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     ABSTRACT 
 
 
A few species of benthic and pelagic fishes are common at shallow depths over sandy 
sediments along the Oregon coast.  These include Pacific sanddab, English sole, butter 
sole, northern anchovy, whitebait smelt and Pacific tomcod.  Several of the benthic fishes 
undertake seasonal bathymetric movements from deep water in the winter into shallow 
waters during the summer.  Juvenile fishes often predominate in these shallow areas.  
Among the pelagic fishes, four ESA-listed salmonids and sea-run cutthroat trout migrate 
into the Columbia River during fall months.  Outmigration of juveniles occurs from early 
spring through the fall, with subyearling Chinook salmon being common in shallow 
waters near the Columbia River during the fall.  Northern anchovy are often very 
abundant in the Columbia River plume and estuary.  Although impacts of dredge disposal 
on benthic fishes have been observed in the past, distribution and abundances vary 
greatly in time and space, often precluding detectable impacts of disposal.  In general, the 
fishes inhabiting the area of the proposed Beneficial Use Project are adapted to a 
dynamic, high energy environment.  Any impacts of disposal will depend on the timing, 
location, area and thickness of the sediment footprint and rates of sediment dispersal. 
 
   
    INTRODUCTION 
 
This White Paper reviews studies of benthic and pelagic fishes fish off Oregon and 
Washington from shallow areas, since they are most relevant to the Nearshore Beneficial 
Use Project that will dispose dredge materials from the Columbia River in shallow water 
south of the South Jetty during the fall of 2005. 
 
 
Benthic Fishes 
 
General Studies 
 
Alverson (1960) examined the commercial catch data for the the state of Washington 
trawlers from 1955 through 1957 and depths of 20 to 183 m and during four seasonal 
periods.  He found notable bathymetric migrations of English sole(Parophyrs vetulus), 
petrale sole (Eopsetta jordani) , starry flounder (Platichthys stellatus) and lingcod 
(Ophiodon elongatus),  species common at the shallow depths.  Highest catches usually 
occurred in shallow water during the summer (July and September) rather than winter 
months (January-March), indicating seasonal migrations inshore in the summer and 
offshore into deeper water in the winter.  Alverson et al. (1964) also provides a review of 
the depth distribution of common demersal fishes caught in commercial trawls of the 
northeastern Pacific.   
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Alton (1972) reported 92 species of benthic fishes caught during a study off the northern 
Oregon coast at depths of 90-2122 m.  Average trawl catches by weight were highest at 
the shallowest depths, 90-140 m and were dominated by flatfishes.  Again, availability of 
benthic fishes was higher during the summer than winter months. 
 
The study of the species associations of benthic fishes on the continental shelf and slope 
off Oregon between 40 and 1829 m (Day and Pearcy 1968) recognized  four species 
associations depending on depth and sediment type.  The dominant species in the shallow 
water (42-73 m) association and 100% sand, were Citharichths sordidus (Pacific 
sanddab) and English sole.   
 
In another study of small flatfishes inshore of Heceta Bank (between 74 and 102 m)(Fig. 
1), Pearcy (1978) identified Pacific sanddab as numerically dominant in the sandy-bottom 
association of fishes in shallow water (74 m) where species diversity was low.  Rex sole 
(Glyptocephalus zachirus) and English sole were next in numerical abundance. Pacific 
sanddab inhabited deeper water with finer sediments in early life and then aggregated on 
shallow sandy bottom at larger sizes.  Catches of rex and Dover sole were higher at the 
deeper stations in winter than summer, the result of seasonal bathymetric migrations.    
  
Demory (1971) reported that the depth distributions of small flatfishes off northern 
Oregon and southern Washington varied with season with most species inhabiting deeper 
water in winter than spring and summer.  English sole, less than 18 cm in total length, 
sizes often found inside estuaries, were the most common species at depths of 10 fathoms 
or less.  Sanddab and butter sole (Isopsetta isolepis) were also caught at the shallow 
depths. 
 
 
Studies off the Columbia River 
 
Depths and sediment types north and south of the Columbia River mouth are shown in 
Figure 2  as a reference for this section.  Sand bottom predominate inshore of 20-60 m 
depth.  Emphasis in this paper will be on studies at these depths along the Oregon coast. 
 
In 1974-76, Durkin and Lipovsky (1977) sampled fishes and decapod crustaceans off the 
mouth of the Columbia River at five sites (Fig. 3) during 1975 and 1976 at 17.5-40 m 
using an 8-m semiballoon trawl with a 12 mm cod-end liner.  The initial sampling was 
designed to provide baseline information, and the subsequent samples in 1975-76 to 
study possible changes after dredge disposal.  In their 151 trawl tows they collected 51 
species of fishes.  Northern anchovy (Engraulis mordax) was by far the dominant 
species, almost 50% of the total catch.  Eleven species made up nearly 95% of the catch 
(Table 1).  Along with northern anchovy, other species, such as whitebait smelt 
(Allosmerus elongatus), night smelt (Spirinchus starksi), Pacific tomcod (Microgadus 
proximus) , shiner perch (Cymatogaster aggregata), staghorn sculpin (Leptocottus 
armatus), pricklebreast poacher (Stellerina xyosterna), Pacific sanddab (Citharichthy 
sordidus), showy snailfish (Liparis pulchellus), butter sole (Isopsetta isolepis), and 
English sole (Parophrys vetulus) occurred in most tows. Statistically significant 
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differences were found among sites for 10 of the 11 common fishes (English sole were 
the exception).  Butter sole and Pacific tomcod were more important at the southern site.  
Significant differences usually occurred in the monthly composition of catches, 
indicating large seasonal variations, and the interactions among sites and seasons (Table 
1). 
 
Despite sampling limitations, Durkin and Lipovsky found that diversity indices and catch 
rates declined at the experimental test sites after disposal (548,519 m3 were dumped by a 
hopper dredge in a circular area with a 758 m radius resulting in a 1.5 m elevation, about 
71% of the total dump).  Also, most common fishes at the test sites were usually smaller, 
indicating a decrease of larger fishes and/or recruitment of small fishes into the test areas, 
possibly related to food availability.  They studied the food habits of common fishes and 
suggested that the consumption of small crustaceans decreased, whereas the consumption 
of large crustaceans and fishes increased after disposal.  This indicates disturbance to the 
area created by the disposed dredge material.   
 
A series of later studies were conducted on the benthic invertebrates, demersal fishes and 
sediment characteristics at or adjacent to Ocean Dredge Disposal Site F (see Fig. 3), 
offshore of the Columbia River during 1989, 1990, also by the Hammond Lab of the 
Northwest Fisheries Science Center (Hinton et al. 1992). Five stations were sampled at 
Dumpsite F and eight reference stations in June 1989 (pre-disposal) and again in June 
1990, after disposal of over 1.7 million m3 of dredge spoils by the COE.  The most 
common fishes caught in both the pre- and post-disposal in their 8-m semi-balloon 
shrimp trawl (38 mm mesh in body and 13 mm mesh cod-end liner) at depths of 35-46 m 
were fairly similar.  The common species were whitebait smelt, Pacific sanddab, butter 
sole, Pacific tomcod, and English sole.  Whitebait smelt dominated in both years by 
either numbers or weight (Hinton et al. 1992, Table 2).  They concluded that the dredged 
material did not have an adverse short-term impact on benthic invertebrates, demersal 
fishes and large epibenthic invertebrate communities at and adjacent to the disposal site. 
 
In 1992 the Hammond Lab also sampled north of the north jetty, near Peacock Spit, 
between 9 and 19 m, with the same trawl but a 10 mm mesh cod-end to retain smaller 
fishes.  Here Pacific tomcod predominated all samples, followed by whitebait smelt and 
unidentified juvenile smelt (Hinton and Emmett 1994a).  They mentioned that their 
results were similar to those of Durkin and Lipovsky (1977) and Siipola et al. (1993) but 
that fish densities varied greatly among surveys and study locations. 
 
In 2003, the COE supported a comparison of the sampling efficiency of three benthic 
trawls at the Deepwater Site, 55-90m, off the mouth of the Columbia River (MEC 
Analytical Systems, Inc. and Science Applications International Corp., 2004).  They used 
a 7.9 m mouth opening commercial trawl, a 7.6 m mouth otter trawl and a small beam 
trawl.  The demersal fish community at these depths was dominated by flatfishes such as 
Dover sole, English sole, Pacific sanddab, rex sole, petrale sole, and slender sole.  
Lingcod, Pacific hake and sablefish were also common.  Sanddab dominated the biomass 
at the shallower stations (30 m) in both the commercial trawl and beam trawl.  At these 
stations, Pacific sanddab and rex sole comprised the most biomass in the otter trawl 
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catches.  The beam trawl collected mainly small fishes.  The large commercial trawl, with 
larger mesh, was more effective in catching large fishes, including sablefish, hake, petrale 
sole, spiny dogfish (Squalus acanthias) and lingcod.  This study, as well as others, shows 
that different types of trawls, with different mouth openings, designs, mesh sizes and 
towing speeds, sample different sizes and assemblages of demersal fishes.   
 
Collections with a 3-m beam trawl at Benson Beach, north of the north jetty, are also 
relevant because they are in shallow water, 9-13 m.  Again, Pacific tomcod, whitebait 
smelt, northern anchovy, English sole, and staghorn sculpin were common (Oregon 
Solutions 2005). 
 
Within the Columbia River estuary, the dominant fish collected while sampling the 
entrained dredged material in the mouth of the Columbia River (RM-2) was Pacific sand 
lance (Ammodytes hexapterus)(Pearson et al. 2003).  This species often buries in the sand 
or escapes through trawl meshes. Its abundance in the nearshore water is not known.   
 
 
Other Studies off the Oregon Coast  
 
The U.S. Army Corps of Engineers also supported several other studies of benthic 
animals at offshore disposal sites along the Oregon coast that are relevant to nearshore 
disposal activities.  Off Tillamook Bay (Fig. 4), Emmett et al. (1988), again using an 8-m 
semi-balloon trawl, reported 17 different species of fishes caught at depths of 24-27 m 
over a sandy bottom.  Speckled sanddab, Pacific tomcod, and English sole dominated 
most trawl catches.  This study in the summer and other fall and winter surveys in the 
same region (Emmett et al. 1987) suggested that densities of fishes, crabs and other 
benthic invertebrates increased from summer to fall and decreased in the winter.   
 
Subsequent surveys during September 1988 off Tillamook Head in deeper water at 55-67 
m depth, but again over fine-grained sands, found a community of 17 identified species 
of benthic fishes with Pacific sanddab, speckled sanddab, rex sole, and English sole and 
slender sole the most common species (Emmett et al. 1990).  Another survey during 
September 1990 at the same depths off Tillamook Bay captured a similar diverse array of 
benthic fishes, with Pacific sanddab predominating (Emmett and Hinton 1992).  As with 
prior surveys, most of the fishes caught were juveniles.  This suggests that these 
nearshore areas are mainly nursery areas for juveniles fishes (especially during summer 
months, see Demory  (1971)). 
 
A nearshore trawl survey by Hinton and Emmett (1994b) off Coos Bay (Fig. 5) at 10-25 
m over a sandy bottom during April and October 1992 caught mainly juvenile speckled 
sanddab during both months, with fewer numbers of sand sole and Pacific tomcod during 
April.  Northern anchovy, whitebait smelt and night smelt were abundant in April when 
lingcod and rockfishes (Sebastes spp.) were caught.  None of these species were caught 
during October, however   Again, this indicates significant seasonal variability in the 
distribution and availability of benthic fishes in the nearshore region.  
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A recent summary and compilation of the catch data was prepared for the Essential Fish 
Habitat for west coast groundfish, based on surveys by trawl and ichthyoplankton surveys 
of NOAA and trawl logbook data (Casillas et al. 1998).  This report provides useful 
information on the distribution, abundance, migrations, reproduction, growth, and food 
habits of commercially important groundfishes off the west coast, including some of the 
species that were common in the above nearshore studies in the vicinity of dredge 
disposal sites.  Their summary shows that lingcod, English sole, Pacific sanddab, petrale 
sole, rock sole, sand sole, and starry flounder all may inhabit nearshore regions with 
depths less than about 20 m, often using the shallow coastal areas as nursery ground for 
their juveniles.  Some of these species migrate into shallow waters to spawn (English sole 
and starry flounder), others migrate into shallow areas from deeper water spawning 
grounds (petrale sole).  Although larger individuals of most species move into deeper 
water as they mature, many species migrate seasonally--into shallow shelf water during 
spring and summer, and into deep water during the winter. 
 
The species of fishes that are listed with Essential Fish Habitat at shallow depths and on 
sand bottom, appropriate to this review, are lingcod, arrowtooth flounder (Atheresthes 
stomias), Pacific sanddab, petrale sole, rex sole, rock sole, starry flounder, copper 
rockfish (Sebastes caurinus) and stripetail rockfish (Sebastes saxicola)(Casillas et al. 
1998; NOAA-National Marine Fisheries Service, 2003).  Neither of the rockfish species 
has been reported in nearshore studies off the mouth of the river. Five of the six species 
of fishes identified as “over fished” by NOAA-Fisheries are rockfishes that have not been 
sampled in the nearshore region off the mouth.  Lingcod is the sixth species, adults and 
especially juveniles of this species are found in shallow water over sand bottom 
(Eschmeyer and Herald 1983; Oregon Solutions 2005).  Lingcod is often found near 
rocky bottoms, including man-made jetties. 
 
Data compiled by Steve Kupillas (Oregon Department of Fish and Wildlife) from 
commercial landings were summarized for the region of 18 m and shallower from the 
Columbia River to Tillamook head, where shelf sands predominate (Fig. 1),  for the most 
recent 5 years (Table 3).  Sand sole, starry flounder and English sole dominated the 
landings in biomass (pounds).  Skates also comprised a significant portion of the 
landings.  Many other species were caught but not landed (discards) including many of 
the species of fishes noted above as common in these inshore regions (Table 4). 
 
 
ANADROMOUS FISHES 
 
Salmonids 
 
Four species of ESA-listed salmonids migrate from and into the Columbia River, passing 
through the estuary and near-ocean twice during their life histories, as juvenile smolts 
migrating to the ocean and as maturing adults returning on their spawning migration.  
These include five ESUs of Chinook salmon (Oncorhynchus tshawytscha), one chum 
salmon (O. keta), one sockeye salmon (O. nerka) and 5 steelhead (O. mykiss).  (Table 5).  
In addition, the lower Columbia coho salmon (O. kisutch) is a candidate species for 
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listing.  Cutthroat trout (Oncorhynchus clarki clarki) was proposed for listing but 
USFWS withdrew its proposal in 2002.   
 
The occurrences of both maturing and juvenile salmonids migrating to or through the 
Columbia River are shown in Figures. 6A and B.  Migrations of all four species of 
maturing salmon as well as steelhead overlap with the disposal period in September.  
Adult Chinook salmon and steelhead migrate into the river during all months of the year; 
other species migrate mainly during the spring to early autumn, except for cutthroat trout 
(Fig. 5A).   
 
Juvenile salmonids are especially common migrating through the Columbia River estuary 
and in the river plume during spring, summer and autumn (Fig. 6B).  Yearling Chinook 
and juvenile coho salmon were primarily found off the mouth of the Columbia River 
during the spring, April through June (Pearcy and Fisher 1990; Fisher and Pearcy 1995).  
Subyearling or fall-run Chinook are found in the Columbia River estuary throughout the 
year (Fig. 6B), but are most common in this feeding and nursery area from May through 
September.  They are most common very nearshore, just off the surf zone (Dawley et al. 
1985; Emmett, pers. com.).  Hence of all the species of salmon, the nearshore zone is 
most important for subyearling Chinook salmon.  They would most likely inhabit the 
disposal area during the late summer.  Turbidity associated with disposal may affect the 
distribution and migratory paths of maturing and juvenile salmonids near the mouth of 
the Columbia River. 
 
Emmett et al. (2004) reported that juvenile salmon off the Columbia River (depth 60 m) 
were distributed within the upper 12 m of the water column, with high subyearling 
Chinook catches associated with high surface outflows from the river, high turbidity and 
decreasing tidal levels. 
   
 
Other Anadromous Fishes 
 
The population of Pacific lamprey (Lampetra tridentata) migrate from the ocean into the 
Columbia River to spawn in upper tributaries of the Columbia River in the spring.  After 
ammocetes metamorphose into the adult form they migrate down the river to the ocean.  
This species has declined precipitously based on dam counts in the Snake River.  They 
were petitioned for listing under the ESA, but the petition was declined by the USFWS.    
 
Both the green and white sturgeon inhabit the lower Columbia River and shallow waters 
off the coast during summer and fall (R. Emmett, pers. com).  The Green sturgeon 
(Acipenser medirostris) enter the Columbia River estuary from the ocean during the late 
summer.  It was considered for ESA listing, but listing was not considered warranted by 
NOAA at this time. 
 
Eulachon (Thaleichthys pacificus), an andromous smelt, migrates into the rivers to spawn 
during the late winter and early spring (Fig. 6A).  Adults die after spawning and their 
young are carried back into the ocean by currents. 
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Pacific herring migration into the estuary to spawn during the spring months (Fig. 6A).  
 
A large migration of about four million American shad migrate into the Columbia River 
to spawn in May and June (Fig. 6A).  This is the largest run of American shad in the 
world (Emmett, pers. com.).    
 
 
Other Pelagic Fishes 
 
Northern anchovy, Pacific sardine and Pacific herring are often the numerically dominant 
pelagic fishes in pelagic trawl catches off the mouth of the Columbia River (Emmett et al. 
2001).  Other species common in trawl or purse seine catches are jack mackerel, Pacific 
hake, Pacific mackerel (Trachurus symmetricus), chub mackerel (Scomber japonicus) 
and spiny dogfish (Squalus acanthias) (Brodeur and Pearcy 1986). All these species, and 
the market squid (Loligo opalescens), are listed in the Columbia River channel 
improvement project (NOAA 2003).  Juveniles of Sebastes spp., wolf eel (Anarrhichthys 
ocellatus) and kelp greenling (Hexagrammos decagrammus) were associated with 
inshore habitats (Brodeur and Pearcy 1986).  Sometimes all these species are captured 
nearshore, but the northern anchovy is often common in the region of the Columbia River 
plume and estuary.  Using multivariate analyses of surface trawl catches, Brodeur et al. 
(2003 and, in press) identified annual, season, latitudinal and longitudinal differences in 
the species composition of pelagic fishes.  In these studies, Chinook and coho yearling 
salmon, Pacific herring, whitebait smelt, surf smelt and northern anchovy were most 
common 6 km off the Columbia River mouth, fishes also common in previous trawl 
studies. 
 
Emmett et al. (2004), in their study of vertical distribution of fishes off the mouth of the 
Columbia River in June 2000, found that Pacific herring, northern anchovy, and whitebait 
smelt were most common in surface trawl collections, whereas eulachon was the 
dominant forage fish in mid-water trawls in June.   
 
A study of the larval and juveniles fishes 5.5 km off the mouth of the Columbia River 
with plankton nets by Laroche (unpubl.) found that osmerids (smelt), engraulids 
(anchovy), pleuronectids (flounders) and gadids (cods) dominated the catches.  This is 
consistent with the trawl catches of fishes noted above and indicates that these families 
spawn in these waters. 
 
 
POTENTIAL IMPACTS 
 
The EIS by the U.S. Army Corps of Engineers and Environmental Protection Agency 
(1999) stated that "The area off the mouth of the Columbia River is a productive 
biological environment that is influenced by a variety of complex physical processes. The 
major short-term processes that affect the area are tides and local winds and currents. 
River flow also has a major seasonal impact on the area. The nearshore areas are 
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subjected to high current and wave energy and populated by biological organisms 
adapted to this high-energy environment.  Natural sediment transport at the Shallow 
Water Site E (18 m or 60 feet) is high, moving mainly to the north.  Bottom sediments at 
the proposed nearshore sites are primarily sand containing little or no silt or organic 
material. No rock or other unusual bottom features exist within the sites." (U.S. Army 
Corps of Engineers 1999) (http://www.nwp.usace.army.mil/issues/crcip/cms/1999.asp). 
 
Dredge spoils near the mouth of the Columbia River have several potential impacts.  
They could cause direct mortality of fishes by burial or smothering, mortality after stress 
or injury, or reduced rates of growth or reproduction.  They could change habitat 
characteristics and community composition of the benthos that cause fishes to leave the 
area.  They could also have indirect effects by influencing predation and feeding ecology.  
All these effects could be short-term or long-term.  Impacts will depend on the area of the 
sediment footprint, depth of sediment on the bottom, the retention, mixing and duration, 
and repetition of dumps in an area, and the duration of the disposal.  How the 
accumulation of sediment affects topography, hence currents, wave erosion and 
deposition in the area could also change habitat characteristics.  If sediments are toxic 
other considerations are important.  
 
The Environmental Assessment, Mouth of the Columbia River Maintenance Dredging 
and Disposal 
(https://www.nwp.usace.army.mil/op/n/projects/mcr/docs/FinalEAMCR06jan03.pdf) 
concluded that demersal fishes and mobile shellfish would either avoid the dredge 
material or be buried, but that most abundant commercially important fishes would “be 
expected to move out of the area of disturbance; however individual losses are possible”.  
Test dumps under “limited conditions”conducted by Chang and Levings (1978—no 
citation given) showed no adverse effects on flatfish.  This report also concluded that the 
dredging program would “not likely adversely affect listed anadromous fish”.    
  
According the U.S. Army Corps of Engineers (2003) “Because placement of dredged 
material would be concentrated into a small area, benthic organisms within the disposal 
sites would be subjected to burial. Most sessile benthic organisms would not be expected 
to survive burial from the total disposal action, i.e., multiple dumps. Recolonization of 
the site would be expected to begin soon after disposal stopped from adjacent, 
unimpacted portions of the seafloor. Demersal fish and mobile shellfish would either 
avoid the disposal activity or be buried."  
(https://www.nwp.usace.army.mil/op/n/projects/mcr/docs/FinalEAMCR06jan03.pdf). 
 
Surface nearshore waters are often turbid with limited light transmission.  This turbidity 
may be advantageous for planktivorous fishes because they will be less vulnerable to 
predation by piscivores and may effectively feed in turbid water (Boehlert and Morgan 
1985; DeRobertis et al. 2003).  However, both sublethal and lethal effects of high 
turbidity are known for fishes.  Suspended sediments have been shown to affect 
avoidance responses, territoriality, feeding and homing behavior (Sigler et al. 1984).  
Juvenile salmon exhibit histological, immunological, physiological, and behavioral 
responses to suspended sediments.  Juvenile salmon swam near the surface in laboratory 
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tests to avoid high levels of suspended sediments.  If this happens in nature, they would 
be more vulnerable to predation by birds (Servizi 1990).  Experimentally, Sigler et al. 
(1984) also reported significant reductions in growth and increased out-migration in 
salmonids within 22 to 265 NTU’s (nephelometric turbidity units).   
 
Survival of striped bass (Morone saxatilis) eggs and larvae are reduced when exposed to 
high concentrations of suspended sediments (Morgan et al. 1983).  Servizi and Martens 
(1987, 1991) showed that the tolerance to suspended sediments was temperature 
dependent, increased with increasing size of coho salmon, and depended also on sediment 
particle size.  Newcomb and Flagg (1983) measured the lethality of volcanic ash from 
Mt. St. Helens on salmon.  Mortality was caused by impaired oxygen exchange at the gill 
surfaces from the sediments. 
 
Experiments conducted near Gulfport, Mississippi with simulated thin-layer deposition of 
sediments indicated that larval flounders and other fish larvae generally survived burial 
by sediments 
(https://www.nwp.usace.army.mil/issues/crcip/cms/docs/1999/app/apph/VOL2/national.p
df). 
 
 
CONCLUSIONS 
 
Common benthic fishes caught in trawls in shallow regions along the Oregon coast are 
Pacific sanddab, English sole, Pacific tomcod, petrale sole, starry flounder and sand sole.  
Of these sand sole, starry flounder and English sole dominated commercial landings in 
along the northern Oregon coast inside of 10 m.  Lingcod, important in commercial and 
recreational fisheries, is also found in shallow water.  Pelagic fishes that are often 
abundant in bottom trawl catches in this region include northern anchovy, whitebait 
smelt, and night smelt. 
 
Previous studies clearly indicated that the catches of demersal fishes in trawls vary with 
season of the year, are patchy spatially, and depend on the type of sampling gear.  Some 
species migrate into shallow waters during the summer months and then move into 
deeper water during the winter, suggesting that shallow waters are feeding/nursery areas, 
especially for small fishes during the summer.  This variability makes before/after 
comparisons of dredge disposal difficult.  One study indicated changes in the size 
distribution of fishes and changes in their feeding habits after disposal. 
 
Among the pelagic fishes in the area, several species of salmonids are ESA-listed and 
major migrations of adults occur into the river during the spring, summer, autumn and 
winter.  Millions of salmonid smolts migrate downstream during other times of the year, 
especially during May through September.  Subyearling Chinook salmon inhabit very 
nearshore waters off the mouth of the Columbia River from May through September. The 
dredge operations during September will coincide with upstream migrations of coho and 
fall Chinook salmon and winter steelhead, and large numbers of subyearling Chinook 
salmon in nearshore waters. 
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The shallow-water (60-80 feet) disposal site immediately south of the South Jetty of the 
Columbia River is a very dynamic environment.  Sediments are sand (Fig. 2) that are 
dispersed and resorted by wave and current actions.  Effects on fishes in the disposal area 
are speculative.  Because of the dynamic nature of this nearshore zone, it is hypothesized 
that benthic fishes living in this habitat are adapted to movement of sediments from wave 
and currents, especially during the winter.  Therefore, effects of disposal in dynamic 
shallow areas would likely be less than disposal in deeper areas, more stable and 
productive areas.  Pelagic fishes like smelts and salmonids would less likely be affected 
than demersal fishes.   
 
 
PROPOSED MONITORING STUDIES 
 
I suggest two types of monitoring studies—preliminary video and or LIDAR studies, and 
a systematic trawl study of fishes using trawls during the second or third phase of this 
project.  Both would provide data on changes in the distribution and abundances of 
fishes.  The trawl study would be “tiered” and conducted after significant changes 
occurred in sediment depths over a large area and associated changes in benthic infauna.  
The white papers by Braun and Pearson consider general issues that are also relevant to 
the study of benthic fishes.  In addition, during the second phase quantitative 
measurements of turbidity (NTUs) should be measured to determine if levels are above 
background over a large (km2) area. 
 
Video, LIDAR studies.  These methods are suggested to provide before- and after-data 
for the preliminary 2005 study, or the larger volume disposal in 2006.  An underwater 
video camera towed in transects across the area of the proposed disposal swath into non-
impacted regions during pre- and post-disposal could provide useful information on 
changes in the numbers and sizes of benthic macro-invertebrates (crabs) as well as 
benthic fishes inhabiting the region.  Cameras on sleds can be calibrated to provide 
quantitative estimates of abundances.  An ROV would provide similar information.  The 
cost of such studies would be minor compared to a systematic trawl study. 
 
In addition, as I mentioned at the Workshop, an airborne LIDAR will be deployed this 
summer for studies of pelagic fishes off Oregon.  The aircraft will be based out of 
Astoria, so LIDAR transects could be flown over the disposal area outbound and inbound 
from their flights.  The LIDAR capability will be available from about August 2-22, 
2005.  Therefore if arrangements can be made to piggy-back on this study, the ideal time 
for the disposal by the USCOE would be mid-August so that flights could be made before 
and after disposal.  
 
Trawl Study.  Conclusions from well-designed, long-term studies of the impacts from 
dredge spoil disposal on fishes are lacking.  A major reason for this, as noted above, is 
the large variability in time and space resulting from changes in ocean conditions and the 
life histories and migrations of fishes. As a result, robust statistical conclusions about 
biological changes in dynamic nearshore environments are elusive.  Nevertheless, a 
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proposed study, outline below, may help to document major differences between 
impacted and non-impacted disposal sites on benthic fishes.   
 
I propose that a bottom trawl, similar to the ones used by the Hammond Lab off the 
Columbia River, be used at 3 impacted stations--one at the center of the site, and two in a 
series each about 1 to 5  km apart along the predicted trajectory of sediment movement.  
Five reference stations are proposed, two at the same depth as the disposal site, but 1-5 
km upstream of the sediment plume, and one inshore and the other offshore about 1 km 
of the disposal site at locations with similar sediment types.   
 
Sampling at these eight stations should be conducted 3 and 1 months and a week before 
disposal, and a week, 1 and 3 months after disposal.  It is assumed that the disposal area 
is utilized by benthic fishes mainly during the summer months.  If the above sampling 
indicated changes in species composition and abundance after 3 months, then sampling is 
proposed a year later. 
 
The trawl should be instrumented to determine time fishing on the bottom and area 
sampled.  Sediment samples should be collected along with information on bottom 
temperatures, salinity, tidal stage, and Columbia River plume influence. 
 
Target species for analysis would be flatfishes, such as Pacific sanddab, English and sand 
sole, as they usually are in contact with the bottom and feed largely on benthic 
organisms.  Samples should also be analyzed to provide information on total catch of 
other species, catch per effort by species, size distribution by species, and food habits of 
benthic fishes.   
 
Null hypotheses are that there are no significant changes in the above estimates.  To 
calculate the number of samples needed for detection of a 50% change in the catches, 
sizes, or food habits, a power analysis is suggested based on data from previous inshore 
sampling of fishes (cited above).   
 
Benthic sampling of infauna and epifauna will provide information on changes in 
composition and the availability of prey for fishes at these stations.  It is assumed that 
sediment characteristics and depths will be monitored before and after disposal by 
geologists/sedimentologists.  If sediment composition and depths are unchanged after 
disposal, or if there is no change in the benthic infauna (tiered approach), this proposed 
study on fishes may not be needed. 
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FIGURES AND TABLES 
 

 
Figure 1.  Location of trawl stations off the central Oregon coast 
(Pearcy 1978) 
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Figure 2.  Surface sediment habitats and bathymetry off the Columbia River  
(C. Romsos and C. Goldfinger, Oregon State Univ.) 
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Figure 3.  Sampling sites of Durkin and Lipovsky (1977) and Hinton et al. (1992) (Site F). 
 

 
Figure 4.  Trawling stations off Tillamook Bay (Emmett et al. 1988). 
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Figure 5.  Location of trawling stations off Coos Bay 
(Hinton and Emmett 1994b). 
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Figure 6.   
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TABLES 
 
Table. 1.  Analysis of Variance for 11 Species of Finfish Captured at Five Sites with an 8-mm 
Shrimp Trawl off the Columbia River Mouth – July, August, and September 1975 and April 
1976 (Durkin and Lipovsky 1977). 
 
Species Site Month Interaction 

p = 0.05 Significance 2.8700 3.1000 2.2800 
Anchovy 5.1354 0.6406* 1.4732* 
Whitebait smelt 10.0180 4.1611 6.8894 
Longfin smelt 19.8413 37.1861 7.7196 
Pacific tomcod 45.5343 50.3646 8.9745 
Pacific staghorn sculpin 4.0944 12.0480 9.0060 
Pricklebreast poacher 13.8247 10.2102 2.6923 
Showy snailfish 15.5840 1.1780* 0.9240* 
Pacific sanddab 14.7689 50.8147 9.6998 
Butter sole 39.7800 22.5960 5.8800 
English sole 2.2139* 23.2514 3.4827 
Sand sole 9.5812 8.1806 1.5678* 

* indicates values that were not significantly different at the 5% level (Durkin and Lipovsky 
1977). 
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Table 2. Major fish and large epibenthic invertebrates captured by bottom trawl at and adjacent 
to ODMDS F, offshore from the Columbia River, in June 1989 and 1990. Three trawling efforts 
were conducted during each survey (Hinton et al. 1992). 
 
 June 1989 June 1990 

 
Species 

Mean number 
per ha 

Mean wt. (g) 
per ha 

Mean number 
per ha 

Mean wt. (g) 
per ha 

Whitebait smelt 2,963 17,375 7,905 43,015 

Pacific tomcod 212 6,285 158 7,368 

Pacific sanddab 326 44,658 147 14,543 

Butter sole 271 27,030 268 6,254 

English sole 184 24,216 214 24,717 

Northern 
crangon 422 578 294 340 

Miscellaneous 442 34,302 620 23,598 

Total 4,820 154,444 9,606 119,835 
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Table 3. Landed trawl catch (lb) inside 10 fathoms between the Columbia River and Tillamook 
Head (Steve Kupillas, Oregon Dept. Fish and Wildlife). 
 
 2003 2002 2001 2000 1999 

English sole 11,138 27,119 1,152 1,386 698 

Rock sole 80 242 0 53 37 

Petrale sole 266 18 0 79 379 

Dover sole 1,266 13 2 21 22 

Rex sole 575 42 0 78 345 

Sanddab 54,807 85,466 2,438 18,233 30,912 

Starry 
flounder 27,413 19,764 2,158 6,832 4,590 

Curlfin sole 62 139 0 0 28 

Arrowtooth 
flounder 79 320 0 0 33 

Misc. flatfish 88 7 0 18 22 

Skate 13,270 10,751 509 630 2.348 

Pacific cod 255 209 7 26 43 

Lingcod 70 184 24 64 96 

Number of 
tows n = 106 n = 191 n = 21 n = 87 n = 139 

Tow 
duration 
(hours) 

175.8 255.1 29.2 151.5 244.2 

 
Annual variations in catch per effort are in part related to closure of the shelf in September 2002 
and incentives to fish in deeper water.
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Table 4. Observed species “discarded” in trawl catches in northern Oregon nearshore waters 
(data provided by Steve Kupillas, ODFW). 
 
Common Name Scientific Name 
Cod, Pacific Gadus macrocephalus 
Cod, Pacific Tom Microgadus proximus 
Flounder, Arrowtooth Atheresthes stomias 
Flounder, Starry Platichthys stellatus 
Greenling, Kelp Hexagrammos decagrammus 
Lingcod Ophiodon elongates 
Ratfish, Spotted Hydrolagus colliei 
Salmon, King (Chinook) Oncorhynchus tshawytscha 
Sanddab, Pacific Citharichthys sordidus 
Sanddab, Unid Citharichthys 
Sardine, Pacific Sardinops sagax 
Sculpin, Buffalo Enophrys bison 
Sculpin, Pacific Staghorn Leptocottus armatus 
Sculpin, Unid Cottidae 
Shad, American Alosa sapidissima 
Shark, Spiny Dogfish Squalus acanthias 
Skate, Unid Rajidae 
Smelt, Unid Osmeridae 
Snailfish, Showy Liparis pulchellas 
Sole, Butter Pleuronectes isolepsis 
Sole, English Pleuronectes vetulus 
Sole, Hybrid Inopsetta ischyra 
Sole, Petrale Eopsetta jordani 
Sole, Rex Errex zachirus 
Sole, Rock Pleuronectes bilineatus 
Sole, Sand Psettichthys melanostictus 
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Table 5. Federally listed salmonid ESUs/DPSs in the action area. 
 

Evolutionary Significant Unit 
(ESU) 

 
 

Status 
Life History 

Type 

Juvenile Life 
Stage in Lower 
Columbia River 

 
 

Date Listed 

Chinook Salmon (Oncorhynchus tshawytscha) 

Snake River spring/summer Threatened Stream Yearling + 4/22/92 

Snake River fall Threatened Ocean Subyearling 4/22/92 

Lower Columbia River Threatened Ocean Subyearling 3/24/99 

Upper Columbia River spring Endangered Stream Yearling + 3/24/99 

Upper Willamette River Threatened Ocean Subyearling + 3/24/99 

Chum Salmon (Oncorhynchus keta) 

Columbia River Threatened Ocean Subyearling 3/25/99 

Sockeye Salmon  (Oncorhynchus nerka) 

Snake River Endangered Stream Yearling + 11/2/91 

Steelhead Trout (Oncorhynchus mykiss) 

Snake River Endangered Stream Yearling + 8/18/97 

Lower Columbia River Threatened Stream Yearling + 3/19/98 

Middle Columbia River Threatened Stream Yearling + 3/25/99 

Upper Columbia River Threatened Stream Yearling + 8/18/97 

Upper Willamette River Endangered Stream Yearling + 3/25/99 

Coho Salmon (Oncorhynchus kisutch) 

Lower Columbia 
River/Southwest Washington Candidate Stream Yearling + 7/25/95 

Distinct Population Segments (DPS) 

Bull Trout (Salvelinus confluentus) 

Columbia River Threatened Trout Yearling + 6/10/98 

Cutthroat Trout  (Oncorhynchus clarki clarki) 

Southwest 
Washington/Columbia River 

Proposed 
Threatened* Trout Yearling + 10/25/99 

*On July 5, 2002, USFWS withdrew its proposal to list cutthroat trout as threatened. 65 
Federal Register 44934. 
Note: Although NOAA Fisheries had formally designated critical habitat for salmonid species under its 
jurisdiction, the designations have since been withdrawn by the agency. Nevertheless, potential impacts 
of the project on the formerly designated critical habitat were analyzed in the 2001 Biological 
Assessment and 2002 NOAA Fisheries Biological Opinion. USFWS has not yet formally designated 
critical habitat for bull trout. 
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