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INTRODUCTION

Kedwood National Park, in northwestern Califernia,

P ——

was establishad by Conzress on October 2, 1968 to preserve a

portion ¢f the coast redwood (Sequola sempervirens) ecosystem.

= m———————y

In October of 1973 the National Fark Service awarded a con-

oy

E

tract to the U. S. Geologlcal Survey for the performance of

g

a!r’r!_a?‘

an environinental study of Redwood National. Park, with‘empha-

sis on the Redwood Creek Drainage Basin. The study objectives o i
|

are to survey the terrestrial and aguatic ecosystems in the %ﬂ
)’

park, identify the more serious threats to those ecosystems, g;
' i

and measure the effects of logging and associated road con- ?H
5

struction on Redwood Natienal Park and its environs. Under

Tt =5:
=

cooperative agreement with the Geclogical Survey this projact, o |
e
o

"Intragravel and surface water conditions in three tribu-

tariecx of Redwood Creek", was designed t¢ provide data on

(£

intragravel conditions in some streams within the Redwocd

Creek Drainage RBasin.

lg-

~

My ztudy objectives included the monitoring of
solved oxyger concentration and fﬁmperature ¢l surface and
intregravel water, and determination of the percentage compo~
sition of stream botiom wmaterials in three tributaries of
Redwood Crzek. The resesrch was conducted from June througn
Hovewber, 1974. The study areas wera chomen so as 10 repre-
sent strean conditions in three different types of wétershedﬁ;

virgin redwood forezi, redwoed forest recovering from logging,
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and recently logged redvwood forest. As no pre-logging data
were available, an asSessment of the effects of logging on
each tributary was not possivle, but compzarisons are made of
the differences in surface and intregravel conditions among
the streams in the three types of watersheds.

Redwood Creek, one‘of the major streams within Redwood
National Park, arises in mid~Humboldt County near the eastern
county line and flowe in a northweeterly direction about 50
miles to the Pacific Ocean near Orick, in the northwest cor-
ner ¢f the county. The drainage area is about 280 square miles
and is typified as a long, narrow valley with steep sideslopes.
The moderate gradient ¢f Redwood Creekx z2llcws salmonids o
ascend to the headwaters, but low summer flows throughout the
basin limit the extent of ﬁursery areas (California Depariment
of VWater Resources, 19€5). The U. S. Figh and Wildlife Service
(1960) estimated thal the average size of runs of salmonids
into the river system amounted to 5000 king salmorn {Oncorhyn-

chus tshawytiseha), 2000 coho salmen (0. ¥ientehl. =nd 10,000

steelhead trout (Salmo gairdnzri).

| The cconomy ©f the North Coast region of California
depends heavily upon its forest preoducts and fishery indus-
tries. 4 msjur poriion of the fishery is depsndent on three
spacles of anadromous salmonids, king salmon, c¢oho salmon,
and mieelhead trount which use the region's rivers and trinu-
teries for upawning and nursery grounds. These walers can be

seriously affected during and after logging oreraticns.

pSn

-

Removul of vegevation and disturbance of the watershed's soll
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mantle by loggihg may influence streams physically, chemically,
and biologically. Alterations in stream water quality, runoff,
temperature regimes, and ensrgy flow patterns may occur. Iog-

ging debris deposited in the stream may block migration of

fish and act as sediment traps. Increased sediment yields from
surface ercsion and mass $0il movement can increase stream
sedimentation. Thevpresence of large-scale logging operationg
has accelerated an aliready high rate of natural soil erosion
attributed to the region's abundant precipitation, unstable

geologic formations, and steep, erosive soils (California

State Water Resources Control Board, 1973).

-~ . _

Stream sedimentation is generally one of the major

conseguences of logging operations and exerts its effects

TrTIER W R R G RS a WU A M RN YW

primarily upon the stresm boittom, although increcsed turbid-
ity may reduce phoiosynthetic rrocesses and hamper aquatic

organisms. The deposition of sediment in the sitream channel
can reduce cover and hadbitat for fish, aguatic insects, and

other organisws. The intragravel development of salimonid

fishes from the egg stage through The alevin stage can be

}—t

advers - influenced by gedimentation that inhibits the inter-

changs of surface and intragravel water.

The proceasges by which suriace and intragravel walzy

are interchanged were studied by Vaux (1962, 1968). He found

intexrchange to be affected by thise gtreambed characteristics

e

permeanility (the inhavent abilily of a porous medium to trans-

mit filuida), depth of permeable materials, and configuration

of the streambed. An increase in depth of permeable materialn

_




or permeablilifty in the directlon of flow creatsd a downwelling
of water inte the streamted, decrezses in the twoe factors
created an upwelling out of the streambed. Upwelling occcurred
in eress of the sirsambed with cunﬂxv~ profiles, whercas dewn-
welling occurred in convex profiles. A change in any of the

three contrelling factorsz, such 89 decreased permeablility due

,-,
pute
3
3
-
"]

o ged

the interchange process,

reported on the influence of

intragravel condlticns or: the survival and development of

1
il (1966), 23 cited by Ringler

,,\

almonid egrz and slevins. Ko
(19703, :ouni that Tine sediments could bleck interstices
amaing larger stvesmbed materials and phyaiczlly bleock the
emergence oy aleving. This bloekage also can inhibit the inter-

change of zurfzce ang

:gravel water which delivers &is

tved oxveen and removes metahellce wastes from developing

v % : N 2o W e vy e A e L T T s -
erw mGoalevins within the sireambved. Cobls (16461), among

can reduee the yate of

A WreEeuT L1ueE g

revent velooiy

o ' - RS R
TE L wir Bebehing. o
@t vedueoad clne of slevive of olteclhead and ceho ool
GT

e

TR e R R . ¢ 1

Y

%

v
=
a%
3

LT,

S

CENTINPEE T

T F o

SR

R T raeh




STUDY AREAS

The study areas were three small streams in the

.Redweed Creek Dralnage Basin in northwestern Humboldt County
(Figure 1). The northernmost stream ig a tributary to Lost
Man Creek, which entery Prairie Creck, a tributary to Redwood
Creek. The watershed of this tributary to Lost Man Creek is
recovering from logging (Figure 2). The Little Lost Man Creek
study area is in a virgin watershed (Figure 3). Portions of
‘the Panther Creeck drainage were recently logged, this was the
gsouthernrost study area (Figure 4). Physical fealtures of the
watershed sreas influencing the sampiing sites are presented

in Table 1.

Geologically, both the tributary %o Lost Man Creek
znd Little Lost Man Creek are leccated on tﬁe ¥ranciscan Forma-
%jon which is chzracterized by Upper Jurassic to Upper Creta-
ceous rocks such as graywackKe, shale, chert, and minor amounts
of metesedinentary reekg. Pardher Creek is located in an area
of Pre-Cretacecus metasedimentary rocks, .chiefly phyllite,

«late, and sechist (U, S. Department of Agricultiure, 1670).

The U, S. Department cf Azriculture (1970) indicated
that the solls in the srea of the three watersheds are deep
to moderatoly deep loam type soils with good drainage and
moderate subsell permeabilitv. The generalizsd soil type is
the Hugoe~Josexhine uzsoclation on 30 to 50 percant»mlopéa, it

is sulted primavily for forestry and grazing. After removal

{
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Table 1. Physical features of the watershed areas influencing

- the sampling sites of the three tributaries ¢
it
. . . b1
Watershed Little Lost Trlbutary to ~ Panther N
characieristic Man Creek Lost Man Creek Creek !§{
Area (ncres) 535 1255 3860 N
Area (sg., mi,) 0.83 1.96 6,02 i
Orientation Nw SW NE -
Mean slope (¢%) : 30 : 27 36 {
Main channel 1g3'
‘Length (%) 7300 11,100 14,750 i
Slope (%) 8.7 10.6 10.5 s
Elevation (ft) 4 r.
Maximun 1950 1506 2000 il
1 site 1320 ' 325 50 e,
, o
o~
of vegetation these soils are characterized by a high erosion ;}
o
hazard. . B
. o
The area's climate 1s characterized by dry summers Ap
and wet winters moderated by the nearby Pacific Ocean. Elford: ﬁ;‘
and MeDonough (1964) fournd peak temperatures to cccur in 1{
Sepienmber, while 90 percent of the precipitation falls from E;
October to April. Three weather report stations near tne g0
w
study &reas proviced temperature and precivitation data :
- i
(Table 2). : o
. i b2
i
Befors logging, the three watersheds were vegetated il
i
primarily with ccast redwood. The watershed upsireem of the ik
1]
Little Lost Msn Creek mampling Sit@ remains in the virgin @g
. I
il
i

condition. Logging of virgin redwood forests in the a&rea of

!
|
iy study has been done wlmost aexclusively with tracters. {ﬂ
R
Felied logs were dragged to log landings serviced by haul iﬁp
P
, i
roads. A majer portion of the Wrivatary to Lost Man Cresk %w
it
# {i;‘

drainage was logged betwesn 1964 and 1969 (Pigure 5). In 1975

]

an arca of approximately 10 acvres adjacent to Panther Creek
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-2 Table 2. Climatological data from three weather report
: stations near the study areas, Orick, Prairie
Creek Park (I), R”Gwood Creek hear Blue Lake (1I1),
and Hoopa (111)°

T i e
Al e o g e i i o

I 11° 1119

e L

Elevation (ft) 161 975 350
Mean temperature (°F)
Annual 52 - 56.9

Maximun 61.1 - 70
Mininam L2.8 - 43

s

Mean rainfall (in)
Annual 70.9
monthlv
January v 11.9

(@58

<

-
wn
3
(W)

e L

[y

1.8 -
February 10.7 9.5 G,2 oo 4
Naych 9.5 7.9 7.5 [
April L.7 ok 3.2 =
may “3‘0 O 3 - j 2 nl-ll’
June 1.5 1.1 0.9 =
July 0.3 G.2 0.1 -
August 0.5 0.t 0.4 -t
Septenmber 1.2 1.5 1.0 d/
Qctober 6.2 3.7 L.g bt
November 8.8 70 6.8 b
December 11.7 g.9 9.8 F;

. - . - Py
Fromn Elford and HelDonough (1964) '
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FETHODS
Sampling Site Stra t ication

MeNeil (1962) found intrzgravel dissolved oxygen in
Alaskan salmon streams varied widely. It veried both spatially
and Vewmporelly, especislly during periods of low étreamflow.
I exvected such variation in my stody sitreams and, so, 1

led the fthree umleln’ sites to reduce spatial varia-

ot

ion and the nunmker of samples reguired to achieve statisti-
cally useful resulis. From the discussions of Vaux (1962,
1¢68) I determined stream conditicns whose siratification
covld be expecied tc recduce spaitizl variation of intragravel
dissolved oxygen. I then uzed those criteria in the selection
¢f uy samplirg sitese T selected sampllng 2ites in riffle
iong with & linsar channel and relatively swooth water
surfecs. I photograrhed cach samplinc.ciie doningy sumzer low
fiew cornditions to illugtrate stream channel morphology, sur-

Fface water profile, and sirsamside vegetation (Figures 7, 8,

and ¢). Gradierts of the stream charmels in the immediote
vicinity of the sammpling sites were similars Little last Man

Crovi, 1.8 pereent, iributary to Lost Man Creek, 1.5 percent,
and Penther Creek, 1.9 percent, I did not determine jpermeu-
Dility o depth of streandbsd materials, tut I selected my

samnling sites so that they weorve {res of bedrock outcropmlngs

ard had no ovigible bvlavkets of fine sediments.
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Figure 7. Channel morphology, surface waler profile,
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Figvre 8. Channal morphology, surface water nrofile,
and stremmside vegetatiocn atl the tributary
1

to Lost ian Creck sampling slie
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Figuore 9. Channel morphelogy and surface water .
profile ot the Panther Creck sampling sits "
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Stream Bottom Composition

Within each tributary's sampling site, 1 determined
gstream boitom composition at the beginning and end of the study.
I used equipment and procedures similar to those described by
leMNeil and Ahnell (1664). After obtaining a core of the stream-
bed with a McHNeil stream bhottom sampler I washed the sample
through a set of gtandard sleves to separate the streambed

. The sieves had the following mesh

D]

materiels into size c¢lasse
openings in mm: 26.67, 13.5, 6.73, 3.327, 1.7, 0.833, and
0,104, I used volumetric displacenent to determine the contri-
bution by each size class to the tofai stream bottom saniple.
Particles that passed through the finest mesh sieve were
settled for 10 minutes in a settling cone, this allowed about
80 percent of the particles to settle (MeNeil ard Ahnell, 196L;.
I then read the volume, in mly of the settled particles, Large
volumes of water were teken by the strean botiten pamnisr and
were used to wash samples through the sieves. The lairge amount
“of water used forced the Follewing modlflcation of the settlirg
method. Water and sediment that head passed the finest mesh
thoroughly mixed. I then extracted & 1.0 liter sub-
gsomple of the mixture for settling as previocusly deseribved.

In the laboratory 7 defermined that this modification of the
gettling wethod conslstently underestimated the zotual setilsd

volume by 10 percent. To ayiive at the actual volums ol par-

ticlen {0,104 mm in size that weuvld have settled given sulfie
clent time, T multiplied the settled volume twice by & factor

of 1¢i, oo foyr the 10 minote setiling period underentimativ.




s

16

e

ne

ja2]

once for the subsampl

stream bottom sanpling were biased because the

&

meter opening of 1

larger than that size.

J
Intragravel dissolved

temperature were measured weekly
pipes placed in the sireambed to
to 20 cme. The standpives (Figur

desceribed by Terhune (195
Coble (1661). hin each
placed five standpipes (Figure 11

bottom eampler as a cofferdam

azble sediments

ing undere

he stresm bottom sampler

ssolved Oxygen

oxyegen concentration and water

aepths

streanm's

10 hel

stimation. Results ¢f
6 inch dia-

excluded materials

through PVC plastic stand-
that rznged irom 15

s 10) were developed from tThose :

8)¢ Gangmark and Bakkala (1958). and
sampling site I randomly
). I used the McNeil stream ‘
ip prevent loss of sugpand-

while I exzcavated enough siream bottom materials f
to place & standpipe. T placed a woodar plate with a rubber
l
seal around The standpipve below the sireombed zurface T pro- i
vent suxfece vater from ravellng down the standripe to the k
! +
perfersiad section. In order to ensure regetilement of ewca- |
!
vated streanbed materials 1 sllowed 2 week to elapse af
standpive instaliatioen refore 1 soample T Om
T dotzrmingd the dlesclved conyeen
5 intregravel wulter with o dleso
nermdzetured by the Yellow Sprlings Iretrument Co
stzndardized bafore and after cach sampling
Alstorburg-snide modification oj the Winkler
tent (Americsn Public Healih tsscciaticn, 1965).
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Tc sample intragravel water for disselved oxygen con-
centrétion I installed a standpipe extension and withdrew
standpipe water with a marual suction pump. This ensured a
fresh sample for anzlysis. If the étandpipe cap had stood
above the surface water level i vithdrew the volume of one
standpipe, but if in placing the extension surface water
entered the stanipips, I withdrew three standpipe volumes., I
then determined the dissolved oxygen concentration with the
meter adjusted for temperature and altitude.

i compensated for the effect of diel temperature
changes on the solubility of oxygen in water by alternating
the time cof sampling at each of the three tributaries. I
divided a sample day inte three time blocks, 8 to 11 4M, 11
AW to 2 PMy; and 2 te 5 PM, and then sampled éach tributaxy
an equal number of times in each block,

I analysed dissolved oxygen data in a number of ways
in order to better illusirale regimes and interactions of
svrface and intragravel water dissclved oxygen conditions.
Fer both surface and intragravel water I derived percentasge
saturation from the measured dissolved oxygen concentration.
This procedure reduced the effecty of altitude and tenperature
and made among site comparisons more nearly valid. I also
developad an lrterchange percentags, the percenitags “that
intragravel water dlisgolved oxygen concenitration weaw of sur-

face waler disgolved oxygen coneentration.




.- Temperature

I used a thermlster to measure surfsce and intra- ;
gravel water teuperatures to within 0.1 °C. I recorded air =j
temperature Lo wiihin Ce5 °C with 8 mercury thermometer ?
plsced in e vshaded location. To obiain records of fluctuatiorns )
and interecticn of surfzce and intragravel water tenperatures L
I alternated twec Belfert Instrument Company dual probe ther- g

mogravhks amones the three tributaries. The intragravel rrobe N

was buried 20 cm deep and the surface probe was pluced directly

VilH

-~

above on the sireambed. & labvoratory mercury thermcemaster,

o

o8

calibrated by the Geclogical Survey, wus used toe sitandardize

ny temperature measurement devices.
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Streamflow

!
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1.

I measured streamilov wiin a pyvegmy type current wmeter

« I used siremm guging

o+ M

attached to & gradusted wading ro

12,

N e S . £ . PO [ S, A Les .
methods of the U:. $¢ Geological Suvrraw (590400, 1 alse meas-
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ured surfsce walter velocity znd depth upsireanm of c¢zach stand-

L

pipe. These measurements vwere made on a weekly basis. excepd :Eﬁ
™ 0
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) P L . % Y P : 3 . . . - . -z,‘,

at Lidtle Lost Man Creelr from mid~September 1o wmid-lovember :;,E
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RESULTS
Stream Bottom Composition

Dissimilar underlying geology and land use among the
three study areas were reflected in different size ranges of
gtream bottom materials., Sampling sites at Little Lost Man
Creck (Figure 12) and Panther Creek'(Figure 13) had a wide
ronge of particle size clas&és. but the tributary to Lost Man
Creek sampling site (Figvre 14) had mainly smaller stream
botton materials.,

The sumﬁer and wintgr.mean percentagze composition of
streambed materials <3.327 &nd <0.833 mm in size are listed
in Takle 3. Theze two Blze classes were most frequently encovns

tered in the literature as having had adverse effects on intra-

[¥5}

[4

gravel condition

.

In' Panther Creel, wintertime samnacitinm of gireambed
naterials <5327 mm in size was highly significantly greater
(U=85.0, p<0.,01, drf=10, 10) thkan during the summer. Moterizle
<169833 mm in eize else had a highly significantly greater
(U=(6.5, p<0.01, &f=1C, 10) wintartine compoeiticn. Winter
ctrsemflow eroded an uncensolidated upstream bank which
resulted in deposition of a sediment layer throvghout the
sampling site. No signifleant differences existed bhetween
gurmer and winter streembed cewposition (<3.327 and <0.0633

mm aize classes) in the Litile Lost Manm Creek or tributary <o

Lagt Man Creek sampling sites. In the winter I noted movement
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Table 3. Meoan percentage composition of particie siz
; clazses <3.327 and <0.83% mm in size for %amncr
and winter stream bottem samples frow the three

sanpling sites

Saxpling Particle Percent compositicn

site size claes
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et r e ;
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Logt Han Creel, but gtream botlcm smsvles did rot indicate eny

efieccts of such movements.

+
=3
-
P
A
o

4
3
[v]
o]
-
=
§s]
vt
T
e}
Py
>
ha}
ct
N
e
]
[t
"~
LR
o]
=

[
-
2

-
H.
«t
x._ -
o
=
ol
$al
64
¥
P- »
T
jOY]
@
”~~

=
&
’f
r\
]
oy
w
iy
&
“J
o
\)\
gl
~J
-
£
Pl
[N
3
0
e
3
0
=
~
pat
w4t
2
.
[N
ot
o)
...
&
-
et
K
=
>
(@}
“
[¢¥]
49
ne
-
Y]
jo]
o
=0
Q
vl
b2
¥

1 H
[
L)
»
D
-

p<LG01) and in tributary to lust Foan Cresk (2011.873, leirs.| = D3

|
1203y p<0.0L): there wore no significont differencas between . |
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Creek. ‘ . , o
| The munmertime percentage composition of streamted _ .‘ﬂ

materials <0.833 mm in size in Little Lost Man Creek was highly |
significantly lees than in trabutary to Lo 1t Man Creek (2=11.83,

|diff.] =12.1, p<0.,01) and significently less than in Panther

Creek (z=7.89, |diff.] =8.2, p<C.05)y no significant differ-

ences exieted between tributary to Lost Man Creek and Panther

Creeks In the winter, the percentage composition of sireambed

naterials <0.833 mm in size in Little lost Man Creek was

highly significantly lass <thanm in Panther Creek (2=9.65,

UGN

[diffe] =1102, p<<0.01);‘n9 silgnificant differencec existed

el

beivween Little ILost Man Creek and tributery to Lost Man Crecl

or between Panther Craeck and trjbutar« to Lost Man Creek.

V1o 1N

Dissclved Oxygen

\

For each tributary 1 determinad mean valu@s of five

dissolved oxygen calegorien samnpled over the tud" reriod,

AT

June 26 to Hovamber 22, 1¢74. These sre listed in Toble & and

. -, 5 "
anciude surface watey dlesgolved oxygen concentration snd per- gty
COYLEEG sa%u"vtion¢ intrapravel watey diszolved oxvgen Consohe- ﬂﬂi
21

tration and perceniage gaturation, and tha i.n"::e';;"' hangte peieei- _4;
m

. "5"‘

{

.tf:'.’.,éfc’e_'!c "'

R

Le)s SRP U . e . . oo . - e 5 P y

For sanpless fTaken throuvghout trhe stusy peviod, the I

i

5 2 33Ty s re e e PPN I o s ey e e
mean surfase water digsclved oxygen congsiniraticn in Punther 18
B

. TR PR 4 s w - S T AN SN UK QEKTUEHL SN by
Creoelr was highly significseily greatay than that of Ldttic g

3

et Nan Creek (a=0:16, p <001, Af=57) and significan:

i

[

recter than that of spibutary to oot Mo Creask (=331,




values of five dissolved oxygen conditions samplsd in 4the three

A

T
zampling zites throughou’ the situdy peried, June 26 to November 22, 1974

Dingolved oxygmn Littlz Iost Tribhutary %o Panthar Creel
condltion Man Crask Lost Man Crezk
Moan SE n Msan SE n Mear SE n
Surfacas water
Ceroentration{pom) 9,38 (.13 20 10.31 6,13 20 10.81 90.1¢ 20
Sniuration(%) 97,8 (.75 20 $0.5  0.%2 20 10k.1  0.95 20

Intragravel water
Conssrirationipem)  9.6% (.06 96 6.56 0.27 100 8.39 0.29 100
Saturationi{s) C1.7 £,36 26 62,5 2.56 100 80.0 2.64% 100
Interchanse percant 975  U.5 20 Gho1 2.8 20 77 4 1.0 20

_AQVA| | ALISSANING JLTLY LU VAW




27 : :

p<0.05, df=57). Dissclved oxygen concentration ef surface .
water in tribvutary *e Lost Man Creek wiam significantly. greater
than in Little Lost Man Creek (q=2.84, p<0.05, df=57).
In Panther Creek, the percentage saturation‘of surface
water over the =tudy perlod was hlghlv significantly greatler
than that in tributary to lost Man Creek (g=5.45, p<0.01,
df=o2) and Little Lost Man Creek (q=%.24, p<<0.61, df=c0),

Percentage sgturation of surface water in tributary to Lost

Man Creek wae highly significantly greater than in Little R =

o

lLost Man Creck (g=8.732, p<0.01, df=ooj,

3

During the study peried, weekly values of surface

water célezolvad oxygen concentration ranged thuslys Lititle

Lozt Men Creel, $.10 to 11.35 pem, tributary to Lost Man Creelk,

(Lo N

0. 40 to 11.40 ppm, and Panther Creek, 9.28 to 12,30 ppw

r3

N b

(Figure 15). Ranges of weekly surface water percentage satu- :
. ¥
ration were an Tollows: Littis lost Jian Creek, B87Y.5 te 100¢.0 P

\\

percent, tributary to lest Kan Creek, 95.0 to 103.0 percent,

and Panthey Greel, 99,0 to 112.0 percent (Figure 16). Litile

Lozt ¥an Creek showed declines in both paraweters duving Octo

AR

g

x5

her, ceinciding with cessation of sux faca wataer Tlow in the

=
o

sanmpling site. The only surface watler remaining wag in nools

avd

&

A

that contoiosd leaf litter. Fellewlng the inidiszl winten

tnsl
M -

. g . P T i y ey L s e, iy A 3 . 3 2 b
oym on Ootober 27 surface walter Tlow resumed and disselwad

A

oryeen concentration ond percentags ssturation of eurfzce

4 mhrem e

SURNPY SP- 1

watey ipcrersed, Both Panther Creck ard tridvatery to Lost kan

Creel eshiblted periods of oxypen superugsturaticon in thel

curface waters, Yanther Creck showed this thirouz

wmhout most of
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the siudy. I noted abundant growths of aigae. ZyEnena spp.,
in Panther Creek frem June to late November. Unidentified.
algae growths also occurred in tributary to Lozt lan Creek
but to & legser degree than in Panther Creck. During October,
in response to declining water tewperatures, the sampling
sites showed a tendency toeward increased surface weter dis-
solved oxygen concentration, excep?t in Little Lost Man Créek
during the Coetober period of negligible surface water flow.
For samples talten throuvghout the stwdy period, dis-

©

solved oxygen concentration of intreagravel water in Little

>

Lost Kan Creck was highly significantly greater than in trit-

utary tc iost Man Creek (z=35.5, |diff.|=108.7, p<0.01) and

significantly greater than in Panther Creek (z=29.0, Idiff.lr

M5, p<0.05). Intragravel disseolved oxvegen concentratien in

Panther Creek was highly significantiy greater than in tridbu-

Iin Little Logt Man Creolr, porcenisge saivraticn of

-
I

intregravel water ganpled over this otudy pericd was hRighly

sienificantly grecter than in trivatary i lost Man Creck

b e
[N

e T L i o ] e e fSem oA SRV
In Lititie Last Fan Lol

riepavied over the @tudy prriod was

greater than in Panther Creeln (g
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in tributary to Lost Man Creek (q=9.65, p<0.01, df=o0),
Panthér Creek had a highly significantly greater interchange
percentage than did tributary to qut Man Creek (gq=6.46,
p<0.01, df=02),

Weekly mean values of dissolved oxygen conceniration
in the intragravel water in Little lLost Man Creek ranged from
9,00 to 11.17 ppm (Figure 17), while weekly mean percentage
szturation renged from 87.4 to 97.8 percent (Figure 18).
During October, when there was no surface water flow, both
pafameters reached their lowest values. Surface water flow,
replenished by. the initial winter storm, and lowered water
temperatures cauged an increase in both parameters in Novémber.

In Panther Crecek, weekly meén values of dissolved
oxygen cenceniration and percentage saturation of intragravel

water ranged from 6,74 to 10.24 ppm (Figure 17) and 71.1 to

93.2 percent (Figure 18), respectively. During the peried of
lowest gireamflew and elevated wmter-tempefatnrés, when initra-~
Gravel‘conditions could bpe expected to decrease, superaaturated
curface water inereased rather than decreased intragravel weter
dissolved oxygen conceniration and percentage saturation.,

Follewing the inltial winter stormsg, beth values declined,

havag) | ALRUINNIE LVLY L uawin

poegibly in response to scouring away of a major portion of

ey

algaze growth,

Veellly mean values of intragravel water dissolved
oxygen concentration and percentage sauuration in tribvutary
to lost Man Creek ranged from 3.24 to 7.9 o4 ppm (Figure 17)

and 28.7 to 76.3 vercent (Figure 18), respectively. As at

g
'é
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Panther Creek, supersaturated surface water elevated both
parame ters ¢uring September and October. Until the last sam-

-

pling trip:; intragravel conditions had not deviated markedly
in tributary to Lost Man Creek, but follewing a number of
storms that increased streamflew, mean intragravel water dis-

golved oxygzern concentration fell to 3.24 ppm and percentage

&

24

58w

ration t¢ 28.7 percent. I noted a2 movement of fine bed-

e

[

cad sedimen

Jay]
0

and intreaced turbidity during this period
which may hove bveen responsible for a reduction in inter-~
change betwoen surface and intragravel waler.

The sampliny

u'}
"

1tes were stratified with respect to

stream condlitions that infiuence interchange of surface and

intragravel vater. This was done tc reduce spatial wvariaticn,
but I found 2 wide ranges of Intragravel water digsolved oxv-

gen concentratiens during sampling iriyps Lo two:efl the sites.
In bath trivutary to Lost Farn Creek ornd Panther Creek onz ar
moye sitandpives delivered waiter with a nuch lower dlssgelved

- N e Yt ey e 2 ey y - G S W W C et e L 3 - : .o
OXY¥EEN COVICanTTaTion Than Aid thse oitner standplpeds.e In aon-

- oy i 3 S s Yo S sy 4 g (1 -
trast, the five stundpipes in Liitle Lz Cyeel delivered
about the same disgolved oxvoern concentraticn (Teble 5).

Tor esoel gonpling slte 1 doterninad the mean valuers
of surfaece and Introgrevel woter temperstures tnlen ovewr the

[ : k1 ey b e A "o T} % : o ey e e Ao B LRORPR
& \.‘_,1.(};“}! wETrod ( J.':.l.b_i.l;? G)e U.'"‘_.l,\‘," anoLripuenly To LQZ.‘. Goaayy (zI [855%

- Cen e . [ R O G S PN s e e, ) .
wasg mean surizce woler temporonore significantly greater thon
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chat of introgravel water (t=1.79, »<0.05
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4 Tabvle 5. Mean vaiues of dissolved oxygen concentrations

: . in individual stzndpipes of each of the three

o sampling sites, saiapled during the stiudy period

& of Junez 26 to November 22, 1974

- Sampling : Standpipe Dissolved oxygern conc. (ppm)
g 3 . v -

§ site number  peon SE Max  Min  n

Little lost 1 9.57 0.1 11.15 8.94 20
Man Creelk 2 9.49 0.1 11.15 8.78 20
3 9.48  ©C.2 11.15 8.335 20
1 ‘9,81 0.1 .11.25 8.98 18
5 9.92 0.1 11.15 9.27 18
Tributary to 1 2.70 0.1 k.19 1.70 20
Lost Man Crecek 2 L,76 0.53 7.79 1.85 20 l
3 T B8.05 0.3 10.00 #.10 20 '
L 8.55 0.3 10.30 3.95 20 :
5 8.7k 0.3 10.70 3.65 20 !
Panthay Crezek 1 9.29 0.3 1150 7.00 20 1
3 10.50 0.2 11.85 9.00 20 |
5 3.31 0.3 5,00 1,05 20 |

FIMNL A1V10 AN VA

Table 6. Mean values of surface and intragravel water iy
temveratures sampled in the three sampling sites ;
throughcut the study peried, June 26 4o Nevember —
224 19?4 : I

. . - !
Sampling Tewmperature, °C %
Si't«? » R (———
Surface Intragravel ‘Z!I
|
Mean SE n Hean SE n e |
'Eﬁl
Little lost . . - . Lo}
!‘E‘an CI"OE’,]; 11(-0&. Oou- 50 11110 OOL{ 9() ig'*!
‘ ‘ ‘ >

Mig= 33 o - ’

Tribuitary to ‘e / iy . 5 - ),

Lost Mar: C}f{:‘e}{ 1306(— Os\..‘ I.O .1.20?3 Onm 10\.’ “ |

FPanther Creel 13.35 0.7 20 12.96 0.3 10¢ :

Weelly suriazce water temperatures in Little Llost Mun
Cresk pangad from 7.2 to 14,1 °C, these in tributary to Lost

O - yu Y gy e, & . Ry . %y en 1o AT
Cp, and those in Panther CreoX Srom

Man Creeck from 9.8 to 18.0
79 te 19.1 °C (Figure 19). ¥Weekly mcan intragravel water

tenperatured huad the following ranges: Lititle Loest lMan Creci,

o

. , > hll
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7.2 %o 1.1 °C, tributary to Lozt Man Creek, 9.5 to 16.0 °C,
and P;nther Creek, B.8 to 17.6 °C (Figure 19). For each week,
surface and intragravel water temperatures in Little lost Man
ireck were usually equal,.but in tributary to lost Man Creek
and Parnther Creek surface water was normally warmer than
intragravel water. In Little Lost Mazn Creek, peak water tem-
neratures were reached in early August. In tributary to lost
Man Creek, peaks cccurred in July and August and in Panther
Creek peaks cccurred in Aiugust and September. By late Septem-
ber a general decline in water temperature was apparent at
the three sampling sites.

In Little Lost Man Creek, the surface water temper-
atures sampled over the study period werc highly significantly
less than those in Panther Creck (g=5. 3”, P<0.01, df=°6) ana
in tributary to Jost Man Creek (a=4.34, p<0.01, df=o0), nn
significant differences existed between Panther Creel and
teibutory to Lest Mzn Creel

In Little Iost ¥Man Creek, intrdgravel vater tempera-
tures sampled over the study period were highly significantly
less than in tributery to Iost Man Creek (z=3595.‘|diff.|:65;

p<lt.01) and in Panther Creek (z=35.5, |aiffc] =681, ]W<:O 01},
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saon tributary to igst
K Creek and Panthar Creekoe

Thermograph records of Little lost Kan Creel showed
that surfaes and intrarravel water had the same maximun

(12.2 “C) and mininum (8.3 °C) temperatures over the periad

of record, July 6 to July 20, 1974. Duriirg the period of
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record at tributary to Lest Man Creek, July 26 to September

27, 1974, surfsce and intragravel water-temperatures reache
the same maxinum (21.7°C) and wminimum (8.,3°C) values., The
period of record at Panther Creek was the same as at tribu-
tary tc Lost Man Creek, but revealed differences between

minimun and parimaus water tewmperatures of surfece and intra-
gravel wvater. Surface water tlemperatures ranged from 9.4 to
19.4 “C, while intragravel iemverztures ranged from 12.2 to

15.0 °C. As the

‘Tt

three sempling sites nor were they representative of the

entice study period I did not =iz

;:‘;

tisgtically analyse the
thermograph data.

Differences in interchange were indicated by the

thermograrh vatierns from the three asampling sites (Figure 205,

At Little Joot Fan Creek and tributery to Loest han Craek

. s R T T $bvatie A 118 e : SERET R

temperature changmed Lless In magnitude then dld surface wate
-y g e e . . : ‘o n " .t ey ¥ RS . - . 1= 3 ~ w3
and changes in temperature lagged abouwt 3 hours behind sinkl

lar changes in surface water touperatvre.

Jows: Little Loosve MHan Creek, < 0.02 to 6637 ofs, Iributery

mer ard £all vonths was reversed folliewing the inttisli wintew
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study wveriod, June 26 to Noversne ¢ 22, 1974

Table 7. Streamflew in the three sampling sites during the

Sampling Little Loat Tributary to Panther
Creek

pericd IMan Creek Lost lMan Creek

June
26
Juiy
3 - 5
11 ~ 14
17 - 21
26 - 27
Augusgt
83 o
15 - 16
23 - 24
29 - 31
Septlember
6 - 7
13 -~ 14 0.02
21 - 22 <0.02
27 - 28 <L0.G2
October

t
N
-

2.24
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2.3
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concantration. No suzh correlation ves evident because surface
water’velocity at each standpipe was variable throughout the
study. In response to changing stream levels, stream bottom ‘
materials defleceted gurface water flow and accounted for the

variability in velocity.
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gtreambed composition, respectively. Burns (1972) determined
the éffeots of logging and. rosd btuilding on the streambed
composlition in the South Ferk of Casper Creek, a coastal red-
wood stream. YFollowing road conastruction, the percentage of
materials <0.833 mm in size increased from 20.6 to 34.2, The
following sumumer the percentége had returned to pre-logging
levels, but 22 months afterwards the percentage vas tack to
28.5. Burng' resulits coempare favoradbly with the compositien
of streambed materials <0.833 mm in size I observed in both
trivutary to lost Man Creek and FPanther Creek, nazmely, aver-
ages of zbout 25 and 27 percent, respectively.

The movement of bedload sediment in response to
increased sireamflow I cbserved in tributary to Lost Man
Cree) and Panther Creei exemplified a problem invelved in the
determination ¢f gtreambed compoesitinon. The smount of fine
bedload zediments in & perticular area can be strongiy infin-
enced by a streum's transportive zbilitiem which vary in

eaponse to changes in gireamlilow. Shapley and Bishop (1945)
added scdimeny ol sceme Alazkan streaws and found it was re-~

poved by freshsts and fleods. Ringler (1070) felt tnat layers

-

of Fineg gedimznts that he obgerved olan1ny logging opera-

ticrns were either flushed downsiream and/or incorporated into

the strsanbed. MeRell and Ahnell (1664) reported {hat EPEWNLIY

-

Filagh in the proecess of redd construceiion reduced fine sedi-
menh content of the regd avres.
Saversl gtudies have shown that gireaws tended %o

retuen teo thelr pre-loggzed gtreanbed composition zoon witen

Tt % s
N
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hE3
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logging oparations ceased and revegetation was allowed.
Sheridan and McHNeil (1968) found <that after two Alaskan
strecams had been allowed to recover from logging for five
vears there were no gignificant differences between pre and
post-legging stroambed coemposition. Platts (1672), referring
1o the South Fork of Idaho's Szlmon River, said that streanm-
bed compeziticon will have returned to pre-logged condition
within & deczde of the cessation of logging opsrations.
Panther Creek can bte expected 1o remalin zt iits present condi-

tion of sireambed composition or increase in levels of fine

)

sediments becavse logging operations within the watershed ar

"W

e

slanned to continue. Tribulary to Lozt Man Creek, for eix
years recovering from logging, may te in Tthe process of

returning to itg pre-legged streambed composition.

For the overall study vaviod, auwrlface water in drite
ubary to Lost Han Creek znd Panther Croek hzd significantly
higher dissolved oxygen concentirations and Percenisge galuvre-~
tions than did Little loagt Man Creske I felt that the chied

N PR e IR —, S P 3 L G T P,
TOoHons 10T mhe i sater arovats of disgolved CXy&Ea

ey Vo oem i et . . o vm e S e P S S | — AR
bwo logged suraams were thely continueg turiulent siveanilow

arddy, copacinlly. the preduction of cxygen by neriphyten thas

R I : ey b amn A el T
eriotad in both aireams neurly throughout tho atudye. I saw no
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the gtream charinels, Periphyton hsve tsen known to respond to
such eonditions by producing supersaiurated dissolved oxygen
conditions in streams during daylight hours (Reid, 1961).
Other Factors also Influence the dissolved oxygen concentra-
tion of water and nzed to be discussed te better explain the
differences observed in this'study.

Increases in altitude reduce the dissolved oxygen
helding ability of water because of the reduction in atmo-

spheric pressure asscciated with increased altitude (Reid,

isiu!

1961). The sampling site at Little Jost Man Creek wiae about

v

1000 feet higher in altitude than the other two sampling sites,
therefors Little fost Man Creek had a lower oxygen holding

3

capacity than did the other twe sites, in regard to altitude.

Lihl AV

Inoreased water temperaturc also reducces the dissolwvaed

-l

exvgoen holding ebility of water (Reid, 196i). Tor the oversll

gtudy, surface watzy femperatures st tributary te lost Man

(FRIVIENIRTIL Y

Craek and Penther Creek were glignificrntly highesr than these
in IAttle Lozt Man Creek. Thereiore, Little Lost May Creel had P
. “ e LR don . . () hnan
a greater oxygen holding capacity than the other two sites, S —
T
in regaxd to tomperature. A
gl L
, g s o . U »
Turtulent astrezmflow adds oxygen te streams by reaer- -
" . -

etion with atmespharic orxygesn (Reid, 1061). The cessation of

guntacse water Llove that I roted in Little Tost Man Cweeelt's
grunpling site resulted in & temporary decline in surface watasy

“n R, P ™ n .- T4 A s eqiros v ey g an R ey e U S
diognolved cxygen concentrationy the other twe zanpiing slles

maintained turbulent ztreawmilew throughout ths studye.
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had higher levels of intragravel water dissolved oxygen con-
centration and percentage saturation. Tributary to Lost Man
Creek, in a clear-cut watershed, had the laewest values of the
two parameters. I felt that differernces in interchange among
the threc sampling sites were primarily responsible for the
observed differences in intragravel dissolved oxygen concen-
tration anc percentzge saturation. Irom my stream boitom sam-
»ling program I found that

the two logged sampling sites had

-t' O
L
greater zmounts of sircambed materizls <0.833% mm in size., It E;
-
has been demonsirated thet ihis particle sigze class can impedes g;

: . I . D
interchange and thus reduce intragravel dissolveaed oxygen con- -
centration (Vaux, 1962, 1968). The interchange percentage 'i'

that 1 derived supported my hyvpothesis that interchange had :3

been impeded 2% the two logged sampling sites, Little lost .

Y8 «m 3 € 5 ~ 3 - — ey 2 N hanad
ian Creck ‘s 2zmpling site hed a highly significantly grzater ot
. \_—

L]

. . . IR Y erin NPREUPUNE T SR SV W .
interchunre per nuzgf than either logged sanpling oite. -

Lotragravel water dissolved oxyegen ceoncentyraticen hae

‘been shown e be largely deperndent en irterchanze with svw
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surface water. This was the only time where intragravel water o
in a logged szmpling site, Panther Creek, exceeded the mean

dissolved cxygen concentration of intragravel water in the

Little Lost Man Creek sampling site. At thiz time Little lost
Fan Crecit had reached its lowest intragravel disselved oxygen
cencentration vecause of the cessetion of surface water flow.

The cesvlts of Orsgon's Alsez VWatershed Study were

gsimilar to mine wiih resvect to intragravel dissolved oxygen
concontrations. Ringiler (1970) found the mean intragravel dis- ;
solved oxyzen concenivation irn & stream in a cJo r-cut water- i
shed was highly significantly lees than that of c¢ne in a :
patch-cut watershed where 30 percent of the tinber had been E
removed and buffer sirips were retained along the perenniazl E
stream channels, He also reported that ths wean percentage ;
saturation of intragravel water disselved oxygen wes 61.8 pew- -
cent in ithe c¢lear-cut watltorshed's sitremu arnd 76.7 percent im §
the patch-cub walershed's sitresw., In the stresm in the water- E
ehod that was clesr-cvt hae found thu Ve vre-logzing ints :
gravel dissclved oxygen conceniration of gtrcumbed areas Tor- :
merly occupind by redde Lfell &35 vercenmt afier logping of the ;
Laates (1668) Found that during logging of ;
the alesrecut watershed the intragravel dlzsolved oxygsn cone :

centration of its aiveawm averzged 4.2 pra. while during the

o g ey . PRV RN oty g ol . [ P P
gavic meried, o slresm 1o an univgged control watsrshed avenrs
aged F.0 pom.

Sretial variation of inteagravel dimzolved oxygen oon-

Y Ao B gt e PR - 4 - '™ b e Pt e - v i
centration such as I dound in beth logeesd gampling alves haon
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been previcusly reported (HMcNeil, 1962 and Ringler, 1970). My
gsamnpling sites were stratified to reduce spatial variation,
put results at the two lcgzed sa Dllng gites snowed that the
atratification selected d4id not reduce spatial variation. A

visugl inspectinn of ewch of the cites revealed no apparent

on §

~
o

T a low disgolved oxygen concentration in s parti-
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Temperature

For the overall study pericd, surface water Tenmpera-
ftures in Little Lost Man Creek were highly significantly less
than those in tributary To Lost Man Creck or Yunther Creek.
The differences among the meen surfezce watex temperatures were
emall, 2.7°C was the greatsst difference. Differences in max-
imum recorded surfaze waler tempsratures vere Jarger, Litile
Lost Man Creek was 4.1 and 5.0°C cooler than trivutary to Lozt
¥arn Creell ¢r Fanther Creek, resnectively.

The differences in mean and maExinun suriace vwatay

‘-

tewperetires werae roflective of the alifcrences in eversiory

E

o e s 3 P AT S T PR v ReYe e Ty evoge Y gy EERCR)
and slresmside vegetatlion anung Ythe three watsitheds. Erown
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arceas with sparse overstory and sirearnside vegetation. The
stream channel is oriented in a northeast direction and wa
thus exposed to direct solar radiation for & major part of

the day during the sumumer months. In both Panther Creek and

iributary to Lost Man Creek, typical differences between daily

maximum and minimum surface water temperatures were 6.0°C,
Tributary to Iost Man Creek had little overstory vegetation
on its clear-cut watershed, but streamside vegetation was
abundant. A low understory of sirecamside vegetation has been

found to be able to protect a small stream from large changes

in water temperature {(Califcrnia State Water Resources Control

Board, 1973).

No prior water temperature data were availeble for
the thiec study sireame so 1 could not determine the effectis
of legeging on sirean Temperature. However, several studies
have been conrducted on the effects of logging on sivesm tewm-
perature, Feehan. et ale (1969) comparend stresem temceraiuraes
in two Alazitan sirezms, en unloegred coniroel sirezn end one
with 25 percent of its area clear-cuts: They fTound that tem-

perataras in the logged sirezn nad increased significantly

Ceemd n o A . SRR B, : sy e 4 . . N
during sumist and September, In o stresm in o clear-cut walsr

M E Y yre o . ¢ e T ooy = O . 3 ey wn - - s o b -
shned of Cragon's Algsean Study, the wmaxivam pre-logeing strean
: .. P A 24 . o ¢ . o @ “. e 9 s iy o
tamperature inereased from 16 C 4o 30°C following removal of

logzing debiwis from the strean channel and burning of the

wotersind . (Hall and Lantn, 1969). In the sams streom, Brown

£
&

(1970) foundg that suclace water tempgevatures hod declined in

"

regponse o shade provided by the wepgrowih of streancids
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vegetation. Referring to the Alsea Study, Brewn and Krygier
(1970) reported that the pateh-cut watershed, wiih burfer
airips of vegetation along the perennial stream channels,
shovwed no significant increases in water temperature after
logeging. Burns (1972) reported that the maximum surface water
ure in Casper Cresk, a Czlifernia coastal stream, haad
inereased Irom = pre-logging level of 13.9°C to 21.1°C after
streawside canvpy woes harvested. Brown (1970) cautioned that
results of stresam tenmperature studies shouvld not be broadly
apnlied because meny factors can influence a sgtream's water
temperature and its response to vegetative alferations: most
studies have not been designed <o adequately assess all of
thase Tfactors.

For the overall study period, intrsgravel viater tem-
peratures in Little Lost Man Creek were highly significantly
less thean in tributery to Lest KHan Creek or Faniber Creek.
ravel water femperaziture has teen found to be priwarily
infiuvenced by The Temperature ol curfacse water which inter-

.
< aney €F I
4."'Al4$&c)‘: TOWll

yointragravel vwater. Sheridan (1961) found a high
correlation {(1=0.29) beiween the itemperziures c¢f surfac
intragravel waiter. Defore logeing g occurred 1n Oregon's
Eleon Study, Covle (1961) found curface ond intragravel water
hed roesly eguzl tenperatures. In o recent study on a clear
stresn in the 2locs Study, Ringler (1970) found that mean
introgravel and surfzce watler tonpsraturaes vere sbout cqual,
vtut he dound large dlurnzsl Ylveitvatlions in both surface and

< B R L oy i - s ~ - il . . ool . = | e v ppgn €2 3 s
IME »vel water temperasiures. e slze found that changes In
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intragravel water temperature in regpense to changes in sur-
face water temperature lagged from 2 to'é hours. The~Panther
Creek thermograph record showed a similar 2 to 5 hour lag
time, but there was no such lag time in either Little Lost
Man Creek or tributary to Lost Y¥an Creck.

Congidering the variaticng in interaction of surface
and intragravel water temperatures that Ringler (1970) found,
I did not feel that 1 had sufficient dats with which to com-
pare differences in interchange among the sampling sites with
regaxrd to their temperature response patterns. The response
patterris of intragravel and surface water temperatures were
indicative of spatial variation within the sireambed and not
inherent differences in interchange‘among the three sampling

$
S1Uve5e

Streamflow

Annual 2treamflow has been.inerecsed after logeing

operstions, espescially clear-cutiing (Hidbbert, 1567).

Rothacher (1870) felt that removal of lezs than 20 percent of

a watershed’s furesi cover would not resull in any dete

,

0

vebhle
changes in siresanflow. Maehan, et al. (1969) Tound no signi:
jcan®t incrsasgses in anmual sirewmflow in Two Alaskan sireaws
whusge watersheds had 25.4% and 19.8 poveent of thelr forest
covar removed.

Hitbert (1957) raported cases where summer streamflow
had incyreased in reeponxzg fo the removal of subslantlial per-

tions ol Forast vegetntlon. Incressed stwezanmflow, due malindy
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to lessened transpiratieonal leosses, mavy be short-lived where

revegetetion proceeds ranidly (Rothacher, 1970). The lack of

prior stresmflow data made it impossible to determine if sum-

mer sitiresmflcw had been augmented in the twe logged watersheds

of my study. The 1
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(196£), os cited by Ringler (1970), found that fine sedimentis

(<3:33 mm in size) entombed coho salmon fry within the stiream-

bed, thereby reducing survival 1o emergence., Under laboratory
conditions, Hall and Jlantz (1969)'found that the survival of
cohe salmon and steelhead trout azlevins was reduced as the
percentages of materials 1 to 3 mm in size was increased in
the girezmbed, even though intragravél discolved oxygen was
maintained near saturation.

Streambed permeahility was reduced as interstices
ameng sircambed materizls became blocked by bhedload and/or
intercepted suspended sediments (Coopsr, 1965). MeNeil and
Ahnel) (1964%) found an inverse relzticnship existed between
permaability and the percentage of sfreambed naterials <0.837
mm in size (Pigure 21). Vaux (1962) sizted that reduced ner-
nmeability lemsened the interchange of suriace and intragrawvel
water, thereby reducing intragravel dissolved oxygan concen-
traticn.

Another edfent of strecibed gedimentation has Leen
the edditionzl blochemical oxvgen demand of crganic matisyr

contained in {ine gediments. Ringler (1970) fouvnd a ypositive

.’

- e ; i PR VN . o -~ - —— —d e
ceryaletion (r=0.75) Lelween the amount of orgenic maitsrlal
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in streanm botiow sanples and the percentage of naterials
<3327 wm in slze In thz stireambad.

Intrapgraveld watey provides cxygen Loy the respiratio:.

el deveioping cges and alevins, while apparent velocity of

Tlow delivers that dissolved oxyeen and transperts metaboliaz

2

vostes avay from the eges and alsving (Coble, 1961). Dimsolved
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oxygen concentration was more important to the growth of coho
salmoh and steelhead trout embryos than was apparent velocity
_of flow (Shumway, et al., 1964). Survival of steelhead trout
eges was positively correlated with intragravel dissolved
oxyegen concentration and apparent velocity of flow (Coble,
1961). Gangmark and Bakkala (1966) studied the relationship
‘between mortalivty of king salmon embryos and intragravel dis-
solved oxygen concentration in artificial spavming channels.
They found that vhen the dissolved oxygen concentration was
less than 5 prm, mortality was 37.8 percent, but when the
dissolved oxygen concentration was greater "than 13 ppm, nor-
tality was reduced to only 3.9 perdeﬁt. Under laboratory con-
ditiens, survival to emergence of steelhead trout and king
almon embryos has been aﬂh)pvod at low concentrztions of
intragravel dissolved oxygen (2.4 %o 2.6 mg/;), tut the em

bryos were much reduced in size &s compared to tho&e ralzed

2t 11 mwg/) (Silver, et al., 1963). Under lakoratory conditions,

Shumwey, et al. (1964) determined thai reduced intragravel
dissalved cxyeen concentration and apparent velcclity of flow
resulted in delaved egg hatching, addit‘onai ege and slevin
mortallity, and rveduced alevin sins of gteelhead trout and
coho salnon. Hagson (1969) found that eoche saulmon ralsed st
low disgolved oxygen concentraticns woere not as cempstitive
in zn artificlal siream as were other cohoe salmon ralsed =%
high disgolved oxygen cowvgntcﬁf1<nz of intragravel wator.
The murface and intragravel water temperatures thet

. . - o

n wny sTudy were, in most cases, less than z0 °C,
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a temperature determined by Brett (1952) to be the upper limit
for maintanence of normal physiological pzoueqses fer Pacific

salmon (Qncorhyrechus spp.) and steoelihead trout. On six occa-

siens, tributary to lost Man Creek exceeded 20 °C, and once
the surfzce water temperature reached 21.7 °C, but none of

the occasions lasted more than 2 hours.

5

Ceonsidering the summertime water temperaturesg that I

mn

rneasured, I would not exvect wintertime temperatures to vre-
sent any probiems to szlmonid eggs and alevins in any of the
three study sireams. I meeasured the temperature of surface
and intragravel water in Little Lost Man Craek in the wintex
and found them to range between 5 and 10 “C, Combs and Burrows
(1957) determined that king salmon embryos developved nermally
between 1.7 and 15.6 °C,

Strewnfliosv increages, 1L only mederate, could improve

intragravel conditions through increased interchange. Wicketwd

(1954) »reported that appsrent velcceliiy of intrep
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Man Creek and Panther Creck indicated potential problems for
salmbnid eggs that may be spawned in theose two streams,

For Pacific Coast streams in general, increased sum-
mer streémflow had the potentizl to yield more fish produc-

wan, 1961). He was not sble to determine the speci-
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fic reasons for this, but felt that additiénal stream surface
area caught more terrestrial insects, inereased stireambed
area pfovidﬁd for additional production ef algae and aquatic
insectis, and fish had more living space. ln a more recent
opinion, Burns (1971) felt that due fo natural fluctuations
in fish populations any change from the obcerved mean that
was less then 50 percent was difficult to attribvute to water-

shed disturbances such as logging operations.

1
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CORCLUSIONS

This redearch revealed differences in quriace and

intragravel wazter condl

;.:
<
b
&}

petween sireams in legged and
unlogged watersheds. Panther Creek and tributary to Lost Fan
Creck, both leogeged, had from one and a half <o two Times

3

¢f fine sediments (<C.53%3 mm in size)

( l
m

creater vercentags

in their streawceds than did the unlogged stiresm, Little 1o

4.
v

&

Man Creek. In the itwo loggad strecms, the interchange ¢f sur-
face and intragravel waler was impeded by the excessive guan-
tities of Yine sediments in their streambeds,

The <three gireams contained surface water dissolvzd

oxygen concentiratiors near saturation, vet only Little Isnst

Man Cree¥ contained intrsgruvel water that was near gziuration.

Little Lost pan Creek also maintained & high interchange pey-
centage. These two conditions irvdipsied dhat g high rate of

s

ed in Litils Lost Ilian Creck. in contrast,
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gtreans has been made, But it woulad appesr, in general, that
salmonid production in the thres streams would not be limited
by streambed fine sediment levels, or surface and.intragravel
water dissolved oxyvgen concentrations and temperatures. Some
localized problems could occur in spawning sreas of the two
logged streems beczuse of the movement of bedload sediments
which could create temporary reductions in intragravel dis-

solved oxygen concentrations.
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Summer and Winter Stream Bottom Composition

at the Three Sampling Sites

Little Lost Man Creek?®

Size Summer composition (%) Winter composition (%)
?igﬁs Mean - SE Max Min Mean SE Max Min
26.67 39.2 3.8 58,6 22.1 39.6 4,0 56.7 12.0
13,50 12.4 1.2 20.7 8.3 11.2 1.2 18.5 6.4
6.73 11.5 1.0 18.2 8.3 10.2 1.1 16.0 6.6
333 9.0 0.7 12.4 6.7 8.9 1.0  16.0 5.5
1.70 8.8 0.8 13.7 6.1 6.8 0.5 9.4 4,3
0.833 4,0 0.5 6.8 2.3 5.8 0.6 8.6 3.8
0.104 4,2 0.6 7¢1 1.6 6.2 1.0 11.7 2.3
' <0.104 10.8 1.4 17.4 k4.5 10.6 1.2 19.5 6.5
<3.33 27.9 2.9 43,6 15.3 30.1 2.6 hs,7 21.4
<0.833 15.1 2.0 23.1 7.0 17.5 2.0 30.5 10,1
Tributary to Lost Man Creekb
26.67 13.2 1.0 15,3 10.: 15.5 4.6 27.0 3.2
13.50 14,8 1.2 17.6 11.3 12,8 1.0 13,0 12,6
6.73 14,4 0.5 15.5 12.6 12.9 0.4 13.9 11.7
3.33 12.2 0.8 13.8 9.3 10.7 0.4 12.0 9.5
1.70 12.1 1.1 15.5 9.3 9.8 0.8 12.6 7.9
0.833 8.8 1.1 12.4 6.4 12,1 1.0 15.6 10.5
0,104 17.3 1.3 21.2 13.8 20.4 2,1 24,9 14,9
<0.104 7.4 1.0 10.7 L,9 5.8 0.7 8.0 4.1
<3.33 45,5 1.1 48,5 42,4 48,1 4,0 58.6 38.2
<0.833 24,7 0.5 26,1 23.3 26.2 2.6 31.1 19.8
Panther Creek?
26.67 24.3 2.8 Li1i.3 11.4 17.6 2.3 29.5 8.1
13.50 11.7 0.9 16.2 8.1 g.4 1.5 17.0 SPL
6.73 10.3 1.0 4.4 4,3 2.0 0.7 13.3 6.2
3.33 9.5 0.8 13.4 6.4 10.3 0.8 16.2 7.8
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APPENDIX A (continued)

31.3

Size Summer composition (%) Winter composition (%)
class
(mam) Mean SE Max Min' Mean SE Max Min
1.70 10.8 - 0.7 14.5 7.8 12,1 1.2 1B.4 5.7
0.833 9.8 1.0 14.6 3.7 12.7 1.3 16.2 3.1
0.104 11.7 0.9 15.1 7.1 14,0 0.9 - 18,5 10.5
<0.104 11.9 1.0 16.2 5.6 15,9 0.8 19.4 11.1
<333 44,3 2,0 54,8 32,7 54,7 2.8 - 65.3 35.9
<0.833 23.6 1.4 18.9 29,8 1.2 34,4 21,8

8Summer and winter sample size was 10.

bSummer and winter sample size was five.
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Weekly Dissolved Oxygen Concehtration and
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APPENDIX B

" Percent Saturation of Intragravel Water

at the Three Sampling Sites

Little Lost Man Creek?

Date Dissolved oxygen (ppm) Percent saturation
Mean SE Max Min Mean ©SE Max Min
June 27 9.82 0.1 10.00 9,52 90.8 0.8 92.5 88.0
July 5 9.64 0.1 9.93 9.35 93.6 1.1 96.5 91,0
13 9.75 0.1 10.12 9,51 92.0 1.2 96.0 89.5
21 9.54 0.1 9.89 - 9,22 92.6 1.3 96.0 89.5
27 9.13 0.2 9.51 8.71 91.6 1.3 95.0 88,0
Aug 3 9.00 0.2 9.40 8.42 91.9 1.8 96.0 86,0
15 9.38 0.1 9.80 9,05 91.0 1.3 95.0 88,0
24 9,02 0.2 9.41 8,35 89.3 1.9 93.0 82.5
29 9.00 0.1 9.27 8.75 87.4 0.8 90.0 85.0
Sept 6 9.18 0.1 9.45 8.85 91.0 1.2 93.0 87.5
13 9.09 0.2 9.43 8,50 88.3 1.6 91.5 82.5
21 9.41 0.1 9.65 9.26 90.7 0.7 93.0 89.0
27 9,71 0.2 10.05 9.15 91.7 1.7 95.0 86,5
Oct &4 10.16 0.1 10.40 9.90 94,0 0.9 96.0 91.5
11 9.97 0.1 10.15 9,75 91,8 0.5 93.0 90.5
18 9.13 0.05 9.20 9.10 87.8 0.3 88.5 87.5
25 9.65 0.1 9.80 9.55 88.5 0.8 90.0 87.5
Nov 9 10.68 0.1 10.90 10.35 97.8 0.3 99.0 97.0
15  10.23 0.05 10.30 10.05 91.8 0.5 92.5 90.0
22 11,17 0.05 11.25 11.15 97.2 0.2 98.0 97.0
Tributary to Lost Man Creek”
June 27 7.71 0.9 9.18 4,19 76.3 9.2 91.0 41.0
July 5 7.39 1.3 9,20 2.69 71.1 12.1 88.5 26.0
14 6,60 1.1  9.10 3,10 65.3 10.4 86.5 30.0
21 6.65 1.2  8.99 2.30 66.5 12.1 90.0 23.0
27 6.47 1.2  8.59 2.40 66.0 11.7 87.5 24.5
Aug 3 6.15 1.3 8.60 1,70 61.6 12.4 B86.0 17.5
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APPENDIX B (continued)

Percent saturation

Date Dissolved oxygen (ppm)
Mean = SE Max Min Mean SE Max Min
Aug 15 6.5 1.2 8.70 2.30 66.9 12.6 B89.0 23.5
24 6.16 1.2 8.28 2.30 60.3 11.9 84,0 22.5
29 5,85 1.2 B8.55 2.05 s7.4 12.0 84.0 20.0
Sept 6 6.27 1.3 8.46 2.35 60.6 12.2 82,0 23.0
13 5,84 1.3 B.55 2.00 57.3 12.6 84,0 19.5
21 6.55 1.4 9,10 2.35 61.4 13.2 85.0 22.5
27 6.98 1.4 9.30 . 2.75 66.0 12,8 B7.5 26.5
Oct & 7.94 1.5 10.70 3.20 70.2 13.3 94.5 28.5
11 7,06 1.4 9.65 3.35 65.9 12.7 90.0 31.5
18 6.70 1.3 9,10 3.10 60.3 11.5 82.0 2B8.0
25 7.25 1.4 9,70 3.30 65.5 12.3 88.0 30.0
Nev 9 6.89 1.6 10.15 2.20 62.7 14,9 92.5 20.0
15 6.71 1.2 8.95 3.65 60.0 11,0 80.0 32.5
22 3.24 0.9 4.10 1.85 28.7 3.8 36.5 16.5
Panther Creek

June 26 .56 1.1 9.95 4.16 82,0 10.7 95.5 139.5
July 3 7.68 1.7 10.12 1.05 71.8 15,7 94.5 10.0
11 7.41 1.4 9.62 2,00 72.1 13.8 94.5 19.0
17 7.69 1.4 9,91 2.35 74.2 13.5 96,0 22.5
26 6.99 1.3 9,00 2.20 74.5 13.8 96.5 22,0
Aug 4 6.74 1.2  9.20 2.39 71.1 13.7 99.0 24,0
16 7:56 1.4 10.02 2.60 74.3 13,2 98.5 26.0
23 7.26 1.3 9.77 2.85 72.6 12,5 97.5 28.5
31 8.05 1.3 10.35 3.25 82.7 13.4 108.0 33.0
Sept 7 7,40 1.3 10.05 2.65 78.2 14.1 107.0 27.0
<14 8.38 1.4 10.95 3.05 81.5 13.5 107.0 30.0
22 8.57 1.3 11.00 3.90 80.5 11.3 103.0 38.0
28 9.08 1.3 11.15 k.05 83.6 11.4 102.0 39.0
Oct 5 9.20 1.1 10.70 5.00 89.0 10.3 103.5 48.5
12 9.4k 1,3 10.95 h.bs 90.1 12,0 106.0 42,5

[ 2]
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APPENDIX B (continued)

Date Dissolved oxygen (ppm) Percent saturation
Mean SE Max Min Mean SE Max Min
Oct 19 9.22 1.3 11.10 4,30 81.2 10.8 97.5 39.0
26 10.24 1.3 11.85 5.00 93.2 11.8 108.5 46.0
Nov 8 9.70 1.4 11.70 4,25 84.7 11.8 102.0 138.0
15 9.73 1.4 11.70 4,25 86.3 12.2 103.5 38.0
22 8.86 1.7 11.45 2.35 76.6 14,1 98.5 21.0

aSample size per day was five, except for October 18
and 25 when it was three.

b

Sample size per day was five.



