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ABSTRACT 

Three small tributaries of Drift Creek, tributary to the 
Alsea River, Oregon, were monitored during a 15-year 
logging study 1959-1973. One watershed (Needle Branch) 
was clearcut without buffer strips. A second (Deer Creek) 
was clearcut in patches with buffer strips and the third 
(Flynn Creek) was unlogged, and served as a control. This 
report covers the biological results of the study, and 
outlines those components that were altered as a result of 
logging activities (road construction, yarding, felling). Cut
throat trout populations were severely depressed after 
logging in Needle Branch, and remained low during the 
eight-year post-logging period. The timing of downstream 
migration of cutthroat juveniles in the stream was altered 
for two years after debris clearance and slash burning in 

Needle Branch. Coho salmon were less affected by logging, 
but average lengths and weights and condition factors were 
low in juveniles in Needle Branch the summer after logging. 
Those fish that were fry and fmgerlings in Needle Branch at 
the time of logging had lower fecundities when they 
returned as adults. Coho biomass and net production rates 

increased in the streams of the two logged watersheds 
following logging. The two youngest year classes of 

reticulate sculpins were almost completely destroyed by 
logging in Needle Branch and there was a decline in 

numbers of adult western brook lampreys in Needle Branch 
in post-logging years. Additional biological data on fish 

populations are presented. 

INTRODUCfiON 

The small coastal streams of western Oregon are impor
tant spawning and rearing areas for several species of 
salmon and trout. Of the two important salmon species in 
Oregon (chinook and coho), coho salmon are characteristi
cally present in these smaller streams. They share the 
stream habitat with cutthroat trout, rainbow and rainbow 
steelhead trout, as well as some nonsalmonid fish species. 
These small headwater streams are often located in tim
bered areas suitable for logging and associated road con
struction. Because of their small size and isolated location, 
they are often overlooked during felling and yarding 
operations. 

Logging practices can indirectly result in changes in the 
biological components of a stream, and can have direct and 
indirect effects on the physical environment in streams. 
Felling trees into streams, or yarding timber across stream
beds do not in themselves directly kill or redistribute fishes. 
But, changes in environmental parameters can and do 
influence the biological segment of the stream ecosystem. 
The primary environmental changes of concern are the 
effects of siltation, logging debris, gravel scouring, destruc
tion of developing embryos and alevins, blockage of 
streamflow, decrease in surface and intragravel dissolved 
oxygen, increase in maximum and diel water temperatures, 
changes in pool/riffle ratios and cover, redistribution of 
fishes, reduction in fish numbers, and reduction in total 

biomass. The relationship of logging activities to these 
undesirable changes in stream environments has been 
explored in numerous logging studies in the western 
continental United States, Alaska, British Columbia, and 
e}sewhere. 

In earlier ye~rs, logging studies were characteristically 
short-term and c'oncerned with obvious stream damage 
related, ~}ogging activities. Although short-term studies 
continue _tQ be undertaken, they are much more detailed 
and involved with pertinent problems. When sufficient 
funds are available, researchers are turning to long-term case 
history studies, where definitive results can be obtained. 

The principal logging study in Montana was the long
term Pinkham Creek project in the Stillwater River Drain
age. The studies involved, primarily, the yearly monitoring 
of trout and char population numbers (Stefanich 1957; 
Hanzel 1961 ). Several studies in Idaho have concentrated 
on the effects of logging on salmonid streams. Bachman 
{1958) measured physical and biological conditions in trout 
streams Of three uncut watersheds and one logged Idaho 
watershed. Water temperatures apparently did not change 
following logging, but sedimentation from road construc
tion did increase, especially during periods of heavy runoff. 
Edgington {1969) reviewed the fmdings of an 11-year study 
of two trout streams. The stream in one watershed {where 8 
percent of the area was logged) exhibited no significant 



change in water quality or level of bottom invertebrates. On 
the other stream, however, 97 percent of the basin was cut, 
and several changes were noted. Siltation was evident in the 
early years as a result of road construction, and the 
abundance of four orders of insects declined for several 
years, then recovered by the end of the study. The U.S. 
Forest Service has studied sediment levels, gravel composi
tion and salmon populations on the South Fork of the 
Salmon River (Platts 1974a, 1974b, 1974c). Sediment 
levels increased on the stream from 1952-1965 as a result of 
logging and road construction. Since 1966, the river system 
has been able to expell much of the excess sediment. 
Although the available spawning gravel appears to be 
increasing in known spawning grounds, it is doubtful the 
sediment loads in the river will ever return to the 
pre-logging conditions. 

Washington logging studies have been limited. Wendler 
and Deschamps (1955) described the blockage of salmon 
runs by splash, roll and pond-type log dams. Cederholm and 
Lestelle (1974) and Fiksdal (1974) studied the effects of 
logging on Stequaleho Creek and the Clearwater River. 
Generally, the concern was several landslides into the river, 
resulting in siltation increases. Cederholm and Lestelle 
studied salmonid populations during 1971-72, along with 
gravel composition, suspended sediment, and benthic inver
tebrates. Levels of fines increased in the spawning bed 
gravel of the streams, but the hatching survival of cutthroat 
trout embryos was not significantly changed in these areas 
from hatching survival in unaffected sections. Coho salmon 
population densities were low, and the levels of benthic 
invertebrates were significantly lower than in unaffected 
areas of Stequaleho Creek. 

The California Department of Fish and Game has been 
involved in logging damage surveys and localized surveys for 
many years (Cordone and Pennoyer 1960; Fisk et al. 1966), 
but this type of activity has given way to the long-term case 
history type of study. One of the enduring logging studies 
in the west has been the cooperative Caspar Creek study in 
northern California (Kabel and German 1967; Burns 1972). 
From its inception in 1960, researchers at Caspar Creek, 
and other northern California streams, continually moni
tored streamflow. Other factors measured for shorter 
periods have included biological aspects (Burns 1971 ), and 
environmental changes (Burns 1970; Kopperdahl et al. 
1971; Krammes and Burns 1973). Researchers have found 
that sediment levels increased during and after road 
construction. During the first winter following road con
struction, sediment levels were over four times higher than 
pre-construction levels, but have decreased in subsequent 
years (Krammes and Burns). Water temperatures increased 
slightly following road construction (Krammes and Burns), 
but temperature increases were greater following logging 
(Kopperdahl et al.). Burns (1972) indicated salmonid 
populations were altered as a result of logging and road 
construction. 
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British Columbia logging research has been applied to 
several logging related problems. The Canada Department 
of Fisheries and other agencies (1966) analyzed the 
problem of log driving on salmonid populations and their 
environment in the Stellako River. Results indicated their 
log driving causes gravel scouring and disruption of spawn
ing beds, erosion of river banks, a greatly reduced recrea
tional fishery along the river, and increased levels of bark 
and debris in the stream and in the spawning gravel. 
Additional studies by Servizi et al. (1970) have shown that 
decaying bark may have a significant effect on developing 
sockeye salmon eggs. Short-term logging studies on Jump 
Creek and Wolf Creek, Vancouver Island, indicate some 
changes in fish populations in logged streams (Narver 
1972), while the ongoing Carnation Creek study hopes to 
answer several questions with the case history approach 
(Narver 1971). 

The harvest of timber in Alaska has increased signifi
cantly in the past 30 years. Initial logging research by the 
U.S. Forest Service began in 1949, and has continued at 
various levels to date in southeast Alaska (Sheridan and 
McNeil 1968; Meehan et al. 1969; Sheridan and Olson 
1970). Beginning in 1956, the Fisheries Research Institute 
of the University of Washington has supplemented the federal 
research in several stages. The major emphasis in the 1950's 
and 1960's was on the pink and chum salmon streams of 
southeast Alaska (Salo 1967). More recent logging studies 
have concentrated on coho salmon and associated changes in 
environmental conditions (Tyler and Gibbons 1973), and the 
effects of log rafting on the marine benthos (Pease 1974). In 
the last several years, the National Marine Fisheries Service 
has conducted research into log rafting problems (Ellis 1973). 
The Alaska Department of Fish and Game has continued 
research into the effects of logging on Dolly Varden 
populations (Reed and Elliott 1972), and the toxicity of 
decaying bark on pink salmon fry and some crustaceans 
(Buchanan and Tate 1975). Out of the Dolly Varden study 
came a series of guidelines for logging operations and baseline 
biological measurements in important southeast Alaska 
sports fishing areas (Elliott and Reed 1973). Several 
logging studies have been undertaken in the Cascade Range of 
Oregon, including the Steamboat Creek drainage area (Brown 
et al. 1971), and the H.J. Andrews Experimental Forest 
(Wustenberg 1954; Brown and Krygier 1967; Levno and 
Rothacher 1967, 1969). Brazier and Brown (1973) studied 
applications of buffer strips in both the Cascade Range and 
the Oregon Coast Range, and Moring and Lantz (1974) 
reported the findings of a six-year study of12 coastal streams 
of western Oregon. Cutthroat trout populations appeared to 
decrease on streams following logging, but the reactions of 
coho salmon populations were mixed. Maximum stream 
temperatures increased, and dissolved oxygen levels generally 
declined after logging. There were also changes in amounts 
and composition of spawning gravel, but those streams with 
intact buffer strips suffered less damage than those without 
buffer strips. 



The limitations of short-term studies, however detailed, 
become apparent when the lack of background data on 
biological and physical cycles hinders the interpretation of 
results. Most long-term case histories of logged watersheds 
have only been undertaken in the last 25 years. The results of 
the largest such study, the Alsea Watershed Study, will be 
reported here. The 15-year study was the most extensive 
study of biological and environmental features oflogged and 
unlogged watersheds ever undertaken in North America. 

The Governor's Committee on Natural Resources estab
lished the Alsea Watershed Study in 1957. Funding from this 
source disappeared a year later, but federal and state agencies 
supported the work for the 15-year study period. The Alsea 
Watershed Study was a cooperative venture involving 
hundreds of individuals. Principal cooperators throughout 
the study were the Oregon State Game Commission (Oregon 
Department of Fish and Wildlife), Oregon State University 
(primarily the School of Forestry, and the Departments of 
Botany, Civil Engineering, Entomology, and Fisheries and 
Wildlife), the U.S. Forest Service, U.S. Geological Survey, 
Federal Water Pollution Control Administration, the 
Georgia-Pacific Corporation, and Mr. Fred Williamson, a 
private landowner. Other cooperators included the U.S. 
Public Health Service, Oregon Cooperative Wildlife Research 
Unit, Oregon State Board of Forestry, and the Department of 
Environmental Quality. In addition to the Georgia-Pacific 
Corporation, the logging companies were the Stokes Lumber 
Company and Timber Access Industries, both of Corvallis, 
Oregon. 

Studies began in July 1959 on three small watersheds in 
Lincoln County, Oregon. The three creeks involved are 
headwater tributaries of the lower Alsea River. One 
watershed, Flynn Creek, was left unlogged, and served as a 
control. The Deer Creek watershed was patch cut with intact 
buffer strips along the stream. The Needle Branch watershed 
was clearcut without buffer strips. 

Logging road construction took place during May to 
October 1965. The timber harvest on the Deer Creek and 
Needle Branch watersheds occurred the following year, again 
during May to October. Slash burning was completed on 
Needle Branch and on two sections of Deer Creek prior to 
November 1966. The remaining section was slash burned 
some months later. Post-logging studies continued until 
October 1973. 

This sequence provided a 7-year pre-logging study period, 
1959-1965, logging in 1966, and a 7-year post-logging study 
period 1967-1973. For comparative estimates, the period 
1959-1965 constituted the pre-logging work and 1966-1973 
constituted the post-logging work. Among the primary 
objectives of the work were: 

1. To study in depth the population characteristics of 
salmonids and other fish species in Flynn Creek, Deer 
Creek and Needle Branch over a 15-year period, 
1959-1973. 

2. To study the direct and indirect effects oflogging on fish. 

3. To compare the effects of two common logging tech
niques on biological and physical properties of streams, 
using Needle Branch and Deer Creek as test streams, and 
Flynn Creek as a control stream. 

4. To analyze the effects of environmental changes (natural 
and logging-related) on salmonid fish species, particularly 
coho salmon and cutthroat trout. 

5. To derive some indication of the natural fluctuations in 
fish populations and physical and biological properties of 
the three Alsea Study streams. 

6. To make recommendations, on the basis of accumulated 
data, as to desirable and undesirable logging practices 
(including road construction, buffer strips, and yarding 
and felling of trees). 

In order to present the results of this extensive study in the 
most logical manner, three separate but related Alsea 
Watershed Study reports are being issued. Part I includes the 
results of the biological investigations of the study. Part II 
includes the results of the environmental measurements 
during the study. Part III includes the discussion, summary 
and recommendations. Numerous papers, theses and disserta
tions have been issued on various aspects of the study during 
the past 15 years. Pertinent results of these publications, as 
they pertain to the results and discussion of accumulated 
data, will be included. 

STUDY AREAS 

Three headwater tributaries of the Alsea River were 
selected for study. The Deer Creek, Flynn Creek and Needle 
Branch watersheds are located in a portion of Lincoln 
County, approximately 16 km (10 miles)' south ofToledo, 
Oregon (Figure 1). All three streams eventually flow into 
Drift Creek, and ultimately into Alsea Bay. Deer Creek is a 
tributary of Horse Creek. Flynn Creek is the major tributary 
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of Meadow Creek, which then flows into Horse Creek. Horse 
Creek joins Drift Creek approximately 60 meters from the 
junction of Needle Branch and Drift Creek (Figure 2). Drift 
Creek flows southward until entering Alsea Bay approxi
mately 6.4 km (4 miles) east of Waldport. 

The three streams have extremely variable flow rates, and 
are of different sizes. Needle Branch is the smallest stream, 
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Alsea River system and Drift Creek study area . 

Figure 1. Location of Alsea Watershed Study in western 
Oregon. 

followed by Flynn Creek, and then Deer Creek. The three 
creeks can be considered typical of small western Oregon 
headwater streams. The principal cause of the variable flow 
rates is the combined effect of the small sizes of the streams, 
and the effects of winter freshets, which generally occur from 
November to February. 

The study area is located in the northern Oregon Coast 
range in a region of heavy rainfall. Mean annual precipitation 
was reported by Hall and Lantz (1969) as 244 em (96.1 
inches) during the 1959-1965 pre-logging period. Air 
temperatures ranged from approximately -7 to 32°C (19 to 
90°F). Snowfall in the area is relatively light, occurring only 
two or three times per year, and never remaining on the 
ground for long periods. 

The geology of the region is typical of the northern 
Oregon Coast range , with the principal underlying compo
nent the northern extension of the Tyee sandstone forma
tion. Corliss and Dyrness (1965) have summarized the 
principal soil and vegetation components of the area, but 
particular vegetation characteristics of each watershed will be 
discussed in more detail in the descriptions of individual 
stream sites. Generally, 1 00-year-old Douglas fir (Pseudo
tsuga menziesii) was the principal commercial species 
harvested. The important hardwood in the area was red alder 
(Alnus rubra). Understory vegetation was primarily salmon
berry (Rubus spectabilis), sword fern (Polystichum 
munitum), skunk cabbage (Lysichitum americanum) and 
vine maple (Acer circinatum ). 

Four salmonid species were present in one or more of the 
study streams: coastal cutthroat trout (Salmo clarki clarki), 
steelhead trout (S. gairdneri gairdneri), chinook salmon 
(Oncorhynchus tshawytscha) and coho salmon (0. kisutch). 
Steelhead trout and chinook salmon are uncommon and are 
usually only present in Deer Creek. 
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Figure 2. Map of the study watersheds. The approximate 
lengths of the streams accessible to anadromous salmonids 
are: Deer Creek- 2,324 m, Flynn Creek- 1,433 m,Needle 
Branch - 966 m. 

Chapman (1961, 1962, 1965), Au (1972) and Lindsay 
(1975) have described the life history patterns of coho 
salmon in the three study streams. Generally, adult coho 
salmon enter the streams to spawn from November through 
February. The fry emerge February through May. After a 
year of residence in the creeks, most juvenile coho migrate to 
sea the following spring. Lowry (1964a, 1965,1966) has 
described the biology of cutthroat trout in the study streams. 
Sea-run adults follow similar migration timing as adult coho 
salmon, but juveniles may remain in the streams for several 
years prior to migration. There is probably a resident 
population of cutthroat trout in the streams, but the sea-run 
component dominates. Distinguishing which juveniles or 
adults in streams may be "residents" is difficult, because 
some sea-run individuals may remain in the stream for as 
much as five years before migrating (Richard Giger, personal 
communication). Others may move to the estuary and no 
further, thus confusing scale analysis. 



Other fish species in the streams were the reticulate 
sculpin (Cottus perplexus), Pacific lamprey (Entosphenus 
tridentatus), and western brook lamprey (Lampetra richard
soni). No other fish species were noted during the 1959-1973 
study period. 

Principal laboratory and housing facilities for the project 
were located at the laboratory located along Horse Creek 
(Figure 2). Studies concerning gravel incubation, predation, 
and the effects of sedimentation, among others, were 
conducted at this station (see Methods sections in Parts I and 
II). The field location of the laboratory provided easy access 
to the biological and physical components of the study 
streams. 

Flynn Creek 
The Flynn Creek watershed (approximately 202 ha) was 

not logged, and served as a control for the study. Stream 
length is approximately 1,433 m, with mean summer width 
1.74 m, and mean summer depth 13 em (Chapman 1961). 
The stream gradient averages 0.025 meter per stream meter. 

Stream distance was marked by stakes from the gauging 
station (0 meters, 0 feet). The fish collection trap was located 
305 meters (1,000 feet) downstream from the stream gauge. 
Between marker 305 meters (1,000 feet) and 549 meters 
(1 ,800 feet) there is a steep canyon which restricts the 
available stream area. Historically, there was little spawning 
in this steep area of much exposed bedrock. Fallowing 
scouring in the winter flooding of 1971-72, the remaining 
gravel largely disappeared, and spawning activity in the 
canyon effectively ceased. There are four small tributaries to 
Flynn Creek (Figure 2), evenly spaced along the stream 
length. The final study marker stake was at 1 ,006 meters 
(3,300 feet) upstream. The portion of the stream beyond that 
point was unstudied. 

During the pre-logging period, mean summer streamflow 
was 4.5 liters per second (0.16 cfs), and peak winter flow 
reached 3,877 liters per second (137.0 cfs) (Hall and Lantz 
1969). Annual mean water temperature was 9. 7°C, ranging 
from a minimum of 2.2 to a maximum of 16.6°C, essentially 
the same as those recorded on other streams in the pre-logging 
period. Diurnal temperature range varied from 0.5 to 2.2°C 
(Hall and Lantz). 

The Flynn Creek watershed is owned by the U.S. Forest 
Service, and the principal species of trees are Douglas fir and 
red alder. Douglas fir present were primarily 30 to 50 and 70 
to 11 0-year-old stands. Alder stands were 30 to 70 years old. 
The understory species were salal (Gaultheria shallon ), sword 
fern, vine maple and salmonberry. Isolated groups of bracken 
fern (Pteridium aquilinum) were also present. 

Deer Creek 

The Deer Creek watershed is the largest of the three study 
areas, covering approximately 304 ha. The stream length is 
approximately 2,324 m, with an average summer width of 
1.80 m, and an average summer depth of 11 em (Chapman 
1961). Stream gradient averages 0.018 meter per stream 
meter. 
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The fish trap was located 152 meters (500 feet) below the 
gauge station (or a stream location of -152 meters). A steep 
canyon is present from the 152 meter stream marker to 
approximately the 427 meter (1 ,400 foot) location. From 
427 meters to 1,219 meters (4,000 feet), the stream is quite 
slow moving and mean~ering. A beaver dam was generally 
present after 1967 at 792 meters (2,600 feet), reducing water 
velocity at that point. The major tributary of Deer Creek was 
East Fork, entering at the 1,433 meter (4,700-foot) marker. 
Two smaller tributaries entered the main stream below the 
East F orkjunction, and two smaller tributaries entered above 
East Fork. The final study marker stake was at 2,195 meters 
(7,200 feet) upstream from the gauge station. 

Mean summer minimum streamflow in the pre-logging 
period was 8.5 litters per second (0.30 cfs). Peak winter flow 
was 5,688 liters per second (201 cfs). Annual mean water 
temperature in the pre-logging period was 9.6°C, ranging 
from a minimum of 1.1 to a maximum of 16.1 o C. The diurnal 
range was0.5 to 2.2°C (Hall and Lantz 1969). 

Most of the watershed is owned by the U.S. Forest Service, 
with a small section near the mouth owned by the 
Georgia-Pacific Corporation, and the principal logged species 
of timber was Douglas fir. Fir stands were primarily 50 to 70 
and 70 to 110 years old. A few trees younger than 20 years 
were present in one small area. Red alder were primarily 40 to 
60 years old. A few 20 to 40-year-old alder were present in 
the lower clearcut section. The understory was almost 
entirely salmonberry, vine maple and sword fern. Salal and 
bracken fern were present in a few isolated locations. 

Locations of the three patches clearcut are shown in 
Figure 2. The lower section was along the west side of the 
stream at the effective lowest portion of the watershed. A 
buffer strip was left along the creek. The northern clearcut 
was on the hillside between the East Fork drainage and the 
main creek drainage. Buffer strips were left along all branches 
of the stream. The third area was at the extreme northwestern 
section of the watershed. Clearcutting occurred on both sides 
of the main branch in a section located immediately above 
the study area. 

Needle Branch 

The Needle Branch watershed is the smallest of the study 
areas, only 75 ha in size. The stream length studied is 
approximately 966 m. The stream gradient is 0.014 meter per 
stream meter. Mean summer width is 1.10 m, and mean 
summer depth is 7 em (Chapman). The fish trap was located 
approximately 61 meters (200 feet) below the stream gauge. 
The two distinctive features along the stream are small 
waterfalls at approximately 808 meters (2 ,650 feet) and 869 
meters (2,850 feet). Two small tributary streams enter 
Needle Branch above the second falls. Beyond approximately 
1,067 meters (3,500 feet), flow is greatly reduced, and 
isolated pools are present to the headwaters. The 792 meter 
(2,600-foot) marker was the fmal study area stake, but 
population estimates and other surveys were conducted 
above this point after 1966. 



Mean summer minimum streamflow was 0.6 liters per 
second (0.02 cfs). The peak winter flow was 1,415liters per 
second (50.0 cfs). The annual mean water temperature of 
9.7°C was similar to that on the other study streams. Water 
temperatures ranged from a minimum of 1.6 to a maximum 
of 16.1 °C. The diurnal temperature range was 0.5 to 1.5°C 
prior to logging (Hall and Lantz 1969). 

Part of the lower section of Needle Branch watershed was 
privately owned by Mr. Fred Williamson. The remainder was 
owned by Georgia-Pacific Corporation. Several timber 
species were present, including Douglas fir, western red cedar 
(Thuja plicata), and red alder. Douglas fir stands were all 70 
to 110 years old, while cedar stands were 30 to 50 years old. 

A small stand of 30-50 year old Oregon white oak (Quercus 
garryana) was also present. The age of a small patch of alder 
was in excess of 100 years. The understory was primarily vine 
maple and sword fern, although salal, bracken fern, 
salmonberry, thimbleberry (Rubus paraviflorus) and dew
berry (R. vitifolius) were also present. The vegetation of the 
lower and central portions of the watershed was similar to 
that on Deer and Flynn creeks, but the understory at the head 
of the stream consisted primarily of shrubs, herbs and various 
grasses. 

The entire watershed was clearcut and later slash burned. 
No buffer strip was left along the streambed. No effort was 
made to protect the stream from logging activity, except to 
eventually clear debris from the channel. 

METHODS 

Biological components of the three selected streams were 
studied primarily at the upstream and downstream traps 
located at the lower sections of the streams. Techniques of 
studying upstream populations of resident and spawning fish, 
and other portions of the aquatic fauna are described below. 
Throughout the Methods and Results sections, the compara
tive terms "pre-logging" and "post-logging" are often used 
for all three streams, even though there was no actual logging 
on Flynn Creek. In the case of Flynn Creek, the terms refer to 
the periods of pre-logging and post-logging on the other 
streams, and are used with the Flynn Creek control 
parameters only as a means of comparison within these time 
frames. 

Trap Operation 

Large fish traps were constructed across all three streams. 
As indicated in Figure 2, the traps on Deer Creek and Needle 
Branch were located very near the mouths of the streams. 
However, the trap on Flynn Creek was located over two miles 
above the mouth of Meadow Creek, a tributary of Horse 
Creek. We do not believe that coho salmon spawning activity 
was significant between the mouth of Meadow Creek and the 
trap on Flynn Creek. Subsequent stream checks revealed only 
few coho salmon spawning in this area. The numbers of 
cutthroat trout in this area are unknown. 

The original traps used for the 1959 sampling were all 
constructed of wood (Figure 3). Rotating screens prevented 
loss of small fish, but also accumulated debris, and needed to 
be cleaned several days each week. 

After the 1964 flood, it was realized that the wooden traps 
were inadequate for a long-term project of this nature. There 
were also problems with the wooden trap on Needle Branch. 
For unexplained reasons, female coho salmon passed through 
the upstream trap would not stay upstream and spawn, but 
turned around and moved back downstream through the 
trap. The upstream trap was partially of concrete, with an 
inclined plane. Because of the difficulty in keeping female 
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spawners upstream, the inclined plane was removed and fish 
were allowed to pass freely during the coho migration period, 
November to early February. As a result, only redd counts 
were made in the three seasons immediately prior to logging. 

New concrete traps were installed in the following schedule: 

CONSTRUCTION CONSTRUCTION 
STREAM BEGAN COMPLETED 

Deer Creek September 1965 November 1965 
Needle Branch August 1966 October 1966 
Flynn Creek August 1967 October 196 7 

These new traps were easier to maintain, and worked well 
during the remainder of the study (Figure 4 and 5). There 
were problems during winter freshets (Figure 6), but trap 
design was not the cause. 

A covered work area was located next to each trap. Fish 
entering each trap could be examined, weighed, and 
measured at the site (Figure 7). Data books were kept at work 
stations, and detailed instructions were issued each year. 

Figure 3. Original wooden fish trap on Deer Creek, falll960. 



Figure 4. Concrete fish trap on Needle Branch, late winter 
1970. 

Figure 5. Concrete fish trap on Deer Creek. 

Traps were taken out of commission at various times in the 
course of the study, usually for 1-3 day periods. The primary 
reasons for such closures were high water, debris clogging the 
openings, and general maintenance . Closures were generally 
short in duration and occasional in timing. 

In addition to fish species, traps collected many reptiles, 
amphibians, mollusks, insects and small mammals. Among 
the animals collected by the traps were mice, wood rats, a 
beaver, frogs and tadpoles, aquatic and terrestrial snakes, 
crayfish, salamanders and newts, a muskrat, freshwater snails, 
various terrestrial and aquatic insects, and a kingfisher. 

Length and Weight Sampling at the Traps 
All adults passing through the upstream traps were 

examined. Fish were measured in millimeters and weighed in 
grams. Sex and condition (e.g. green, spent) were recorded. 
Most females were weighed and measured, whereas many 
males, especially in early years, were only measured. 

All fish trapped and placed upstream were fin clipped: 
adipose on coho salmon, and the top portion of the caudal fin 
on cutthroat trout. A sample of scales was routinely collected 
from adult salmon and trout. 
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Figure 6. High water spills over the trap at Deer Creek during 
a freshet, January 11, 1972. 

Figure 7. Adult coho salmon in one of the original wooden 
upstream traps. 

Adults passing through the downstream trap were handled 
in a similar manner, except no additional fin clip was applied. 
There was no concerted effort to weigh and measure adults 
moving downstream except in the last few years of the study. 
Females entering the downstream trap for the first time were 
marked and placed back upstream. This was because some 
fish are frightened , and may be stressed into moving 
downstream. After the second entry, females were passed 
downstream. 

Information from carcasses collected at the downstream 
trap was included in trap records. The sex of these fish was 
identified, and egg retention in females was noted. In later 
years, all carcasses were also weighed and measured. 

Juvenile salmonid fry passing through the downstream 
trap were too numerous to individually weigh and measure. 
During peak runs in most years, a daily sample of 50 juvenile 
coho salmon and cutthroat trout fry provided the length
weight information. All smolts were measured. All other fish 
were enumerated. In the last few years of the study, sample 
sizes were considerably higher. Small trout (steelhead and 
cutthroat trout < 75 mm) were enumerated only. As 



steelhead trout were only present in Deer Creek, the 
designation on other streams always referred to cutthroat. 

Reticulate sculpins were generally measured (mm TL) 
from the upstream and downstream traps. All other fish 
species were enumerated only. 

Tagging 
After measuring length and weight, coho salmon females 

were routinely anesthetized with MS-222 (Tricaine Methane
sulfonate). Coho salmon females were then tagged with 
dorsal or opercular spaghetti tags or color coded Petersen disc 
tags (Figure 8). After 1968, a radio tag was attached to the 
back of some of the females, just below the dorsal fin (Figure 
9). Each radio tag was identified with a distinct number, and 
emitted a signal on a distinct radio frequency. This signal 
could be detected with a portable FM radio. 

Figure 8. Attaching a spaghetti tag to the back of a female 
coho salmon. · 

Figure 9. A female coho salmon with a radio tag and Petersen 
disc tag in place below the dorsal fin. 

Only coho salmon females were tagged regularly (with 
color-coded Petersen disc tags) during the 15-year study 
period. Coho salmon males were only tagged in 1963-64 and 
again in 1972 and 1973. When males were tagged, each 
received Petersen disc tags or colored Floy anchor tags. 
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Large cutthroat trout were tagged in the last few years of 
the study only. These fish were tagged with colored Floy 
anchor tags. During Lowry's (1964) study of cutthroat trout, 
plastic subcutaneous tags (described by Butler 1957) were 
used to study stream movement. Similarly, adult steelhead 
trout were tagged with colored Floy anchor tags only in 
1973. 

Population Estimates 

During the 15-year study, population estimates were 
conducted for cutthroat trout and coho salmon on the three 
streams. In some years, cutthroat trout and coho salmon 
population estimates were carried out only in Needle Branch. 

Generally, a standard section of each stream was studied 
every year. On Deer Creek, this study section extended from 
the trap (at -152 meters) to 1,920 meters (6,300 feet)-- a 
distance of 2,073 meters (6,800 feet). During most years, a 
section of the East Fork of Deer Creek was also analyzed. 
This section extended anywhere from 0 to 229 meters (750 
feet), to 0 to 274 meters (900 feet) in length. During early 
years, 244 meters (800 feet) were shocked. During the middle 
years usually 259 meters (850 feet) were shocked; and in later 
years, 274 meters (900 feet) were shocked. On Needle 
Branch, the study section extended from the trap (at -61 
meters) to 808 meters (2,650 feet)- a total distance of869 
meters (2,850 feet). During 1968-71, an additional area 
above the first falls was also studied (an additional 488 
meters, or 1,600 feet). The study area on Flynn Creek 
extended from the trap (-30 meters) to 1,006 meters (3,300 
feet)- a total distance of 1,311 meters (3,400 feet). In 1962 
and 1963 during the intensive cutthroat trout studies by 
Lowry (1964a), the study sector was extended to 1,113 
meters (3,650 feet), making the total stream length equal to 
1,417 meters (4,650 feet). However, all yearly comparative 
estimates have been adjusted to account for discrepancies in 
stream lengths surveyed. 

Population estimates were typically undertaken in August 
and September. Occasionally population surveys extended 
into October, but an attempt was made to complete surveys 
before water levels increased and adversely affected sampling 
efficiency and reliability. During the intensive coho salmon 
studies by Chapman (1961) in the years 1958-1961, and 
cutthroat trout studies by Lowry (1964a) in 1962 and 1963, 
population estimates were conducted in all seasons of the 
year. For comparative purposes, however, the late summer 
estimates by Chapman and Lowry were used in most analyses 
oflong-term trends. 

Fish were primarily captured with the use of backpack 
electrofishing units (Figure 10). Different shockers were in 
use during the 15-year study, but the typical equipment was 
described by Lowry (1964b ). Salmonids were anesthetized 
with MS-222 and marked with a particular fin clip which was 
different from marks applied at the traps (often a temporary 
caudal clip or adipose clip). 

After fish were redistributed throughout the stream 
length, they were later recaptured (Figure 11 ). Petersen 



Figure 10. Collecting juvenile coho salmon and cutthroat 
trout using a back-pack electrofishing unit. 

Figure 11. Juvenile coho salmon and cutthroat trout 
collected with a back-pack electrofishing unit. 

population estimates were computed in the manner described 
by Ricker (1958), using the modification of Bailey (1951): 

N= [M(C+1)]/(R+1) 

Where: 
N =estimated population size; 
M =the number of fish originally marked; 
C = size of sample during recapture; and 
R = number of recaptured marks in sample. 

The variations in stream length surveyed were adjusted for 
final, comparative estimates. 

The fork lengths of coho salmon and cutthroat trout 
recaptured were recorded in millimeters. Occasional weights 
were recorded in grams on the Ohaus balance. During some 
later years special biomass estimate areas were established. 
Fish population estimates were correlated with weights of 
recaptured fish to estimate total biomass of coho salmon and 
cutthroat trout (see section on Biomass). 

Population estimate methods used by Chapman (1961 ), 
Lowry (1964), and Au (1972) varied somewhat from those 
used by Wildlife Commission biologists. Some estimates were 
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based on marking fish in streams, then recovering them at the 
traps. Reference should be made to those studies for specific 
methods. 

Biomass and Pool-Riffle Population Estimates 

Biomass measurements were taken from 1959 to 1969, 
and in 1972. Au (1972) has summarized the coho salmon 
biomass values of the years 1963-1968. Oregon State Game 
Commission personnel collected biomass data for both coho 
salmon and cutthroat trout in 1969 and for coho in 1971 and 
1972. Chapman (1965) analysed the coho salmon biomass 
features of the three streams for 1959-1963 and Lowry 
(1964) studied cutthroat trout biomass during 1962 and 
1963. 

Methods varied with researcher, but, in general, a standard 
biomass area(s) was established, and comparative biomass 
measurements were taken only in the same area or areas. All 
fish of the desired species were measured in millimeters and 
weighed in grams. Using a Petersen population estimate (see 
Methods: Population Estimates), the total population within 
a study area was compared to the average weight for the 
population sampled. A total biomass weight was derived for 
the area. Generally, the biomass measurement was expressed 
asg/m2 or pounds per acre. 

During the Oregon State Game Commission surveys, 
specific biomass areas were established. On Deer Creek, there 
was generally a lower sampling area (-137 to-15m), a middle 
area (15 to 46 m), and an upper area (792 to 1,250 m). On 
Needle Branch, biomass sampling occurred in a lower area 
(183 to 335 m) and an upper area (488 to 640 m). Flynn 
Creek biomass areas were the lower area (61 to 213m) and 
the upper area (701 to 853 m). Studies on biomass areas were 
usually conducted in September. but occurred as early as 
July. Biomass studies by Au, Chapman and Lowry were often 
undertaken throughout the year, particularly in the case of 
coho salmon. The specific methods used in these more 
intensive studies were somewhat different from those 
described above, but the objectives were often the same . 

Spawning Surveys 

One to two days after a tagged coho salmon female was 
released upstream, biologists would locate the fish using the 
radio signal as a tracking tool. If the female was engaged in 
any spawning behavior, the redd location would be recorded. 
During a 10 to 20-minute observation period, the following 
types of activity were noted: digging behavior, number and 
position of attendant or "alpha" males, eggs or milt in the 
water, condition of spawning fish, other species in the redd 
area (e.g., cutthroat trout), etc. 

The locations of dead spawners were noted and carcasses 
were returned to the respective trap areas for measurement of 
lengths, weights and egg retention. After spawning coho 
salmon left a redd, the location was flagged and a stake was 
inserted on each bank at the approximate mid-point of the 
redd. These stakes marked the redd for fry trap installation 
approximately 80 to 90 days later. 



Fry Emergence 
Emerging coho salmon fry were studied with the aid of a 

nylon fry trap previously described by Phillips and Koski 
(1969). The trap consisted of a cap of nylon placed over an 
individual redd in a stream (Figures 12 and 13). The trap 
edges were buried to a depth of 15 em (Figure 14). The 
standard trap was 2.4 m by 6.4 min size, constructed of3.2 
mm mesh nylon netting. A tapered collection bag was 
attached. Zippers were sewn to the collection bag and the 
main trap section. Most emerging fry were removed from the 
collection bag. The trap was large enough to provide a 15 to 

Figure 12. Installing emergent fry trap over salmon redd. 

Figure 13. The fry trap installed over a coho salmon redd. 

Figure 14. Cross-sectional view of fry trap placed over a 
salmon redd. 
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30 em border between the actual redd and the trap edge. This 
allowed for some lateral, intragravel movement of alevins. 

Traps were installed on coho salmon redds each season 
from 1964 to 1971 on each of the three streams. Daily 
inspection of an installed fry trap provided a record of 
emergent fry. Samples of emergent coho salmon were 
measured. Not all redds contain viable eggs, so this method 
gives some indication of deposition-to-emergence survival, 
emergence mortality, length of emergence period, as well as 
success of spawning. Multiple spawning does occur in redds, 
but can be detected by records of numbers of emerging fry, 
tag numbers of spawning females and species of emergent fry 
(for multi-species spawning in a single red d). 

Determination of survival percentages is based on the 
fecundity of spawning females. The fecundity of coho 
salmon females was estimated on the basis of weight. A table 
of fecundity estimates for coho salmon was developed by 
Koski (1966) on the basis of egg counts from 92 adult females 
from Fall Creek Hatchery. 

Age Determination 

Thousands of coho salmon and cutthroat and steelhead 
trout scales were collected during the 15-year study. In most 
cases, scales collected from inidividual fish in the field were 
placed between two small pieces of plastic sheeting and 
stored in an identification envelope containing the following 
information: species, stream, date, length and weight offish, 
sex, type of trap , collector, and an identifying scale number. 

Scales from adults and precocious males were examined 
and three good scales were selected from those collected from 
each fish. After cleaning with water and a camel hair brush 
the scales were wet mounted on numbered, gummed cards. 
After the gummed cards were flattened, they were pressed 
into clear acetate. Pertinent information was added to each 
scale sheet. 

The best scale of the three selected was used for age 
determination with a projector. A transparent millimeter rule 
was used to measure scale distances from the center of the 
nucleus. Measurements of freshwater and saltwater checks 
were made in this manner. A "plus growth" in freshwater 
indicates that portion of scale growth after the final 
freshwater or saltwater check. 

Using the direct scale measurements and their propor
tional relationships, calculated lengths were derived. This 
back-calculation provides an indication of the fish's length at 
the various ages in freshwater and saltwater. 

Scales of juvenile salmonids were often mounted on slides 
rather than directly on acetate. For these fish, several scales 
were placed on slides and a cover glass was taped securely by 
the edges. All slides were labeled and stored. 

All scales collected by the Oregon Game Commission 
during the 15 years were analyzed by F.H. Sumner. 
Interpretation is often difficult when scales are obtained 
from an environmentally stressed location (Needle Branch 
and Deer Creek during and after logging). Certain physical 
factors, such as temperature, can provide false annuli. 



Because of this, specific questions regarding interpretation 
should be directed to Mr. Sumner's scale analysis guidelines. 1 

Not all scales collected were eventually read, but unread 
scales are labelled and stored. 

Study Pool Observations 

During the summers of 1969 and 1970 special study pools 
were established in Needle Branch and Flynn Creek. The 
objective was to study fish behavior (coho salmon and 
cutthroat trout) in a stream with elevated temperature 
(Needle Branch) and in the control stream, Flynn Creek. In 
1969 one study pool was established at the 213 m marker on 
Flynn Creek and two at the 389 and 518 meter markers in 
Needle Branch. In 1970 one pool was used at 183m in Flynn 
Creek and one at 358m in Needle Branch. 

A two-way trap was located at the upper and lower 
boundaries of each pool, to monitor fish movement. A 
known number of marked fish (weighed and measured) were 
introduced into the pools at densities comparable to other 
areas of the stream. 

Each pool was divided into grids to facilitate accurate 
observations on the positioning and movements of fish and 
changes in surface areas. These grids were above the pools and 
were constructed of stretched strings from stakes along the 
edges. Two observation platforms were constructed beside 
the Needle Branch pool in 1970 and three were constructed 
by the Flynn Creek pool. Observers were effectively hidden 
behind the platform (Figure 15). 

Observations of fish behavior were made two days per 
week from mid-June through September, usually in the 
morning and afternoon. Specific observation methods are 
described in detail by Lantz and Moring (1975 MS). Because 
an objective of the study was to compare behavior in two 
different thermal regimes, water temperatures were continu
ally monitored with Partlow thermographs. 

Growth data on fish populations were obtained from 
monthly electrofishing sampling. Fish were collected in this 
manner from May to September. Fork lengths were measured 
to half millimeters. Weights were recorded to the nearest 
gram on an Ohaus Balance. 

Insect Sampling 

Methods of insect sampling varied with researcher and 
specific problem. Often analysis of fish stomachs yielded 
information on insect groups (Demory 1961; Lowry 1964). 
Methods for actual in situ collection of insects were usually 
different. 

Chapman (1961) and Demory (1961) collected insects ina 
fine cloth net of 1 mm mesh. Approximately one square foot 
of bottom was agitated, and the net was swept upstream 
along the bottom. Such samples were from randomly selected 
stations in the stream. In Chapman's study, 10 samples were 
collected in Needle Branch and 20 in Deer Creek on each 

1Sumner, F.H. 1973 MS. Methods of study-- coho scales. 
Oregon St. Game Comm., unpublished report, May 30, 1973. 10 p. 
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Figure 15. Needle Branch study pool used for coho salmon 
and cutthroat trout behavioral studies. Note the observation 
platforms, two-way traps at each end of the pool, and the 
visual grid pattern above the pool. 

sampling date. Most insects were placed in plastic vials and 
cooled in ice water. Some 8amples were preserved in ethanol. 
If stomachs were to be examined, they were checked within 6 
hours of collection if unpreserved, and 72 hours if preserved. 
The food habits of insects in the Alsea Study streams have 
been reported by Chapman (1961) and Chapman and 
Demory (1963). 

The methods employed by Lantz and Moring (1975 MS) 
were somewhat different. Invertebrate drift was sampled at 
the downstream end of a riffle near each study pool (used for 
behavioral studies). This drift sampler consisted of a 
plastic-coated metal rectangular frame 30 em by 20 em, with 
an attached net. This net was 57 em long with a mesh size of 
500 microns. A collecting jar was attached to the terminal 
end of the net. The entire apparatus was attached to two steel 
rods driven into the streambed. Benthic invertebrates were 
also collected in this series of study pool experiments. A 
gravel core sampler of the type described by McNeil and 
Ahnell (1960) was slightly modified for use as a benthic 
invertebrate sampler. This type of sampler could be inserted 
into the gravel trapping invertebrates. All material was then 
removed and later analyzed in the lab. Insects collected by 
the methods described by Lantz and Moring were separated 
from detritus and transferred to 2-ounce sample bottles. 
After identification in the laboratory, insects were placed in 
formalin solution. Later samples were dried to obtain dry 
weights. 

The degree of insect identification varied with researcher. 
In some cases identification was to the family level; in most 
cases it was to the generic level. 

Herbicide Studies 
Two herbicides (1,4-D and 2,4,5-T) and Endrin were 

applied to the cut areas of Deer Creek and Needle Branch, 
respectively. The herbicides were sprayed on the cutting area 
of Deer Creek by helicopter. Herbicides were applied at a rate 
of one pound of each compound acid per acre. 2 

2 L.A. Norris and J.D. Hall. Information presented to the 1970Annual 
Watershed Study cooperators meeting, June 18, 1970. 



Water and biological samples were collected prior to and 
after herbicide spraying. One pre-spraying water sample was 
collected along with samples every 10 minutes for the first 
hour following spraying and every 20 minutes for the second 
hour. Thereafter water samples were taken every 30 minutes 
the third hour, then at intervals of 3 hours, 24 hours, 45 hours 
and 7 days. Water samples were collected in one-quart glass 
jars with 15 g NaOH added. Plastic "Saran" wrap was placed 
over the top before capping. All samples were collected in the 
same location. 

Biological samples were taken at three times: (1) a 
pre-spraying sample was collected March 17 -- 10 days 
prior; (2) 3 days after spraying; and (3) 7 days after spraying. 
All biological material was brought live to the Oregon State 
University campus on the day of collection for later analysis 
by University and federal personnel. 

Endrin-coated Douglas fir seeds were seeded over the 
Needle Branch watershed at a rate of 0.6 percent endrin at 
0.84 Kg per acre (Moore et al. 1974). During the endrin 

experiments water samples were taken at the stream gauge 
stations. Samples were collected in 4 liter metal containers, 
stored in ice and later placed in a cold room at 2°C. As 
described by Moore et al., water samples were taken at 
15-minute intervals from 30 minutes prior to seeding, to two 
hours after. Samples were taken at 30-minute intervals for the 
next hour, followed by sampling at intervals of 1 hour, 2 
hours, 3 hours and 4 hours. These were followed by samples 
every 12 hours for 36 hours, every 24 hours for the following 
72 hours and a sample at the end of seven days post-seeding. 
Additional samples were collected at 2 weeks and 3 weeks 
after seeding and during winter freshets (Moore et al. ). 

Details of water sample analysis for endrin have been 
described for biological sampling (Marston et al. 1973, Moore 
et al. 1974). Eyed coho salmon eggs were planted in the gravel 
prior to seeding and later removed and frozen for analysis. 
Aquatic insects, reticulate sculpins, and fry and fingerling 
coho salmon were also collected following seeding and frozen 
for later analysis. 

RESULTS 

COHO SALMON 

Adults 

Magnitude of Runs 
Runs of adult coho salmon were quite variable each year 

on all streams. All fish entering the upstream trap were 
classified as alive, alive but spent, or dead. The number of 
spawners was related to the size of the stream. The run on 
Deer Creek averaged 146 fish per year, or 51.6 percent of 
the total run for the three streams. The Flynn Creek run 
averaged 92 fish per year (32.5 percent of the study area 
run). The run on the smallest stream, Needle Branch, 
averaged only 45 fish per year, accounting for only 15.9 
percent of the study area run. However, the yearly runs 
shown by Appendices 4, 5 and 6 show wide variations from 
year to year. 

Average numbers of spawners were higher in post-logging 
years on all three streams. The change was only minor in Deer 
Creek and Flynn Creek, but statistically significant on Needle 
Branch. During the four seasons of pre-logging data, runs 
were quite low, averaging only 16.8 fish per year. No trap 
records are available for the three seasons immediately prior 
to logging on Needle Branch (see Methods: Trap Operation). 
For the seven years following logging, runs were heavier, 
averaging 61.1 fish per year. There is no indication that 
logging activities had any adverse effects on adult coho 
salmon returns to any stream in the study area. 

In examining the length frequencies of precocious coho 
salmon on the study streams, Au (197 i) found a distinct 
break below 4 70 mm FL. He considered fish smaller than 4 70 
mm FL as jacks. Using this value, precocious males were 
determined for each year (Appendices 4, 5 and 6). The 
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percentage of precocious males in the population varied 
yearly, but averaged 24.3 percent on Flynn Creek, 17.1 
percent on Deer Creek and 40.5 percent on Needle Branch. In 
many cases precocious males arrived together in groups rather 
than individually. The post-logging percentages of precocious 
males increased on Flynn Creek and Deer Creek but declined 
on Needle Branch. However, the numbers of returning adults, 
regardless of marine age, were low during the pre-logging 
period. As a result, the effect of precocious males may have 
appeared greater in pre-logging years. 

Age Characteristics 
Biologists studying coho salmon have reported 11 

different age combinations from stocks along the Pacific 
Coast of the United States and Canada. By far the most 
common combinations are 1/2 and 2/2. In more northern 
latitudes the 2/2 group dominates, while in British Columbia 
and more southern waters, fish of age class 1/2 constitute 
most of the run (Drucker 1972). This age designation 
expresses freshwater checks (annuli) to the left of the 
diagonal, and saltwater checks to the right of the diagonal. A 
fish of 1/2, for example, would indicate one freshwater check 
and two saltwater checks. A +indicates plus growth after the 
last freshwater check. 

Of the coho salmon scales collected, a total of 2,351 were 
analyzed during the study period. Of these, 1,802 were from 
adults and 549 were from jacks. All scale data are stored on 
cards and magnetic tape at the Research Division Laboratory, 
Corvallis. 

Four age combinations were present on the streams: 1/1, 
1/2, 2/1 and 2/2 (Table 1). As with most coho stocks from 
British Columbia southward the 1/2 age group dominated 



(Table 2). Two, three and four-year-old fish were present in 
the following proportions: 

Needle Branch 
Flynn Creek 
Deer Creek 

Average for 
all streams 

2-year-old 
% 

29.6 
24.7 
15.4 

21.2 

3-year-old 4-year-old 
% 0 

66.0 4.4 
73.3 2.0 
81.6 2.9 

75.9 2.8 

All fish classified as jacks were of the age groups 1/1 and 
2/1, spending only one summer in salt water. The 1/1 age 
group dominated, with 88.9 percent of the jacks on Deer 
Creek, 91.6 percent on Needle Branch and 92.1 percent on 
Flynn Creek. All fish classified as adults were of the age 
groups 1/2 and 2/2, spending two years at sea. Of the two, the 
1/2 age group dominated; accounting for 93.5 percent of the 
adults on Needle Branch, 96.5 percent on Deer Creek and 
97.3 percent on Flynn Creek. 

Table 1. Life history patterns of 2351 adult wild coho 
salmon from the three study streams (taken at the 

upstream traps). 

Years in 
Salt Water 

1 
2 

Years in Freshwater 
1 2 

499 50 
1735 67 

Table 2. Percentages of age combinations in adult coho 
salmon in the three study streams, 1960-1973. 

AGE GROUP 
STREAM 1/1 1/2 2/1 2/2 

Needle Branch 29.6 63.3 2.7 4.4 
Flynn Creek 24.7 71.2 2.1 2.0 
Deer Creek 15.4 79.7 1.9 2.9 
Total Average 21.2 73.8 2.1 2.8 

There was a direct correlation between the size of the run 
between streams and the percentages of various age groups. 
The proportion of fish of age 1/2 increased from Needle 
Branch to Flynn Creek, and from Flynn Creek to Deer Creek. 
Likewise, the percentages of jacks (1/1 and 2/1) decreased 
with increasing run size. 

There was no discernible change in age groups due to 
logging. The percentage of jacks was higher in post-logging 
years on Needle Branch, but this same trend was present in 
Deer Creek and Flynn Creek as well. Fish of the age class 1/2 
declined in proportion from pre-logging to post-logging on 
Needle Branch, but, again, _this decline was present on all 
three streams. 

The size of adults originating from smolts spending two 
years in freshwater was not significantly different from that 
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of adults originating from smolts that spent only one year in 
freshwater. Likewise, the average lengths of jacks spending 
two years in freshwater before migrating to sea was no 
different than those that spent one year in freshwater 

The growth rates of the two groups ofjacks(1/1 and 2/1) 
were quite different (Figure 16). Growth in the first year of 
freshwater residence (based on scale samples) was greatest in 
fish that migrated as one-year-old fish. That group (1/1) 
experienced greater growth in one year of saltwater residence 
than the year offreshwater residence. Those fish remaining in 
freshwater two years (2/ 1 ), experienced less growth the first 
year and only moderate growth the second year in 
freshwater. However, the growth rate was considerably better 
the first year in saltwater than for the similar period in 1/1 
fish. The net result is that after one year at sea both groups 
were essentially the same size when they ascended the 
streams as jacks. 

Analysis of adult coho salmon growth rates reveals a 
pattern similar to that of jacks. The two age groups of adults 
(1/2 and 2/2) were essentially the same average length at the 
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Figure 16. Growth of coho salmon jacks derived from 
calculated lengths from scale samples. Two groups of jacks 
were present - those spending one year in freshwater, and 
those spending two years. 
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Figure 17. Growth of coho salmon adults derived from 
calculated lengths from scale samples. Two groups of adults 
were present - those spending one year in freshwater and 
those spending two years. 

time of upstream migration. However, their previous growth 
patterns were divergent (Figure 17). Growth during the first 
year of freshwater residence was slightly less in the 2/2 group. 
Growth in the second year continued at approximately the 
same rate for this group. However, growth in the first 
saltwater year was rapid and apparently compensatory, as the 
two age groups were of the same approximate size at the end 
of the frrst saltwater year. The growth rate during the second 

saltwater year was virtually the same in both groups. In both 
jacks and adults, maximum growth rates (slopes) were 
obtained during the first year of saltwater residence . 

Length and Weight 
The average lengths of upstream migrating adults declined 

in post-logging years on all three streams (Table 3). This 
decline was virtually the same on Needle Branch (5.6 percent) 
and Flynn Creek (5.1 percent), and only slightly less on Deer 
Creek (2.6 percent). As a result no decline in average length of 
adult spawners can be attributed to logging activities. There 
was an increase in the numbers of males entering all three 
streams (see section on Coho Adults- Sex Ratio). There was 
also an increase in numbers of smaller, precocious males on 
Flynn Creek and Deer Creek, but a decline on Needle Branch 
(see section of Coho Adults- Magnitude of Runs). 

The average weight of salmon increased on the Deer Creek 
run in post-logging years, but decreased on Flynn Creek. The 
change on Needle Branch run is unknown because no fish 
were weighed during pre-logging years. The overall average 
weights were virtually the same on all streams, with only 101 
grams separating the average weights of fish on the three 
streams. 

Length-weight regressions were derived from the entire 
14-season study period. The correlation coefficients in all 
three regressions were quite good (r = 0.94). The non-linear 
regression lines were virtually the same, and this would be 
expected with three closely situated runs in the same river 
system. 

The lengths of precocious males were taken from 521 scale 
samples of known jacks averaging 396.9 mm FL. This is 
slightly less than the value of 406 mm FL reported by Au 
(1972) for incomplete records of the Alsea test streams, or 
the value of 409 mm FL for Waddell Creek, California 
(Shapovalov and Taft 1954). The difference is greater, 
however, between the average size of jacks and that reported 
at the Big Creek Hatchery (Johnson 1970). 

The size frequency distribution of precocious males is 
quite distinct (Figure 18). Au considered fish less than 470 
mm to be jacks (for visual identification). Use of the lengths 
for scale samples indicates only 5.4 percent of all jacks 
exceeded a size of 469 mm FL, so this assumption is probably 
valid. 

Table 3. Average lengths and weights of adult coho salmon on the three study streams, 
for pre-logging and post-logging years. The total sample (N) refers only to 

those fish weighed and measured, not to the total upstream count of adults. 

Length Weight 
Pre- Post- Pre- Post-

Stream N Logging Logging Ave. Logging Logging Ave. 

DEER CREEK 587 618.6 mm 602.6 mm 610.3 mm 2.50 kg 3.12 kg 3.05 kg 
FLYNN CREEK 338 612.8 518.3 596.7 3.24 3.04 3.09 
NEEDLE BRANCH 129 583.2 550.7 554.7 3.15 3.15 
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Table 4. Average lengths of adult and jack coho salmon on the Alsea 
test streams, 1959-1973. 

Males 
(exclusive Males 

Stream N Females of jacks) (total) 
mmFL mmFL mmFL 

Deer Creek 2059 699.2 
Flynn Creek 1289 714.2 
Needle Branch 503 693.9 

Average lengths of females were significantly greater than 
males on all three streams (Table 4). This size difference was 
evident in pre-logging as well as post-logging years. 

Average lengths of females declined slightly on all streams 
after logging. Average lengths of males declined by only 24 
mm on Flyrtn Creek and 13 mm on Deer Creek. The average 
length of males increased by 28 mm in Needle Branch. 
However, this slight change was due to: (1) an increase in 
numbers of males in post-logging years; and (2) a small 
number of length measurements in four pre-logging years 
(35) compared to a larger number (365) in seven post-logging 
years. 

The length frequencies of coho salmon in the three 
streams (Figure 18) show two peaks, one for precocious 
males and one for adults. The peaks for jacks in Flynn 
Creek and Deer Creek occurred in the length range, 
400424 mm FL, while in Needle Branch a peak occurred in 
the range, 375-399 mm FL. The peaks were quite different 
for males and females, but were similar for the three 
streams. There were no significant changes in the length 
frequency patterns between pre-logging and post-logging 
years in the logged watersheds. 

Condition Factors 
Average condition factors were essentially the same on all 

three streams. For the 120 live spawners weighed and 
measured on Needle Branch, the average condition factor was 
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Figure 18. Length frequency of adults and precocious male 
coho salmon on the three study streams, 19 59-1973. 
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587.5 518.9 

1.12 (range: 0.84-1.68). The average condition factor on 
Deer Creek was also 1.12 (range : 0.85-3.51), for 587 live 
spawners. The 338 live spawners on Flynn Creek had an 
average condition factor of 1.11 (range: 0.66-1.76). 

There was no significant change in coho condition factors 
due to logging. The greatest change was from 1.09 to 1.12, 
occurring in the control stream, Flynn Creek. The value on 
Deer Creek changed only slightly from 1.11 during pre
logging years to 1.12 during post-logging years. No adult 
spawners were weighed in pre-logging period on Needle 
Branch, so condition factors are not available and the 
post-logging values reflect the average for that stream. 

Sex Ratio 
The sex ratio of upstream migrating adult salmon varied 

from year to year on all streams. For adults passing through 
the upstream traps, this ratio was most consistent on Deer 
Creek and most inconsistent on Needle Branch. Differences 
are primarily related to the sizes of streams and the sizes of 
coho salmon runs. The greater the run, the less variability 
associated with sex ratio (i.e., the presence of a single fish of a 
given sex has less effect on the sex ratio of a large run than a 
small run). The sizes of the coho runs corresponded directly 
with the stream size. The largest salmon run occurred on Deer 
Creek, where 2,041 live, unspent adults were processed 
upstream during the 14 seasons. The sex of only one fish was 
not determined. Of the remainder, 81.6 percent were males. 
This is a ratio of 4.4:1, males to females. The ratio changed 
only slightly between pre-logging and post-logging years. 
Individual yearly values varied from 2.8: 1 (1962-63 and 
1971-72) to 11.6:1 (1969-70). The ratio increased signifi
cantly for those live, unspent adults that returned down
stream, through the downstream trap. Of this group, 97.8 
percent were males, for a sex ratio of 45.5: 1, males to 
females. The ratio was even higher for adults returning to the 
upstream trap for a second time after having been processed 
downstream. Of 52 such fish on Deer Creek, only one was a 
female, for a ratio of 51: 1. Conversely, the sex ratio of 
spawning fish declined with the passage of adults back 
downstream, then rose slightly as some of them returned 
upstream. 

On Flynn Creek, a total of 1,283 live, unspent adults were 
processed upstream. The sex of two was not determined. For 
the remainder, 80.2 percent were males, for a sex ratio of 



4.0: 1. The ratio rose slightly more than on Deer Creek for 
pre-logging to post-logging years: 3.4: 1 to 4.9: 1. Of the live, 
unspent adults processed through the downstream trap, 98.1 
percent were males, for a ratio of 51.5 : 1. All of the 19 fish 
returning through the upstream trap a second time were 
males. 

The smallest coho salmon run occurred on Needle Branch, 
where 495 live, unspent adults were processed upstream 
during 11 seasons of trap operation (see Part 1: Methods -
Trap Operation). The sex of only one of these fish was 
unknown. Of the remainder, 79.6 percent were males, for a 
sex ratio of 3.9: 1. There was a distinct shift in sex ratio from 
pre-logging to post-logging years, from 1.5 : 1 to 4. 7: 1. 
Although the sex ratio on all three streams was higher in 
post-logging years, the ratios were almost the same in 
post-logging years. Because the run is quite small on Needle 
Branch, and only four years of pre-logging data are available, 
the pre-logging sex ratio may be only approximate. Of the 
live, unspent adults returning downstream, 97.0 percent were 
males, for a ratio of 31.9:1. All of the 11 fish returning 
upstream a second time were males. 

On all three streams more male spawners were present in 
post-logging years than in pre-logging years (fable 5). The 
percent increase was almost exactly the same on all streams, 
indicating the shift was not related to logging activities, but to 
natural fluctuations in the run. While numbers of males were 
increasing, the total numbers of spawning females remained 
almost the same for pre-logging and post-logging periods on 
Deer Creek and Flynn Creek. However, the number of female 
spawners more than doubled between these periods on 
Needle Branch (the four years of pre-logging data were 
adjusted to correspond to the seven years of post-logging 
data). For the adults actually considered to be spawners on 
the streams, the average sex ratios were: Deer Creek 2.6:1; 
Flynn Creek 2.1:1; and Needle Branch 1.6: 1. 

Other workers have found slightly different sex ratios for 
adult returns. Including jacks, Shapovalov and Taft (1954) 
found a 1.3:1 ratio, males to females, for coho returning to 
Waddell Creek, California. Excluding jacks, the ratio drops to 
0.9:1. Including jacks, the coho ratio on the South Fork Eel 
River, California, was 1.3:1, males to females. Without jacks, 
the ratio drops to 0.8:1 (Murphy 1952). For an artificial 
situation (freshwater rearing in a reservoir, Lake Merwin, 
Washington), the returning adults averaged a 2.9:1 ratio, 
males to females, for three years of study (Hamilton et al. 
1970). 
Fecundity 

Fecundity estimates are based on the work of Koski 
(1966) who sampled 92 females returning to Fall Creek 
Hatchery, on a tributary of the Alsea River. He compared 
volumetric egg counts to length and weight. Regression 
relationships were derived for egg count on fork length 
(Y=7.81X - 3,184) and egg count on weight (Y=479.3X + 
559), where X is in centimeters or kilograms, respectively. 
This relationship was determined for hatchery fish, because 
sufficient local wild stocks were not available. 

Fecundity estimates based on weight of female spawners 
were virtually the same of all three streams for 10 years of 
weight records. Average fecundity of coho spawners on 
Flynn Creek was 2,587; that on Deer Creek was 2,499;and 
that on Needle Branch was 2,485. Drucker (1972)has shown 
a correlation between increasing latitude and increasing 
fecundity along the Pacific coast. The average numbers of 
eggs from the three study streams compare favorably with 
fecundity measurements for Washington, Oregon and Califor
nia. 

Comparison of pre-logging and post-logging fecundities is 
actually based on weights or lengths of adults, but reveals no 
significant changes. Average egg number estimates increased 
by only 115 between the two periods on Flynn Creek and 

Table S. Coho salmon runs, by percentage, during 14 seasons, 
based on calulated numbers of actual spawners. 

Deer Flynn Needle 
Creek Creek Branch 

Pre-Logging: 
Percent Males 65.1 61.1 51.2 
Percent Females 34.9 38.9 48.8 
Sex Ratio (M:F) 1.9 :1 1.6:1 1.1:1 

Post-Logging: 
Percent Males 76.6 72.9 63.9 
Percent Females 23.4 27.1 36.1 
Sex Ratio (M:F) 3.3:1 2.7:1 1.8:1 

Total: 
Percent Males 71.9 67.8 61.7 
Percent Females 28.1 32.2 38.3 
Sex Ratio (M:F) 2.6:1 2.1:1 1.6 :1 
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decreased by only 27 eggs on Deer Creek. No weights are 
available for pre-logging years on Needle Branch, but 
utilization of the fecundity length regression formula of 
Koski (a less powerful regression) can provide four years of 
pre-logging fecundity estimates. With these figures, changes 
in average fecundities were insignificant. 

An interesting trend was apparent during the first returns 
of coho adults that may have been affected by actual logging 
operations. Fecundities dropped in adult females returning in 
1968-69 Guveniles in streams during logging) and 1969-70 
(fry and Age 0 fingerlings during logging), but returned to 
near average levels the following year. These changes in 
fecundity reflect changes in average weight of adult spawners, 
as our estimates of fecundity are based on size of adults. 

Timing of Spawning Migrations 
Coho salmon spawning migrations had well defined limits, 

with a peak in December (Figure 19). Salmon never arrived 
before October 23 nor later than March 8. The typical run on 
all three streams was from mid-November to early February. 
Fish arriving in October and March accounted for only 0.7 
percent of all arrivals. 

Figure 19 indicates that spawning migration times, by 
month, were almost the same on all three streams. Logging 
considerations aside, this relationship would be expected in 
three small geographically similar streams. Total arrivals for 
peak months of November, December and January ac
counted for 96.4 percent of the run in Needle Branch, 94.2 
percent in Flynn Creek and 93.8 percent in Deer Creek. The 
larger run in Deer Creek provided more variability in arrival 
times. Nineteen fish arrived in October in Deer Creek, while 
only three arrived in that month in Flynn Creek and only two 
in Needle Branch. Four March spawners arrived in Deer 
Creek, while no March arrivals were noted for Flynn Creek or 
Needle Branch (Appendices 1, 2 and 3). 

There was no apparent change in arrival times of coho 
spawners due to logging activities. The only changes of note 
in monthly arrivals in Needle Branch were a reduction in 
February arrivals and an increase in December arrivals. 
However, these same changes occurred on the control stream, 
Flynn Creek, as well as Deer Creek. 

Au (1972) has shown that timing of coho salmon 
upstream migrations is related to streamflow, particularly the 
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Figure 19. Arrival times of adult coho salmon on the three 
Alsea Watershed streams. 
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periods of peak discharge. Similar behavior of coho has been 
recognized by Shapovalov and Taft (1954) and other 
workers. The relationship between salmon movement and 
streamflow levels will be explored in more detail in Parts II 
and III. 

Movement of Adults 
Of those fish entering the upstream trap, some were 

already spent and others were found dead. Part of this 
mortality was due to the traps themselves. Table 6 indicates 
that between 95.9 and 98.5 percent of the fish entering the 
upstream trap were live, unspent adults and jacks passed 
upstream. Many fish, but few precocious males, returned 
back downstream through the downstream trap. Records 
indicate 43.4 percent of the Flynn Creek fish returned back 
downstream as live, unspent fish. Another 1.9 percent were 
spent and 9.9 percent were recorded through dead. For Deer 
Creek 39.9 percent of the fish returned alive and unspent 
downstream. An addit1onal1.4 percent were spent and 12.9 
percent were dead in the trap. On Needle Branch 54.5 percent 
of the upstream fish returned downstream unspent and alive. 
Another 4.2 percent were spent and 16.8 percent were dead 
in the trap. 

Of those fish that returned downstream, a few returned to 
the upstream traps a second time and were passed upstream 
to spawn. Only 1.5 percent (19 fish) of the original Flynn 
Creek upstream migrants returned upstream a second time. 
The percentages on the other streams were slightly higher: 
2.2 percent on Needle Branch (11 fish) and 2.5 percent on 
Deer Creek (52 fish). 

As a result of downstream movement and some return 
upstream, the actual numbers of spawners in the streams were 
less than two-thirds of the original upstream run. The actual 
numbers of presumed coho spawners for the streams are 
indicated in Table 7. Only 47.1 percent of the original 
upstream run (adults and jacks) eventually spawned in Needle 
Branch and 57.2 percent of the upstream run spawned in 
Flynn Creek. On Deer Creek 61.1 percent of the run 
eventually spawned in the creek. 

The numbers of actual spawners increased in post-logging 
years on all streams primarily because of an increase in males 
entering and spawning in the stream. Average numbers of 
spawners on Deer Creek increased from 74.1 fish per year in 
pre-logging years to 108.6 fish per year in post-logging years. 
Spawners in Flynn Creek increased from an average of 45.9 
fish per year to 60.6 fish per year. Spawners on Needle 
Branch increased from 10.3 to 28.9 fish per year. It is evident 
that numbers of spawners on the streams were unaffected by 
logging activities. Numbers increased in post-logging years in 
response to natural fluctuations occurring in the control 
stream as well as in the experimental streams. 

Spawning Surveys 
The behavior of tagged coho salmon females was studied 

on and near redds, and the positions of known redds were 
flagged (marked) for later fry emergence studies. The 



Table 6. Counts of adult coho salmon entering the upstream traps of Deer and Flynn 
Creeks and Needle Branch for the total study period, 1959-1973. 

Number Counted in Trap 
Number Dead 
Number Spent 
Total Unspent, 
Live Spawners Passed 
Upstream 

Pre-Logging Yearly Ave. 
Post-Logging Yearly Ave. 
Total Average 
Yearly Range of Live 
Spawners 

Deer 
Creek 

2094 
20 
33 

2041 

143.1 
148.4 
145.8 

58-277 

Flynn 
Creek 

1303 
12 
8 

1283 

87.0 
96.3 
91.6 

11-226 

Needle 
Branch 

516 (657)* 
8 (10)* 

13 (17)* 
495 (630)* 

16.8 
61.1 
45.0 
5-117 

Total 

3913 (4054)* 
40 (42)* 
54 (58)* 

3819 (3954)* 

*Actual numbers are based on only 11 years of trapping, so values in parentheses are weighted for comparison 
with actual numbers obtained on other streams during the 15 years of study. 

Table 7. Numbers of coho salmon adults and jacks known to be spawning on the three 
study streams during fourteen seasons, 1959-1973. 

Deer Creek Flynn Creek 
Year 0 ~ 0 

1959-1960 59 21 22 
1960-1961 49 19 60 
1961-1962 44 28 80 
1962-1963 18 18 0 
1963-1964 68 27 11 
1964-1965 70 44 3 
1965-1966 30 24 20 
1966-1967 137 56 59 
1967-1968 56 23 32 
1968-1969 128 39 56 
1969-1970 51 8 13 
1970-1971 61 10 42 
1971-1972 101 36 74 
1972-1973 48 6 33 

Total 920 359 505 

* 1 . pproximately 1500 fry were transplanted in Needle Branch. 
**Field spawning survey notes indicate a maximum of 11 females and 19 males 
on the Needle Branch spawning ground during 1965-66. 
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purposes of the spawning surveys were: (1) to determine the 
specific attributes of coho spawning activity in the streams; 
and (2) to locate redds for later trapping of fry . with 
equipment described by Phillips and Koski (1969). 

Other than the locations of spawning redds, there could be 
no indication· of changes due to logging because spawning 
surveys were only available for the years 1965-1971. In 
particular, detailed observations are available only for the 
1968-69, 1969-70 and 1970-71 seasons. In earlier years only 
the locations of adults (and tag combinations) were noted. 

Generally, these surveys indicated that each stream has 
certain favored spawning areas, but redds were scattered 
throughout much of the three streambeds. At some point in 
the experimental period, redds were established in almost all 
areas having appropriate amounts of spawning gravel. Au 
(1972) has compiled and graphed the locations of spawning 
redds during the first 11 years of study. 

From the three years of detailed spawning observations, 
96 tagged females were tracked in the stream: SO in Deer 
Creek, 27 in Flynn Creek and 19 in Needle Branch. Other 
tagged fish moved back downstream, lost their radio tags, or 
were never located. 

Only 22 of the 96 females were actually observed emitting 
eggs. However, other spawning activities were observed, such 
as digging and interacting with attendant males. These 
observations were generally daily and usually lasted ten to 
fifteen minutes. Active digging was observed in 35.7 percent 
of the observation periods on Deer Creek, 38.0 percent of the 
periods on Needle Branch and 43.8 percent on Flynn Creek. 
A total of 79.2 percent of all females were observed digging 
redds at some point during the surveys. The frequency of this 
digging varied between individual fish. Records indicate that 
during periods of active digging, rates varied from once every 
15 minutes to 12 in 15 minutes. Individual digging lasted 
three to four seconds. Females turned on their right or left 
sides to dig, usually alternating the side. A female was 
observed digging from her left side for a 1 0-minute period, 
but most fish alternated sides. 

The number of attendant males, including associated or 
"alpha" males, also varied between observation periods. On 
the average, one male was associated with each female, but 
the range was 0 to 8 males (adults and precocious males). 
During all observation periods the following numbers of 
attendant males were noted with each spawning female : 

0 males - 4 7.9% of times checked 
1 male -29.6 
2 males- 13.7 
3males- 4.2 
4males - 2.9 
5 males- 1.1 
6males - 0.4 
?males - 0.0 
8 males - 0.2 • 
An interesting phenomenon was observed in Needle 

Branch in January 1971 when two males formed a "spawning 
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pair". Although no milt was shed, the two reacted to each 
other as male and female. Each took a turn lying on the right 
side of the other, quivering two to four times. There was no 
active digging but both fish had frayed caudal fins. The caudal 
fin and caudal peduncle of one fish were quite deteriorated 
with injuries quite similar to those suffered by females 
digging. It was obvious this male had engaged in digging but 
apparently not at the "redd". The two fish also exhibited 
traits of territoriality with one chasing away jacks that 
ventured near the "redd" (B. G. Pohl, personal communi
cation). 

Fry and fingerlings 

Fry Emergence 
The survival rates of salmonids from egg deposition to 

emergence vary with species, but are characteristically low. 
McNeil (1966) found chum and pink salmon survival rates 
from egg deposition to emergence were generally less than 25 
percent. Similarly, Merrell (1962) found pink salmon survival 
rates of 0.2 to 20.0 percent, averaging 2.4 percent, and 
Wickett (1962) reported pink salmon survival rates of 0.4 to 
32.3 percent. Hunter (1959) found pink and chum salmon 
survival rates of 5. 7 to 31.1 percent. 

Foerster's (1968) review of considerable sockeye salmon 
data indicates survival rates ranged from 1.8 to 19.3 percent, 
while chinook salmon survival (to fry migration) was 
measured at 7 to 32 percent (Wales and Coots 1955). Survival 
percentages for coho salmon are quite variable, but were 
generally low. An 8-year average reported by Pritchard 
(1947) was 21.0 percent (ranging from 11.8 to 30.4 percent). 

Several researchers have explored fry emergence problems 
on the three streams. Koski (1966) looked at physical and 
biological influences on coho salmon eggs, alevins and fry. Au 
(1972) reviewed emergence patterns and relationships for 
coho salmon. Koski utilized fry traps for capturing emergent 
fry (Phillips and Koski 1966: see Methods section). Phillips et 
al. (1975) further explored the relationship between sedi
ment levels and emergence survival of coho salmon and 
steelhead trout. Au (1972) used some of the early trapping 
data in his analysis of fry emergence. 

The Oregon State Game Commission trapped coho salmon 
redds on all three streams yearly from the 1963-64 season 
through the 1970-71 season. Koski based his analysis offry 
emergence patterns on the 1964 year class, with eggs 
deposited in December 1963 and January 1964. Au based 
most of his analyses on the 1969 year class, with eggs 
deposited in November and December 1968, and January 
1969. Lantz (1967) has provided a table of fry emergence 
survival rates for 1964-67. Other data from 1964-67, and 
information from the remaining years was not previously 
published. 

Examination of the eight consecutive years of data reveals 
considerable variation in survival rates and other parameters 
between individual redds on the same stream, between 
individual streams, and between year classes. A total of 113 



individual redds was trapped from 1964 to 1971. Of these, 
three were actually multiple redds hy females. As a result, 
110 trapped redds were utilized in the analysis of the data. Of 
these 110 redds, no fry emerged on 16 (14.5 percent). Koski 
(1966) mentioned the problem of zero emergence from redds 
in the 1963-64 season. He discounted the possibility offalse 
redds because of the intensive observations on spawners and 
redds. Because most redds with zero_ emergence had no 
embryos or fry when uncovered, Kos.ki feels the condition 
was due to gravel scouring. 

The percentage of redds where no fry emergence occurred 
varied from zero (N = 5 total redds) to 23.8 percent (N = 21 

total redds). Zero emergence redds were not confined to any 
one stream or year, as four were detected on Deer Creek 
(spread over the years), seven on Flynn Creek, and five on 
Needle Branch. Spawning redds were trapped between 
markers 130 m and 777 m on Needle Branch, between-114m 
and 1,006 m on Flynn Creek, and -40 m and 1 ,923 m on Deer 
Creek. 

Females spawning in redds subsequently trapped were 
very similar in average size (Table 8). Average fecundity was 
also similar. Emerging fry exhibited similar characteristics 
when data for each stream were averaged, but the survival 
rates from egg deposition to fry emergence were variable 

Table 8. Synopsis of coho salmon fry emergence information 
from trapped redds, {963-1971. 

·Average for Years on Trapped Redds on Streams 
Deer Creek Flynn Creek Needle Branch 

Number of Emerging Single 
Redds Trapped 32 30 

Survival Percentage (successful emergence only) 37.9% 25.7% 

Survival Percentage (including zero emergence) 33.5% 20.8% 

Average Length of Emergent Fry 38.7 mm 38.5 mm 

Average Length of Spawning Females 685 mm 706mm 

Average Weight of Spawning Females 3.~9 Kg 4.00Kg 

Average Fecundity of Spawners 2443 2519 

Table 9. Survival rates of trapped coho salmon redds from egg 
deposition to fry emergence. Zero emergence redds are 

not considered in this analysis. 

Needle Branch Flynn Creek 
Year Ave. Range Ave. Range 

% % % % 
1963-1964 29.2 3.8-54.9 20.4 1.1-35.6 
1964-1965 22.4 6.4-41.9 24.7 14.3-31.0 
1965-1966 46.9 16.6-82.0 22.9 0.7-48.0 
1966-1967 20.1 4.3-41.5 43.9 27.5-60.3 
1967-1968 33.0 9.8-65.5 9.4 2.2-13.6 
1968-1969 40.3 0.0-76.0 34.2 4.0-78.0 
1969-1970 52.7 52.7 23.4 15.1-31.7 
1970.1971 30.4 . 0.6-46.4 

8-Year Average 34.6 0.0-82.0 25.7 0.6-78.0 

Weighted Average Survival for all Streams =32.9% 
Range of Individual Redd Survival Rates= 0.0- 82.9% 
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34.6% 

29.8% 

38.5 mm 

684mm 

4.00 Kg 

2368 

Deer Creek 
Ave. Range 

% % 
68.0 58.1-77.5 
39.1 28.2-47.5 
18.4 6.2-30.6 
41.9 13.7-61.8 
41.1 17.0-66.6 
28.8 1.0-37.0 
25.3 6.1-37.8 
19.5 1.4-37.6 

37.9 1.0-77.5 



from year to year, and highly variable from redd to redd. 
Table 9 indicates survival rates of individual redds varied from 
0.0 to 82.0 percent from egg deposition to fry emergence. 
Average survival rate for successful redds was 32.9 percent, 
with 37.9 percent survival on Deer Creek, 34.6 percent 
survival on Needle Branch, and 25.7 percent survival on 
Flynn Creek. Including zero emergence redds, the survivals 
were 33.5, 29.8, and 20.8 on Deer Creek, Needle Branch, and 
Flynn Creek, respectively. 

There was no significant shift in survival rates from 
pre-logging to post-logging years on Needle Branch or Deer 
Creek. It is apparent from the variability associated with 
individual redd survival data, that utilizing the records of a 
single year, as did Koski (1966) and Au (1972) can result in 
different values of emergence survival. Koski utilized data 
from the 1963-64 season, and his survival to emergence values 
are different than those indicated in Table 9. This discrep
ancy originates from his inclusion of zero emergence redds in 
the computations. As a result, Koski's fry survival values 
reflect the presence of redds which never produced viable fry 
because of gravel scouring, false spawning, incomplete 
fertilization, or other physical and biological factors. We feel 
that utilizing only the producing redds gives a better 
indication of fry survival to emergence. In this way we can 
indicate a value or values applicable to a species (coho 
salmon) rather than to a particular area (the Alsea test 
streams only). Physical and biological influences on fry 
emergence vary with geographical locale. Therefore, it seems 
logical to apply survival rates for coho salmon, then 
determine the percentage of zero emergence for the 
particular stream, rather than make survival values contingent 
upon a stream having the same set of environmental 
conditions. We have, however, computed the survival rates 
both ways, as a means of comparison. ~ 

Temperature is the principal regulator of incubation time 
of salmonid embryos, and the variation in incubation periods 
on the three study streams reflects changes in water 
temperature and certain other environmental factors. After 

hatching, alevin movement is regulated by gravel composi
tion, intragravel dissolved oxygen, and certain other factors. 
Even though the hatching times of coho salmon embryos may 
be similar for several redds on a given stream, the time to 
emergence may vary due to gravel conditions. On the average, 
fry fust emerged on Needle Branch in 1 OS days from egg 
deposition. Fry averaged 106 days to emergence on Deer 
Creek, and 112 days to emergence on Flynn Creek. The time 
to emergence was quite variable, as indica ted in Table 10. 

Despite an increase in temperature in Needle Branch 
(potentially reducing hatching and emerging time), time to 
emergence was not drastically altered. Average time to first 
emergence for three pre-logging years was 106 days, while 
that for four post-logging years was 101.5 days. Average time 
to last emergence was almost the same 140 and 141 days, 
respectively. During the time of embryo incubation (winter 
months), temperature alterations may have been minimal. 

For the most successful redds (over 60 percent fry 
emergence survival), the time to first emergence was slightly 
less, but the relative times on the three streams remained 
similar: 100, 109 and 104 days for Needle Branch, Flynn 
Creek and Deer Creek, respectively. Likewise, for the least 
successfu,l redds (less than 15 percent survival), the times to 
first emergence were also similar: 105, 116 and 107 days; 
respectively. 

Fry emergence was typically from February to early June, 
although some fry continued to emerge as late as July. Koski 
(1966) and Au (1972) have indicated that peak emergence of 
coho fry occurs approximately eight to ten days after first 
emergence. Au has calculated that approximately 90 percent 
of the fry emerge within the first ten days. Despite the fact 
that Dill and Northcote (1970) found no change in coho fry 
survival or emergence timing due to gravel composition, 
Koski (1966) and Phillips et al. (1975) have demonstrated 
that such a relationship does occur. Our data support their 
conclusions (see Part II: Section on Gravel Composition). 

Au (1972) has observed that most coho fry emergence 
occurs at night, principally in a few hours after darkness. 

Table 10. Emergence times of coho salmon fry measured as time in 
days from egg deposition. Records of zero emergence redds are not included. 

Needle Flynn Deer 
Branch Creek Creek 

Average Time to 105 112 106 
First Emergence (85-147) (99-140) (80-1 22) 
(and Range) 

Average Time to 142 159 160 
Last Emergence (110-174) (119-230) (126-204) 
(and Range) 

Average Period of 37 47 54 
Emergence (1-62) 3-115) (24-102) 
(and Range) 
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Apparently fry emerge to just below the surface in daylight 
hours. But, as they are photo-negative, peak emergence 
occurs just after darkness, at about 2000 to 2100 hours 
(mid-winter months). Similar behavior has been observed 
with sockeye salmon by Barns (1969), but Dill and Northcote 
( 19 70) believe coho salmon alevins are negatively phototactic 
during their intragravel existence, but become positively 
phototactic during the final upward emergence. 

To test the efficiency of salmonid fry traps, two series of 
experiments were undertaken. The first was a study to 
determine the extent of lateral movement of emerging coho 
salmon fry. The second was a trapping of fry that may have 
emerged beyond the confines of the primary fry trap. 

The objective of the lateral movement study was to 
determine the extent of fry emergence in the horizontal 
vector. In the laboratory, concentric rings of screening were 
placed at 6, 12 and 18-inch diameter distances from a 
centrally placed standpipe where alevins were introduced 
(Figure 20). Four such cells were constructed and fry 
emerging in each ring, as well as those emerging outside all 
rings, were counted. The results of tests run during early 1965 
were mixed (Table 11). The results of this test were 
inconclusive because of the small diameters of retaining rings, 
the extreme variability of numbers of emerging fry in 
particular rings, and the significant numbers of fry emerging 
outside all rings. 

A better approach to determining trap efficiency is that 
reported by Phillips and Koski (1966). A 1.8 m by 2.4 m fry 
trap was installed over a salmon redd as usual, but a larger 
trap, measuring 2.4 m by 3. 7 m was installed over the smaller 
trap. During tests in 1966 and 1967, from 100 to 300 alevins 
were released into four standpipes in the gravel. In 12 tests, 
efficiency of the primary trap varied from 97 to 100 percent, 
averaging 99.6 percent efficiency. Biologists conducting the 
tests felt actual efficiency was higher because two of the three 
fry found in the larger trap probably entered through an open 
zipper rather than emerging from the gravel. These fry were 
larger in size than other emergents and the open zipper at the 
same time lead biologists to believe these fish were intruders 
from other natural redds. 

Whatever the ongm of the few questionable fry, the 
efficiency of the fry traps appears to be quite high. By 
installing the trap in the manner described by Phillips and 
Koski (1969), fry escaping the confines of the trap would 
have to move extensively in a lateral direction. Dill and 
Northcote (1970) have found that lateral movement of coho 
alevins is significantly reduced in small gravel of the size 
found in the three study streams. As a result, the number of 
fry emerging beyond the borders of the fry trap is 
undoubtedly insignificant. 

Figure 20. Concentric rings of screening at 6, 12, and 18 
inches diameter from a standpipe where alevins were 
introduced. Rings were used to determine lateral movement 
of emerging coho salmon fry in the laboratory. 

Age and Growth 
Coho salmon juveniles along the Pacific coast go to sea 

after one, two, three, or even four years in freshwater. For 
most coho salmon stocks south of Alaska, fish spend one year 
in freshwater. Smolts aged in most studies exhibit one 
freshwater check plus some additional growth prior to spring 
migration. Hence, one-year-old smolts are more accurately 
described as 1+/. 

Of the scale samples collected from downstream migrants 
during the study, 359 were analyzed. Scale analysis was 
sporadic with scales read in the following years: Needle 

Table 11 . Numbers of emerging coho salmon fry in various concentric screen 
rings from a central alevin introduction point. Tests were conducted at the 

Alsea field laboratory during February, March, and April1965. 

Fry Emerging From the Following 
Diameter Distances 

Cell 6 in. 12 in. 18 in. Outside Total 

1 3 7 4 57 71 
2 20 58 12 4 94 
3 39 37 1 13 90 
4 47 32 14 4 97 
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Branch (1972, 1973), Deer Creek (1959, 1960), Flynn Creek 
(1967, 1968, 1969, 1970, 1971). 

Of these samples, 194 were collected in Flynn Creek, 70 in 
Deer Creek and 95 in Needle Branch. An average of 83.3 
percent were from 1/ or 1/+ fish. The remainder were from 2/ 
or 2+/ fish. Au (1972) has estimated that approximately 90 
percent of the outgoing smolts are of age class 1/ with the rest 
being 2/. Using the total scale samples for the study, we have 
found that percentage to be lower with the exception of 
Needle Branch (Table 12). On the basis of scale samples, the 
number of holdover juveniles average 16.7 percent of the 
outgoing smolts. Fish of age group 1/ constituted only 2.3 
percent of all one-year-old fish, and fish of age group 2/ 
constituted only 1. 7 percent of all two-year-old fish. 
Therefore, alll/ and 1 +/fish will be termed 1/, and 2/ and 2+/ 
fish will be termed 2/ in this discussion. 

There is no indication that age characteristics of coho 
smolts changed due to logging. Pre-logging scale data are 
limited, and numbers are not sufficient to pick up any 
changes due to logging. 

Table 12. Age groups of coho salmon downstream migrants 
passing through the traps on the study streams. 

Expressed as percent occurrence. 

Age Groups 
Stream 1/ 2/ 

Needle Branch 90.5% 9.5% 
Deer Creek 81.4 18.6 
Flynn Creek 80.4 19.6 
Average 83.3 16.7 

It should be noted that the percentages of age 2/ fish from 
smolt samples in Table 12 are higher than those found in 
returning adults in Table 3. Fish of age 2/ comprised only 7.1 
percent of the returnees to Needle Branch, 4.1 percent to 
Flynn Creek, and 4.8 percent to Deer Creek, for an average of 
4.9 percent. In contrast, 95.0 percent of the returning adults 
were 1/, and 83.3 percent were 1/ as outgoing smolts. It 
would appear that one of three things may be happening: (1) 
scale sampling was inadequate for coho juveniles; (2) age 2/ 
fish suffered a higher oceanic mortality than age 1 I fish; or (3) 
detection of juvenile 2/ fish was erroneous. 

In regards to possibility (1 ), adult scale samples were over 
6.5 times greater in number than juvenile samples, so this 
explanation may be valid. Regarding Option (2), Drucker 
(1972) believes the additional year of freshwater residence 
results in higher freshwater mortality rates, but lower oceanic 
mortality rates. If so, the age 2/ fish should return in higher 
proportions of returns. However, the opposite seems true. 
Recognizing the presence of age 2/ fish from juvenile scale 
samples can be difficult (Option 3).1t is certainly conceivable 
that many of the fish that are aged as 2/ may, in reality, not 
have the second freshwater check, thus lowering the actual 
percentage of2/ srnolts. 
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Coho juveniles were separated by age group and fork 
length ranges (Table 13). From this information it is evident 
that one-year-old fish were of a size range, 51-120 mm FL, 
with a peak between 91 and 100 mm. Two-year-old fish 
ranged in size from 71 and 153 mmFL, withapeakbetween 
101 and 110 mm. 

Table 13. Age characteristics of juvenile coho salmon, 
grouped by fork length range, taken from scale samples of 
downstream-migrating juveniles at the downstream traps. 

Age Group 
Fork Length 1 +/ 2+/ 

51-60 mm 5 
61- 70 38 
71- 80 48 4 
81-90 44 4 
91 -100 91 11 
101-110 73 24 
111-120 11 13 
121-130 3 
131-140 
141-150 
151-160 I 

Length and Weight 
Average lengths of coho fry and fingerlings were similar 

for pre- and post-logging periods (Table 14 ). Although overall 
records do not indicate a change in average lengths in Needle 
Branch in 1967 (the period of highest water temperatures), 
records for July, August, and September are not included. Au 
(1972) has found that average lengths declined in Needle 
Branch during this period. 

Records of weights for coho juveniles are lacking until 
post-logging years, but Au (1972) found a decrease in average 
weight during summer 1967. Later records for juvenile 
weights, from 1969-1973, show average weights of smolts in 
April to 8.3, 8.5, 10.0, 9.8, and 8.2 g during 1969, 1970, 

Table 14. Average lengths of juvenile coho salmon in 
Needle Branch and Flynn Creek during the pre- and 

post-logging periods, 1959-1973. 

Fl~nn Creek Needle Branch 
Fry 
Pre-Logging N 1651 1396 
Post-Logging N 2459 3046 
Pre-Logging Ave. Length(mm) 41.9 42.3 
Post-Logging Ave. Length(mm) 40.0 45.6 

Fingerlings 
Pre-Logging N 3521 1394 
Post-Logging N 3595 1406 
Pre-Logging Ave. Length(mm) 83.3 82.8 
Post-Logging Ave. Length(mm) 84.9 90.6 



1971, 1972, and 1973 in Deer Creek; 9.1, 11.9, 9.1, 9.5,and 
6. 7 gin Flynn Creek; and 8.7, 9.7, 11.6, 17.7, and 11.6 gin 
Needle Branch. 

Condition Factors 
Consistent condition factor data are available only for 

1969-1973, when juvenile coho salmon were weighed and 
measured with regularity. During this period, average 
monthly condition factors varied from 0.98 to 1.05 on Deer 
Creek, 0.97 to 1.08 on Flynn Creek, and 0.98 to 1.13 on 
Needle Branch. 

Au (1972) found a distinct change in condition factors in 
Needle Branch during the summer of 1967, the time of the 
highest temperatures. Mean condition factors dropped from 
1.12 in 1966 to 1.02 in 1967, then rose to 1.07 in 1968. 
Condition factors declined for all length categories from 
1966 to 1967. 

Biomass 
Biomass measurements for coho salmon have been 

relatively consistent between the streams surveyed by 
biologists along the Pacific coast (fable 15). Small unlogged 

Table IS. Some biomass measurements of coho salmon in Pacific coastal streams. Data 
are from logged and unlogged watersheds. 

Stream Biomass (g/m2 ) Logging Activity1 Reference 

Wolf Creek, British Col. 1.7- 2.8 L Narver (1972) 
Wolf Creek, British Col. 1.7- 2.7 u Narver (1972) 

Carnation-creek, B.C. 2.5 u Narver (1972) 

Stequaleho Creek, Wash. 0.3 Landslides Cederholm and 
Lestelle (1974) 

Briar Creek, Oregon 0.8 u Moring and Lantz (1974) 
Briar Creek, Oregon 1.3 L Moring and Lantz (1974) 

Coal Creek, Oregon 1.8 u Moring and Lantz (1974) 

Crane Creek, Oregon 2.3 u Moring and Lantz (1974) 
Crane Creek, Oregon 1.3 L Moring and Lantz (1974) 

Dick Creek, Oregon 0.3 L Moring and Lantz (1974) 

Fivemile Creek, Oregon 2.6 u Moring and Lantz (1974) 
Fivemile Creek, Oregon 3.9 L Moring and Lantz (1974) 

Panther Creek, Oregon 6.0 u Moring and Lantz (1974) 
Panther Creek, Oregon 5.9 L Moring and Lantz (1974) 

Park Creek, Oregon 2.2 u Moring and Lantz (1974) 
Park Creek, Oregon 0.4 L Moring and Lantz (1974) 

Sourgrass Creek, Oregon 2.6 u Moring and Lantz (1974) 
Sourgrass Creek, Oregon 2.8 L Moring and Lantz (1974) 

Whittaker Creek, Oregon 1.2 u Moring and Lantz (1974) 
Whittaker Creek, Oregon 2.4 L Moring and Lantz (1974) 

Williamson Creek, Oregon 1.5 u Moring and Lantz (1974) 
Williamson Creek, Oregon 1.5 - 1.6 L Moring and Lantz (1974) 

Little N. Fk. Noyo R., Calif. 2.1 u Burns (1971) 

Godwood Creek, California 1.1 u Burns (1971) 

Bummer Lake Creek, California 0 .2 u Burns (1971) 

N. Fk. Caspar Creek, California 0.2 u Burns (1971) 

S. Fk. Caspar Creek, California 1.6 u Burns (1971) 

1 Coding: U - unlogged; L -logged 
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headwater streams of western Oregon surveyed by Moring 
and Lantz (1974) had biomasses ranging from 0.8 to 6.0 
g/m2 , averaging 2.3 g/m2 • Logged streams averaged 2.2 g/m2 , 

and ranged from 0.3 to 5.9 g/m2 • · 

Biomass measurements are available for 1959 through 
1969, and for 1972. Most of the information has previously 
appeared in dissertations or other publications. Chapman 
(1965) provided data for the years 1959-1962, estimating the 
biomass on the three streams monthly. Au (1972) estimated 
total biomass for the years 1963-1968, but did not convert it 
to weight per unit area. The Oregon State Game Commission 
has unpublished records for coho salmon biomass in 1969 
and 19 72 and partial records in 1971 . 

To analyze the biomass data, Au's values have been 
converted to g/m2 using the surface area records indicated by 
Lowry (1964) and Koski {1966). Comparative values from all 
biomass studies are shown in Table 16. 

Table 16. Biomass estimates for coho salmon in the three 
study streams, 1959-1972. Values are expressed as g/m2 

during mid-September. Chapman's (1965) .data for 
1959-1962 is averaged between the 1 September and 1 
October data. Au's (1972) data for 1963-1968 

are converted to g/m2 • 

Year Deer Creek Flynn Creek Needle Branch 

1959 3.0 g/m2 3.0 2.1 
1960 2.4 2.6 2.1 
1961 3.3 2.4 1.8 
1962 4.4 3.0 2.8 
1963 3.1 2.5 2.7 
1964 3.2 2.0 1.2 
1965 3.4 1.7 3.3 

1966 4.1 3.0 4.2 
1967 6.8 2.1 6.8 
1968 5.3 2.6 4.5 
1969 2.6 0.4 2.4 
1970 
1971 0.9 
1972 3.0 0.7 1.2 

Pre-Logging Ave. 3.3 2.5 2.3 
Post-Logging Ave. 4.4 1.8 3.3 

Biomass values for coho increased on Deer Creek and 
Needle Branch, but declined in flynn Creek from pre-logging 
to post-logging. It should be noted that biomass increased in 
the two streams :whose watersheds were logged. However, 
other more subtle factors may be occurring. The interrela
tionships between fish species may be changing. Cutthroat 
populations decreased following logging in Needle Branch 
(see section on Cutthroat Trout Juveniles - Population 
Estimates), and the numbers of young steelhead trout 
declined in post-logging years in Deer Creek (see section oil 
Steelhead Trout Juveniles - Movement through Traps). This 
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decrease in biomass of other species may have been 
compensated by an increase in coho salmon biomass. In 
addition, there may be other population changes that could 
influence biomass. These interrelationships will be explored 
in Part III. 

Population Estimates 
Population estimates of coho salmon in logging situations 

have been lirni ted. The con census of opinion is that the coho 
salmon is a fairly ._!esiliant species (Au 1972; Burns 1972). 
Tyler and Gibbons (1973) found no significant changes in 
coho populations between logged and unlogged sections in 
the Thorne River and Staney Creek, Alaska. Likewise, Narver 
(1972) found Wolf Creek, BritishColumbia,coho populations 
were evenly distributed between logged and unlogged 
sections. Populations in the smaller tributaries were 30 
percent more abundant in unlogged sections. 

Burns {1972) obtained mixed results for pre- and 
post-logging surveys of coho populations in three northern
California streams. Coho numbers declined during logging on 
Bummer Lake Creek but soon returned to normal levels. 
Bummer Lake Creek was clearcut in blocks, and there was 
little streambed damage. Population numbers declined 
immediately after logging on the South Fork of Caspar Creek. 
The population reached 80 percent of the pre-logging size 
two years after logging, but declined again the following year. 
There was considerable yarding into the stream, debris in the 
channel, and streambed siltation from nearby road construc
tion. On the Little North Fork of the Noyo River, coho 
populations declined after logging and remained depressed. 
The stream experienced bulldozer yarding and an opened 
canopy of vegetation along the stream. 

Population levels on nine coastal headwater streams of 
Oregon were varied with respect to logging. Population 
estimates declined on four streams and increased on five. A 
follow-up survey on a stream where levels decreased indicated 
population numbers returned to within nine percent of the 
pre-logging value two years after logging (Moring and Lantz 
1974). 

Population estimates of coho salmon were sporadic during 
the 15-year study period. Several different techniques were 
used, and to present several years of estimates required the 
comparisons of at least two of these techniques. Unfortu
nately, such comparisons are difficult to analyze. 

Information on juvenile coho salmon population numbers 
in the streams can be derived from four sources: (1) the early 
work by Chapman (1961) providing estimates for 
1959-1962; (2) the work of Au (1972) in which estimates for 
1963-1968 can be derived by analyzing the numbers of 
marked juveniles passing through the downstream traps; (3) 
population estimates from electrO: fishing capture and recap
ture during 1970 (Needle Branch), 1971 (Needle Branch) and 
1972 (all streams); and (4) population estimates taken from 
1 ,000-foot study sections on all streams in 1969. 

Both Chapman and Au utilized Petersen population 
estimates based on initial capture of fish by electrofishing 
units and seines. However, recaptures were only collected at 



the downstream traps. Later population estimates by the 
Oregon State Game Commission were by the classical 
technique of mark and recapture. As a result, population 
estimates may be somewhat different. In 1969, 1,000-foot 
study zones were analyzed for biomass studies. Population 
estimates were computed for those study sections only. 
Approximate values for the total sections of streams can be 
derived by expanding the population numbers for the limited 
study areas. 

Table 17 summarizes the coho population estimates for 
the study period. The scattered information appears to 
indicate a slight decrease in coho salmon populations in all 
three streams. However, using Au's values only (three years of 
pre-logging and three years of post-logging data), there was an 
increase in population estimates during post-logging years. 

Because of data appearing in Table 17 are derived from 
three methods of sampling, it is difficult to determine 
whether these changes are due to logging activities or simply 
to changes in sampling methods. We have no basis for 
attributing any adverse changes in juvenile coho population 
numbers to logging activities. 

Production 
Net production has been defined by Ricker (1958) as the 

net summation of all growth increments over a given time 

period. This is usually expressed over a monthly or yearly 
period. This type of measurement is useful in comparing 
productivity of one stream to another, or in determining the 
causes of changes in population characteristics. 

Two researchers (Chapman 1965; Au 1972) studied the 
production aspects of coho salmon populations in the Alsea 
test streams. In summary, Chapman found differences in 
yearly net production rates, but similarities in the values of 
production per unit area during 1959-1962. This average 
production rate was 9 g/m2 per year, and was similar on all 
three streams from fry emergence to smolt migration. 
Chapman found changes in production rates dependent upon 
seasonal and growth characteristics. Mean production was 
highest following emergence but dropped to a low point 
during winter. The production rate increased again by the 
time of smolt migration. The actual values are of dubious 
value to report here because they were partly based on faulty 
assumptions. One such assumption was an estimate of 65 
percent survival to emergence. Koski (1966) and our data 
have shown the actual value to be approximately half that 
figure. 

Au studied the production characteristics of the coho 
populations during 1963-1968. Unit area net production 
averaged 3.4, 5.3 and 6.2 g/m2 per year in Flynn Creek, 
Needle Branch and Deer Creek, respectively. Chapman's 

Table 17. Population estimates for juvenile coho salmon in streams. Data from 1959 are taken from Chapman (1961); 
data from 1960-1962 are taken from Chapman (1965); data from 1963-1968 are taken from Au (1972). Other data are from 

collections by the Oregon Wildlife Commission. 

Year Deer Creek 

1959 91001 

1960 55002 

1961 70002 

1962 100002 

1963 7600 
1964 4500 
1965 9200 
1966 6600 
1967 10700 
1968 7600 
1969 3681 3 

1970 
1971 
1972 4827 
1973 

Pre-Logging Average 7600 
Post-Logging Average 6682 

1 Interpolated value to reflect population on 15 August. 
2 Interpolated from figures by Chapman (1965). 

no estimates 
no estimates 

no estimates 

3 Expanded from a study area estimate of 4 78 per 1000 ft. of stream. 
4 Expanded from a study area estimate of 60 per 1000 ft. of stream. 
5 Expanded from a study area estimate of 164 per 1000 ft. of stream. 
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Flynn Creek Needle Branch 

3556 1379 
40002 15002 

30002 10002 

49002 25002 

1450 1600 
1750 525 
2000 2100 
2850 1225 
3600 4075 
2325 1850 

2584 4355 

205 
159 

834 1106 

2189 1401 
1975 1294 



average values per unit area for the June 1 to June 1 period 
were 5 .0, 4.3 and 5.3 g/m2 per year, respectively. 

Although there was considerable variation in net produc
tion values between years (Deer Creek range: 20-38 kg/year; 
Flynn Creek: 7-20 kg/year; Needle Branch: 3-9 kg/year), 
comparisons of pre-logging and post-logging values reveal 
some interesting trends. Au has indicated that Chapman's 
values appearing in Table 22, although covering a slightly 
shorter period, include essentially the same amount of 
production time. Au also found post-logging production 
values increased on all three streams. However, Chapman's 
values were not included. When they are included, the trend 
changes. With these data we have seven years of pre-logging 
and three years of post-logging data. The net production in 
Flynn Creek was essentially unchanged from pre-logging to 
post-logging (1 0.6 to 10.7 kg/year). However, the net 
production on Needle Branch and Deer Creek increased. The 
actual production increase was higher in Deer Creek but the 
relative increase was higher in Needle Branch. 

Fry Dispersion and the Behavior and 
Movement of Juveniles in Streams 

Dispersion of coho salmon fry was extensively discussed 
by Chapman (1961), Au (1972) and Lindsay (1975). 
Detailed information can be found in these three sources. 
During 1969-1970, Au had the opportunity to observe the 
dispersion of fry in Needle Branch during the spring. Only 
one female spawned that season and the location of the redd 
was flagged. A fry trap was installed over the redd and a series 
of wire screen traps were spaced at standard distances 
downstream. The emerging fry were released at night from 
the fry traps and their progress downstream was monitored. 

Au found that emergent fry began their downstream 
migration almost immediately and spread themselves be
tween the redd and the first two downstream traps the first 
night. This movement increased during the night and peaked 
just prior to dawn. During each successive night fry dispersed 
farther downstream until some equilibrium distribution was 
established. Apparently the numbers of fry in each section 
and their further downstream movement was related to 
density of fry, population regulators, and the availability of 
food items. 

Fry moving downstream in the Alsea study streams were 
termed "nomads" by Chapman (1961) to refer to their 
nomadic behavior. Lindsay (1975), however, believes the 
term "emigrants" is more correct, as this refers to migrating 
fish that eventually establish residence in the stream - but 
downstream from the original redd. 

Some fry remained in the stream, establishing residence 
above the traps. The number of fry and their relative 
positions with respect to other members is related to a 
number of factors. Lindsay (1975) followed those emigrants 
below traps and found the highest proportion of fry were 
found immediately below the trap release sites. Numbers 
decreased in proportion from that point downstream. 
Survival was significant for these fish in downstream areas. 
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Lindsay also noticed some straying of emigrants after being 
released from the downstream traps- taking up residence in 
other study streams. 

Movement and Timing of Movement through Traps 
Most juvenile coho salmon migrations occur during spring 

months along the Pacific coast of the United States and 
Canada, with the peak periods dependent upon individual 
stock characteristics. The Waddell Creek migration of coho in 
California peaks in April and May with stray migrants 
throughout the remainder of the year (Shapovalov and Taft 
1954). In contrast, the Karluk River migration in Alaska 
begins in mid-May, peaks in June, and is generally over by 
early July (Drucker 1972). The migration from Lake Merwin, 
Washington begins in March, peaks in May and June, and is 
over by early July (Hamiltonetal. 1970), but the Bear Creek, 
Alaska run does not begin until June and does not peak until 
late July (McHenry 1972). The factors which govern the 
timing and extent of individual migrations include flow, 
water temperature, size of smolts and latitude. Drucker 
(1972) has found that time of migration is later in higher 
latitudes. 

On the three Alsea study streams, coho salmon juveniles 
migrated downstream at any time of the year, but there were 
distinct peaks of migration. Fry movements were concen
trated during spring months. Fingerlings and smolts peaked in 
spring months but were also present during the winter period, 
October-January, when fry migration was minimal. Au 
(1972) has described the downstream movement of fry and 
fingerlings. The fry were primarily recent emergents which 
dispersed downstream from redd sites. 

Most fry movement downstream occurred during March, 
April and May, while peak runs of smolts were in Marchand 
April (Tables 18, 19, 20). Overall, 86.1 percent of the fry and 
juveniles moved . downstream during these months in Flynn 
Creek. During pre-logging years on Needle Branch, 86.9 
percent of the migrants passed through the trap during this 
period. In post-logging years this percentage was almost the 
same, 86.2 percent. On Deer Creek, 86.6 percent of the 
juveniles migrated downstream during these months in 
pre-logging years, and 84.7 percent during post-logging years. 

Mortalities in Streams 
Au (1972) and Lindsay (1975) have reviewed the subject 

of mortalities of coho salmon in the streams. Their 
discussions are the most complete for the Alsea test streams 
and they will be summarized briefly here. During the study of 
1963-1968 coho year classes, Au found relative mortality 
rates peaked in mid-summer, then declined to a level of less 
than two percent per week in fall months. Mortalities then 
increased during winter months to a secondary peak in late 
winter. Lindsay also reported a high over-winter mortality of 
resident coho. This mortality averaged 60 percent during the 
period late August to mid-March (206 days). 

This same trend in mortalities was also noted by Chapman 
(1961) for the 1959 year class in Deer Creek. However, 
Chapman's values, and the shapes of his population curves, 



Table 18. Timing of downstream migrations of coho salmon juveniles 
and fry on Flynn Creek, 1959-1973. Expressed as average 

number of fish per year. 

Pre-Logging Post-Logging 
Month Period % Period % 

January 15.9 0.1 5.1 0.1 
February 127.1 1.2 56.7 0.9 
March 729.6 7.0 1529.3 24.9 
April 4709.8 45.2 1949.8 31.8 
May 2833.3 27.2 2348.1 38.2 
June 1871.2 18.0 196.4 3.2 
July 54.5 0.5 24.3 0.4 
August 23.5 0.2 2.0 <0.1 
September 5.2 <O.l 0.5 <0.1 
October 4.5 <O.l 1.7 <0.1 
November 17.6 0.2 . 9.9 0.2 
December 19.0 0.2 16.3 0.3 

Table 19. Timing of dpwnstream migrations of coho salmon juveniles and fry 
on Needle Branch, 1959-1973. Expressed as average number of ftsh per year. 

Pre-Logging Post-Logging 
Month Period % Period % 

January 1.7 <0.1 11.1 0.2 
February 134.7 1.5 466.3 8.7 
March 1850.9 20.7 982.6 18.3 
April 3683.3 41.2 2027.6 37.7 
May 2222.8 24.8 1578.0 29.4 
June 997.5 11.2 204.1 3.8 
July 27.5 0.3 20.8 0.4 
August 6.0 0.1 2.8 0.1 
September 1.2 <0.1 2.8 0.1 
October 9.0 0.1 14.0 0.3 
November 10.6 0.1 38.1 0.8 
December 0.4 <0.1 24.1 0.4 

Table 20. Timing of downstream migrations of coho salmon juveniles 
and fry on Deer Creek, 1959-1973. Expressed as average 

number of ftsh per year. 

Pre-Logging Post-Logging 
Month Period % Period % 

January 52.3 0.8 64.4 1.1 
February 210.0 3.0 230.1 3.8 
March 1486.3 21.4 1298.3 21.5 
April 3063.7 44.1 2731.1 45.3 
May 1466.0 21.1 1077.6 · 17.9 
June 352.8 5.1 449.1 7.4 
July 41.8 0.6 49.5 0.8 
August 7.7 0.1 13.1 0.2 
September 1.8 <0.1 5.8 0.1 
October 18.3 0.3 4.3 0.1 
November 127.0 1.8 48. 1 0.8 
December 115.9 1.7 58.6 1.0 
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are somewhat different from those of Au. This is due partly 
to the fact that Chapman assumed 60 percent survival to 
emergence for coho fry. This is almost twice the survival rate 
reported by Koski (1966), or shown herein (see section of 
Fry Emergence), or assumed by Au. In addition, inclusion of 
recruitment portions of the population (in spring) can bias 
the ultimate mortality and population curves. Au has 
accounted for this possible source of error. 

In terms of actual mortality numbers, large numbers of 
mortalities occur in the streams during summer months, 
followe·d by low numbers of deaths in fall and early winter. 
During the smolt migration in late winter these absolute 
numbers increase and continue to do so until fall. These 
relationships are shown in Au's Figures 27a, 27b and 27 c. 

The ultimate effect of this changing mortality pattern is 
evident in its effect on the total population picture. Of each 
year class of coho salmon, Au estimated that approximately 
80 percent will die by September. The major periods of 
mortality occur during the spring period of recruitment, and 
in summer months. It is estimated that coho populations in 
streams were decreased by an average of 56 percent during 
the period of summer residence. This apparently occurs at a 
rate of approximately 6 percent per week. Chapman and Au 
(1972) oelieve behavioral traits and fish densities are the 
prime aspects influencing the extent of this mortality. 

Lindsay followed the fate of emigrant, or "nomad", coho 
through the downstream traps to Horse Creek and -Meadow 

Table 21. Smolt yield for Deer Creek, Flynn Creek, and 
Needle Branch for 1959-1973. Live and 

dead fish are included. 

Deer Flynn Needle 
Year Creek Creek Branch 

1959* 0 0 
1960 2969 1242 192 
1961 1861 849 431 
1962 1818 803 216 
1963 2126 1393 421 
1964 1785 523 282 
1965 1852 702 153 
1966 1078 731 259 
1967 2098 845 238 
1968 2327 663 177 
1969 1701 403 132 
1970 1317 188 136 
1971 796 161 77 
1972 1056 325 137 
1973** 1864 393 344 

Pre-Logging Average 2068.5 918.7 282.5 
Post-Logging Average 1529.6 - 478.6 193.5 

*Study began 1 October 1959 
**Study terminated 30 September 1973 
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Creek. Of those downstream emigrants only seven percent 
survived from the time of emigration to September (120 
days). Those "resident" fry (remaining in the study streams) 
had much higher survival rates ranging up to 78 percent 
during the high July to September mortality period in Flynn 
Creek. 

Smolt Yield 
Despite the fact that numbers of spawners varied greatly 

during the years, numbers of outgoing smolts remained 
relatively steady from year to year (Table 21). Au (1972) 
believes this regularity in smolt yield may be due to some 
natural regulatory ability of the ecological system. There was 
a decrease in post-logging years in Needle Branch, but there 
was a similar decline in smolt yields in Flynn Creek and Deer 
Creek. As a result, no adverse effects of logging are readily 
apparent regarding smolt numbers. Dead and live srnolts are 
included in this analysis, as it is probable that most 
mortalities recorded in the traps were due to the traps 
themselves. Dead smolts amounted to only 5.5 percent of all 
smolts passing through the Needle Branch trap, 4.0 percent of 
smolts passing through the Flynn Creek trap, and 2.4 percent 
of smolts passing through the Deer Creek trap. 

~-.; 

CHINOOK SALMON 

Chinook salmon were incidental fish in the three study 
streams during the 15-year period. Apparently all records of 
chinook salmon in the streams were cases of straying. The 
evidence for this assumption is: (1) there were no consistent 
runs of chinook salmon each year, and occurrence was 
scattered; (2) all chinook encountered at the upstream and 
downstream traps were males; (3) most chinook moving 
upstream moved back downstream shortly after the initial 
capture; and ( 4) no chinook fry or fingerling were ever 
observed in the streams. 

One precocious male chinook was captured in the Needle 
Branch upstream trap in December 1967. All other records 
were from Deer Creek (Appendix 7). Fourteen chinook were 
taken in the upstream trap on Deer Creek: four in 1960, one 
in 1963, one in 1966 and eight in 1967. Of these, the one fish 
in 1966 was passed downstream a day later. Seven of the eight 
fish in 1967 ultimately moved downstream from one to five 
days after their capture in the upstream trap. 

For the 15 chinook in Deer Creek and Needle Branch, 14 
were precocious and one was an adult male. The jacks 
averaged 475.9 mm FL, and ranged from 413 to 572 mm FL. 
One jack examined on Deer Creek (503 mm) weighed 1,247 g 
(2 pounds 12 ounces). The adult male measured 860 mm FL. 

All fish encountered were fall chinook entering Deer 
Creek and Needle Branch between October 29 and December 
7. Chinook encountered in these streams undoubtedly 
strayed from spawning stocks on Horse Creek and Drift 
Creek. Chinook salmon have long been known to utilize these 
two tributaries of the Alsea River (Oregon State Game 
Commission 1954). Recent spawning surveys by the Fish 



Commission of Oregon show a small spawning population on 
Horse Creek between Meadow Creek and Drift Creek, and a 
considerable spawning population in Drift Creek (Delbert 
Skeesick, personal communication). · 

CUTIHROAT TROUT 

Age characteristics and growth 
Several researchers have studied the age composition of 

coastal cutthroat trout. Seldom do fish spend more than five 
years in freshwater. The majority spend two, three or four 
years. Giger (1972) reported in a study of the Alsea and two 
other coastal rivers that cutthroat may undertake as many as 
five spawning migrations. Giger found no fish over 7+ years of 
age, but Sumner (1962) and Jones (1974) have reported 
eight, nine and ten-year-old cutthroat trout. 

Sea-Run Adults 
Age of migrating adults was determined from scale 

samples taken at the upstream traps. Scale samples read from 
fish with ocean histories numbered 359. Only 12 scales were 
read from Needle Branch sea-run adults (one from pre-logging 
years and 11 from post-logging years), so age information is 
quite limited. For the other two streams 12 age combinations 
were evident (fable 22). The 3/1 group dominated in Flynn 
and Deer creeks. Fish of age group 4/1 were also important in 
the two streams, and those of age 2/2 were important in Deer 
Creek. 

Table 22. Percentages of occurrence of age groups of 
upstream migrating, sea-run cutthroat adults from the 

Flynn Creek and Deer Creek traps, 1959-1973*. 

Flynn Creek: 

3 

1.9 
1.4 

Four and five-year-olds made up over 75 percent of the 
runs in the two streams (Table 23). Fish spent up to six years 
in freshwater before migrating, but most migrated after three 
or four years. Ocean residence varied from one to three years 
with the bulk of the fish having spent only one year at sea. 

Table 23. Percentages of ages of upstream migrating adult 
cutthroat (with ocean history) for Flynn and Deer Creeks, 

1959-1973. 

Age Flynn Creek Deer Creek 

2- year olds 1.0 2.9 
3- year olds 6.7 13.0 
4- year olds 41.2 47.9 
5- year olds 36.9 28.9 
6- year olds 11.5 6.5 
7- year olds 2.8 0.7 

Number Sampled 209 138 

Resident Adults 
Adults tentatively classified as "residents" were those 

with no ocean history collected at the upstream traps on each 
stream. We felt that this source of data would provide the best 
records for fish with no ocean history, moving upstream to 
spawn. Fish that were obviously juveniles were not included 
in this analysis, but, because of the overlap in sizes between 
juveniles and adults, some large juveniles might have been 
included. 

A total of 289 scales were read of these adults with no 
ocean history. Seven age groups were present in the resident 
adult population: 1/, 2/, 3/, 4/, 5/, 6/ and 8/. Between 67.1 
percent and 80.3 percent of the upstream migrating resident 
portion of the population were three and four-year-old fish 
(Table 24). Although the four-year-old component domi
nated in Flynn Creek, three-year-olds were the significant age 
group in the two logged streams. There was no shift in age 
groups from pre-logging to post-logging years and the same 
trends were present during pre-logging years in both streams. 

One eight-year-old fish was trapped in the Deer Creek 
upstream trap in January 1973. The female was 347 mm FL, 

Table 24. Percentages of ages of upstream migrating adult 
3 cutthroat (with no ocean history) for Flynn and Deer 

------------------ Creeks and Needle Branch, 1959-1973. 

1.4 

*Only 12 scale samples were read for Needle Branch 
upstream adults (with ocean history). Of these, 4 were 
3/1, 3 were 4/1, 2 were 1/2,2 were 4/2, and 1 was 2/1. 
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Age 

2- year olds 
3- year olds 
4- year olds 
5- year olds 
6- year olds 
7- year olds 
8- year olds 

Flynn Creek 

4.5 
23.9 
43.2 
26.1 

2.3 

Deer Creek Needle Branch 

16.2 23.7 
48.6 55.9 
31.7 15.3 

2.8 3.4 
1.7 

0.7 



and 7.1 percent of its total growth in length was during its 
eighth year of life (about half the rate during the previous 
year). 

Juvenile Age Groups 
Juveniles and resident adults were difficult to distinguish 

in the downstream traps. However, almost all juveniles 
passing downstream were of three age groups: 1/, 2/ and 3/. 
Few 1/ fish were actively moving downstream; juveniles of 
the other two ages dominated. 

Growth Rates 
From the calculated lengths taken from scale samples, 

growth rates were derived for cutthroat trout. Growth 
between sea-run and resident components were compared 
(Table 25). Patterns were similar, but this may be a function 
of the mixed population in the stream. Fish with no ocean 
history when the scale was collected might have migrated to 
sea at a later date. Fish can migrate to sea at virtually any 
time. A 7-year-old fish was trapped on Deer Creek in 
December 1972. It spent six years in freshwater before 
moving to sea. When trapped, it was on its first spawning 
migration, although it was seven years old. Similarly, several 
fish on each stream migrated to sea after only one year in 
freshwater. By the same token, the 8-year-old cutthroat from 
Deer Creek, previously mentioned, never migrated to sea. 

Table 25. Calculated growth patterns of cutthroat trout 
derived from calculated lengths from scale samples 

(principally from Flynn Creek fish). 

Fish With an Fish With No 
Age Ocean History Ocean History 

mmFL mmFL 

1/ 64.4 67.1 
2/ 118.2 123.7 
3/ 179.5 176.5 
4/ 227.7 223.7 
5/ 253.6 251.8 
6/ 280.0 291.3 
7/ 324.0 
8/ 347.0 

/1 336.9 
/2 400.7 
/3 424.2 

Length and weight 
It is difficult to separate the records of cutthroat trout by 

adults, smolt, or parr, or by the number of spawning years, 
except by scale analysis. Length grouping gives an approxi
mate separation, as does migration timing (see sections on 
Movements, and Timing ofMovements of Adult and Juvenile 
Fish). However, the records are only conveniently separated 
into upstream and downstream trap data. Fish entering the 
upstream traps are primarily adults, but some juveniles are 
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included in counts. Fish entering the downstream traps 
include spent adults, new smolts, and parr moving to 
downstream areas. 

Average lengths of upstream migrating cutthroat were 
variable (Table 26). There was a slight increase in average 
length from pre- to post-logging years in Flynn Creek, but 
there was also an increase in the numbers of adults in 
post-logging years (Appendix 8). The average length declined 
slightly in Deer Creek, but there was also a slight decrease in 
numbers of adults in post-logging years (Appendix 9). There 
was a large increase in average length of upstream migrating 
cutthroat in Needle Branch following logging. There was also 
an increase in numbers of adults in post-logging years 
(Appendix 10). 

There was a pronounced decrease in average length of 
cutthroat trout in Needle Branch during the summer of 1967, 
the time of the highest water temperatures. For the years 
immediately prior to and after logging, the instream average 
lengths were as follows: 1965-114.8 mmFL(N= 122); 1966 
- 121.3 mm FL(N =63); 1967- 89.3mmFL(N=64); 1968-
117.6 mm FL (N = 83). The decline in average length appears 
to be related to the increased water temperature, but sizes of 
cutthroat returned to pre-logging levels by the following year. 

Weights of cutthroat trout from the upstream traps ranged 
from 19 to 624 gin Deer Creek, 11 to 284 gin Needle Branch, 
and 28 to 765 gin Flynn Creek. The numbers offish weighed 
were too few to make valid comparisons between average 
weights from pre- to post-logging years. 

There was little change in average weights of downstream 
migrating cutthroat from pre-logging to post-logging (Table 
27). There was a slight increase in size of fish in Needle 
Branch and Deer Creek, and a slight decrease in size in Flynn 
Creek, None of the changes exceeded 2.9 percent, and there 
was no indication logging affected length characteristics. 
There were increases in downstream migrating trout on all 
streams in post-logging years. The numbers of adults moving 
downstream increased in Flynn Creek and Needle Branch, 
but declined in Deer Creek. 

Length-weight regressions were derived for 55 adults from 
the upstream trap on Flynn Creek, and 33 adults from the 
upstream trap on Deer Creek. Only a few adults in Needle 
Branch were weighed, so no regression was calculated. 
Correlation coefficients were high (r = 0.92 and 0.98). 

A length range frequency profile for Flynn Creek shows a 
pronounced peak between 300 and 425 mm (Figure 21), 
indicating that the majority of upstream migrants are adults. 
Few adults larger than425 mm were trapped,and most of the 
fish of smaller sizes were juveniles. 

Condition factors 
Little information on condition factors is available from 

pre-logging years because most cutthroat trout were not 
weighed until later years. No information is available for any 
pre-logging year in Needle Branch, so we cannot detect any 
changes in condition factors due to logging. Only one year of 
information is available from upstream and one year from 
downstream trap records for Deer and Flynn creeks. 



Period 
Pre-Logging Average 
Pre-Logging Range 
Pre-Logging N 

Post-Logging Average 
Post-Logging Range 
Post-Logging N 

Total 

Period 

Pre-Logging Average 
Pre-Logging Range 
Pre-Logging N 

Post-Logging Average 
Post-Logging Range 
Post-Logging N 

Total Average 

Year 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 

Pre-Logging Ave. 
Post-Logging Ave. 

Total Avera~e 

Table 26. Average lengths of upstream-migrating cutthroat trout 
during pre-logging and post-logging years. 

STREAMS 
- -

Needle Flynn 
Branch Creek 

123.3 mmFL 298.4mmFL 
66-343 mm 80-458 mm 

93 199 

201.4mmFL 318.8mmFL 
83-517 mm 108-480 mm 

93 258 

162.4mm 309.9 

Table 27. Average lengths of downstream-migrating cutthroat trout 
during pre-logging and post-logging years. 

Needle Flynn 
Branch Creek 

130.7 mmFL 131.4mmFL 
26-395 mm 24-470 mm 

1035 2862 

134.5 mmFL 129.8 mm FL 
45-510 26-490 
1243 3766 

132.8 mmFL 130.5 mm FL 

Table 28. Condition factors of cutthroat trout from the three 
study streams. Upstream trap records are for adults and juveniles, 

while downstream trout records are priinarily juveniles. 

Deer Creek Flynn Creek 
Up Down Up Down 

0.97 1.00 
1.13 1.01 * 

* 

0.91 0.94 
0.90 0.94 

1.03 0.94 1.12 0.98 
1.01 0.87 0.91 0.90 

1.13 0.97 1.01 0.98 
1.04 0.92 1.06 0.96 

1.07 0.92 1.05 0.96 

*Data not sufficient for comparison 
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Deer 
Creek 

280.9 mmFL 
92-496mm 

196 

260.1 mmFL 
94-505 mm 

225 

269.8 

Deer 
Creek 

148.1 mm FL 
55-465 mm 

3090 

151.9 mm FL 
53-434 
2766 

149.9 mm FL 

Needle Branch 
Up I> own 

0.89 
0.95 

* 1.02 
* 0.93 

* 0.94 

* 0.94 
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Figure 21. Length range frequency for all upstream migrating 
cutthroat trout in Flynn Creek, 1959-1973. 

Generally, these values were slightly higher in pre-logging 
years than values in later years, but the difference is 
insignificant due to the insensitivity of the records (Table 
28). 

Upstream trap records are approximately evenly divided 
between juveniles (<275 mrn) and adults (>275 mm). 
Downstream trap records are almost exclusively from 
juveniles. This explains why upstream trap values are higher 
than downstream trap values. Fewer, but generally larger fish, 
were moving through the upstream traps. 

Sex ratio 
There were generally greater numbers of males in the 

cutthroat trout populations than females, but the sex of most 
fish was not determined. Almost 98 percent of the fish in the 
downstream trap were not designated "male" or "females". 
Between 40.1 and 73.3 percent of the upstream trapped fish 
were not identified by sex. This is partially due to the fact 
that sex was often difficult to distinguish in most juveniles, 
while many adults (higher numbers in the upstream traps) 
could be so identified. Sex ratios from upstream traps were 
1.8:1, males to females in Deer Creek, and 1.6:1 in Flynn 
Creek. There were very few cutthroat identified as to sex in 
Needle Branch, so the sex ntio was not determined. 
Pre-logging to post-logging ratios increased in Deer and Flynn 
creeks. 

Downstream trap ratios were 1.2:1 in Deer Creek, and 
1.8: 1 in Flynn Creek. Again, the numbers of fish identified 
by sex in Needle Branch were quite low, but the sex ratios did 
increase in all three streams from pre-logging to post-logging 
years. 

Population estimates 

Changes in Population Numbers 
There was a significant decline in cutthroat trout 

population numbers following logging in Needle Branch 
watershed (Figure 22). A t-test showed the difference 
between pre-logging and post-logging values to be significant 
at the 99 percent levels (t = 5.6). Population numbers showed 
no decline following logging in Deer Creek and Flynn Creek 
in post-logging years (Figure 23, 24;Appendix 11 ). 
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This depression of cutthroat trout is the most obvious 
biological change that is a direct result oflogging. It should be 
noted that there was a significant increase in water 
temperature in Needle Branch after clearcutting and slash 
burning of riparian vegetation (see Part II - section on 
Stream Temperature). Because of the buffer strips along the 
clear cut areas of the Deer Creek Watershed, there was no such 
increase in temperatures in Deer Creek. Cutthroat trout 
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Figure 22. Estimated population numbers of cutthroat trout 
in Needle Branch, 1962-1973. Logging occurred in 1966. 
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Figure 23. Estimated population numbers of cutthroat trout 
in Deer Creek, 1962-1972. Logging occurred in 1966. 
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Figure 24. Estimated population numbers of cutthroat trout 
in Flynn Creek, 1962-1973. Logging occurred in 1966. 



populations showed no decline in numbers in Deer Creek, but 
instead, followed the pattern of populations in Flynn Creek. 

Post-logging population estimates were above pre-logging 
estimates in Deer and Flynn creeks, but individual post
logging yearly values fell within the pre-logging ranges of 
values. On Needle Branch, however, no post-logging yearly 
estimate ever approached the lowest estimate for pre-logging 
years. This population was depressed for the eight years 
following logging. The 1973 population was only 21.2 
percent of the pre-logging average. 

The extreme temperature increases following clearcutting, 
slash burning, and debris clearance slowly returned to 
pre-logging levels as the years passed, and riparian vegetation 
returned (see Part II - section on Stream Temperature). 
However, the population of cutthroat trout remained 
depressed. The change in water temperature may have 
contributed to the original population decline, but the 
population in later years has remained depressed. This 
population is now responding to other factors in the 
environment, exclusive of current water temperature pat
terns. The population may not have been able to compensate 
for the initial shock of increasing water temperatures. 

It should be noted that the numbers of cutthroat juveniles 
passing through the downstream trap on Needle Branch were 
generally greater than the population estimates the previous 
fall. We believe the source of these additional fish is the 
upper, unstudied area above the falls on Needle Branch. 

Comparisons with Other Studies 
This type of decline in cutthroat trout populations has 

been noted in short-term logging studies, but the historical 
documentation for a given stream has been lacking until now. 
Burns {1972) found that steelhead and cutthroat trout 
(combined) populations declined immediately after logging 
in Bummer Lake Creek, California. Fourteen months after 
logging the age 0 populations had returned, but the yearling 
and adult populations remained depressed, presumably from 
the low numbers in the year class during logging. Water 
temperatures were higher in clearcut than noncut areas 
(4.4°C higher), but maximum temperatures were never as 
extreme as those found in Needle Branch (see Part II -
section on Stream Temperature). 

Similarily, Moring and Lantz {1974) found declines in 
cutthroat populations in four Oregon streams following 
logging. The reductions were greatest in the two streams with 
clearcut watersheds and no buffer strips: a 48.6 percent 
decline in the Dick Creek population, and a 44.1 percent 
decline in the Hidden Valley Creek population. Changes were 
minor in the stream with only road construction in the 
watershed (Hodges Creek: 4.4 percent decline) and the 
stream clearcut with a buffer strip (Fivemile Creek: 6.6 
percent decline). 

Biomass 
Lowry {1964) measured cutthroat trout biomass during 

1962 and 1963, and the Oregon State Game Commission 
derived cutthroat biomass values in 1 ,000-foot study sections 
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during 1969. Lowry found that cutthroat trout averaged 46, 
48 and 33 kg/ha for Deer Creek, Flynn Creek and Needle 
Branch, respectively. Deer and Flynn creeks had deep pools 
and more deeply undercut banks than Needle Branch. It is 
interesting to note that Lowry made the observation in 1964 
that cutthroat trout were more dependent upon cover and 
pools than were coho salmon. Two years later, when riparian 
vegetation along Needle Branch was removed during logging, 
the cutthroat trout population decreased dramatically (see 
section on Cutthroat Trout -Population Estimates). From 
Lowry's research, the reduction in cutthroat biomass 
following logging may be due, at least in part, to removal of 
cover. 

Lowry studied monthly biomass levels of cutthroat trout 
populations in the three test streams. He found total biomass 
was lowest near the first of May, and slowly increased with 
the addition of the new year class of fish. Peak biomass was 
generally reached by the first of October. Biomass at that 
time was almost twice the level of May 1. After the fall peak, 
growth rates declined with decreasing water temperatures, 
and biomass declined until May. 

Values were higher in all streams in 1969 than during 
Lowry's pre-logging measurements in 1962 and 1963. 
However, measurements in 1969 were during September, the 
period of peak biomass for cutthroat. Converted cutthroat 
biomass was 50.6 kg/ha (5.1 g/m2 or45.1 pounds per acre) in 
Deer Creek, 56.3 kg/ha (5 .6 g/m2 or 50.2 pounds per acre) in 
Flynn Creek, and 29.1 kg/ha (2.9 g/m2 or 26.0 pounds per 
acre) in Needle Branch. It is interesting to note that the 
biomass of cutthroat was higher than coho salmon in all 
streams during 1969 (see section on Coho Fry and Fingerling 
- Biomass). But, the population estimates indicate the 
population of cutthroat was depressed as a result of logging. 

Adult fish 

Timing and Magnitude of 
Upstream and Downstream Migrations 

Upstream migrations of adult cutthroat along the Pacific 
coast begin in late June to July at the mouths of rivers (Giger 
1972; Jones 1974), but the Eva Lake, Alaska, run begins as 
early as May (Armstrong 1971 ). The runs peak in late 
September to mid-October, and all movement into the large 
rivers is generally completed by November. Spent adults 
move downstream with downstream moving smolts and parr. 
Peak numbers generally precede the peak run of smolts (Giger 
1972). 

Upstream migrations of adult cutthroat (>275 mm FL) in 
the study streams are restricted to only six months of the year 
with the vast majority of fish migrating in November, 
December and January (fable 29). For the entire study 
period, 1 00 percent of the upstream migrating adults in 
Needle Branch moved in these three months. The percentages 
moving during these peak months were also high on the other 
streams: 91.2 percent in Deer Creek, and 96.3 percent in 
Flynn Creek. There was no significant change in upstream 
migration times due to logging. There was an increase in 



Table 29. Percentage of occurrence, by month, of upstream migrating cutthroat trout. 
Month 

Stream J F M A M J J A S 0 N D 

Deer Creek 
Pre-Logging 
Post-Logging 

Flynn Creek 
Pre-Logging 
Post-Logging 

Needle Branch 
Pre-Logging 
Post-LOgging 

26.3 
21 .8 

27.1 
16:8 

80.0 
19.0 

7.0 0.9 
4.0 

2.3 0.8 
2.2 

post-logging years in peak numbers in December. However, 
this occurred on all three streams. 

Downstream migrations of adults generally occur within a 
narrow period of the year (Table 30). A few adults may begin 
to move downstream in November, but 85.8 percent of the 
trout passed back downstream during December to March. 
There are scattered adults moving downstream in May. As 
reported by Giger, the peak in adult numbers takes place 
earlier than downstream movements of juveniles. Peak 
months were January and February on all streams. With the 
exception of one fish in 14 years, no adults moved 
downstream from June through October. 

Adult Movements in Streams 
Lowry (1965) tagged cutthroat trout larger than 125 mm 

in the upstream areas of Deer Creek. Typically, there was 
little instream movement during summer months and 
considerable movement during higher water levels in winter 
and spring. During the period June to November, trout were 
usually recovered in the same pool in which they had been 
placed after tagging. But, during the winter months there was 
often an upstream migratory pattern for trout in Deer Creek. 

Table 30. Monthly pattern of migration for adult cutthroat 
trout through the downstream trap, 1960-1973. 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Stream 
Deer Cr. Flynn Cr. Needle Br. 

42 
70 
35 
11 
4 

13 
17 

87 
62 
27 
18 

3 

9 
41 

14 
12 
8 
6 

6 
13 

Total 

143 
144 
70 
35 

7 
0 
1 
0 
0 
0 

28 
71 

35 

1.8 
4.0 

2.2 

25.5 
20.8 

30.8 
24.9 

20.0 
28.6 

38.6 
49.5 

39.1 
54.1 

52.4 

We have recognized this same pattern for juveniles and small 
adults on the other streams as well (see section on Cutthroat 
Juveniles- Movements of Juveniles in Streams). 

During this upstream migration in winter months, Lowry 
noted that larger trout would move to the upper sections of 
the creeks, or enter the tributaries for spawning. By summer 
most older fish return back downstream often to the same 
pools where they resided the previous summer. 

Spawning 
No cutthroat trout spawning surveys were undertaken 

with regularity during the study. Cramer (19 39) discussed the 
spawning of cutthroat in the North Fork of the Alsea River. 
Most cutthroat spawn in December, January and February, 
with a few extending into March and April. Lowry (1964) 
tagged adults in the stream and found little upstream 
movement until fall. At that time spawning adults were in the 
tributaries or upper portions of the main streams. Lowry 
found some spawners later returned to pools where they were 
originally tagged. A primary reason for not conducting 
spawning surveys or trapping redds during the Alsea 
Watershed Study was the difficulty in locating spawning pairs 
and redds in the winter period of high streamflow. 

Juvenile fish 
Movements and Timing of 
Movements Through Traps 

The timing of downstream movements of juvenile 
cutthroat trout is fairly consistent along the Pacific coast. 
Downstream movements may occur as early as March 
(Sumner 1962; Skeesick 1965), but generally begin in April 
(Hansen 1963 ; Armstrong 1971 ; Giger 1972 ; Royal 1972; 
Jones 1974). The peak of migration is usually from late April 
to mid-May. 

Giger (1 972) and Jones (1974) noticed a correlation 
between age and size in the downstream migration. The first 
group of juveniles to migrate downstream are the smolts 
destined for the sea. These are larger fish than subsequent 
migrants in the Alsea River. Giger has shown the smolt 
migration to be generally from April to early June. Smolts are 
generally followed by "parr", or young nonsmolting cut-



llHc1;.it dtsn.,eu ;.,, 1re ·wa t r areas downstteam. heil 
n:lg1:.ttivn .~g,im w late Aplil, peaks in May, and continues 
v. iti1iesse. nu nbeis into late fali and winter months. 

l.::.wfy (1975) used the figure of 275 mm as being the 
k'lgth separating trout passing downs ream for the first t ime 
and ktlts (tmut i Ct rni.ng downstream). This figure was 
found robe sta tisticaily alid for separating adults and smolts 
by iength The only way to distinguish some smolts and 
dow tl3Hcam migrating parrs is by migration time, visual 
ar p~ann ... c or scale u.na!ysis. 

Dowmhea1n migrat ion was primarily a seasonal occur
rtnce, but migrants were recorded through the traps in all 
months of the year. In most years peak movement was in 
April, with lesser numbers in March and May. Over 80 percent 
of the downstream migrants (parr and smolts) passed through 
the traps in March, April and May . Over one-third of the 
migrants moved in April in all three streams. 

The migration pattern was similar in all three streams. A 
few scattered migrants appeared in September and October, 
but in most years juveniles did not begin to migrate 
downstream until November. Numbers were generally low in 
November and December, but higher in January and 
February. The peak of the run was over by the end of May, 
but there were some migrants in June and a few scattered fish 
as late as July and August in some years. 

Analysis of the migration pattern in Needle Branch 
illustrates characteristic timing (Figure 25), and also a change 

M J J A 

MONTH 

----l 
PRE- LOGGING 

I 

POST- LOG GI NG 

TOT AL 

0 

Figure 25. Downstream migrations of juvenile cutthroat 
trout in Needle Branch during pre-logging and post-logging 

years. 

in downstream movement following logging (Table 31 ) . 
Logging occurred in 1966, and the maximum stream 
temperatures (see Part II- section on Stream Temperatures) 
were reached in 1967, following slash burning and debris 
clearance. During the following two years, 1968 and 1969, 
there was a shift to earlier downstream migration times for 
juvenile cutthroat. From Giger's (1972) study of cutthroat 
we expect this initial group to be smolting fish heading fo r 

Table 31. Timing of downstream migrations of juvenile cutthroat trout in 
Needle Branch, 1960-1973. 

Month 
Season s 0 N D J F M 

1959-60 6 12 2 13 56 
1960-61 2 6 24 22 
1961-62 2 2 11 
1962-63 3 31 
1963-64 2 18 53 
1964-65 2 16 9 
1965-66 2 I 21 25 
1966-67 5 8 5 24 
1967-68 2 11 9 26 99 84 
1968-69 1 1 18 19 85 28 
1969-70 1 3 2 21 15 64 
1970-71 2 5 5 7 4 19 
1971-72 3 21 
1972-73 25 

Pre-Log. 0 10 21 2 6 93 207 
Total 

Post-Log. 2 6 27 44 75 211 265 
Total 

Total 2 16 48 46 81 304 472 

36 

A M 

78 49 
42 33 
29 16 
71 40 
18 63 

124 55 
4 9 

45 14 
44 43 
80 30 

114 25 
49 7 
19 12 
39 8 

366 265 

390 139 

756 404 

J 

2 
8 

13 
15 

7 
6 

40 
2 

2 
2 

52 

46 

98 

J A 

2 

5 
2 

2 

1 

12 2 

4 0 

16 2 



sea. flus is understandable since migrations in some 
~almonids are regulated by temperature patterns. As the 
temperature ra11ge was rea..:hed earlier in the year, there was a 
shift in migration timing. By 1970, 1he timing of migrations 
hall shifted back to the pre-logging patterns. It should be 
noted that there were no slgni.ican t slufts in numbers of 
downstream migram~ followmg loggir.g. 

Movements of Juveniles in streams 
Upstream movements of juveniles (<200 mm FL) were 

primarily seasonal in nature. Fish migrating during Novem
ber, December and January accounted for 88.3 percent of the 
total numbers in Deer Creek, 71.2 percent of those in Flynn 
Creek and 4 7. 7 percent of those in Needle Branch. 

An interesting trend was noted on all three streams. Prior 
to the 1966logging,juvenile cutthroat were taken in the Deer 
Creek upstream t rap during March through September (17.9 
percent of all pre-logging fish) and the Flynn Creek upstream 
trap ( 42.5 percent of all pre-logging fish). In Needle Branch 
the bulk of the pre-logging runs were during March
September (83.0 percent of all pre-logging fish). After 
logging, there was never again a fish trapped during these 
months. The fact that the absence of fish during this period 
occurred in all three streams confuses the issue. The presence 
of weirs may have influenced these returns. Also, in some 
post· logging years, upstream t raps were not operated during 
summer. 

Confusion with Steelhead Trout 
Young cutthroat and steelhead trout were often difficult 

to accurately distinguish in the field . The most definitive 
characteristic is the presence of basibranchial teeth in 
cutthroat trout and the lack of same in steelhead trout. 
Above 75 mm FL, external characteristics can generally 
separate cutthroat and steelhead trout. Below that size, 
separate subsampling must determine the proportion of 
steelhead in the migrants at the time of their downstream 
migration. 

Juvenile cutthroat and steelhead trout have certain 
characteristics (morphometric and coloration) which can be 
used in distinguishing the two species. These identifications 
were later verified by subsequent analysis of basibranchial 
teeth. Fortunately, most downstream steelhead migrants 
processed at the Deer Creek downstream trap were larger 
than 60 mm in length and could generally be separated from 
cutthroat trout by examination of maxillaries, coloration, 
spots on caudal fins and abdomen, black borders on adipose 
fins, and appearance of parr marks. 

Adults 
Sex ratio 

STEELHEAD TROUT 

Eighty-one adult steelhead passed through the Deer Creek 
upstream trap during the 14 winter seasons. The sex of one 
fish was not recorded, but of the remainder 55 were males 
and 25 were females, providing a ratio of2.2: 1. Sixty of these 
adults returned downstream after passing through the 
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downstream trap. Of those, 46 were males and 14 we!e 
females, representing a downstream or "return" ratio of 
3.3: l . The indication is that a higher proportion of males 
moved back downstream because of limited numbers of 
females and redds. Of those adults actually spawning in Deer 
Creek, the ratio was 1.6 males to 1 female. 

Wallace (196 1) has reported steelhead sex ratios of 0.16: 1 
to 1.25: 1, males to females, for trap returns on the upper 
Alsea River. In British Columbia, Withler ( 1966) has reported 
female dominant ratios of 1:1.3 to 1 :3 .2, males to females. 
Shapovalov and Taft (1 954) have reported sex ratios of 1:1.1 
in California, and Pautzke and Meigs (1940) have noted ratios 
near 1 :1 in Washington. 

To determine whether early or late migration of adults was 
related to the sex of individual fish, two procedures were 
used. First, the numbers of males and females passing through 
the t rap prior to and after the middle of February (the 
approximate mid-point of the run for all years) were counted. 
Results indicate male and female arrivals were evenly divided 
during the two periods: 28 males before February 12 and 27 
after; 12 females before and 13 after. Next, the numbers of 
early arrivals (prior to February) were counted, as were the 
late arrivals (after February). Again, the males and females 
were evenly divided : 15 early males and six early females ; 13 
late males and six late females. The term "late" is a relative 
one and applies only to the Deer Creek population during the 
14-year study period. It appears that neither early nor late 
arrivals were of any one sex or significantly different from the 
overall adult sex ratio. 

Throughout the 15 years of study, only one precocious 
male (121 mm FL) was collected. It was passed through the 
downstream trap in February 1967. 

Age Characteristics 
Steelhead may spend as many as five years in freshwater 

(Narver 1969), but four years is generally the limit along the 
Pacific Coast. Adult steelhead spend no more than five to six 
years at sea, but most never reach that age. Most steelhead 
trout returning to streams along the Pacific coast have spent 
at least two years at sea. The maximum age of steelhead trout 
is generally considered to be seven years, but rare older 
individuals have been noted (Sumner 1948; Washington 
1970). Scales of only 73 adults were analyzed during the 
15-year study. At least one scale was read every year from 
1960 to 1973, with the exception of 1970. The maximum 
number analyzed in any one year was 14 in 1967. Despite the 
limited amount of age information, the age classification 
pattern was similar to that found by Chapman (1958) for 
wild Alsea River steelhead. Eleven different age combinations 
were obtained (Table 32). 

The most frequent combination was 2/2 ( 41.1 percent of 
all adults). The next most frequent groups were 1/2 (2 1.9 
percent) and 3/2 (19.2 percent). For all adult samples 82.2 
percent spent two years at sea. 

The only differences in age group percentages in Deer 
Creek and those found by Chapman are because his samples 



Table 32. Life history patterns of 73 adult wild 
steelhead trout taken at the upstream trap of Deer Creek. 

Years in Years in Fresh Water 
Salt Water 2 3 

1 3 
2 16 30 14 
3 0 4 1 
4 1 1 0 
5 0 0 

Table 33. Comparisons of percentages in different age 
groups for adult wild steelhead trout. Alsea River samples 

were obtained by Chapman (1958) during 1951-1955, while 
the Deer Creek samples were collected during 1960-1973. 

Age Alsea River Deer Creek 
Combination Steelhead Steelhead 

1/ 1 4.1% 
1/2 0.2% 21.9 
1/3 0.9 
1/4 0.3 1.4 
2/1 4.0 1.4 
2/2 52.5 41.1 
2/3 2 1.8 5.5 
2/4 1.9 1.4 
3/1 1.3 1.4 
3/2 13.6 19.2 
3/3 2.9 1.4 
3/4 0.4 
3/5 1.4 
4/1 0.1 
4/2 0.1 

came from other sections of the Alsea River, not from the 
Drift Creek system. The principal areas of difference between 
Chapman's Alsea River data and patterns on Deer Creek are a 
significantly higher number of Deer Creek fish of age I /2, and 
a significantly lower number of Alsea River fish of age 2/3 
(Table 33). Although Deer Creek is part of the Alsea River 
system, the Drift Creek system is the first major tributary 
system encountered by fish moving from the estuary. It is 
logical to assume that age characteristics of this system would 
be slightly different than all other portions of the Alsea River 
summed. 

A single 8-year-old steelhead returned to the upstream 
trap on Deer Creek in 196 7. Such an old fish is rarely 
encountered. The fish was 800 mrn FL and weighed 4.48 kg. 

For the ten individual freshwater/saltwater age groups 
there was little change between pre-logging and post-logging 
years. It should be noted that the sample size is not sufficient 
to warrant additional comment concerning logging influences 
on steelhead adult age groups. 

Life history patterns were compared with fork lengths of 
returning adults (Table 34). As might be expected, the larger 
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fish were generally the older fisl1. Two-year-old fish (in their 
third year) comprised only 4.1 percent of the returnees, and 
these were all less than 475 mm FL. Except for one small fish 
(apparently a jack), three-year-olds were larger than 550 mm 
FL. Four-year-old fish were the largest component of the run 
(42.5 percent). Except for one small fish, all were between 
526 and 700 mm FL. The average age components of the 
Deer Creek run for 1960-1973 are as follows: 

2-year-old 
3-year-old 
4-year-old 
5-year-old 
6-year-old 
7-year-old 
8-year-old 

4.1 % 
23.3% 
42.5% 
26.0% 

2.7% 
0.0% 
1.4% 

Growth rates were analyzed for adult steelhead on the 
basis of 73 scale samples (Figure 26). Freshwater growth was 
similar to that found from juvenile steelhead scale samples 
(see section on Juvenile Steelhead Age Characteristics). 
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Figure 26. Growth of steelhead trout from Deer Creek. 
Lengths are back-calculated from adult scale samples. 



Table 34. Life history patterns of returning adult steelhead trout on Deer Creek 
compared to fork lengths of adults. 

Length Range 

400-425 mm 
426-450 
451-475 
476-500 
501-525 
526-550 
551-575 
576-600 
601-625 
626-650 
651-675 
676-700 
701-725 
726-750 
751-775 
776-800 

1/1 

2 

1/2 

2 
3 
3 
1 
2 

3 

1/4 2/1 

Growth during the first year of freshwater residence was 
somewhat greater in adult samples, but this can be at tributed 
to the fact that many of the adults could have remained in 
freshwater for a period after spawning and entry into t raps. 
Scales of 20 adults that spent only one year in freshwater 
showed an average proportional length of 59 mm at the first 
freshwater check . The average for the remaining 1/ fish was 
52 mm, which is virtually the same as the growth point in 
juvenile scales. 

The greatest growth in steelhead trout was achieved from 
the time of the final freshwater winter check to the time of 
the first ocean check. For an average steelhead (2/2) the 
growth achieved during this transition period from fre sh
water to saltwater represents approximately 51 .6 percent of 
the length achieved by the steelhead during its lifetime. For 
the one 8-year-old steelhead recovered, growth du ring the 
transition period was still 42 percent of its entire lifet ime 
length increase. In the case of this fish, 38.8 percent of it s 
lifetime length growth was achieved from the actual time of 
entry into saltwater and its first saltwater check. After the 
first year in saltwater, growth rates (in terms of length) 
decline for successive years. 

Length and Weight 
Average lengths and weights of upstream migrating adult 

steelhead are shown in Table 35. The limited number offish 
makes interpretation difficult, especially for weight data . 
Fish ranged in size from 133 to 800 mm FL, but lack of 
sufficient data makes analysis a futile exercise. 

Sheppard (1972) has expanded a table of Withler (1966) 
to compare the size characteristics of steelhead stocks from 
California t o Alaska. There appears to be a direct relationship 
between larger sizes and higher latitudes. Hallock et al. 
(1961) have shown that steelhead returning to the Sacra-

2/2 

Age 

2/3 2/4 3/1 3/2 3/ 3 3/5 

1 

7 
10 
9 
2 

6 
3 
4 

39 

3 1 
1 

menta R iver average only three pounds in weight (1 .4 kg). 
Smaller fish (one year at sea) average 15.5 inches (394 mm), 
while larger fish (two years at sea) average 20.5 inches (521 
mm). The average size of adult steelhead from Deer Creek was 
similar to that found by Bulkley (1967) for females trapped 
on the North Fork of the Alsea River. Following the same 
trend, more northerly races of steelhead appear to be larger 
than those in Deer Creek (Withler 1966 ; Narver and Withler 
197 1). 

Condition Factors 
Only 16 adult steelhead were weighed and measured, so 

condition factor data are limited. Condition factors averaged 
0.96 and ranged between 0. 76 and 1.1 0 . The average 
condition factor for eight female adults was 0 .98 while the 
average condition factor for seven male adults was 0.96. 
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Figure 27. Timing of arrival of adult steelhead trout on Deer 
Creek. 



Table 35. Average lengths and weights, with ranges, for upstream migrating gdu1t 
steelhead trout on Deer Creek, 1959··1973. 

Year 

1959-60 
1960-6 1 
1961-62 
1962-63 
1963-·64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69. 
1969-70 
1970-71 
1971-72 
1972-73 

Pre-Logging Average 
Post-Logging Average 
-~~-n----· 

Number 

15 
6 
5 
3 
4 
5 

17 
6 
3 
1 
6 
6 
2 

"'17 fish measured, but only one (the largest) weighed. 
**6 fish measured, but only two weighed. 

Timing and Extent of Spawning Runs 
Upstream trap records indicate that February is the peak 

of the spawning run of winter steelhead on Deer Creek 
(Figure 27). Of all arrivals, 49.4 percent moved into Deer 
Creek in February. Another 25.9 percent arrived in January 
and 19.8 percent arrived in March . Only 4.9 percent (four 
fish) moved into the stream in other months. Of those four 
fish, one female arrived in December 1966, but remained in 
the stream for 73 days, spawning with later arrivals. Of the 
two April 1960 arrivals (both males), one left withou t 
spawning, while the other remained in the stream for 12 days 
and apparently spawned. The lone May arrival (a male in 
1962) arrived long after other fish and apparently died in the 
stream with out spawning. 

Analysis of pre-logging and post-logging steelhead returns 
shows a mean shift in arrival t ime by almost three weeks. 
Mean arrival time in pre-logging years was February 23, while 
mean arrival time in post-logging years was February 4 . 
During pre-logging years fish arrived as early as January 7 and 
as late as May 9. After logging, no fish ever arrived after March 
10. With the exception of one fish in December, there were 
no spawning adults before Janaury 13 (Figure 28). 

The distinct shift of arrival t imes of steelhead between 
pre-logging and p ost-logging years cannot be explained by 
logging-related activities. Adult steelhead returns to the 
North Fork Alsea Hatchery have shown a subtle shift in 
spawning arrivals over the past 30 years. Since the 
introduction of hatchery runs in the Alsea River, there has 
been a trend toward earlier arrival runes of spawners (H. H. 
Wagner, personal communication). Historically, the peak of 
the Alsea River steelhead run was April with early arrivals in 

Average Length (mm) 
and range in ( ) 

Average Weigh! (Kg) 
and range ip () 

40 

590.5 (260-711) 
484.5 (133-686) 
666.8 (616-743) 
64 3.3 (622-667) 
605.8 (459-705) 
622.8 (442· 71 0) 

595 .0 
638.8 (461-800) 
628.0 (555-745) 
606 .0 (604-609) 

738.0 
638.3 (530-760) 
636.0 (601 -656) 
67 1.0 (650-692) 

593.8 
638.3 

2.20 (85!-3260\ 

4.48 (4479.3)~ 

4 .39 (4394) 
2.25 ( 1956 2552)*"' 
2.44 (2098 2920) 
2.89 (2552-3232) 

2.20 
2.82 ---------·-

POST-LOGGING 
1967-1973 

PRE- LOGGING 

Figure 28. Timing of steelhead adults on Deer Creek for 
pre-logging and post-logging years. 

February and March and late arrivals in May and June. With 
the establishment of hatchery runs, the arrival t imes at the 
hatchery have been earlier. It has been thought that the heavy 
hatchery component of the run may have influenced the 
timing of migrations of wild stock . If so, this would 
apparently explain much of the shift in the Deer Creek 
population from pre-logging to post-logging years. The Deer 
Creek run is wild, although there is some st raying in o the 
stream (and out again) of wild stocks from Horse Creek and 
Drift Creek and of hatchery fish from the North Fork 
Hatchery. 

This reasoning would also explain the presence of 
scattered wild arrivals in April and May during the early years 
of the study and their absence in the spawning run s since 
1962. When the timing of the run is shifting to an earlier 
arrival, the late arrivals have fewer and fewer fish with which 



to pawn. Soon this component of the run c~ases, and the 
April, May and June arrivals disappear. 

Movement of Adults Through Traps 
Eighty-one adults passed through the upstream trap 

during the 14 winter seasons. Sixty of these ultimately m ved 
ack dowr>str~am and were proce sed through the dov•n

stream trap. Some remained in the stream for extended 
reriods, others died in the stream and an unknov.-n number 
could have escaped, unpr cessed. out of the down tream 
trap. 

Table 36 summarizes the best indication of numbers of 
<>dull steelhead entering and leaving Deer Creek and the 
number and sex of presumed spawners each year. Of those 
fish processed and pas ed upstream, 74.1 percent ultimately 
rnoved back downstream. These fish moving downstream 
were from the following groups: (1) spent spawners from 
Deer Creek; (2) assumed strays from Horse Creek and Drift 
Creek exploring Deer Creek and then ·e urning downstream 
to spawn; an l (3) strays from hatchery releases. Some of the 
latter strays remained in Deer Creek to spawn. Others moved 
back downstream to either spawn in Horse Creek or Drift 
Creek or return to the mail Alsea River. 

Of the 81 adults returning to D er Creek over the 14 years. 
ten had been previously marked by fin or maxillary cUpping. 
An attempt was made to trace the origin and disposition of 
these fish. The best indication is that four of these fish 
actually spawned in Deer Creek. It is believed that three 
others also spawned, but their ultimate d isposition is 
unknown. The remaining three fish left Deer Creek soon after 
entering without spawning. Information on these strays is 
summarized it1 Table 37. 

The ti1ne spent by spawners · nd strays in Deer Creek 
varied grea tly. Spawning fish that ultimately exited alive 

spent a minimum of six days in the stre< m :>nd 3111"lxir!Jum cf 
89 days. The average residence time was ~4 d"ys nsf> tll:1t 
died du ing or after spawning were generally ,,orried 
down tream and recovered lon.g afte r "paw'1i.ng. 11-Je lcn.ge-;t 
duration between upstream migration <JPd rJr.wr>strer,·'. 
ca rca, s recovery was 144 days 

Assumed strays from other creeks ("~9 S pel'-•-~t ,J all 

adults) spend little lime in DeP.r Creek. 01 ;llll!nsp~•1t 1dults 
44.4 percent spen1 one day O! Jess in Deer ( r. !.:k an.J ~ l ' 

percent spent less than five days 
The trap complex apparently had no discunc:er w~::; Jfec' 

on upstream migration of steelhead. Upstream 1l'tgr:mto J<;ay 

have returned downstream, hut none ever .noved upstre~un 
again. Several species of Oncurhynclw~ !end tu be easilv 
"spooked" on their upstream m1gratJon 21nd t,;·y ·Pove!:: 1....k 
downstream. These fish general! con tinue the Ppstrea•n 
migration at a later elate. Steelhead t•oul oo De·er Creek 
exhibited no such behavior and we mu~t assnme that thP. 
unspent fish moving back downstreom were strays frr•m othPr 
streams. 

Fry and fingerlings 
Length and Weight 

A total of 59 juvenile steelhead were weighed :'lnd 
measured. They weighed an average of J 4.8 g. ranging f tJm 

3. 2 to 40.6 gr ms. The size range was 6 7 to 166 mm 
averaging 108.6 mm FL. An aclditional840 juvenile ~tee lhead 
were measured only. The total group of 899 averaged I 05.0 
mm FL, with a size range of 59 to 198 mm FL. 

Figure 29 illustrates the length.weight relationship for 
these juvenile salmonids. The correlation coefficient was high 
(r=0.98). 

There was a slight decrease in average size of dowmtream 
migrating juveniles from pre-logging t o post-logg·ng years 

Table 36. Numbers of adult steelliead moving through the upstream 
and downstream traps, and the presumed numbers of spawners 

each year on Deer Creek, 1960-1973. -----------~----~-------------------··-· - - ----------- -· 
Number of 

Adults Moving 
Season Upstream 

--~~~--- ---....... ~-

1959-60 15 
1960-61 6 
196 1-62 6 
1962-63 3 
1963-64 4 
1964-65 5 
1965-66 
1966-67 17 
1967-68 6 
1968-69 3 
1969-70 I 
1970-71 6 
1971-72 6 
1972-73 2 

Number of 
Adults Moving 
Down stream 

Presumed Number of 
Spawners 

M-- ------- F 

----~~-·~-------- -~---------

5 
6 
2 
4 
1 
0 

11 
5 
3 
0 
5 
3 
0 

41 

3 
2 

1 

3 
0 
9 
2 

0 
2 
4 
1 

2 

3 

2 
J 

~----·,·------ - - -----



Table 37. Records of adult steelhead entering Deer Creek with previous 
hatchery fin clips, 1961-1973. 

Condition Duration 
Date of Entry Sex Length Fin Clip Date of Exit at Exit in Stream 

Spawned 
in Creek? 

Hatchery 
Release? 

9 February 1961 686mm Adipose 20 February 11 days yes 1959 

6 December 1966 555mm Adipose, 17 February 73 days yes 1965 
Right Vent. 

18 February 1967 0 461 mm Left Vent. 22 February 4days no 1965 

26 February 1968 0 670mm Left Vent., 27 February 1 day no 1966 
Right Vent. 

7 March 1971 0 600mm Adipose 9 March spent 2 days no 1968 
at entry 

20 January 1972 0 652mm Adipose, 2 March dead 41 days yes possibly-1969 
Right Vent. 

17 February 1972 0 635 mm Right Max. 11 May dead 83 days yes 1970 

28 February 1972 9 642mm Adipose unknown yes 1970 

28 February 1972 9 656mm Adipose unknown yes 1970 

25 January 1973 0 692mm Adipose 18 June 

(107.0 and 100.1 mm FL, respectively). This maybe related 
to the significantly lower numbers of outgoing steelhead 
smolts in post-logging years (see section on Movements of 
Juveniles Through Traps). Andrews (1958) has reported the 
mean length and weight of migrating wild juveniles (regard
less of age) to be 163 mm FL and 42.6 g, respectively on the 
Alsea River. 

Condition Factors 
Condition factors were determined for the 59 juvenile 

steelhead which were weighed and measured. The average 
condition factor was 0.99, ranging from 0.87 to 1.12. All 
measurements were for juveniles collected in post-logging 
years (1971-1973). The lengths of these juveniles ranged 
from 67 to 150 mm FL. The condition factors shown by 
these downstream migrating juveniles are comparable to 
values found by steelhead researchers on the Alsea River. 

Age Characteristics 
Scale samples of juvenile steelhead trout from Deer Creek 

were only analyzed periodically: in 1961, 1962, 1971,1972 
and 1973. A total of 176 scales were analyzed. Age 1 +/fish 
comprised the majority of these scales examined, followed by 
age 2+/, 2/ and 3+/ (Table 38). Overall, 56.2 percent of the 
fish migrated through the trap after one winter and most of 
these had some additional freshwater growth (prior to spring 
emigration). Of the remainder, 34.7 percent of the fish left 
after two freshwater winters and 9.1 percent stayed for three 
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dead 

67.0 

144 days 

Y = 0 .35 X 23 . 06 

R=0 .98 

90.8 116.5 

yes 

• 

140. 3 

LENGTH (mm) 

1971 

164.0 

Figure 29. Length-weight regressions for juvenile steelhead 
trout on Deer Creek. 

winters. No fish examined spent longer than three years in 
freshwater. 

It is apparent that most of the downstream migrants 
passing through the trap were not destined immediately for 
sea. The fish were smaller than most smolts in the main Alsea 
River (see section on Juvenile Length and Weight), and the 
freshwater age characteristics of adult scale samples indicates 
over half the adults spent two years in freshwater. Only 
one-quarter of the returning adults actually left freshwater 
after 1 I or 1 +/ years. We believe that a large number of these 



Table 38. Age characteristics of juvenile steelhead trout from scale samples 
of downstream-migrating juveniles at the Deer Creek downstream trap. 

Age 
Fork Length Class 

Year N Range 1/ 1+/ 2/ 2+/ 3/ 3+/ 

1961 2 109-133 mm 1 1 
1962 114 64-158 68 8 28 3 7 
1971 14 78-148 12 1 1 
1972 26 105-166 1 8 14 3 
1973 20 67-135 17 1 

Total 98 17 44 5 11 
Percentage 

·-
56.2% 34.7% 9.1% 

Table 39. Age characteristics of juvenile steelhead trout arranged 
by size (mm FL) from downstream trap scale sampling on 

Deer Creek. 

Size Range 1/ 1 +/ 2/ 

61- 70 7 
71- 80 34 
81 - 90 34 
91 - 100 17 5 

101-110 3 4 
111- 120 3 2 
121- 130 3 
131 - 140 
141 - 150 
151 - 160 
161- 170 

Total 98 17 

downstream migrants are actually moving to larger branches 
of the Alsea River, Horse Creek and Drift Creek to complete 
their freshwater residence. 

To study the correlation between juvenile fish size and 
freshwater age history, the age characteristics were projected 
against 10 mm FL size groups (Table 39). As might be 
expected, the older fish were also the largest and vice-versa. 
Most one-year-old fish were 71-90 rom FL, while most 
two-year-old fish were 101-120 rom FL. The lengths of the 
three-year-old fish were scattered between 101 and 166 rom 
FL. The length frequency information indicates a peak in the 
71-90 rom FL area. Of the fish in that size range 97.2 percent 
were 1/ or 1+/. 

As might be expected, growth was more rapid during the 
first year of freshwater than in subsequent freshwater years. 
Likewise, growth was more rapid the second year than the 
third. Three-year-old fish averaged 54 mm FL the first year, 
93 mm after the second year, and 123 rom after the third 
year. This is an increase in size of 72.2 percent the second 
year, and a size increase of 32.2 percent the third year. Fish 
that eventually migrated as two-year-olds grew slightly 
better: 56 rom FLaverage after the first year and 107 mm FL 
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Freshwater Age 
2+/ 3/ 3+/ Total 

7 
35 
36 

4 26 
12 1 2 22 
12 1 19 
6 1 11 
4 1 1 7 
4 4 9 

1 3 
1 1 

44 5 11 176 

after the second year. This is a size increase of 91.1 percent 
the second year for these fish. Fish that migrated as one-year
olds averaged 58 rom FL after the first year. All lengths are 
back-calculated from scales, using proportional measure
ments. 

There was no significant difference between the age 
characteristics of juveniles during pre-logging years and those 
in post-logging years. During both periods, age group 1 +/ 
dominated followed by 2+/ and 2/. 

Movement Through Traps 
Downstream migations of juvenile steelhead primarily 

occur in spring months, but may occur at any time. Hallock et 
al. (1961) found that peak migration in the Sacramento River 
was during spring, but a smaller peak occurred in fall. In both 
cases, mass movement was triggered by the first heavy runoff 
of the spring or fall. Shapovalov and Taft (1954) also found 
that peak downstream migration of juvenile steelhead to be 
spring in Waddell Creek, California. They also found a 
relationship between age classes and timing of runs. On the 
Green River, Washington, Pautzke and Meigs (1940) found 



peak migration was May, with migrants leaving as early as 
April and as late as June. Sheppard (1972) has also noted that 
the principal migration times in Oregon and Washington are 
April through June, with a peak in mid-April. On the Alsea 
River, Wagner et al. (1963) found the peak downstream 
migration of juveniles occurred from mid-April to mid-May. 
Juveniles in lesser numbers migrated out from early April to 
early June (traps closed other times). Andrews (1 958) 
reported the peak migration during his 1957 studies as April 
27 to May 7. 

Downstream migrations of juvenile steelhead were sea-
anal on Deer Creek. With few exceptions all downstream 

migrations were during February through June. A few 
scattered migrants passed through the trap in January, July, 
October and December, but these fish accounted for only 1.2 
percent of all migrants (Table 40). The peak of the migration 
occurs in early April with 45.8 percent of all migrants leaving 
in April and 27.0 percent in March. On the average 89 percent 
of the migrants leave during three months of the year (March, 
April and May) (Figure 30). 

By analyzing the monthly migratory patterns of juveniles, 
two points can be made. First , there is a change in the number 
of outgoing juveniles from pre-logging to post-logging years. 
Second, there is an apparent cyclic nature of migrations 
which is not related to numbers of adult spawners. 

During the pre-logging years, outgoing steelhead smolt 
production averaged 108 juveniles, ranging from a low of 10 
in 1964 to a high of 333 in 1960. The average length of these 
fish was 107.0 mm FL. After logging, the average migrant 
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Figure 30. Monthly migratory patterns of juvenile steelhead 
trout on Deer Creek, with the years 1959-1973 summed. 

production dropped by 64.9 percent to 38 fish . The 
post-logging levels varied from a low of zero fish in 1969 to a 
high of 87 fish in 1971 and 1973 (Figure 31). Despite these 
differences between pre-Jogging and post-Jogging, the smolt 
numbers are not significantly different at the 95 percent level 
(t=l.54). 

To determine if variations in smolt production could be 
related to changes in potential fecundity (from variations in 
adult spawner numbers), a smolt quotient value was 

Table 40. Numbers of measured and unmeasured juvenile steelhead 
trout passing through the downstream trap on Deer 

Creek (compiled by month of migration). 

Montl1 
Year J F M A M J J A s 0 N D 

1959 
1960 21 89 127 78 17 
1961 3 9 25 44 10 
1962 10 55 108 18 2 
1963 21 2 11 
1964 6 3 
1965 9 27 2 
1966 10 27 19 
1967 2 16 9 
1968 12 9 6 3 
1969 
1970 1 1 
1971 16 52 16 2 
1972 14 10 2 3 
1973 1 46 38 

Totals 7 78 276 468 166 22 2 0 0 0 " "" 

N = 1002 
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Figure 31. Numbers of downstream migrating juvenile 
steelhead trout on Deer Creek. 

determined for each year. No attempt was made to predict 
the actual smolt production because of the variations in 
freshwater mortalities. These values were calculated to give 
only relative values which would indicate that there was a 
potential each year for production of steelhead fry. 

During the analysis of the upstream and downstream trap 
records, the fate of all upstream-moving adults was charted. 
The total numbers of males and females actually spawning in 
Deer Creek were recorded. Next, an estimate of potential 
fecundity for each female spawner was determined using the 
formula of Bulkley (1967): 

E= l30.53L - 5,054 

where L refers to the fork length of the female in millimeters 
and E is the potential fecundity in thousands of eggs. The 
total potential fecundity (~E) was calculated for all spawners 
in a given year. The number of spawning females varied from 
one (I 0 of the 14 years) to three. Using the age-growth 
information from scale sampling of juveniles in Deer Creek 
the percentages of one, two and three-year-old fish ultimately 
produced from a given egg deposition season were derived. 
Using these percentages portions of the potential E for year X 
can be reflected in some lesser numbers of outgoing migrants 
in years X+ I, X+ 2 and X+ 3. 

A plot of resultant smolt quotient values does not fit 
closely the plot of actual smolt numbers moving through the 
downstream traps, as freshwater mortalities undoubtedly 
varied over the entire study. In addition, a redd may have 
good survival-to-emergence one year, while a redd in a 
subsequent year may have poor survival-to-emergence. If, as 
was the case in most years, only one spawning female was 
present, the survival-to-emergence percentages can vary 
greatly from year to year. What the smolt quotient values did 
indicate is that at least one spawning pair of adults was 
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present in Deer Creek each year and the total potential 
fecundity (l:E) was sufficient each year to provide ad quate 
numbers of fry to the stream. 

There is an apparent cydic nature to tJ1e yearly runs. This 
trend, if present, may be difficult to accurately analyz 
because of the limited numbero of spawners and out
migrants. During 1960, I 961 and 1962, there were distinct 
migrations with peaks in April, lesser numbers in March and 
May, and fewer numbers in February. During the following 
two years, the patterns of the runs were indistinct. The peak 
of the limited numbers in 1963 was Februai , while very few 
fish migrated in 1964. During the next three years, 1965, 
1966 and 1967, the distinctive pattern was again p.resent: 
peak in April, lesser numbers in March and May. The pattern 
was again indistinct with few out-migrants ir1 1968, 1969 and 
1970, but was reestablished in 1971. Migration patterns of 
the next two years were again shifted to an early migration 
peak. 

With the limited numbers of spawners, each with slightly 
different life history categories, variations in numbers and 
timing of migrants are to be expected. The limited age-growth 
information (see section on Age Characteristics) indicat s the 
proportion of 1/, 2/ and 3/ fish in the samples i. variable from 
year to year. As a result, it is reasonable to assume that a poor 
hatch of the mating between two 1 I adults might result in a 
lower number of potential 1/ juveniles migrating the 
following year. Of course, other factors contribute to this 
variation in numbers, including the amount of available food 
to obtain sufficient growth for smoltification to occur. 
Environmental changes can also influence juvenile mortali
ties, but there is no indication that logging activities on Deer 
Creek contributed to mortalities. 

OTHER FISHES 

Reticulate sculpins 
The reticulate sculpin, Cottus perplexus, is widely 

distributed throughout the central and northern coastal 
streams of Oregon (Bond 1963, 1973). Patten (1971) has 
noted the species is generally found in waters of low velocity 
in pools near banks. 

The reticulate sculpin is of interest to the work on the 
Alsea watershed for three reasons: (1) population numbers 
were generally higher than for all salmonid species; (2) total 
biomass of sculpins was quite significant and; (3) there is 
evidence that reticulate sculpins were predators on salmonid 
embryos and fry in the three study streams. Three tudies 
have concentrated on the biology of the reticulate sculpin in 
Alsea River tributary streams. Phillips e t al. {1966) made 
population and biomass estimates, Phillips and Claire (1966) 
discussed the predatory role of the reticulate sculpin, and 
Krohn (196 7) analyzed the population characteristics and 
predatory capabilities. 

Population Characteristics 
Krohn (1 96 7) studied the population characteristics of 

the reticulate sculpin on the three streams. His studies began 



in July 1965 during pre-logging conditions and continued 
into November 1966. This provided some comparison of 
pre-logging and post-logging conditions. As was the case with 
cutthroat trout, Krohn found reticulate sculpin populations 
on Needle Branch were adversely influenced by clearcut 
logging. 

Dissolved oxygen levels were extremely low in certain 
areas after logging (see Part II, section on Dissolved Oxygen). 
Surface values were less than 2 ppm in these sections, below 
the minimum tolerance level for many cottids. As a result, 
sculpins were absent from these areas. After removal of 
logging debris in the streambed, the two youngest year classes 
(1965 and 1966) were almost nonexistent (Krohn). The 
combination of several environmental conditions following 
logging resulted in the almost complete destruction of the 
young of the year (year class 1966) in Needle Branch. Krohn 
observed eyed sculpin eggs in Needle Branch in April 1966. 
He surmised that they hatched during the period of 
unfavorable environmental conditions and most perished. 

Population numbers on Deer Creek and Flynn Creek were 
apparently little changed during the experimental period 
1959-1973. The buffer strips of vegetation and lack of 
significant change in environmental factors on Deer Creek 
appears to have promoted this condition. Krohn calculated 
the total density of sculpins per square meter in April1966 as 
3.00 on Deer Creek, 3.24 on Flynn Creek, and 2.10 on Needle 
Branch. Growth patterns of reticulate sculpins are somewhat 
opposite of those of many salmonids. The greatest growth 
rates are during late winter to early summer. Growth rates 
decline in late summer and early fall, and are minimal in late 
fall and early winter. The annual production of sculpins 
under natural (Flynn Creek) or protected (Deer Creek) 
conditions was approximately 2. 8 g/m 2 (Krohn 196 7). 

Counts of sculpins moving through the three stream fish 
traps were quite low most years. Krohn found that what 
movement did occur was primarily during winter and spring 
months. Since Krohn's work, the average monthly number of 
cottids moving through the downstream traps were deter
mined for the 1966-1973 post-logging period. It was found 
that the peak downstream movement occurred during the 
months of March, April and May (Table 41 ). 

Summation of counts in the downstream, spillway, and 
upstream traps for the 15-year period, 559 sculpins were 
checked on Flynn Creek, 341 on Deer Creek, and 224 on 
Needle Branch (Appendix Tables 12, 13 and 14). Fish 
collected . in traps ranged in length from 14 to 100 mm TL. 
There is some indication of a cyclic trend in the average 
lengths of sculpins over the 15-year period. The lack of 
sufficient data during certain years makes the validity of such 
a trend debatable. 

Few sculpins were ever found dead in the traps. This is 
partly because relatively few fish were collected each year 
and partly because the Cottidae are generally hardy fishes. In 
Needle Branch, 1.8 percent of the sculpins were found dead 
in the traps and only 4.1 percent and 6.4 percent were dead in 
the Flynn Creek and Deer Creek traps, respectively. 
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Table 41. Average monthly counts of reticulate sculpins 
(Cottus perplexus) in the downstream trap of the study 

streams for the 1966-1973 post-logging period. Values were 
averaged for the complete years of 1966 to 1972 only, 

and serve to supplement pre-logging counts reported 
by Krohn (1967). 

Deer Flynn Needle 
Month Creek Creek Branch 

January 1.1 2.9 0.3 
February 2 .6 1.4 0.4 
March 3.0 4.3 1.7 
April 3.6 5.6 1.4 
May 2.9 3.4 0.1 
June 2.7 2.0 0.4 
July 3.0 1.9 0.4 
August 2.3 0.7 0.0 
September 3.0 0.1 0.0 
October 1.0 1.6 0.1 
November 1.9 2.1 0.0 
December 1.4 1.4 0.6 

In an attempt to determine if logging practices may have 
affected reticulate sculpin populations in the study streams, 
average lengths and average numbers per year of the 
pre-logging and post-logging periods were determined. 
Average lengths were vitually the same on Flynn Creek (52.1 
mm pre-logging periods and 51.3 mm post-logging period) 
and Needle Branch (68.1 mm and 70.8 mm). Average lengths 
were slightly lower after logging on Deer Creek (59 .2 mm and 
47.7 mm). The average number of trapped sculpins per year 
declined from 24.0 to 5.0 fish following logging on Needle 
Branch and from 52.0 to 24.4 during the same period on 
Flynn Creek. The average number increased from 15.1 to 
29.4 on Deer Creek following logging. 

Biomass 
Measurements by Phillips in Needle Branch in October 

1964 (Phillips et al. 1966) indicated that reticulate sculpins 
constitute, perhaps, the most numerous fish species in the 
stream. In terms of biomass, Phillips felt the sculpins made up 
over one-third the total fish biomass in the stream (3 .1 g/m 2 ). 

Using October 1966 biomass records of Krohn (1967), Deer 
· Creek sculpin biomass was 3. 7 g/m2 , and Flynn Creek was 3.1 

g/m2 • The Needle Branch value (the first season after logging) 
had declined to 2.1 g/m2 • Krohn's figures indicate biomass 
levels were slightly under one-third of total fish biomass on 
streams following logging. 

Predatory Behavior 
Many members of the family Cottidae have been known to 

act as predators of salmonid embryos and fry. Previous 
studies have indicated that reticulate sculpin predation on 
trout embryos and fry may not be significant, but the results 
are mixed. There appears to be more agreement with the role 
of sculpin predation on Pacific salmon. Patten (1962, 1971) 
found predation of chinook and coho salmon fry by the 



coastrange sculpin (Cottus aleuticus), prickly sculpin (C. 
asper), torrent sculpin (C. rhotherus), and reticulate sculpin. 
Generally, researchers have found that sculpins are feeders of 
opportunity and will prey upon young salmon along with 
other foods. Predation tendencies seem to be size and density 
dependent. 

Phillips and Claire (1966) collected reticulate sculpins 
from the North Fork of the Alsea River and tested their 
predatory traits with steelhead trout embryos at the 
laboratory along Horse Creek. Tests indicate that the ability 
of reticulate sculpins to move into gravel varied directly with 
the size of the gravel and indirectly with the size of the fish 
(Table 42). There was no pre-hatching predation with this 
size of sculpin. Similar behavior was found with the 
coastrange sculpin by McLarney (1964). Sculpins less than 70 
mm consumed only insignificant numbers of eggs. 

Table 42. Maximum observed depth, in centimeters, of 
intragravel movement of the reticulate scnlpin in four 

gravel sizes. Table from Phillips and Claire (1966). 

Mean Diameter and 
Range of Gravel 
in Centimeters 

2.9 (2.5-3.2) 
2.2 (1.9-2.5) 
1.6 (1.3-1.9) 
1.0 (0.6-1.3) 

Total Length of Sculpins 
in Centimeters 

3.0- 4.0 5.0- 7.5 

36 
18 
8 
0 

18 
10 
0 
0 

Phillips and Claire noted the reticulate sculpins readily 
attacked the recently hatched steelhead alevins. No estimates 
were made regarding the extent of mortality caused by 
sculpin predation, but Patten (1971) has estimated the loss to 
all sculpin species to range from 1.3 to 3.9 percent of fry 
released in the Elokomin River, Washington. Loss was 
negligible in the other stream studied, Herman Creek, 
Oregon. 

Krohn (1967) believes there is little intragravel predation 
by the reticulate sculpin on coho salmon fry in the three 
study streams. Predation of coho fry was limited to sculpins 
larger than 69 mm and this portion of the population was 
quite small. Krohn also feels that predation may be density 
dependent. This agrees with the conclusions of Patten 
(1962). The only predation offry observed by Krohn was on 
Needle Branch where the coho fry density was considerably 
higher than on Deer Creek. Patten surmises and Krohn agrees 
that predation by reticulate sculpins is related to the density 
of fry surpassing the available cover for young salmonids. 
With this theory, the coho fry consumed by large sculpins on 
Needle Branch represented some excess over the rearing or 
cover capacity of the stream. 

Lampreys 

The Pacific lamprey (Entosphenus tridentatus) was a 
comparatively rare fish species in the study streams. It was 
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definitely identified only in Deer Creek. The western brook 
lamprey (Lampetra richardsoni) was present on all streams. 

Pfeiffer and Pletcher (1964) have indicated adult and 
ammocoete lampreys are generally not eaten by coho salmon, 
cutthroat trout, rainbow trout, or prickly sculpins. Appar
ently, the granular cells of the skin of Pacific lampreys and 
western brook lampreys produce a distasteful secretion 
which accounts for their low mortality among salmonids and 
other fishes. Because no fish species in the streams were active 
predators of lampreys, it can be assumed that production was 
related to environmental factors and nonaquatic predation. 
Thomas (1961) determined that low streamflow and soft 
bottom characteristics are the important environmental 
qualities controlling ammocoete density. 

If the production of ammocoete stages of the two lamprey 
species is any indication of population size, the importance of 
lampreys as members of the stream biota cannot be 
overlooked. It is known that other species of ammocoetes 
generally move downstream at about 1.5 miles per year 
(Thomas 1961), and that almost all arnmocoete stream 
movement is downstream. This is supported by the data from 
the fish collection traps on the three study streams. Almost 
all counts of ammocoetes and adults were derived from fish 
collection in the main downstream and spillway traps. Only 
seven adults and one ammocoete (0.1 percent of all records) 
were ever taken in the upstream traps. 

Appendices 15, 16 and 17 indicate a large fluctuation in 
lamprey numbers over the 15 years of data collection. 
Numbers of adult brook lamprey passing through the trap on 
Needle Branch decreased from a pre-logging average of 23.4 
fish per year to a post-logging average of7.8 fish per year. On 
Flynn Creek averages were essentially the same (11. 7 fish per 
year and 1 0. 8 fish per year, respectively). Average counts 
increased on Deer Creek from 10.3 fish per year to 37.3 fish 
per year. In the heaviest run during the experimental period, 
219 adult western brook lampreys passed downstream in 
1968. 

Average counts of Pacific lampreys declined slightly 
following logging. It is probable that in many years Pacific 
lampreys were simply grouped with brook lampreys and, 
hence, the records may not be complete on Deer Creek. 

Counts of ammocoetes fluctuated greatly from year to 
year, but this is a natural phenomenon experienced with sea 
lampreys (Petromyzon marinus) along the Great Lakes 
(Larosa 1961). Ammocoete movement was greatest on Flynn 
Creek where 6,616 were counted over the 15-year period. 
The average count of 1,104 fish per year during 1959-1965 
on other streams dropped to an average of 137 fish per year 
during 1966-1973. Numbers of ammocoetes were less on 
Deer Creek (3,667 fish), and the average 1959-65 count of 
405 fish per year dropped to 155 fish per year for 1966-1973. 
The numbers of downstream ammocoetes were quite low on 
Needle Branch - only 504 during the 15-year period. The 
yearly average rose slightly from 36 fish per year to 41 fish 
per year. The largest yearly movement of ammocoetes 
occurred on Flynn Creek in 1962, when 1,934 of the 



immature fi ·h passed through the downstream trap. 1 he 
largest yeariy number on Deer Creek also occurred in 196 2 
(879 fish), but the peak number on Needle Branch in 1965 
was only 128 fish . 

STUDY POOL OBSERVATIONS 

The behavioral traits of coho salmon and cutthroat trout 
from the study pools in Flynn Creek and Needle Branch are 
discussed in detail by Lantz and Moring (197 5 MS). The 
results will be summarized here. Competitive interactions 
between fishes (coho to coho, cutthroat to cutthroat, coho to 
cutthroat) were more numerous in Needle Branch (with an 
elevated temperature profile) than in Flynn Creek. Competi
tive interactions for space accounted for the great majority of 
all types of interaction. 

Cutthroat to cutthroat interactions were minimal, while 
coho to coho interactions were most numerous in the two 
streams. Coho salmon spent less time resting and were more 
active than cutthroat in the streams. 

Feeding behavior was similar in both streams, with almost 
all feeding by coho occurring at the water surface. There was 
little bottom feeding by this species. Cutthroat trout spent 
less time feeding, but utilized other segments of the stream 
than the water surface. 

INSECT STUDIES AND SALMONID FOOD ITEMS 

Insects available to or consumed by salmonids were 
studied by Demory (1961), Lowry (1964) and Lantz and 
Moring (1975 MS). The food available to insects was 
discussed by Chapman (1961 , 1966) and Chapman and 
Demory (1963). There was no consistent sampling of insects 
throughout the 15-year study. Demory analyzed the food 
items consumed by coho salmon in streams, and Lowry 
studied the food habits of cutthroat trout. Lantz and Moring 
studied the benthos and drift available in the streams. 

Annelids and six Orders of insects constituted the 
principal items in the diets, the drift and the benthos (Table 
43). Coho juveniles fed primarily on Diptera with lesser 
amounts of other Orders. With the exception of annelids, 

noninsect ituns consumed were msignificant, out mcluded 
some gastfopods and fish eggs (Demory I 963). 

Food habits of cutthroat trout were different than cohc, 
salmon because of the greater size range in cuttruoat in 
strean1s. The most popular food items were not insects: fro1ss 
(Ranti spp.) made up 16.6 percent of the diet of all cutthroat, 
annelids were 15.6 percent, salmonids 9.7 percent, cottids 
7.5 percent, and other fish remains an additional 7.6 percent. 
Fish eggs also made up 4.0 percent of the total. Of the insects, 
Diptera was the most significant Order (Lowry 1964 ). 

Items available h1 the drift were those consumed by coho 
salmon and cutthroat trout, but their percentage of 
occurrence was different. The principal food items from drift 
samples were insects of the Order Ephemeroptera (31.0 
percent), followed by Plecoptera, Diptera, Trichoptera and 
Arachnida. Gastropods were the only noninsect group in the 
drift. There was a difference in the drift items in Needle 
Branch where there was an increase in water temperature due 
to logging. Sixty-eight percent of the drift items were of the 
Ephemeroptera, with dipterans the only other significant 
group (Lantz and Moring 1975 MS). 

The principal Orders in the benthos were Plecoptera and 
Diptera, followed by Ephemeroptera, Trichoptera and 
Coleoptera. Annelids and aquatic snails were the principal 
noninsects present in the benthic samples. Essentially the 
same Orders were present in the Needle Branch benthos, but 
in different percentages: the Coleoptera and Diptera were 
most important followed by the Plecoptera and Emphemer
optera. 

Chapman and Demory (1963) studied the food habits of 
insects in Deer Creek and Needle Branch from 1959 to 1961 . 
Examination of stomach contents of insects revealed some 
insects were primarily detritus feeders, others were largely 
herbivores, and a few were carnivores. The type of feeding 
depends largely on the locations of insects in the stream 
environment (i.e., slow-moving water, living in mosses and 
liverworts). Several species demonstrated seasonal trends in 
utilization of algae and debris. Much of the diets of coho 
salmon is derived directly from terrestrial sources, or from 
aquatic insects deriving energy from terrestrial sources 
(Chapman 1966). 

Table 43. Principal items in the diet of coho salmon and cutthroat trout in the drift, 
and in the benthos. 

Invertebrate Group 

Diptera 
Ephemeroptera 
Coleoptera 
Trichoptera 
Annelida 
Arachnida 
Plecoptera 

Consumed by 
Coho Salmon 

(Demory, 1961) 

42.9 % 
14.0 
9.2 
7.9 
7.1 
5.2 
4.0 

Consumed by 
Cutthroat Trout 
(Lowry, 1964) 

7.3% 
0.5 
2. 1 
6.6 

15.6 
0 .1 
2.3 
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In Flynn Cr. In Flynn Cr. 
Drift Benthos 
(Lantz and Moring, 1975MS) 

16.0 % 25.0 % 
31.0 13.0 

1.0 11.0 
15.0 13.0 
0.0 3.0 

13.0 3.0 
16.0 30 .0 



HERBICIDE STUDIES 

Two he1bicides and one insecticide were sprayed or 
introduced to cutting units of Deer Creek and Needle Branch: 
endrin, 2,4-D, and 2,4,5-T. Endrin1 is a chlorinated 
hydrocarbon insecticide, while 2,4-D2 and 2,4,5-T3 are 
phenoxy herbicides. The herbicides are used primarily to 
retard growth of fast-growing broad-leaved plants that 
sometimes invade cutover areas (Sears and Meehan 1971). 
Endrin is generally applied directly to Douglas fir seeds to 
protect them from rodents and insect feeding after aerial 
seeding (Moore et al. 1974). Analysis of2,4-D and 2,4,5-T in 
streams was minimal, but some mention of endrin analyses 
can be made. 

Endrin-coated Douglas fir seeds were aerially seeded on 
Needle Branch on three occasions. The first seeding, in early 
January 1967, was inadequate (Marston et al. 1969). An 
additional reseeding occurred in December 196 7. Half of the 
seed was sown on December 16 and the other half on 
December 18. 

Coho salmon fry and fingerlings and aquatic snails were 
sampled following the first seeding in January 1967. Endrin 
was present in most samples, but the data are probably 
unreliable because of the apparent contamination of pre
seeding and post-seeding samples. Likewise , Moore et al. 
(1974) have reported contamination of aquatic insects, fish 
and salmon eggs sampled following the December seeding. 
Moore and his associates did report, however, that endrin was 
present in all the biological material sampled. Despite 
contamination, endrin levels never reached known tolerance 
levels for salmonids. Additional samples of eggs, fish and 
aquatic insects were collected on all three Alsea study streams 
in December 1968 and June 1970. No endrin residues were 
found. Study of the small number of biological samples did 
suggest that endrin concentrations were highest within hours 
after seeding but declined soon afterwards (Moore et al. 
1974). 

In their analysis on Needle Branch water samples, Moore 
et al. (1974) found no endrin in the stream water until six 
hours after seeding. A peak concentration of 0.013 ppb was 

reached after 21 hours. Residues remained near that level for 
three days after seeding, then declined for the next five days. 
Measurable quantities of endrin were again detected three 
weeks after seeding. This was related to increased flow from a 
spring freshet. 

In contrast to the results reported by Moore et al. (1974) 
on the December 1967 seeding, Marston et al. (1969) found 
endrin present in the stream water for only two hours 
following seeding, and again during a freshet six days later . 
The maximum concentration in the water was 0.1 ppb 
reached soon after seeding. 

Using the streamflow values for Needle Branch (see Part 
II: Streamflow), Moore and his co-workers related the endrin 
in the water samples to the total streamflow, and then to the 
endrin applied to the total watershed. Approximately 
0.06-0.14 percent of the endrin applied to the total 
watershed was ultimately recovered in the stream. Compared 
to the total area in the streambed only, the endrin recovered 
was only three percent. They surmised that the remainder 
was carried from the watershed by floating seed. The 
appearance of Endrin in the stream was related to streamflow 
(Marston et al., 1969). 

Katz and Chadwick (1961) found coho salmon to be the 
most sensitive of three salmonids to endrin (the other 
salmonids: rainbow trout and chinook salmon). The 96-hour 
TLM (median tolerance limit) was 0.27 ppb at 20°C. But, 
Snow (1971) has outlined several objections to the use of 
96-hour TLM values. Snow believes that any level above ten 
percent of the 96-hour TLM (or 0.03 ppb in this case) may 
have disastrous consequences for the aquatic life in streams. 
Concentrations less than the 96-hour TLM can be harmful if 
present for extended periods. Henderson et al. (1959) have 
rated endrin as the most toxic chlorinated hydrocarbon 
insecticide to fish of ten such insecticides tested. The toxicity 
of the compound is well known, but Morton (1967) and 
Moore et al. (1974) feel the danger to aquatic life is not 
serious in most streams under the conditons tested. On 
Needle Branch the maximum concentrations of endrin 
remaining in streams were well below the median tolerance 
levels and were diluted from the stream quickly. 

SUMMARY 

General 
1. Three small headwater tributaries of the Alsea River, 

Oregon, were studied from 1959 to 1973. One watershed 
(Flynn Creek) remained unlogged as a control. Another 
watershed (Needle Branch) was completely clearcut in 1966. 
No buffer strips were left. The third watershed (Deer Creek) 
was patch clearcut in three blocks in 1966. Buffer strips were 
left along the stream. 

1 1 ,2,3,4, 10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro
l ,4,endo-endo- 5 ,8-dimethanonaphthalene 
2 2,4-dichlorophenoxyacetic acid 
3 2,4,5-trichlorophenoxyacetic acid 
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2. Coho salmon (Oncorhynchus kisutch) and cutthroat 
trout (Sa/mo clarki clarki) were the important salmonids in 
all three streams. Steelhead trout (Sa/mo gairdnerigairdneri) 
were present only in Deer Creek. Other fishes present in all 
streams were reticulate sculpin (Cottus perplexus) and 
western brook lamprey (Lampetra richardsoni). Incidental 
species were the Pacific lamprey (Entosphenus tridentatus) 
and chinook salmon (Oncorhynchus tshawytscha). 

Effects of Logging 
3. Adult coho salmon were of four age combinations: 1/1, 

1/2, 2/1 and 2/2. Fish of age 1/2 dominated. Precocious 
males were principally of age group 1 I 1. There was no change 



in age groups due to logging. There was an increase in 
numbers of precocious males in all streams. 

4. There were no significant changes in adult coho length 
frequencies, condition factors, sex ratios, or timing of 
spawning migrations in streams with logged watersheds. 

5. There was a decline in fecundity for returning coho 
adults that had been juveniles or fry in Needle Branch during 
clearcut logging in 1966. 

6. Numbers of coho spawners were higher in post-logging 
years in all three streams, but the change was only significant 
in Needle Branch. However, because of the lack of data for 
the three years prior to logging on Needle Branch watershed, 
there is no indication that logging activities were responsible. 

7. There was no change in coho fry survival rates from 
pre-logging to post-logging years. 

8. There was a decline in average weight, average length, 
and condition factors in juvenile coho in Needle Branch 
during the summer of 1967, the time of the highest water 
temperatures. 

9. Biomass values for coho increased in Deer Creek and 
Needle Branch and decreased in Flynn Creek from pre
logging and post-logging years. 

10. There were no adverse changes in juvenile coho 
population numbers or smolt yield as a result of logging. 

11. Net production for coho in Flynn Creek remained 
essentially unchanged from pre-logging to post-logging years 
(10.6 to 10.7 kg/year). However, net production in Needle 
Branch and Deer Creek increased during this period (4.1 to 
7.3 kg/year, and 26.1 to 32 kg/ year, respectively). 

12. There was no significant change in average weights of 
juvenile cutthroat as a result of logging. 

13. Average lengths of cutthroat trout adults changed 
from pre-logging to post-logging years, but these shifts were 
related to increases and decreases in numbers of adults in 
streams. There was, however, a decrease in average length of 
fish in the stream during summer 1967, the time of highest 
water temperatures. 

14. There was a significant decline in resident cutthroat 
trout population numbers following logging in the Needle 
Branch watershed. The 1973 population was only 21.2 
percent of the pre-logging average. Population numbers in 
Flynn and Deer Creek experienced slight increases over this 
same period. 

15. There were no significant changes in timing of 
cutthroat upstream migrations. 

16. There was a shift to earlier migration time for 
downstream cutthroat migrants in Needle Branch following 
logging. Apparently correlated with increased water tempera
tures, this migration shift lasted for two years following slash 
burning and debris clearance. 

17. There was a shift in mean arrival times of steelhead 
trout from pre-logging to post-logging years. This shift was to 
earlier migration by almost three weeks. However, this shift 
may be related to a subtle shift in migration time in the main 
Alsea River. 
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18. There was no change in steelhead age characteristics 
from pre-logging to post-logging years. 

19. Average yearly numbers of steelhead migrants 
dropped after logging in the Deer Creek watershed, but the 
change was not significant. There were large numbers of 
migrants in three pre-logging years (1960, 1961, 1962) which 
affected the results. Other pre-logging runs were similar in 
magnitude to post-logging years. 

20. The two youngest year classes of reticulate sculpins 
were almost entirely destroyed in Needle Branch as a result of 
logging. 

21 . Counts of adult western brook lampreys varied from 
year to year. There was a decrease in numbers of fish from 
pre-logging to post-logging years in Needle Branch. Counts on 
Deer Creek averaged higher and those on Flynn Creek were 
essentially the same during the two periods. 

22. Average yearly counts of downstream migrating 
lamprey ammocoetes declined in the post-logging period in 
the Ueer Creek and Flynn Creek drainages. Counts in Needle 
Branch were virtually the same before and after logging. 

23. Competitive interactions between and among coho 
salmon and cutthroat trout were more numeious in Needle 
Branch (with elevated temperature) than in Flynn Creek 
(control). Coho salmon were more active than cutthroat in 
both streams. 

Other Biological Results 

24. The average length of coho adults declined slightly in 
post-logging years in all three streams - primarily because of 
the increased numbers of precocious males. Average lengths 
of females were significantly greater than males in all streams. 

25. The peak in the coho spawning migration was in 
December, with over 90 percent of the run occurring in 
November, December and January. 

26. Because of upstream and downstream movements of 
coho adults, the actual numbers of spawners in the streams 
were less than two-thirds of the original upstream run. 

27. Sex ratios of upstream migrating coho were in favor of 
males by a factor of 4 to 1. The ratio of males to females was 
higher in those fish returning downstream and higher still for 
those fish returning upstream a second time. 

28. Actual numbers of coho spawners increased in 
post-logging years on all three streams, primarily because of 
increases in numbers of precocious males. 

29. A total of 110 coho redds were trapped from 1964 to 
1971. No fry emerged in 16 (14.5 percent). Average survival 
to emergence was 37.9 percent in Deer Creek, 34.6 percent in 
Needle Branch, and 25 .7 percent in Flynn Creek. 

30. Fry emergence from spawning to time of last 
emergence ranged from 142 to 160 days for coho. 

31 . Twelve age combinations of cutthroat trout were 
found. The 3/1 group dominated but age groups4/ 1 and 2/2 
were also important. Four and five-year-olds made up over 7S 
percent of the runs. Sea-run fish spent up to six years in 



freshwater before migrating, while resident fish spent up to 
eight years in freshwater without migration. 

32. Sex ratios of adult cutthroat averaged 1.6: 1 and 1.8: 1, 
males to females, on Flynn Creek and Deer Creek, 
respectively. Out-migrant ratios were 1.8: 1 and 1.2: 1. 

33. Over 90 percent of the upstream migrating cutthroat 
arrived during November, December and January. 

34. Of all downstream migrating adult cutthroat, 85.8 
percent moved from December to March. 

35. Juvenile cutthroat downstream migrants passed 
through the traps during all months of the year. Peak 
movement was in April, with 80 percent of the out-migrants 
moving during March, April and May. 

36. During pre-logging years juvenile cutthroat were 
recorded in the downstream traps from March to September. 
After logging, no fish ever moved during these months. 
However, this same trend was apparent on the control stream 
as well as the logged streams. 

37. Eleven age combinations of steelhead trout were 
recorded. The most frequent combination was 2/2. For all 
adults 82.2 percent spent two years at sea. One eight-year-old 
steelhead was found. 

38. The greatest growth in steelhead was obtained 
between the time of the final freshwater winter check and the 
time of the first ocean check. 

39. The sex ratio of steelhead in Deer Creek was 2.2 : 1, 
males to females. Many males returned downstream and the 
ratio of those fish actually spawning was 1.6: 1. 

40. Arrival times of male and female steelhead were 
equally spread throughout the migration period. 

41. Peak migration time for steelheadis February. A total 
of 95.1 percent of all arrivals was during January, February 
and March. 

42. Of those steelhead moving into Deer Creek 74.1 
percent ultimately moved back downstream. During ten 
years only one female actually spawned in Deer Creek. Two 
females spawned in each of three years and three females 
spawned in one year. 

43. Ten steelhead marked at the Alsea Hatchery (North 
Fork Alsea River) strayed into Deer Creek. At least four of 
these spawned in the stream. 

44. Examination of adult and juvenile scale samples 
reveals that many of the juveniles passing through the 
downstream trap were not immediately destined for sea, but 
were heading to Horse or Drift Creek for another year of 
residence. 

45. Peak downstream migration of steelhead juveniles was 
in early April. Eighty-nine percent of the migrants leave 
during March, April and May. 

46. There was an apparent cyclic pattern to yearly 
migrations of steelhead out-migrants. A pattern was evident 
of distinct and indistinct peaks in monthly emigration. 

47. Peak downstream movements of reticulate sculpins 
occurred during March, April and May. 

48. There is some indication of a cyclic trend in average 
lengths of sculpins over the 15-year period. 

49. Reticulate sculpins apparently constitute the largest 
single segment of the total biomass in the streams. 

50. The ability of sculpins to move in the gravel varied 
directly with the size of the gravel. Sculpins larger than 70 
mm were found to prey on salmonid alevins and fry, but the 
extent of this predation is debatable. 

51. Annelids and six Orders of insects (Ephemeroptera, 
Coleoptera, Trichoptera, Arachnida, Plecoptera, Diptera) 
constituted the principal items in the diets of coho salmon in 
the drift and in the benthos. 

52. Because of the greater size range of cutthroat trout, 
food habits of this species were more varied. The most 
popular food items were frogs (Rana spp.) and fishes. 

53. Two herbicides (2,4-D and 2,4,5-T) and one insecti
cide ( endrin) were sprayed on Deer Creek and Needle Branch 
watersheds. Endrin levels were highest in biological samples 
immediately after seeding but declined soon after. Peak levels 
of endrin in water samples occurred after 21 hours and did 
not decline for almost four days after seedling. Another study 
found endrin in water samples for only two hours following 
seedling. 
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Appendix 1. Arrival times, by month and number, for adult coho salmon on Deer Creek. 

Year Oct. Nov. Dec. Jan. Feb. March Spawning Dates 

1959-60 6 48 44 23 5 10/23- 2/7 
1960-61 38 26 35 5 11/10- 2/4 
1961-62 32 91 19 28 2 11/22- 3/5 
1962-63 20 10 16 23 1 11/21- 3/8 
1963-64 54 85 34 11/4 - 2/1 
1964-65 67 93 37 7 11/12-2/16 
1965-66 22 95 52 4 11/14-2/12 
1966-67 25 158 93 4 11/12-2/21 
1967-68 13 32 78 51 11 10/28-2/7 
1968-69 73 91 33 5 11/8-2/8 
1969-70 21 61 14 8 11/5-2/10 
1970-71 14 55 28 1 11/12-3/1 
1971-72 42 42 55 4 11/3-2/25 
1972-73 53 5 12/18-1/20 

Appendix 2. Arrival times, by month and number, for adult coho salmon on 
Flynn Creek. 

Year Oct. Nov. Dec. Jan. Feb. Spawning Dates 

1959-50 14 25 9 4 11/23-2/8 
1960-61 24 45 39 2 11/13-2/6 
1961-62 2 34 95 10 46 10/28-2/23 
1962-63 5 3 3 11/20-1/8 
1963-64 9 45 16 11/12-1/16 
1964-65 1 15 19 11/24-1/26 
1965-66 35 74 39 5 11/19-2/14 
1966-67 37 87 101 1 11/14-2/1 
1967-68 19 42 18 13 10/28-2/10 
1968-69 33 56 16 11/8 -1/20 
1969-70 33 2 12/12-1/21 
1970-71 32 24 18 11/12-1/26 
1971-72 32 58 14 2 11/9 -2/17 
1972-73 26 20 12/19-1/18 
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Appendix 3. Arrival times, by month and number, for adult coho salmon 
on Needle Branch. 

Year Oct. Nov. Dec. Jan. Feb. Spawning Dates 

1959-60 4 12/12- 2/2 
1960-61 8 11 8 11/15- 1/16 
1961-62 10 15 12/2 - 2/12 
1962-63 9 4 11/20- 1/5 
1963-64 NOT TRAPPED 
1964-65 NOT TRAPPED 
1965-66 NOT TRAPPED 
1966-67 9 46 33 11/13- 2/4 
1967-68 2 25 59 31 10/30- 2/4 
1968-69 28 47 18 11/8 - 1/16 
1969-70 5 12/13-12/21 
1970-71 28 27 9 11/12- 1/12 
1971-72 7 27 26 11/3 - 1/26 
1972-73 16 1 12/18- 1/14 

Appendix 4. Numbers of live, unspent, adult coho salmon passing 
through the upstream trap on Flynn Creek during 

spawning migrations, 19 59-1973. 

Sex 
Year Males (Jacks) Females Unknown Total 

1959-60 36 (3) 16 0 52 
1960-61 84 (30) 26 0 110 
1961-62 126 (11) 52 2 180 
1962-63 9 (3) 2 0 11 
1963-64 49 (2) 20 0 69 
1964-65 24 (1) 10 0 34 
1965-66 140 (53) 13 0 153 
1966-67 171 (19) 55 0 226 
1967-68 83 (41) 10 0 93 
1968-69 80 (6) 19 0 99 
1969-70 30 (11) 5 0 35 
1970-71 66 (38) 5 0 71 
1971-72 87 (8) 18 0 105 
1972-73 42 (24) 3 0 45 
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Appendix 5. Numbers of live, unspent, adult and jack coho salmon 
passing through the upstream trap on Deer Creek during 

spawning migrations, 1959-1973. 

Sex 
Year Males (Jacks) Females Unknown Total 

1959-60 98 (18) 25 \ 124 
1960-61 84 (30) 19 0 103 
1961-62 132 (7) 32 0 164 
1962-63 50 (10) 18 0 68 
1963-64 145 (20) 28 0 173 
1964-65 155 (7) 48 0 203 
1965-66 140 (11) 27 0 167 
1966-67 221 (9) 56 0 277 
1967-68 162 (70) 23 0 185 
1968-69 156 (16) 40 0 196 
1969-70 93 (18) 8 0 101 
1970-71 74 (30) 10 0 84 
1971-72 102 (10) 36 0 138 
1972-73 52 (29) 6 0 58 

Appendix 6. Numbers of live, unspent, adult and jack coho salmon 
passing through the upstream trap on Needle Branch during 

spawning migrations, 1959-1973. 

Sex 
Year Males (Jacks) Females Unknown Total 

1959-60 4 (2) 1 0 5 
1960-61 19 (13) 6 0 25 
1961-62 9 (1) 15 1 25 
1962-63 8 (6) 4 0 12 
1963-64 NO TRAPPING 
1964-65 NO TRAPPING 
1965-66 NO TRAPPING 
1966-67 70 (9) 19 0 89 
1967-68 100 (57) 17 0 117 
1968-69 73 (8) 17 0 90 
1969-70 4 (3) 1 0 5 
1970-71 58 (43) 2 0 60 
1971-72 32 (4) 18 0 50 
1972-73 16 (13) 1 0 17 
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Appendix 7. Records of chinook salmon straying in Deer Creek 
and Needle Branch during the 15-year period. 

Deer Creek: 
Date Sex Length Remarks 

Upstream Trap: 

17 November 1960 c5 451 mm FL Jack 
17 November 1960 c5 572 Jack 
16 November 1963 c5 503 Jack, 2 1bs 12 oz. 
14 November 1966 c5 521 Jack 
29 October 1967 c5 420 Jack 
29 October 1967 c5 455 Jack 
6 December 1967 c5 465 Jack 
6 December 196 7 c5 470 Jack 
6 December 1967 c5 513 Jack 
6 December 196 7 c5 860 Adult 
7 December 196 7 c5 436 Jack 
7 December 1967 c5 522 Jack 

Downstream Trap: 

15 November 1966 c5 515 Jack 
30 October 1967 c5 419 Jack 
30 October 1967 c5 458 Jack 
7 December 1967 c5 464 Jack 
7 December 1967 c5 517 Jack 
7 December 1967 c5 851 Adult 
11 December 1967 c5 460 Jack 
12 December 1967 c5 520 Jack 

Needle Branch: 

Date Sex Length Remarks 

Upstream Trap : 

6 December 196 7 451 Jack 
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Appendix 8. Numbers of cutthroat trout passing through 
the upstream trap on Flynn Creek, 1959-1973. 

Year Adults Juveniles Unknown* Total Live 

1959-60 23 2 7 32 
1960-61 23 4 4 31 
1961-62 9 14 6 29 
1962-63 17 11 0 28 
1963-64 17 3 3 23 
1964-65 11 2 2 15 
1965-66 33 4 10 47 
1966-67 46 0 3 49 
1967-68 35 4 4 43 
1968-69 24 3 4 31 
1969-70 28 13 11 52 
1970-71 25 3 7 35 
1971-72 17 3 15 35 
1972-73 10 0 3 13 

Pre-Logging 19.0 5.7 4.6 29.3 
Yearly Average 

Post-Logging 26.4 3.7 6.7 36.9 
Yearly Average 

*Fish of a length which could be either adult or juvenile 

Appendix 9. Numbers of cutthroat trout passing through the 
upstream trap on Deer Creek, 1959-1973. 

Year Adults Juveniles Unknown* Total Live 

1959-60 30 5 10 45 
1960-61 16 7 3 26 
1961-62 9 16 2 27 
1962-63 7 8 0 15 
1963-64 5 8 4 17 
1964-65 33 5 5 43 
1965-66 14 7 4 25 
1966-67 25 6 4 35 
1967-68 23 17 7 47 
1968-69 20 25 4 49 
1969-70 7 27 6 40 
1970-71 7 11 4 22 
1971-72 7 2 7 16 
1972-73 12 1 3 16 

Pre-Logging 16.3 8.0 4.0 28.3 
Yearly Average 

Post-Logging 11.0 12.7 5.0 32.1 
Yearly Average 

*Fish of a length which could be either adult or juvenile 
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Appendix 10. Numbers of cutthroat trout passing through the 
upstream trap on Needle Branch, 1959-1973. 

Year Adults Juveniles Unknown* Total Live 

1959-60 0 26 0 26 
1960.61 4 40 2 46 
1961-62 0 13 0 13 
1962-63 0 15 0 15 
1963-64 
1964-65 
1965-66 1 
1966-67 2 6 3 11 
1967-68 8 10 3 21 
1968-69 6 21 1 28 
1969-70 0 9 2 11 
1970.71 0 7 1 8 
1971-72 1 6 2 9 
1972-73 3 2 0 5 

Pre-Logging 1.0 23.5 0.5 25.0 
Yearly Average 

Post-Logging 2.9 8.7 1.7 13.3 
Yearly Average 

Appendix 11. Population estimates for cutthroat trout in Deer Creek, 
Flynn Creek, and Needle Branch during 1962-1773. Logging 

occurred during 1966. 

Year Deer Creek Flynn Creek Needle Branch 

1962 898 640 225 
1963 813 527 361 
1964 731 568 272 
1965 740 493 199 

1966 834 612 65 
1967 853 720 78 
1968 694 801 89 
1969 1366 934 179 
1970 1350 835 59 
1971 1205 868 102 
1972 965 758 69 
1973 577 56 

Pre-Logging Average 796 557 264 
and (Range) (731-898) (493-640) (199-361) 

Post-Logging Average 1038 763 87 
and (Range) (694-1366) (577-934) (56-179) 
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Appendix 12. Counts and lengths of reticulate sculpins, Cottus 
perplexus, from Deer Creek traps, 1959-1973. 

Total Number Average Length 
Year Number Measured Length Range 

1959 1 0 
1960 19 3 55.7 mrn 52-59 mrn 
1961 40 4 53.5 27-78 
1962 17 16 59.0 26-89 
1963 12 8 66.9 23-76 
1964 7 7 50.1 27-86 
1965 10 8 63.9 44-84 
1966 9 9 54.9 28-83 
1967 15 15 59.1 36-73 
1968 44 34 43.1 23-76 
1969 76 69 42.3 14-80 
1970 53 48 47.1 18.5-91 
1971 11 11 60.4 38-75 
1972 12 10 62.1 42-72 
1973 15 3 62.0 49-69 

Total 341 240 14-91 

Appendix 13. Counts and lengths of reticulate sculpins, Cottus 
perplexus, from Needle Branch traps, 1959-1973 

Total Number Average Length 
Year Number Measured Length Range 

1959 0 0 
1960 7 7 67.0mm 55-78 mm 
1961 29 3 64.7 51-83 
1962 16 14 72.3 62-86 
1963 48 35 70.1 47-99 
1964 37 35 72.7 48-100 
1965 31 31 59.3 33-84 
1966 14 10 67.7 63-75 
1967 4 4 74.5 63-88 
1968 2 2 83.0 78-88 
1969 9 8 72.4 50-83.5 
1970 3 2 71.0 60-82 
1971 2 2 88.0 87-89 
1972 5 3 61.7 41-79 
1973 17 16 69.1 36-92.5 

Total 224 168 33-100 
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Total 
Year Number 

1959 1 
1960 22 
1961 76 
1962 58 
1963 58 
1964 42 
1965 107 
1966 7 
1967 15 
1968 26 
1969 34 
1970 51 
1971 21 
1972 34 
1973 7 

Total 559 

Appendix 14. Counts and lengths of reticulate sculpins, Cottus 
perplexus, from Flynn Creek traps, 1959-1973. 

Number Average 
Measured Length 

0 
2 62.0mm 

16 60.5 
36 57.9 
21 62.1 
41 57.8 

105 44.4 
5 69.0 

13 55.9 
24 61.4 
34 48.3 
49 42.2 
21 61.8 
34 46.8 
6 66.7 

398 

Appendix 15. Counts of adult and ammocoete western brook 
lampreys (Lampetra richardsoni) from the downstream and 

spillway traps on Flynn Creek, 1959-1973. 

Year Adults Ammocoetes 

1959 11 * 
1960 14 * 
1961 12 425 
1962 10 1934 
1963 17 1265 
1%4 9 1144 
1965 9 751 
1966 2 380 
1967 10 125 
1968 50 149 
1969 0 179 
1970 5 127 
1971 3 47 
1972 13 52 
1973 3 38 

Total 168 6616 

*No records available 
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Length 
Range 

59-65 mm 
37-80 
29-80 
39-87 
21-91 
26-98 
61-79 
37-80 
24-89 
16-88 
18-95 
25-90 

21.5-71 
60-74 

16-98 



Appendix 16. Counts of adult and anunocoete western brook 
lampreys (Lampetra richardsoni) from the downstream, 

upstream, and spillway traps on Needle Branch, 1959-1973. 

Year Adults Ammocoetes 

1959 0 * 
1960 4 * 
1961 2 5 
1962 17 11 
1963 37 11 
1964 34 24 
1965 70 128 
1966 34 119 
1967 8 16 
1968 15 31 
1969 0 40 
1970 2 19 
1971 1 53 
1972 0 33 
1973 2 14 

Total 226 504 

*No records available 

Appendix 17. Counts of adult western brook lampreys 
(Lampetra richardsom), adult Pacific lampreys 
(Entosphenus tridentatus) and lamprey ammocoetes 
from downstream, spillway, and upstream traps on 

Deer Creek,19S9-1973. 

Year Pacific Lamprey Brook Lamprey Ammocoetes 

1959 0 2 * 
1960 1 24 2 
1961 2 2 798 
1962 0 4 879 
1963 11 9 371 
1964 10 7 208 
1965 0 24 172 
1966 0 19 105 
1967 0 3 16 
1968 0 219 225 
1969 0 0 317 
1970 4 2 115 
1971 0 23 219 
1972 0 30 133 
1973 0 2 107 

Totals 28 370 3667 

*Records not available 
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