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Abstract 
In 2006, the King Salmon Fish and Wildlife Field Office continued to develop 
and evaluate methods for using juvenile coho salmon Oncorhynchus kisutch 
abundance and density to monitor populations on the Pacific Ocean side of the 
Alaska Peninsula.  Harsh weather conditions make monitoring adult coho salmon 
abundance extremely difficult.  In 2006, we attempted to estimate potential coho 
salmon smolt capacity and adult production for Pass and Des Moines creeks in 
Wide Bay, about 150 km south of King Salmon, Alaska.  Smolt production 
models and estimates of juvenile coho salmon densities in pool habitat were used 
to determine if the streams are at or near carrying capacity.  Smolt capacity 
models indicate that about 1,000 adults are necessary to fully seed available 
habitat in Pass Creek.  However, juvenile coho salmon densities in Pass and Des 
Moines creeks were extremely low, indicating that these streams were well below 
the predicted juvenile carrying capacity.  Pass and Des Moines creeks are higher 
gradient, riffle-dominated systems in relatively narrow mountain valleys, whereas 
other streams where we have conducted similar analyses have been low gradient 
meandering channels on wide, well developed flood plains.  Over-estimating the 
carrying capacity for Pass Creek is probably the result of stream gradient not 
being factored into the model.  We recommend restricting the use of the current 
model to known productive systems until it can be refined for use in all stream 
types.  We also recommend using aerial surveys to monitor coho salmon 
populations until a project can be completed to validate habitat model parameters 
including smolt production, overwinter survival, and smolt-to-adult survival for 
streams on the Alaska Peninsula. 

Introduction 
The Alaska National Interest Lands Conservation Act (ANILCA) specifically mandates that fish 
populations and their habitats be conserved in their natural diversity within the Alaska 
Peninsula/Becharof National Wildlife Refuge complex (Refuge; USFWS 1994).  The 
conservation of adult Pacific salmon Oncorhynchus spp. stocks and resident species that are 
targeted in commercial, subsistence, or sport fisheries requires accurate monitoring of affected 
populations.  Although benefits to subsistence, sport, and commercial users are maximized when 
fish populations are healthy, information on the fisheries resources on the Pacific Ocean side of 
the Refuge is lacking for many drainages, increasing the likelihood of overexploitation (USFWS 
1994).  In addition to human uses, large numbers of adult salmon are consumed by brown bears 
Ursus arctos (Burgner 1991; Heard 1991; Ruggerone et al. 2000; Quinn et al. 2003), other large 
predators (Darimont et al. 2003; Dombeck et al. 1984), and terrestrial vertebrates (Burgner 1991; 
Heard 1991).  Salmon carcasses are also important for numerous invertebrate and fungi species 
including scavengers and decomposers that are necessary for nutrient cycling, which maintains 
healthy aquatic habitats and ecosystems (Cederholm et al. 1999; Jauquet et al. 2003).  Juvenile 
salmon are an important food source for fish, birds, and small mammals (Burgner 1991; Heard 
1991; Sandercock 1991). 
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Coho salmon O. kisutch spawn and rear in many Refuge streams on the Pacific Ocean side of the 
Alaska Peninsula.  Although their distribution is widespread, most spawning populations are 
relatively small and occur in short (3 to 20 km) streams.  With few exceptions, these runs are 
assumed to be stable and self-sustaining.  This assumption is based on the availability of suitable 
freshwater habitat and not on escapement estimates, as limited data exist for coho salmon 
populations on the Alaska Peninsula.  Coho salmon are opportunistic and can spawn in a wide 
variety of freshwater habitats ranging from moderate sized rivers to small headwater tributary 
streams (Sandercock 1991). 

Coho salmon populations in Alaska are generally small, isolated from nearby populations, and 
genetically distinct (Olsen et al. 2003).  Because genetic population structure of coho salmon 
occurs on a fine geographic scale, individual populations are more susceptible to extirpation, and 
the loss of individual populations can reduce overall genetic variability (Olsen et al. 2003).  
These factors justify managing and conserving coho salmon at a fine geographic scale.  Coho 
salmon on the Alaska Peninsula are genetically distinct from other geographic areas in Alaska 
(Olsen et al. 2003); however, no analyses have been completed defining population structure 
within the Alaska Peninsula region. 

Coho salmon are targeted in several commercial, sport, and subsistence fisheries along the 
Alaska Peninsula.  The commercial fishery for coho salmon occurs along the entire southern 
portion of the Alaska Peninsula, with management jurisdiction allocated to three distinct areas 
within the Westward Region of the Alaska Department of Fish and Game (ADFG).  The Alaska 
Peninsula Management Area encompasses all waters from Ugamak Island to Kupreanof Point; 
the Chignik Management Area encompasses all waters from Kupreanof Point to Kilokak Rocks; 
the Kodiak Management Area extends from Kilokak Rocks to Cape Douglas (Nelson and Lloyd 
2001).  Annual commercial harvest of coho salmon destined for streams on the Pacific Ocean 
side of the Alaska Peninsula can exceed 800,000 fish (Shaul and Dinnocenzo 2002; Brennan et 
al. 2005; Pappas et al. 2005).  Although some professional fishing guides also target coho salmon 
in localized sport fisheries, the area is remote and difficult to access and harvest is probably 
minimal.  No directed monitoring of coho salmon sport fishing occurs on the Pacific Ocean side 
of the Alaska Peninsula (Schwarz 1997).  Coho salmon are also an important subsistence 
resource for many communities on the Alaska Peninsula (ADFG 2002), and harvest is typically 
concentrated in streams and rivers that are accessible to local residents.  Monitoring of coho 
salmon subsistence harvest occurs through annual harvest reports completed by local residents. 

Some coho salmon escapement monitoring on the Alaska Peninsula has been accomplished by 
the ADFG and the King Salmon Fish and Wildlife Field Office (KSFO).  The ADFG monitors 
coho salmon escapement in the Chignik Management Area until early September as part of their 
normal operation using aerial surveys, but discontinues monitoring prior to peak migrations 
(Pappas et al. 2005).  The KSFO used aerial surveys to monitor coho salmon escapement on 
numerous streams in 1994, and used a weir and walking surveys to monitor escapement on a 
single stream in 1995 and 1996 (Hetrick and Nemeth 2003) and again in 2002 and 2003 
(Anderson and Hetrick 2004).  The KSFO also used walking surveys to estimate escapement in 
streams near Perryville in 2002 and 2003 (Anderson and Hetrick 2004), and has used aerial 
surveys to monitor coho salmon runs near Chignik and Perryville since 2003 (Anderson 2006).  
However, none of these escapement monitoring efforts have been completely successful. 

Monitoring adult coho salmon escapement in streams on the Pacific Ocean side of the Alaska 
Peninsula is difficult because of remoteness and bad weather.  Coho salmon migrate into 
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freshwater starting in late August, and runs continue well into November (Hetrick and Nemeth 
2003; Anderson and Hetrick 2004).  Also, coho salmon often move into smaller tributary streams 
to spawn with the onset of fall rains and increased flows (Meehan and Bjornn 1991; Sandercock 
1991; Irvine et al. 1992).  During these freshets, counts using visual surveys can be incomplete 
due to poor visibility and access (Hetrick and Nemeth 2003; Anderson and Hetrick 2004; 
Anderson 2004; Anderson 2006).  Counts using fish weirs can also be incomplete during fall 
freshets as weirs can be inundated and overtopped by high water, often coinciding with times of 
peak migration (Whitton 2003; Anderson and Hetrick 2004; Anderson et al. 2004; Anderson 
2005). 

Because of the difficulty associated with monitoring adult coho salmon escapement, the KSFO 
has investigated other methods to monitor individual populations on the Alaska Peninsula, 
including application of techniques developed to predict coho salmon freshwater production 
capacity for Oregon (Nickelson et al. 1992; Nickelson 1998) and other Pacific Northwest 
(Bradford et al. 1997) streams.  In 2002 and 2003, we used a habitat limiting factor model 
(Nickelson 1998) to identify factors limiting smolt production and to estimate potential adult 
coho salmon production based on seasonal carrying capacities of juvenile coho salmon 
(Anderson and Hetrick 2004).  This model is based on the assumption that when a specific 
habitat is in short supply, a bottleneck exists that may subject a cohort to density-dependent 
mortality, which may lead to an under-seeding of habitats used by subsequent life stages.  
Estimates of available surface area by habitat type were identified in a stream habitat inventory 
and used as the primary input to the Nickelson (1998) model.  A model developed by Bradford et 
al. (1997) was also used to predict average abundance of coho salmon smolt based on stream 
length.  The Nickelson (1998) and Bradford et al. (1997) models both yielded similar estimates 
of smolt production, and Anderson and Hetrick (2004) found that the model of Bradford et al. 
(1997) closely approximated smolt production estimated from the intensive habitat inventory 
model (Nickelson 1998) for streams on the Alaska Peninsula, except where large amounts of off-
channel rearing habitat (i.e., large ponds) were present. 

Based on the work accomplished in 2002 and 2003, KSFO is currently investigating techniques 
using remote sensing, life-history based smolt production models, and juvenile abundance as a 
surrogate for adult numbers to monitor coho salmon populations in streams on the Pacific Ocean 
side of the Alaska Peninsula.  Assessing coho salmon populations by monitoring juvenile 
abundance during summer months has the potential to be more effective based on access, 
weather conditions, and cost compared to monitoring adult escapement in the fall for streams on 
the Alaska Peninsula.  In 2006, KSFO planned to estimate juvenile coho salmon freshwater 
carrying capacity and potential adult production for streams in Wide Bay on the Alaska 
Peninsula and determine if those systems are at or near carrying capacity.  The objectives of the 
work in 2006 were to: 

1. Estimate potential coho salmon smolt capacity and adult production for streams in 
Wide Bay using smolt production models; 

2. Estimate juvenile coho salmon densities in pool habitat in study streams to determine 
if they are at or near carrying capacity; 

3. Estimate minimum numbers of coho salmon returning to streams in Wide Bay; and 

4. Determine if any study streams require further monitoring based on juvenile and adult 
observed and modeled production capacity. 
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We view the work in 2006 as the next step in the development and validation of habitat-based 
smolt production models, further validation of summer parr densities used in the Nickelson 
(1998) model, and a validation of juvenile sampling techniques for streams on the Pacific Ocean 
side of the Alaska Peninsula. 

Study Area 
Wide Bay study streams are on the Pacific Ocean side of the Alaska Peninsula, and are within 
the Ugashik Unit of the Alaska Peninsula National Wildlife Refuge (Figure 1).  The Wide Bay 
study area was selected for monitoring based on presence of coho salmon populations, proximity 
to King Salmon (146 km), and access via wheeled aircraft.  Study streams include Short Creek, 
Pass Creek (Figure 2), Des Moines Creek (Figure 3), and Big Creek (Figure 4).  Kialagvik 
Creek, Alai Creek, and the unnamed tributary between Alai Creek and Short Creek are not 
accessible with wheeled aircraft, and were not scheduled for sampling.  Coho, pink O. 
gorbuscha, and chum O. keta salmon, and Dolly Varden Salvelinus malma are present in Wide 
Bay streams.  Based on previous sampling by ADFG and KSFO, coho salmon are known to be 
present in Big Creek, Des Moines Creek, Pass Creek, and Kialagvik Creek (Table 1).  Although 
the presence of coho salmon in Alai and Short creeks and the unnamed stream between them has 
not been documented, sampling in the area has been minimal. 

Wide Bay is located within the Mainland District of the Kodiak Management Area for ADFG 
commercial fishery management.  The Mainland District includes all waters adjacent to the 
coastline of the Alaska Peninsula from Kilokak Rock to Cape Douglas, and up to 300,000 
sockeye O. nerka, 500,000 pink, 200,000 chum, and 20,000 coho salmon are harvested in the 
district each year (Brennan et al. 2005).  Although at least 27 streams in the Mainland District 
are believed to support coho salmon populations (Dinnocenzo 2006), no escapement goals for 
coho salmon have been established for the district (Nelson and Lloyd 2001). 

Methods 
The initial sampling plan for Wide Bay streams is presented in Table 2.  Due to logistics, 
weather conditions, and the presence of spawning pink salmon, not all planned work was 
accomplished in 2006. 

Habitat Inventory 

Methods used to classify habitat types were modified from Hankin and Reeves (1988), Bisson et 
al. (1982), Overton et al. (1997), and Nickelson et al. (1992) and were similar to those used by 
Anderson and Hetrick (2004) for Alaska Peninsula streams.  The habitat type classifications of 
Nickelson et al. (1992) were used for later compatibility with the habitat limiting factor model 
analysis.  Habitats were classified as cascades, rapids, riffles, glides, trench pools, plunge pools, 
scour pools, dammed pools, backwater pools, alcoves, or beaver ponds. 

The habitat inventory in Pass Creek was conducted by beginning at the mouth above the area of 
tidal influence and working upstream until a barrier to adult coho salmon upstream migration 
was reached.  Tributary streams were surveyed beginning at the confluence with mainstem Pass 
Creek and working upstream until a barrier to adult coho salmon upstream migration was 
reached, or a terminal spring source was encountered.  Individual habitat units were classified 
based on habitat type, length and width were measured, and amount of available spawning 
habitat was estimated.  Length was measured along the thalweg.  At least three wetted width 
measurements were made perpendicular to the thalweg and a mean width was calculated.   
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Figure 1.  Wide Bay study area, Alaska Peninsula National Wildlife Refuge. 
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Figure 2.  Map of Pass Creek in the Wide Bay study area.  The dashed line represents the 
approximate extent of the developed floodplain estimated from topographic contours.  Except for 
Map Creek, all tributary streams are depicted as straight lines based on GPS coordinates and do 
not represent actual sinuosity. 
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Figure 3.  Map of Des Moines Creek in the Wide Bay study area.  The dashed line represents the 
approximate extent of the developed floodplain estimated from topographic contours. 

 7



Alaska Fisheries Technical Report Number 95, January 2007 
U. S. Fish and Wildlife Service 
 

500 m

N

Wide Bay

 

 
Figure 4.  Map of Big Creek in the Wide Bay study area.  The dashed line represents the 
approximate extent of the developed floodplain estimated from topographic contours. 

 8



Alaska Fisheries Technical Report Number 95, January 2007 
U. S. Fish and Wildlife Service 
 
Table 1.  Presence of Pacific salmon in Wide Bay streams.  PK = pink salmon; CM = chum 
salmon; CO = coho salmon; NS = not surveyed. 

 

Stream ADFG Stream 
Numbera

ADFG 
Databasea

KSFO Aerial 
Surveysb

ADFG Aerial 
Surveysc

Big Creek 262-85-10010 PK, CM, CO CO CO 

Des Moines Creek 262-85-10020 PK, CM, CO CO CO 

Pass Creek 262-85-10030 PK, CM, CO CO CO 

Short Creek 262-85-10040 PK, CM -- NS 

Unnamed stream 262-85-10045 PK, CM NS NS 

Alai Creek 262-85-10070 PK, CM -- NS 

Kialagvik Creek 262-85-10080 PK, CM, CO CO NS 

 
a  Johnson and Weiss (2006) 
b  Hetrick and Nemeth (2003) 
c  ADFG unpublished data 
 
 

 

 

 

Table 2.  Sampling planned and completed for streams in Wide Bay during summer 2006.  Y = 
yes; N = no. 

 Snorkel Survey Mark-Recapture Habitat Inventory

Stream Planned Completed Planned Completed Planned Completed 

Big Creek Y N Y N Y N 

Des Moines Creek Y  Na Y N N -- 

Pass Creek Y  Na Y N Y Y 

Short Creek Y N N -- N -- 

Unnamed stream N -- N -- N -- 

Alai Creek N -- N -- N -- 

Kialagvik Creeka N -- N -- N -- 

 
a  Desired sample size was not achieved.
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Surface area of each habitat unit was calculated by multiplying the measured length of the unit 
by its mean width.  Amount (percent) of spawning habitat was estimated based on visual 
observation of areas of suitable depth, velocity, and substrate available within each habitat unit.  
Suitable depth (between 0.15 and 1.0 m), velocity (between 0.30 and 1.0 m/s), and substrate 
(gravel and small cobble with limited surface fines) were categorized from Sandercock (1991).  
Surface area by habitat type and available spawning area were summed for mainstem Pass Creek 
and its tributaries for use in the habitat limiting factor analysis. 

Juvenile sampling 

Snorkel surveys were used to estimate juvenile coho salmon densities in pool habitat to 
determine if streams were at or near carrying capacity.  Mark-recapture experiments were used to 
investigate the magnitude of bias associated with the snorkel surveys.  Juvenile coho salmon 
densities were estimated in pool habitat in Pass Creek and Des Moines Creek; counts were 
conducted during periods of low flow in July and August, 2006.  Surveys were performed in 
discrete pool habitat units using standardized underwater observation techniques and were 
conducted when the minimum depth, visibility, and water temperature criteria of Dolloff et al. 
(1996) were met or exceeded.  Fish were counted by two observers as they moved slowly 
upstream through the habitat unit.  Divers counted fish only in their prescribed lanes and did not 
count fish that moved among lanes to avoid double-counting (Dolloff et al. 1996).  All fish 
observed were identified to species and counted; water temperature and underwater visibility 
were also measured at each site.  Juvenile coho salmon densities (number of fish/m2; Xi) at each 
site were calculated by dividing the number of fish observed by the surface area of the site.  
Mean juvenile coho salmon density in pool habitat for each stream ( X ) was estimated as  

n
X

X i∑= . 

A sample size of 18 for snorkel surveys was chosen for each stream to test the hypothesis that 
juvenile coho salmon mean densities are at or above carrying capacity (Ho: X  ≥ 1.0) following 
Zar (1996) as 

( ) ,2
),1(),1(2

2

νβναδ
ttsn +=  

where s2 = 0.09 from snorkel surveys conducted for juvenile coho salmon on the Alaska 
Peninsula (Anderson and Hetrick 2004), δ = 0.2, α = 0.10, and β = 0.10.  A mean summer 
density of 1.0 fish/m2 in pool habitat is a level believed to represent fully seeded habitat for 
juvenile coho salmon in coastal Oregon streams (Nickelson et al. 1992). 

Sample sites were chosen for snorkel surveys using systematic sampling with a random start 
(Hankin and Reeves 1988), and the interval was determined based on the number of pools 
observed during the habitat survey; every 10th pool was selected for sampling in Pass Creek.  
Because the habitat survey was not completed on Des Moines Creek, every 10th pool was 
selected for sampling based on geomorphic similarities to Pass Creek.  Only mainstem pools 
were selected for snorkel surveys in Pass Creek; twelve pools were selected for surveys in 
mainstem Des Moines Creek, and six were selected for surveys in the major tributary to Des 
Moines Creek. 
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Mark-recapture experiments were developed using baited minnow traps for the marking event 
and multi-pass electrofishing for the recapture event (Table 2); only one experiment was 
attempted on Pass Creek.  Nets (3.2-mm mesh) were placed above and below the selected pool, 
anchored to the substrate using large rocks, and the tops of the nets tied off to nearby vegetation.  
Divers inspected the nets to verify closure and then completed a snorkel count in the pool as 
described above.  Minnow traps (n = 12) baited with locally-collected salmon eggs were then set 
to capture fish for the marking event.  However, within the first hour of fishing the traps, the 
upstream and downstream block nets became submerged due to the velocity of the water and the 
accumulation of small leaves and debris on the nets, even though the crew was on-site cleaning 
the nets.  Juvenile coho salmon and Dolly Varden were observed swimming over the 
downstream block net when it became submerged.  Because it was unlikely that block nets 
would have maintained closure for the mark-recapture experiments at other sites in Pass Creek or 
Des Moines Creek, especially over the planned 24 hr period, no further mark-recapture 
experiments were attempted. 

Minimum Escapement Estimates 

We initially planned on completing two aerial surveys to count adult coho salmon in Wide Bay 
streams using low-level helicopter flights.  However, because we were unable to complete the 
juvenile and habitat sampling in most streams, we did not complete the adult monitoring during 
2006. 

Carrying Capacity Estimates 

We used the habitat limiting factor model of Nickelson (1998; hereafter referred to as the habitat 
model) to identify factors that could be limiting smolt production, and to estimate carrying 
capacities for juvenile coho salmon in Pass Creek.  The habitat model uses estimates of available 
surface area for each habitat type identified during the inventory.  Habitat-type specific potential 
juvenile coho salmon rearing densities over three seasons (spring, summer, and winter; Table 3) 
were used to estimate seasonal production potential, and estimated available spawning habitat 
was used to estimate potential egg production.  Density-independent survival rates (Table 4) 
were applied to potential seasonal carrying capacity estimates to generate potential smolt 
production estimates for each season.  The specific life-stage that limits smolt production in the 
system is the life-stage capable of producing the fewest number of smolt. 

Once an estimate of smolt capacity was obtained from the habitat model, back-calculations were 
used to determine the number of adult coho salmon needed to fully seed available habitat and to 
estimate potential production.  The following equations and constants of Nickelson (1998) were 
used in the analysis.  Potential smolt density (C, fish/m2) was calculated as 

,
SA
MC =  

where M is the maximum smolt capacity from the habitat model and SA is the total surface area 
measured in m2.  Survival to the smolt stage (Ssmolt) was calculated as 

,oweggsmolt SSS ∗=  
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Table 3.  Seasonal juvenile coho salmon potential densities (fish/m2) by habitat type used in the 
habitat limiting factor model of Nickelson (1998). 

Habitat Type Spring Summer Winter 

Cascade 0.00 0.24 0.00 

Rapid 0.60 0.14 0.01 

Riffle 1.20 0.12 0.01 

Glide 1.81 0.77 0.12 

Trench Pool 0.99 1.79 0.15 

Plunge Pool 0.84 1.51 0.28 

Scour Pool 1.29 1.74 0.35 

Dammed Pool 2.56 1.84 0.56 

Alcove 5.75 0.92 1.84 

Beaver Pond 2.56 1.84 1.84 

Backwater 5.75 1.18 0.58 

 
 

 

 

 

 

 

 

 

 

Table 4.  Density-independent survival rates (survival to smolt) from specific life stages used by 
the habitat limiting factor model of Nickelson (1998). 

Life stage Survival rate to smolt 

Egg 0.32 

Spring fry 0.46 

Summer parr 0.72 

Winter pre-smolt 0.90 
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where Segg is a constant egg-to-summer parr survival rate of 0.072, and overwinter survival (Sow) 
was calculated as 

,487.0log1361.0 ECS eow ++∗=  

where E is an error term.  The egg deposition (DM) needed to produce the maximum smolt 
capacity (M) was then calculated as 

.
smolt

M S
MD =  

The minimum number of spawners necessary to produce the required egg deposition (AM) was 
calculated as 

,2
500,2

∗⎟
⎠

⎞
⎜
⎝

⎛
= M

M
DA  

which assumes a 1:1 sex ratio (Anderson and Hetrick 2004) and 2,500 eggs per female 
(Nickelson 1998).  The potential adult production (PPx) of the system was then determined as  

,xMPPx ∗=  

where x represents the marine survival rate.  Following Nickelson (1998), three different marine 
survival rates (x = 0.03, 0.05, and 0.10) were used.  Although Nickelson et al. (1992) recommend 
measuring and using total surface areas by habitat type for each season in the habitat model, we 
were only able to measure summer habitat due to the difficulty and expense of working in this 
area year round.  We assume that if summer densities of juvenile coho salmon measured in Wide 
Bay streams are similar to those reported by Nickelson et al. (1992), we can use potential spring 
and winter juvenile densities in the habitat model (Table 3) applied to available summer habitat 
to produce reasonable estimates of smolt production for these streams. 

The model of Bradford et al. (1997) was also used to estimate mean coho salmon smolt 
abundance (Y) based on stream length (X, km) for selected streams in Wide Bay as 

).(97.090.6)( XLogYLog ee +=  

A marine survival rate of 5% was applied to the smolt estimates (Y) to estimate adult production.  
Stream length was measured from U.S. Geological Survey 1:63,360 scale digital line graphs 
(DLG) for selected Wide Bay streams.  We used the stream length measured during the habitat 
inventory for Pass Creek. 

Results 
Frequent heavy rain events limited the number of days we were able to complete field work in 
Wide Bay in 2006 (Appendix A).  Work was not accomplished on over half of the available 
days, mostly because of weather.  Rain events caused the streams to rise rapidly and become 
turbid, and it usually took 3 d for the streams to return to clear water base-flow conditions.  Both 
Pass and Des Moines creeks were impacted to a similar extent by the rain events.  The project 
start was also delayed for two days due to inclement weather. 
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Habitat Inventory 

Over 26 km of stream were inventoried in the Pass Creek watershed during 2006, which included 
mainstem Pass Creek and eight small tributary streams (Table 5).  Riffles and scour pools were 
the predominant habitat types observed; no beaver pond, dam pools, or trench pools, and few 
alcoves and plunge pools were observed during the inventory (Table 6).  Over 13% of the 
surface area was estimated to be suitable spawning habitat, with scour pool tails accounting for 
over half of available spawning habitat (Table 6).  Relatively small amounts of riffle habitat were 
judged to be suitable for coho salmon spawning, mainly due to fast water velocities.  The habitat 
inventory was not completed on Big Creek as planned (Table 2) because of time constraints. 

Juvenile sampling 

Limited juvenile sampling was completed in Wide Bay in 2006.  Only five snorkel surveys were 
performed on Pass Creek and Des Moines Creek, and only one mark-recapture experiment was 
attempted on Pass Creek; no juvenile sampling was completed on Big Creek or Short Creek as 
planned (Table 2).  Juvenile coho salmon and Dolly Varden were the only species observed 
during snorkel surveys in 2006, and few juvenile coho salmon were observed in any of the scour 
pools sampled in either stream (Table 7).  Because we could not calibrate the snorkel estimates 
with mark-recapture experiments, juvenile density estimates in Pass and Des Moines creeks 
should be considered an index of relative abundance.  After about 1 August, underwater visibility 
was marginal (around 2 m) due to the presence of spawning pink salmon, and the high density of 
adult pink salmon in most pools after about 5 August prevented us from completing snorkel 
surveys. 

During the unsuccessful mark-recapture experiment in Pass Creek, less than 10 coho salmon and 
approximately 70 Dolly Varden were captured in minnow traps in about 1 h.  Length 
measurements were not taken on fish captured in the minnow traps. 

Carrying Capacity Estimates 

Application of the habitat model to Pass Creek suggests that availability of overwintering habitat 
limits coho salmon smolt production (Table 8).  Minimum adult escapement necessary to fully 
seed available habitat with juveniles was estimated at 999, and marine survival greater than 5% 
would be necessary to produce the minimum number of adults (Table 9).  The habitat type 
making the greatest contribution to smolt production was scour pool (75%; Table 10).  Although 
riffle habitat was the predominant type in Pass Creek (48%), smolts produced by riffle habitat 
contribute little (3%) to overall smolt production in the system. 

The production estimate for Pass Creek from the habitat model was similar to that of the 
Bradford et al. (1997) model based on stream length, but only if stream length measured during 
the habitat inventory was used (Table 11).  The stream length for Pass Creek measured from 
DLG was considerably less than that measured during the habitat inventory, mainly due to lack 
of map detail for braided mainstem habitat and the absence of most tributary streams at the scale 
(1:63,360) of the DLG (Table 12).  Production estimates for other Wide Bay streams using 
stream length measured from DLG and the Bradford et al. (1997) model ranged from 427 for 
Short Creek to 1,965 for Big Creek (Table 11). 
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Table 5.  Summary of streams where the habitat inventory was completed in the Pass Creek 
watershed, 2006. 
 

  Location (latitude and longitude, decimal degrees) 

  Mouth End

Stream Namea Length (km) North West North West 

Pass Creek 21.1 57.40088 156.35707 57.43065 156.48062 

Bud Creek   0.2 57.42316 156.46625 57.42224 156.46684 

Charlotte Creek   0.2 57.40566 156.36501 57.40685 156.36722 

Cub Creek   1.1 57.40324 156.37698 57.39854 156.38373 

Hog Creekb   0.6 57.41413 156.43382 57.41364 156.44017 

Julia Creek   1.6 57.41703 156.43874 c c

Last Creekb   0.4 57.41413 156.43382 57.41528 156.43666 

Laurens Creek   0.2 57.42909 156.47722 57.42819 156.47809 

Map Creek   0.8 57.41337 156.43201 57.40892 156.43346 

Total 26.2     

 
a  Except for Pass Creek, all tributary streams were un-named.  Streams were named by the crew. 
b  Hog Creek and Last Creek entered Pass Creek within 2 m of each other. 
c  No coordinates were recorded. 
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Table 6.  Summary of habitat composition surveyed in Pass Creek, 2006. 
 

Habitat Type Surface Area (m2) Percent Composition Spawning Area (m2) 

Cascade     6,220    4 604 

Rapid     9,070    6 123 

Riffle   68,418   48 7,387 

Glide     7,668     5 1,522 

Trench Pool           --     0 -- 

Plunge Pool        303 < 1 18 

Scour Pool   46,088   32 10,120 

Dam Pool           --     0 -- 

Alcove        245 < 1 0 

Beaver Pond           --     0 -- 

Backwater     5,214     4 <1 

Total: 143,226  19,774 

 
 

 

 

 

 

 

 

 

 
 
 
Table 7.  Summary of snorkel surveys completed in Wide Bay streams, 2006.  Mean density 
(standard error in parentheses) is reported as fish/m2. 
 

  Juvenile Coho Salmon Juvenile Dolly Varden 

Stream Sample 
Size 

Number 
Observed 

Mean 
Density  

Number 
Observed 

Mean 
Density  

Des Moines Creek 2 5 0.02 (0.02) 7 0.03 (0.03) 

Pass Creek 3 27 0.08 (0.04) 104 0.52 (0.31) 
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Table 8.  Potential seasonal smolt production for juvenile coho salmon in Pass Creek calculated 
using the habitat limiting factor model of Nickelson (1998). 
 

Season Number of Smolts 

Spawning 16,477,500 

Spring 192,519 

Summer 103,905 

Winter 21,386 

 
 
 
 
 
 
 
 
 
Table 9.  Summary of stream characteristics and results of habitat limiting factor model of 
Nickelson (1998) for Pass Creek, 2006. 
 
 

Model parameter Estimate 

Surface area (m2) 143,226 

Stream length (km) 26.2 

Maximum smolt capacity (M) 19,200 

Potential smolt density (C, fish/m2) 0.13 

Smolt capacity (fish/km) 733 

Overwinter survival (Sow) 0.21 

Egg-to-smolt survival (Ssmolt) 0.015 

Required egg deposition (DM) 1,248,992 

Minimum number of adults necessary (AM) 999 

Potential production (PPx)  

10% marine survival (PP10) 1,920 

5% marine survival (PP5) 960 

3% marine survival (PP3) 576 
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Table 10.  Summary of coho salmon maximum smolt capacity estimates by habitat type during 
winter for Pass Creek using the habitat limiting factor model of Nickelson (1998). 
 

  Smolt Capacity 

Habitat Type Percent Composition Number Percent 

Cascade    4 0 0 

Rapid    6 91 <1 

Riffle   48 684 3 

Glide     5 920 4 

Trench Pool     0 0 0 

Plunge Pool < 1 85 <1 

Scour Pool   32 16,131 75 

Dam Pool     0 0 0 

Alcove < 1 451 2 

Beaver Pond     0 0 0 

Backwater     4 3,024 14 

Total:  21,386  

 
 

 

 

 

 

Table 11.  Estimates of potential adult coho salmon production based on 5% marine survival 
using the Bradford et al. (1997) model based on stream length for streams in Wide Bay. 
 

Stream Length Source Length (km) Number of Adults 

Pass Creek Habitat inventory 26.2 1,177 

Pass Creek Digital line graph 15.0 686 

Short Creek Digital line graph 9.2 427 

Des Moines Creek Digital line graph 36.2 1,611 

Big Creek Digital line graph 44.4 1,965 
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Table 12.  Comparison of Pass Creek lengths measured during habitat inventory and from USGS 
1:63,360 digital line graphs. 
 

 Stream Length (m)

Habitat Habitat Inventory Digital Line Graphs 

Mainstem 15,384 11,666 

Side Channel   5,708      803 

Tributary   5,068   2,530 

Total 26,160 14,999 

 
 

Discussion 
Our initial sampling plan for Wide Bay streams (Table 2) was optimistic.  The original plan was 
to complete work on Pass Creek, Des Moines Creek, and Short Creek, then move our base camp 
to Big Creek to finish the scheduled work.  Even if we did not encounter difficulties in the work 
schedule due to weather, it is unlikely that all work would have been accomplished in the amount 
of time we had available (from early July to early August).  Barring weather difficulties, we 
probably would have finished snorkel surveys in all streams except Short Creek; Short Creek 
was not accessible from our base camp between Pass and Des Moines creeks because of a shear 
cliff wall that made access along the beach impractical.  It is unlikely that the habitat inventory 
would have been completed on Big Creek.  Also, mark-recapture experiments would probably 
not have been successful in any streams as initially planned (i.e., setting block nets overnight). 

In hindsight, we should have completed the juvenile sampling first and scheduled more time to 
complete the planned work in August.  Completing juvenile surveys prior to July would not be 
practical because coho salmon fry would have been small (about 40 mm) and more difficult to 
count and identify with snorkel surveys because distinguishing characteristics are less apparent 
on smaller fish (Pollard et al. 1997).  Smaller fish could also be less vulnerable to capture with 
minnow traps (Bloom 1976) and electrofishing (Riley and Fausch 1992; Reynolds 1996).  The 
presence of spawning pink salmon later in the summer would not have affected our ability to 
classify and measure stream habitat, but it did prevent us from completing snorkel surveys 
because of turbid water and high densities of adults in pools.  Spawning pink and chum salmon 
prevented us from completing snorkel surveys on portions of a similar stream on the Alaska 
Peninsula after mid-August in 2002, although we were able to complete snorkel surveys on the 
same stream the following year in late July and early August (Anderson and Hetrick 2004). 

Another logistical difficulty that hindered our ability to complete work in 2006 was the amount 
of hiking necessary to access the study streams.  The hike from our base camp to the mouth of 
either Pass Creek or Des Moines Creek was about 2 km, and the one-way hike to access the 
upper portions of Pass Creek took over 2.5 h.  Relocating our base camp was not practical 
because there were no suitable sites closer to either stream.  The one-way hike to the upper 
reaches of Big Creek from our planned base camp would have been about 8 km.  As hiking was 
our only means of accessing the study streams, packing sampling gear and crew fatigue 
sometimes limited the amount of work that could be completed.  The high density of brown 
bears made it impractical to cache sampling gear on the survey streams for any length of time, so 
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most gear had to be packed back and forth each day from base camp.  The use of a helicopter to 
access study streams would have allowed us to accomplish more work in any given day, but 
would have added considerably to the cost of the project. 

Snorkel sampling was chosen to estimate juvenile coho salmon densities in pools based on 
previous work (Anderson and Hetrick 2004) and logistics.  Although snorkel estimates may be 
less accurate and precise than mark-recapture or removal techniques (Hillman et al. 1992; 
Rodgers et al. 1992; Thurow and Schill 1996; Mullner et al. 1998), snorkel surveys allow for the 
sampling of more stream area in a given time compared to other methods (Hankin and Reeves 
1988; Rodgers et al. 1992; Roni and Fayram 2000).  Also, the potential high variability 
associated with the accuracy of individual snorkel counts may be offset by the ability to sample a 
larger proportion of the total stream (Hankin and Reeves 1988).  Anderson and Hetrick (2004) 
found snorkel density estimates in Clear Creek to represent minimum values, although variability 
was low in pool habitat. 

We chose mark-recapture techniques to calibrate our snorkel estimates in 2006.  However, mark-
recapture population estimates were not practical in Pass Creek because we were unable to keep 
block nets set.  Although stream width (6 m) was not excessive in the pool where we attempted 
the estimate, high water velocities combined with floating debris breached the nets.  The nets 
remained anchored and secure to the stream bottom, but the tops of both nets (upstream and 
downstream) became submerged within the first hour.  The sample site was selected in one of the 
braided channels in anticipation of this problem, and only about half of the Pass Creek water 
volume was present.  Block nets may have been maintained if structural methods (i.e., fence 
posts) were used to support the tops of the nets instead of tying them off to nearby vegetation.  
However, this probably would not have worked for the planned 24-h period without someone on 
site cleaning the nets constantly and this was not a viable alternative for safety reasons.  We did 
not want to risk unnecessary encounters with brown bears, especially in the middle of the night. 

We have successfully used block nets in other streams on the Alaska Peninsula to conduct 
removal estimates (Anderson and Hetrick 2004), and nets maintained closure for over 4 h with 
little effort.  However, this was in a low gradient meandering channel (Clear Creek), whereas 
Pass Creek is a higher gradient, higher velocity stream.  There was also less debris flow in Clear 
Creek than in Pass Creek.  Numerous researchers have successfully used block nets to sample 
stream fish communities, and block nets are necessary to maintain closure within the sample 
reach (Peterson et al. 2005).  We either need to sample low gradient reaches where we can keep a 
block net set overnight, choose sample sites with natural barriers (cascades and waterfalls) that 
prevent juvenile fish movement, or use a different technique that does not require block nets to 
be set for long periods. 

Our goal for the mark-recapture estimates was to determine the bias associated with our snorkel 
estimates of juvenile coho salmon density in pools.  Removal estimates using electrofishing have 
commonly been used to assess accuracy of snorkel counts (Hankin and Reeves 1988; Thurow 
and Schill 1996; Mullner et al. 1998; Roni and Fayram 2000).  However, we chose mark-
recapture because several researchers have found that removal estimates using electrofishing 
may also be biased (Riley and Fausch 1992; Rodgers et al. 1992; Riley et al. 1993; Thompson 
2003; Peterson et al. 2004).  Although removal estimates using electrofishing may be biased, the 
technique may be better suited than mark-recapture for sampling streams on the Alaska 
Peninsula.  A removal estimate can be completed in a few hours, whereas a mark-recapture 
experiment can last over 24 h (Peterson et al. 2004; Rosenberger and Dunham 2005).  The longer 
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duration sets for the mark-recapture experiment are to allow marked fish to recover from the 
marking event and mix completely with unmarked fish in the sample unit.  The shorter sampling 
duration required for a given pool with electrofishing removal techniques compared to mark-
recapture would result in a higher probability that block nets would maintain population closure.  
Even though results from electrofishing removal estimates may also be biased, they should still 
provide useful information to assess the bias of snorkel estimates.  In general, the usefulness of 
any population survey depends on obtaining unbiased, or nearly unbiased, and precise parameter 
estimates in a cost-efficient, logistically feasible manner (Thompson et al. 1998).  Electrofishing 
removal estimates may be the best alternative for calibrating snorkel counts in Alaska Peninsula 
streams. 

Few juvenile coho salmon were observed in scour pools in Pass and Des Moines creeks in 2006.  
Mean densities were well below those observed in other streams on the Alaska Peninsula and in 
other Pacific Northwest streams (Table 13), and well below the threshold believed to represent 
fully seeded habitat (1.0 fish/m2; Nickelson et al. 1992) in coastal Oregon streams.  Several 
explanations could account for these observed low densities.  First, our limited sampling may 
have failed to detect coho salmon rearing in Pass and Des Moines creeks.  We sampled very few 
pools (n = 5), and all were within the lower 3 km of both streams.  However, we sampled 
numerous main-channel scour pools, side-channel scour pools, and backwater and off-channel 
habitats during training on lower Des Moines Creek, and observed few coho salmon in even the 
most optimal rearing habitats (backwaters and off-channel habitats).  Also, although more coho 
salmon may have been present in mainstem or tributary habitat where we did not sample, no 
large schools of juvenile fishes were observed while completing the habitat inventory on 
mainstem Pass Creek and its tributaries, nor in the numerous backwater and off-channel habitats 
on mainstem Pass Creek that were transited on a daily basis while accessing our survey reaches.  
We did observe juvenile fish darting in pools, backwaters, and tributary streams while 
completing the habitat inventory on Pass Creek, but not in large numbers.  Therefore, the low 
observed densities in Pass and Des Moines creeks are probably representative of the actual 
numbers of juvenile coho salmon present in both streams regardless of sampling effort and 
extent. 

Another explanation for the low observed juvenile densities is that coho salmon populations in 
Pass and Des Moines creeks are depressed due to low marine survival, and low numbers of 
returning adults are responsible for the low numbers of juveniles observed.  Although 
commercial harvest of coho salmon in the Kodiak District was above the 1994-2003 average 
(348,557; Dinnocenzo 2006) during 2004 (489,900; Dinnocenzo 2006) and 2005 (396,013; 
ADFG 2005), little harvest occurred in the Mainland District.  In 2004, 18,193 coho salmon were 
harvested in the Mainland District, with only 4 harvested in the Cape Igvak section (directly 
outside of Wide Bay); no coho salmon were harvested in Wide Bay in 2004 (Dinnocenzo 2006).  
If low smolt-to-adult survival did occur, it was probably not due to the commercial fishery. 

A third explanation for the low observed densities of juvenile coho salmon in Pass and Des 
Moines creeks is that catastrophic events (i.e., floods) affected juvenile production.  There was 
evidence in both streams of severe flooding, with flood debris visible over 1 m above bankfull 
stage.  However, we do not know if the observed evidence of flooding in Pass and Des Moines 
creeks was a result of fall and winter events or events caused by spring snowmelt.  Flood events  
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Table 13.  Mean summer densities (fish/m2) of juvenile coho salmon in pool habitat observed 
throughout the Pacific Northwest and Alaska.  Numbers in italics were interpolated from graphs 
in the source document; mean densities were not reported in numeric form.  NR = not reported. 
 

Stream Location Mean Density Source 

Pass Creek SW Alaska 0.08 (0.04a) Current study 

Des Moines Creek SW Alaska 0.02 (0.02a) Current study 

Clear Creek (2002) SW Alaska 1.43 (0.34a) Anderson and Hetrick (2004) 

Clear Creek (2003) SW Alaska 0.43 (0.06a) Anderson and Hetrick (2004) 

6 streams SE Alaska 0.20 (NR) Bryant et al. (1998) 

15 streams (1981-82) Oregon 0.35 (0.16b) Nickelson et al. (1986) 

15 streams (1983-85) Oregon 0.31 (0.17b) Nickelson et al. (1986) 

> 30 streams Oregon 1.30 (NR) Nickelson et al. (1992) 

 
a  Standard error. 
b  Standard deviation. 
 

can occur any time between September and May for mountain streams on the Alaska Peninsula.  
Once snow has accumulated in the mountains, rain-on-snow events are possible with weather 
patterns that subject the area to warm Pacific Ocean storms throughout the fall and winter. 

Flood effects on coho salmon populations would be different depending on when events occur.  
If flooding occurs during egg incubation, scouring and bed load movement can crush or wash out 
developing eggs and alevins (Seegrist and Gard 1972; Holtby and Healy 1986; Erman et al. 
1988; Sandercock 1991; Montgomery et al. 1996; DeVries 1997).  Floods can also displace 
juvenile fish at other times of the year (Sandercock 1991; Bell et al. 2001).  Winter floods can 
cause high mortality of juvenile coho salmon (Tschaplinski and Hartman 1983; Brown and 
Hartman 1988), and the lack of suitable refuge habitat (beaver ponds, backwaters, alcoves, and 
other off-channel areas) from high water velocities during winter floods is thought to limit coho 
salmon production in many coastal systems (Mason 1976; Nickelson et al. 1992).  Pass Creek 
lacks much refuge habitat from flood events (Table 6), and the habitat composition in Des 
Moines Creek appears to be similar.  However, it is unknown to what extent juvenile coho 
salmon are able to utilize tributary streams in both systems as refuges from flood events. 

A final explanation for the low observed densities of juvenile coho salmon in Pass and Des 
Moines creeks is that habitat quality is low for coho salmon.  The habitat model identifies a lack 
of overwintering habitat as the limiting factor for smolt production in Pass Creek (Table 8) and 
other streams on the Alaska Peninsula (Anderson and Hetrick 2004), mainly due to the lack of 
suitable refuge habitat from winter floods (Table 6; beaver ponds, backwaters, alcoves).  
However, aspects of the geomorphology of Pass and Des Moines creeks are different from other 
streams we have inventoried on the Alaska Peninsula that may further limit production beyond 
predictions of the habitat model.  Most streams in the Perryville and Clear Creek drainages that 
we surveyed in 2002 and 2003 were primarily low gradient meandering channels on wide, well 
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developed flood plains (Anderson and Hetrick 2004).  These streams correspond to the C-type 
channels described by Rosgen (1994) and the pool-riffle reach morphology of Montgomery and 
Buffington (1997).  However, Pass and Des Moines creeks (Figures 2 and 3) were primarily 
higher gradient riffle-dominated systems confined in relatively narrow mountain valleys 
corresponding to the B-type channels of Rosgen (1994) and the plane-bed and forced pool-riffle 
reach morphologies of Montgomery and Buffington (1997).  It is therefore not surprising that 
more riffle, rapid, and cascade habitat was present in Pass Creek than in the other streams 
surveyed (Table 14).  Nearly 60% of available habitat in Pass Creek was comprised of these 
three habitat types, whereas in the four other streams where we have completed habitat surveys, 
riffles, rapids, and cascades make up only about 30% of available habitat. 

Pass and Des Moines creeks also had several reaches of lower gradient, braided channels 
throughout their lengths (D-type channels; Rosgen 1994).  These reaches occurred when the 
flood plain became less confined and gradient decreased, allowing the streams to dissipate 
energy and deposit sediment.  Much of the available spawning habitat for coho salmon probably 
occurs in these lower gradient reaches in Pass Creek.  Montgomery et al. (1999) predict that 
large, fall-spawning salmonids should not be able to spawn successfully in higher gradient 
reaches (> 3%) in systems that are primarily influenced by winter rain-induced floods because 
bankfull flood events are sufficient to mobilize bed load below typical egg burial depths in those 
reaches.  This hypothesis is based on channel morphologies, bed scour, and egg burial depths, 
and has been shown to predict coho salmon spawning distributions in coastal Oregon streams.  
The bed scour hypothesis also predicts that large fall-spawning salmonids should be able to 
spawn successfully in lower gradient reaches (< 3%) in systems influenced by winter flooding, 
because bankfull flood events typically do not mobilize bed load below egg burial depths in 
those reaches (Montgomery et al. 1999).  However, the lower gradient braided reaches in Pass 
Creek are relatively unstable and can be more susceptible to channel scour, deposition, lateral 
movement, and bedload movement (Gordon et al. 1992; Rosgen 1994).  If winter flood events 
exceed bankfull stage and mobilize bedload below egg burial depths in the braided reaches of 
Pass and Des Moines creeks, low egg-to-fry survival following a flood event the previous fall or 
winter could account for the low juvenile densities observed in 2006. 

Pass Creek had the lowest maximum smolt capacity, potential smolt density, overwinter survival, 
egg-to-smolt survival, and potential production estimates of any of the other systems where the 
habitat model has been applied on the Alaska Peninsula (Table 15).  These results are driven by 
the habitat composition observed in Pass Creek, which is in turn influenced by basin-scale 
geomorphology (Lanka et al. 1987; Richards et al. 1996; Montgomery and Buffington 1997).  
Overall channel morphology may be just as important as site-specific habitat composition in 
determining the potential for coho salmon production in many Alaska Peninsula streams.  Big 
Creek, at the northern end of Wide Bay, is probably the largest producer of coho salmon in the 
area, not just in terms of available habitat (stream length; Table 11), but also in terms of channel 
morphology.  Big Creek is a meandering channel on a wide, well developed flood plain (C-type 
channel; pool-riffle morphology; Figure 4), whereas Pass and Des Moines creeks (Figures 2 and 
3) are not.  The first step in any broad scale population monitoring/assessment on the Alaska 
Peninsula should initially concentrate efforts on streams with the greatest potential to support 
coho salmon production based on past surveys, local knowledge, and channel morphology, 
gradient, valley width, glacial influence, and other attributes that can be inferred from maps or 
remote sensing.  This type of information suggested that Big Creek was the best coho salmon 
habitat of all the Wide Bay streams; however, we were not able to sample Big Creek in 2006. 
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Table 14.  Comparison of habitat composition surveyed (percent) in Pass Creek, 2006, and in 
streams near Perryville and Clear Creek, 2002 and 2003 (from Anderson and Hetrick 2004). 
 
 
 
Habitat Type Pass Creek Kametolook 

River 
Three Star 

River 
Long Beach 

River Clear Creek 

Cascade 4 < 1 0 < 1 < 1 

Rapid 6 1 0 < 1 < 1 

Riffle 48 32 29 28 21 

Glide 5 26 22 16 9 

Trench Pool 0 < 1 0 < 1 0 

Plunge Pool < 1 < 1 < 1 < 1 < 1 

Scour Pool 32 31 40 40 18 

Dam Pool 0 < 1 0 < 1 0 

Alcove < 1 < 1 < 1 < 1 < 1 

Beaver Ponda 0 6 2 0 49 

Backwater 4 1 7 14 2 

Surface Area (m2) 143,226 160,772 103,546 157,910 141,736 

 
a  Beaver pond habitat in the Kametolook and Three Star systems consisted of small natural lakes 
and swamps. 
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Table 15.  Summary of results of the habitat limiting factor model of Nickelson (1998) for Pass 
Creek, 2006, and streams near Perryville and Clear Creek, 2002 and 2003 (from Anderson and 
Hetrick 2004). 
 

Model parameter Pass Creek Kametolook Three Star Long Beach Clear Creek 

Surface area (m2) 143,226 160,772 103,546 157,910 141,736 

Stream length (km) 26.2 43.7 27.3 42.5 12.9 

Maximum smolt capacity (M) 19,200 26,000 20,400 35,600 74,200 
Potential smolt density (C, 
fish/m2) 0.13 0.16 0.20 0.23 0.52 

Smolt capacity (fish/km) 733 595 747 838 5,752 

Overwinter survival (Sow) 0.21 0.24 0.27 0.28 0.40 

Egg-to-smolt survival (Ssmolt) 0.015 0.017 0.019 0.020 0.029 
Minimum number of adults 
necessary (AM) 999 1,209 852 1,392 2,067 

Potential production (PPx)      

10% marine survival (PP10) 1,920 2,600 2,040 3,560 7,420 

5% marine survival (PP5) 960 1,300 1,020 1,790 3,710 

3% marine survival (PP3) 576 780 612 1,068 2,226 

 
 
Broad scale application of the Nickelson (1998) or Bradford et al. (1997) models to other streams 
on the Alaska Peninsula is not appropriate at this time without some prior knowledge of stream 
geomorphology.  Although both models appear to provide reasonable estimates of coho salmon 
production for low gradient systems (Anderson and Hetrick 2004), they overestimate coho 
salmon production for higher gradient streams such as Pass Creek.  The underlying assumption 
of the Nickelson (1998) model is that when a specific habitat is in short supply, a bottleneck 
exists that may subject a cohort to density-dependent mortality, which may lead to an under 
seeding of habitats used by subsequent life stages.  This general assumption may be more 
applicable to low gradient systems than to higher gradient streams like Pass Creek.  Lower 
gradient streams are probably not limited by low egg-to-fry survival caused by bedload 
movement (Montgomery et al. 1999), and density-dependent mortality at later life stages may be 
important in affecting overall productivity.  Higher gradient streams like Pass Creek are probably 
more limited by low egg-to-fry survival caused by bedload scour (Montgomery et al. 1999), and 
density-dependent mortality at later life stages probably does not affect overall coho salmon 
production, regardless of available habitat.  The Nickelson (1998) or Bradford et al. (1997) 
models should only be applied to low gradient streams or stream reaches that are not limited by 
egg-to-fry survival as predicted by the bed scour hypothesis of Montgomery et al. (1999). 

One of our goals for the 2006 work in Wide Bay was to apply other techniques such as remote 
sensing and geographic information system (GIS) technology to model coho salmon production 
in individual streams over a broad geographic area.  However, even something as simple as 
determining stream lengths using DLG for use in modeling was problematic, and discrepancies 
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in measurements can influence model results (Table 11).  At the scale of the source maps 
available for the Alaska Peninsula (1:63,360), numerous small tributary streams are not mapped.  
In Pass Creek, for example, only one tributary stream was present on the DLG (Table 16, Figure 
2), whereas we completed the habitat inventory on eight tributary streams that provided rearing 
habitat for juvenile coho salmon (Table 5).  The DLG also underrepresented the amount of 
mainstem and side channel habitat in Pass Creek (Table 16).  Results of similar comparisons for 
other streams where we have completed habitat inventories were varied.  In Clear Creek, the 
stream length measured from DLG overestimates the amount of rearing habitat available for 
coho salmon, but DLG stream lengths are comparable to lengths measured during the habitat 
inventory for Three Star River (Table 16).  The difference in Clear Creek is mainly due to about 
12 km of tributary streams on the DLG that are above barriers to coho salmon migration and 
were therefore not measured during the habitat inventory, and to a 3-km tributary stream on the 
DLG that no longer exists on the ground.  As in Pass Creek, many smaller tributary streams in 
Clear Creek and Three Star River were not present on the DLG (Table 16).  Larger scale maps 
(i.e., 1:24,000) provide better representation of actual stream networks, but they are not available 
for most of Alaska. 

The ability to measure accurate stream gradient from maps would allow us to determine in 
advance if streams or stream reaches could support coho salmon spawning based on the bed 
scour hypothesis of Montgomery et al. (1999).  However, calculating overall stream gradient in 
Pass Creek using changes in elevation estimated from topographic maps (75 m) and digital 
elevation models (DEM; 110 m) and a stream length of 11.7 km for mainstem habitat measured 
from DLG (Table 12) both yield gradient estimates of less than 1%, which does not correspond 
to field observations.  Although we did not measure overall stream or reach gradient in the field, 
overall channel morphology in Pass Creek corresponds to Rosgen (1994) B-type channels, which 
typically have gradients between 2 and 4%, and to the plane-bed morphology of Montgomery 
and Buffington (1997), with typical gradients between 1.5 and 3%.  It should be noted that the 
values reported by Rosgen (1994) and Montgomery and Buffington (1997) are generalizations of 
many field observations, and gradient measurements for a given channel type or morphology 
outside of the ranges reported are possible.  Regardless, Pass Creek is a relatively high gradient 
system based on field observations, whereas overall stream gradient estimated from topographic 
maps was low (< 1%). 

 
Table 16.  Comparison of stream lengths measured during a habitat inventory (Survey) compared 
to measurements from USGS 1:63,360 digital line graphs (DLG).  Number of tributary streams 
identified in parentheses.  Data for Clear Creek and Three Star River surveys are from Anderson 
and Hetrick (2004). 
 

 Stream Length (km) 

 Total Mainstem Tributary (n)

Stream Survey DLG Survey DLG Survey DLG 

Pass Creek 26.2 15.0 21.1 12.5 5.1 (n = 8) 2.5 (n = 1)

Clear Creek 12.9 25.4 6.9 6.0 6.0 (n = 13) 19.4 (n = 3)

Three Star River 27.3 25.6 9.9 11.7 17.5 (n = 10) 13.9 (n = 3)
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Although investigators commonly use map-derived measurements (i.e., stream length, gradient) 
in fisheries analyses and modeling, few have assessed their accuracy compared to field 
measurements.  Morisawa (1957) compared stream reach lengths measured in the field with 
lengths derived from 1:24,000 scale topographic maps, and found that map-derived 
measurements were always less than those measured in the field.  Firman and Jacobs (2002) 
found similar results using 1:24,000 scale topographic maps in a commercially-available 
software package; stream reach lengths measured from maps were about 6% less than lengths 
measured in the field, although map-derived measurements were more precise.  Isaak et al. 
(1999) found that stream gradient measurements using digitized 1:24,000 scale maps in a GIS 
were precise, but over-estimated reach gradients compared to field measurements, which the 
authors attributed to the inability of maps to mimic stream sinuosity.  Montgomery et al. (1999) 
also found that reach gradients measured from 1:24,000 topographic maps could be in error by as 
much as ±100% compared to field measurements. 

Maps are abstractions of the real world, and the amount of detail that can be portrayed is limited.  
Smaller scale maps available for use in southwest Alaska (1:63,360) are not accurate 
representations of stream networks, most apparent in their lack of detail for tributary streams.  
Any digital layers developed from them for use in a GIS will also be flawed representations of 
reality.  However, few readily-available and inexpensive alternatives are available for creating 
better stream maps.  Stream networks can be generated from DEM (Tribe 1992), although as 
with maps, large-scale DEM are not available for most of Alaska.  However, based on 
observations of existing DEM and DLG for Wide Bay, stream networks generated from DEM 
would probably include more tributary streams (Figure 5).  Other remote sensing technologies 
such as satellite and aerial imagery provide alternatives to map, measure, and classify habitat 
characteristics over broad geographic areas.  Multi-spectral digital imagery has been used to 
classify depth, velocity, and habitat types (i.e., pools and riffles) in several large river systems at 
a spatial resolution of less than 1 m (Whited et al. 2002a, 2002b; Lorang et al. 2005), and similar 
technology (hyperspectral imagery) has been used on smaller streams with similar resolution 
(Marcus 2002; Marcus et al. 2003).  The amount of vegetative canopy, however, would limit 
applications of this type of technology because many tributary streams we surveyed were totally 
enclosed by overhead vegetation, and would not be visible from aerial images. 

Recommendations 
Although we believe the techniques investigated with this project such as application of habitat-
based smolt production models and the use of juvenile abundance as a surrogate for adult 
escapement to monitor coho salmon populations have high potential for success, we do not 
recommend moving forward with broad scale application of these techniques on the Pacific 
Ocean side of the Alaska Peninsula at this time.  The habitat models only appear to produce valid 
estimates of potential coho salmon production for low gradient systems, and we have yet to 
verify several key parameters used in the model (smolt production estimates, egg-to-life stage 
survival estimates, overwinter survival estimates, smolt-to-adult survival estimates) for streams 
in southwest Alaska.  Although we do believe the Nickelson (1998) and Bradford et al. (1997) 
models provide reasonable estimates of potential coho salmon production in low gradient 
streams, a detailed project should be completed to determine coho salmon smolt production, 
overwinter survival, and smolt-to-adult survival for one or more streams on the Pacific Ocean 
side of the Alaska Peninsula.  This would allow us to further validate and refine the Nickelson 
(1998) habitat model for use in southwest Alaska. 
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Figure 5.  Digital line graph (DLG; 1:63,360) of Pass Creek overlaid on digital elevation model 
(DEM; 15-minute).  Converging contours of DEM show where tributary streams exist that are 
not represented on DLG. 
 

Sampling juvenile coho salmon abundance as a surrogate for adult escapement in numerous 
streams in a given field season is not practical, mainly due to the logistics of getting to the 
streams.  Accessing numerous streams in a relatively short time window with a sampling crew is 
possible, but would require the use of a helicopter and would be expensive.  An alternative to 
monitoring multiple streams would be to choose a few index streams that are easy to access with 
aircraft (i.e., near a runway) such as streams near Yantarni airstrip, Ivanof Village, or streams on 
Kodiak Island.  Juvenile abundance in these index streams could be monitored annually to 
identify any population declines that would warrant further investigation.  Also, we need to 
validate the threshold density of 1.0 fish/m2 in pool habitat as representative of fully seeded 
habitat (Nickelson et al. 1992) for streams on the Alaska Peninsula.  In order to make 
management decisions based on juvenile abundance, we need to know what summer densities 
constitute “good” production.  This could be accomplished as a separate project, or concurrent 
with the life history project mentioned above. 

Monitoring adult coho salmon escapement on the Pacific Ocean side of the Alaska Peninsula is 
difficult because of remoteness and bad weather.  Although aerial surveys are affected by 
weather and local water quality conditions and are not estimates of total abundance (Anderson 
2006), they may provide the best alternative for managers to monitor coho salmon populations 
on the Alaska Peninsula until projects to validate habitat model parameters and juvenile 
abundance thresholds can be funded.  We have used aerial surveys to monitor coho salmon 
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populations in streams near Perryville since 2003, and trends in run timing and abundance are 
becoming apparent for some streams (Anderson 2006).  Several representative streams could be 
selected for annual monitoring based on previous surveys, local knowledge, and the potential for 
coho salmon production.  Surveys could be scheduled concurrently with the ongoing surveys 
near Perryville to minimize costs. 
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Appendix A.  Summary of daily work activities in Wide Bay, 2006 
 

Date Activity 

10-Jul Weather prohibitive for accessing Wide Bay 
11-Jul Weather prohibitive for accessing Wide Bay 
12-Jul Arrive in Wide Bay, set up camp 
13-Jul Habitat inventory - Pass Creek 
14-Jul Habitat inventory - Pass Creek 
15-Jul Snorkel training - Des Moines Creek 
16-Jul No work, crew change and camp re-supply 
17-Jul No work - high water 
18-Jul No work - high water 
19-Jul No work - high water 
20-Jul Habitat inventory - Pass Creek 
21-Jul Snorkel training (1/2) and surveys (1/2) - Des Moines Creek 
22-Jul Habitat inventory - Pass Creek 
23-Jul No work - high water 
24-Jul No work - high water 
25-Jul Habitat inventory - Pass Creek 
26-Jul Habitat inventory - Pass Creek 
27-Jul Mark-recapture attempt - Pass Creek 
28-Jul No work, crew change and camp re-supply 
29-Jul Attempted work, brown bear issues 
30-Jul Attempted work, brown bear issues 
31-Jul No work - high water 
1-Aug No work - high water 
2-Aug Crew change and camp re-supply, snorkel Pass Creek 1/2 day 
3-Aug No work - high water 
4-Aug No work - high water 
5-Aug No work - high water 
6-Aug Habitat inventory - Pass Creek 
7-Aug Habitat inventory - Pass Creek 
8-Aug Camp breakdown 
9-Aug Depart Wide Bay 
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