
 
Marx Creek Monitoring 

Funded by the Pacific Salmon Commission, Northern Fund Project 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prepared for:  
The Pacific Salmon Commission  
600-1155 Robson Street  
Vancouver, British Columbia V6E 1B5  
Prepared by:  
National Marine Fisheries Service-Juneau, Alaska 
Ellen Martinson – Research Fishery Biologist  
December 2010 

1 
 



TABLE OF CONTENTS 
EXECUTIVE SUMMARY............................................................................................................  3  
LIST OF FIGURES......................................................................................................................... 4  
1.0 INTRODUCTION ...................................................................................................................  5  
2.0 METHODS ..............................................................................................................................  5  
3.0 RESULTS ...............................................................................................................................   7  
4.0 DISCUSSION.......................................................................................................................... 14  
5.0 CONCLUSIONS AND RECOMMENDATIONS.................................................................. 16  
6.0 ACKNOWLEDGEMENTS....................................................................................................  17  
7.0 REFERENCES ....................................................................................................................... 18  
8.0 FINANCIAL REPORT………………………………………………………………………19 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 



EXECUTIVE SUMMARY 
Background - In southeast Alaska and northern British Columbia, Portland Canal chum salmon 
are a commercial resource shared by U.S. and Canada mentioned in the Treaty as having 
conservation issues. Chum salmon en route to spawn in Fish Creek and Marx Creek, at the head 
of Portland Canal in the U.S., are caught in the U.S. and Canadian fisheries. Approximately 50% 
are captured in Alaska Areas 101 and 104 and 50% in Canadian Area 3. Marx Creek is a man-
made spawning channel for chum salmon that is protected by a dike from the glacial Salmon 
River. Chum salmon seek silt-free, ground water for spawning. However, Marx Creek has 
experienced excessive influx of silt and glacial water seeping through the dike from the Salmon 
River. To reduce the deterioration of prime chum salmon spawning habitat there is an interagency 
effort to repair the leak in the dike or move the spawning channel away from the Salmon River. 
In addition a new channel extension of Marx Creek was built and consists of 500 m of 
groundwater fed spawning habitat. Our project was to monitor the quality and use of Marx Creek, 
especially the new channel by chum salmon during the post-construction phase. In addition, we 
compared past enumerations, size, and age of chum salmon sampled in Marx and Fish Creek. The 
project assisted in monitoring the success of the Marx Creek Rehabilitation Project (Todd Tisler-
Project Lead) funded by the Northern Fund. As a result of the construction of the new channel, 
we expected Marx Creek to have enhanced chum salmon egg survival in freshwater and increased 
overall production of salmon available in the marine environment. Our primary recommendation 
was to add smaller gravel to the new channel to ease redd construction by the chum salmon. 
 
Results - Estimates of escapement and potential commercial harvest of chum salmon 
returning to Marx Creek were based on peak counts made by the National Marine 
Fisheries Service (NMFS) on August 28 of 2008 (n=132) and on August 22 of 2009 
(n=1,216).  Escapement extrapolated from the maximum live counts using the expansion 
factor 2.6 resulted in an estimate of 343 chum salmon in 2008 and 3,164 in 2009. The 
resultant potential commercial harvest was 455 in 2008 and 4,191 in 2009.  Relative to 
previous years, the estimated escapement was below average for 2008 and 2009. No 
chum salmon were observed in the new channel in 2008. In 2009, over 157 chum salmon 
were spawning in the weir cell in front of the new channel. In the new channel, the only 
19 chum salmon observed in the new channel led to an estimated 49 total annual 
escapement for the new channel. Five live chum were observed in the 5th weir cell from 
the mouth and 14 live chum salmon were observed in the weir cell near the mouth of the 
new channel. Two pairs of chum salmon exhibited spawning behavior in the new 
channel. One female was using her caudal fin to try to move gravel, but no gravel was 
moving. The size of the gravel may be too large for these fish to move. 
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1.0 INTRODUCTION 
Portland Canal chum salmon (Oncorhynchus keta) are a commercially important resource 
captured in waters off southeast Alaska and northern British Columbia. This resource is 
shared by U.S. and Canada are mentioned in the Treaty as having conservation issues. 
Chum salmon en route to spawn in Fish Creek and Marx Creek, at the head of Portland 
Canal in the U.S., are caught in the U.S. and Canadian fisheries. Approximately 50% are 
captured in Alaska Areas 101 and 104 and 50% in Canadian Area 3.  
 
The project assisted in monitoring the success of the Marx Creek Rehabilitation Project 
(Todd Tisler-Project Lead) funded by Pacific Salmon Commission-Northern Boundary 
and Transboundary River Restoration & Enhancement Fund. These projects relate to the 
Northern Fund and/or implementation of the Pacific Salmon Treaty for the protection and 
restoration of salmon producing freshwater habitat to enhance the productivity of “wild” 
stocks. 
 
Marx Creek is a man-made spawning channel for chum salmon that is protected by a dike 
from the glacial Salmon River. Chum salmon seek silt-free, ground water for spawning. 
However, Marx Creek has experienced excessive influx of silt and glacial water seeping 
through the dike from Salmon River. To reduce the deterioration of prime chum salmon 
spawning habitat there was an interagency effort to repair the leak in the dike or move the 
spawning channel away from Salmon River. A new channel extension was built and 
consisted of 500 m of high-quality, groundwater fed spawning habitat. Our project was 
initiated to monitor the use of Marx Creek spawning channel, especially the new channel 
by chum salmon during the post-construction phase. Chum salmon may avoid this upper 
Marx Creek due to the increase in fines, silty glacial water, colder temperatures, and 
shallower depths. Although the adjacent stream Fish Creek is monitored annually by the 
National Marine Fisheries Service (NMFS) and the Alaska Department of Fish and Game 
(ADFG), the additional funding allowed us to add Marx Creek to the survey.  
 
The goal of this project was to determine the effectiveness of the addition and redirection 
of a new spawning channel in Marx Creek. We evaluated and compared the quality of the 
spawning and rearing habitat in the original and new spawning channels of Marx Creek.  
Measures included estimates of escapement of chum salmon and water quality. The 
success of the new Marx Creek spawning channel was determined from the utilization of 
the channel by chum salmon as indicated by counts of spawned carcasses, live chum 
salmon exhibiting spawning behavior, the presents of redds, groundwater temperatures 
ranging from 3-7 °C, and gravel size. 
 
2.0 METHODS 
Surveys 
Foot surveys of the new and original spawning channels in Marx Creek were conducted 
to enumerate the adult live and dead chum salmon, collect biological information, and 
collect water quality measures. 
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Spawning Behavior and red enumeration 
Spawning behavior of chum salmon was visually assessed in the new channel and in the 
original channel near the mouth of the new channel.  Redds were counted in the new 
channel. 
 
Escapement Estimates 
Annual escapement of chum salmon returning to Marx Creek was calculated using the 
extrapolation method (Heinl et al. 2000). Escapement is extrapolated by simply multiply 
an expansion factor by the maximum live counts of chum salmon in Marx Creek (Heinl 
et al. 2000). The expansion factor is the ratio of total annual escapement estimated by the 
Area-Under-the-Curve (AUC) method and the maximum live counts of chum salmon. 
The expansion factor (2.6) for Marx Creek is based the median value of four years (1992-
1995) of expansion factors estimated from AUC and peak count data (Heinl et al. 2000). 
Foot surveys were conducted by NMFS to count the number of live chum salmon in 
Marx Creek during late August, the peak timing of the run in 2008 and 2009. 
 
To determine potential harvest of Marx Creek chum salmon in the commercial fisheries 
of both Alaska and Canada we used a harvest rate of 57% from Heinl et al. (2000). 
Potential commercial harvest was extrapolated using the estimated average Fish Creek 
chum salmon harvest rate of 57%. Potential harvest of Marx Creek chum salmon in the 
commercial fishery was given as: 

 
, 

where escapement is the extrapolated estimate of escapement and harvest rate is 0.57. 
Harvest rate of Marx Creek chum salmon was assumed similar to the adjacent stream 
Fish Creek.  
 
Biological Characteristics 
Biological information was collected from dead chum salmon. Scales were collected for 
ageing the fish. Carcass samples were sexed and measured for body length and weight in 
Marx Creek and Fish Creek in 2009.  In 2008, low returns of chum salmon did not allow 
for the quantitative comparison of the age composition, size and growth history of chum 
salmon in Marx Creek and Fish Creek.  To establish baseline information on chum 
salmon from the new channel we collected scales for age and growth and take 
measurements of length and weight of carcass samples in 2009.  
 
Habitat quality 
To compare water temperatures of the new and original channels, thermographs were 
installed in the gravel at five locations in Marx Creek. Temperatures were recorded for 
approximately one year at one hour intervals. Thermographs were installed at the surface 
of the gravel to monitor temperatures for spawning and at 20 cm below the gravel surface 
to monitor temperature for egg incubation. The monitoring sites included 1) 35 ft. 
downstream from the 6th weir cell on the eastside of the new channel (new spawning 
habitat) (Marx1), 2) at the same site as above and at 20 cm inter-gravel depth (new 
incubation habitat) (Marx2), 3) in the original Marx Creek channel below the entrance to 
the new channel at the surface gravel depth (good original spawning habitat) (Marx3), 4) 
in the original Marx Creek channel above the entrance to the new channel in the S-Curve 
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at the surface gravel depth (poor original channel spawning habitat) (Marx4), and 20 cm 
below the gravel surface in the original channel downstream 12 feet from the mouth of 
the new channel (good egg incubation habitat) (Marx5).  
 
To examine more detailed spatial variation in the water quality of the new and original 
channel, we measured water characteristics at the gravel surface from the head to the 
mouth of new channel and from the head of the new channel to the confluence of the new 
and original channel. Readings were taken on the same day on August 4 during 2008 and 
2009. The Hydrolab Quanta Water Quality Monitoring System with transmitter model 
HQ30d Hach (2008) and model HQ40d Hach (2009) meters were used to measure water 
depth (cm), temperature (Celsius), percent dissolved oxygen (%DO), and total dissolved 
solids (TDS). Water quality readings were taken at locations that were equal distances 
between each weir or at 100’ distances within cells that were greater than 100’ in 
distance. At each location, three readings were taken at center and between the center and 
each bank. The three values were then averaged. 
 
To determine whether the substrate was suitable for chum salmon spawning we collected 
gravel samples. In the original channel, samples were taken from near the mouth of the 
new channel, an area occupied by spawning chum salmon. Samples in the new channel 
were taken in the first three weir cells, starting at the mouth. At each location, we 
collected a shovel full of gravel and placed the sample in a plastic bag. In the lab we 
sifted the samples to separate gravel by diameter. We evaluated the proportion of each 
gravel size category by site and sample.  
 
3.0 RESULTS 
Surveys 
In Marx Creek, four foot surveys were conducted by NMFS to determine maximum live 
counts of chum salmon to estimate extrapolated escapement. NMFS conducted foot 
surveys on August 4 and 26 in 2008. On August 4, we counted 12 live adult chum salmon 
and 2 live adult sockeye salmon, 0 live adult pink salmon, and 0 dead adult salmon. Of 
the 12 live chum salmon counted, 8 fish were seen between the mouth of the new channel 
and the blue lagoon by the viewing platform, one fish was seen near the blue lagoon, and 
4 chum were seen at the mouth of Marx Creek, about 50 m above the Salmon River and 
Marx Creek intersection. The 4 chum at the mouth were two mating pairs that were 
digging redds in the bluish glacial water at the mouth of Marx Creek near the confluence 
with the Salmon River. No fish were observed in the new spawning channel, from the 
mouth of the new channel to the head of the old channel in the blue lagoon, or from blue 
lagoon to the > 50m from the intersection of Marx Creek and Salmon River.  On August 
28, NMFS survey participants counted 23 live chum salmon in Marx Creek.  
 
In 2009, NMFS conducted foot surveys participants counted 70 live chum salmon on 
August 3. On August 28 of 2009, we counted 1,216 live chum salmon in the original and 
new portions of Marx Creek. 19 live chum salmon were seen swimming in the new 
channel. 
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Spawning Behavior and Redd enumeration 
On August 28, over 157 chum salmon were spawning in the weir cell in front of the new 
channel, however only 19 chum salmon were in the new channel. In the new channel, 5 
live chum salmon were observed in the 5th weir cell from the mouth and 14 live chum 
salmon were observed in the 1st weir cell near the mouth of the new channel. Two pairs 
of chum salmon exhibited spawning behavior. The female were using their caudal fin to 
attempt to move gravel, but we did not observe gravel movement. The size of the gravel 
may be too large for these fish to move. No redds were observed in the new channel. 
 
Escapement Estimates 
Estimates of escapement and potential commercial harvest of chum salmon returning to 
Marx Creek were based on peak counts made by NMFS during the late August survey. 
The maximum live count of chum was 132 on August 28 of 2008 and 1,216 on August 22 
of 2009.  Escapement was extrapolated from the maximum live counts using the 
expansion factor 2.6. The extrapolated escapement estimate was 343 in 2008 and 3,164 in 
2009. The resultant potential commercial harvest was 455 in 2008 and 4,191 in 2009 
(Figure 1). For the new channel, the estimated escapement was 0 for 2008 and 49 for 
2009. 
 
Relative to previous years, the estimated escapement was below average in 2008 and 
average in 2009 (Figure 1). Escapement estimates for Marx Creek were relatively 
consistent with ADF&G escapement estimates for Fish Creek. For both systems, 
estimates of escapement were higher in 2009 than in 2008. Fish Creek escapement 
estimates were 1,968 in 2008 and 7,411 in 2009. Marx Creek estimates were 343 in 2008 
and 3,164 in 2009. 

 
Figure 1. Extrapolated estimates for the annual escapement and commercial harvest of 
chum salmon returning to Marx Creek near Hyder Alaska, 1986-2009. 
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Chum salmon carcasses were available in-river for sampling in Marx Creek and Fish 
Creek for 2009, but not 2008.  In late August of 2009, lengths, weights, scales, and sex 
were collected from 7 carcasses in Marx Creek and 276 carcasses in Fish Creek.  In Fish 
Creek, mean body length (middle of the eye to the end of the hypural plate) of chum 
salmon (n=265) was 587 mm (41 ± one standard deviation of the mean), and average 
body weight of 3.8 kg (1.8 ± one standard deviation of the mean) (n=238). In Marx 
Creek, chum salmon average length was longer (594 mm) than Fish Creek, but only 7 
carcasses were sampled in Marx Creek. 
 
In 2009, the mean body length of chum salmon in Marx Creek was within the range of 
average length values in previous years. For example, chum salmon was 578 mm in 2004 
(n=48) and 600 mm in 2002 (n=34). With scales from only 4 female and 3 male 
carcasses, there were not enough samples to calculate age composition. 
 
Habitat Quality 
Inter-annually, the water temperatures in the newly constructed Marx Creek (Marx1 and 
Marx2) were less variable than the upper end of the original Marx Creek channel 
(Marx4). However, throughout the year there was very little seasonal difference in the 
water temperatures between the new channel (Marx1 and Marx2) and the original 
channel (Marx3) from  the confluence of the new and original channel to the mouth of the 
original channel. Seasonally, water temperatures at the head of the original channel were 
colder (Marx4) from September to April and warmer from May through August in 
comparison to the other sites.  

 
Figure 2. Annual temperature profiles for four locations: in the newly constructed 
channel at 20 cm depth (Marx1) and surface of the gravel (Marx2), and in the original 
channel at the mouth of the new channel (Marx3) and the head of the original channel 
(Marx4). 
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Depths were within the range of spawning in the new channel (Figure 3), with water 
depths ranging from 15 to 60 cm in both channels. Water levels in the original channel 
were shallower than the new channel.  
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Figure 3. Water depths of observations collected at the surface of the gravel in the new 
and original channels of Marx Creek near Hyder, AK, August 4, 2009. 
 
Spatial and inter-annual differences in the water temperatures at the gravel surface 
occurred between the new and original Marx Creek channels on August 4, 2008 and 2009 
(Figure 4).  Inter-annually, the waters in both channels were approximately 2° C warmer 
in 2008, than in 2009 (Figure 4).  On August 4, water temperatures in the new channel 
temperatures ranged from 4.3°-7°C, while the original channel temperatures ranged from 
5.9°-11°C. In the new channel, clear water was observed seeping through upper end of 
the new channel about half way up the bank during the survey in August 28, 2008. At this 
site, the groundwater temperatures of the inflow out of the bank were 6.3°C on the right 
side (on the Salmon River side) and 5.9°C on the mountainside. In the weir cell located 
between the head of the new channel and the rock weir, the water temperatures at the 
gravel surface were 3.9°C and 4.1°C, at the lower range for spawning. 
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Figure 4. Water temperature observations collected at the surface of the gravel in the new 
and original channels of Marx Creek near Hyder, AK, on August 4 of 2008 and 2009. 
 
Percent of dissolved oxygen (%DO) in the water at the surface of the gravel ranged from 
65% to 100% in Marx Creek (Figure 5). For both the new and original channels, the 
%DO was higher during 2009 than during 2008.  Within years, %DO varied by 10% for 
the new channel and varied by 15% for the original channel. %DO increased from the 
head to the mouth of the new channel, with values ranging from 65% to 75% in 2008 and 
from 70% to 80% in 2009. Inter-annual difference in the spatial profiles was 5% for the 
new channel and 10% for the original channel.  
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Figure 5. Percent dissolved oxygen observations collected at the surface of the gravel in 
the new and original channels of Marx Creek near Hyder, AK, August 4, 2008 and 2009. 
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Total dissolved solids (TDS) ranged from 8-12 in the upper original and new Marx Creek 
(Figure 6). TDS was higher during the colder year 2009, than the warmer year 2008. 
Between years, the TDS differences were about 2 ppm for the original channel and 2 ppm 
for the new channel.  
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Figure 6. Total dissolved solids observations collected at the surface of the gravel in the 
new and original channels of Marx Creek near Hyder, AK, August 4, 2008 and 2009. 
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The size of the gravel in the original channel was smaller and more variable than the 
gravel in the new channel (Figure 7). In the new channel, the gravel particles were not 
less than 4 mm in diameter. Sizes generally ranged from 12.7 mm to more than 63 mm. 
In cell 1, 8% were 12.7-16 mm, 46% were 16-31.5 mm, and 46% greater than 63 mm. In 
cell 2, 1% was 8-12.7 mm, 13% was 12.7-16 mm, 11% was 16-31.5 mm, 40% was 31.5-
63 mm, and 35% was greater than 63 mm. In cell 3, 18% was 16-31.5 mm, 45% was 
31.5-63 mm, and 37% was greater than 37%.  
 
In the original channel, the gravel sized ranged from less than 0.045 mm to less than 63 
mm. For the 1st sample, 1% was 0.045-0.2 mm, 1% was 0.2-0.5 mm, 4% was 0.5-1 mm, 
15% was 1-4 mm, 16% was 4-8 mm, 13% was 8-12.7 mm, 8% was 12.7-16 mm, 32% 
was 16-31.5 mm, 9% was 31.5-63 mm. There was some between sample variability in the 
original channel. In the 2nd sample, <1% was < 0.045 mm, 1% was 0.2-0.5 mm, 9% was 
0.5-1 mm, 36% was1-4 %, 6% was 16-31.5 mm, and 46% was > 63 mm. A narrower 
range of size categories of gravel were found in the new channel in comparison to the 
original channel. 
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Figure 7. Proportions of weight in grams of gravel diameter categories sampled at sites in 
the original and the new spawning channel of Marx Creek.  
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4.0 DISCUSSION 
Construction of the new salmon spawning channel in Marx Creek (Phase II of the Marx 
Creek Rehabilitation Project) was completed by USFS in June of 2008. The project 
included construction of 500 m of new groundwater spawning channel.  To evaluate the 
success of the new channel for utilization of chum salmon, we conducted two surveys per 
year of the new and original channels of Marx Creek during early and late August in 
2008 and 2009, prior to and during the peak of the run timing. The quality of the new 
spawning habitat was measured by spawning behavior, escapement, and water quality. 
Water quality measures included depth, temperature, dissolved oxygen, total dissolved 
solids, gravel size, and turbidity. These factors are known to influence spawning 
behavior, redd quality, and subsequent egg to fry survival.  
 
Spawning Behavior and Redd Enumeration 
No chum salmon were observed in the new channel in 2008. However, 14 live chum 
salmon were observed swimming, 4 attempting to spawn, and 1 attempting to build a 
redd for spawning in the new channel in 2009. Observations of two mating pairs in 
digging red in the new channel indicate that the salmon may have difficulties moving the 
gravel.  
 
Escapement 
Escapement was low and below average in 2008 and below average for 2009. In 2009, 
less than 2% of the live chum salmon counted during late August in Marx Creek were 
using the new channel. Of the chum salmon observed at the mouth of the new channel, 
10% of those fish entered the new channel. In a year with below average escapement, the 
density of fish in Marx Creek may not be high enough to direct them into the new 
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channel. Due to the two years of low escapements, there were likely not enough fish to 
determine the use and success of the new channel. An estimated 49 chum salmon entered 
the new spawning channel in 2009. 
 
Biological Characteristics 
The size of the chum salmon in Marx Creek was within the historical range of sizes. The 
average size was larger than fish sampled in Fish Creek in 2009. Fish Creek are one of 
the world largest chum salmon and move large cobble, we could not determine whether 
the fish were large enough to move the rock > 63 mm. 
 
Habitat Quality 
Noticable deterioration in the quality of spawning and rearing habitat was observed in the 
original channel from the confluence of the new channel to the head of original channel 
in comparison to previous year. We observed lower water levels, increased glacial silt, 
more fines, and higher annual variability in water temperatures. Glacial silt was also 
observed in the original channel below the confluence of the new spawning channel, 
suggesting that glacial water from Salmon River was still filtering through the dyke road 
separating Marx Creek and Salmon River. In the new channel, habitat conditions for 
spawning and egg incubation were adequate, with the possible exception of the 
homogenous gravel size and cold sub-gravel over-wintering temperatures. 
 
The depth of water above chum salmon redds typically range from 13 to 50 cm and 
average 27 cm (Johnson et al. 1971). The lack of water is probably not an issue in the 
new channel. The original channel had areas with water levels less than 13, therefore fish 
passage and spawning were likely more restricted in certain areas upstream from the 
confluence of the new and original channel. 
 
Over-wintering temperatures in the new channel (>2°C) were below optimal groundwater 
temperatures (2°-14°C) for egg incubation and fry development. Temperatures below the 
gravel at 20 cm were similar to water temperatures at the gravel surface. Below the 
surface of the gravel at 20 cm, water temperatures ranged from 1° to 6°C and were less 
than 2°C from mid-November to the end of May. In general, embryonic development is 
poor at < 2°C and >14°C and good from 5°-11°C (Murray and McPhail 1988). The 
thermograph at 20 cm may not have been deep enough to assess groundwater at egg 
deposition depth. In general, the average depth of chum salmon redds is 21.5 cm, with a 
range of 7.5 to 43 cm (Burner 1951, Helle 1979). Including egg depth, the highest 
embryo survival occurred at egg deposition ranges 20-50 cm, with mean depth of 42.5 cm 
(Bruya 1981). No redds were observed in the new channel. 
 
In the new channel, over-wintering sub-gravel water temperatures may not have been 
adequate for successful incubation of fertilized eggs. During incubation of the fertilized 
eggs, water temperatures lower than 1.5°C can lead to high mortality in the pre-blastula 
stage (Schroder et al. 1974). In the Susitna River, a mean temperature of 1.7°C for 
hatching and 2.2°C is required for yolk absorption (Wangaard and Burger 1986). 
However, the water temperatures we measured at egg deposition depth (20 cm) below the 
gravel surface were suitable for egg to fry survival.  
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Groundwater temperatures during the summer were within the optimal temperatures (3°-
7°C) for spawning in the new channel (3° - 6°C), but slightly high in the gravel at the 
head of the original channel (6° - 8°C). During the early August, water temperatures were 
more stable and lower (4.3°C - 7°C) in the new channel than in the original channel 
(5.9°C - 11°C) from the confluence of the new channel to the head of the original 
channel. Water temperatures at the gravel surface in the new spawning channel were 
consistent with gravel surface temperatures in the new channel below the confluence of 
the new channel where habitat is used by chum salmon for spawning. If spawning among 
chum salmon typically ceases in water temperatures less than 2.5°C (Schroder 1973), 
then water temperatures were adequate for spawning. 
 
During August, dissolved oxygen was in the upper levels 65 - 100%. Critical DO levels 
for embryonic development in redds occur above 8 mg/l or 7% (Sowden and Power 1985 
and Coble 1961). No reference was found to the upper limits of dissolved oxygen for 
chum salmon. 
 
Gravel size is an important for successful spawning and incubation of eggs. Female chum 
salmon of 650 mm fork length requires a median gravel size of 27 mm for spawning 
(Kondolf and Wolman 1993). Gravel size was less diverse and larger in the new channel 
than in the original channel. From visual observations of spawning behavior, the size of 
the gravel may be too large for the chum salmon to move the gravel for building redds for 
spawning and successful egg deposit.  
 
For egg incubation, the presence of a large proportion of fines can reduce the survival 
from egg to fry emergence in salmon. Survival decreases with an increase in the percent 
gravel size less than 3.3 mm greater than 20% in chum salmon (Koski 1975). In the two 
samples from the new channel, gravel size was not less than 12 mm. In the original 
channel, 15-35% of the gravel was from 1 to 4 mm. We are uncertain as to the upper limit 
for gravel size effects on egg retention and incubation. 
 
Silt was observed in the upper cell of the new spawning channel. However, the purpose 
of the upper cell was to filter silt from lower cells. An increase in fines may reduce egg 
survival if fish spawn in the upper cell or if the fines move into the lower cells with the 
flow. If this occurs, then we would recommend removing the fines. The fines appear to 
be washed down the sides of the channel where the ground water was seeping through the 
bank.  
 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
The new channel provides an environment free from glacial silt, fines, and a more stable 
water temperatures in comparison to the upper end of the original channel. However, we 
are concerned that the gravel size in the new channel is more homogenous than the 
original channel, when compared to the gravel in front of the mouth of the new channel 
that was highly utilized by the chum salmon. We recommend adding smaller rock (4-16 
mm diameter) to increasing the variability of the gravel sizes in the new channel and ease 
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red construction. A preferred gravel size was seen at the mouth of the new channel, 
where many chum salmon were spawning during the surveys. 
 
The foot survey of Marx Creek was difficult due to the large and thick growth of trees 
and shrubs over the creek. Clearing a path above the creek, would help crews more easily 
survey this system. 
 
To determine the success of the channel for redd construction and egg to fry survival, we 
recommend continued monitoring of the use and habitat of the spawning channel. We 
could not determine whether the spawning channel will increase survival of the 
subsequent broods. Records of fry survival could be monitored with by setting fry traps 
to enumerate the emerging fry in the spring, starting in February. Video monitoring of 
spawning behavior and redd construction would help address the ability of chum salmon 
to move the gravel for red construction. 
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