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INTRODUCTION 
 

The extinction and decline of many salmon populations throughout the Pacific 
Northwest has increased interest in restoring estuarine marshes as a method to improve 
rearing conditions for juvenile salmon. Many stocks of Pacific salmon rear in estuaries 
for an extended period before migrating to sea (e.g., Reimers 1973; Simenstad et al. 
1982). In studies of Washington and British Columbia estuaries, marsh channels are 
widely used by subyearling salmon as rearing habitats during their estuarine residence 
(e.g., Congleton et al. 1981; Healey 1982; Levy and Northcote 1982; Simenstad et al. 
1982). 

The recent salmon crisis has lent new urgency to ongoing efforts to restore 
productive estuarine wetlands lost during decades of diking and filling of intertidal lands. 
Some of the more developed estuaries in Washington such as the Duwamish River and 
Puyallup River deltas have lost nearly all of their historic wetlands (Simenstad et al. 
1982). In the Columbia River estuary, 60% to 70% of the historic emergent and forested 
wetland habitats have been removed (Thomas 1983). Losses of tidal marsh in Oregon’s 
coastal estuaries similarly range from 50% to 80% (Boule and Bierly 1987). Although 
dike removal may offer a low-cost alternative for recovering salmonid habitat in 
estuaries, the benefits of tideland restoration to salmon have rarely been evaluated, and 
the potential recovery of wetland functions important to salmon growth and survival are 
poorly understood.  
 The Salmon River estuary, on the central Oregon coast, provides an excellent 
opportunity to study salmonid use of restored tidal marsh. The U.S. Forest Service 
manages the estuary as part of the Cascade Head Scenic Research Area with the goal to 
rehabilitate the estuary “to its condition prior to the existing diking and agricultural use.”  
To achieve this goal, the U.S. Forest Service has completed three dike removal projects at 
9-year intervals beginning in 1978.  These projects created a patchwork of restored 
marshes in various stages of recovery, providing a natural laboratory for studying marsh 
restoration processes and their effects on estuarine rearing salmonids. 
 We received funds from Region 10 of the Environmental Protection Agency for a 
pilot study in 1997 and from Oregon and Washington Sea Grant programs for an 
additional 2 years to evaluate effects of marsh restoration on salmon and other fishes in 
the Salmon River estuary. Our Sea Grant-funded research, which is a cooperative study 
with researchers from the University of Washington, has four objectives: (1) describe 
salmon species use of undiked reference and recovering marshes; (2) compare diets of 
juvenile salmon among reference and diked marshes of different recovery ages; (3) 
compare availability and distribution of prey organisms consumed by juvenile salmon; 
and (4) assess geomorphological and ecological indicators (“metrics”) of restored 
wetlands and relationships to salmon use. This report describes the results of fish 
distribution and abundance surveys. Results of the other objectives are described in Gray 
et al. (In Review). 
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Study Area 

 
The Salmon River Estuary is located on the central Oregon coast, south of 

Cascade Head and north of Lincoln City (Figure 1). The Salmon River watershed drains 
an area of 194 km2  and consists of rural residences and private and public forest lands. 
The estuary marsh study area is approximately 800 ha located west of Highway 101. The 
marshes are sufficiently large to support a diversity of habitat and channel types including 
associated mudflats, eelgrass, tidal creeks with significant freshwater inflow, and well-
developed “dead-end” sloughs not directly linked to upland drainage sources. 

By 1978, only 27.5% of the original high marsh in Salmon River remained 
undiked and intact (Frenkel and Morlan, 1991). In 1978, 1987, and 1996, large sections of 
the estuary were opened to tidal flow by tearing holes in or removing dikes. We 
established study sites in each of these sections and named them after the year of dike 
removal (Figure 2). We also established sites in a large mid-estuary marsh that was never 
diked to serve as a reference (“control”) marsh. 

These marshes vary greatly in elevation and corresponding vegetation. The control 
marsh contains areas of different elevations typical of salt marshes, supporting different 
plant communities. Low marsh exists along the channel edges and is dominated by Carex 
lyngbyei (Lyngbye’s sedge). The high marsh is characterized by a thick, matted complex 
of several plant species. The dendritic network of channels lack a connection to upland 
freshwater sources and completely dewater at low tides of <1.0 ft. The 1978 marsh 
subsided after diking due to buoyancy loss, compaction, and organic soil oxidation. In 
1988, Frenkel and Morlan (1991) measured the surface elevation of this site to be about 
35 cm lower than adjacent nondiked sections of the marsh. High marsh is therefore absent 
at the 1978 site, and the vegetation is dominated by Lyngbye’s sedge. There is some 
freshwater influence on the marsh channels. The 1987 marsh’s varying elevation is 
comparable to the control marsh, but has a more patchy distribution of low marsh and 
lacks the thick, complex vegetative mat. Freshwater input affects the tidal creek channels; 
some have deep pools that fail to drain at low tide. The 1996 marsh has shown dramatic 
changes following the recent removal of the dike. Unvegetated areas are interspersed with 
stands of dead and decaying terrestrial material, such as Rubus discolor (blackberry) and 
Phalaris arundinacea (Reed canarygrass), and patches of recruiting species, including 
Lyngbye’s sedge and Juncus balticus (Baltic rush). The main channel of the 1996 marsh 
lacks upland freshwater input and is wide and shallow when compared to channels in the 
other marshes. This channel is the historic outlet of Salmon Creek, which was blocked in 
the early 1960’s with the construction of Highway 101 (Figure 2). 
 Since 1977, the Oregon Department of Fish and Wildlife has operated a chinook 
(Oncorhynchus tshawytscha) and coho salmon (O. kisutch) hatchery on Salmon River 
near the head of tide. During the time of this research, the hatchery has released 
approximately 200,000 coho smolts annually in May and a similar number of chinook 
smolts in August. Since all of the chinook salmon and most of the coho salmon released 
from the hatchery are marked, naturally spawned and hatchery-reared salmon can be 
readily distinguished, allowing us to also evaluate the difference in estuarine life history 
and rearing patterns of wild and hatchery juvenile salmon. 



 3

METHODS 
 

Study Design 
 

To document species composition and distribution of fish in the Salmon River 
marshes, we sampled with three different gear types: fyke trapnet, pole seine, and beach 
seine. Routine sampling sites for the trapnet and beach seine are shown in Figure 2.  

We selected trap sites in each of the reclaimed and natural (reference) marshes to 
monitor fish use of marsh-channel habitats. Trap sites were selected to represent 
secondary channels within each treatment and control marsh. Primary channels with a 
width greater than about 15m were considered too large to trap efficiently. In the control 
and 1987 marshes, we sampled replicate sites to characterize fish composition and 
abundance. The 1978 and 1996 marshes contained just one trap each due to lack of 
suitable replicate sites and time constraints. We refer to the sites in each marsh that were 
most regularly sampled as “main”, and the replicate sites as “upper”. 

To compare fish densities among sites, we measured the marsh channel surface 
area of each channel above the main trap site (Figure 3). Measurements were taken at a 
“bank full” water level. We combined catches and total sample areas from the replicate 
sites to estimate fish densities in the 87 and control marshes. Density estimates for the 78 
and 96 sites are based on fish catches and channel areas measured at a single trap site 
only. In 1998, the trap for the 96 marsh was relocated a few hundred yards up the channel 
to reduce the area sampled and minimize large amounts of debris and the high fish 
densities encountered in 1997. We accounted for this change in the channel area sampled 
when calculating fish densities for the 96 marsh (Figure 3). 
 We established beach seining sites near the mouths of each of the experimental 
and control marshes to characterize fish assemblages in the main estuary (Figure 2). We 
also located two additional beach seining sites downstream of the marshes to monitor 
salmonid movement through the estuary and to the ocean. We sampled both trapnet and 
beach seine sites approximately biweekly from early spring until mid summer when fish 
abundances in the marsh channels declined to very low numbers, as juvenile salmon 
vacated the marshes and moved to the main estuary. In 1997, spring sampling did not 
begin until May due to delays in acquiring the trap nets and time required selecting sites 
and developing sampling methods. Later in the summer, after salmon vacated the 
marshes, we suspended trapnet sampling but continued to sample monthly with the beach 
seine until October, when remaining juvenile salmon were leaving the estuary. 

 
 

Fyke Trapnet 
 

We used a trapnet similar to the design of Levy and Northcote (Levy and 
Northcote 1982) to sample fish in the treatment and control marshes (Figure 4). We 
stretched the nets across the channels at slack high tide to capture fish as the water 
drained on the ebb tide. The trapnets are made of 1/4” nylon mesh and consist of two 35’ 
wings with floats and a lead line and a 15’ tunnel that leads to a livebox. The tunnel is 
equipped with a zipper to aid in  “herding” the fish into the livebox. The 5’ long by 4’ 
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deep livebox is suspended by floats and is open on the top, allowing fish to be captured 
with a dipnet for counting, weighing, and measuring body lengths. 
 Fish were netted out of the livebox throughout the tidal outflow; however most of 
the fish were sampled when the water reached its lowest point (near low tide). Complete 
dewatering of the channels was rare; the water that remained at low tide ranged from 
shallow riffles to deep scour pools where fish tended to collect rather than move 
downstream into the trapnet. To obtain a complete sample, we used a pole seine to force 
the fish into the trapnet.   

In the second and third year of the study, we estimated the sampling efficiency of 
the trapnets for chinook salmon by releasing marked individuals above each net. For these 
estimates, we collected juvenile salmon with a seine from nearby areas (outside the trap-
site channel). After marking with a small caudal fin clip or a dye-injecting device, we 
released the salmon throughout the channel above each trap at least three hours before 
low tide. At low tide, marked fish were counted and released directly below the trap. Trap 
efficiency was determined as the percentage of the total number of marked fish that were 
recaptured. We used efficiency estimates to adjust total catches of chinook salmon at each 
site based on the formula, 

C * 100/E  = AC 
where  
C = Total fish catch at a site  
E = Estimated catch efficiency (%)  
AC = Adjusted catch. 

We were not always able to estimate efficiencies of chinook catches due to low 
abundances on some sampling dates. Where estimated efficiencies at each site did not 
vary greatly between sampling dates, we applied an average efficiency value for each trap 
site to adjust our catches. At the control site we stratified estimates based on fish size and 
date to account for differences in average efficiency. To increase our number of data 
points for estimating average efficiencies, we also included results from fish sampled at 
the trapnet sites in 2000. Survey results for 2000 will be reported elsewhere. Due to time 
constraints and low abundances of some species, we did not estimate catch efficiencies 
for fish other than chinook salmon. Thus, all values for other species are reported as total 
catches unadjusted for trapping efficiency. To allow comparisons between marsh sites, 
fish catches and adjusted catches are expressed as densities per m2 based on the total 
channel area measured above each trap site (Figure 3). 
 Fish sampled with the fyke trapnet were identified to species. For each species, we 
measured up to 30 fish for length (mm) and weight (gms). For fish species with a forked 
tail, fork length was used; for other species, standard length was taken. After 30 fish, all 
individuals of a species were counted and released. Fish were anaesthetized with MS-222 
prior to measurement and revived in fresh water before release. We also took scale 
samples from five fish of each salmonid species. We released fish by transporting them in 
buckets to suitable water sources (e.g. flowing, deeper water for salmon, tidal channels 
for sculpin).  
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Pole Seine 
 

Pole seines of varying sizes were used for qualitative sampling to determine 
presence/absence and sizes of fish in marsh channels and riverine habitat. Pole seining 
was particularly useful during early spring months when salmon fry were too small to be 
sampled efficiently with the larger mesh trapnets.   
 
 

Beach Seine 
 

We used a 125’ x 9’ x ¾” beach seine with a 5’ diameter x 9’ bag of ½” mesh. 
One end of the seine was held on shore while the boat was driven in a half circle and the 
net was dropped into the water. The net was then pulled into shore with the lead line 
skimming the substrate. Fish were transferred to buckets, identified to species, and 
counted. We measured a subsample of 30 of each species (fork length or standard length 
if fork absent). Scale samples were also taken from salmonids at various seining sites for 
later assessments of growth and life history. We standardized seining periods 
approximately two hours on either side of high tide to minimize effects of tidal variability 
on catch estimates.  

 
 

Salmon Residence Time 
 

We used a dye-injecting needle (New West PEN-Ject™) to differentially mark 
groups of fish for particular sites and sampling dates so that we could estimate the 
residence times of individuals within the Salmon River marshes. Salmon from selected 
seine, trap, and upriver stream sites were captured and injected with a fluorescent dye 
(PhotonicTags™) within a chosen fin ray. Marks varied by fin type and color to 
distinguish the date and marking site of the fish upon recapture.   

 
 

Salinity and Temperature 
 

We used a handheld refractometer to measure salinity (parts per thousand) at 
trapnet and beach seine sites. Water temperatures in the estuary were sampled 
continuously with small HOBO data loggers placed at each of the four main trap sites 
and at a main channel site along the south estuary shore just below the confluence of the 
main channel and the outlet of the 87 marsh (Figure 2). The data loggers were set to take 
a temperature measurement once per 30 minutes to monitor temperature variations and 
trends. Because most of the marsh sites dewater at low tide, exposing the data loggers to 
the air, we could not reliably measure low-tide temperatures.  Therefore, we report 
temperature trends among marsh sites as minimum daily values, which generally coincide 
with high tide measurements. 
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RESULTS AND DISCUSSION 
 

Salinity and Temperature 
 

Salinity concentrations throughout the estuary increased from spring to early fall, 
as freshwater flow diminished, and high summer tides penetrated the estuary (Figure 5). 
Measurements in 1997 and 1998 generally showed a gradient of saltwater intrusion, with 
higher salinities at sites closer to the mouth of the estuary (87 and 78 marshes) than at 
sites located upstream (96 and control marshes). 
 Temperature conditions of the marsh channels varied seasonally with river and 
tidal influences and the location of each marsh within the estuary. Average temperatures 
in the estuary increased from spring to fall. The temperature gradient also increased from 
the mouth to the upper marshes due to the intrusion of cold marine water during the late 
summer (Figures 6 and 7). During low freshwater flows and increased tidal ranges in the 
summer, water temperatures were influenced greatly by ocean conditions (Figure 7). As 
shown for salinity distribution, a longitudinal temperature gradient reflected saltwater 
intrusion and the influx of cold upwelled ocean water.  For example, in early August of 
1997 (Figure 7), an average high tide influenced temperatures at the main channel and 87 
marsh sites more than those of the other sites located farther upriver. At higher high tides 
in mid-July and mid-August, the salt wedge moved far up the estuary and temperatures 
varied little between sites.  The lack of temperature gradient between stations by early 
September indicated little thermal difference between ocean and river water. This may be 
a result of El Nino conditions that created higher than average ocean temperatures during 
seasonally low stream flows and warm river temperatures in the fall of 1997. The 
relatively warm ocean conditions in late summer 1997 are shown by the higher estuary 
temperatures in the second half of 1997 compared with same period in 1998 (Figure 8). 

 
 

Species Composition 
 

During 1997 through 1999 sampling periods, twenty-three species of fish from 
fourteen families were caught with beach seines and trapnets (Table 1). Tables 2, 3, and 4 
show the monthly catches for each year. In all three years of beach seine collections, 
Pacific staghorn sculpin and chinook salmon were among the top four species captured 
and accounted for 24% to 60% of the total catch. Beach seine totals from 1997 were 
comprised of a high percentage of marine fish such as surf smelt and Pacific sandlance 
due to large numbers caught at the mouth of the estuary.  
 The top four species captured in the trapnets during all three sampling years were 
staghorn sculpin, threespine stickleback, and chinook salmon, which together totaled 80 
to 95% of the annual marsh catch (Tables 2-4). In 1997, staghorn sculpin (40%), 
threespine stickleback (36%), and shiner perch (19%) dominated the trapnet catches in 
the marsh channels (Figure 9). Beach seine samples were primarily composed of surf 
smelt (34%), Pacific sandlance (32%), and chinook salmon (17%). In 1998, 48 beach 
seine hauls were dominated by staghorn sculpin (37%), chinook salmon (24%), and 
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Pacific sandlance (17%). Staghorn sculpin (74%), threespine stickleback (12%), and 
chinook salmon (11%) made up the majority of the 1998 trapnet catch. Beach seine 
catches remained consistent in 1999, with staghorn sculpin (30%), surf smelt (28%), 
chinook salmon (19%), and hatchery-released chinook salmon (15%) making up most of 
the catch. Staghorn sculpin (71%) and threespine stickleback (19%) dominated the 1999 
trapnet catch. The differences in species composition of the beach seine and trapnet 
samples is partly explained by a larger percentage of marine species at the lowermost two 
beach seining sites, which are located downstream of the marshes. 

The juvenile chinook, coho, and chum salmon sampled in the marsh channels 
with trapnets were almost entirely from naturally spawned parents; hatchery released 
coho salmon were rarely observed using marsh habitats. We did capture 47 hatchery-
released coho salmon in May 1998 at the 96 marsh site, and one at the 87 marsh site 
(Table 3). Juvenile coho and chinook salmon were observed in the marsh channels from 
February through July or August while juvenile chum left by May.  Adult shiner perch 
enter the marsh channels as early as May, with the juveniles remaining through 
September.  

The total 1997 trapnet numbers for June and July were greatly influenced by 
higher catches at the 96 marsh site. Of the monthly totals for all trapnet sites in July, 96% 
of the shiner perch and 94% of salmon were captured at this site. The 96 site contributed 
53% of the total fish caught in June, and 86% in July. The broad channel of the 96 site 
may function as a backwater of the main estuary that is used by some salmon after they 
have exited the smaller marshes.   

In 1998 we relocated the 96 trap site 260m farther up the channel to sample a 
channel area that more closely approximates that of the other marsh channel sites and to 
minimize problems with handling very large numbers of fish. Abundance of fish at this 
new site was an order of magnitude lower than in 1997, which may represent a real 
change in fish use or an artifact of moving our trap upstream. However, total fish catches 
decreased by about 50% at beach seine and trapnet sites throughout most of the estuary in 
1998 relative to 1997. It seems unlikely the substantial change at the 96 site is simply a 
result of relocating the trap. 

 
 

Fish Abundance 
 

Catch rates for chinook salmon were highest in the control marsh and lowest in 
the 78 marsh in both 1997 and 1998, and highest in the 96 marsh in 1999 (Figure 10). 
Catch rates for coho salmon were higher in the 78 and 96 marshes with the 96 marsh 
dominating the 1999 catch (Figure 11). The timing of peak marsh use by coho and 
chinook salmon was several weeks earlier in 1998 than in 1997 (Figure 12). This may 
reflect an earlier time of emergence caused by an El Nino winter with warmer than 
average freshwater temperatures. Approximately 95% of coho trap catches in June and 
July of 1997 occurred entirely at the 96 marsh trap site. Staghorn sculpin catch was most 
consistent at the control and 87 sites (Figure 13). Abundance of staghorn sculpin was 
surprisingly low at the 96 marsh site in 1998 and may reflect relatively poor benthic 
habitat conditions (decaying organic matter due to pasture grasses dying). 1999 results 
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indicated an increased use of the 96 marsh by staghorn sculpin (8.5% of total catch) and 
particularly, juvenile prickly sculpin (19.1%).   

Trapnet efficiency for chinook salmon varied due to physical differences among 
the sample sites.  Marked salmon were able to remain in pools above the trapnet in some 
channels. Trapnet efficiency ranged from 0% (n=19) at the main 87 site to 100% 
efficiency (n=14) at the main control site (Table 5). We found no apparent influence of 
tidal height or exchange on trap efficiency. However, at the control marsh, average trap 
efficiencies varied by size class of chinook salmon. To account for these differences, we 
applied separate average efficiency estimates for individuals <65mm and >65mm 
(approx. mid-May). Because we found no similar size-related differences at the other 
sampling sites, we applied a single average value to calculate adjusted catches of chinook 
salmon whenever we were unable to directly measure sampling efficiency. 

Using efficiency data to adjust total catches of chinook salmon increased our 
estimates of fish density in 1998 and 1999 (Figure 14) but did not significantly alter 
patterns of fish abundance among the marshes (see Figure 10). Peak adjusted densities for 
juvenile chinook salmon in the Salmon River marshes were between .1 and .15 fish m2 
(Figure 14). These values are comparable, although at the low end of the range reported 
by Levy and Northcote (1982) in the marshes of the Fraser River estuary (B.C.). 
However, since they also caught chum and pink salmon in the Fraser River marshes, their 
overall salmonid densities were often much higher. 

Fish catches in the beach seine generally declined from 1997 to 1998. This was 
most evident at the lowermost sampling site near the estuary mouth, where catch per 
seine haul decreased from 450 in 1997 to 47.6 fish the following year (Table 6). These 
changes may reflect real differences in fish abundance between years or physical changes 
in the sand spit at the estuary entrance that could have affected efficiency of the lower 
estuary seining site. During the 1997-98 winter, a large amount of sand transported 
northward along the Oregon coast during strong El Nino storms entered Salmon River 
estuary. The broad sand bar that formed near the estuary mouth seemed to increase the 
distance from shore (and the accessibility of our seine) to the main channel and may have 
affected seining efficiency. 

Numbers of juvenile chinook caught in the beach seine generally peaked in 
August and September (Figure 15). This peak is mostly due to large catches of salmon 
smolts at the estuary mouth and is consistent with Salmon River research results from 
1975 through 1978, showing a higher abundance of juvenile chinook salmon in the lower 
estuary from July to October (Mullen, 1978). 1998 beach seining results were less 
consistent, possibly reflecting the decreased catch efficiency at the estuary mouth noted 
above. A single beach seine catch of 273 juvenile chinook outside the 96 marsh caused a 
spike in the 1999 catch/effort results; the most consistently large catches were in 
September during chinook outmigration.   

Fewer coho salmon than chinook salmon were collected in marsh-channel 
habitats, and coho were rarely seen at the main channel (beach seining) sites after mid-
July. Most hatchery coho were seined at the estuary mouth, while hatchery chinook were 
caught throughout the main river channel. The absence of coho by mid-summer is 
consistent with other research indicating an earlier time of ocean migration compared 
with chinook (Myers and Horton, 1982). 
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Salmon Lengths 
 

Juvenile chinook salmon from 87 and control marshes were larger than those at 
the 78 and 96 marshes in 1998 (Figure 16). Because the 96 marsh is the first major marsh 
system that salmon encounter on their migration downstream, it is not surprising that 
mean lengths of juveniles here are smaller than at other marsh sites located further 
downstream. A similar upstream-downstream gradient in fish size was reported in studies 
of juvenile chinook salmon in Sixes River estuary (Reimers 1973).  
 Salmon caught with the beach seine were generally larger than salmon caught 
with the trapnet (Figure 17). This pattern is consistent with a general movement of larger 
salmon out of the marsh channels and into the main estuary as they grow and migrate 
downstream en route to the ocean. Mean length differences in coho salmon are also a 
result of a greater number of yearlings caught in beach seines. However, differences in 
gear efficiency do not likely explain these results except, perhaps during the spring, when 
salmon are very small and are more likely to be caught in the trapnet than in the larger-
mesh beach seine. Average length of salmon caught in the beach seine in 1998 was 
usually greater than fish caught during the same periods in 1997 and 1999 (Figure 18). 
This is consistent with other estuarine studies that show increased growth of juvenile 
chinook at reduced population densities presumably due to lower competition for food 
(Nicholas and Hankin 1988). Researchers in Sixes River estuary noted year-to-year 
variability in salmon growth that was attributed to changes in population density and the 
carrying capacity of the estuary (e.g., Reimers et al. 1978; 1979). 

 
 

Scale Samples 
 

Examination of juvenile coho salmon scale samples indicated that a substantial 
proportion of sub-yearling migrants used the estuary marshes (Table 7). The 78 marsh, 
which had the highest percentage of subyearling coho, is partially fed by a coho-bearing 
stream. We also examined juvenile scale patterns among returning adult coho salmon and 
found evidence of a subyearling estuarine life history type. If our interpretation of these 
scale patterns is correct, we estimate that subyearling migrants accounted for 11 to 18% 
of the coho adults returning to Salmon River from the juveniles we sampled from 1997 to 
1999 (e.g., the 1996-1998 broods). 

 
 

Residence Times of Wild and Hatchery Salmon 
 

We recaptured within the Salmon River marshes ten of the 1,046 fish that we 
marked throughout the 1998 estuarine rearing period. All of these fish were recaptured in 
the same marsh in which they were marked. Intervals between mark and recapture ranged 
from 2 to 4 weeks (Table 8). The relatively poor success in recapturing fish may reflect 
our marking method using the dye-injecting needle, which did not consistently provide an 
easily recognizable mark. Experiments with a Panjet © injector using a variety of colors 
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of latex paint suggest that this method should improve detection of marked fish for future 
residency estimates (Thedinga and Johnson 1995). 

Coho salmon released from the Salmon River hatchery remained in the estuary for 
only a short time and only rarely entered the marsh channels. In 1998, juvenile coho 
salmon were released from the hatchery on April 8 (left ventral clip), May 6 (adipose 
clipped (Ad)), and May 15 (Ad). We captured 47 of the coho (Ad) on May 7 in the 1996 
marsh and 1 (Ad) in the control marsh on May 20. Thirty coho (Ad) were beach seined at 
the estuary mouth on May 8.  

In contrast to the rapid migration of coho salmon, some hatchery chinook, which 
are not released until August, may remain in the estuary for a month or more before 
migrating to sea. In 1998, juvenile chinook salmon were released from Salmon River 
Hatchery on August 14 and 17 (Ad). We continued to capture hatchery chinook with the 
beach seine in September and October. Hatchery-released juvenile chinook salmon were 
consistently larger than the juveniles from naturally spawning parents (Figure 19). Like 
coho salmon, the hatchery chinook favored the main estuary channels and avoided the 
marsh habitats, which most naturally spawned fish also vacate by late summer.  

 
 

CONCLUSIONS 
 

Temperature 
 
• Temperature conditions of the marsh channels vary seasonally with river and tidal 

influences and with the distribution of marshes within the Salmon River estuary. 
• Temperature of marsh channels and longitudinal gradients between them increased 

from spring to fall in 1998 and 1999. 
• During the late summer, marsh-channel temperatures were much higher and 

longitudinal gradients between marshes were much less in 1997 than in 1998 and 
1999 and may reflect effects of the 1997 El Nino. 

 
 

Timing of Use by Salmon 
 
• Juvenile coho and chinook salmon make use of Salmon River marsh channels from 

February through July or August. 
• Juvenile chum salmon were captured in the marsh and river channels of the estuary 

from March through May 
• Timing of peak marsh use by coho and chinook was several weeks earlier in 1998 

than in 1997 and may reflect an earlier time of emergence. 
• A large proportion of the coho salmon rearing in the Salmon River marshes enter the 

estuary in their first 6 months of life. 
• Among surviving adult salmon, as many as 18% of the 1998 brood had scale patterns 

indicating they may have reared in the estuary and migrated to sea as subyearlings.  
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Habitat Use by Hatchery Salmon 
 
• Hatchery-released salmon generally do not rear in marsh channels habitats. 
• Hatchery chinook may remain in the estuary for a month or more before migrating to 

sea. 
• Hatchery coho spend less time in the estuary than chinook. 
• Mean sizes of hatchery chinook and coho salmon are larger than the juveniles from 

naturally spawning parents.  
 
 

Fish Use of Restored Marshes 
 
• Chinook are generally more abundant than coho in marsh channels and in the main 

Salmon River estuary. 
• Chinook were most abundant in the control and (during 1999) in the youngest 

restored marsh (96) and least abundant in the oldest site (78). 
• Catch rates for coho were relatively higher in the 78 and 96 marshes. 
• Some salmon reside for two weeks or more within the same marsh system.  
• Abundance of staghorn sculpin was low at the 96 marsh trap site compared to the 

other marshes and may reflect relatively poor benthic habitat conditions from 
decaying plant material after tidal influence was restored.  

• The potential fish benefits of restored marshes vary as a function of recovery age as 
well as accessibility and location of each marsh along the tidal gradient. 
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Table 1. Fish species sampled in the Salmon River estuary, March 1997 through October 
1999. 

 

Family - Common name Genus and species
Petromyzontidae - lampreys

Pacific lamprey Lampetra tridentata (Gairdner)

Clupeidae - herrings
Pacific herring Clupea pallasi  Valenciennes

Osmeridae - smelts
Surf smelt Hypomesus pretiosus (Girard)

Salmonidae - trouts 
Cutthroat trout Oncorhynchus clarki (Richardson)
Chum salmon Oncorhynchus keta (Walbaum)
Coho salmon Oncorhynchus kisutch (Walbaum)
Rainbow trout Oncorhynchus mykiss  (Walbaum)
Chinook salmon Oncorhynchus tshawytscha (Walbaum)

Gasterosteidae - sticklebacks
Threespine stickleback Gasterosteus aculeatus Linnaeus

Syngnathidae - pipefishes
Bay pipefish Syngnathus leptorhynchus  Girard

Scorpaenidae - scorpionfishes
Unidentified rockfish Sebastes  spp.

Hexagrammidae - greenlings
Kelp greenling Hexagrammos decagrammus (Pallas)
Lingcod Ophiodon elongatus Girard

Cottidae - sculpins
Prickly sculpin Cotter asper Richardson
Pacific staghorn sculpin Leptocottus armatus Girard

Embiotocidae - surfperches
Shiner perch Cymatogaster aggregata Gibbons
White seaperch Phanerodon furcatus Girard
Pile perch Rhacochilus vacca (Girard)

Pholidae - gunnels 
Saddleback gunnel Pholis ornata (Girard)

Ammodytidae - sand lances
Pacific sand lance Ammodytes hexapterus  Pallas

Scombridae - mackerels
Pacific or chub mackerel Scomber japonicus Houttuyn

Pleuronectidae - righteye flounders 
Starry flounder Platichthys stellatus (Pallas)
English sole Pleuronectes vetulus (Girard)
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Table 2. Species composition and monthly catches of fish collected with beach seines and 
marsh trapnets in Salmon River estuary, March through October 1997. 
 

 
 
 
 
 
 

BEACH SEINE 1997

% OF TOTAL
SPECIES MAR APR MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

SURF SMELT 2 1 25 718 632 149 59 1827 34.3%
PACIFIC SANDLANCE 92 476 968 178 1714 32.2%
CHINOOK SALMON 12 54 121 73 283 164 149 59 915 17.2%
STAGHORN SCULPIN 59 37 202 9 46 14 8 6 381 7.2%
COHO SALMON (HATCHERY) 249 249 4.7%
SHINER PERCH (JUVENILE) 62 2 64 1.2%
ENGLISH SOLE 1 2 17 14 1 35 0.7%
PRICKLY SCULPIN 18 2 6 4 30 0.6%
THREESPINE STICKLEBACK 1 28 29 0.5%
STARRY FLOUNDER 2 5 6 1 4 2 20 0.4%
CHINOOK SALMON (HATCHERY) 18 2 20 0.4%
COHO SALMON 1 7 2 2 1 13 0.2%
SADDLEBACK GUNNEL 4 2 4 10 0.2%
CUTTHROAT TROUT 1 3 2 6 0.1%
PACIFIC HERRING 2 2 2 6 0.1%
WHITE SEAPERCH 4 4 0.1%
BAY PIPEFISH 3 3 0.1%
PACIFIC MACKEREL 1 1 0.0%
UNIDENTIFIED TROUT 1 1 0.0%

TOTAL INDIVIDUALS 71 96 582 206 1574 1797 622 139 5328
TOTAL SEINE HAULS 2 5 9 6 8 3 9 11 53
CATCH/EFFORT 35.5 19.2 64.7 34.3 196.8 599 69.1 12.6 100.5

TRAPNET 1997

% OF TOTAL
SPECIES MAY JUNE JULY AUG SEPT TOTAL CATCH

STAGHORN SCULPIN 1973 2117 5276 1368 377 11111 40.2%
THREESPINE STICKLEBACK 1031 4265 4500 252 16 10064 36.5%
SHINER PERCH (JUVENILE) 4 2403 129 272 2808 10.2%
SHINER PERCH (ADULT) 2369 8 2377 8.6%
CHINOOK SALMON 160 297 226 48 731 2.6%
COHO SALMON 79 136 118 4 3 340 1.2%
PRICKLY SCULPIN 17 30 15 38 31 131 0.5%
SADDLEBACK GUNNEL 2 2 5 16 25 0.1%
STARRY FLOUNDER 5 1 1 7 0.0%
ENGLISH SOLE 4 4 0.0%
CUTTHROAT TROUT 1 2 1 4 0.0%
PACIFIC LAMPREY 1 1 0.0%
PILE PERCH 1 1 0.0%
SURF SMELT 1 1 0.0%

TOTAL INDIVIDUALS 3263 6863 14913 1866 700 27605
TOTAL TRAPNET EFFORTS 7 9 5 5 4 30
CATCH/EFFORT 466.1 762.6 2982.6 373.2 175 920.2
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Table 3.  Species composition and monthly catches of fish collected with beach seines 
and marsh trapnets in Salmon River estuary, March through October 1998. 
 

 
 

BEACH SEINE 1998

% OF TOTAL
SPECIES APR MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

STAGHORN SCULPIN 122 243 171 73 10 30 109 758 36.9%
CHINOOK SALMON 159 73 96 21 106 25 6 486 23.7%
PACIFIC SANDLANCE 231 121 352 17.1%
ENGLISH SOLE 7 56 49 35 8 9 1 165 8.0%
COHO SALMON 3 26 57 1 87 4.2%
PACIFIC HERRING 62 62 3.0%
COHO SALMON (HATCHERY) 30 30 1.5%
THREESPINE STICKLEBACK 1 1 2 1 22 27 1.3%
CHINOOK SALMON (HATCHERY) 19 5 24 1.2%
STARRY FLOUNDER 5 3 4 2 6 20 1.0%
SURF SMELT 4 7  11 0.5%
SADDLEBACK GUNNEL 6 2 1 9 0.4%
CUTTHROAT TROUT 1 3 1 1 6 0.3%
SHINER PERCH 6 6 0.3%
PRICKLY SCULPIN 1 2 1 1 5 0.2%
CHUM SALMON 2 1 3 0.1%
UNIDENTIFIED TROUT 2 2 0.1%
RAINBOW TROUT 1 1 0.0%

TOTAL INDIVIDUALS 531 553 397 139 191 86 157 2054
TOTAL SEINE HAULS 6 11 10 6 5 5 5 48
CATCH/EFFORT 88.5 50.3 39.7 23.2 38.2 17.2 31.4 42.8

TRAPNET 1998

% OF TOTAL
SPECIES MAR APR MAY JUNE JULY TOTAL CATCH

STAGHORN SCULPIN 81 620 4840 3477 775 9793 74.1%
THREESPINE STICKLEBACK 16 13 218 1112 187 1546 11.7%
CHINOOK SALMON 201 369 735 94 22 1421 10.8%
COHO SALMON 4 20 126 34 1 185 1.4%
PRICKLY SCULPIN 1 1 11 15 37 65 0.5%
SHINER PERCH (ADULT) 2 50 52 0.4%
COHO SALMON (HATCHERY) 48 48 0.4%
PACIFIC HERRING 38 38 0.3%
SADDLEBACK GUNNEL 1 1 1 20 23 0.2%
SHINER PERCH (JUVENILE) 23 23 0.2%
ENGLISH SOLE 1 7 8 0.1%
RAINBOW TROUT 1 2 1 1 5 0.0%
CHUM SALMON 2 2 0.0%
COHO SALMON JACK (HATCHER 2 2 0.0%
PACIFIC LAMPREY 1 1 0.0%
STARRY FLOUNDER 1 1 0.0%
SURF SMELT 1 1 0.0%

TOTAL INDIVIDUALS 306 1028 5983 4733 1164 13214
TOTAL TRAPNET EFFORTS 6 12 12 12 4 46
CATCH/EFFORT 51 85.7 498.6 394.4 291 287.3
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Table 4.  Species composition and monthly catches of fish collected with beach seines 
and marsh trapnets in Salmon River estuary, March through October 1999. 
 

 
 
 

BEACH SEINE 1999

% OF TOTAL
SPECIES MAR APR MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

STAGHORN SCULPIN 25 196 290 234 235 116 13 169 1278 29.5%
SURF SMELT 1 201 303 719 2 1226 28.3%
CHINOOK SALMON 24 52 303 61 125 62 159 42 828 19.1%
CHINOOK SALMON (HATCHERY) 620 23 643 14.8%
STARRY FLOUNDER 1 9 14 9 8 12 53 1.2%
COHO SALMON 25 20 1 46 1.1%
PACIFIC SANDLANCE 39 5 44 1.0%
ENGLISH SOLE 4 5 18 6 4 2 39 0.9%
LING COD (JUVENILE) 33 4 37 0.9%
CHUM SALMON 1 14 19 34 0.8%
CUTTHROAT TROUT 1 13 5 4 1 2 26 0.6%
PRICKLY SCULPIN 1 1 2 13 2 19 0.4%
SADDLEBACK GUNNEL 1 11 5 1 1 19 0.4%
THREESPINE STICKLEBACK 8 3 3 2 16 0.4%
KELP GREENLING (JUVENILE) 3 6 1 10 0.2%
SHINER PERCH (ADULT) 1 4 5 0.1%
PACIFIC HERRING 1 2 3 0.1%
UNIDENTIFIED JUVENILE ROCKFISH 1 1 2 0.0%
BAY PIPEFISH 1 1 0.0%
SHINER PERCH (JUVENILE) 1 1 0.0%
UNIDENTIFIED SCULPIN 1 1 0.0%

TOTAL INDIVIDUALS 52 298 843 706 1167 203 811 251 4331
TOTAL BEACH SEINE EFFORTS 8 21 12 10 10 5 5 6 77
CATCH/EFFORT 6.5 14.2 70.3 70.6 116.7 40.6 162.2 41.8 56.2

TRAPNET 1999

% OF TOTAL
SPECIES MAR APR MAY JUNE JULY AUG TOTAL CATCH

STAGHORN SCULPIN 84 2215 3157 4227 1671 885 12239 70.7%
THREESPINE STICKLEBACK 11 156 233 821 2021 3242 18.7%
PRICKLY SCULPIN 45 48 232 580 1 906 5.2%
CHINOOK SALMON 33 233 80 87 39 5 477 2.8%
ENGLISH SOLE 84 85 10 179 1.0%
SURF SMELT 3 99 102 0.6%
CHUM SALMON 11 42 1 54 0.3%
COHO SALMON 9 21 13 1 44 0.3%
SHINER PERCH (ADULT) 7 17 5 29 0.2%
SADDLEBACK GUNNEL 1 9 2 12 0.1%
SHINER PERCH (JUVENILE) 3 9 12 0.1%
LING COD (JUVENILE) 10 1 11 0.1%
KELP GREENLING (JUVENILE) 6 1 7 0.0%
STARRY FLOUNDER 1 3 2 6 0.0%
BAY PIPEFISH 1 1 0.0%
RAINBOW TROUT 1 1 0.0%

TOTAL INDIVIDUALS 142 2800 3626 5498 4349 907 17322
TOTAL TRAPNET EFFORTS 2 12 12 12 8 1 47
CATCH/EFFORT 71 233.3 302.2 458.2 543.6 907 368.553
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Table 5.  Trap efficiency estimates for four main trapsites from the Salmon River estuary, 
1998 – 2000. 
 

 
 
 
 
 
 

Efficiency Sample Average
Site Date Test Result Number Efficiency

Control marsh 1998 6-May 29% 62 March - May 15
(main site) 20-May 52% 33 23%

3-Jun 83% 23
1999 12-Apr 20% 25 May 16 - July

26-Apr 20% 25 80%
25-May 100% 14

2000 8-Jun 89% 18
18-Jul 76% 21

78 marsh 1998 21-May 42% 26 44%
1999 13-Apr 26% 19

27-Apr 45% 11
2000 18-Apr 83% 12

12-May 25% 16

87 marsh 1998 5-May 24% 29 27%
(main site) 19-May 29% 28

1999 14-Apr 20% 15
28-Apr 80% 20
11-May 12% 25

2000 8-Jun 0% 19
17-Jul 27% 11

96 marsh 1998 7-May 20% 54 25%
4-Jun 30% 30

1999 13-Apr 3% 33
27-Apr 50% 32
12-May 29% 24

2000 18-Apr 15% 20
12-May 27% 30
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Table 6. Species composition and monthly beach-seine catches at the estuary mouth, 1997 
– 1999. 
 

 
 
 

1999 % OF TOTAL
SPECIES MAR APR MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

SURF SMELT 201 296 652 2 1151 76.1%
CHINOOK SALMON 1 20 61 11 82 38 213 14.1%
CHINOOK SALMON (HATCHERY) 39 9 48 3.2%
PACIFIC SANDLANCE 39 5 44 2.9%
STAGHORN SCULPIN 2 1 8 3 1 1 16 1.1%
CHUM SALMON 7 18 25 1.7%
LING COD (JUVENILE) 5 2 7 0.5%
ENGLISH SOLE 2 2 2 6 0.4%
COHO SALMON 1 1 0.1%
PACIFIC HERRING 1 1 0.1%
UNIDENTIFIED JUVENILE ROCKFISH 1 1 0.1%

TOTAL INDIVIDUALS 7 3 224 370 726 11 124 48 1513
TOTAL BEACH SEINE EFFORTS 1 3 2 2 2 1 1 2 14
CATCH/EFFORT 7.0 1.0 112.0 185.0 363.0 11.0 124.0 24.0 108.1

1998 % OF TOTAL
SPECIES MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

CHINOOK SALMON 33 18 6 80 3 140 32.7%
PACIFIC SANDLANCE 117 117 27.3%
PACIFIC HERRING 59 59 13.8%
COHO SALMON 25 25 50 11.7%
COHO SALMON (HATCHERY) 30 30 7.0%
STAGHORN SCULPIN 4 6 1 1 8 2 22 5.1%
SURF SMELT 4 4 0.9%
ENGLISH SOLE 1 2 3 0.7%
UNIDENTIFIED TROUT 2 2 0.5%
CHUM SALMON 1 1 0.2%

TOTAL INDIVIDUALS 213 55 7 140 11 2 428
TOTAL SEINE HAULS 2 2 1 1 1 2 9
CATCH/EFFORT 106.5 27.5 7 140 11 1 47.6

1997 % OF TOTAL
SPECIES MAY JUNE JULY AUG SEPT OCT TOTAL CATCH

PACIFIC SANDLANCE 95 476 967 178 1716 42.4%
SURF SMELT 1 37 718 632 38 217 1643 40.6%
CHINOOK SALMON 16 103 136 92 28 375 9.3%
COHO SALMON (HATCHERY) 246 246 6.1%
ENGLISH SOLE 17 12 29 0.7%
STAGHORN SCULPIN 3 5 8 16 0.4%
CHINOOK SALMON (HATCHERY) 13 13 0.3%
COHO SALMON 5 5 0.1%
PACIFIC HERRING 2 1 3 0.1%
SHINER PERCH 2 2 0.0%
PACIFIC MACKEREL 1 1 0.0%
SADDLEBACK GUNNEL 1 1 0.0%

TOTAL INDIVIDUALS 250 153 1319 1756 324 248 4050
TOTAL SEINE HAULS 2 2 2 1 1 1 9
CATCH/EFFORT 125 76.5 659.5 1756 324 248 450
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Table 7. Percentage of subyearlings found among all juvenile coho salmon collected in 
each estuarine marsh each survey year. The estimated proportion of returning adult 
spawners that may have migrated to the ocean before their first year of life is also shown 
for each brood year. Life history interpretations are based on scale analysis for juveniles 
collected in estuarine marshes and returning adults collected at the Salmon River 
Hatchery and on the spawning grounds. All results are for unmarked (naturally-spawned) 
fish.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Year of Juvenile 
Survey 

 
Marsh 

 
(N) 

 
Percent 

1997 78 36 100 
 87 23 78 
 96 44 30 
 Control 19 32 
 (1996 Brood Adults) 35 11 

1998 78 18 89 
 87 2 50 
 96 29 76 
 Control 18 72 
 (1997 Brood Adults) 106 17 

1999 78 1 100 
 87 3 33 
 96 33 88 
 Control 3 33 
 (1998 Brood Adults) 99 18 
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Table 8. Residence times for juvenile chinook salmon that were marked and recaptured 
within two Salmon River marshes in 1998. 
 

 
 
 
 
 
 
 
 

Location Residence
Species Number (Marking/Recap) Time (Days)

Chinook 5 87 marsh 14
Chinook 1 87 marsh 17
Chinook 3 Control marsh 14
Chinook 1 Control marsh 28
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Figure 1. Oregon coast and aerial photograph of Salmon River estuary (graphic courtesy 
of Jim Good). 
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Figure 2. Aerial photograph of Salmon River estuary showing reclaimed and reference 
marshes and principal sampling sites.  
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Figure 3. Channel surface areas for six trapnet sites in four marshes of the Salmon River 
estuary.  
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Figure 4. Trapnets operating on the main control (upper figure) and upper 1987 sites. 
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Figure 5. Salinity measurements taken at the start of each sampling period (near high 
slack tide) at the four main trapping sites in Salmon River estuary, April 1997 through 
July 1998.  
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Figure 6. Average weekly minimum temperatures at five locations in the Salmon River 
estuary from February to November, 1998. 
 

  
Figure 7. Minimum daily temperatures and maximum tidal height at four locations in the 
Salmon River estuary, July through September 1997.  Maximum heights are 
approximations only based on tidal predictions for Yaquina Bay. Beginning in 1999, staff 
gauges were installed to directly monitor tide changes at each marsh site.  
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Figure 8. Minimum daily temperatures in the main channel of Salmon River estuary, July 
through September 1997 – 1999. Temperature measurements were recorded near the 
confluence of the main channel and the outlet of the 87 marsh (see Fig. 2).  
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Figure 9. Fish species composition as a percent of total catch from beach seining (upper 
graph) and trapnets (lower graph) for Salmon River estuary, 1997-1999. 
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Figure 10. Juvenile chinook salmon catch/area in four marshes of the Salmon River 
estuary, 1997-1999.  Catch/area estimates for the 87 and control marshes represent 
combined catches and areas for main and upper trapping sites (see Figure 2). 
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Figure 11. Juvenile coho salmon catch/area in four marshes of the Salmon River estuary, 
1997 – 1999.  Catch/area estimates for the 87 and control marshes represent combined 
catches and areas for main and upper trapping sites (see Figure 2). 
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Figure 12.  Catch per area for juvenile chinook (upper graph) and coho salmon (lower 
graph) from all trapping sites in the Salmon River estuary, 1997 – 1999. 
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Figure 13. Staghorn sculpin catch/area in four marshes of the Salmon River estuary, 1997 
– 1999. Catch/area estimates for the 87 and control marshes represent combined catches 
and areas for main and upper trapping sites (see Figure 2). 
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Figure 14. Juvenile chinook salmon catch/area in four marshes adjusted by trap 
efficiency, Salmon River estuary, 1998 and 1999. 
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Figure 15. Juvenile chinook and coho salmon catch/effort at five beach seine sites in the 
Salmon River estuary, 1997 - 1999. 
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Figure 16. Mean fork length and 95% CI of chinook salmon sampled at four marsh 
trapsites, 1998. 
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Figure 17. Mean lengths and 95% CI of juvenile chinook and coho salmon from the 
Salmon River estuary, 1998.  
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Figure 18. Mean length and 95%CI of juvenile chinook salmon caught by beach seine at 
all sampling sites in the Salmon River estuary, 1997 – 1999. 
 
 

Figure 19. Length frequencies of naturally-spawned and hatchery chinook salmon. 
Results are for juveniles collected with the beach seine near the estuary mouth, 
September and October, 1998. 
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