 
river compared to a clear stream.  An example of this is in figures 10 and 11 which show a lateral pool 
that has historically been a productive location for ADF&G capture efforts for adult Chinook salmon. 
Using the ERDAS Imagine software, this site was not discernable from the riffles next to it. The 
resolution of the imagery also made it difficult to manually digitize these habitat types.  It was also 
difficult and impractical to ground truth the habitat types because the Kelsall River’s waters were too 
deep and fast-flowing to wade. 



 
Figure 10.  A productive Chinook salmon recapture site used by ADF&G in their escapement studies 
 

 
Figure 11.  The recapture site from figure 10 is not discernable from the surrounding habitat. 



Physical Habitat 
 
Large Woody Debris:  LWD distribution results show that in all years reach 1 had the majority of LWD in 
the study area, ranging from 83% to 90% of the LWD total (Table 2).  The total amount of LWD in the 
study area has shifted through the historic intervals studied (Table 3).  A downward trend existed from 
1961 to 1989, when it reached a minimum of 11,647m2 in 1989 from 21,584 m2 in 1961, but has been 
trending upward since to 32,558 m2 in 2013.  A similar trend in LWD abundance is observed when the 
LWD is looked at separately in reaches 1 (Figure 6) and 3 (Figure 7), the two reaches that combine for 
90% to 98% of the total LWD for the years studied.  A major flood event in the fall of 2005 most likely 
contributed to the 78% increase in LWD in reach 1 from 2003 to 2013. 

Many studies have revealed the importance of LWD in streams.  It is a major structural component 
affecting behavior and morphology of forested systems (Lisle 1986, Keller 1978, Bisson 1987).  LWD is a 
primary element influencing habitat diversity and complexity in streams (Reeves et al. 1993).    LWD is a 
significant driver in habitat for Chinook salmon and it has been on an upswing for 15 years.  This 
indicates that this part of the habitat equations is remaining healthy and should not be a source of the 
declining numbers of Chinook salmon. 

Year 

Reach 1961 1978 1998 2003 2013 

1 85 83 90 90 89 

2 4 2 <1 1 1 

3 61 7 8 6 8 

4 -1 <11 <1 <1 <1 

5 5 8 2 3 2 

1
incomplete imagery for the reach 

Table 2. Percent distribution of the total LWD among the study area by reach per year. 

The absence of imagery for 1961 reach 4 and the incomplete imagery for 1978 in reach 4 (30% coverage) 
and 1961 reach 3 (85% coverage) were insignificant for the overall total of LWD by year. 

 

 

 

 

 



Total LWD  

Year Area (m2) 

1961 21,584 

1978 15,059 

1998 11,647 

2003 18,012 

2013 32,558 

Table 3.  Total LWD (m2) in study area by year. 

 

 
Figure 6.  LWD in reach 1 compared to the total amount of LWD.  83% - 90% of the LWD is located in 
reach 1. 
 



 
Figure 7.  The trend in LWD of reach 3 is comparable to the trend in the total LWD.  6% - 8% of the LWD 
is found in reach 3. 
 

Dominant Substrate: The dominant substrate was consistent with the gradient of the reach and the 
flood plain width (table 4).  The lowest gradient and largest flood plain was reach 1, which correlated 
with the low median (d50) substrate size of 32mm (table 4) (d50 is the particle size that 50% of the 
samples are equal to or smaller than).  The higher gradient and smaller flood plain of reach 5 correlated 
with a higher median (d50) substrate size of 92mm. 

 

 Particle size (mm) cutoff (≤) at percentiles 

Reach d15 d50 d85 d100 

1 14 28 54 109 

1 0.34 35 100 218 

Ave. 1 7 32 77 164 

3 28 94 140 768 

3 20 48 210 309 

3 17 66 125 218 

Ave. 3 22 69 158 432 

5 25 94 185 400 

5 43 90 195 750 

Ave. 5 34 92 190 575 

Table 4.  Wolman pebble count from 2014 field data collection 



Channel Gradient:  Channel gradient remained consistent in reaches 2-5 throughout the time period 
studied. However, in reach 1 there was a 21% increase in channel gradient from a 0.34% in 1961 to 
0.43% in 2013 (table 5).  This also coincided with a 21% decrease in the length of the thalweg in reach 1 
within the same time period (table 6).  There was very little change in the length of the thalweg in any 
other reach during this time period.  The points used in reach 1 to determine the elevation change for 
gradient calculations were taken with a Garmin GPSmap 60CSx (Table 7) 

 Gradient (%)  

Reach 1961 1978 1998 2003 2013 
% change from 
1961 to 2013 

1 0.34 0.40 0.40 0.40 0.43 21 

2 1.90 1.90 1.90 1.90 1.90 <1 

3 1.00 1.00 1.00 1.00 1.00 <1 

4 -1 0.70 0.70 0.70 0.70 <1 

5 2.40 2.40 2.40 2.40 2.40 <1 

1
incomplete imagery for the reach 

Table 5.  Channel gradients by reach per year. 

 

Table 6.  Length of thalweg of each reach by year. 
 

Point Latitude Longitude Elevation 

Lower 59.534517 -136.041946 52.5 m 

Upper 59.539691 -136.102666 69.1 m 

Table 7.  The points used in reach 1 to determine the elevation change for gradient calculations. 

 

 Year  

Reach 1961 1978 1998 2003 2013 % change from 
1961 to 2013 

1 5060 4415 4306 4250 4008 -21 

2 6272 6389 6387 6381 6401 2 

3 -1 5752 5783 5799 5787 <1 

4 -1 -1 4811 4907 4915 2 

5 2272 2236 2241 2224 2254 <-1 

1
incomplete imagery for the reach

 



Riparian Vegetation:    As the channel moves throughout the time period study it has taken out forested 
areas and created sand/gravel areas that have then proceeded to re-vegetate with shrubs.  This is 
indicated by the decrease in forest and shrub and an increase in sand/gravel until 1998, then an increase 
in shrub and decrease in sand/gravel to 2013 (Table 8). 

Reach 1 Year 

veg type 1961 1978 1998 2003 2013 

shrub 14 20 9 29 34 

forest 72 67 55 47 48 

sand/gravel 14 13 36 24 19 

Table 8.   Percent of riparian vegetative cover by year in reach 1. 

 

Channel Bed Width:  This parameter was not used because the channel banks were not definable with 
the imagery.  Flood plain width was used instead to detect change. 

Channel Metrics:    Reach 1 has the highest braiding and sinuosity index and flood plain width which is 
consistent with its high level of channel movement compared to the other more confined reaches. 

Braiding index:  The braiding index in reach 1 started high in 1961 and 1978 but dipped in 1998 and 
2003 but increased significantly in 2013 (Figure 3).  There was a large flood event in November 2005 that 
may have had influence on this increase.  Reach 5 had a similar shift from a higher braiding index in 1961 
with a dip in the middle years of the study then back up again in 2013.  Reaches 2, 3, & 4 had relatively 
very little shift in their braiding indexes.    

 
Figure 3.  Braiding index by year per reach (a value of 1 indicates no braiding) 



 

Sinuosity index:  The sinuosity index was variable throughout the years of reaches 2-5 (Figure 4), but 
revealed a steady decline from 1961 to 2013 in reach 1.  This indicates a straightening of the channel in 
reach 1 and variability in reaches 2-5. 

 
Figure 4.  Sinuosity index by year per reach (a value of 1 indicates a straight channel) 
  
Flood plain widths:  The flood plain widths have been on a downward trend from 1961 to 2003 with a 
slight uptick in 2013 (Table 9).  From the digitized flood plain in reach 1, a 36% decrease in flood plain 
area was calculated from 1961 to 2013 (Figure 5).  The digitized reach of 2013 was overlaid on the 
digitized reaches of the other study years to visualize the change over time (Figure 6a, b, c, d).  From this 
a change is seen from a large flood plain with many smaller channels in 1961 to a smaller flood plain and 
less meandering in 2013.  The main channel of the delta has shifted dramatically throughout the study 
period and seems to be the main driver in the changes of reach 1. 

 

 

 

 

 

 

 

 



 Year  

Reach 1961 1978 1998 2003 2013 Average % change from 1961 
to 2013 

1 296 232 204 165 196 219 -26 

2 38 33 25 26 24 29 -23 

3 77 59 50 49 52 57 -26 

4 - 33 25 27 27 28 -151 

5 73 96 59 52 38 64 -12 

1 
%change from 1978 to 2013, no data from 1961 

Table 9.  Flood plain width (m) of each reach by year. 

 

 
Figure 5.   Reach 1 flood plain area from digitized imagery from 1961 to 2013. 
 

 
 
 
 
 
 



Reach 1 

 
Figure 6a.  2013 flood plain (blue) with forested islands (green) overlayed on the 1961 uplands (purple) 
and flood plain (white). 
 

 
Figure 6b.  2013 flood plain (blue) with forested islands (green) overlayed on the 1978 uplands (orange) 
and flood plain (white). 
 

 
Figure 6c.  2013 flood plain (blue) with forested islands (green) overlayed on the 1998 uplands (red) and 
flood plain (white). 
 



 
Figure 6d.  2013 flood plain (blue) with forested islands (green) overlayed on the 2003 uplands (yellow) 
and flood plain (white). 
 
 
Spatial Distribution:  The CPUE data from ADF&G’s Chinook salmon coded wire tagging (CWT) effort was 
graphed with the total number of juvenile Chinook salmon tagged with CWT’s at the Kelsall River site 
during the ADF&G fall CWT marking effort in the lower portion of reach 1 (Figure 7). 
 
The annual drainage-wide Chilkat River Chinook salmon in-river abundance estimates were graphed 
with the annual number of adult Chinook salmon sampled in the Kelsall River during event 2 of the 
Chilkat River drainage-wide mark-recapture study (Figure 8). 
 
The fisheries data for the Kelsall River are part of the data set for the abundance estimate for the whole 
Chilkat River watershed.  The collection methods were not designed to estimate the population of 
juveniles in the Kelsall River nor the number of returning adults to the Kelsall River.  Similar fish capture 
efforts were made year to year in the abundance and CWT marking studies but the environmental 
conditions between efforts changed (i.e. water level, turbidity, and temperature).  This may not give 
scientific abundance numbers but it can relate as anecdotal evidence of trends. 

The CPUE and the number of juvenile Chinook salmon captured have stayed relatively consistent but the 
number of returning adult Chinook salmon has been declining.  This would then be an indication that 
the issues with the survival of Chinook are occurring outside the Kelsall watershed.   

Due to the infrequency of (weekly) relocation surveys during ADF&G’s radio telemetry studies in 1991, 
1992, and 2005, adult Chinook salmon it is uncertain whether located fish on the Kelsall River were 
spawning,  immigrating, or had washed out as carcasses (Figure 9 & 10). 

 



 
Figure 7.  CPUE (fish per trap per day) of juvenile Chinook salmon in relationship to the total number of 
juvenile Chinook salmon tagged with CWT’s at the Kelsall River site during the ADF&G fall CWT marking 
effort in the lower portion of reach 1. 
 

 
Figure 8.  Drainage-wide in-river abundance of large (age-1.3 and older) Chilkat River Chinook salmon in 
relationship to the number of adult Chinook salmon sampled in the Kelsall River during event 2 of the 
Chilkat River drainage-wide mark-recapture study.   
 



 
Figure 9.  2005 radio tag locations in the lower reaches of the Kelsall River and Nataga Creek 
 

 
Figure 10.  2005 radio tag locations in the upper reaches of the Kelsall River and Nataga Creek 
 



 
Water Quality:  The water quality measurements were taken (table 10), but no correlation was found 
with habitat but is presented as baseline data for 2013. 

 

Reach date ORP pH DO% Conductivity Temp Co 

1a 7/24/2014 140 7.2 92 132 9.0 

1a 8/27/2014 164 7.1 106 180 10.5 

1b 8/27/2014 156 7.6 100 179 10.4 

1b 9/4/2014 138 7.7 98 180 10.5 

2 8/27/2014 145 7.6 101 176 10.2 

3a 8/7/2014 117 7.6 108 150 11.9 

3b 8/7/2014 172 7.1 93 157 12.9 

3a 9/4/2014 114 7.2 121 184 10.1 

3b 9/4/2014 128 7.6 116 181 10.1 

5a 8/7/2014 140 7.5 92 184 7.7 

5a 8/27/2014 156 7.4 111 250 9.1 

5a 9/4/2014 161 7.7 114 265 9.0 

Table 10. Kelsall River water quality measurements in 2014.  

 

Conclusion 

Measurements of LWD, channel gradient, length of the thalweg, and braiding index showed fluctuations 
over time in reach 1 but remained relatively stable in reaches 2-5.  Reach 1 is a zone of deposition with 
its low gradient and wide flood plain.  This contributes to its large amount of LWD, high braiding index, 
and significant meandering.  When looking at the overlays of the 2013 flood plain on top of the other 
years in the study (Figure 6a, b, c, & d), reach 1 has been evolving from a wide flood plain channel 
system to a more narrow channel.  This suggests that the channel may be stabilizing and incising.  
Despite this narrowing of the active flood plain, the dynamic nature of reach 1 contributes complexity in 
habitat by recruiting LWD into the system and meandering and braiding which all creates many micro 
habitats for fish.   The number of juvenile Chinook salmon caught for ADF&G’s CWT effort has remained 
consistent for the past 15 years of data, but the number of returning adult Chinook salmon located has 
been dropping.  From this study there were no findings that indicate that something in the Kelsall River 
watershed is negatively affecting the Chinook salmon spawning or rearing habitat. The decrease in the 
number of returning adult Chinook salmon is most likely attributable to factors outside of the Kelsall 
watershed. 
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