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Assessment of critical salmon habitat in a transboundary river estuary. 

SUMMARY 

The Taku River produces five species of Pacific salmon that are essential to the economic and cultural fabric of 

northwestern North America. The river drains a tract of ecologically diverse wilderness straddling the border 

between British Columbia (BC) and Alaska, entering the sea near Juneau, Alaska. To complete their life cycle, 

salmon must pass from fresh water to the sea and back again, making physiological adjustments each time. The 

estuary provides an area where the marine and freshwater environments mix making it easier for salmon to 

develop osmocompetence for the next part of their journey. In the estuary, salmon are concentrated in relatively 

small areas and are vulnerable to localized environmental stress and predation. The Taku River estuary in 

particular is small relative to its drainage area and the number of salmon that pass through it. Thus, it forms an 

ecological bottleneck where salmon are vulnerable to stress from rapidly varying temperature, salinity, and 

turbidity. This study was designed to classify the Taku River estuary based on the distribution of 

hydrogeomorphic, environmental, and biological characteristics and then to assess how those habitat classes are 

used by migrant salmon. 

To assess salmon habitat distribution and use in the Taku River estuary, the estuary was classified from satellite 

imagery into eight habitat types and characteristics of the physical environment, geomorphology, and biota were 

measured in each habitat type during four similar periods from May through August of 2007. Most measurements 

were made during daylight hours at both high and low tide, but geomorphic habitat assessments were made only 

at low tide. 

INTRODUCTION 

Watershed Setting: 

The Taku River drains a large (~ 18,000 km
2
; USGS 2008) remote tract of predominately wilderness land that 

straddles the border of the U.S. and Canada between northern BC and Alaska (Howard 2001). Most of that 

drainage is in Canada (Fig. 1), but the river enters the U.S. about 17 km upstream of tidewater and 40 km 

southeast of Juneau, Alaska (Motyka et al. 2006). The river is a corridor for access to resources in the watershed 

and a traditional trade route between coastal and interior communities. Transportation within the watershed is 

limited to boats, aircraft, and foot traffic making the Taku basin the largest roadless watershed on the west coast 

of North America (Riley 2002). 

A stream discharge gauge has been operated in the river by the U.S. Geological Survey (USGS) since 1988 (Host 

and Dorava 1999). That gauge is located approximately 16 km upstream of tidewater and therefore approximately 

ten percent (2,000 km
2
) of the watershed is excluded from the drainage area coverage (TRTFN 2003; Sandwell 

1995). Average monthly discharge at the gage ranges from less than 55 cubic meters per second (m
3
/s) in 

February to nearly 1,000 m
3
/s in June (USGS 2010b) and peak discharge during floods exceeded 3,600 m

3
/s in 

2004 (Neal 2007) . 



2 

 

Tidal elevations range 

nearly 7.5 meters in Taku 

Inlet (NOAA/NOS/CO-

OPS 2009), creating tidal 

flow that combines with 

river discharge to create 

powerful tidal currents with 

velocities in excess of five 

meters per second in the 

Taku River estuary 

(NOAA/NOS/CO-

OPS/NCOP 2007; 

NOAA/NOS/CO-

OPS/NCOP 2008). Those 

currents promote rapid 

mixing of physical and 

chemical water quality traits 

such as temperature, 

salinity, and nutrients from 

both the marine and fresh 

water regimes in the estuary 

and Taku Inlet. 

Formerly an important trade 

route between coastal and 

interior Tlingit 

communities, a network of 

trails traverse the basin 

leading to seasonal fishing, 

hunting, gathering, and 

trapping camps and to the mostly inactive remains of villages, trading stations, and cultural sites. Commercial 

fishing and recreation are the primary focus for those traveling the rivers and trails today. Adventure travel and 

outdoor recreation are promoted by guides and outfitters in the area (BC Ministry of Environment [BCME]. 

1996c; BCME. 1996d). Mineralized areas are of interest to hard rock miners and prospecting concerns while the 

many karst and lava formations bring cavers to explore them (BCME. 1996c; BCME 1996d). 

Ecological Setting 

The north Pacific coast from North Korea to northern California is linked by common geomorphic and 

meteorological processes, but varies ecologically with latitude, topography and geology. In B.C. and southeast 

Alaska, public and private land managers have used ecological variation to classify land for purposes such as 

resource inventory and land-use management (Demarchi 1996; Schoen and Dovichin 2007). Most watersheds in 

coastal B.C. and southeast Alaska are characterized by small drainage areas comprised of low lying temperate 

rainforest or elevated ice and snow fields. However, a few mainland rivers, including the Taku River, have 

developed in areas where they cross the Coast and Boundary Range mountains and drain ecoregions in interior 

B.C. (Fig. 1) into tidal fjords along the coast of B.C. and southeast Alaska. Those rivers are more ecologically 

diverse and have relatively large drainages compared to most rivers in that geographic setting (Horn and Tamblyn 

2002). 

As one of only a few watersheds to cross the coastal mountains, the Taku River collects drainage from ten 

separate ecosections that have been identified within the watershed boundaries (DeMarchi 1996). The diversity of 

the terrestrial ecology is also reflected in the aquatic communities. Much of the runoff in the Taku River 

watershed has adequate water quality to support a wide variety of organisms, however sections of the Taku River 

that drain directly from glaciers often have turbidity levels that exceed the tolerance of many aquatic organisms. 

Furthermore, high gradient streams in the Coast and Boundary Ranges generally support only aquatic 

invertebrates, some of which are adapted for life in turbid, high velocity water (Milner et al. 2001; Lencioni and 

Figure 1. Location of the Taku River and its major tributaries in northern BC and 

southeast Alaska. 
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Rossaro 2005). 

Most aquatic and marine communities in the Taku River watershed support fish, invertebrates, and plants, and 

many also support birds and mammals. The importance of Taku River fish resources to the State of Alaska is 

recognized in the designation of the Taku River mainstem downstream of the U.S. border as “important habitat” 

under provisions of the Alaska Coastal Management Plan (Bates 2009). Freshwater systems in the watershed that 

produce fish include lakes and streams isolated on uplifted plateaus in the eastern part of the basin and valley 

bottom waterbodies dominated by anadromous fish (Fig 2). Some typically interior species, such as arctic 

grayling (Thymallus arcticus), northern pike (Esox lucius), broad whitefish (Coregonus nasus), lake whitefish 

(Coregonus clupeaformis), and lake trout (Salvelinus namaycush) are resident in lakes and their tributaries in the 

headwaters of the Nakina River (A. Eddie & Assoc. 2000). Other species typical of interior waters, such as round 

whitefish (Prosopium cylindraceum), rainbow trout (O. mykiss), and bull trout (Salvelinus confluentus; Wing, 

Pers. Commun.
1
) inhabit waterbodies on both the eastern plateaus (A. Eddie & Assoc. 2000) and valley bottoms 

(Meehan and Siniff 1962). Anadromous fish such as Pacific salmon (Onchorynchus spp), smelt (Osmeridae), 

Pacific lamprey (Lampetra tridentata) and sturgeon (Acipenser spp.) share valley bottom waterbodies with those 

fish and others such as sculpin (Cottidae) and river lamprey (Lampetra ayresii) (Meehan & Siniff 1962). In 

addition to the fishery value, many species rely on fish as a part or even a requirement in their diet. Avian 

predators such as gulls (Larus spp), bald eagles (Haliaeetus leucocephalus), mergansers (Mergus spp), osprey 

(Pandion haliaetus), cormorants (Phalacrocorax spp) and loons (Gavia spp) feed on live fish and many also eat 

fish carrion. Some birds follow fish aggregations from nearshore areas far inland to the most distant upstream 

spawning areas. Pinnipeds (e.g., Phocidae, Otariidae) also feed heavily on fish that aggregate in the estuary and 

lower Taku River. Some species, including Steller Sea Lion (Eumetopias jubatus) and harbor seals (Phoca 

vitulina) will navigate up-river at least 50 km following anadromous fish migrations. River otter (Lontra 

Canadensis), bear (Ursus spp), and other land predators feed seasonally or opportunistically on fish throughout 

the watershed. 

Both aquatic and marine biota converge on estuarine habitat as part of either sustained freshwater or marine 

migrations or to take advantage of seasonal food or habitat availability. Many anadromous fish such as smelt and 

salmon migrate through the estuary, staying only long enough to reach levels of osmocompetence (Grosse et al. 

1986; Speckman et al. 2005) necessary to make the transition between freshwater and marine conditions. Other 

finfish (e.g., Stichaeidae, Pholididae, Hippoglossoides elassodon, Cottidae, Cyclopteridae, Ammodytes 

hexapterus, Clupea pallasii, Zoarcidae), shrimp (Pandalidae), crab (Paralithodes camtschaticus, Chionoecetes 

bairdi), free-swimming macroinvertebrates (e.g., Thysanoessa macrura, Parallorchestes sp., Scyphozoans) visit 

the estuary seasonally to spawn or feed. The limited amount of available habitat and the large number of animals 

that need that habitat makes the area an ecological bottleneck limited by volume. 

Many large finfish and invertebrates join birds and marine mammals (Cetaceans and Pinnipeds) and take 

advantage of crowded condition as predators on small fish and invertebrates in the area. In turn, those larger fish 

and invertebrates feed high order predators such as porpoise (e.g., Phocoena phocoena, Phocoenoides dalli), and 

pinnipeds, any of which may be fed on by Orcas (Orcinus orca). 

Animals that spawn in the estuary may do so because of specific environmental conditions available only in the 

estuary or may depend on producing young during a period when specific forage is abundant. During the months 

from April through October, for example, discharge is high (USGS 2008) and the Taku River delivers large 

amounts of freshwater micronutrients and particulate organic material that, when combined with marine nutrients 

in the estuary, forms a fertile “soup” where microorganisms and microinvertebrates thrive. Those microbes 

provide both a digestive conduit to pass organic nutrients into the broader food web and a primary food source for 

some macroinvertebrates and fish. When river flow declines in the fall and winter, fewer nutrients are available, 

habitat conditions (e.g., temperature, water volume) are less hospitable and microorganism biomass declines. As 

their habitat area and food supply decline and environmental conditions such as water temperature, water depth, 

and salinity change, many fish and invertebrates leave the estuary for deeper water wintering areas in either the 

river or the inlet. A few animals including some flatfish (e.g., Platichthys stellatus, Limanda aspera, and 

Lepidopsetta spp.) some finfish (e.g., Leptocottus armatus, Myoxacephalus spp, and Gasterosteus aculeatus) and 

some macroinvertebrates (e.g., Neomysis mercedis, Crangonidae, Hippolytidae, Cancer magister, Pagurus spp., 

                                                           
1
 Dr. Bruce Wing, Curator, National Marine Fisheries Service, Auke Bay Laboratories Specimen Collection. November 2009. 
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Bivalvia; Nereis spp., Arenicolidae) inhabit the estuary year-round , but even those animals generally decline in 

abundance in winter. 

The Taku River estuary is particularly important for the five economically important species of Pacific salmon 

produced by the river. The Taku River may produce more chinook (O. tschawytscha) and coho salmon (O. 

kisutch) than any other stream in southeast Alaska (Der et al 2005). Sockeye (O. nerka) and chum salmon (O. 

keta) are also abundant, but pink salmon (O. gorbuscha), lack large amounts of good quality spawning habitat, 

and are relatively scarce (ADFG 2005). When migrant salmon accumulate in the narrow confines of the estuary 

along with aggregations of smelt (Osmeridae), flatfish (Pleuronectidae), prickleback (Stichaeidae), sculpin 

(Cottidae), shrimp (Caridea), and other macroinvertebrates, they attract predatory fish, birds and marine mammals 

to forage in the confined habitat. 

The Ecoregion Classification System (Demarchi 1996) developed by the BCME identifies three predominate 

ecological strata in the Taku River watershed: the “Tahltan Highlands” (THH) ecoregion describes the dry eastern 

plateaus and ecologically linked valley landforms; the “Boreal Mountains and Plateaus”(BMP) ecoregion is an 

index to the icefields, rugged central highlands, and continental lowlands in the Coast and Boundary Ranges, and 

finally; the “Alaska Panhandle Mountains” (APM) ecosection catalogs temperate rainforest ecology and the 

complex glacio-marine weather and hydrology that is characteristic of coastal fjords and marine influenced 

valleys in the watershed. 

To some extent, each ecoregion remains critical to the economics and culture of Taku River Tlingit people and 

others in the region between Atlin, BC and Juneau AK. River travel and some parts of the trail system in the 

watershed still support subsistence and commercial activities such as fishing, outdoor recreation, hunting, 

trapping, and mining. Historic outposts along the old travel routes exist to a lesser extent than in the past along the 

river corridors of the APM ecoregion, but have mostly been replaced by air travel in the more remote BMP and 

THH ecoregions. 

Land classified THH produces sparse but steady streamflow and is characterized by long, cold winters and short, 

cool summers (Demarchi 1996). In the wake of a rainshadow created by large icefields in the coastal mountains, 

rainfall is light but groundwater discharge is consistent due to the porous lithology (Eiler et al. 1992). Moraines 

left by continental glaciation deposited the layers of unsorted sediment that make up the rolling topography in the 

eastern plateaus of the watershed. Outcrops of porous limestone and lava characterize the valley slopes where 

broad, alluvial valleys divide the plateaus (BCME. 1996c). Sparse rainfall and porous substrate result in low 

drainage density of the high gradient channels along the margin of the plateaus. The unconsolidated moraine 

deposits are often vertically unstable (Leopold et al. 1964) and landslides are common (BC Geological Survey 

1993). Sediment that reaches stream channels is quickly sorted into excellent spawning substrate for steelhead, 

chinook and sockeye salmon (Eiler et al. 1988; Pahlke and Bernard 1996). Landslides also expose groundwater in 

the porous outcrops that contributes discharge with favorable water quality for salmonids. For example, water 

ionized by calcium salts in the limestone tends to be slightly basic with relatively stable water temperature, 

conditions that benefit salmon incubation and rearing (Martin and Platts 1981). 

The BMP ecoregion describes the core ecology in the Taku River basin (Demarchi 1996). That ecoregion is 

transitional by elevation and meteorological conditions from rugged, alpine icefields to barren metamorphic 

outcrops and uplands on the Stikine Plateau and Tahltan Highlands (Fig 1). The Coast and Boundary Range forms 

a high elevation nucleus in this ecoregion and is responsible for the presence of year-round accumulation of snow 

over much of the area. Persistent snowfall forms vast icefields and glacial drainages that produce as much as 90 

percent of the annual discharge) from the basin (Neal 2007; USGS 2008). Areas not covered by icefields, glaciers 

or permanent snow fields are characterized by thin soils that support dry, cold tundra and scattered stands of 

boreal forest. In winter, streams from glacial drainages are predominately clear or tannic, however, runoff during 

other parts of the year may contain turbidity exceeding 500 Nephelometric Turbidity Units (NTUs; Thedinga et 

al. 1988), which does not affect salmon migration but can restrict spawning and rearing of some salmon species 

(Murphy et al. 1997). 

APM ecoregions in the Taku River basin were formed by glaciers into U-shaped valleys that have eroded wider 

and deeper due to the long-term effects of glacio-marine hydrology and weather. The primary valley in this 

ecoregion was initially excavated by a glacier through the Coast and Boundary Range Mountains and now 

provides a corridor to the sea for the Taku River. In the estuary, the river is contained in a deep narrow fjord 
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referred to as Taku Inlet and is flanked by intertidal channels and marshes that form a relatively small tidal delta 

at the upstream end. Advancing tidewater glaciers enter the tidal area of the river valley, further narrowing the 

scope of the estuary by advancing significant amounts of proglacial sediment and till into the path of the river 

within the Taku River estuary (Motyka and Beget 1996). 

Economic Setting 

Despite a transboundary geographic setting that in similar places such as the Beaufort Sea, Dixon Entrance and 

Straits of Juan de Fuca where communities and nations are divided over development interests in Taku River 

watershed, barriers between coastal and interior communities with resource interests have been kept low to help 

foster joint management decisions and conservative natural resource development. For centuries, resources 

produced in the Taku River watershed have been the foundation for economic and cultural prosperity for the 

endemic Taku River Tlingits (Heinemeyer et al. 2003). In recent times, management of Taku River watershed 

resources have shifted to a joint effort between the Taku River Tlingit First Nation (TRTFN 2003), Federal and 

Provincial agencies in Canada and Federal and State agencies in the US. Watershed resources are developed with 

consideration for both non-consumptive and consumptive users. That management style is evident from the 

primary business enterprises that now create jobs from Taku River watershed resources. Those businesses are 

split between tourism and fishing (McDowell Group 2004). As a result, the watershed continues to provide the 

key resources needed to sustain both the economic and cultural growth of northern BC and southeast Alaska. 

Non-consumptive uses of the watershed’s resources are primarily those involving recreation, tourism and 

adventure travel, some of which have been ongoing for nearly 100 years. As they have been since the early 20
th
 

century, thousands of cruise ship passengers are drawn from their inside passage routes for a unique tour of the 

icefields and wilderness. Others extend their visit with jet boat rides, a raft trip, or a short stay at a rustic lodge or 

cabin. Few, however, take much away but pictures and memories. A 2004 study (McDowell Group 2004) 

estimated that such non-consumptive recreational activities in the basin generated nearly $19 million in 2003 

(nearly 70% attributed to aircraft charter) and supported about 230 jobs. 

There are also many consumptive uses of Taku River watershed resources. Subsistence and personal use of fish, 

game, and plant materials are very important to both individuals and communities in the US and Canada. 

Although fish and game taken for subsistence and personal make up only about two percent of the total harvest in 

Alaska (Wolfe 2000), aboriginal and personal use fisheries for Taku River salmon and smelt (along with various 

plants, land mammals, and shellfish) make up a significant part of the subsistence economies in northern BC and 

southeast Alaska (Wolfe 2000; Heinemeyer et al. 2003). The Alaska Department of Fish and Game estimates that 

each person in Juneau consumes about thirty five pounds of wild food annually, or about 490 tons for the city as a 

whole (Wolfe 1997). That means that the average Juneau residents consumes less than ten percent of the fish and 

game ordinarily consumed by rural residents of southeast Alaska does, nevertheless that still amounts to more 

than one quarter of their minimum annual protein requirement (Ogden et al. 2004; Rajavel et al. 2010)..The Taku 

River supports the resources that make up a significant part of that harvest. For example, from 1994-2003 an 

average of nearly 1,200 sockeye salmon were caught annually under Taku River personal use permits and an 

average annual catch of six hundred twenty salmon were taken in the Canadian aboriginal fishery (PSC 2005). In 

addition, an average of more than 1,100 chinook and coho salmon (73% and 34% of the total Juneau area sport 

catch, respectively) that originated from the Taku River were caught in Juneau sport fisheries during that same 

period (McDowell Group 2004). 

In addition to subsistence and personal use fisheries, Taku River salmon are taken in sport and commercial 

fisheries that provide more than 500 jobs in Alaska alone (McDowell Group 2004; Bachman et al. 2005). 

Resource agencies from both Alaska and Canada monitor in-season marine abundance and escapement of Taku 

River salmon stocks (Der Hovenisian and Geiger 2005) and manage the various fisheries for escapements that 

will produce sustained yields (Ricker 1975; Gulland 1977). Commercial fisheries that are involved in the salmon 

harvest range from mixed stock marine troll and seine fisheries that target primarily chinook and coho salmon, 

terminal marine area gillnet and troll fisheries that target all five salmon species, and in-river drift gillnet fisheries 

that target sockeye, chinook, and coho salmon in Canada. Historically, large numbers of Taku River fall run chum 

salmon (O. keta) were harvested by drift gillnet fisheries in Taku Inlet and incidentally in the Canadian in-river 

fishery. In recent years, that stock has declined below escapement goals (Eggers and Heinl 2008) and is no longer 

targeted in commercial fisheries. That stock is the only Taku River salmon stock that has failed to meet interim 
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escapement goals set by the Transboundary Technical Committee, however, since conservative management of 

fisheries where Taku River fall chum are taken as bycatch has apparently checked the stock decline it has not 

been listed as a stock of concern (Heinl et al. 2004). Both the Alaska Department of Fish and Game (ADFG) and 

TRTFN have proposed work to quantify the importance of estuary habitat to rearing salmon (Alaska Board of 

Fish. 2002; TRTFN 2003) 

However, aside from a small amount of land development and some minor industries associated with tourism and 

subsistence, there are few value-added products developed from those resources (TRTFN 2003; McDowell Group 

2004). Non-consumptive uses of wilderness resources such as “flight-seeing”, boat tours, and recreation currently 

generate the greatest economic benefits, but consumptive uses of natural resources in the watershed, such as fish, 

game, and mineral resources are also economically important.  

Economic benefits provided to local and regional economies by fish products produced from the Taku River 

watershed are at the same time more valuable and more sustainable than the other watershed resources that are 

either in development or have been proposed for development. That was one of the primary conclusions of an 

economic study of the Taku River watershed commissioned by the Alaska Gillnetters Association (McDowell 

Group 2004). The study estimated that the combined value of commercial, sport and subsistence fish catches 

derived from fish produced in the Taku River from 1994 to 2004 had an average annual economic benefit of more 

than $9 million per year. The commercial catch of Taku River salmon alone reportedly supports more than 80 

fishing and fish processing jobs annually between 1994 and 2004 (McDowell Group 2004), making it one of the 

Juneau areas largest employers. Additional fishing jobs were derived from modest commercial harvests of 

Dungeness crab (Cancer magister), halibut (Hippoglossus stenolepsis), shrimp and prawns (Pandalidae) that were 

produced in the watershed (Bishop and Stratman 2006). Furthermore, sport fishing for the salmon, flatfish, crab, 

shrimp and prawns that are reliant on the watershed brings in more than $2.25 million in either direct or 

substitution value to local economies and support 40 associated jobs. Salmon, (O. spp.), smelt (Osmeridae), 

whitefish (Prosopium spp.), flatfish (Bothidae and Pleuronectidae), crab (king, Dungeness, and Tanner), shrimp 

and prawns (Pandalidae) also provide substantial subsistence value. Annual subsistence catches of Pacific salmon 

alone provide a substitute value (@ $5/lb) of about $44,000 per year in Juneau (Fall et al. 2009) and $29,000 to 

the economy of northern British Columbia. Thus, fishing is probably the most viable means of sustained use of 

watershed resources in the foreseeable future of the Taku River watershed. 

METHODS 

To fulfill the agreements with the Pacific Salmon Commission each partner agency (Alaska Department of Fish & 

Game and U.S. National Marine Fisheries Service) assigned a Principle Investigator (PI) to coordinate activities 

involved in determining salmon distribution in the Taku River estuary. In addition, a support vessel and its crew 

and three biological technicians were used for the project. The PIs generally worked together rather than on 

separate tasks and were responsible for developing methods, supervising training, managing data, and completing 

reports. The logistics and technical personnel were generally used during fieldwork and for data entry tasks. 

First, a preliminary fish habitat classification of the estuary was developed as the basis of a habitat matrix for the 

sampling design. Thus, rather than sampling the estuary as a single fish habitat unit, it was divided into eight 

habitat types (Table 1) based on the physical characteristics (e.g., water depth, water velocity, water turbidity, 

substrate composition), spatial distribution (e.g., tributary mouths, delta margins, channel edges), and temporal 

variability (i.e. rate of change over the tidal range) of the area. By sampling both spatially and temporally, we 

gathered the information to estimate where and when biota are present in various parts of the estuary and also to 

make inferences of relative abundance and possible estuary habitat selection criteria of salmon. 
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Site Selection and Sampling 

The boundary of the Taku River 

estuary was estimated from the 

vertical elevation of the tideline at 

mean higher high-water (MHHW; 

Marmer 1951) and the horizontal 

distribution of fluvial fine sediment 

deposits at depths less than 20 m, as 

measured at mean lower low-water 

(MLLW; Marmer 1951). For the 

purposes of this study the estuary 

includes the flooded area at MHHW 

beginning downstream of the first 

discernable riffle at MHHW then 

inside the tideline perimeter described 

by the appearance of woody 

vegetation downstream to a plane that 

is 90
○ 

perpendicular to the water 

surface and to the shoreline at the first 

occurrence of a 20 meter depth 

contour on the river delta. That area 

was mapped from GPS coordinates 

recorded in the field on digital 

orthorectified USGS quad maps at a 

scale of 1:63,360 and measured with 

the ARCView
2
 area tool. The estuary 

encompasses an area of approximately 

22 km
2
. Estimates of the estuary’s 

surface area were calculated from 

coordinates gathered repeatedly over 

the field season using handheld GPS 

units and a small battery powered 

sonar. The estimated area had an error 

of plus or minus 0.14 km
2
 or 0.63 

percent. Habitat use by salmon in the 

aquatic-marine ecotone was estimated from samples in eight habitat types (Table 1) that cumulatively, were 

representative of the continuum of fish habitat within the Taku River estuary. Those habitat types were adapted 

from previous fish habitat classification systems developed for use in Alaska’s glacial rivers (Edgington and 

Lynch 1986; Murphy et al. 1989). Those fish habitat types were the basis of a stratified sampling design where 

representative sites were selected for sampling based on both the relative abundance of that habitat type and the 

logistics of accessing areas where the habitat types occurred. Sampling was designed to collect fish and habitat 

data during several periods from May through August when tides approximated the average annual tidal range. 

The tidal range during sampling was no more than plus or minus two feet of either MLLW or MHHW. 

Final site selection was done on the ground from a set of candidate sites that were interpreted from remote data 

sources including orthorectified QuikBird
1
 satellite imagery (approximately three meter resolution), wetland 

delineation maps (ADNR 1993), ShoreZone maps (Harney et al 2008), and channel type classifications (Paustian 

et al 1992). Two final criteria for selection were applied during the estuary reconnaissance. First, each site had a 

high likelihood of accessibility over the wide range of river stages that were probable during each of the four 

periods from early May through late August 2007.  Finally, the selected group of sites was representative of the 

continuum of fish habitat conditions in the estuary. In most cases, sites at or very near the candidate locations  

                                                           
2
 Reference to trade names does not imply endorsement by NOAA 

Figure 2. Approximate boundary (cross-hatched area) of the Taku River 
estuary near Juneau, Alaska. 
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Table 1. Fish habitat types and sampling dates in the Taku River estuary 2007. 

Habitat Type Periods Sampled Definition 

Backwater  May 3-8, June 11-14 Slack flow (< 10 cm/s) formed in the lee of main channel obstructions (e.g., point 
bars, log jams); Ephemeral habitat that varies by tide and river stage. 

Braid  May 3-8, June 11-14, July 6-10, 
August 19-23 

Shallow multiple channel form in shallows (e.g., mudflats); Ephemeral habitat that 
varies by tide and river stage; Moderate water velocity (10-30 cm/s). 

Channel Edge May 3-8, June 11-14, July 6-10, 
August 19-23 

Main channel margin; Moderate water velocity (< 30 cm/s).  

Delta Edge May 3-8, June 11-14, July 6-10, 
August 19-23 

Seaward margin of the river delta formation where bedload forms a steep slope in 
the fjord; Depth and velocity variable with tide and river stage. 

Emergent Marsh May 3-8, July 6-10 Tidally inundated areas characterized by brackish water and fine substrate where 
salt-marsh vegetation can take root; Generally low-velocity water  (< 10 cm/s). 

Main Channel May 3-8 Main-flow or thalweg; Turbid, deep, turbulent, and rapid flow (> 30 cm/s). 

Slough May 3-8, June 11-14, July 6-10, 
August 19-23 

Channels formed where sediment blocks a braid or branch of the main channel; Low 
water velocity (< 10 cm/s). 

Tributary Mouth May 3-8, June 11-14, July 6-10, 
August 19-23 

Lower reaches of tributaries that are affected by tide and river stage; Generally low 
velocity water (< 10 cm/s). 

satisfied the selection criteria and were sampled, confirming that remote imagery can be an effective means of fish 

habitat interpretation in glacial river estuaries. The few cases where alternate sites had to be sampled were the 

result of either inclement weather or extraordinary hydraulic conditions at the primary site. 

Aside from weather and high runoff conditions, the only changes in sampling between periods were due to gear 

adjustments and failures (Table 2). Those changes reflected either the lack of gear or changes in gear between 

periods. In May, for example, no water quality data was collected and only 17 sites were sampled for biota, 

compared to July when 24 sites were sampled for both water quality and biota (Table 2). The difference was 

Table 2. Summary of data collection operations in the Taku River estuary, 2007. 

 

    Number of Sites  

Trip Dates Data Collected High Tide Low Tide Comments 

May 1-7 

- Fish sampling 

- Water Samples 

- Habitat Surveys 

 5 5 - Access to upper study area limited by ice. 

- Water quality instrument unavailable 

- Some habitat sites covered by snow and ice. 

 0 0 

 0 2 

     

June 2-9 

- Fish Sampling 

- Water Samples 

- Habitat Surveys 

 5  5  

 

- Some habitat sites covered by snow and ice. 

11 12 

--  8 

     

July 1-6 

- Fish Sampling 

- Water Samples 

- Habitat Surveys 

 4  5  

 9 13 

--  7 

     

August 10-15 

- Fish Sampling 

- Water Samples 

- Habitat Surveys 

 5  6  

 10 12 

--  6 
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related to missing water quality sampling equipment along with limited access to sampling areas in the upper one-

third of the sampling area after record winter snow accumulation (Aaron Jacobs, National Weather Service, 

Juneau Field Station, Pers. Comm.; Fig. 2) in that area left it covered by several meters of snow and ice in May. In 

August, a perennial flood released from ice-dams on the Tulsequah River (Fig. 1) joined meltwater that was 

already keeping the river at above average discharge throughout the field season, raised the river within 25 cm of 

flood stage, thus limiting sampling of habitat between the main river banks (i.e., backwaters, braids, and the main 

channel) and some low lying off-channel sites (sloughs and emergent marshes; Table 2). 

Sampling consisted of three tasks (Table 2): 

Fish Sampling - fish and macroinvertebrates were collected at a total of 40 sites with nets (beach seine, pole seine, 

otter trawl, and flume net). The catch was separated by taxa, counted, and released. Animals that could not be 

identified in the field were frozen aboard the support vessel and later identified in the Biological Reference 

Collection Laboratory at Auke Bay Marine Station; 

 Water Sampling - after each fishing operation, electronic sensors were deployed at depth intervals of one meter 

(beginning at the water surface) to measure eight categories of water quality (temperature, specific conductivity, 

dissolved oxygen, pH, salinity, percent saturation of dissolved oxygen, oxidation-reduction potential, and 

turbidity), and; 

 Habitat Surveys - surveys of slope and landcover (i.e., substrate composition, vegetation, and sessile animals) 

were done along seven transects of the estuary. 

Catch Statistics 

Fish and macroinvertebrates were collected with either active or passive fishing nets. The salmon catch was 

translated into units (CPUE) reflecting catch and effort where catch (C) is the number of each species (s) caught, 

area sampled is in square meters (m
2
) and relative effort (ER) is a sampling unit of one hundred square meters of 

habitat (Fig. 3): 

 Figure 3.  CPUE R = (Cs / m
2
)*ER 

Because gear type and thus effort vary between habitat types, CPUER is a standardized measure of fish density 

based on a relative measure of catch. 

After the salmon had been separated from the catch other fish and invertebrates were separated into the lowest 

common taxa that could easily be separated in the field and not necessarily by species. Taxa were compared either 

by the proportion (percent) they made up out of the total fish or invertebrate catch or by numbers in each group.  

In braids, most channel edges, and some backwaters a pole seine was used to sample fish. The pole seine 

apparatus consists of a three meter by one and one-half meter section of four millimeter stretch mesh net with a 

corked line at the top and a lead-line at the bottom tied to two and one-half meter poles at each end. The net is 

fished upstream along the bottom by stretching it perpendicular to shore and using the poles to pull it against the 

current. Each set was pulled upstream for 30 meters and then gathered into shore, thereby sampling an area of 

approximately 54 square meters. 

Emergent wetlands and tributary mouths were sampled at high tide with flume nets according to methods 

described by McIvor and Odum (1986). Prior to high tide, flume net wings (15 m X 1.2 m) were positioned 

perpendicular to the water and about ten meters apart on gradually sloping areas covered by substrate that is 

otherwise difficult to sample, such as emergent salt marsh vegetation, boulders, and large woody debris. At high 

tide, a fyke net was installed by boat at the lowest point on the wings. As the tide ebbs, fish and 

macroinvertebrates in the area encompassed by the wings (approximately 150 m
2
 and 115 m

3
) are retained in the 

fyke net for collection, identification, and release. 

Main channels, tributary mouths, backwaters, and some channel edges were sampled with single sets of a beach 

seine at each site. The beach seine was 31meters long by one and one-half meters tall with 30 millimeter stretch 

mesh wings and a three millimeter stretch mesh codend. The net was deployed by boat parallel to shore at a 

distance of approximately 25 meters and hauled to the beach by leads at either end. The beach seine swept an area 

of approximately 500 square meters and a volume of about 750 cubic meters. 
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Table 3. Habitat transect classification types and sampling periods in the Taku River estuary 2007. 

Habitat Charcteristic 
Definition 

Mineral Substrate Type 

Mud & Sand Fine mineral sediment generally less than 2mm in average diameter. 

Sand & Gravel Mineral sediment averaging between 2mm and 10 cm in diameter. 

Gravel & Cobble Large mineral sediment averaging between 10 cm and 1 m in diameter. 

Cobble & Boulder Very large mineral sediment averaging between 1 and 10 meters in diameter. 

Boulder & Bedrock Aggregations of very large rock pieces (> 10 m in diameter) and bedrock outcrops. 

Bedrock Solid, unbroken mass of rock (may include < 10% other sediment types). 

Peat Organic soil formed by decaying plant material (may include < 15% mineral soil). 

Shell Hash Dead and detached bivalve shells and shell pieces. 

Organic Hash Dead and detached organic material such as wood, winrowed kelp, etc. 

Snow & Ice Ice & snow may be accumulated either from precipitation or river transport. 

Biological Substrate Type Definition 

Bare No visible biota, though on close examination, such areas may support diatoms 
(Chrysophyta). 

Lichen Most often the lichen Verrucaria spp., that forms a black band at the upper tideline 
of most rocky shorelines. Others marine lichens may be white or orange 

Mixed Vascular & Algae Mixed beds of both vascular plants and filamentous green or brown algae generally 
located in mud or sand substrate near the MHHW tide level. 

Mixed Vascular Sparse to dense stands of mixed vascular plants, such as goose-tongue, silver-leaf 
& sedges (Carex spp.) are found in areas of peat soil above MHHW. 

Fucus Known as rock-weed, dense stands of this brown algae (yellow to medium brown 
color), with thick blades and air bladders occur on mid-tidal immobile substrate. 

Barnacle Appearing to be mollusks, these crustacean relatives have white, armor plates that 
they cement to rocks in the mid intertidal areas, particularly in areas without plants. 

Mussel Mussels common to estuarine areas are usually blue mussels; They often live in 
large shoals, in mid-to lower intertidal areas with firm immobile substrate. 

Filamentous Algae These green (Chlorophyta) or red (Rhodophyta) single celled alga form long chains 
and intertwine into mats; They are common in protected areas or move as drift. 

Eelgrass Occurring from the subtidal  to the mid-intertidal to, these vascular plants are 
generally found in protected areas of the estuary with fine substrate bottoms. 

Leafy Algae Green, brown or red algaes that are medium sized (< 2m long), have flattened 
blades or leafy clusters and are attached by a holdfast. Mostly subtidal. 

Canopy Kelp These very large (> 2 m long) brown algaes commonly called kelp. Occur in subtidal 
areas up to 30 m deep, using air bladders to hold them in sunlight near the surface. 

Dunegrass Vascular grasses, particularly “beach rye”, that live in sand and small gravel in the 
upper intertidal, generally most abundant just below the supratidal zone. 

Leafy Kelp Medium sized brown algaes with multiple flattened blades on a common holdfast. 
Most common in rocky areas of the lower intertidal. 
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Fish and invertebrate samples from tidally affected main channels and delta edges were collected with an otter 

trawl (3m x 1m) that was fished with a bridle scope of approximately 20 meters. The trawl was towed at a speed 

of approximately 3 knots for a duration of approximately ten minutes (if possible) and at depths ranging from one 

to ten meters along transects that covered the depth range in that habitat type. A minimum of one haul in each 

direction was made along each transect at both high and low tide. Transect location, tow speed, and bottom-time 

was estimated from position and speed readings from hand-held GPS units. Approximately 100 square meters 

(100 m
3
) is sampled for each minute the net is towed and on the bottom and the average tow during this study 

sampled about 975 square meters (975 m
3
), ranging from about 800 square meters to about 1350 square meters. 

In most cases, captured fish and macroinvertebrates were retained in aerated tanks until hauls were complete. Fish 

were then identified to distinct taxa and measured for length to the nearest millimeter. Macroinvertebrates were 

also identified to and counted. Fish and macroinvertebrates that were identified were released. Those animals not 

immediately identified were frozen in labeled containers noting location, date, tide stage, and sampling method 

and held aboard the support vessel. Some were identified later aboard the support vessel and others were 

identified later at the Biological Reference Collection Laboratory at Auke Bay Marine Station. 

To estimate tage composition of salmon, each fish caught was assigned an age based on age-length keys (Bagenal 

and Tesch 1978) that were developed for each habitat type and sampling period. Fork lengths of chinook, coho, 

and sockeye salmon from each sampling period and habitat type were grouped into three and five millimeter sets 

and plotted as length frequency diagrams. The length frequency plots were divided into normally distributed 

groups that were each assigned an age. Modal lengths and standard deviations of each group were estimated. For 

each site, period, and species, the length frequency plot with the lowest standard deviation was used to assign ages 

to individual fish. Ages of fish other than salmon and macroinvertebrates were not estimated, but those animals 

were identified to taxonomic levels that were most practical for field classification and counted. Fish lengths were 

measured and the sex of each crab was also recorded, but no other measurements were taken. 

Habitat Sampling and Analysis 

At each fishing site (Fig. 4), water quality measurements were taken to compile data on environmental 

characteristics of fish habitat in the Taku River estuary. Dissolved oxygen, water temperature, salinity, specific 

conductivity, turbidity, and oxidation-reduction potential were measured at representative points throughout each 

sampled area. At each sample point, water quality measurements were made starting at the water surface and at 

one meter intervals to the bottom. Narrow or confined habitats, such as channel edges, braids, and emergent 

marsh, required the use of only small nets and one or two sets of water quality measurements provided adequate 

environmental data. In more expansive shallow water habitat, such as tributary mouths and backwaters, sampling 

required larger nets and more water quality measurement points for coverage. The largest habitat types (by area), 

such as main channels and delta edges, not only had expansive surface areas but generally contained deep water 

where large nets and many water quality samples were needed to characterize the fish numbers and habitat 

quality. Thus, the number of samples taken at each fishing site varied with the area and depth of the habitat type at 

that site and with the gear type engaged in sampling. 

Similarly, subtidal environmental surveys (Fig. 4) were done during each of the four sampling periods along 

transects set up near fishing sites. Seven transects in four different fish habitat types were set up perpendicular to 

the tideline beginning at the tidal limit where woody plants began to grow and extending to the tideline below 

MLLW. Each transect was visually divided into segments by differences in substrate or biotic landcover 

characteristics and each segment was measured to the nearest one-half meter (0.5 m). Substrate categories 

(Table3) range from fine silt to bedrock (plus organic debris, ice and snow). Biota categories (Table 3) included 

both plant (vascular plants and algae) and sessile animal (e.g., mussels, barnacles, etc.). A list of the habitat 

categories is provided in Appendix D. Where changes in any of the categories occurred, a GPS waypoint was 

recorded and slope measurements were made with a survey level. The results are topographic profiles and 

temporal descriptions of landcover types that are representative of four fish habitat types: channel edges, emergent 

marshes, sloughs and tributary mouths. The rest of the habitat types did not lend themselves to that form of survey 

because areas adjacent to them are usually submerged. Appendix D provides a summary of results from the 

habitat surveys by sampling period and habitat type. 
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 Figure 4. Map of habitat transects and fishing sites in the Taku River estuary, 2007. 

RESULTS 

In most cases, sampling was done either at or very near the sites that were originally selected from remote 



13 

 

imagery. The only sites where alternates were substituted were during episodes of inclement weather or 

extraordinary hydraulic conditions at the primary site. Thus, scales of at least one inch to the mile appear adequate 

for effective remote fish habitat interpretation in glacial river estuaries. 

During the four sampling periods in 2007 a total of 91 net sets were made: 29 beach seine hauls; 37 pole seine 

hauls; 17 trawl hauls; and eight flume sets (Table 4). Forty-three sets (47%) were made during the flood tide and 

forty-eight (53%) on the ebb tide. Snow and ice cover limited habitat sampling in May to two sites, however, 

seven habitat transects were completed during each of the June, July, and August trips. Figure 4 illustrates the 

locations of habitat transects and fish netting operations in the Taku River estuary during 2007. Appendices A and 

B present the respective tabular summaries of the fish and invertebrate catches by habitat type, tide stage, and 

sampling period. The catch included 28 fish and 18 invertebrate taxa. When grouped into the most common taxa 

(Table 5), the total catch was relatively consistent among sampling periods ranging from about 28 percent of the 

grand total in May to about 21 percent of the grand total in June. 

Table 4. Gear deployments by net type and tide stage during each of four sampling periods. Taku River estuary 
2007. 

Fish sampling was done during relatively slack tidal conditions for both high and low tides (+/- 2 ft. from MLLW 

and MHHW). Overall, more salmon were captured during low tide than during the flood tide but, when 

considering which habitat types were sampled during each tide (Table 5) and the relative density of the catch in 

those respective habitat types (Figs. 5 and 6), the salmon catch appears to be independent of the tide. 

Most nets effectively sampled the entire spectrum of species in the habitats where they were used, however the 

catch in two particular net/habitat combinations appeared to be selective. First, the flume net sometimes failed to  

Table 5. Catch composition (%) by sampling period and major taxa. Taku River estuary, May through August 
2007. 

a 
This group consists only of commercially harvested salmon species (i.e., chinook, chum, coho, pink and sockeye salmon) 

b
This group consists of Dolly Varden, lamprey, lanternfish, Pacific herring, Pacific sandfish, Pacific sandlance, snailfish, and 

trout 

Gear Sampling Period Total 

May June July August 

Beach seine (high tide) 3 3 7 5 18 

Beach seine (low tide) 3 5 2 1 11 

Pole seine (high tide) 0 3 2 3 8 

Pole seine (low tide) 5 7 9 8 29 

Trawl (high tide) 3 2 2 2 9 

Trawl (low tide) 2 2 2 2 8 

Flume net (high tide) 2 2 2 2 8 

Total 18 24 26 23 91 

Taxa May June July August All Periods 

Eelpouts 0.0 1.7 4.5 3.8 3.0 

Flatfish 5.1 17.1 32.5 37.1 26.5 

Gadids 0.0 0.1 0.5 2.2 0.8 

Pricklebacks 0.4 20.1 24.8 22.0 19.8 

Salmon
a
 25.4 30.9 10.1 20.3 20.3 

Sculpin 2.5 6.8 15.3 6.3 8.9 

Smelt 61.3 19.4 10.2 6.2 17.7 

Stickleback 3.2 1.1 0.7 1.4 1.3 

Other
b
 2.1 2.9 1.4 0.8 1.7 
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capture some fish that were observed inside the wings after the fyke was attached. Also, no salmon were caught in 

the otter trawl when it was extremely unlikely that they were not present in the sampling area. Regrettably, those 

nets provided the most effective means at hand of sampling those particular habitat types. In heavy cover, such as 

vegetation or boulders, active nets such as seines and trawls proved ineffective whereas flume nets actually rely 

on shallow water to strand fish on the falling tide for enumeration. In areas where velocity was not a problem, 

there is no reason to believe that salmon weren’t present in deep water habitat along the delta margin or in the 

main channel, yet no salmon were caught in those areas. We have concluded that while quite effective at catching 

most other species, the otter trawl was ineffective at catching salmon in those areas. Overall, trawled areas had the 

greatest diversity of species caught anywhere that we sampled, with 22 species of fish and 14 invertebrate taxa 

caught in either the delta edge or main channel habitat. Tabular summaries of the respective fish and invertebrate 

catches by sampling period, tide stage and habitat type are provided in Appendices A and B. Capelin (Mallotus 

villosus) and flathead sole (Hippoglosoides elassodon) were the most abundant fish, together making up nearly 

one-half of the fish catch while opossum shrimp (Neomysis mercedis) were the most numerous invertebrate, 

making up more than sixty percent of the invertebrate catch. 

Salmon Catch, Distribution and Age  

Salmon were among the most abundant fish caught throughout the sampling season. More than twenty percent of 

all fish caught were Pacific salmon (Oncorhynchus spp.; chinook, chum, coho, pink, or sockeye; Table 6). The 

salmon catch ranged from 134 (25% of the catch) in May to 336 (31% of the catch) in June (Table 6), but CPUER 

remained relatively high through the final sampling period in mid August (Fig. 5). Pink and chum salmon made 

up most of the catch in May (43% and 34%, respectively) whereas all salmon except pinks were relatively 

abundant compared to other fish and invertebrate species in the June catch (Fig. 5). Fewer but generally larger 

salmon were caught in July, as many smolts probably completed their seaward migration. In August, more, 

generally smaller salmon were caught, reflecting movement of young-of-the-year into the estuary, probably after 

long journeys from spawning areas far upriver. After feeding for a time in the estuary, chum salmon and some 

sockeye will migrate to sea, while the rest will move into relatively stable fall and winter refuge habitat in off-

channel areas or deep pools in the lower  river. Constantly shifting salinity and temperature along with scouring 

ice movements probably keep most salmon from rearing in the estuary over the winter. 

Table 6. Catch and mean length (mm) of Pacific salmon (Oncorhynchus spp.)by sampling period. Taku River 
estuary, May through August 2007. 

Salmon Species May June July August Total 

Chinook 11 (63.7) 99 (75.8) 12 (81.6) 45 (63.4) 167 (71.8) 

Chum 45 (40.3) 146 (37.1) 18 (40.8) 78 (49.9) 287 (41.2) 

Coho 7 (57.6) 24 (82.7) 38 (58.0) 59 (53.6) 128 (60.7) 

Pink 58 (32.3) 2 (42.5) 0 (NA) 0 (NA) 60 (32.6) 

Sockeye 13 (40.8) 65 (41.3) 72 (47.7) 71 (50.6) 221 (46.6) 

Total 134 336 140 253 863 

      

Chinook salmon were caught during each sampling period but were most abundant in June and least abundant in 

May (Fig. 5). Chinook ranged in length from 34 to 115 millimeter with a median fork-length of 73.4 millimeters. 

Age one fish made up nearly 60 percent of the catch (Fig. 7). Channel edges held the highest relative catches of 

chinook ranging up to more than 43 fish per 100 square meters in June. Chinook were caught in every habitat type 

except delta edges and main channels but the highest relative densities were caught in sloughs in August (Fig. 6.). 

Chum salmon were caught in each sampling period, but were most abundant during June and least abundant in 

July (Table 6). Chum had the highest relative density of any salmon species in May, June, and August (Fig. 5). 

Chum were not individually aged but all were assumed to be young-of-the-year. Their fork-length ranged from 24 

to 81 millimeters fork length (Fig. 7). From May through July chum were most abundant in main channel habitats 

including channel edges, braids, and backwaters. Chum were dispersed across both main channel and off-channel  
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Relative Salmon Catch Per Unit of Effort (CPUER) 

Taku River Estuary 2007
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areas in May, but density was highest in channel edges in June (153.4 fish/100 m
2
) and by August chum were 

again most abundant in off-channel sloughs and tributary mouths (Fig. 6).  

Coho salmon were dispersed throughout both main channel and off-channel habitats during the entire sampling 

season (Table 6). Coho, like most salmon, were not caught in either delta edges or main channels (Fig. 7). Highest 

density was in August when more than 38 fish per 100 square meters were caught in sloughs (Fig. 6). The coho 

catch was most consistent in habitat along the channel margin such as channel edges and tributary mouths (Fig 6). 

Coho ranged in length from 34 to 158 millimeters over four age classes (Fig. 7). Age one fish were the largest age 

group making up about 42 percent of the catch. 

Except for two fish caught in June, all pink salmon in the Taku River estuary were caught in May. Highest 

relative density was in tributary mouths with 12.6 fish per hundred square meters (Fig. 6). Pink salmon were also 

caught in main channel areas and sloughs. Pink salmon were not aged, but all were assumed to be young-of-the-

year. Fork lengths ranged from 28 to 54 millimeters (Fig. 7) with two apparent emergence groups one ranging 

from about 28 to 36 mm and the other from about 42 to 54 mm. 

Sockeye salmon were caught in all habitat types except main channels and delta edges (Fig. 6). In July they had 

the greatest relative density of any salmon averaged across all habitat types (Fig. 5) and their density peaked at 

nearly 73 fish per 100 square meters of slough. However, sockeye were caught most consistently in habitat along 

the main channel margin including channel edges, braids, and tributary mouths (Fig. 6).Three age classes were 

identified and young-of-the-year were most abundant (~ 39% of the catch; Fig. 7). Nearly all sockeye caught in 

off channel habitats were young-of-the year. 

Figure 5. Relative catch-per-unit-of-effort (CPUER; Fig. 3) of salmon by species and sampling period. Taku River estuary 2007. 
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Figure 5. Relative catch-per-unit-of-effort (CPUER) for five Pacific salmon species in eight types of habitat. Taku River 

estuary May Through August 2007. 
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Figure 6. Age and length-frequency distributions in five millimeter increments for five species of Pacific salmon. Taku 
River estuary May through August 2007. 
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Other Fish 

Of the fifteen taxonomic groups of fish, smelts were most abundant (Table 7). That was likely due to the large 

spawning migrations of capelin and eulachon in May and June. Most fish other than salmon were concentrated in the 

delta edge area of the estuary. Some species however, such as eulachon (Thaleichthys pacificus) starry flounder 

(Platichthys stellatus), and Pacific staghorn sculpin (Leptocottus armatus) were widely distributed, along with 

salmon, among many habitat types (Appendix A). Five species of flatfish were caught, and three: flathead sole, starry 

flounder and yellowfin sole (Limanda aspera); were very abundant, making up twenty five, six, and three percent of 

the total catch, respectively. .Two species of smelt were caught, with capelin (Mallotus villosus) narrowly distributed  

Table 7. Number of fish caught by taxa, tide and sampling period. Taku River estuary, 2007. 

    Taxonomic High Tide Low Tide  

Group May June July August Total May June July August Total GRAND 

TOTAL 

Smelt 65 164 116 76 421 1145 47 25 1 1218 1639 

Char 0 1 4 4 9 1 17 5 2 25 34 

Eelpouts 0 5 29 16 50 0 13 33 31 77 127 

Flatfish 11 19 293 267 590 16 167 158 196 537 1127 

Gadids 0 1 6 26 33 0 0 1 1 2 35 

Herring 0 0 1 0 1 0 6 0 0 6 7 

Lamprey 0 0 1 0 1 1 1 0 0 2 3 

Needlefish 0 0 0 1 1 8 1 0 0 9 10 

Other 0 1 7 2 10 0 0 0 1 1 11 

Pricklebacks 0 34 89 60 183 2 185 256 214 657 840 

Salmon 68 74 80 164 386 67 255 61 82 465 851 
Sculpin 3 17 183 26 229 10 56 30 52 148 377 

Sticklebacks 9 3 8 7 27 8 5 2 8 23 50 

Trout 0 3 0 0 3 0 0 0 0 0 3 

Whitefish 0 0 1 0 1 0 0 0 0 0 1 

TOTAL 156 324 819 652 1951 1258 754 574 591 3177 5128 

            

in the lower part of the estuary, primarily in the delta edge habitat area. Pacific eulachon, the other smelt, were widely 

distributed from the delta edge upstream in the main channel as far as sampling was done. Pricklebacks, sculpin, and 

eelpouts (Stichaeidae) were also abundant in the catch making up sixteen, seven, and two percent of the total, 

respectively (Appendix A.) 

Though salmon were the focus of the study, the most abundant fish caught were capelin and flathead sole 

(Hippoglossoides elassodon). Together, those two species made up more than fifty percent of the total catch 

(Appendix A), but were narrowly distributed in the lowest sections of the estuary and primarily in the delta edge area. 

Their abundance was likely due, as in the case of capelin, to the large number of spawning fish that migrated to the 

estuary in May and June 

Invertebrate Collections 

Invertebrate taxa represented in the catch by ten or more individuals are listed in Appendix B. Opossum shrimp 

(Neomysis mercedis and N. rayii) as well as hyperiid and gammarid amphipods (predominately Parallorchestes sp. 

and Themisto libellula, respectively)were abundant throughout the estuary with N. rayii and Themisto libellula 

generally found in greater numbers in areas with higher salinity. Bay shrimp (Crangon franciscorum and C. 

nigricauda), various Pandalid shrimp, Dungeness crab and  mesofauna.(e.g., Macoma sp., Polychaete) were found 

only in the lower reaches. Aquatic insects (e.g., Coleoptera, Ephemeroptera and Trichoptera) were identified in most 

tributary mouth sites and some sloughs. Species of barnacles (Cirripedia) and snails (Littorina littorea and Lacuna sp.) 

were caught wherever cobble/boulder and bedrock substrates were evident. Catches near the delta edge were the most 

diverse due to habitat for numerous marine oriented species overlapping with that of estuarine biota. 

Water Quality 

Appendix C is a tabular summary of water quality by habitat type, tide stage, and sampling period. As might be 

expected in a glacial river, water in main channels was much colder and more turbid than in off-channel areas. 
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Salinity was generally very low, indicating that at this time of year the estuary is predominately an aquatic 

system. Dissolved oxygen was near or slightly above saturation levels and redox potential was high, indicating 

excellent water quality.  

Habitat Transects 

Habitat classification observations and measurements were conducted along eight transects throughout the study 

area, six of which occurred in areas where ShoreZone habitat classification (Harney et al. 2008) data exists. 

Figure 7 shows the extent of existing ShoreZone mapping in the study area and the locations of seven habitat 

transects. The other transect was omitted because it was only sampled once, in May when snow and ice covered 

nearly forty percent of the study area and confined sampling to only two transects. However, the low stage of the  

Table 8. Substrate transect data from the Taku River estuary (2007) compared to previously mapped ShoreZone 
substrate classes (Harney et al. 2008). 

Transect 
ID 

Transect Length 
(m) 

Habitat Type Substrate Classes from    
Transect Observations 

ShoreZone 
Substrate Classes 

1 196 Tributary Mouth Mud-Sand, Sand-Gravel, Boulder-
Bedrock, Bedrock, Peat 

Bedrock 

2 46 Channel Edge Mud-Sand, Sand-Gravel, Gravel-
Cobble, Peat 

Bedrock 

3 65 Slough Mud-Sand, Gravel-Cobble, Peat, 
Boulder-Bedrock, Organic Hash 

Bedrock 

4 208 Tributary Mouth Mud-Sand, Sand-Gravel, Boulder-
Bedrock, Bedrock, Peat 

Bedrock 

5 33 Channel Edge Sand-Gravel, Mud-Sand, Gravel-
Cobble, Peat 

Organic 

6 128 Channel Edge Sand-Gravel, Mud-Sand, Gravel-
Cobble, Peat 

No ShoreZone 
Mapping 

7 220 Slough Peat, Mud-Sand, Organic Hash No ShoreZone 
Mapping 

8* 51 Braid Mud-Sand, Sand-Gravel Mud and Sand 

     * This transect was only sampled once (May) because it was flooded during the other three sampling periods. 

river during May allowed sampling of a mid-channel braided area (an eighth transect) that could not be sampled 

again. That transect was adjacent to both braided and backwater habitat types. Observable surface material in that 

area was predominately mud and sand or sand and gravel, with only a small patch of mixed vascular plants 

(mostly sedges). Unlike many of the other transects (Table 8), observations made in the mid-channel transect 

matched closely with ShoreZone mapping. Additional data for each transect is presented in Appendix D. 

The seven transects that appear in Fig. 7 are those that were sampled repeatedly from May or June through 

August. Each of those transects were sampled repeatedly. The substrate classes encountered on each transect in 

2007 are presented by habitat type and sampling period in Appendix D. Mud and sand was predominate in early 

sampling, having probably acculated during lower fall and winter flows. The survey evid3ence appears to show 

that mud and sand was being removed from the transect areas over the summer (probably due to higher summer 

flows) and more bedrock was exposed later in the year.  

Topographic Profiles 

Topography (bank slope) varied by habitat but, as would be expected, was consistent from period to period. The 

flattest bank slopes were along slough transects (Transects 3 and 7; Fig. 7), averaging three and one-half to four 

percent. Channel edges (Transects 2, 5, and 6; Fig. 7) had intermediate bank slopes of about four to four and 

three-quarters percent. Tributary mouths (Transects 1 and 4; Fig. 7) were relatively steep averaging about six 

percent, and the mid-channel transect was steepest at about six and three-quarters percent slope. That seemed to 

correlate with observations of the river under high discharge conditions when the slough areas were adjacent to  
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 Figure 8. Substrate observations from fish habitat transects in the Taku River estuary. May through August 2007. 

pools, or at least areas where water velocity was lower than in channel edges and braids, that would be classified 

as riffles. Slope data for each transect is presented in Appendix D.  

Mineral & Organic Debris Substrate Composition 

Substrate observations varied both by habitat type and sampling period. Two types of substrate were predominant 

(Fig. 8), mud and sand and peat. Mud and sand substrate was usually associated with areas of higher water 

velocity where bedload movement continually transported new material in and out. Peat was the dominant 

substrate in low gradient saltmarsh areas where high density plants were widespread. 

Substrate, such as snow and ice and organic hash, were more ephemeral. Snow and ice were mostly present early 

in the year, though some glacial ice was always moving through the area. Organic debris moved from site to site 

depending on river stage and discharge. Larger material, such as cobbles, boulders and bedrock apparently didn’t 

move much with the flow conditions of 2007. Appendix D presents the substrate observations in more detail. 

Biological Substrate Composition 

As might be expected, high turbidity limits light availability and thus, the distribution of water plants in the Taku 

River estuary. Consequently, few strictly aquatic or marine plants were observed along the habitat transects. 

Aside from filamentous algae in the quieter off-channel areas and a few patches of rock-weed (Fucus spp) 

attached to boulders and bedrock near the tide margin, no marine algae, kelp, or seagrass was observed. On more 

elevated tideflats, however, large diverse saltmarshes are well developed. The primary plants in those marshes are 

sedges (Carex spp.), but there are many other vascular saltmarsh species in evidence (Fig. 9). Near the high tide 

margin of most channels edge habitat there are also well developed stands of vascular plants dominated by 

dunegrass (Elymus arenarius) and sedges. Cobbles, boulders and bedrock at the upper intertidal margin also had 

the characteristic covering of black marine lichen (Verrucaria spp.). 
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Figure 9. Live substrate (biota) observations from fish habitat transects in the Taku River estuary. May through 
August 2007. 

Data from habitat transect surveys (Fig. 9; Appendix D), show that much of the saltmarsh area was covered by 

snow and ice in May of 2007. Consequently, little vegetation was recorded and bare ground was the largest cover 

category on the biological transects. By June, however, most areas were free of snow and ice and vegetation was 

growing well. In July and August, the saltmarsh and beach fringe vegetation was well developed, and more easily 

identified. Figure 9 shows the change from predominately bare ground to predominately mixed vascular plants 

along the habitat transects. Appendix D presents the data by habitat type and sampling period. 

DISCUSSION 

The Taku River watershed produces nearly two million adult Pacific salmon of five species annually (Der 

Hovenisian and Geiger 2005). That number includes the mortality (fisheries catch plus predation) plus the 

escapement and ranks the Taku River as the number one salmon producing stream in southeast Alaska and among 

the top five salmon rivers in Alaska (Jones et al 2009). Those salmon are important to the regional economy and 

also carry important marine nutrients into nutrient poor fresh water systems that can be nearly 100 miles inland. 

There, the nutrients engage the watershed ecology in ways as simple as dinner for a fox or as complex as 

providing a nucleus for an olfactory guidance system that can guide salmon progeny back to a particular spawning 

area (Gende et al 2002). 

 Thus, the ability of Pacific salmon to migrate between fresh and salt water, allows them to benefit from a wide 

variety of life history alternatives over a huge geographic range (Reiser and Bjornn 1979; Willson 1997), while  
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Figure 7. Extent of ShoreZone mapping (Harney et al. 2008) with overlays of habitat transects from this study. Taku River 

estuary, 2007. 

also contributing to ecologies that otherwise have little biotic interaction. Many salmon life-histories depend on 

spending certain parts of the life cycle in either the freshwater or marine environment; however, the most obvious 
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bottleneck in many of those life-histories is the estuary (Heifetz et al. 1989; Willson 1997). As a mixing zone for 

fresh and saltwater, the estuary provides a critical habitat where salmon can negotiate the osmoregulatory hurdles 

of adapting to life in either fresh or salt water. Relative to freshwater and marine environments, estuaries are quite 

small and are also prone to degradation from both natural and anthropogenic effects (Koski 2009; Lindley et al 

2009). Furthermore, the stress of physiological transitions requires that anadromous fish have high quality habitat 

conditions in the estuary. Salmon must also make those adaptations during particularly stressful periods of life. 

Juvenile salmon in transboundary rivers may travel more than a hundred miles downstream to reach the estuary 

(Olito et al. 2001) and then either find winter refuge habitat in the watershed or migrate to sea within a narrow 

time frame (Koski 2009). Due to the biological bottleneck, the estuary also attracts large numbers of predatory 

birds, marine mammals, and fish that, in spring, are primarily there to feed on smelt, with juvenile salmon as 

incidental diet items. Later in the year no smelt are available and adult salmon pass through the area causing 

predation to switch to either a juvenile or adult salmon base (Marston et al. 2002). Such predation is rarely 

accounted for in models for abundance based management. 

Biological Sampling 

This study examined both the spatial and temporal distribution of fish and macroinvertebrates in the Taku River 

estuary, with an emphasis on juvenile salmon. To assess patterns of salmon distribution in the estuary and gain 

better understanding of how habitat conditions may relate to productivity of anadromous fish, the habitat 

continuum was divided into eight habitat types and sampled over time but during similar tidal stages. Overall, the 

group of selected sites was representative of the continuum of fish habitat conditions in the estuary. In most cases, 

sites at or very near the candidate locations selected only from remote data sources satisfied the selection criteria 

and were sampled. In effect, that confirms that remote imagery can be an effective means of fish habitat 

interpretation in glacial river estuaries.  

More than twenty percent of all fish caught were Pacific salmon (chinook, chum, coho, pink, or sockeye; Table 7) 

and salmon would likely have made up more of the catch had the gear we used in the most heavily used habitat 

(the delta margin) been more effective at catching fish at mid water. Thus, the catch was somewhat dependant on 

how the fish were distributed both across habitats and within a given habitat. Most of the catch was made at the 

margin of the river delta in habitat that could only be fished by trawling. It is very likely that large numbers of 

salmon were in that area, and were either suspended in the water column or otherwise avoided the trawl that was 

the only means of fishing that was available to us there.  

Nevertheless, the salmon catch ranged from 134 (25% of the catch) in May to 336 (31% of the catch) in June 

(Table 6), but CPUER remained relatively high through the final sampling period in mid August (Fig. 5). Pink and 

chum salmon made up most of the catch in May (43% and 34%, respectively) whereas all salmon except pinks 

were relatively abundant compared to other fish and invertebrate species in the June catch (Fig. 5). Fewer but 

generally larger salmon were caught in July, as many smolts probably completed their seaward migration. In 

August, more, generally smaller salmon were caught, reflecting movement of young-of-the-year into the estuary 

after long journeys from spawning areas that may be far upriver. After feeding for a time in the estuary, chum 

salmon and some sockeye will migrate to sea, while Chinook, coho and the rest of the sockeye will move into 

relatively stable fall and winter refuge habitat in off-channel areas or deep pools in the lower river. Constantly 

shifting salinity and temperature along with scouring ice movements probably keep most salmon from rearing in 

the estuary over the winter. 

Salmon were the focus of this study and were among the most abundant fish caught, but overall, smelt (capelin in 

particular) made up the largest part of the catch. Unlike salmon, trawls were quite effective at catching those fish 

and others such as flatfish, pricklebacks, and eelpouts. Ten or more fish from most taxa were caught and others 

were accounted for in group assessments (e.g., cutthroat and steelhead/rainbow trout were grouped for analysis as 

trout). Only northern lampfish , river lamprey, Pacific sandfish, snailfish, and round whitefish had no group 

affiliations (Appendix A). We were able to document that large numbers of capelin and eulachon migrated into 

the estuary to spawn in May and June. Capelin were primarily caught along the delta edge while eulachon were 

distributed from the delta edge upstream in the main channel as far inland as sampling was done. The catch also 

contained some very uncommon species for southeast Alaska, such as round whitefish,(Prosopium cylandraceum) 

and river lamprey (Lampetra ayersii). Those fish are generally only found in the interior and, though almost 

unheard of elsewhere in southeast Alaska, are quite common in Canadian sections of the Taku River 
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(Mecklenberg et al. 2002). 

As fish habitat, estuaries have physical properties that range between those of freshwater parent streams through 

to those of the adjacent marine environment (Andrews et al. 2004). That habitat is critical for all salmon, but 

particularly for chum, “zero-check” sockeye, and chinook salmon that may rear for months in the estuary and 

main channel (Kissner & Hubbartt 1986; Heifetz, et al. 1989). In the Taku River, each of those stocks has status 

as a “stock of particular concern” (Alaska Board of Fisheries 2002; Pacific Salmon Treaty 2009.) We found that 

chum salmon and young-of-year chinook, coho, and sockeye salmon are abundant in the estuary well into August. 

Those fish are likely from spawning areas far upriver and are just reaching the estuary after migrating downstream 

for several months. Winter habitat conditions for salmon in the estuary are harsh and unstable. In winter, critical 

water quality conditions such as salinity and temperature change rapidly with each tide and ice will freeze to the 

bottom in pools and scour areas where there is current. Thus, juvenile salmon in the estuary in August are unlikely 

to winter there and instead will either migrate to sea before winter or seek winter refuge habitat in the lower river. 

Fish Habitat  

Glacial river estuaries have conditional environmental aspects that create high variability across the habitat matrix 

used by anadromous fish. Thus, a habitat classification system to delineate at least the visible characteristics is 

useful in assessing how anadromous fish use glacial river estuaries as habitat. 

Glacial rivers often drain remote areas and are somewhat isolated from major anthropogenic effects. However, 

critical water quality gradients between fresh and salt water are already very steep in glacial estuaries, and small 

changes may have deleterious effects. Physical characteristics such as stratification, temperature distribution, and 

turbidity differ significantly from those in non-glacial rivers (Etherington, et. al. 2007). Tidewater sections of the 

Taku River also have site specific conditions related to hydro-geomorphic processes as well as predator-prey 

interactions that may affect anadromous fish productivity. Many such factors have been linked to salmon 

production from large rivers (Beamish et al. 1994; Emmett and Schiewe. 1997). Results of this study may be used 

by fishery management to better understand the critical value of estuaries as anadromous fish habitat and to 

develop land-use strategies for the Taku and other transboundary river watersheds that protects valuable fish 

habitat in the estuary. 

One concern about the study was whether the sampling methods accurately reflect long-term fish distribution in 

the estuary, given that discharge in the river during spring and summer of 2007 was generally higher than long 

term averages (USGS 2010b) and may have affected habitat distribution. However, since the area and location of 

most habitat types change in response to river stage and the Taku River estuary is not characterized by a standard 

hydrologic cycle, whereas channel forming flows are those produced by flooding that is generally the product of 

precipitation. Instead, channel forming events in the Taku River estuary are largely a product of discharge events 

that occur much more frequently, such as the breaching of Tulsequah Lake and; monthly tidal cycles exceeding 

eight meters. Even discharge events that reflect a standard hydrology, such as periodic rain-on-snow events, are 

exaggerated in the Taku River watershed, due to the presence of large permanent icecaps that cover more than 

one-third of the watershed. Thus, the difference in average discharge reflected by a high meltwater yield in 2007 

probably had a negligible effect on fish habitat in the estuary. 

Furthermore, in valley bottom river corridors, the area of fish habitat characterized by high rather than low water 

velocity will increase in volume relative to the wetted area until the river exceeds bankfull stage, at which point 

the relative area of those habitat types will decline sharply (Leopold et al. 1964; Gordon et al. 1992). Mostly, 

habitat types characterized by high velocity are occupied by few fish (particularly salmon), primarily because of 

the prohibitively high water velocity. Thus, as those habitat types increase in area, higher value fish habitat may 

be marginalized. The opposite is true during periods of extreme low flow, when low velocity fish habitat is 

abundant relative to habitat characterized by high velocity. 

Glacial rivers, including the Taku, often have discharge that is more variable than non-glaciated systems, due to 

large seasonal changes in water yield from melting snow and glacial ice. In the Taku River, the lowest flows 

generally occur in late winter with the lowest average daily discharge in February at less than fifty-five cubic 

meters per second (cms). Peak flows occur over the period of high snowmelt from late spring through late 

summer, with the highest monthly average discharge in June at nearly one thousand cms. Flood flows in the river 

generally occur during summer too, however, they are nearly always associated with outburst floods generated 
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from the breaching of glacier dammed lakes in the Tulsequah River basin (Kerr 1934; Post & Mayo 1971) in 

conjunction with periods of high snowmelt. During the course of this study we sampled during periods when we 

could expect both high and low-discharge relative to the average. In 2007, runoff related to heavy snowfall the 

previous winter created sustained flows throughout the spring and summer such that discharge during our 

sampling exceeded the long term average in every study period (USGS 2008). 

To some extent that implies that the abundance and distribution of at least some habitat types may be 

misrepresented relative to an “average” water year. In the Taku River estuary, however, large and rapid changes 

in the habitat matrix are a common occurrence that may be related to hydrology, geomorphology, and 

oceanography. Rain-on-snow flood events are a regular occurrence in the spring and fall and outburst floods from 

ice-dammed lakes in the Tulsequah River drainage can come at any time of year (Host and Dorava 1999; 

Geertsema 2000). Along with those relatively unpredictable hydraulic are daily tidal cycles that may change water 

elevations up to ten meters in the lower estuary (NOAA/NOS/CO-OPS 2006) over a 12 hour period. Thus, 

sampling during both high and low tides provided a buffer for deviations from “average” discharge and water 

quality conditions that might affect fish habitat distribution in the estuary. Furthermore, selecting sites based on a 

habitat classification system where water velocity is a key component also helped to mitigate any effect of 

discharge on how mobile biota were distributed across the estuary. 

By extending sampling through the summer, collections approximate the entire range of river stage from 

extremely low during the May pre-thaw period (mean = 326 cms; USGS 2008 ) to nearly flood stage (~ 2,700 

cms;USGS 2010a) following the bursting of the Tulsequah Lake ice dam in mid-August 2007. As previously 

noted, the Taku River estuary has large naturally occurring variation in both water velocity and water quality 

within which juvenile fish and salmon in particular have adequate opportunity to disperse depending on specific 

requirements and preferences. In fact, juvenile salmon of each species not only tolerate different ranges of water 

quality and water velocity but actually seek out preferred ranges in an environmental matrix (Hillborn 1985) 

outside of which they are rarely encountered (Glova and Duncan 1985; Murphy et al 1989; Lorenz et al. 1991). 

Fortunately, in terms of water velocity, the practical upper limit of juvenile salmon habitat (~ 30 cm/s) is also the 

practical upper limit for use of our sampling gear. Thus, by gathering fish distribution data over a wide range of 

fish habitat conditions both ephemeral and static fish distribution can be accounted for within the habitat matrix. 

Then, using gaging records, the approximate amount and distribution of fish habitat could be modeled and 

juvenile salmon carrying capacity estimated. Ideally, another habitat inventory should done following one or more 

channel forming flood event to calibrate post-flood changes in habitat abundance and distribution by type. 

Channel forming events (those in excess of bankfull stage) occur at about four year intervals in the Taku River 

(USGS 2010a). Such a habitat inventory could probably be accomplished from remote imagery (e.g., aerial 

photographs, spectral satellite images) and would likely require very little time afield. Otherwise, an assumption 

that fish habitat types are all at equilibrium in the estuary could be used to model capacity in the estuary as a 

whole, but not by specific location. 

CONCLUSIONS 

The results of this work indicate that juvenile Pacific salmon are abundant and widely distributed in the Taku 

River estuary throughout the spring and summer months. During that period, salmon follow spatial and temporal 

distribution patterns similar to those in the lower river (Thedinga et al. 1988), but estuary habitat is much less 

abundant and is the only area where osmoregulatory adaptations to travel between freshwater and marine areas 

can occur. Furthermore, the large tidal range and confined geomorphic setting of the coastal fjords creates a 

situation where even small changes in river discharge results in a rapid change in the brackish water habitat 

footprint that is both critical for anadromous fish. Similar to other studies (Kissner & Hubbartt 1986; Murphy et al 

1989), outmigrant salmon of all species tend to move in large aggregations hug shorelines of channels with high 

velocity flow, thereby consistently moving downstream while avoiding the fastest currents. Rearing fish also 

avoid high velocity water and tend to segregate by species across the remainder of the habitat matrix. By late 

August, most outmigrant salmon have left the estuary and many rearing salmon begin to move into winter refuge 

habitat such as off-channel areas and deep, calm areas of main channels. Current protections (Bates 2009) are 

extended only to the river mainstem, whereas many salmon in both the estuary and lower river use secondary 

channels and off channel areas. That habitat should receive protection when considering development of the 

estuary or adjacent off-channel areas. Thus, conservation of all fish habitat in the Taku River estuary is critical to 
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maintaining salmon stocks at current levels. 

With few exceptions (e.g., starry flounder, some Cottidae, Crangonidae, Hippolytidae, Neomysis mercedis, and 

various mesofauna and meiofauna), fish and invertebrates are mostly spring and summer residents of the Taku 

River estuary. From late fall through early spring, low discharge and temperature limit productivity and 

biodiversity in the estuary. As discharge and water temperature rise, however, a rich, localized food web 

develops. At the lowest trophic levels of that food web are bacteria and fungi feeding on particulate organic 

matter transported from the watershed and microalgae that develop in the nutrient rich estuary. Many of those 

organisms colonize saltmarsh vegetation where they occupy a large amount of surface area on the plants to 

disburse upward into the water column and even down into the substrate. In turn, those organisms feed grazing 

and filter feeding invertebrates. Both vertebrate and invertebrate predators are particularly abundant and diverse 

along the edge of the river delta where small invertebrates may be most abundant. Consequently, even habitat not 

directly in use by fish may be extremely important for other reasons. 

These survey methods provide land managers with more comprehensive means of fish habitat assessment than 

current land classification and inventory methods. Estuary classification systems that have been developed 

(Cowardin et al. 1979; Dethier 1990; Howe, et al. 1999) focus primarily on either marine geomorphology or 

vegetation and have not developed methods for fish habitat assessment. By adding temporally dispersed fish 

sampling to the survey this study shows how fish and habitat data can be spatially integrated for broad application 

of fish habitat assessment. Further analysis of this data could lead to better understanding of how to develop and 

implement conservative land-use policies that will protect culturally and economically important salmon 

resources. 
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Table A1.  Fish catch distribution by habitat type, tide stage and sampling period. Taku River estuary May 

through August 2007.
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Table A2.  Invertebrate catch distribution by habitat type, tide stage and sampling period. Taku River estuary 

May through August 2007.
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Appendix A.  Fish catch distribution by habitat type, tide stage and sampling period. Taku River estuary May through August 2007.
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Tide 

Stage  

Fish by Habitat Type 

Backwater 

High     Low 

Braid 

High        Low 

Channel Edge 

High     Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

High         Low 

Subtotals 

High        Low 

Grand 

Total 

Capelin 

(Mallotus villosus) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 0 0 0 0 

June ---- 0 ---- 0 0 0 1,107 17 0 ---- ---- ---- 0 ---- 0 0 1,107 17 1,124 

July ---- ---- ---- 0 0 0 35 32 ---- ---- ---- ---- 0 0 0 0 35 32 67 

August ---- 0 ---- 0 0 0 20 0 0 ---- ---- ---- 0 0 0 0 20 0 20 

Total ---- 0 ---- 0 0 0 1,162.3 49 0 ---- 0 ---- 0 0 0 0 1,162.3 49 1,211.30 

Chinook Salmon 

(Onchorynchus 

tschawytscha) 

May ---- 0 ---- 0 9 0 0 0 ---- ---- 0 ---- 10 4 0 0 19 4 23 

June ---- 31 ---- 8 0 10 0 0 6 ---- ---- ---- 16 ---- 0 1 22 65 87 

July ---- ---- ---- 2 22 20 0 0 ---- ---- ---- ---- 1 0 0 0 23 22 45 

August ---- 0 ---- 1 2 18 0 0 2 ---- ---- ---- 0 4 0 0 4 23 27 

Total ---- 31 ---- 11 33 48 0 0 8 ---- 0 ---- 27 8 0 0 68 98 166 

Chum Salmon 

(Oncorhynchus 

 keta) 

May ---- 1 ---- 2 12 7 0 0 ---- ---- 0 ---- 2 9 12 0 26 19 45 

June ---- 3 ---- 15 93 18 0 0 0 ---- ---- ---- 0 ---- 2 12 95 36 131 

July ---- ---- ---- 0 5 2 0 0 ---- ---- ---- ---- 25 2 3 1 33 4 37 

August ---- 3 ---- 0 6 10 0 0 2 ---- ---- ---- 26 23 8 0 42 36 78 

Total ---- 7 ---- 17 182 133 0 0 2 ---- 0 ---- 53 34 25 0 262 191 453 

Coho Salmon 

(Onchorynchus 

kisutch) 

May ---- 0 ---- 0 0 3 0 0 ---- ---- 0 ---- 1 0 3 0 4 3 7 

June ---- 0 ---- 0 2 1 0 0 2 ---- ---- ---- 1 ---- 1 16 6 1 5 

July ---- ---- ---- 1 15 3 0 0 ---- ---- ---- ---- 2 3 8 7 25 14 39 

August ---- 0 ---- 0 8 8 0 0 4 ---- ---- ---- 15 9 6 7 33 24 57 

Total ---- 0 ---- 1 25 15 0 0 6 ---- 0 ---- 19 12 37 23 68 42 108 

Dolly Varden 

(Salvelinus 

malma) 

May ---- 0 ---- 0 0 1 0 0 ---- ---- 0 ---- 0 0 0 0 0 1 1 

June ---- 1 ---- 2 1 13 0 0 0 ---- ---- ---- 0 ---- 0 1 1 17 18 

July ---- 1 ---- 2 4 0 0 0 ---- ---- ---- ---- 0 2 0 0 4 5 9 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 2 4 0 4 2 6 

Total ---- 2 ---- 4 5 14 0 0 0 ---- 0 ---- 0 4 4 1 9 25 34 

Eelpout 

(Lycodes sp.) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 0 0 0 0 

June ---- 0 ---- 0 0 0 13 5 0 ---- ---- ---- 0 ---- 0 0 13 5 18 

July ---- ---- ---- 0 0 0 33 29 ---- ---- ---- ---- 0 0 0 0 33 29 62 

August ---- 0 ---- 0 0 0 31 16 0 ---- ---- ---- 0 0 0 0 31 16 47 

Total ---- 0 ---- 0 0 0 77 50 ---- ---- 0 ---- 0 0 0 0 17 50 67 

Eulachon 

(Thaleichthys 

 pacificus) 

May ---- 0 ---- 1 12 21 1 0 ---- ---- 1 ---- 0 0 52 0 66 22 88 

June ---- 5 ---- 0 10 19 78 137 0 ---- ---- ---- 0 ---- 0 0 88 161 249 

July ---- ---- ---- 0 2 0 5 86 ---- ---- ---- ---- 0 0 0 0 7 86 93 

August ---- 0 ---- 0 0 0 1 76 0 ---- ---- ---- 0 0 0 0 1 76 77 

Total ---- 5 ---- 1 24 43 857 299 0 ---- 1 ---- 0 0 52 0 84 325 507 
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Tide 

Stage  

Fish by Habitat Type 

Backwater 

High     Low 

Braid 

High        Low 

Channel Edge 

High     Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

High         Low 

Subtotals 

High        Low 

Grand 

Total 

 

Flathead Sole 
(Hippoglosoides 

elassodon) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 0 0 0 0 

June ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 ---- 0 0 0 0 0 

July ---- ---- ---- 0 0 0 256 117 ---- ---- ---- ---- 0 0 0 0 256 117 373 

August ---- 0 ---- 0 0 0 226 100 0 ---- ---- ---- 0 0 0 0 226 100 326 

Total ---- 0 ---- 0 0 0 482 217 0 ---- 0 ---- 0 566 0 0 482 217 699 

                     

Northern Sculpin 

(Icelinus 

borealis) 

May ---- 0 ---- 0 0 0 0 8 ---- ---- 0 ---- 0 0 0 0 0 8 8 

June ---- 0 ---- 0 0 1 0 0 0 ---- ---- ---- 0 ---- 1 2 1 3 4 

July ---- ---- ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 1 0 1 0 1 

August ---- 0 ---- 0 1 0 0 0 0 ---- ---- ---- 0 0 0 0 1 0 1 

Total ---- 0 ---- 0 1 1 0 8 0 ---- 0 ---- 0 0 2 2 3 11 14 

Pacific Staghorn 

Sculpin 

(Thaleichthys 

pacificus) 

May ---- 0 ---- 2 1 6 0 0 ---- ---- 0 ---- 2 0 0 0 3 8 ---- 

June ---- 19 ---- 4 11 13 0 0 1 ---- ---- ---- 0 ---- 0 0 12 36 3 

July ---- ---- ---- 1 92 9 0 0 ---- ---- ---- ---- 5 3 5 0 100 13 6 

August ---- 2 ---- 14 15 15 0 4 1 ---- ---- ---- 3 6 1 0 20 41 1 

Total ---- 21 ---- 21 119 43 0 4 2 ---- 0 ---- 10 9 5 0 135 98 10 

Pink Salmon 

(Onchorynchus 

gorbuscha) 

May ---- 3 ---- 0 4 14 0 0 ---- ---- 8 ---- 1 0 28 0 41 17 58 

June ---- 1 ---- 0 1 0 0 0 0 ---- ---- ---- 0 ---- 0 0 1 1 2 

July ---- ---- ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 4 ---- 0 5 14 0 0 0 ---- 8 ---- 1 0 28 0 42 18 60 

Eulachon Larvae 

(Thaleichthys 

 pacificus) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 0 0 0 0 

June ---- 0 ---- 0 0 16 78 0 0 ---- ---- ---- 0 ---- 0 0 78 16 94 

July ---- 0 ---- 0 0 0 0 4 ---- ---- ---- ---- 0 0 0 0 0 4 4 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0 0 16 0 4 0 ---- 0 ---- 0 0 0 0 78 20 98 

Snake 

Prickleback 

(Lumpenus 

sagitta) 

May ---- 0 ---- 0 0 0 0 2 ---- ---- 0 ---- 0 0 0 0 0 2 2 

June ---- 0 ---- 0 0 0 34 185 0 ---- ---- ---- 0 0 0 0 34 185 219 

July ---- 0 ---- 0 0 0 89 254 ---- ---- ---- ---- 0 0 0 0 89 254 343 

August ---- 0 ---- 0 0 0 60 214 0 ---- ---- ---- 0 0 0 0 60 214 274 

Total ---- 0 ---- 0 0 0 183 655 0 ---- 0 ---- 0 0 0 0 183 675 868 

Sockeye Salmon 

(Onchorynchus 

nerka) 

May ---- 1 ---- 7 2 1 0 0 ---- ---- 0 ---- 0 2 0 0 2 11 13 

June ---- 11 ---- 0 1 20 0 0 2 ---- ---- ---- 4 ---- 9 0 16 31 47 

July ---- 1 ---- 1 12 2 0 0 ---- ---- ---- ---- 18 24 4 0 34 28 62 

August ---- 0 ---- 1 7 2 0 0 6 ---- ---- ---- 25 14 13 0 51 17 68 

Total ---- 13 ---- 9 22 25 0 0 8 ---- 0 ---- 47 40 26 0 89 68 190 
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Tide 

Stage  

Fish by Habitat Type 

Backwater 

High     Low 

Braid 

High        Low 

Channel Edge 

High     Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

High         Low 

Subtotals 

High        Low 

Grand 

Total 

 

Starry Flounder 

(Platichthys 

stellatus) 

May ---- 0 ---- 1 1 3 9 12 ---- ---- 1 ---- 0 0 0 ---- 11 16 27 

June ---- 67 ---- 13 7 43 4 24 0 ---- ---- ---- 0 ---- 0 1 11 148 159 

July ---- ---- ---- 0 22 3 1 6 ---- ---- ---- ---- 2 5 1 0 26 14 40 

August ---- 0 ---- 0 4 6 4 52 0 ---- ---- ---- 0 0 0 0 8 58 66 

Total ---- 67 ---- 14 34 55 18 94 0 ---- 1 ---- 2 5 1 1 56 236 292 

 

Threespine 

Stickleback 

(Gasterosteus 

acculeatus) 

May ---- 0 ---- 2 7 6 0 0 ---- ---- 1 ---- 0 0 1 ---- 9 8 17 

June ---- 2 ---- 0 2 2 0 0 4 ---- ---- ---- 1 ---- 0 0 7 4 11 

July ---- ---- ---- 0 4 1 ---- 0 ---- ---- ---- ---- 1 1 3 0 8 2 10 

August ---- 1 ---- 0 1 0 0 0 7 ---- ---- ---- 1 6 1 0 10 7 17 

Total ---- 3 ---- 2 14 9 0 0 11 ---- 1 ---- 3 7 5 0 34 18 52 

                     

Walleye Pollock 

(Theragra 

chalcogramma) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 ---- 0 0 0 

June ---- 0 ---- 0 0 0 1 0 0 ---- ---- ---- 0 ---- 0 0 1 0 1 

July ---- ---- ---- 0 0 0 6 1 ---- ---- ---- ---- 0 0 0 0 6 1 7 

August ---- 0 ---- 0 0 0 26 1 0 ---- ---- ---- 0 0 0 0 26 1 27 

Total ---- 0 ---- 0 0 0 33 2 0 ---- 0 ---- 0 0 0 0 33 2 35 

                     

Yellowfin Sole 

(Limanda 

aspera) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 ---- 0 0 0 

June ---- 0 ---- 0 0 0 8 19 0 ---- ---- ---- 0 ---- 0 0 8 19 0 

July ---- ---- ---- 0 0 0 11 25 ---- ---- ---- ---- 0 0 0 0 11 25 0 

August ---- 0 ---- 0 0 0 33 37 0 ---- ---- ---- 0 0 0 0 33 37 0 

Total ---- 0 ---- 0 0 0 52 81 0 ---- 0 ---- 0 0 0 0 52 81 0 

 

 

 

1
 Only fish represented in the catch by ten or more individuals are listed in the table. Twelve fish taxa were represented by fewer than ten fish (number caught is in brackets): 

Blackline prickleback (Acantholumpenus mackayi) [2], cutthroat trout (Onchorynchus clarkii) [3], longnose poacher (Sarritor leptorhynchus) [1], northern lampfish. (Stenobrachius 

leucopsarus.) [7], and Pacific sandfish (Trichodon trichodon) [2], rex sole (Errex zachirus) [1], river lamprey, sandfish, snailfish, and whitefish (Prosopium cylandroceum) [1], 

snailfish (Liparidae) [1], and steelhead/rainbow trout (Onchorynchus mykiss) [4]. 

 

 

http://www.fishbase.gr/Summary/SpeciesSummary.cfm?id=4171
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1
 Only invertebrate taxa represented in the catch by ten or more individuals are in the table. Eleven invertebrate taxa had fewer than ten caught (number caught is in brackets):  

Coonstripe shrimp [2] (Pandalus hypsinotus); damselfly nymph [1] (Zygoptera), dock shrimp [4] (Pandalus danae), macoma clam [1] (Macoma sp.), mudworm[1] (Polychaeta), oval 

yoldia clam [1] (Yoldia myalis), sea squirt [1] (Ascidiacea), spider (Araneae); tanner crab [1] (Chionectes bairdi); water Beetle [4] (Dytiscus sp.), and water strider [1] (Gerridae). 

 

 

 

 

 
Tide 

Stage  

Invertebrates by Habitat Type 

Backwater 

High     Low 

Braid 

High      Low 

Channel Edge 

   High       Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

  High      Low  

Subtotals 

High    Low 

Grand 

Total 

Acorn Barnacle 
(Semibalanus  

balanoides) 

May   ---- 0 ---- 0 0 0 0 0 ---- ---- 0 ---- 0 0 0 ---- 0 0 0 

June   ---- 0 ---- 0 0 0 0 25 0 ---- ---- ---- 0 0 0 0 0 25 25 

July   ---- ---- ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August   ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total   ---- 0 ---- 0 0 0 0 25 0 ---- 0 ---- 0 0 0 0 0 25 25 

Amphipod 

(Gammarid ae& 

 Hyperiidae) 

May ---- 0 ---- 1 0 34 43 0 ---- ---- 0 ---- 0 1 0 ---- 43 36 79 

June 3 5 ---- 2 3 164 3 7 0 ---- ---- ---- 0 ---- 6 0 13 172 185 

July ---- 37 ---- 0 0 1 0 0 ---- ---- ---- ---- 0 0 0 0 0 38 38 

August ---- 9 ---- 0 0 9 6 19 0 ---- ---- ---- 0 2 0 0 6 30 36 

Total 3 5 ---- 3 3 245 50 45 0 ---- 0 ---- 0 3 6 0 16 296 312 

Bay Shrimp 

(Crangon spp.) 

May ---- 1 ---- 0 1 356 24 55 ---- ---- 257 ---- 0 1 0 ---- 282 413 695 

June ---- 52 ---- 8 2 74 162 1,820 0 ---- ---- ---- 0 ---- 0 0 164 2,429 2,593 

July ---- 37 ---- 10 0 53 136 5,074 ---- ---- ---- ---- 0 0 0 0 136 5,137 5,273 

August ---- 0 ---- 0 0 371 1,060 6,669 0 ---- ---- ---- 0 1 0 0 1,060 7,041 8,101 

Total ---- 91 ---- 18 3 854 1,382 13,618 0 ---- 257 ---- 0 2 0 0 1,642 15,020 15,020 

Big-eye Krill 

(Thysanoessa  

macrura) 

May   ---- 0 ---- 0 0 0 0 12 ---- ---- 0 ---- 0 0 0 ---- 0 12 12 

June   ---- 0 ---- 0 0 0 285 35 0 ---- ---- ---- 0 ---- 0 0 285 35 320 

July ---- 0 ---- 0 0 0 23 0 ---- ---- ---- ---- 0 0 0 0 23 0 23 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0 0 0 308 47 0 ---- 0 ---- 0 0 0 0 308 47 355 

Broken-back 

Shrimp 

(Hippolytidae) 

May   ---- 0 ---- 0 0 0 0 3,473 ---- ---- 0 ---- 0 0 0 ---- 0 3,473 3,473 

June   ---- 0 ---- 0 0 0 0 1 0 ---- ---- ---- 0 ---- 0 0 0 0 0 

July ---- 0 ---- 0 0 0 201 0 ---- ---- ---- ---- 0 0 0 0 201 0 201 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0 0 0 201 3,473 0 ---- 0 ---- 0 0 0 0 201 3,473 3,674 

Caddisfly & Larvae 
(Trichoptera) 

May ---- 1 ---- 0 0 1 0 0 ---- ---- 0 ---- 0 0 0 ---- 0 2 0 

June ---- 0 ---- 0 25 0 0 0 0 ---- ---- ---- 0 ---- 0 0 25 0 25 

July ---- ---- ---- 0 11 5 0 0 ---- ---- ---- ---- 0 0 0 0 11 5 0 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 1 ---- 0 36 6 0 0 0 ---- 0 ---- 0 0 0 0 36 7 43 

Dungeness Crab  

(Cancer magister) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 0 0 0 0 ---- 0 0 0 

June ---- 1 ---- 0 0 0 1 0 ---- ---- ---- ---- 0 ---- 0 0 1 0 1 

July ---- ---- ---- 0 0 0 1 3 ---- ---- ---- ---- 0 0 0 0 1 3 4 

August ---- 0 ---- 0 0 0 3 3 ---- ---- ---- ---- 0 0 0 0 3 3 6 

Total ---- 1 ---- 0 0 0 5 6 ---- ---- 0 ---- 0 0 0 0 5 7 12 
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1
 Only invertebrate taxa represented in the catch by ten or more individuals are in the table. Eleven invertebrate taxa had fewer than ten caught (number caught is in brackets):  

Coonstripe shrimp [2] (Pandalus hypsinotus); damselfly nymph [1] (Zygoptera), dock shrimp [4] (Pandalus danae), macoma clam [1] (Macoma sp.), mudworm[1] (Polychaeta), oval 

yoldia clam [1] (Yoldia myalis), sea squirt [1] (Ascidiacea), spider (Araneae); tanner crab [1] (Chionectes bairdi); water Beetle [4] (Dytiscus sp.), and water strider [1] (Gerridae). 

 
 

 
Tide 

Stage  

Invertebrates by Habitat Type 

Backwater 

High     Low 

Braid 

High      Low 

Channel Edge 

   High       Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

  High      Low  

Subtotals 

High    Low 

Grand 

Total 

Humpy Shrimp 

 (Pandalus goniurus) 

May ---- 0 ---- 0 0 0 0 1 ---- ---- 0 0 0 0 0 ---- 0 1 1 

June ---- 0 ---- 0 0 0 55 1 ---- ---- ---- ---- 0 ---- 0 0 55 1 56 

July ---- ---- ---- 0 0 0 684 17 ---- ---- ---- ---- 0 0 0 0 684 17 701 

August ---- 0 ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0 0 0 739 19 ---- ---- 0 ---- 0 0 0 0 739 19 758 

Jellyfish 

 (Scyphozoa) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 0 0 0 0 ---- 0 0 0 

June ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 ---- 0 0 0 0 0 

July ---- ---- ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August ---- 0 ---- 0 0 0 0 12 0 ---- ---- ---- 0 0 0 0 0 12 12 

Total ---- 0 ---- 0 0 0 0 12 0 ---- 0 ---- 0 0 0 0 0 12 12 

Krill  

(Euphausiidae) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 0 0 0 0 ---- 0 0 0 

June ---- 0 ---- 6 0 0 0 0 0 ---- ---- ---- 0 ---- 0 0 0 6 6 

July ---- ---- ---- 0 0 0 7 16 ---- ---- ---- ---- 0 0 0 0 7 16 23 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 6 0 0 7 16 0 ---- 0 ---- 0 0 0 0 7 22 29 

Mayfly & Nymph 

(Ephemeroptera) 

May ---- 0 ---- 1  0 0 0 ---- ---- 0 1 0 0 0 ---- 0 2 2 

June ---- 0 ---- 0 11 0 0 0 0 ---- ---- ---- 0 ---- 0 0 11 0 11 

July ---- ---- ---- 0  0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August ---- 0 ---- 0  0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0  0 0 0 0 ---- 0 1 0 0 0 0 11 2 13 

Opossum Shrimp 
(Neomysis spp.) 

May ---- 853 ---- 0 737 11.587 2 240 ---- ---- 101 20 12,901 3,512 1 ---- 13,741 16,192 29,933 

June ---- 11 ---- 927 0 7 488 348 0 ---- ---- ---- 0 0 0 0 488 1,293 1,781 

July ---- ---- ---- 1 0 54 39 776 ---- ---- ---- ---- 0 0 0 0 39 831 870 

August ---- 0 ---- 0 0 24 15,537 585 0 ---- ---- ---- 0 0 0 0 15,537 609 16,146 

Total ---- 864 ---- 928 737 11,672 15,881 1,949 0 ---- 101 20 12,901 3,512 1 0 19,805 19,534 39,339 

Sidestripe Shrimp 

(Pandalopsis 

dispar) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 0 0 0 0 ---- 0 0 0 

June ---- 0 ---- 0 0 0 0 0 ---- ---- ---- ---- 0 ---- 0 0 0 0 0 

July ---- ---- ---- 0 0 0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August ---- 0 ---- 0 0 0 9 1 ---- ---- ---- ---- 0 0 0 0 9 1 10 

Total ---- 0 ---- 0 0 0 9 1 ---- ---- 0 0 0 0 0 0 9 1 10 

Snail 

(Lacuna sp. & 

 Littorina littorea) 

May ---- 0 ---- 0 0 0 0 0 ---- ---- 0 0 0 0 0 ---- 0 0 0 

June ---- 0 ---- 0 0 4 0 0 0 ---- ---- ---- 0 ---- 0 20 0 24 24 

July ---- ---- ---- 0 0 1 0 0 ---- ---- ---- ---- 0 0 0 0 0 1 1 

August ---- 0 ---- 0 0 0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0 0 0 0 0 0 ---- 0 0 0 0 0 0 1 25 25 
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1
 Only invertebrate taxa represented in the catch by ten or more individuals are in the table. Eleven invertebrate taxa had fewer than ten caught (number caught is in brackets):  

Coonstripe shrimp [2] (Pandalus hypsinotus); damselfly nymph [1] (Zygoptera), dock shrimp [4] (Pandalus danae), macoma clam [1] (Macoma sp.), mudworm[1] (Polychaeta), oval 

yoldia clam [1] (Yoldia myalis), sea squirt [1] (Ascidiacea), spider (Araneae); tanner crab [1] (Chionectes bairdi); water Beetle [4] (Dytiscus sp.), and water strider [1] (Gerridae). 

 
 

 
Tide 

Stage  

Invertebrates by Habitat Type 

Backwater 

High     Low 

Braid 

High      Low 

Channel Edge 

   High       Low 

Delta Edge 

High        Low 

Emergent Marsh 

High        Low 

Main Channel 

High        Low 

Slough 

High        Low 

Tributary Mouth 

  High      Low  

Subtotals 

High    Low 

Grand 

Total 

Stonefly & Nymph 

(Plecoptera) 

May ---- 0 ---- 0  0 0 0 ---- ---- 0 0 0 0 0 ---- 0 2 0 

June ---- 0 ---- 0 67 0 0 0 0 ---- ---- ---- 0 ---- 0 0 11 0 67 

July ---- ---- ---- 0  0 0 0 ---- ---- ---- ---- 0 0 0 0 0 0 0 

August ---- 0 ---- 0  0 0 0 0 ---- ---- ---- 0 0 0 0 0 0 0 

Total ---- 0 ---- 0  0 0 0 0 ---- 0 1 0 0 0 0 67 0 67 
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Water quality characteristics at fishing sites in the Taku River estuary from June through August 2007 
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Table C1.  Average values for physical fish habitat characteristics by tide stage and sampling period. Taku River estuary June through August 2007.
3
 

Habitat  

Characteristic  

Tide Stage  

Habitat Type 

Backwater Braid Channel Edge Emergent 

Marsh 

Main Channel Slough Tide Flat Tributary 

Mouth 

Water 

Temperature 

(
o
C) 

June ---- 7.1 ---- 8.2 6.5 5.1 11.1 12.9 8.1 ---- 6.5 ---- ---- 7.3 5.6 5.9 

July ---- ---- ---- 9.5 7.8 4.2 ---- ---- ---- ---- 9.3 7.8 ---- ---- 8.5 6.8 

August ---- 9.4 ---- 8.6 5.1 4.7 12.9 ---- ---- ---- 9.6 7.9 ---- ---- 7.4 9.4 

Total ---- 8.2 ---- 8.7 6.5 5.0 12.3 12.9 8.1  8.0 7.8 ---- 7.3 7.5 7.4 

Dissolved 

Oxygen 

(% Saturation) 

June ---- 115.1 ---- 120.1 118.2 118.0 112.8 ---- 124.7 ---- 119.4 ---- ---- 123.6 126.7 118.4 

July ---- ---- ---- 82.6 84.3 84.7 ---- ---- ---- ---- 82.1 74.9 ---- ---- 82.7 79.2 

August ---- 84.3 ---- 75.3 78.6 74.9 68.9 ---- ---- ---- 79.1 66.9 ---- ---- 75.2 71.0 

Total ---- 99.7 ---- 100.4 91.4 91.2 83.5 ---- 128.2 ---- 105.5 70.1 ---- 123.6 90.0 89.5 

Salinity 

(ppt) 

June ---- 0.06 ---- 0.10 0.06 0.06 0.07 ---- 0.07 ---- 0.09  ---- 0.16 0.03 0.02 

July ---- ---- ---- 0.11 0.05 0.05 ---- ---- ---- ---- 0.06 0.42 ---- ---- 0.06 0.02 

August ---- 0.37 ---- 0.05 0.04 0.06 0.45 ---- ---- ---- 0.06 0.53 ---- ---- 0.06 0.06 

Total ---- 0.22 ---- 0.10 0.05 0.06 0.32 ---- 0.07 ---- 0.07 0.48 ---- 0.16 0.05 0.03 

Specific 

Conductivity 

(mS/cm) 

June ---- 0.13 ---- 0.23 0.12 0.13 0.16 ---- 0.15 ---- 0.18 ---- ---- 0.35 0.42 0.04 

July ---- ---- ---- 0.22 0.11 0.11 ---- ---- ---- ---- 0.12 0.78 ---- ---- 0.11 0.05 

August ---- 0.76 ---- 0.12 0.26 0.13 0.93 ---- ---- ---- 0.12 1.05 ---- ---- 0.12 0.13 

Total ---- 0.44 ---- 0.21 0.17 0.12 0.67 ---- 0.15 ---- 0.15 0.94 ---- 0.35 0.18 0.07 

pH 

June ---- 7.3 ---- 7.4 7.4 7.4 8.3 ---- 7.7 ---- 6.4 ---- ---- 7.3 5.7 6.1 

July ---- ---- ---- 8.5 8.8 8.9 ---- ---- ---- ---- 7.9 7.4 ---- ---- 8.5 6.4 

August ---- 8.1 ---- 8.3 8.8 9.0 7.8 ---- ---- ---- 8.4 7.7 ---- ---- 8.3 8.0 

Total ---- 7.7 ---- 7.9 8.4 8.5 7.4 ---- 7.7 ---- 7.2 7.6 ---- 7.3 7.9 6.8 

Redox 

(µS/m) 

June ---- 431 ---- 340 416 435 479 ---- 429 ---- 384  ---- 420 220 362 

July ---- ---- ---- 284 260 284 ---- ---- ---- ---- 310 267 ---- ---- 298 342 

August ---- 243 ---- 246 246 263 272 ---- ---- ---- 263 249 ---- ---- 268 274 

Total ---- 337 ---- 307 297 322 319 ---- 429 ---- 335 256 ---- 420 271 326 

Turbidity 

(NTU) 

June ---- 620 ---- 286 956 1127 78 ---- 852 ---- 232  ---- 566 84 66 

July ---- ---- ---- 503 855 2292 ---- ---- ---- ---- 319 174 ---- ---- 626 29 

August ---- 727 ---- 267 1127 2070 183 ---- ---- ---- 211 273 ---- ---- 618 136 

 Total ---- 673 ---- 365 982 1848 141 ---- 852 ---- 248 233 ---- 566 514 77 

Number of 

Samples 

June 0 1 0 4 3 4 1 0 2 0 2 1 0 1 2 2 

July 0 0 0 3 4 4 0 0 0 0 1 2 0 0 4 2 

August 0 1 0 1 4 5 2 0 0 0 1 3 0 0 4 2 

Total 0 2 0 8 11 13 3 0 2 0 4 6 0 1 10 6 

                                                           
3
 Data are not available for first sampling period (May) because measurement instruments were unavailable for that cruise. 
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. Table D1. Average values for substrate composition along selected transects in four fish habitat types. Taku River estuary May through August 2007.
4
 

 

 Table D2. Average values for biotic cover composition along selected transects in four fish habitat types. Taku River estuary May through August 2007.
5
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
4
 Data are not available for first sampling period (May) because measurement instruments were unavailable for that cruise. 

5
 Data are not available for first sampling period (May) because measurement instruments were unavailable for that cruise. 
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Table D1. Average values for substrate composition along selected transects in four fish habitat types. Taku River estuary June through August 2007.
6
 

Habitat 

Type
Month Mud-Sand

Sand-

Gravel

Gravel-

Cobble

Cobble-

Boulder

Boulder-

Bedrock
Bedrock Peat Shell Hash

Organic 

Hash
Snow & Ice

Braid May 44.9 0.0 23.0 30.9 0.0 0.0 1.2 0.0 0.0 0.0

May 66.4 33.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

June 45.1 14.2 13.1 0.0 0.0 0.0 21.3 0.0 2.4 4.0

July 45.6 14.2 18.2 0.0 0.0 0.3 19.4 0.0 2.3 0.0

August 43.1 17.2 18.2 0.0 0.0 0.0 21.1 0.0 0.4 0.0

June 66.7 0.0 2.4 0.9 0.0 1.4 28.6 0.0 0.0 0.0

July 82.8 0.2 0.4 0.0 2.3 0.0 14.3 0.0 0.0 0.0

August 50.0 0.2 0.4 0.0 2.0 0.0 47.4 0.0 0.0 0.0

June 34.0 0.0 3.2 0.0 2.2 0.0 44.9 0.0 15.7

Slough July 0.0 0.0 5.0 0.0 3.3 0.0 41.7 0.0 50.0 0.0

August 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0

May 55.7 16.8 11.5 15.5 0.0 0.0 0.6 0.0 0.0 0.0

June 48.6 4.7 6.2 0.3 0.7 0.5 31.6 0.0 1.2 6.6

July 42.8 4.8 7.8 0.0 1.9 0.1 25.2 0.0 17.4 0.0

August 31.0 5.8 6.2 0.0 0.7 0.0 56.2 0.0 0.1 0.0

Grand Average 43.5 7.2 7.6 2.9 0.9 0.2 30.9 0.0 5.5 1.8

All Habitats 

Combined

Channel 

Edge

Tributary 

Mouth

 

 

                                                           
6
 Data are presented only in those months when sampling was done in that habitat type. 
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Table D2. Average values for landcover composition along selected transects in four fish habitat types. Taku River estuary May through August 2007.
7
 

Habitat 
Type 

(i) M
o
n
t
h 

Bare Lichen 
Vascular 
& Algae 

Mixed 
Vascular 

Fucus Barnacle Mussel 
Filament 

Algae 
Eelgrass 

Leafy 
Algae 

Canopy 
Kelp 

Dunegrass 
Leafy 
Kelp 

               
Braid May 0.0 0.0 0.0 0.0 0.0 0.0 94.6 0.0 0.0 0.0 0.0 5.4 0.0 

               
                              
  May 22.1 5.8 0.0 16.6 0.0 0.0 0.0 39.9 0.0 0.0 0.0 15.7 0.0 

Channel 
Edge 

June 29.7 1.4 0.0 30.9 0.0 0.0 0.0 16.8 0.0 0.0 0.0 21.1 0.0 

July 39.3 0.0 0.0 30.7 0.0 0.0 0.0 9.7 0.0 0.0 0.0 20.3 0.0 

  August 53.8 0.0 0.0 25.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.5 0.0 

                              
               

Tributary 
Mouth 

June 0.0 0.1 11.1 45.5 8.9 0.0 0.0 28.3 0.0 0.0 0.0 6.0 0.0 

July 29.9 0.8 10.0 54.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1 0.0 

 August 31.1 0.6 19.1 46.5 0.0 0.0 0.0 0.0 5.6 0.0 0.0 2.7 0.0 

               
                              
  June 10.0 2.7 17.7 19.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 0.0 

Slough July 31.4 0.0 0.0 68.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  August 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

                              
               

All 
Habitats 

Combined 

May 11.1 2.9 0.0 8.3 0.0 0.0 47.3 19.9 0.0 0.0 0.0 7.8 0.0 

June 13.2 1.4 9.6 32.0 3.0 0.0 0.0 15.0 0.0 0.0 0.0 25.7 0.0 

July 33.5 0.3 3.3 51.2 0.0 0.0 0.0 3.2 0.0 0.0 0.0 8.5 0.0 

August 28.3 0.2 6.4 57.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 0.0 

               
Grand Average 22.5 1.0 5.3 39.8 0.8 0.0 8.6 8.6 0.0 0.0 0.0 12.4 0.0 

                                                           
7
 Data are presented only in those months when sampling was done in that habitat type. 
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Financial Statements for PSC Northern Fund Project H-2 

“Assessment of critical salmon habitat in a transboundary river estuary”. 

 

Period Covered: May 1, 2007 – September 1, 2010  

a) NMFS, Auke Bay Laboratories, Marine Ecosystem Assessment Division   Final Financial Statement for 

PSC Northern Fund Project H-2. 

b) ADFG Division of Research and Restoration Final Financial    Statement for PSC Northern Fund Project 

H-2.  
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Quality Assurance / Quality Control Documentation 

for 

PSC Northern Fund Project H-2  

- Assessment of critical salmon habitat in a transboundary river estuary. 

 

Pacific Salmon Commission – Northern Fund 

Period Covered: May 1, 2007 – September 1, 2010  

Authors: J. Mitchel Lorenz (NMFS, Auke Bay Laboratories) and Kercia Schroeder (Alaska Department of Fish 

and Game, Division of Research and Restoration)  

Study Objectives: 

1. Map spatial and temporal patterns of salmon distribution in the Taku River Estuary; 

2. Assess the functional value of various estuarine habitat types as salmon habitat; 

3. Verify ShoreZone habitat classifications previously mapped in the Taku River estuary; and 

4. Publish findings. 

 



 

QUALITY ASSURANCE/QUALITY CONTROL POLICY STATEMENT 

Purpose 

The objective of this research was to compile a seasonal inventory of Pacific salmon abundance 
and relative distribution among fish habitat types in the Taku River estuary. Pacific salmon 
habitat in the northern boundary area, as defined by the US-Canada Pacific Salmon Treaty and 
the Magnuson–Stevens Fishery Conservation and Management Reauthorization Act (MSFCMA 
2006), contributes significantly to sustainable wild and enhanced Pacific salmon fisheries. This 
inventory will provide a means of estimating salmon habitat requirements in the large glacial 
river estuaries that may be a habitat bottleneck and thus a limiting factor in salmon production. 
Addressing both the Guiding Principles and Goal 1 outlined in the 2007 Northern Boundary and 
Transboundary Rivers Restoration and Enhancement Fund RFP (PSC 2007) this information 
will: 

 Assist in bridging data gaps identified in the Taku Region SPAWN Report (Erhardt 2003) 

 Support forecasts of Pacific salmon abundance for management of specific salmon fisheries under 
Annex IV of the Pacific Salmon Treaty (PST 2009); 

 Aid in Essential Fish Habitat mapping and protection as required by the US Fisheries Conservation & 
Management Act (MSFCMRA 2007) and the Pacific Coast Salmon Plan (PFMC 2003); 

 Provide better understanding of the role of glacial river estuaries in specific life histories that is 
needed support conservation of wild Pacific salmon stocks and habitat (Berwick 1999; PST 2009); 

 Improve GIS inventories of Pacific salmon per Amendment 14 of the Pacific Coast Salmon Plan 
(Berwick et al. 1999); 

 Address goals of the Northern Boundary Committee to improve regional salmon productivity through 
optimized returns of wild stocks (PSC 2007). 

To ensure accuracy of the inventory, the research team implemented quality control (QC) 
procedures at several points in the process. 

Program Summary 

The Alaska Department of Fish and Game, Habitat Division and the National Marine Fisheries 
Service, Alaska Fisheries Science Center are participating agencies in research on Pacific 
salmon habitat in Alaska that is under jurisdiction of the Pacific Salmon Treaty (PST). That 
includes the Taku River, a large glacial river that produces hundreds of thousands of salmon 
annually and spans the border between the US and Canada, thus requiring joint resource 
management. To ensure consistency of the planned research, a proposal was developed and 
reviewed in 2006 and was nominated for Northern Boundary Fund support by the Pacific 
Salmon Commission in February 2007. 

Field work was accomplished during four periods between early May and late August of 2007. 
Staff included one Principle Investigator (PI) from each agency and three part time technicians. 
Data was collected by everyone on the staff and compiled by the PIs who also did the analysis, 
the quality assurance (QA) audits, and prepared both a progress report and the preceding final 
report. 

The data-handling structure developed to manage the data-flow from collection through 
reporting is presented in Figure 6-1. Key points where quality assurance (QA) was applied are 
listed.  

Two elements made up the QA program. The first QA element was auditing of errors and 
corrective action to correct the errors and to keep them from being repeated. The second 
element involved an audit of the data after compiling it in an inventory format. The compiled 
data audits included checking the proper performance of the QC procedures listed in Figure 6-1. 
Both elements of the QA program were the responsibility of the PIs. 



 

QC procedures are not indicated in Figure 6-1 as they were performed as part of assigned 
duties to collect, manage, or analyze data. Brief synopses of the main QC elements as well as 
optimal checkpoints for problem detection are presented in Table 6-1. A complete description of 
each of QC element is provided in the following subsections. 

 

 

Figure 6.1. Flow chart for tracking work elements of research on transboundary rivers for the 
Pacific Salmon Commission Northern Boundary Committee. Taku River Pacific salmon 
distribution by estuary habitat type. 

 

QA Planning  

Because the joint agency team is a small group of people without benefit of peripheral staff 
qualified to review most of the work, in most cases staff members who collected and prepared 
the data are also responsible for conducting quality control measures. We followed guidance on 
QC from similar inventories and attempted to use the most current methods or in some cases 
developed unique methods specific to the research. Data was entered into spreadsheet format, 
checked, and audited between sampling periods. The data included in the written reports was 
checked and audited for QA by reviewers that were not part of the team. 

Data Collection and Analysis  

All fish habitat categories had been used in either previous Taku River work or in work on other 
large glacial river estuaries. Habitat types included in the inventory were those that were  



 

Table 6-1. Quality control (QC) procedures for transboundary river estuary salmon abundance and habitat distribution 

inventories (* = Optimal checkpoint for problem detection). Taku River estuary 2007. 

QA PLANNING  

- TRAIN TECHNICAL STAFF AND ALLOCATE GEAR AND MATERIALS FOR OPTIMAL QA.  

- PREPARE A LIST OF VARIABLES FOR EVALUATION.  

- IDENTIFY CRITICAL DATA ELEMENTS AND THEIR EXPECTED IMPACTS ON RESULTS AND UTILITY IN THE ANALYSIS.  

- DEVELOP AND REVIEW DATA FORMS AND ELECTRONIC COLLECTION STANDARDS AND METHODS.  

- SCHEDULE CHECKS OF DATA ENTRY AND INTERIM CALCULATIONS.  

- PREPARE DATA CHECKING PROCEDURE INCLUDING STANDARD RANGE AND MISSING DATA CHECKS.  

- PLAN AUDIT PROCEDURES.  

DATA COLLECTION AND ANALYSIS  

- CROSSCHECK ALL POTENTIAL DATA SOURCES AGAINST SIMILAR INVENTORIES TO ENSURE FULL INCLUSION.  

- CHECK FORM RESPONSES AND DE-BRIEF RAPPATEURS WHERE NECESSARY.  

* - CHECK GEAR FOR FUNCTIONALITY. RESTOCK AND REPAIR AS NECESSARY.  

- CROSSCHECK METHODS USE AND CONSISTENCY OF APPLICATION AMONG RESPONSIBLE STAFF.  

* - CHECK CALCULATED RESULTS AGAINST HISTORICAL DATA FOR STANDARD RANGE CHECK.  

DATA HANDLING  

- TRACK DATA FLOW FROM RAW DATA FORMS TO SPREADSHEET ENTRY.  

- CORRECT DATA ERRORS - COMPLETE A DATA ERROR REPORT AND APPLY A QA FOLLOW-UP.  

- CHECK DATA AFTER CONVERSION FROM RAW DATA TO INVENTORY FORMAT.  

* - CHECK DATA IDENTIFIERS FOR MISSING DATES, MISSING SITE CODES, IMPLAUSIBLE OPERATIONS, ETC.  

* - REVIEW TABULAR DATA FOR QUALITY AND IDENTIFICATION OF OUTLIERS.  

DATA REPORTING  

- CHECK ABUNDANCE AND RELATIVE DENSITY BY FISH SPECIES.  

- CHECK HABITAT CHARACTERISTICS AND USE BY FISH SPECIES.  

- COMPARE RESULTS WITH SIMILAR INVENTORIES.  

* LOGICAL CHECKPOINTS.  

 

identifiable in either recent imagery of the estuary or in the initial ground reconnaissance of the 
estuary. An initial list of prospective sampling sites was identified prior to visiting the estuary 
from a review of recent Quik-Bird imagery (ADFG 2009) and of both vertical and oblique air 
photos showing those parts of the Taku River estuary that are classified with the ShoreZone 
protocol (Harney et al. 2008). Alternative sites were added as necessary to account for 
unanticipated habitat types or to replace sites that could not be accessed due to large changes 
in river discharge. Given the limited tidal stages when work could be accomplished, priority was 
given to the most accessible sites. 

Staff were cross-trained in all data collection procedures under supervision of the PIs. PIs 
compiled the raw data into a format that combined both the biological (salmon) information and 
the habitat classification information. To validate the collected data, it was checked against 
standards derived from the literature using the following QA guidance:  



 

 Determine that all data elements critical to the analysis are being sampled. 

 Check dates to assure that data correspond with a collection period. 

 Check collected data ranges against published ranges to help identify errors or bias. 

 Assess the professional capabilities and biases of the publications used in comparisons. 

 Consider the purpose for which the comparative data were collected and analyzed.  

 Assess the methods used to collect and compile the comparative data. 

Gear redundancy was employed to minimize the possibility of missing data. At least two of each 
type of equipment (e.g., nets, water quality instruments, etc.) was available. Site specific Error 
Report were filed made for recognized QC issues such as torn nets or dysfunctional electronics. 
Those reports were filed with the QA coordinators who audited them to ensure that appropriate 
corrective action was taken. Depending on the magnitude of error, the audit included tracking 
the associated data from initial reporting through the final analyses. 

Data Handling  

An organized document management system was established for handling data that was 
collected for the analysis of estuarine habitat use by transboundary river salmon. Several forms 
were used to record data, each of which had site specific categories that cross-referenced them 
to the other data forms. Those site specific categories included date, 24-hr end time, fish habitat 
type, rappateurs names, and Albers Projected NAD 83 GPS coordinates. The subjects of the 
three forms were: 

 A fish data form to record fork length (mm) by fish species and counts of invertebrates; 

 A water quality form to record seven criteria measured at one meter intervals from surface to bottom; 

 A habitat form to record surficial substrate composition (both organic & inorganic) and slope (rise over 
run) along a selected geographic transect. 

Each field day, field kits including blank data forms were issued. To minimize loss or mistaken 
filling of the wrong form, at the next visit to the support vessel completed forms were removed 
from the field kits and, if necessary, additional blank forms were put into the field kits. At the end 
of each field day, data was checked for completeness and accuracy and corrections were made 
as necessary. Rappateurs were immediately debriefed to resolve any data issues. Corrected 
forms were filed daily in separate binders on the support vessel. 

Between sampling periods, data were entered into a digital spreadsheet and backed up on a 
remote hard-drive. Forms were returned to their binders and shelved. Spreadsheet files were 
spot-checked for missing information and transcription errors as part of a random data QC audit 
performed by the QA coordinators. Data errors and inconsistencies discovered in the QC 
checks were recorded in an Error Report. Those reports were filed with the QA coordinators 
who audited them to ensure that appropriate corrective action was taken. Depending on the 
magnitude of the error, the audit included tracking the associated data from initial reporting 
through the final analyses.  

Text narrative was prepared and edited on a word processor. The final document was saved on 
CD.  

Data Reporting  

The final report documents were reviewed by both QA coordinators and an independent 
reviewer from each agency. That review consisted of ensuring that text, tables and figures all 
contained correct data and that the data corresponded to the data in the inventory. 




