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CHAPTER I. SUMMARY AND CONCLUSIONS

In October 1979 we were hired as subcontractors to
H. Esmaili & Associates, Inc., of Berkeley, California, to
conduct certain investigations on the biology of the Tucannon
River in eastern Washington. These studies, which are
reported here in our final report, are part of a larger
investigation (by the US Soil Conservation Service) involving
estimates of sediment contributions, and (by H. Esmaili &

Associates, Inc.) of their transport and deposition.

Our major objective has been to investigate how land
use practices in the Tucannon watershed have in the past and
continue to influence the aquatic habitat on the Tucannon River.
The importance of salmon and steelhead as a major public
resource supported by the Tucannon River, once in much larger
numbers than now, resulted in our spending a large proportion
of our efforts assessing salmonid habitat needed for spawning,
egg incubation, and rearing of juveniles. The study objectives,
however, included assessment of other biota and of general
stream health. To this end we investigated periphyton, aquatic
invertebrates, and all of the fishes that live commonly in the
river.

PERIPHYTON

We found periphyton communities abundant on the cobble
bottom of the Tucannon River in all of the reach that we
investigated. There was, of course, a great variation in its
density even at the same station, and this variation was great
enough to obscure any variations in total abundance from one
reach of the river to the next. Our principal finding about
periphyton that may be related to land use is that samples in
the downstream reaches contained much higher percentages of
inorganic matter. We suspect that is because of the periodic
discharges of very fine sediment from Willow and Pataha Creeks
into the Tucannon River. Such sediment is entrapped in the
periphyton and may reduce its health or palatability to insects
or other invertebrates. We found this difference only in July.
By September it had disappeared.

AQUATIC INVERTEBRATES

Our collections of aquatic invertebrates from the
Tucannon River were evidence that they are abundant and in
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great variety. This abundance, along with good growth rates
for the small fish, suggests that any shortage of food for
young fish is unlikely.

Most of the invertebrates were those that feed on
fine particulate organic matter which they collect as it drifts
downstream. This trophic group made up 45 to 90% of the total
numbers of invertebrates and were especially abundant at the
lower stations.

Those invertebrates which shred larger organic matter,
like leaves, were less abundant in the Tucannon River than we
would expect from streams which receive more of their energy
from leaf fall. Shredders were never abundant, but there were
noticeably more at the upper stations than in the middle or
lower reaches of the river.

Invertebrates that feed by scraping periphyton from
rocks were the second most abundant group. There was a clear
relationship between the density of their populations at the
various stations during July and September, with the percent of
the periphyton that had been organic matter in early summer.
The populations of invertebrates that scrape rocks for a living
may be influenced by fine sediment entering the Tucannon River
from Pataha and Willow Creeks during winter and spring runoff.
The significance of this is unknown and we have no reason to
believe that a section of the stream with fewer scrapers is
less "healthy".

SALMON AND STEELHEAD SPAVVNING

We spent a considerable effort measuring the conditions
for spawning and successful egg incubation throughout the main
stem of the river.

We found that successful spawning and egg incubation
on a regular basis, is limited to upper reaches well above
Marengo. The risk of losing eggs because of both scour and
sedimentation increases in a downstream direction, and below
the mouth of Pataha Creek it is almost 100% with one notable
exception. That notable exception is at the very mouth of the
stream where loose gravel deposits have accumulated in the
backwater of the reservoir to which the Tucannon is now tributary
--a small run of fall spawning Chinook salmon has become
established or reestablished here.

2



FISH POPULATIONS

We were surprised to learn that the Tucannon River is
too warm to rear significant numbers of juvenile salmon or
steelhead, or to support many trout of any species in its
lower 32 miles. We believe this is an unnatural condition and
that it began with the reduction of shade from riparian
vegetation during the large flood of 1964-65. The problem has
been made worse by subsequent floods and continued channelization
which minimize, shade.

In the upper and cooler reaches, the salmon and
steelhead populations were as dense as one might expect in
fully seeded high quality salmon and steelhead streams.
Growth was rapid and the fish appeared in good condition.

We found very few salmonids large enough to support
angling anywhere in the river--a condition that we suspect
is a combination of the heavy use for rearing juvenile salmon
and steelhead, the extreme lack of pools, and the high stream
velocities

.

Besides salmon and steelhead, and Dolly Varden trout,
the stream supports large populations of sculpins and fair
numbers of longnose dace, speckled dace, redside shiner; and
in its lower reaches, also squawfish and suckers. There is a
run of lampreys.

Except for the lower two-thirds of the stream where
the water temperature is too warm, juvenile salmonid rearing
habitat is what we would term fair to good over most of the
stream. By correlating measures of the quantity and quality of
juvenile salmonid rearing habitat in different reaches of the
stream with fish populations there, we estimated that under
present conditions about 111,000 steelhead are reared past the
middle of their second summer, and 170,000 Chinook salmon are
reared almost past the middle of their first. We believe that
a program of restoring shade to the Tucannon River from Bridge 14
(River Mile 32) down to Pataha Creek would nearly double the
number of young salmon and steelhead that could be reared.

There is also potential for additional rearing below
Pataha Creek, but because of sediment contributions from that
stream the problems below its mouth are somewhat more complex
and less amenable to solution.

A program of creating pools in the upper area would
increase the juvenile salmonid populations by about 50 fish
per pool created.
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CHAPTER II. THE STUDY AREA

The Tucannon River originates in the Umatilla
National Forest area of the Blue Mountains of southeastern
Washington at an elevation of 5400 feet above sea level, and
flows over 50 miles in a northwesterly direction. It reaches
the Snake River at an elevation of 500 feet above sea level
(fig. 1) 63 miles above the confluence of the Snake and
Columbia Rivers.

The annual precipitation on the watershed ranges
from more than 40 inches in the higher elevations of the
Blue Mountains to 10 to 15 inches at the lower elevations
near the Snake River. Precipitation is light in midsummer,
usually increasing in the fall, peaking in winter, gradually
decreasing in spring, increasing again in June, and decreasing
sharply in July. At lower elevations and in the farming areas,
snow may be expected any time from late November through
February. In the Tucannon Valley below 1500' elevation, snow
seldom remains on the ground longer than three to four weeks
or accumulates to a depth of more than 8-15 inches. Snow
cover is sometimes melted very rapidly by a rain or "chinook"
wind, and the runoff at such times may cause severe erosion.
The one to three thunderstorms that can be expected from
March through October often cause severe soil erosion
(USSCS, 1973)

.

Air temperatures near the river (Dayton) average
about 63° F, for the year. Average daily highs are near 90° F.
in July and average lows below 40° F. in January. The
differences between day and night temperatures can be as much
as 40° F. in summer. The number of clear or only partially
cloudy days increases from less than ten each month during the
winter to more than 25 in midsummer (USSCS, 1973).

The Tucannon River drains approximately 510 square
miles of land. It is fed by rainfall, springs, and melting
snow. No large lakes or reservoirs regulate its discharge.
The tributaries and the upper ten miles of river flow through
the Umatilla National Forest. The next ten miles flow through
the State Game Department's W. T. Wooten Game Range, which is
also forested land. Between the Game Range and Marengo, a
distance of 10 river miles, the drainage is used largely to
range livestock. Between Marengo and the mouth of the Tucannon
River, about 25 river miles, the land near the river is
cultivated and used for livestock grazing.

There is a small amount of water diversion in the
Tucannon Valley. Nearly all the land owners in the lower 30
miles of the river valley obtain water for summer irrigation

4
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either by constructing low wing dams in the river or by
diverting from permanent low-head dams. After diversion, the
water is pumped through sprinkler systems or is distributed
to the fields by gravity flow through small ditches. These
diversions are small and relatively few. They do not appear
to diminish the flow in a way that is biologically significant.

Recreational opportunities of the Tucannon River
watershed area attract increasing numbers of tourists and
local residents annually. Most recreation is related to
fishing, hunting, and camping. Fishing is particularly
intense in the upper drainage where the State Department of
Game owns and operates the W. T. Wooten Game Range, an area
of about 11,000 acres. On the range are eight ponds, built
shortly after World War II and designed to support a put-and-
take rainbow trout program. Most of the fishing effort is
directed at these ponds. The lower river is not heavily
fished.

STREAM CHARACTER

The Tucannon River is fairly steep in the upper
reaches, but gradually flattens throughout the remainder of
its course (fig. 2). The backwater from Lower Monumental
Dam has flooded the lower two miles. The width of the stream-
bed varies from 20 feet in the upper river to about 60 feet
near the mouth.

During the summer of 1980 biologist S. Li waded and
made a number of physical measurements describing stream
character in 18 reaches. He covered 16.6 river miles (fig. 3)

or 31% of the river between its mouth and the confluence of
Bear Creek and the Tucannon River. The measured reaches were
interspersed to provide a representative sampling of the entire
river below Bear Creek. Each pool, riffle, glide, or other
kind of channel in these reaches was measured.

The section of the Tucannon that we measured carries
a good flow through land that is easily eroded. Over 90% of
the stream bottom is covered with medium and small basaltic
cobble. There are few solid unerodible ledges and the few
pools grade quickly into short glides and long, deep riffles.

In this report we defined pool s as stream segments
deeper than 1.5 feet with some constrictTon at the lower end
of the segment. They represent only four percent of the
cream’s length and were especially rare in the upper reaches
(table 1) . The most commonly identified cause of pools was
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Figure 2. Profile of Tucannon River (UCSCS Topo Map Analysis)

7



Lower

Monumental

Res.

B

Figure

3.

Location

of

18

sections

of

the

Tucannon

River

where

stream

characteristics

and

juvenile

salmonid

rearing

habitat

were

measured

in

1980.



X
H
O

CO ^ lo vD a^
<N a^ (N I—I rr

<N m ro <N ^ o
•H iH fH I--4 (N

O

p-H C^)

U? fH in
f-H VX> vX)

m <T>

vD ^ VP

o
VP

VP

o

00

00 fN
o

o
(N m
m ^ CM

fN

00

C
•H

x:
4J

o>
c
0)

w
u
Uh

H
a:

m r- r- P4 o\ 00 (N <N m ov PV m pv rH VP m CM o vp m P^
TT vp m CO in o 00 Pv rH 00 CM m p' CM rH

m o fH <N vp PV (N CO Pv o PsI <N 00 Pv <H 00 00 m o^ 00
vp p' P- VP 00 P^ m V vp m P- in vp LO (N in

w
VM H
0 O

M
dfi iJ

o

00
m

o o
m ^

•*T o^
^ o

(N rH
m m o

<N
^ VP
^ (N

O

o
r*)

00
o

VP

OV (N
O

(N

£
V)

•H

0
4^

TD
0)

P
(0

rO

u)

C
0
•H
4J

o
(U

10

VP O fN vp
(N 00

m m ^ VP o (N O

m CO
VP vp ’C’

VP
On ov

m

VP ro
(N p^ VP

m

o o> o
00 fM

(N CN OV

CO rH
00 Ov

00

m

0)

tJ»

>* flO

E-< M
H •

V> CJ >
Q 0) rO

M (0

w \ CO

> -tJ Q)

0)

E-i Q) D
Z H.I (0

9 IT)

S c 0)

OC -H £
3
U C

00 CD
00 00

(M rvj

(N fH in 00
0^ rH O <N

<N ro ro

VP 00
PO o

O <N
^ O
r»^ m

00 fH o
<N mm

m <T»

m o
m m

00

CM

r-

m

vp vp
00 o

CO
o
m

•H O
m ^

o^ m m ov
m m vp ^ ^

m «N m o oo
VP 00 m in m

m
00

o
m

Ov m
m

in

ti , in m VP m m 00 in rH fN PN m rH m PN m O O PN
0) IH o in VP rH o CN VP m o P- o fH o PN o <X> O
> Eh 0)
•H H > p^ m m in m PvJ PS m 00 CO PS PS OS m vp CO vp PS
a U PH (N PNj PvJ fN m fN m fN fN PN PN p^ PN m m m m

b
c 0)

0 Z IH

c H 3
c CO

X ID PM m 00 o o Pvj P^ 00 fN VP m VP VP p^ m vp

o H Q) V m VP ir> VP 00 in 00 in VP 00 in in m
3 O E

H
j2 •

4h • c
0 o

00
CO Cv
0 -H Eh Vp p' PS 00 m in m rH iH O PN m fH r* X VD
•H X u vp fH. CO m m rH Pv m ps m VP P^ VP PS rH PS m PS in m
4J C • HW PV VP fH Pv o O m fN in VP m m ? IN 00 00
(0 *H O Cm pvj m m 00 vp m 00 VP in in m •> 0 OS c in vp in m

Z VP iH Q) 0
M 4J z (V m u m 3 u 4J

0) c 3 H ? • fN T) rH 3 0 £ C 4J 4J
4J 0) 0 0 rH • ID fH o m 4J 0) 0 10

u B • rH O' rH rH fH •H • 3 u ID 0
(0 CO 0 OJ Q) >3 3 0 0) o o B c m m fH a OJ 4-»

U CO • HJ U jQ •H fH 0 0 c O' 0) •H 4J Q 0 £ vw T! • rH
R] OJ c Cl u-i cL P c T) •3 cn o U to 0 0 c rH c <D 4J • ID

x: N o • :Q) 0) B £ Mh (D ID C p V P Qrf rH a a -3 0 0 5 DSJJ 4n 4J
0 to cr 3 m •H * • £ <u •rl u •H to rH fH u 0 T) -H VM fH

m • 0 'O ^ -m U )H £ Cl u c rH CO • 0 Cl 3 • 0 0 • *3 •H £ 0 0»

z u 0 •H VH D> U • m CQ 1 CQ )H 3 4J •H 3 3 • P *3 U c D
(0 4J o C 0 0 s 0 0 • o CO 3 £ Cl c 0 Cl c e £ 0 Cl

O to H O' jQ 0 »H c 4J 4J >1 0 • rH PS iH ( O' 3 •iH 4J u • ID ID 4J 3 C
•H 4-> H 3 9 o 0 4J Cl 0 VM 0 £ c rH 4J -3 T) 4J 0
CO -H < m O' <U 4J c (1) CO o> <U 01 V4H 0 3 CT> m H 0 c ro X CO c • c Q)

>iXl J >4 C 3 (0 c O' ID ^ 0) D'£ HT o 3> O' C >3 H) 0) 3 )H £ 0) ID U G) c Ds

£ (0 Q >im ID 0 »H to n a u > <v U hH c Tl *3 (IJ rH * ID rH 3 CQ ID T) > X 10 ID TD
£ n pH rH 0 »H JJ 0 •H 4J • Cl •H •H 3 O 3 • rH Cl 4J X 0 0 B 0 u •H

ro 0 a 10 £ Cl <0 C 3 M Cl fO •H rH M <D 3 • ID • p £ ID • 0 3
£ 4J H OQ 3 s (D CQ £ CQ 4J OQ CQ £ VH X 0 CQ a a a a 3 < T) W o H X

(U

rH
£
rd c

0 CO

•H <1) K s “

c 4J 0^ 01 oc to U 0 u
0) 0 ID .c; Cl u 0) - > rH 3
0 c +J <D u > o -3 c M rH x:

M c C/} >1 fH H rH PS ID 0 X CO 0 0
u (D >H w a: 0 Cl to to - X 4J U

u c a> c 0) 3 3 CTi o 4J •» u 3 3 D to

CL 3 0) 0 £ •H cn X O' O' C (1) fj (0 X fH -0 )-l

u 0) Eh CJ* CO O p T3 u >3 -3 3 CT> 3 fc Q D 4J a U cu

(D c 4J 4J p •H a •H •H )H c £ ID D 0 •H ID 3
X • fD m ID )-l Of Cl fO *H 0 M w w B • dJ 0

z w iJ X 3 H- u m D CQ CQ £ X U. s X LO X Kf] X

w 5
X
Eh o o 00 00 iH p«- fN LH VP in 00 PN in o O in O o

M a
D
O 00 fH m fH o r- VP m fH 00 vp PN CO in PN

1 s u. s m m m m Ps) fN pj Ps} fH iH rH

CO m
VP CN

CO CM
m m

TT

m
m
Ov

GO
in

rsi

m
m
o

X
U
>M
X

<
o
Eh

a
u
s
o

u
>M
a:

9

63.78



current redirected against erosion resistent substrate or
logjams. The confluence of two braids also usually formed
pools when the braids formed a "Y". Apparently, the joining
of the two braids increased forces directed at the streambed
to form the pool. Some pools were at the base of a gradient
change. The stream flowing down the steeper gradient simply
dug the substrate out when the gradient decreased. In two
of the upper reaches, there were no pools at all. In both
cases there was extensive human intervention. The banks of
the Hatchery Reach and the Bridge 14 Reach had their banks
riprapped, and Bridge 14 Reach was entirely channelized.

We defined riffles as any stream segment that
included a significant amount of white water during the summer
low flow period of 1980. Over 63% of the stream sampled was
riffle. Most were over small cobble and gravel. Because this
is easily movable substrate, these riffles were slowly migra-
ting downstream, bouncing laterally from bank to bank. Many
riffles changed the direction of streamflow so that banks
were no longer parallel to streamflow. Many times the stream
current ran directly into the bank.

We defined g] ides as stream segments less than 1.5
feet deep with no constriction at the lower end of the segment
and no significant white water. About 25% of the length of
the measured reaches were glides.

Other channels included side channels, bars, and
trenches which did not fit the other categories and made up
8.4% of the stream measured. The stream was narrowest in the
upper reaches and, except in channelized sections, gradually
increased in width downstream (table 1) . The unusual large
width at Bridge 14 Reach is due to channelization of that
reach. Twelve of the 18 reaches had significant portions of
the banks altered and riprapped.

As part of the fish studies. Dr. Li measured surface
current velocity using a Gurley Teledyne Pygmy Current Meter.
In spite of a gradually reduced gradient the Tucannon River has
very high stream current velocities throughout its length
(table 1) . The fastest reach was the channelized Bridge 14
Reach.

Because the streambed conditions are critical in
assessing fish habitat. Dr. Li measured stream substrate on
September 4-5, 1980. Within 50 feet of the upstream side of
each bridge, he waded to the center of the river and sampled
10 rocks he could reach without moving his feet. He measured
^he length of each rock and estimated the degree to which it
was embedded in sand expressed as a percentage of its height.
The results indicate a strong trend for decreasing substrate
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size in the downstream direction (fig. 4), and an indication
that embeddedness, the degree to which cobble is embedded in
sand, may increase in the downstream direction (fig. 5).

The Tucannon River is, in places, a braided stream
with water flowing down branching channels. We divided each
section length by the number of braided places in each section
as an index of braiding (table 2) . The middle reaches of the
river were braiding more.

Gravel migrating downstream from the steep upper
reaches during high flows is evidently deposited in the
flatter middle reaches below Bridge 10.

11
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CHAPTER III. INTRAGRAVEL ENVIRONMENT : CONDITIONS FOR SALMONID
SPAWNING AND EGG SURVIVAL

Accelerated erosion often causes deposits of silt
and sand in stream gravels to the levels that reduce the
survival of salmonid eggs. Early in our investigations.
Dr. Richard Armstrong reviewed literature on this subject.
Following that, we began field measurements to define any such
problems on the Tucannon River. Six study stations were
selected.

The Camp Wooten Station at River Mile 42.5 was the
highest reach investigated. This area was just upstream from
the bridge crossing the Tucannon River to Camp Wooten and is
within the Umatilla National Forest. There has been some
logging in the drainage basin above that point, but the
streambed consisted primarily of small boulder and cobble with
almost no sand or silt, and not much gravel on the surface.

The Hatchery Station at River Mile 36.0 was just
upstream from the road bridge going to the Washington
Department of Game's Tucannon River Fish Hatchery. This station
is within their game range and above any farmland. The river
has been channelized and there is some erosion associated with
the road in the immediate area upstream. The substrate was
principally boulder and cobble with no significant amounts
of sand and silt visible on the surface.

The Marengo Station at River Mile 25.3 was about one-
half mile above Marengo, on the Emil Horvid Ranch in the middle
reaches of the Tucannon River. The Tucannon River Valley floor
above Marengo is both grazed and cultivated, and the surround-
ing hills are grazed. Substrate at Marengo was largely clean
cobble and boulder.
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The Krouse Station at River Mile 12 .

5

was downstream
just above the junction of the Tucannon River and Pataha Creek
and just below the bridge on the Otto Krouse Ranch. Often
there was a noticeable increase in turbidity at the Krouse
Station. The substrate was of smaller cobble and included more
gravel. During the winter, there was an extensive and frequent
gravel shifting here.

The Fletcher Station at River Mile 5 .

7

was downstream
of Pataha Creek, just above the Tucannon River Bridge on the
Haley Fletcher Ranch. Pataha and Smith Hollow Creeks contri-
bute a significant amount of soil to the stream during storms.
The substrate here was primarily cobble, with some gravel.
There was no obvious deposition of sediment on the surface.

The Powers Road Station at River Mile 2 .

3

was the
lowest reach where the intragravel environment was investigated.
During the winter there was a considerable deposition of silt
on the stream surface there, and in many places the bottom was
so consolidated that digging simulated salmon nests was very
difficult.

METHODS

Dr. Armstrong's review led us to believe that we
should attempt to measure the concentrations of dissolved
oxygen in the intragravel water and the rate of movement through
the gravel. We began the first week in December, 1979, by
installing five minipiezometers of the type described by
Lee and Cherry (1978), and ten standpipes of the type described
by McNeil (1962) (fig. 6) at all of the stations. The piezometers
were buried in places selected by D. W. Kelley and S. Li as
having the substrate, depth, and current velocity character-
istics that would be attractive to spawning salmon or steelhead.
Each piezometer was laid in the bottom of an excavation
approximately 3 feet in diameter and 1.5 feet deep, made with
a hoe in water between 0.9 and 1.5 feet deep, where surface
current velocities ranged from 0.7 to 2 feet per second. The
simulated nest was filled by digging upstream just as the
salmon or steelhead would do and letting the gravel and cobble
drift down into the excavation over the piezometer. At all
stations, digging always released large amounts of fine soil
that had been trapped in the substrate. All standpipes were
driven to a depth of 10 inches below the gravel surface at
similar stations.

As an indication of the probable loss of the salmonid
eggs buried in nests because of streambed scour, we strung a
series of four to seven Ping-Pong or styrofoam balls on 3 foot
monofilament line, and buried them with an anchor at the bottom
of the line, in a column. This method was developed by McNeil

16



Figure 6. Minipiezometers used for studying intragravel water
in the Tucannon River. Dixie cups v/ere used to form the
concrete collar. The rubber tube allowed the longer plexi-
glass tube to lay flat on the stream bottom and be raised
for sampling intragravel water.
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(1962) working on Alaskan streams. The idea is that, as the
scour uncovers the balls, they float up to the end of the
monofilament line which is held in place by the anchor. Most
of our Ping-Pong balls were either washed away or covered up
with moving substrate during storms.

All who have attempted to investigate intragravel
conditions in western streams during the winter and spring
periods have suffered major losses of their measuring devices
and, thus, of potential data. Because of scour we were
required to replace many piezometers and standpipes several
times and finally abandoned the idea of using piezometers at
the Powers Station.

HYDRAULIC CHARACTERISTICS OF THE INTRAGRAVEL ENVIRONMENT

We made four types of measurements to improve our
understanding of flow in the intragravel environment. Three
were made using the buried piezometers, and the other utilized
standpipes. All measurements based on piezometers took
advantage of the fact that in most of the piezometers we
installed, there was a positive hydraulic head relative to
the surface of the stream. Water at the bottom end of the
piezometer was under pressure, so that water in the sampling
tube leading to the buried piezometer was forced slightly
above the stream surface when the tube was lifted above the
stream surface. Because of this hydraulic head, there is a
flow of water through the piezometer as long as the sampling
tube is below the surface of the stream.

Dr, Armstrong measured the hydraulic head on
individual piezometers with a simple manometer. The pattern
of his Srbservations suggested a tendency for the head to increase
in a downstream direction (table 3) , although measures at the
Hatchery Station were "out of sequence". However, analysis of
variance (ANOVA) on this data did not show any significant
station effects unless the negative values (which may have been
erroneous) were eliminated.

For the second kind of measurement, Dr. Armstrong
attached a toy balloon to the sampling tube, submerged the
ballon, and measured the amount of water running through the
piezometer in a given length of time. The measure is related
to the percolation rate described by Coble (1961) and earlier
workers. Coble found it to be useless for explaining the
variance in salmonid egg survival, but it is easily done and,
in the beginning, seemed a useful measure to make.
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Armstrong measures of daily discharge through the
piezometers were not significantly different from one station
to the next. The data is characterized largely by major
variations at the same station.

The third measure of hydraulic characteriestics is
a calculation using the percolation and the manometer data
and some characteristics of the piezometer construction to
calculate a term that Lee and Cherry (1978) named "hydraulic
conductivity"

.

_ q In (L/D + ( Cl + L/D]^)^)

2 L H
c

where

:

= hydraulic conductivity

q = discharge into the ballon (cm^/sec)

L = length of perforated portion of piezometer
tube

D = diameter of piezometer tube

= piezometer head

"Hydraulic conductivity" describes the "apparent velocity" of
water moving through porous material as being proportional to
the head which is causing the movement. When the hydraulic
conductivity is high the water is alleged to move fast without
being pushed very hard, if it is low, even a very high pressure
will cause little movement.

Once again there was considerable variability between
measurements made at the same station and analysis of variance
that did not reveal any significant differences between stations.
The hydraulic conductivities calculated with data from our
measurements are similar to or approaching those normally found
in clean, sandy gravel (Davis and DeWiest, 1966)

.

As his fourth measurement. Dr. Armstrong introduced
salt into standpipes, and measuring the rate at which it
traveled doswnstream to another standpipe fitted with a
milliampmeter measured changes in electrical conductivity.
Deflection of the milliampmeter was recorded at frequent inter-
vals until the effect of the salt was no longer seen. The
distance between the standpipe and the electrode was measured
and this was divided by the length of the time required for the
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salt to travel from the upper to the lower standpipe. The
length of time used was the time lapse from placement of the
salt in the upper standpipe until the needle of the milliamp-
meter reached the maximum deflection.

The measurement of apparent velocity of intragravel
water measured by the flow of salt solutions downstream from
standpipes appeared reasonably rapid (table 4) . Once again
there was great variance between samples.

DISSOLVED OXYGEN CONCENTRATIONS

The samples for DO measurement were taken from the
piezometers by sucking a small amount of water out to clear the
tube and ensure that the sample to be measured was intragravel
and not above gravel water, and then withdrawing intragravel
water from the redd itself into a 30 ml bottle when DO was
measured with a YSI Model 57 probe.

The dissolved oxygen measurements in the redds we
built and in the undisturbed gravel outside of the redds
measured with standpipes, provided much more useful information
than did the measures of intragravel hydraulics. Piezometers
and the standpipes v^ere first buried on December 1, 2, and 3,
1979. Water temperatures at that time ranged between 2 and 3

degrees Centigrade, and DO concentrations were saturated at
between 12 and 13 mdlligrams per liter. Measurements of
dissolved oxygen in these redds were made periodically from
then until June. By that time, some of the nests we built had
been buried by moving cobble and gravel so that measurements
during the winter produced a diminishing amount of data as
spring approached. Even so, changes in dissolved oxygen
concentrations in the simulated nests provided good evidence
that, except for problems of scour, conditions for the hatching
of salmon or steelhead eggs were excellent in the upper river
and probably satisfactory down at least as far as Marengo
(fig. 7)

.

Dissolved oxygen concentrations in the nests at
Camp Wooten did not decline during the two months from when
they were built to early February. At Wooten, all piezometers
but one remained in place until we removed them in June. The
dissolved oxygen concentrations in all of these simulated nests
remained above 8 milligrams per liter for the entire four months.

At the Hatchery Station, dissolved oxygen concentrations
in about half of the nests were reduced by a few milligrams per
liter within the fir;5t two months and one was reduced to
slightly above 5. All of the piezometers remained in place and
none were buried by moving substrate. The DO concentrations
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Table 4. Apparent velocity of the intragravel water as
measured by the flow of salt solutions down-
stream from standpipes (in cm/hr)

.

POWERS RD FLETCHER KROUSE MARENGO HATCHERY WOOTEN

106 448 157 102 46 2743

190 1067 24 80 49 109

57 62 211

8 6

X 148. 414. 90. 81. 102. 1426.

s 59. 4 470 94. 20. 94. 18 63.
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in all but one remained above 7 milligrams per liter through
the last measurements in late May.

At Marengo, the DO in simulated nests dropped
several milligrams per liter during the first two months, but
by the end of May was still close to or above 7, in all but
one nest.

At Krouse Station, dissolved oxygen concentrations
in the nests two months after they were built, varied from
less than 2 to above 12 milligrams per liter. The data
suggests that about half of nests built here would not have
successfully hatched eggs. There is much shifting of the
substrate at Krouse 's during the winter and two of the
piezometers were lost, either washed away or completely
buried under gravel. Only one of the three original nests
remaining at the end of May contained dissolved oxygen
concentrations suitable for salmonid eggs.

At Fletcher's all but one of the simulated nests
suffered a serious decline in dissolved oxygen concentration
to less than 6 milligrams per liter in December and January.
We believe that eggs buried in the gravel there would have
had little chance for survival.

Our attempts to obtain similar information at the
Powers Station failed. Piezometers were washed away or buried
with such regularity that we abandoned the effort.

A second set of piezometers was buried - five at
each of these same stations - between May 30 and June 3, 1980.
A large thunder storm on June 16 buried the nests built at
the Krouse Station and scoured those at the Fletcher's and
Powers Stations away. Because the streamflows were rapidly
declining and water temperatures were rising, efforts to obtain
additional information on intragravel conditions were then
postponed until the following winter.

Between November 18 and 21, 1980, we built five new
simulated nests at four new stations from just above Pataha
Creek to the very lower end of the Tucannon River. These
stations were selected to provide us with additional information
on the lower river where sedimentation appeared to cause low
dissolved oxygen concentrations in the gravel.

The uppermost station was located 600 feet above
Pataha Creek on Blaine Fletcher's Ranch. Dissolved oxygen
concentrations in all five nests built there were at saturation
level when the nests were built and remained so until the last
measurement on December 18, one month later (fig. 8). On
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January 15, all piezometers were washed away in a storm.

Essentially the same conditions applied to the first
station built below Pataha Creek. It was constructed 350 feet
below the mouth of Pataha Creek, also on the Blaine Fletcher's
Ranch. Dissolved oxygen concentrations there remained at near
saturation levels through the last measurement on December' 18
and then the station was washed away. During this month there
was very little flow in Pataha Creek and, therefore, very little
opportunity for Pataha Creek to affect this lower station.

Anticipating the possible loss of this station because
of streambed erosion here, five additional redds were built
500 feet downstream, in a somewhat more protected spot. These
redds were built and piezometers installed in them on December
18. By January 15 a storm had washed away both of the stations
above and immediately below Pataha Creek. Dissolved oxygen
concentrations in four of the five nests of the remaining
station, 350 feet below Pataha Creek, had dropped below 2 mg/1.
The fifth piezometer was so clogged with sediment that it was
impossible to extract a water sample from it.

The five nests built just above Powers Road in mid-
November 1980, suffered a rapid and continuing decline in
dissolved oxygen concentrations from the time thev were
installed in mid-November. Salmonid eggs would not have
hatched here. The substrate in this reach had a very hard
seven inch crust of gravel and fine silt. Below that crust,
the gravel was reasonably soft and loose although very muddy.
Building the nests cleaned the gravel adequately, but within
a month dissolved oxygen levels were 2 mg/1 or less.

The last nests simulated in November 1980 were built
just above the backwater of the lower Monumental Reservoir.
The gravel here was loose and dissolved oxygen concentrations
in them remained surprisingly high. Of all the sites below
Pataha Creek, this is the only one where we would expect
significant survival of salmonid eggs deposited in the gravel
during the winter.

EFFECTS OF REDD BUILDING

During our study, a very large number of dissolved
oxygen measurements were made with standpipes driven into the
stream gravel adjacent to the simulated steelhead nests (fig. 9).
Dissolved oxygen concentrations in such undisturbed gravel
b‘~ar only a slight relationship to those in the nests where
gravel has been excavated, the fines removed, and the depressions
filled with coarse material. Had we used data gathered in
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driven standpipes, we would have concluded that successful egg
incubation was likely only about half of the time at Camp
Wooten, Marengo, and Krouse's, and would rarely have been
successful at the Hatchery Station. Those conclusions would have
obviously been erroneous, because they did not consider the
very great importance of the fish cleaning the gravel during
nest building. The matter has been investigated by many others.
Some of that work is reviewed in Armstrong's Appendix.

Our review of that information and our own investi-
gations lead us to conclude that dissolved oxygen concentrations
subsequent to the construction of nests depend largely upon the
continued exchange of stream water and intragravel water. The
matter can be dramatically demonstrated by injecting dye on
the surface of the bottom several feet upstream from a nest
site prior to its construction and then doing the same after a
nest has been built. To satisfy our curiosity, we did this in
several places. In all cases, the dye released above undis-
turbed sites formed a plume from the tip of the syringe needle,
rose slightly from the needle and rapidly dispersed in a dilute
cloud downstream. The dye traveling over the disturbed gravel
of a newly built redd, behaved very differently. No plume at
all was formed. Instead, the dye rose slightly, then flattened
out horizontally and, in spite of current velocities approaching
2 feet per second, dove into the nest. In some cases, the dye
traveled upstream before entering the nest. It is our opinion
that successful egg incubation will depend upon maintaining this
exchange between surface and intragravel water in the nest.
To the degree that it is prevented by the deposition of fine
material, the intragravel water inside the nest becomes water
exposed to increasing amounts of oxygen demand. Even though
its rate of underground movement through the nest may be
reasonably high, the high dissolved oxygen concentrations
needed for egg incubation are not likely to be sustained.

CAUSES OF DISSOLVED OXYGEN DEFICIENCIES

To obtain additional information about what caused
differences in intragravel dissolved oxygen concentrations,
Ivan Lines, Jr. and Paul Rogers of the USSCS made a number of
additional measurements between March 3 and May 14, 1981.
They established five new sampling stations toward the lower
end of the river where our previous investigations had suggested
there were major differences in intragravel dissolved oxygen.

Their Willow Creek Station was above the influence
of both Willow and Pataha Creeks - both tributaries that supply
large amounts of suspended sediment to the Tucannon River
during heavy runoff periods,. Krouse Station received streamflow
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from Willow Creek, but not from Pataha Creek. Pataha Creek
Station was just downstream from Pataha Creek and received
water from both of these contributing streams. Powers Station
was just above the Powers Road Bridge, where substrate was
heavily consolidated. Tucannon Mouth Station was just above
the back waters of the reservoir, where the gravels were
relatively unembedded by sediment.

In each of these stations, they measured the
intragravel dissolved oxygen concentrations and temperatures
with standpipes driven into the gravel and with minipiezometers
in five simulated salmon nests. Besides measuring the dissolved
oxygen and water temperatures, they retained the water samples
taken from the gravel and made a series of measurements on that
material which we believed might be related to the differences
in dissolved oxygen concentrations. They found, as we did,
that intragravel conditions changed dramatically when nests
were built. The intragravel water samples collected from
simulated nests, had lower conductivity, turbidity, concentra-
tions of both suspended organic and inorganic solids, and
usually lower temperatures (table 5) . The intragravel water
samples collected from the nests had slightly higher
concentrations of nitrates and much greater dissolved oxygen
concentrations than those taken prior to nest building.

The differences are the result of sediment being
washed out of the gravel by stream currents as the nest is
built. The increase in dissolved oxygen concentrations and
the decrease in intragravel water temperatures reflect increased
exchange of intragravel and stream waters long after nest
construction. The increase in nitrate concentrations may mean
that the subterranean water, with a higher source of nitrates,
is entering the nest in significant quantities.

Most of the nests built by Lines and Rogers maintained
adequate oxygen concentrations for steelhead eggs from March 3

through mid-April - a period sufficiently long to successfully
hatch many eggs had they been present (fig. 10). By late April
the DO concentrations in many had dropped low enough to either
kill eggs or fry. Only those at the Willow Creek Station
remained above 7 mm per liter. DO concentrations in all nests
improved by the time equipment and personnel arrived to take
freeze core samples six days to two weeks later. Rogers and
Lines believe that the sudden fall in DO was the result of
a storm in the Willow Creek drainage and an unseasonal hot spell.

The lower two stations of Tucannon Mouth and Powers
had lethal temperature for salmonid eggs in the nests as early
as March 12, 1981. All eggs will die in the nest when temper-
atures exceed 13.9° C. When the nests were monitored on
April 30, 1981, there was an unseasonal warm spell. Paul
Rogers measured air temperature at 33.1° C. and the coolest
nests at Willow Creek at 13.5° C. The Tucannon Mouth nest
temperatures were as high as 20.5° C. (table 6).
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Table 5 . Mean water quality of intragravel water before and after
simulating salmon nests on the Tucannon River. Measurements
made by Lines and Rogers, USSCS, March-May, I98I.

March

3

Prenest

March

3

March

12

March

23

April

7-10

April

30 H
1

VD

l=s

S

Electrical Conductivity (vimho)

Near Mouth 189.8 27.6 41.6 45.4 35.8 81.4 66
Powers 111.6 59.4 44.2 54.6 62.2 68.8 84.4
Below Pataha Cr. 93.2 35.6 58.5 60 93.8 153 167.2
Krouse 35 32 37.4 47.6 38.4 97.6 88.4
Above Willow Ck. 91.8 23.8 42.2 49.4 48 42.4 50

Turbidity (NTU)

Near Mouth 3106 20.8 33 22.6 19.8 2050 293.8
Powers 2920 8.6 198.2 819 85.8 153.2 108
Below Pataha Cr. 3460 27.2 i417.5 1674 3320 3900 4560
Krouse U46o 20.8 236.4 1076 1842 2211 2176
Above Willow Cr. 3460 30.4 180.8 108.2 562.2 29 19

Nitrate (mg/l)

Near Mouth 1 . 8t 4.17 2.57 5.07 2.04 5.00 1.74
Powers 1.87 2.99 2 . 4 o 2.02 3.65 1.98 2.00

Below Pataha Cr. 1.54 2.47 2.28 2.38 2.88 1.76 1.45
Krouse 1.98 2.47 2.60 2.09 2.02 1.90 1.73
Above Willow Cr. 1.28 1.63 1.79 1.92 1.67 2.03 2.54

Suspended Solids (g/l)

Near Mouth 216.36 .54 7.88 .3 .26 35.16 3.1

Power s 205.86 .26 4.28 9.2 1.88 4 2.98
Below Pataha Cr. 267.54 .38 18.5 52.16 67.3 92.08 82.24

Krous e 76.22 1.48 2.7 5.88 9.48 35.36 30.34
Above Willow Cr. 74.66 1.16 1.50 .64 1.88 . 6 .22

Suspended Organic Matter [g/1 )

Near Mouth 6.06 .009 1.11 o^00 .02 1.56 .17

Powers 3.31 .20 .15 .92 .19 .19 .18

Below Pataha Cr

.

3.09 .03 .54 1.28 2 . 4i 3.91 2.51

Krouse .74 .02 .13 .44 .57 2.75 1.30

Above Willow Cr. 3.23 .03 .07 .05 .20 .04 .02



Tatle 5. (continued)

March

3

Prenest

March

3

March

12

March

23

April

7-10

April

30

May

6-1

4

Suspended Inorganic Matter _k/i)

Near Mouth 210.3 1.05 6.77 .29 .24 33.6 2.93
Powers 202.55 .06 U.13 8.28 1.69 3.81 2.80
Below Pataha Cr. 26k. h5 .35 17.96 254.4 64.89 88.17 79.73
Krouse T5.h8 l.h3 2.57 5.44 8.91 32.61 29.04
Above Willow Cr. 71. h3 1.13 1.^3 .59 1. 68 .56 .20

Nest Temperature (° c.)

Near Mouth 8 8.2 12 14 10.8 19.9 13.1
Powers 9.9 9.8 14.U6 13.6 8.5 18.9 12.4
Below Pataha Cr. 6.5 5.8 12.25 11.3 10.6 17.2 11.4
Krouse 8 7.1 9.1 9.3 9.3 15.2 8

Above Willow Cr. 10.5 9.5 6.5 10.2 9.2 13.5 9

1o Ambient CDOH(^)

Near Mouth 59.2 101 97.2 83.6 81 62.4 86.4
Powers 38.2 98.2 94.6 77.2 68 .

6

54.2 . 68.4
Below Pataha Cr. 78.2 98.2 91.25 89.6 88.6 50.8 71.6
Krouse 73 98 97 92.4 70.6 51.2 55.6
Above Willow Cr. 89.6 98 92.8 85.4 84.6 72.4 68
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Table 6. Intragravel temperatures (°C.) from 25 piezomaters
buried in the lower Tucannon River March 1981. Lethal
temperature for salmonid eggs is 13.89°C.

cH 1—

I

CO CO

DATE

3/3/81 3/3/81
3/12/8; 3/23/8;

o
1
—

1

1

c—

CO

o

-ct

H
1

VO

LPi

LOCATION B 1 2 3 1+ 5 6

Tucannon
Piezometer 1 8 8 12.5 13.5 10.5 19.5 13

I! 2 8 8 12.5 lU.5 11.0 20.5 13
ft

3 8 8.5 11.5 1J+.5 11 20.5 13
fT U 8 8 12 lU 11 20.0 13
Tl

5 8 8.5 11.5 13.5 10.5 19.0 13.5
(8) (8.2) (12) ilk) (10.8) (19.9) (13.1) MEAN

Powers
Piezometer 1 10 10 Ik.l 13 9 19 11

n 2 10 10 Ih.l 13 8 19 12.5
M

3 9.5 9.5 lh.5 lU 8.5 19 12.5
!f

1+ 10 10 lh.6 11+.5 8.5 19 13
tf

5 10 9.5 15 13.5 8.5 18.5 13

(9.9) (9.8) (lii.li6) (13.6) (8.5) (18.9) (12. U) MEAN

Pataha
Piezometer 1 6 6 12 11.5 11 18 10.5

tf

2 7 5.5 12 11 10.5 16.5 11.5
1 ?

3 6 5.5 12 11 10.0 18 11.5
ft

k 6.5 6 13 11.5 10.5 16.5 12.0
If

5 7 6 clog. 11.5 11.0 17 11.5
(6.5) (5.8) (12.25) (11.3) (10.6) (17.2) (11.1+) mean

Krouse
Piezometer 1 8 7.5 9.5 9.5 9.5 li+.5 8

ff
2 7.5 5.5 9 9 9.5 lh.5 8

fl

3 8.5 7.5 9 9 9.5 lh.5 8
ff

k 8 7.5 9 9.5 9.5 17.5 8
fl

5 8 7.5 9 9.5 9.5 15 8

(8) (7.1) (9.1) (9.3) (9.5) (15.2) (8) MEAN

Willow Cr.

Piezomet er 1 11.5 9.5 6.5 10.5 9.5 13.5 9
tf

2 12 9.5 6.5 10.5 9.5 13.5 9
ff

3 10 9.5 6.5 10.5 9.0 13.5 9
ff

i+ 9.5 9.5 6.5 9.5 9 13.5 9
ft

5 9.5 9.5 6.5 10 9 13.5 9
(10.5) (9.5) (6.5) (10.2) (9.2) (13.5) (9) MEAN
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Using least squares linear regression, Li assessed
the relationships between ambient dissolved oxygen concentrations
at each station, and other variables that Lines and Rogers had
measured including organic and inorganic sediment. All but
the nitrate concentrations were inversely correlated with DO
(fig. 11). Electrical conductivity, nest temperatures, and
suspended organic solids, together explain 44% of the differences
in percent ambient DO (table 7)

.

FREEZE CORE SAMPLES FROM SIMULATED NESTS AND UNDISTURBED
STREAM BOTTOM

By April 30, 1981, about half of the redds built by
Lines and Rogers in early March had low DO concentrations.
At this time Rogers, and Dr. Ted Bjornn of the University of
Idaho, collected freeze core samples of the bottom from each
simulated nest site. They divided each frozen core into three
subsections; the top 7 inches, a middle 7 inches, and a
bottom 6 inches. These dimensions were chosen because in
the first samples, bands of silt occurred at 7 and 14 inches
below the gravel surface.

These core samples were difficult to take in the
Tucannon River. The fast stream velocities prevented the
surface of 23 of the 32 samples from completely freezing,
despite a protective shroud that quieted the flows around the
sampling apparatus. Varying amounts of samples were therefore
lost from the top sections as the samples were pulled from
the river and often fine particles were washed away.

Rogers noted that all of the samples had a surface
zone that was free of silt and interstitial fines and the
zone of clean gravel that varied from Ih to 7 inches deep.
Below this clean zone the silt appeared to have gradually
accumulated with depth, usually concentrating around 7 inches
below the surface to form a noticeable layer of silt. We
believe this is the result of fast current velocities in the
river keeping the initial layers of gravel clean of fine
sediment. A layer of silt accumulates in the gravel as the
suspended sediment falls into crevices away from the influence
of current. That layer may greatly reduce the interchange of
stream and intragravel water and have a major effect on the
dissolved oxygen concentrations in the bottom of salmon and
steelhead nests in this lower end of the river.

Rogers noted that the middle sections (7 to 14 inches)
in simulated nests usually contain concentrations of silt that
increased with depth and ended with a mixture of silt and small
amounts of sand and gravel. This second band of silt at about
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CONDUCTIVITY (Ec)

&>

|<3

Degrees C.

TURBIDITY (Tu) NITRATES (NO.)

g/l X 100 g/1

Figure 11. Least squares linear regression correlation Between intragravel
DO T aiuBient stream DO x li^O (^DO), and other characteristics of intragravel
water in simulated salmon nests measured with minipiezometers at five stations
in the Tucannon River from early March to mid-April.
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Table 7. Multiple linear regression of suspended organic solids,
nest temperature, and electrical conductivity with
percent ambient dissolved oxygen concentrations from
simulated nests in the lower Tucannon River, March-
May, 1981. Percent ambient (DO) = a + b suspended
organic solids + c nest temperature + d electrical
conductivity.

(intercept w/
DO axis) Slope Slope Slope

STATION R2 a b c d

Suspended
Organic
Solids

Nest
Temperature EC

All Stations . 44 109.31 - .40 -1.36 -.22

Near Mouth . 84 122.52 1.40 -1.79 -.30

Powers . 78 149.49 -2.78 -1.93 -.75

Below Pataha Cr. .89 114.61 -5.52 -1.23 -. 10

Krouse . 87 51.28 -33.05 4.98 .12

Above Willow Cr. . 72 140.53 15.39 -2.40 -.82

35



14 inches was not pressed in the freeze core samples taken from
undisturbed substrate outside of the simulated nests. We
hypothesized that the loose gravel of the nests must allow
further downward migrations of suspended sediments until
they accumulate at the bottom of the nest. Rogers believes
that the small amounts of sand and gravel are stream particles
that were disturbed but not completely cleaned out of the
nests when the piezometers were planted.

The bottom sections of the frozen cores usually
contained moderate amounts of uniformly distributed sand,
gravel, and silt. They were much like the bottom of freeze
core samples taken from outside the nests.

For quantitative analysis Li omitted those samples
that Rogers said had lost a great deal of material during the
freeze coring (table 8)

.

Li used multiple linear regression to correlate
deposited organic matter, percent fines, and concentrations
of suspended organic matter with percent ambient dissolved
oxygen concentration from each redd on the day the freezecore
samples were taken.

The estimates used in this regression were the
following:

Deposited organic matter was the percentage of organic
matter in the sample passing the .074 mm sieve.

Percent fines was the percentages from 0.595 mm size class.

Suspended organic solids was the concentration of organic
solids sucked from the piezometers.

Percent ambient dissolved oxygen concentration was the
quotient of the redd DO divided by the stream DO.

All percentages were Arcsin transformed.

These three factors accounted for 55% of the variance
related to the depression of dissolved oxygen concentrations in
nests in the lower Tucannon River in May 1981. They were all
inversely correlated with percent ambient dissolved oxygen
concentration. Percent fines was most influential, followed
by suspended organic solids, then percent deposited organic
matter (table 9)

.
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Table 8. Size class analysis of freeze core samples from the Tucannon
River, April 1981. Figures are mean percent material smaller
than the named size classes.

STATION redd undisturbed GRAVEL

0.595 inm 1.190 mm 6.35 n 0.595 mm 1.190 mm 6.35 mm n

Near Mouth

Top 7" 3.83 5.76 20.51 3 8.71 10.48 22.64 2

Middle T" 10.11 13.75 35.34 3 12.81 16.78 38.36 2

Total sample 8.04 10.78 30.43 3 11.4 14.58 32.85 2

Powers

Top 7" 4.76 6.06 9.38 4 5.96 8.74 16.45 2

Middle 7" 10.27 13.61 22.86 5 8.23 11.75 26 . 06 2

Total sample 8.85 11.45 19.02 4 6.95 10.33 21.61 2

Below Pataha Cr.

Top 7" 4.05 4.52 6.74 3 5.91 7.44 17.38 2

Middle 7" 10.37 11.88 19.66 5 7.60 8.95 15.83 2

Total sample 7.49 8.52 13.84 3 7.36 8.89 17.20 2

Krouse

Top 7" 6.12 6.68 9.22 5 8.59 11.13 22.13 2

Middle 7" 9.29 12.07 19.34 4 8.72 11.65 21.96 2

Total sample 8.51 10.47 16.84 4 8.71 11.51 22.00 2

Above Willow Cr.

Top 7" 8.32 10 18.96 1 1.23 2.06 11.58 2

Middle 7" 7.12 9.96 22.74 4 4.43 6.51 18.73 2

Total sample 7.35 9.70 22.21 1 3.50 5.21 16.43 2
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Table 9. The multiple linear regression of deposited organic
matter, percent fines less than .595 mm, and suspended
organic solid concentrations with percent ambient
dissolved oxygen concentration from individual nests
in the lower Tucannon River, May 1981,

M O

Weight

sieved

sample

(g)

Organics

(g)

deposited

Percent

organics

deposited

Arcsin

%

organic

deposited

Percent

fines

<.595

nun.

m
0
a
•H

^ i
(d

•rl Lr\
m ON •

0

Suspended

organ!

solids

(g/l)

Percent

amhient

[DO]

Arcsin

%

ambient

[DO]

NEAR MOUTH

Piezometer #2 397. T 5.8 1.U6 6 . 91^ U .85 12.73 .28 107 105.34
Tf U i+71.7 10.61 2.25 8.63 8.26 16.70 .08 87 68.87
M

5 U89.8 15.68 3.20 10.31 11.02 19.39 .37 3U 35.67

POWERS

Piezometer #1 506.2 10.

U

2.05 8.23 8.26 16.70 .25 61 51.25
n

3 U80 15.9 3.31 10. U9 9.10 17.56 .li+ 77 61.34
fi h 530.3 17.11 3.23 10.37 9.35 17.80 .lU 82 64.9
" 5

BELOW PATAHA CR.

501.5 lU.09 2.8l 9.65 8.69 17.15 .07 61 51.34

Piezometer #2 399.9 8.5 2.13 8.39 10.73 19.11 3.06 69 56.17

KROUSE

Piezometer n UlO.6 10.58 2.58 9.26 11.37 19.70 .1 h3 40.98
n

1+ Ul7 9.99 2.U0 8.91 8.81 17.26 1 56 48.45
" 5

ABOVE WILLOW CR.

ii73.7 8.89 1.88 7.87 6.53 1U.80 3.88 56 48.45

Piezometer #1 517.2 9.U8 1.83 7.77 7.35 15.73 .03 6U 53.13

R2 = .55
Percent Amtient [Dissolved oxygen] = 171.^2 - O.Ul percent deposited organic
matter - 6.3^ percent fines - 3.1^ suspended organic matter.
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CHAPTER IV. PERIPHYTON

"Periphyton" is the term describing the community of
algae, fungi, bacteria, protozoa, etc., that grow together
on fixed solid substrate under water. US Soil Conservation
Service staff specifically requested that periphyton be
measured as an index of stream health.

Methods

Dr. Li collected periphyton early in July 1980, and
again in early September 1980, at the five stations along the
Tucannon where our first studies of substrate conditions for
salmonid egg hatching were conducted. He collected periphyton
from 3 or 4 rocks in moderate current that were fully exposed
to the sun. He scribed a 1.5" circle on each rock using a pipe
as a pattern and removed the periphyton from the circled
surface using a coarse bristle artists brush. The periphyton
from one-half of each circle was placed in a labeled 7 dram
snap cap vial filled with stream water, and immediately placed
into a light tight ice chest. The samples were analyzed for
chlorophyll content, ash-free weight, and dry weight in
Dr. Michael Falter 's laboratory at the University of Idaho.
The time between collection and analysis was always less than
24 hours.

One half of each sample was used for chlorophyll
analysis, and the other was for ash-free weight analysis.
Chlorophyll concentrations were measured with a Bausch and
Lomb Spectronic 70 Spectrophotometer.

To extract the chlorophyll from the sample. Dr. Li
macerated the filamentous and leafy samples using a tissue
homogenizer (Virtis 45) and filtered the samples under vacuum
pressure (under 10 psi) using 0.45 pm pore size Millipore
filters. Both filters and samples were placed in a centrifuge
tube, where 10 ml of 90% acetone dissolved the filter and began
extracting the chlorophyll. The samples were placed overnight
in a refrigerator to complete the extraction process.

The next morning, each sample was centrifuged to
minimize the turbidity (a source of error in the analysis)

,

then placed into a cuvette (1 cm light-path) . Dr. Li tried
to minimize exposing the samples to light because chlorophyll
is subject to bleaching. To estimate chlorophyll content, he
measured the optical densities of each sample using both the
trichromatic method of Richards and Thompson (1952) and the
phaeophytin corrected method of Lorenzen (1967). In each
case, the samples were compared with an identical cuvette
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filled only with 90% acetone.

To determine dry weight, ash weight, and ash-free
weight. Dr. Li weighted the samples using an analytical beam
balance (Mettler HlOw) before and after drying and ashing
procedures

.

Dry weight is the weight of the sample after all the
water has been removed with an oven (105° C. for at least 20
hours) . Ash weight is the weight of the sample after the
organic matter was vaporized in a muffle furnace (500° C. for
one hour) . The ash-free weight was corrected for carbonate
loss and is an estimate of organic content (EPA, 1973)

.

Dr. Li collected three samples of periphyton at each
of these stations in July and four samples per station in
September. At both times periphyton was abundant everywhere
(table 10) . Concentrations exceeded those that other investi-
gators have found in the Logan River, Utah and in a soft water
stream, Bere Stream, in England, and were similar to those
grown under controlled conditions in Oregon (table 10)

.

Table 10. The concentration of periphyton in the Tucannon River
compared with other aquatic environments.

DRY WEIGHT Chlorophyll A

LOCATION ( g/m2

)

(mg/m 2

)

SOURCE

Tucannon River, WA 63-128 13-36.43 (this study)

Logan River, UT 25 300 McConnell &

Sigler, 1958

Bere Stream, England 12-15 50-75 Marker, 1976

Laboratory stream, OR 55-110 195-380 Mclntire, 1966*

* Estimated from figures in text.

Mean biomass of periphyton doubled between July and
September (fig. 12). The July mean was 63 g/m^ , while September's
collection averaged over 128 g/m^. Three stations contributed
to this doubling—Hatchery, Marengo, and Fletcher. Periphyton
at Wooten increased only slightly and at Krouse's periphyton
decreased between sampling periods.

Mean chlorophyll a concentrations in the Tucannon
Ri^^er periphyton samples doubled from July to September.
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<gm/m

Figure 12. Mean concentration of periphyton at five stations in
the Tucannon River in July and September, 1980.
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Concentrations seemed low. They were exceeded by samples from
the Logan River, Utah, Bere Stream, England, and laboratory
streams in Oregon (table 10) .

The chlorophyll content of periphyton expressed as
the ratio between total organic weight and chlorophyll a has
been suggested as an index of stream "health" or "physiological
condition" (Weber, 1973) . We calculated "autotrophic indexes"
(AI) on the samples collected from the Tucannon River where:

- ^sh=free weight (mg/m^ )

~~ chlorophyll (mg/m^

)

The mean autotrophic index increased from 1288 in
July to 1614 in September (table 11)

.

Table 11. Autotrophic indexes for Tucannon River, 1980.

STATION RIVER MILE JULY SEPTEMBER

Wooten 42.5 846 2846

Hatchery 36.0 3644 1219

Marengo 25.3 901 713

Krouse 12.5 961 1956

Fletcher 23 90 1337

1288 1614

Autotrophic indexes were originally used by ocean-
ographers to assess the condition of marine plankton by
measuring the organic matter and chlorophyll in marine seston.
The Environmental Protection Agency (EPA) adapted the AI for
use in the federal water pollution control program as a measure
of changes in plankton and periphyton species composition that
may be related to water quality. The idea was that polluted
water would encourage ^more heterotrophic organisms and thus
have higher AI values‘-^ (Weber, 1973).

We find the autotrophic indexes for the Tucannon River
difficult to interpret. They may indicate that the river is
relatively heterotrophic. Many low order streams are, of course.

/I Higher AI actually indicates less autotrophy and more
heterotrophy

.
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heterotrophic and depend upon allochthonous material for
energy to drive their biological production (e.g., Cummins,
1973; Minshall, 1967; Nelson and Scott, 1962).

On the other hand, a high AI may also be indicating
the seasonal senescence of the periphton community. Contrib-
uting to our high AIs were the high percentages of phaeopigment
in each sample (fig. 13) . It made up 63-86% of the total
pigment in July and 30-70% of the pigment in September.
Phaeopigment (Phaeophytin) is nonphotosynthetic or degraded
chlorophyll. Large concentrations such as we found suggest
that the periphyton community may be senescent. Dr. Stanley
V. Gregory of Oregon State University, has found sensescent
periphyton communities in midsummer to late autumn in Oregon
Cascade streams. Since the source of the phaeopigment can be
either dead periphyton or allochthonous material like leaf
litter, senescence cannot be assumed. We suspect, however,
that it is the cause of high AI in the Tucannon River and that
it is not an unnatural phenomenon.

We suggest that the autotrophic index has little
value for comparing different bodies of water. The assumption
that all or even most plankton and periphyton communities are
dominated by algae is questionable. Its use as an index of
pollution assumes erroneously that nonphotosynthetic organisms
such as bacteria, yeast and molds, and protozoa--which are part
of the periphyton community, reduce water quality. While
organic pollution can increase populations of these organisms,
their abundance does not necessarily indicate pollution.
These organisms serve essential roles in colonizing
allochthonous detritus and in breaking it down. The aquatic
invertebrates that function as shredders of allochthonous
material are nutritionally dependent upon them in the same
manner that cows need microflora (Cummins, 1974).

Percent organic matter is probably a more useful
measure in our case. Periphyton collected from the Krouse and
Fletcher Stations in July contained much lower percentages of
organic matter than periphyton collected at upstream stations
(table 12) . We believe this was probably because of their
exposure to Willow Creek and Pataha Creek that periodically
discharge large amounts of fine sediment into the Tucannon River.
Such sediment is entrapped in periphyton and would reduce its
organic content. It may also reduce its health or palatibility
to insects and other invertebrates. The differences that were
obvious in July had disappeared by September.
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Figure 13. Concentration of pigment in July and September
periphyton samples.
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Table 12. Percentage of organic matter* in July and
September periphyton samples.

STATION JULY SEPTEMBER

mean
percent
organic

(%)

mean
density
(g/m2)

mean
percent
organic

(%)

mean
density
(g/m2)

Wooten 66.24 74 . 50 39.06 38.65

Hatchery 59.53 18.42 46.58 90.09

Marengo 46.76 8.86 49.97 44.07

Krouse 7.25 7.55 31.84 30.58

Fletcher 11.79 3.51 21.47 39.12

* Ash-free weight/dry weight
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CHAPTER V. AQUATIC INVERTEBRATES

We collected benthic samples during late June and
early to mid-July, and again in early September, at the five
stations along the Tucannon where measures had been made of
how substrate conditions were affecting salmonid egg hatching
and where periphyton samples were collected. The only usable
information came from collections made with a Surber sampler
with a mesh size of 0.8 mm. Our efforts to provide better
information with basket samplers similar to those Coleman and
Hynes (1970) buried and retrieved following colonization,
failed. Some of these samplers were washed away or buried in
sediment and gravel during storms. And as we continued to work
with those samplers not lost, it became obvious that conditions
within them were very different than in the surrounding substrate.
We ultimately decided to not use the little information
collected with them.

The June Surber samples collected at Wooten and the
Hatchery sites with the Surber sampler, were hand sorted by
Dr. Li on the stream bank, but all others were sorted later in
our laboratory by students working under the direction of
W. C. Fields, Jr., of Hydrozoology. Mr. Fields made all of the
identifications and counts (table 14) and retains the collection
for future reference.

Dr. Li collected 12 Surber samples at each of the five
stations in June or July and three per station in September.
Counts of the June/July collections were evidence that about
70% of the total number of species found in 12 Surber samples
were found in the first three (table 13).

Table 13. Numbers of species collected in 12 and in 3 Surber
samples during June and July, 1980, Tucannon River.

STATION
MILES FROM

MOUTH
SPECIES IN
12 SAMPLES

SPECIES IN
3 SAMPLES

PERCENTAGE
CAUGHT IN
3 SAMPLES

Wooten 42.5 59 40 67.80

Hatchery 36.0 48 32 66.67

Marengo 25.3 61 44 73.13

Krouse 12.5 47 36 76.60

Fletcher 2.3 49 34 69.30

COLLECTION MEAN 70.70

46



Table 14. Tucannon River benthos, June, July, and September,
1980. Numbers are total organisms collected.
Feeding habits are listed as: shredders (Sh)

;

scrapers (S) ; collector-gatherers (C-G) ; filter
feeders (F)

;
predators (P) ; microfilter feeder (MF)

;

micropredator (MP) ; collector-microgatherer (C-G)

;

nonfeeder (NF) ; or unknown (U)

.
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TOTAL POPULATION

The total numbers and weight of invertebrates per
square foot of bottom in the Tucannon River compares favorably
with most other streams where comparable data has been gathered
(table 16) . We removed all caddisfly larva from their cases
before measuring volumes and converting to weight but do not
know if that was done with the collections from elsewhere.

The number of invertebrates per square foot increased
in a normal fashion during the summer at every station except
Krouse's where it fell (fig. 14). The biomass also increased
everywhere except at Krouse's and at Fletcher's, where it
remained about the same. We do not have any explanation for
the lack of an increase at Krouse's, other than that the
substrate there was more mobile and continued shifting even
at relatively low flows. The failure of the biomass at
Fletcher's Station to increase was because the relatively
large baetid mayfly Baeti s tricaudatis captured in such large
numbers in July, had grecitly declined in abundance by the
September sampling.

The Tucannon River invertebrate fauna had a high
diversity at all stations and during both sampling periods
(table 15)

.

Table 15. Number of invertebrate species collected at five
stations along the Tucannon River in 1980.

JUNE - JULY - 12 SURBER SAMPLES

Wooten Hatchery Marengo Krouse Fletcher Totals

TOTAL SPECIES 59 48 61 47 49 112

Insect species 52 41 55 41 42 96

Other species 7 7 6 6 7 16

SEPTEMBER - 3 SURBER SAMPLES

TOTAL SPECIES 75 59 55 14 51 119

Insect species 61 51 50 12 47 100

Other species 14 8 5 2 4 19
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Table 16. Comparison of total number and wet weight of benthic
invertebrates in the Tucannon and other rivers.

Numbers/sq. foot Grams/sq. foot
RIVER JULY Sept . Summer average: Reference

Tucannon River 92 375 1.72^^ (Kelley & Assoc. 81)

West Creek, Quebec 289 — 1.03 (Mackay & Kalff, 69)

Oswegatechie R. , NY — — 0.67 (Pate, 32)

Black River, NY — — 1.02 II

Big Springs, VA — — 5.05 (Surber, 37)

Firehole R. , Wyoming 113 — 0. 92 (Armitage, 58)

Afon Hernaut, Wales — — 0. 28 (Hynes, 61)

Doc Run, Kentucky 263 — 1.06 (Minkley, 63)

River Endrich, Scot. 2508 — 1.49 (Maitland, 66)

Convict Cr. , CA 136 151 0.81 (Kennedy, 67)

Control Cr. , Idaho 111 107 — (Hart & Brusven, 76)

Cabin Cr. , Idaho 88 244 — II

Ditch Cr. , Idaho 57 97 — II

Eggers Cr. , Idaho 7 3 154 — II

D Creek, Idaho 5 4 105 — It

C Creek, Idaho 84 123 — II

Silver Creek, Idaho 9 8 183 ---- It

White River and War II

Eagle Cr. , Arkansas 653 320 — (Aggus & Warren, 65)

Old Field, NC 113 — — (Woodall & Wallace72)

Hardwood, NC 75 — — II

White Pine, NC 66 — — II

Coppia, NC 73 — — II

/I Caddisfly cases removed.
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Figure 14. Total numbers and wet v/eight of aquatic invertebrates
per square foot of the Tucannon River bottom, summer and fall,
1980.
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Fields identified 149 species of invertebrates from
these samples and, except that stone flies were relatively
scarce, the fauna is what we would have expected to find here.
About one-third of the species were found only at a single
station. Only 19% were found at both the most upstream and
downstream stations, Wooten and Fletcher.

INTERPRETATION OF INVERTEBRATE COLLECTION

Over the years, many attempts have been made to
assess the meaning of data from invertebrate collections. It
is easy to collect a very large amount of benthic organisms,
harder to properly identify them, and very difficult to interpret
the data and relate it to ecological conditions, fish growth,
etc

.

We like the approach of Cummins (1974) , and others
who have assessed the benthic fauna in terms of how the differ-
ent species feed and what they eat. Cummins uses four major
categories— shredders, collectors, scrapers, and predators.
We added a category of nonfeeding adults and/or pupa as
nonfeeders, and Fields classified our benthic collections
according to their food habits.

Our divisions of the invertebrates based on their
food habits is, of course, only as good as our assessment of
what they eat. Unfortunately, there is not a lot of information
available on this and, of course, many eat several different
kinds of food. For example, the caddisfly larva Brachycentrus
americanus will scrape periphyton off the rocks, but will also
use the setae (hairs, oh their legs) to filter organic particles
out of the current.

/
They are scrapers and filterers (collectors

in Cummins system) at the same time. For such opportunistic
gourmands, we divided their numbers equally into the different
categories for which they qualified.

Shredders

Shredders feed on coarse particulate organic matter
(CPOM) which is defined as organic particles greater than 1 mm.
in diameter. CPOM is represented in the stream by leaves
and conifer needles, twigs, branches, bark, nuts, fruits, and
flowers

.

The numbers of shredders showed a striking decline
from the uppermost to the lower stations (fig. 12) probably
reflecting the reduced amount of CPOM in the stream as it moves
from the forest to the farmland. The principal shredder was the
caddisfly larva Lepidostoma sp.
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Collectors

Collectors feed on fine particulate organic matter
(FPOM) which is defined as organic particles smaller than 1 mm.
in diameter. Collectors usually feed on material that has been
broken down by shredders, or on FPOM from other sources being
carried by the stream. Fields divides this group into four
subgroups based upon size and manner of collecting FPOM.
His groups are; collector/gatherer, collector/microgatherer,
filterer, and microfilterer . Filterers collect FPOM from
either structures on their bodies or by silken nets that they
weave. Collector/gatherers are more generalized. The principal
collector/gatherers were the baetid and ephemerellid mayflies,
various web spinning caddisflies, and several species of
chironomids and oligochaetes that collect and gather finer
organic material. Collector/gatherers made up 45-90% of the
benthic invertebrates in our collection and were especially
abundant in the lower river (fig. 15).

Scrapers

Scrapers are animals especially adapted for removing
attached algae (periphyton) from the exposed surfaces. In
general, they were the second most abundant trophic level in
the Tucannon River and, like shredders, were much more abundant
in the upper three stations than in the lower two.

We found no relationship at all between the numbers
of scrapers or the percentage of them in the invertebrate
population and total periphyton at the various stations, but
a definite relationship between the abundance of scrapers and
the percent of periphyton which was organic matter (table 17)

.

Table 17. Comparison of organic composition of periphyton and
percent invertebrate population that were scrapers,
Tucannon River 1980.

MEAN % ORGANIC INVERTEBRATES WITH

STATION AND SAMPLE MATTER OF PERIPHYTON SCRAPING FEEDING HABITS

JULY Wooten 64.24 16.53
Hatchery 66.43 25.08
Marengo 46.76 22.27
Krouse 7.25 3.42
Fletcher 11.79 3.30

SEPT. Wooten 39.06 11.67
Hatchery 46.58 21.28
Marengo 49.97 33.98
Krouse 31.84 4.76
Fletcher 21.47 6.80
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v/ere assigned to food habit categories by W. C. Fields of
Hydrozoology, based on Merritt and Cummins (1978) and other
sources

.
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The principal scrapers were several species of mayflies
and elmid beetles. All collect and gather material as well as
scraping it from the rocks.

Predators

Predators eat other animals. Fields divides this
group based on size, calling the small organisms, micropredators.
Predators were never abundant at any station. Most were
stoneflies which seemed scattered in small numbers throughout
the river. A larger percentage of invertebrates in the June
collections were predators, primarily because those collections
contained large numbers of the snipe fly larva Atherix variegata ,

and an unidentified horsefly larva. The numbers of those two
insects were much less when Dr. Li sampled again in September.

CONCLUSIONS ABOUT INVERTEBRATES

Except for the scarcity of snails and stoneflies, we
found little unusual in the collections. We collected no
snails and only a single limpid. Snails are scrapers and are
strongly associated with periphyton. W. C. Fields hypothesizes
that the high stream velocities and, possibly, fine sediment
may constrain snail populations.

The role of the snail has been taken by the larvae of
the caddisfly Helicopsyche borealis at Marengo. This caddisfly
larva looks like a snail and eats like a snail, but is able
to use its claws to cling to rough or sediment covered substrates
in fast flows where snails cannot go.

Stoneflies were probably discouraged by the high water
temperatures

.

Analysis of stream benthic populations based on feeding
habitat is relatively new and we were unable to find much data
from other streams. The population of shredders we found on
the Tucannon River was similar to Minshall's (1981) findings
on Mink Creek, a small, hardwater, third order stream, in Idaho,
but differed from those found by Anderson and Sedell (1979) on
a smaller third order stream in Oregon (table 18) . This is
probably because the amount of CPOM in Mink Creek was more
similar to the Tucannon. Third order, or heavily forested,
streams usually obtain most of their energy from leaf fall and
need large numbers of shredders to begin the process. In the
Tucannon, shredders decreased and collectors increased in the
downstream direction as expected with the decomposition of CPOM
to FPOM.
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Table 18. Comparative food habits of aquatic invertebrate
communities in the Tucannon River, 1980, and two
other streams. Figures are percent of total
population

.

LOCATION Shredder Scraper Collector Predator Other SOURCE

Tucannon River,
July

WA
1.68 14.42 72.85 5.53 5.52

This study

Sept 7.20 17.09 66.54 2.55 6.62

Mink Cr.

,

ID
1968-1969 1.70 41.80 50.40 5.30 . 9

Minshall ,

'

1969-1970 2.60 32.80 59.70 2.80 2.2

3rd Order
stream, OR 25 25 40 10 Anderson &

Sedell, 1979

Collector/gatherers made up a higher proportion of
the Tucannon River population primarily because of the lack of
scrapers there. We found scrapers abundant upstream, but
greatly reduced in the lower two stations where periphyton had
a low organic content. That may be the result of outflows from
Willow Creek and Pataha Creek, both of which flow through areas
of farmed hillsides. The high level of inorganics would be
abrasive to scraper's mouth parts, and may make the periphyton
unpalatable. The sediment from the Willow Creek flash flood in
June reduced the numbers and diversity of aquatic invertebrates
at Krouse.

Comparison with invertebrate populations elsewhere
suggests that there are enough invertebrates to provide an
abundant food supply for young fish. The biovolumes were
exceptionally high.
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CHAPTER VI. FISHES

Fish populations were sampled, first with a backpack
shocker to find what species were living in various reaches of
the Tucannon River, and then with a more powerful shocker to
make the population estimates needed to calibrate our assessments
of the quantity and quality of juvenile salmonid rearing habitat.
With the backpack shocker, Dr. Li and others sampled small side
channels and edges of the main stream in 19 areas spread from
above Camp Wooten to below Fletchers. This sampling extended
from mid-July to mid-September, but most was completed by mid-
August.

Both young-of-the-year and yearling steelhead (or
rainbow trout) and young-of-the-year chinook salmon were common
in such habitat down to the Marengo reach, but we were able to
collect only a few below Marengo. At Marengo, we found young-
of-the-year steelhead but no yearlings and no salmon. Even
young-of-the-year steelhead became difficult to locate as water
temperatures rose in August. Because of this we selected 10
reaches upstream, where high water temperature was not a problem,
to make the population estimates needed for calibration of our
river-long assessments of physical habitat.

The reconnaissance level backpack shocking led us to
conclude that sculpins were abundant in the upper river, and
that below Marengo they were gradually replaced with speckled
and longnosed dace, squawfish, and suckers. In the lower river
at Fletcher's, we also found chiselmouth.

Between August 25 and 29, with help from the USCS
and University of Idaho staffs, we estimated the fish populations
of two pools, four glides, and four riffles in the Wooten and
Hatchery area. The estimates were based on diminishing catches
of each species from three (in one case, two) passes of a
larger electrofishing unit. The lower end of each segment to
be measured was blocked with a one-quarter inch mesh net whose
bottom was carefully embedded in the cobble substrate and whose
top was hung above the stream on concrete reinforcement rods
driven into the stream at about 10 foot intervals. The upstream
end of each segment sampled was always a very swift riffle
where it was not possible to maintain a net. We relied on high
current velocities (about 5 fps and above) to prevent signifi-
cant numbers of fish escaping upstream. Observers at these
upper borders were unable to ever see any escaping fishes.

Each collecting pass began at the downstream net.
xhe reach was systematically sampled in an upstream direction
to the upper end and then down again to the block net. Catch
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from the up and downstream run was lumped together as a single
pass sample.

The generator and shocking unit were towed along in
a boat from which hung a cable cathode. Fish collection required
two individuals with dip nets that were anodes, backed up by
two other individuals with dip nets that were anodes, backed
up by two other individuals with unwired dip nets. After
each pass, the downstream block net was cleaned of both fish
and debris. Many of the fish were captured unconscious in the
block net.

Following each pass, the collected fish were
tranquilized with MS222, counted, and their total lengths
measured. Biomass was estimated by measuring the volume of
water displaced by a representative number of each species in
a 1000 ml beaker and multiplying the mean biomass by the
total numbers of that species estimated to be in the population.

Collection was efficient enough so that catches of
the more abundant fishes diminished quickly with the three
successive passes. We used the data from the diminishing
catch to estimate population with the linear regression
technique of Hayne (1949). Population estimates of young-of-
the-year steelhead, of yearling steelhead and chinook salmon,
and sculpins, rarely had values less than 0.5 and usually
above 0.7.

We caught 12 species, 7 of which were common, during
our electrofishing program in August. Salmonids constituted
43% of the biomass. The bulk of the remainder were sculpin
and dace. The total fish biomass was high, ranging from 155
to 783 kg/hectare. The highest biomass was in pools.

Pools held more fish and more species than riffles.
Riffles held fewer species and carried less biomass, while
glides were intennediate to pools and riffles (fig. 16).

The following account by species of the fishes in
the Tucannon River is based on all of our sampling, other
observations, and discussions with local residents and others.

LAMPREYS

Pacific lamprey, Entosphenus tridentatus , ammocoetes
were caught in quiet backwater areas that were covered with
silt. They were found in the lower zone of the river (Fletcher's)
to as far upstream as a pool by the Tucannon Campground (highest
reach sampled) . They were not caught in great numbers anywhere.

71



BIOMASS

(Kg/HA)

Figure 16. Population of fish in 4 riffles, 4 glides, and 2 pools of the
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MOUNTAIN WHITEFISH

Whitefish, Prosopium williamsoni , were caught from
Marengo upstream to pool W near Watson Lake. We did not catch
enough of them to define preferred habitat.

STEELHEAD

Both steelhead and resident rainbow trout, Salmo
gairdneri live in the Tucannon River. We could not distinguish
the two and will refer to all S. gairdneri as steelhead. The
adult steelhead enter the Tucannon River from October until
March, and commence spawning around April 1. The eggs and fry
develop in the gravel from early April until early July.

We found young-of-the-year and yearlings abundant in
the upstream reaches of the Tucannon River during the summer
of 1980—good evidence that large numbers of juveniles remain
there for their first two years of life. During July and
August, the young-of-the-year steelhead ranging from 32 to
87 mm. total length were abundant in most habitats we sampled
down to and including the Marengo Station (fig. 17).

Yearling steelhead, ranging from 9 to about 15 cm
were abundant downstream to about Bridge 14, in waters a foot
or more deep and where current velocities were less than about
3 feet per second (fig. 18)

,

We caught no yearling steelhead in the Marengo area
or below there, however. Late summer water temperatures
probably drive the young-of-the-year out of the river below
about Bridge 14, and they never return to reach yearling size
there

.

The size of both young-of-the-year and yearling
steelhead from the Tucannon compares favorably with that of
similar aged steelhead and rainbow from other streams listed
in Carlander (1969).

The Washington Department of Game plants young-of-
the-year steelhead in the Tucannon River. A large plant was
made near the fish hatchery shortly before we began the
electrofishing. We believe that these fish cause the small
75-80 mm. mode in the young-of-the-year length frequency
diagram.

Large catchable size rainbow are also planted for
anglers, but most are put into a series of ponds along the river.
We caught few steelhead larger than yearling size.

We saw few adult steelhead in the Tucannon, although
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Figure 17. Length frequency of young-of-the-year steelhead
from the Tucannon River, July and August, 1980.
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Figure 18. Length frequency of yearlings and older steelhead
and rainbovv' trout collected by electrofishing from the
Tucannon River in July-August', 1980 . Most were collected
near the Hatchery and Camp V^ooten sites.
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we made no special search for them. Most probably migrate to
the upper reaches and tributaries to spawn. We did witness
some spawning as far downstream as Krouse's.

Washington Department of Game punch card returns
indicate that the annual catch of adult steelhead ranged from
less than a hundred to slightly over 700 adults until the
fishery was closed in 1974 (table 19)

.

DOLLY VARDEN

A few small Dolly Varden, Salvelinus malma , were
caught near the Hatchery in early June and in the riffles and
runs near Watson Lake in late August. They are occasionally
taken by anglers.

BROOK TROUT

Brook trout, Salvelinus fontinalis , were planted in
1951 and 1952 by the Tucannon Hatchery. We did not catch any
during our study period,

PINK SALMON

Pink salmon, Oncorhynchus gorbuscha , were found by
Lyle Gilbreath, NMFS , in the lower Tucannon River near Starbuck
in the fall of 1975. It is not clear where these fish came
from or whether they spawned (Basham & Gilbreath, 1978)

.

COHO SALMON

Coho salmon Oncorhynchus kisutch were last seen in
the river in 1955 by local residents and WDF&G personnel.

CHINOOK SALMON

The Chinook salmon Oncorhynchus tshawytscha we caught
were spring run fish. The adults enter the Tucannon River from
April until June, migrate to the upper reaches of the river,
and spawn in mid-August. Spawning season lasts for two or
three weeks and usually peaks in early September. The eggs
and fry develop in the gravel from mid-August until mid-
February (Simons, 1971). The Game Department found that most
young salmon spend only one summer in the Tucannon before
migrating to the ocean (Washington Departments of Fisheries
and Game, 1961) . They smolt from early April to early June in
their second spring. We found only a few that might have been
in their second summer (fig. 19).

Most spawn upstream from Camp Wooten and we saw only

76



Table

19.

Catch

of

steelhead

on

the

Tucannon

River

reported

by

punchcards

(Washington

Department

of

Game

data)

.

u
(D

I—

I

c
(T3

rd

-P
td

Q

U
Q (d

C u
w r:
m o
P] G
w P
W fXi

W G
O
G
G
rd

O
P

CO
00 -sj’

I—

I

CN
CTi CM V£> fvj CTi

00 IT) ^ 00 VD CN
(—I CN I—

1

p
o
p CN m LT) CD CO <7C o 1—

i

CN 00
p CD CD CD CD CD CD CD

S
1 1 1 1 1 1 1 1 , 1 1 1 1

1

1
—

1 CN 00 LO CD r' 00 (Ti o 1
—

1 CN 00
u CO CD CD CD CD CD CD CD CD P'
(D C?i CTi on CTi (Ti CJC CTi Ch CTi C7C <JC CTi (T\

Q i—

1

1
—

1 1

—
1 pH pH 1

—
1 1

—
1 1

—
1 1

—
1 1

—
1 1

—
1 1

—
1 1

—
1

-p

p
Q
Ti
u

Q P
C u
w r;
K U
iP G
H P LO 00 CTi 1

1 CN UO CD 00 CJC CM CD —

1

W P IT) 00 LD CD oo CO
Eh 00 UO CN 1—

1

1—

1

CO 00 CN
cn G

o
G
G
P
O
P
P

p
u
p 00 CT o 1—

1

CN 00 UO CD 00 CT o
p 'CJ' in m UO UO UO UO UO UO UO UO CD

s
1 1 1 1 1 , 1 1 1 , 1 1 ,

1

O' 00 CT o pH CN oo UO CD 00 CT
u 'S’ UO UO UO UO UO UO UO UO UO UO

0 CTi CT CT CT (T CT CT CT CO CO CO oo CT
o pH 1—

1

1—

1

1—

1

pH 1—

1

1—

1

rH pH c—

1

1—

1

1—

1

1—

1

77

1960



78

Figure

19.

Length

frequency

of

Chinook

salmon

collected

by

electrofishing

in

the

Tucannon

River

in

1980.

Most

v;ere

taken

in

the

Hatchery

and

Camp

Wooten

areas.



a few adult salmon in the river. The Washington Department
of Fisheries has counted salmon nests in a 3-mile reach
between Camp Wooten and Panjab Creek each year since 1957.
This reach is considered to be the best chinook spawning
habitat. The number of nests counted here each year has
varied from 6 to 127 (table 20)

.

The Department has also
estimated annual angler catch ranging from less than 100 to
almost 1000 fish (table 21) . Emergency closures of the
fishery because of poor upriver runs have resulted in no
documented records of catch on the Tucannon since 1974.

The Washington Department of Game has noted that the
Tucannon once had a fall run of chinook (Simons, 1971).
Department biologists report that this run disappeared prior
to 1960 (Washington Departments of Fisheries and Game, 1961)

.

Lyle Gilbreadth, NMFS, found fall run chinook spawning in
reaches between the delta and Starbuck in the fall of 1975.
We surveyed the river in November and December, 1980 for these
fall run fish, but found no salmon. Local citizens reported
that salmon had spawned there. We found signs of recent
digging in the relatively loose gravel of the very lower end
of the river.

CARP

We saw large numbers of adult carp, Cyprinus carpio ,

throughout our fieldwork below the Fletcher diversion dam and
in the river downstream to its mouth. The dam apparently
prevents their further upstream movement.

CHISELMOUTH

We caught chiselmouth, Acrocheilus alutaceus , only
below the Fletcher diversion dam. Their upstream movement may
also be blocked by that dam.

REDSIDE SHINER

We caught redside shiner, Richardsonious balteatus ,

from Fletcher's Ranch upstream to reaches near Watson Lake.
They were never abundant anywhere we sampled.

LONGNOSE DACE

We found the longnose dace, Rhinichthys cataractae , to
be common in riffles from Fletcher's Ranch upstream to reaches
near Watson Lake. They seemed well adapted to the faster water.

SPECKLED DACE

We caught the speckled dace Rhinichthys osculus in
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Table 20. Number of Chinook salmon nests counted in a 3 mile
reach of the Tucannon River from Cow Camp to 1 mile
below Camp Wooten (Washington Department of Fisheries 1980)

.

Year
Redd
count Year

Redd
count Year

Redd
count Year

Redd
count

1957 127 1963 21 1969 61 1975 37
1958 54 1964 61 1970 62 1976 13
1959 27 1965 24 1971 6 1977 19
1960 42 1966 65 1972 23 1978 —
1961 102 1967 40 1973 24 1979 —
1962 52 1968 18 1974 18 1980 46

Table 21. Tucannon River salmon catch from punch card reports
(Washington Department of Fisheries)

.

Year Feb Mar Apr May Jun Jul Aug Sep Oct Nov Total

1964 95 258 2 355
1965 91 268 359
1966 565 389 9 3 966
1967 189 139 328
1968 2 66 52 2 2 124
1969 60 402 462
1970 161 104 4 4 18 301
1971 7 61 5 2 2 77
1972 51 118 169
1973 60 89 160
1974
1975
1976
1977 3 3
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riffles and more quiet water everywhere we sampled in the river.
They were more abundant in the river from Marengo downstream.

NORTHERN SQUAWFISH

We caught squawfish, Ptychocheilus oregonensis, in
sheltered areas from Fletcher's Ranch upstream to near Watson
Lake. Only a few large fish were caught in the upper reaches.
Smaller fish were caught in the lower reaches. They were seen
in large numbers between Marengo and Robertson's Bridge, and
many were caught at the Marengo Station.

BRIDGELIP SUCKER

We caught a few bridgelip suckers, Catostomus
columbianus , at Fletcher's and assumed those we caught at most
stations upstream were the same species.

LONGNOSE SUCKER

A single specimen of the longnose sucker, Catostomus
catostomus , was tentatively identified from the Deer Lake side
channel

.

CHANNEL CATFISH

Local citizens reported channel catfish, Ictalurus
punctatus , were caught from the Starbuck Bridge pool. We did
not catch any during the study period.

SMALLMOUTH BASS

Local citizens reported smallmouth bass, Micropterus
dolomieui , as far upstream as Starbuck Bridge pool. We seined
a few in the Tucannon Delta.

PIUTE SCULPIN
MARGINED SCULPIN

Both Piute sculpin, Cottus beldingi , and margined
sculpin, C. marginatus , were caught in a wide variety of water
types from pools and glides to very fast riffles. They were
abundant as far downstream as Marengo Station. From the
random collection of specimens, it appears that the Piute
sculpin outnumbers the margined sculpin.
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CHAPTER VII. SALMONID REARING HABITAT

METHOD

During the summer of 1980, we measured the quantity
and quality of hcibitat suitable for the rearing of juvenile
salmonids in the Tucannon River from Sheep Creek to its mouth.
Dr. Li measured and graded each riffle, glide, and pool in the
18 representative reaches as either zero, poor, fair, good,
or excellent juvenile salmonid habitat. The grade assigned
each pool, riffle, and glide was based on Dr. Li's opinion
of how the variables of current velocity, substrate, depth,
instream cover, and shade, combined to provide rearing habitat
for juvenile salmonids.

Working alone or with one field assistant, he rated
the 19.6 m.iles of the Tucannon River in 21 days when the
stream was low and clear during August and September. He
rated and measured 84 pools, 233 glides, 677 riffles, and 52
other segments that did not fit these categories. Some of the
ratings were adjusted after the electrofishing data was
analyzed and we understood more about how high current velocity
seems to limit young salmonid use of some habitat.

Since the habitat rating was to be calibrated by
comparison with actual measurements of fish populations, any
consistent numerical system of rating could have been used.
We have found it easier to make consistent decisions in the
field, day after day, if we adopt a geometrical progression
of—poor = 1, fair = 2, good = 4, and excellent = 8. The
biologist must then only have a clear understanding of what
is "excellent" habitat and then rate the area he is currently
viewing in one of these four categories that are well separated
from each other.

JUVENILE SALMONID HABITAT QUALITY

Pools on the Tucannon River were relatively easy to
grade. They were usually deeper than 24 inches, so lack of
depth was not a constraint to higher ratings. Pools were
usually small and streamflows high enough so that lack of
current needed to carry drifting food well into the pool was
not a constraint. Small gravel embedding cobble and boulders
in some pools reduced habitat quality. Those with undercut
banks or a surface riffle tended to be rated higher, because
these features provided additional cover for fish. The presence
of eddy currents also enhanced the quality of some pools
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because they provided additional opportunities for the salmonids
to capture drifting organisms.

Glides were more difficult to rate than pools. An
important factor was water depth. If the water was less than
12 inches in glides. Dr. Li generally lowered the quality
rating. Substrate size was an extremely important criteria in
glides, with larger rocks providing more shelter from the
stream's current and from predators. Velocity was the principal
constraint to habitat quality in glides, but a glide with a
high stream velocity of 2 or 3 feet per second, was rated higher
if the substrate consisted of large rocks or cobble and was less
embedded in sand. Additional factors such as undercut banks and
surface riffles tended to increase the rating of glides even if
they were less than 12 inches deep.

Riffles were the most diverse of all stream segments
and the most difficult to rate. They were generally the
stream segments with the highest stream current. Current
velocity above 4 feet per second over part of the riffle was
always the principal constraint to higher habitat quality
ratings. Features which compensated for this fast current--
additional depth, a large boulder or cluster of boulders,
a rough cobble and boulder substrate behind which salmonids
could take shelter, tended to increase the rating.

Pools were consistently rated of higher quality than
glides, and glides higher than riffles, which were often
constrained by too high current velocities (table 22). Glides
in the upper reaches were often rated higher than glides in
the mid- and lower reaches, because the large cobble and
boulders more prevalent in the upper reaches provide more
shelter from high velocities.

Overall - habitat quality throughout the reach is
surprisingly similar, averaging, on our scale of 1-8, 3.01 in
the upper river; 2.56 in the middle river; and 2.93 in the
lower river.

REARING INDEX

These habitat quality ratings and the measurements of
width and length from each pool, riffle, and glide were
converted into "rearing indexes" - an expression of the quality
of rearing habitat per lineal foot of stream.

RI = rating x area rated
length of stream rated
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Table 22. Juvenile salmonid physical habitat quality ratings.

OTHER
POOLS GLIDES RIFFLES CHANNELS

Overal

I

LOCATION n-mean n-mean n-mean n-mean Mean

Sheep Creek 5-6.40 7-6.29 32-2.34 3-5.33 3.31

L

.

Tucannon 5-6.40 10-4.90 26-2.15 3-1.67 3.04

Ranger 1-8.00 9-6.00 35-2.70 5-2.20 3.89

Watson Lake 5-8.00 4-4.00 22-2.23 5-0. 50 2.66

Hatchery 0-0 13-4.35 45-2.64 5-0. 80 2.72

Cummins Creek 3-5.33 14-4.77 35-2.70 1-0.50 2.76

Bridge 14 0-0 4-5.00 42-2.69 0-0 2.66

UPPER RIVER 19-6.74 60-5.03 237-2.53 19-1.97 3.01

Bridge 10 3-8.00 24-3.65 45-2.49 3-0.50 2.24

Bridge 9 9-4.67 28-3.46 45-2.08 7-2.07 2.53

Marengo 3-5.33 10-3.40 39-2.26 4-4.40 2.69

King Grade 13-5.85 14-4.00 55-2.22 4-3.38 3 . 02

Robertson 5-7.20 13-4,00 34-2.18 3-0. 50 2.35

Frame 8-6.50 17-3.41 38-1.96 4-1.75 2.54

MIDDLE RIVER 41-6.00 106-3.63 256-2 .21 25-2.22 2. 56

Krouse 10-6.00 15-4.27 68-2 . 53 3-0.50 3.12

Smith Hollow 4-6.00 15-3.27 31-2.18 2-0.50 2. 98

Fletcher 2-8.00 14-5.00 40-2.50 1-0. 50 2. 97

Starbuck 8-6.00 14-4.29 32-1.72 1-2.00 2.87

Powers 5-6.40 9-3.42 13-2.08 1-0.50 2.69

LOWER RIVER 29-6.21 67-4.09 184-2.29 8-0.69 2.93

TOTAL 84-6.23 233-4.12 677-2.34 52-1.89 2.79

/I Each pool , riffle. and glide was rated as poor (1) , fair (2)

,

good (4)

,

or excellent (8). All ratings in a segment were
summed and averaged.
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We tested the validity of Dr. Li's habitat assessments
and calibrated the resulting rearing indexes by measuring the
fish populations in two pools, four glides, and four riffles
which he has assessed. The estimated fish populations in
each was converted to numbers of yearling steelhead, young-of-
the-year chinook salmon, and young-of-the-year steelhead,
per lineal foot of each of the ten sites.

Two assumptions are required to make such tests valid.
We must assume that the stream was fully seeded so that
competition for suitable physical habitat will occur and the
resulting population of juvenile fish will depend upon the
quality and quantity of that habitat - not on the number of
eggs that had been previously deposited or hatched. The
second is that no other factor such as water temperature or
water quality will, in the different reaches being used for
calibration, have had a different effect on the survival from
the time full seeding occurs, to the time the population was
measured.

Our observation of good water quality, low temperature,
and abundant young-of-the-year led us to believe that both
assumptions were valid in the upper reaches where the population
estimates were made.

For both yearling steelhead and juvenile chinook
salmon, we found a high linear correlation between the number
of fish per lineal foot of stream, and the rearing index
developed for each of the ten sites where population data was
available (fig. 20). The high correlations are evidence that
Dr. Li's assessment and Rearing Indexes were valid.

Lines of best fit were calculated with statistical
regression techniques and formulas developed for converting
the rearing indexes to numbers of yearling steelhead and
Chinook salmon per lineal foot of stream.

yearling steelhead = 0.07 + 0.008 RI

Young-of-the-year chinook = 0.01 + 0.014 RI

The high correspondence of Rearing Index to 'density
of young-of-the-year steelhead was fortuitous (fig. 21)

.

Young-of-the-year steelhead were caught along the margins of
all reaches. Consequently, the fish population density estimates
tended to be clumped around 2.5 fish per foot in reaches that
were very different. We do not believe our Rearing Indexes
are useful in calculating the young-of-the-year steelhead
populations on the Tucannon River.
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Figure 20. Relationship betv;een the rearing indexes and the number
of yearling steelhead and juvenile Chinook salmon per lineal
foot in 2 pools, 4 glides, and 4 riffles of the Tucannon River.
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Figure 21. Relationship between the Rearing Indexes and the
number of young-of-the-year steelhead per lineal foot in 2 pools
(P) , 4 glides (G )

,

and 3 riffles (R) of the Tucannon River.
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ESTIMATE OF POTENTIAL SALMON AND STEELHEAD PRODUCTION

With the formulas converting Rearing Index to the
numbers of fish per foot of stream we estimated the capacity
of each small river section to rear yearling Chinooks and
steelhead by multiplying its length by the mean Rearing Index
of that reach (table 23)

.

One correction on estimated length of each section
was needed because the channel of the Tucannon River is, in
places, braided into several subchannels by extensive deposits
of cobble and gravel. The USGS estimate that the Tucannon River
from the confluence of Bear Creek to its mouth is 53.4 miles
long does not include this braiding, which according to
Dr. Li's measurements would add 15% to the upper reach, 18%
to the middle reach, and 12% to the lower reach (table 24)

.

With this information, we estimate that the physical
habitat in the Tucannon River from Sheep Creek to its mouth
would, if water temperatures are not too warm and if the
entire stream was fully seeded, rear about 280,000 steelhead
to yearling size and about 430,000 chinook salmon to at least
the middle of the first summer (table 25)

.

The potential is, of course, not realized. The
actual populations in the Tucannon River during the summer of
1980 were near 111,000 steelhead yearling and 170,000
Chinook - about 40% of that potential.

The principal constraint to realizing that potential
is water temperature in the middle reaches and a combination
of high water temperature and, probably, a lack of suitable
spawning habitat below Pataha Creek.
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Table 25. Potential annual production of salmon young-of-the-
year and yearling steelhead in the Tucannon River
(in thousands)

.

Miles Salmon Steelhead

Sheep Greek to Bridge 13 8.32 170 111

Bridge 13 to Pataha Cr. 9.67 144 95

Pataha Creek to Mouth 4.53 116 73

22.52 430 279
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CHAPTER VIII. STREAM TEMJ’ERATURE MODEL

We have comp] eted a stream temperature analysis of
the Tucannon River for August, usually the warmest month,
using a longitudinal water temperature model developed by
Fred Theurer of the US Soi 1 Conservation Service and the
US Fish & Wildlife Service Cooperative Instream Flow Group
of Ft. Collins, Colorado.

The model is one dimensional (stream length) , and is
formed by two components: a heat flux equation, which describes
heat exchange at any point in the river, and a hydraulic
transport equation which describes the movement of water.
The model assumes one dimensional steady flow with complete
vertical and transverse mixing, and no longitudinal dispersion.

There are eight components of heat flux in this
model. They are: atmospheric radiation (heat) , solar radiation
(light), vegetative radiation, back radiation from water,
evaporation, conduction, friction, and convection. Since all
components are measured in joules/m^/sec

. , their relative
contributions to stream temperatures can be measured. The
model presents their contributions at a standardized condition
- equilibrium temperature, which is the temperature the stream
would arrive at under a stable set of conditions given an
infinite amount of time. At equilibrium conditions the net
heat flux is zero.

We modeled stream temperatures at 13 reaches from
the Little Tucannon River to the Snake River. Atmospheric
and solar radiation were the most important contributors of
heat gain into the stream. Radiation from streamside vegetation
and friction added only a little heat. Back radiation and
evaporation were the most important heat losses from the stream.
Conduction and convection were minor factors in heat loss
(fig. 22)

.

Mr. Theurer calibrated the model using August 1980
thermograph data from the Tucannon River near the fish
hatchery. The climatic data used were the average August
values recorded by weather stations at Walla Walla and Lewiston.
The stream geometry and hydrology data were collected during
this Tucannon River study (table 26)

.

Mr. Theurer believes
the model is presently operating at less than one degree
Celsius error, perhaps as low as one-half degree error. The
model's data was similar to our maximum/minimum thermometer
measurements taken in August 1980 (table 27)

.

The average
daily maximum temperatures measured and calculated with the

92



Figure 22. Average contribution of heat flux components at
equilibrium temperatures for 13 reaches of the Tucannon River
for average August conditions.
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Table 26. Data and its sources used in the Tucannon Stream
temperature model

.

INPUT DATA UNITS SOURCE REMARKS

Solar radiation j/m^/s Lewiston, ID USDOE corrected for elevation

Cloud cover decimal Walla Walla, WA NOAA

Air temperature °C. Lewiston, ID USDOE corrected for elevation

Wind M/S Walla Walla, WA NOAA

Relative humidity decim. Walla Walla, WA NOAA corrected for elevation

Air pressure mb Starbuck, WA WA Dept.Ecol. "

Shade decim. Habitat survey, DWK&Assoc.

Ground temperature °C. Tucannon Hatchery WA DG Est.mean annual air temp.

G round depth M Pluhowski (1970)* streambed/stream interaction

Gradient MA Tucannon R. USSCS/River mile index

Discharge CMSA Tucannon R. USSCS/HEA/DWK

Lateral discharge CM S/M Tucannon R. Theurer Estimate from

Initial temperature °C. Tucannon R. Theurer Calibrated to Hatchery
thermograph

Distance travel KM Tucannon R. USSCS/River Source distance calibrated
mile index to Hatchery thermograph

/I Pluhowski, Edward J. 1970. Urbanization and its effect
on the temperature of the streams on Long Island,
New York. USGS Professional Paper 627-D. 1970.
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Table 27. August water temperatures measured with maximum/
minimum thermometers and calculated with Theurer '

s

model. Tucannon River, 1980.

LOCATION SOURCE

Bridge 12 model

field

Bridge 9 model

field

Marengo model

field

King Grade model

field

DAILY AVE DAILY MAX

16.90 21.45

17.07 21.40

17.90 22.45

18.17 22.50

18.00 22.60

16.50 21.00

18.30 22.50

17.87 22.67

RANGE
(± DAILY AVE) n

±4.5

±4.33 10

±4.6

±4.33 7

±4.6

±4.5 1

±4.2

±4.83 3
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model were always less than 1° C. different.

Mr. Theurer has calculated the monthly mean of the
daily average and daily maximum stream temperatures using
August climate data and existing shade conditions for the 13
reaches along the Tucannon River (fig. 23). Daily average
temperatures represent the average 24 hour value for the month.
Daily maximum temperatures represent the average of daily high
values. The daily maximum temperatures exceed 21° C. between
Bridge 14 and Bridge 12. These average August stream temper-
atures are lower than annual maximum temperatures because
average August conditions include time in late August when the
river is cooling. The peak air temperatures at the USFS
Guard Station occurred in the last week in July and the first
two weeks in August during 1977-1980 (fig. 24).

Thermal Zones

The distances the water travels in six hours as it
warms from the average daily temperature to the daily
maximum are represented by dashed lines in figure 23. These
thermal zones of influence are longer in the upper reaches
of the river because the gradient there is steeper and the
water travels faster and farther in six hours.

Modeling Existing Conditions

The daily average, the daily maximum, and the
equilibrium temperatures increase in the downstream direction,
reflecting the net accumulation of heat gained upstream and
greater warming effect of air temperature, relative humidity,
and air pressure as the river drops in elevation.

Effect of Water Temperatures on Fish

The lower zones of the river have daily average
temperatures close to 21° C. and periods that exceed this
temperature for most of many days. The modeling confirms our
observations that Tucannon stream temperatures during August
are high enough to stress steelhead and chinook salmon daily
as far upstream as Bridge 12 (River Mile 29.4) when young-of-
the-year are growing.

We believe these high stream temperatures sufficiently
stressed young-of-the-year steelhead and chinook salmon to
reduce their population densities in the reaches downstream
from the hatchery as temperatures rose during August. We
caught few young-of-the-year steelhead, no yearlings, and no
<^almon below Marengo in August.
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Yearling steelhead were also scarce in these middle
to lower reaches. We did not catch any yearlings below the
hatchery, despite the good quality of the physical habitat.

The high stream temperatures may also impede some
returning adults. S. Li found a recently dead female Chinook
salmon adult still carrying developing eggs near Elmer DeRue's
in late July when stream temperatures were too high.

Modeling the Tucannon River with Improved Shade Conditions

When we made our habitat survey, we noted that there
were many parts of the river, particularly in the middle and
lower zones of the river, that lacked streamside vegetation
and were therefore fully exposed to the sun. We modeled the
Tucannon River with our estimate of existing shade conditions
and with various levels of improved shade conditions to see
how stream temperatures might be reduced if more shade was
provided.

Shade is a very difficult variable to quantify
(Quigley, 1981) . S. Li estimated the percentage of morning
and afternoon shade for the reaches measured in the habitat
survey. We used these estimates for the existing shade
conditions on the river. Mr. Theurer estimates an error of
.09° C. for every percent inaccuracy. We modeled improved
shade conditions in 10 percent increments from 10 to 60 percent
shade. Only those reaches with less than the minimum
percentage of shade were given additional shade.

In general, the model predicts a daily maximum
temperature decrease of 0.8° C. (fig. 25) , and a daily average
stream temperature decrease of 0.4° C. (fig. 26) with each
10% increase in shade. Since equilibrium temperatures increase
in the downstream direction due to the increased warming
influence of air temperature, air pressure, and relative
humidity as the river drops in elevation, the most effective
management of shade to reduce water temperature must begin at
the upstream end and proceed continuously downstream. Because
of the fast flows, once the stream temperatures go up they
will not come down (Theurer, 1981)

.

4

99



100

Figua.e

25.

Profile

of

Tucannon

River

daily

maximuin

stream

temperatures

’’,;ith

existing

and

xmproved

snading

xn

an

average

August.



-p
H

w
cu

u
D
4J
rd

P
Q)

O)

<D

P
e
(d

0)

p
-P
w

(U

C7>

(d

p
a)

>
(d

P
w
n
iji

P
C
(U

in
fd

>1 }.i

iH 0)

•H |>

(d fd

n
p
0)

>
•H
P^:

c
fd

c
•H

Cn
CC

O
C Td
C fd

fd x:
o w
3
IrH Td

<U

>
O
P

<D a
e
•H'H

IP

O 'd
P c
Ai fd

tri

• c
VO t i

CN 4->

V)

0) -H
P X
D 0)

CP
•H

101



CHAPTER IX. PRESENT CONSTRAINTS TO SALMONID PRODUCTION

Our investigations have led us to conclude that the
production of salmon and steelhead and other salmonids in the
Tucannon River is presently constrained by high velocities in
the upper reach, by high water temperatures in the middle
reaches, and by high temperatures, mobile substrate, and
deposition of fine sediment in the lower reaches. Were it
possible to eliminate these constraints with a management
plan for the river corridor, we estimate that approximately
260,000 additional steelhead and 168,000 additional steelhead
yearlings could be produced.

The following paragraphs describe the individual
constraints, how they are related, and the potential for
improvement if they can be modified.

WATER TEMPERATURE

Our measurements of water temperature and analysis
of data gathered by others, leads us to believe that the
Tucannon River below about Bridge 12 (River Mile 29.4) becomes
too warm by early or mid-August to s)upport large numbers of
salmonids. Those that live below there must live in deep
holes or beneath undercut banks of whrch there are very few.

The principal reason for high summer water tempera-
tures is the lack of shade. The very high flood flows of
1964-65 are reported to have washed away most of the old stands
of large cottonwoods along the river that provided shade
(Dwayne Scott, USSCS, Dayton, personal communication).
Subsequent floods of 1968-69 and 1973-74, and channelization
of the river that followed have prevented recovery. Restora-
tion of that shade and reduction of water temperature should
be the highest priority for those concerned with habitat
improvement for sal'mon and steelhead on the Tucannon River.

Below about Bridge 14 (River Mile 32)

,

water tempera-
tures in March or April also become too high for successful
incubation of late hatching steelhead or rainbow trout eggs
that remain in the river gravel. Because the summer temperature
is too high to rear the young below there, this is not a serious
problem now. If spring and summer water temperatures could be
reduced by restoring adequate shade along the middle and lower
Tucannon, late spring spawning of steelhead and/or rainbow
would become more important. We mention this because the fish
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that spawn late in the season have a better chance of
surviving the dangers of sedimentation and scour than those
whose eggs are buried throughout the winter. Full seeding of
the entire river would then become more likely.

We estimate that if water temperatures in the
Tucannon River only down to Pataha Creek could be reduced to
levels suitable for salmonids, an additional 95,000 yearling
steelhead and 144,000 chinook salmon would be reared there.
This would nearly double the present production of the river.
Such estimates require the assumption, of course, that
sufficient adults would be available to seed this reach of
the stream. If the temperatures from Pataha Creek downstream
to the mouth could be reduced to satisfactory levels, an
additional 73,000 steelhead and 116,000 chinook could be
reared - once again assuming that the reach could be well
seeded.

SUBSTRATE CONDITIONS

The common problem of sand or fine gravel filling
the living spaces for juvenile salmonids around and under
cobble and boulder is of minimal significance on the Tucannon
River. The degree of cobble embeddedness increases rapidly
from a pristine 10-15% near Camp Wooten, to 30% at Bridge 13
some 13 miles below, and below which the summer water tempera-
tures are too warm /for juvenile salmonid rearing (fig 5).
Below there, the degree of embeddedness increases slowly, only
to about 35% toward the river's lower end.

The concept that damage to salmonid rearing habitat
might be measured by the degree cobble was "embedded" in sand
was developed by Bjornn and colleagues at the University of
Idaho. After a series of experiments, they concluded:

If we come back to the question, "How much sedi-
ment (coarse sand and smaller) is too much?" we find
that when the percentage of fine sediment exceeds
20 to 30 percent in spawning riffles, survival and
emergence of salmonid embryos begins to decline.
When riffles are fully imbedded with fine sediment,
insect species composition, if not abundance, changes.
The abundance of juvenile salmon in pools of small
rearing streams declines in almost direct proportion
to the amount of pool area or volume lost to fine
sediment deposited in the pool. The number of
juvenile salmon and trout a stream can support
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in winter is much reduced when the interstices
in the stream substrate are filled with fine
sediment." (Bjornn, et al. , 1977)

Our own investigations on small California coastal
streams confirm this view. Yet the 3 0-3 5% m.aximum embedded-
ness in the Tucannon is small compared to that found on many
streams and, compared to other problems on the Tucannon River,
we do not believe it is of great significance.

Our investigations of dissolved oxygen concentrations
and other conditions within the gravel of the streambed, led
us to conclude that in the upper reaches of the river where
water temperatures are suitable for rearing juvenile salmonids,
there is normally no sedimentation of the substrate to a degree
that would hamper egg hatching. Conditions in the middle
section of the river are less optimum, and whether or not
problems do occur there depends to a large extent upon the
timing of storms following egg deposition. The suspended
sediment is carried into the nest along with stream water.
In the Tucannon from Marengo downstream to Pataha Creek,
enough sediment may be deposited often enough to damage
perhaps half the nests seriously - but many eggs would survive.

The picture in the lower Tucannon below Pataha Creek
is quite different. There the streambed tends to be consolidated
with a mixture of fine sediment and gravel, so that not only is
redd building difficult, but later there is a large chance
of enough sediment being deposited in the redd to cause the
loss of eggs through dissolved oxygen deficiencies. Under
present conditions, we would not expect significant amounts
of successful reproduction.

This is not true for the very lower end of the
river where gravel has been deposited near the reservoir.
The gravels there are much looser and we found dissolved oxygen
conditions in them to be satisfactory for egg incubation much
of the time. This lower end is the site of spawning for a
small fall run of Chinooks which may be taking advantage of
that particular situation.

Substrate in parts of the lower and middle portions
of the river is easily moved during high flows—-so that salmonid
eggs buried in the substrate can be scoured away. This is not
an unusual condition in salmon and steelhead streams but it is
a difficult one to assess. The large losses of eggs that result
may be more than compensated for by the large numbers of eggs
deposited by each female. Our efforts to measure scour with
buried Ping-Pong balls were largely unsuccessful in that most
strings of balls disappeared. Some, particularly in the
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upper stations remained in place. Some, in the middle reach,
were buried and later recovered by digging, and some, especially
below Pataha Creek, were never seen again. The experience
suggested to us that scour of eggs from nests could well be a
problem in the middle and lower river if there was spawning
there.

The mobile substrate is, of course, related to the
lack of pools. Those formed with a dam of resistent substrate
down at their lower ends tend to be easily filled by migrating
gravels and cobble during high flows.

HIGH STREAM VELOCITIES

In most of the upper reaches of the Tucannon River
where water temperatures are cold enough to rear significant
numbers of salmonids, high current velocities are the principal
constraint to rearing additional salmonids. Dr. Li listed
that as the principal constraint in 53% of the glides and 100%
of the riffles, which together cover approximately 87% of the
river's length from Bridge 14 to Sheep Creek. If the water
temperature problem was solved in the middle and lower reaches
of the Tucannon River, high velocities would become the
principal constraint to better juvenile rearing habitat there.
Dr. Li listed high velocities as the principal limitation on
physical habitat in about 68% of the river from Bridge 14
downstream.

The commonness of the high velocity problem is
illustrated also by the fact that 73, 60, and 59% of the length
of the upper, middle, and lower river reaches, respectively,
are composed of riffles. Only 2, 5, and 5%, respectively, are
composed of pools. We consistently rated the rearing habitat
quality in riffles on the Tucannon River only about one-third
as good as in pools, and about half as good as in glides. Our
measurements of fish populations indicate that those ratings
are about directly proportional to the numbers of yearling
steelhead that the stream could rear, and that the populations
of Chinook salmon would increase fartei- than the rearing index.
This is primarily because juvenile Chinooks were more sensitive
to the constraint of higher velocitie.s.

During our winter investigations, we were concerned
that high velocities might also limit the available spawning
area in the Tucannon River. At almost every station along
the river, we had to search with some care to find water deep
enough, with the proper gravel substrate, and where stream
velocities were not above the 2 fps level that we set as a
high, but still desirable, velocity for spawning. Such places
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are limited to the lower ends of glides just before they break
off into the riffle. While sites with proper combinations of
depth, current velocity, and substrate are not abundant through-
out the river, we have no evidence that they limit the number
of adult salmon and steelhead that remain in the Tucannon River
run. If the run were evf r 2'estored to its former size, high
velocities for spawning could become a constraint.

The high velocities also tend to increase the mixing
of water, making temperatures homogenous and allowing it to
warm quickly.

THE LACK OF POOLS

Only 4% of the total length of the stream was pools
during the summer of 19P0. I'ools are important to adult steel-
head and Chinook salmon here because both return to the river
several months before spawning. They must find quiet, safe
places to rest where they do not need to expend large amounts
of their waning energy. This is particularly important for
the salmon, who exist on a limited supply of stored fat, and
who remain in the stream for several months waiting for water
temperatures to drop so they can spawn in the fall. We saw no
pools crowded with large numbers of adult fish waiting to
spawn, but the runs are too low to expect that. The few adult
fish we did observe during the summer were in pools, and if
the runs were restored wa expect that crowding of adults
might become a problem.

The evidence is clearer, however, that lack of pools
is a major constraint to the juvenile rearing habitat and
probably to actual production in the upper river. Besides the
higher ratings of habitat quality given pools during our
survey, we noted that both salmon and steelhead juveniles
taken from pools were consistently larger than those collected
elsewhere. This is not surprising, since the slower current
velocities in pools are less expensive physiologically to
salmonids. The juvenile Chinooks with their reduced territori-
ality would especially benefit by an increase in pools.

The lack of pools in the river may also have something
to do with the low population of invertebrates that feed by
shredding leaves and other large particulate organic matter.
Pools trap such allochthonous detritus, giving it more time to
break down and permitting more access to this food resource
by aquatic invertebrates.

Finally, there isn't much question that an increased
number of pools would tend to keep the stream cooler. Brown
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(1972) found that large pools have a great influence on water
temperatures

.

Three long-term residents along the Tucannon River,
Messrs. Delbert Howard, Emil Harvid, and Otto Krouse, all told
us that years ago there were many pools along the river, and
many were deep enough for a man to dive into or in which he
could swim a horse. They said that most of these pools were
formed by logjams or large boulders that were washed away in
the floods of 1964-65.

We believe that a program aimed at creating more
pools in the Tucannon River would greatly increase its quality
and its potential to rear salminids. We calculated on the
basis of the calibrated rearing indexes and the mean areas of
both pools and riffles, that the creation of each pool similar
to those that do exist in the upper river would increase its
rearing capacity by about 50 yearling salmonids (table 28)

.

Longer and larger pools would, of course, create more.

SALMONID FOOD PRODUCTION

This study developed evidence that there was no
shortage of food for juvenile or adult salmonids in the
Tucannon River. The density of standing populations of
invertebrates in the summer and the early fall compares
favorably with the higher densities found elsewhere and
the growth rate of young salmonids is relatively high.
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Table 28.

RI , =
pool

RI •
=

riffle

Yearling salmonids that could be gained by building
one pool on a riffle in the upper Tucannon River.

(6.74) (29.65) (44.07)

44.07

(2.53) (29.65) (104.66)

104.66

4.9 X 44.07 = 215.94 salmonids in pool

1.57 X 104.66 = -164.32 salmonids in riffle

51.62 salmonids gained

= 199.84 =4.9

= 75.01 ^ 1.57
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