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INTRODUCTION

Redwood. National Park, in northwestern Calii'Qrnia.

was ostablished by Congress on October 2, 1968 to preserve a

portion of the coast redwood (Sequoia B~mnBrviren!) ecosystem.

In October of 1973 the National Park Ser\rice awarded a con­

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

an environmental study of RedwoCld.Nat'icl11al. Park, with empha-

sis on the Redwood Creak Drainage Basin. The study objectives

are to survey the terrestrial and aquati.c ecosystems in the

park, identif~" the more serious trlrcats to those ecosystems,

and measure the effects of logging and associa.ted read con­

strttc:tion on Hedwood NatiE1nal Pa.rk and its (1n\lirons. Under

coopex'ative agreement with the Geological 8ur:vey this project r

"Int:J:'ag-.cavel and surf<'lce water condi tiona in three tribu-

taric~ of Redvr'Ood Cree}~II, '?otiS desip.;ne·d to providE! data on

intragravcl conditions in SDme streams within the Redwood

Creek Drainage Basin.

My 8tl~dy ob .ic:cti ves lnc luded the mon.! toring of d h~··

solvEld oXy'gen concentration a.nd "t£iHllper'ature of surface and.

int:c13.g:ca.vel we:tel'v 8..nd determination of the pBrcentage compo-

si tiel'! of strnaro bottom liIt.t.teriHls in t.h.r.ce tributari.es of

Redwood Creek. The research wes conducted from June throug~

virgin redwood forest F redwood fore6t reoovering from loggi~GI



.. and recently logged redwood forest~ As no pre-loggine data

were available, an assessment of the effects of logging on

each tributary was not possible, but comp~isons are made of

the differ.ences in surfa.ce and intragravel cond.itions among

the streams in the three types of watersheds.

Redwood Crce)c, ene· of the major streams wi thin Redwood

National Par){, arises in mid-Humboldt County near the eastern

county line and flows in a northwesterly direction about 50

miles to th~ Pacific Oc~an near Orick, in the northwest cor-

ner. of the county. ThE: drainage area is abou.t 280 square miles

and is typified as a long, narrow valley v:i th steep sideslopes.

The moderate gradient of Redwood Creek allows salmonids to

ascend to the headwaters, but low SU:'1I!!cr f10"'8 throughout the

basin J.imit the extent of nursery areas (California Department

of VIator R~~:30·L.1rCeSt 1965). 'l'he U. S. Fish and \'!lldlife Se:r:,\rj.cc

(1960) estiL):::tt~d that the average size of runs of salmonids

into the river sys teIn amounted to 5000 king saJ.mon (OD~.:gr}-n:r~-

The economy of the North Coast region of California

depends heavily upon its forest products and fi8ht:~ry induE::~-

trics, }, lli6.•iv:r :portion of the fish0i.',Y is d(;pE":ndE~~t on three

salmon r ~oho salmon,

Hemova1 of vec;etation (ind. d.isturl)c\1'lcp. of th(~ w&tr:l'shedfs

,.::
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mantlf':: by logging may influence streams physically, chernica:lly,
i

and blologically. A1terations in strew) water quality, runoff,

temperature regimes, and energy flow pa,tterns ma.y occur. Log­

ging debris deposited in the str'eam may block migration of

fish and act as sediment iraps. Increased sediment yields fron:

surface erosion and mass soil mOVE~ment can increase stream

sedimentatioIl. 'I'he presence of large-scale logging operations

has accelerated aJ'l already high :rate of natural soil orosion

attributed to the region's abundant preci.pitation, unstable

geologic formations, and steep, erosive soils (California

State Water Resources Control Board, 1973).

Stream sedimentation is generally one of the major

consequences of logging operations and exerts its effects

prir:-,ar:U.y upon the strenm bottom, although j.ncrct'.sed tu.r"bid-

i t~· may reduce photosynthetic p:r'()r.:e:::~ses ar:d hamper aquati.c

organisms. '1:he de:posi tiol'! of sediment in the stream channel

oth9r orgal1i:::.lli::-~. lJ:he intr'ag:r.-avsl dcv~lopment of salmcmid

int((:t'c:ha.,nge to ue af:fr~ctGd by tlJJ:'(~e: r;treambed characteristi(~i):

'permeai')ili ty (the inll\H'ent abili ty of a p:':ll'OUS medium to tran:':>·

,
:~
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,~

r
:(

r:
"II
"ii
"i'
r

't ,,' . d )n"' .... .,. L" ~ c'I"",. J... \,,0'\ wi. ...~ fi depth () f ]'.li:'l'!Jlenhle ma tE~!."iaJ.s f and configuration

.,.' t"A ·;"t' 'J': ~l:~\ld ;\ l' ·", " .. I'O·r. {,' ,j,'lI' t r' t f" ~ ,'''''b'j t:> ':"l"~0., [l_':> ,recu" )(,....~ 11, ta~".;" ..... 1 (, ..,p "I .) .•pen mer.;...e rna. E.! .l.r.,.. '"



.. 1:1,

or perirleabili ty in thG (i..~r0ction of flow creat~d a do\,;nweJ.ling

of water into the streambed, d~creSBes in ~he two factors

YJ~115.n[~~ occurred i!l (':onv(;): profiles ~ A ch,£inge In any of the

thrGf: controlling factC!"Z5 r st.1ch 808 df,:cr.::a.sod permeabili~y due

,". '"., .~..
; .•' ;"',_, .I ....,

that fins sediments could bJ.ock interst3.ces( 19"'0 \ s· •J. ( J, .:. 0 lH~{!

ch~nge of surface and intragrav01 wat~r which delivers d1~-

intragrRvel conditj.ons on the survival ~ld development of
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STUDY AREAS

The study areas were three small strearn~ in the

.Redwood Creek Dra1.nage Basin in northwestern Humboldt County

(Figure 1). 'lli18 rwrtherrunost str~arn i~; a tributary to Lost

Man Creek, which ent;er~ Prairie Creek, a tributary' to Redwood

Creek. The watershed of this tributary to I,os+; Ma.n Creek is

recovering from logging (Figure 2). 'l'he Little Le,st Man Creek

st~dy area is in a virgin watershed (Figure 3). Portions of

-ehe Panther Creek drainage were recently logged, this was the

southernmost study area (Fi.gure 4). Physical features of the

watershecl areas influ€:ncing thl.1 sampling 5i tes are presented

in 'fable 1.
•Geologically, both the tri bu"tFJ.XY to Lo~;t Man Creek

2..nd J,;i ttJ..e IJClst Man Creek are' located on the }'ra.....lciscaJ1 }'orma-

tioD which iE characterized by Upper Jurassio to Upper Creta-

aeous rocks such as gra;ywacl'.:80 shal.e f chert, and minor amount:::;

of ~etasedimentary rocks. Panther Creek is loca~ed in an area

of Pr'e-CretaceOUf..i metascdimEmtriry rocks v .chi0fly phylli.t.e r

~lat(>., l1.T\d schist (U. S e Department of Agric1111;ur~, '-9'(0) •

. 'I'h~ u. s.. Dt~pal"tment of Agriculture (19'70) indicated

th2.;:t thc1 Boil::;. in· the L~.rea of the thY.'E'H~ watersheds fire deep

t ' t· 1 )... 'Jo mO<.\81.'3. .c.Ly QfJ.ep .O~.i..i'il \!YP8 SO J•.S with good drainage and

is I::m:i. tt;:d prir:1.:n·5.1y for fO:r.(;1S try and gr.~u~ing. After removi?.. l

,.
J .~.-------------------_..
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Phjrsical fCHltur.es of the "mtershed areas influencir.g
the oumpling sites of the three tributaries

Watershed Little Lost lJ.~r1bu tar;'t to Panther
oharacteristic Man Creek Lost Man Cr'oak Creek

Area (acres) 535 1255 3860
Area (so. mi. ) 0.83 1.96 6.02
Orient.ation N\'l SW NE
Mean slope (;,0 30 27 36
Me.in cha.nnel

Length (ft) 7300 11,100 14',750
SJ.op~ (%) 8.7 10.6 10 • .5
Elevatlon (ft)

Maximum 1950 1500 2000
At site 1320 325 450

The area's climate is characterized by dry Bummers

Before logging, the three water~hadB were veg~tated

Ta.ble 1.

of vegetation these ~;oils r..re charGtcteriz,ed by a high erosion

hazard.

study t:,:r.na.s pl'ov:1.6cd. t(~mperatnr8 und precinitatlcn data

and \'let winters moderated by the nearby Pacific Ocean. Elford'

a.nd McDonough (196l~) found peale "tempex'atures to CoCC\.iX in

prim?xily wi til coan'~ redwood c 'r'ho wdtcrshed upstrfH1Jn of the

condl t:i..('m~ Lr)f,g1.ng of virgin rE')dwood forests in the area of

roads. A majcr.' pOi....tion oj:' the t;:'i1mtary to Lost l',iEm CreeY..

drainage was logged b~l tween 1y64 and 1969 (Figure 5). In 19'?:)

Soptember, while 90 parcent of the precipitaiion falls from

i:fJy stud~" has beeT! d.one :;'.lmost. exclv.s5.v(~ly with tractors.

it II· "

I
I

I
t
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Table 2. Climatological data from three weather report
stations near the atndy <:",re[,~s, Ori.clt: r Prairie
Creek Par]: (I), R80v:ood Creek near Blue Lake (II),
and Hoopa, (111)8

350

56.9
70
43

57.3

11.6
9.2
7 t.:, -'
}.2
2./.;-
0.9
0.1
0.4
La
4.5
G.e
9.8

60.4

11.8
9·5
7.9
4.4
).1
1.:1.
0.2
O. Lf
1.5
3·7
7.0
9,9

975

8.8
11.7

52
61.:1:
42.8

70.9

11.9
10.7

9 t::
'..J

4.7
l}.O

1·5
a.)
0·5
1.2
6~2

161

G
J

.. 12 rdil~:G S C) :f Pa·.;;;~l.\., , ........ , \ ..."" ,.," ~ : ~~ ...
•/0 (; ~,:. T,C G ,.

~'. -.,

d J .... d 12 mile ;:; E of P,~rl·cheJ~ Cr~eGl:. r:: itBJ,)ca ~.f.!.

a From Elfo:ccl cmd h](,~DCl:'iOllgh (1 <)61+)

bLooated 2.5 miles NW of tr3butary to Lost mill1 Creek
site and 5 miles N of' 15,-'.;"'I,:J.6 I.os"t H;:UI Crc8k sits'

Elevation (ft)
Mean temperature (Op)

Annual
M3x.hmra
r,'lininYurn

Mean rainfall (in)
Annual
Monthly

J'am~ary

Febru.2ry
Marcb
Apri1
May
Juno
~Tuly

AU£.:l;s t
Sept;~rnl)er

October
NOYeL(1)E:r

D(~CE;mber
-----_._----------
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Sampling Site Stratification

McNeil (1962) fcund int!'z,gravel dissolved oxygen in

A.lfl.skan salmon gtreams varied vlidelye It varied both spatialljr

and temp()ra.lly~ especially dt~ring periods of low streamflow.

I expected such varlation in my st'Qdy strt!ams and, so, 1

ntrn:ti:f'ied the three fjr.impling Gites to reduce spatial vB.l."ia­

tion g.-no thE.1 number of samples required to nchieve sta-cisti­

cally 'tJ.r;c:f\~l results t From the diG':ussions of V,aux (1962.

1968) I deter:rni.ned st::.'eam condi ti.cns whose stratification

cot:lc1 be expect0Q to reduce Gpatial variation of intra-gravel

dh,solvGG oxygen. I then u~H:~d those cri.teria in the ficlectiol1

of UIY ~;am:;::li:r;g sito~. I s(~lectf~d sai;1pling ~d 1;015 in riffle

F0C tic'riB wi th ~. IS_near cht',;:-mel and i:'!?lat.ively smooth wa"te:t

f:LC.H'I corditions to iJ.lu.stratc str'emll cha.nnt.=l mor'pholoL~", B....u:'~

face wa"to:c profile, 2..%10, str8umside v~gct.a:tion U'i.gUr'O$ '1 r Sr

::-~nd 9) .. Gradif:ni.::3 of tho strea,;"il C:[J2.J'L'1($ls in the ilmnedj.ute

Cr(~i'k~ t.E! P6!'C;f:>l"::.t:- i.:ribui:'ll':t to l'fJs't; Man Creek, 1.5 PCJ,<C~~lYt:r

w'jd P2nt.he r.- Creek ~ 1.9 pe:r'c ent. 1 did. not d0·~e).:'mine p8:n(l0H~

bility (jt~ depth of GtI'eam'bed. mate:'.'iall? f but I selected my

~ ~L

.- ------------------



FiE,'Ure ('.

13

Channel morphology, surface water profile t

and strerullside vegetation at the Little
Lost Man Creek sampling site

Fi.gure 8. Channel rnox'phdlOfi;Y, surface \'.:at.::r }n~ofiJ,c:,

and strE:';'lY!1side vegeta.tion at th(~ tr·i.bu-c2X';t
to I~ot Man Creck sampling citB

.;\
. ;It;1II'' _

I

\ ,, ,
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Figure 9,

14

c r~(3.nrle 1 m(ir~r}rlO le-' gy. f',-nd. sUl~f:-lcG \V2. ~~e r'
profile at the Panther Cr00k sampling sit~
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Stream BOttOI'll Composi tlon

Within each tributaryls s8..lTlpling site, 1 determined

stream bottom composition at t,he beginning and end. of the study.

I used equipment and :procedurea s ilililar to those described by

Mctleil a.nd Ahnell ( 1964) • After obtaining Ei. core of the stream-

bed ..d.th Do McNeil stream bottom se.mpler I washed the sample

through a set of Gtandr..rd sieve~~· to separate the streambed

materi81.s into size cIa.sses. The sieves had the following rnesl:

0.104. I used volumetric displacement to determine tha contri­

bution by oach Si1,0, class to the tote.i stream' bottom sample (

Particlc.;s that pr1.5sed, through ·the finest me8h sieve Wt'!)'.'~

settled for 10 minutes in a settling cone, this allowed about

90 perc~nt of the p&T.'ticJ.es to settlf! (McNc i1 and Ahnell , 1,964) <

I t!1cn r.;;,ad the volume, in n1, of the settled pcl1-:"ticleE. IJal"gt::

were used to wash samples through the B~evcB. Th~ la~ge ruaoun'~

rnsthodD WatGr Rnd sedimnnt that had passed the finest rneoh

sieve wore th~roughly mixed. I then extracted a 1.0 liter sub-

sample of the mixture for Battling an p~eviously deecrited.

I,

ticJ.cs '''/0 1r)}1 """1 l' ". ("J'M", thro·'t \'I'I~'Ja.~ l·l.•·.~.'·e,· •.•..,(-,·p·'c::l.l...... oi.......' " .. , ·r ,.,." I' ,.l . I., '" f '. ". I.i v. . ," v r. v _
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fine once for the sUbsnJnpling underestimation. Resultscf

stream bottom sampling; were biased bffcause the 6 inch dia-

meter opening of the ctreaJl1 bottom sfimplel~ excluded materials

larger than that size:.

Dissolved Oxygen

Ini;rr:igrav-<)l dissolved OXygE:D concentration and water

tempet."F.t1.1re were m(~8.fmred wQer.ly through PVC plastic stc'J~d-

piP~~8 placed in the strE:ambecl to depths that rc:.nged fr.-om 15

to 20 em. The standpipes (Fit,'1.lt"c 10) "'!ere devel(1)f,~d fro!'!) those

describF'::d by Terhune (1958) ~ Gane,mark and BaJ"kala (1958) (. EO_no

Coble (1961). Within E'l.'lch stremn's sampling sit~ I rand.omly

placed 1'1ve standpipes (Figure 11). I used th~ McNeil 8tr(2an~

able sediments while I excavated onough ntre8ID bottom paterials

to placo a standpipe. r placed a wooden plate with a rubber

perforated section. In order ~o cns~re rezettloreent of exc&-



"

Fi.gu:r'E.! 10.

17

PVC plastic standpipe p extansions~ ~nd

sealing plate used for tho determination
of intr(j.graveJ. dJ.[3so).ved oxyg\~:,1 concen­
tra.tion <'''l.TlU, "\;0111p€-ratul'o
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TRIBUTARY TO LOST MAN CREEK
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To sample intragravel water for dissolved oxygen con-
,

contration I Installed a standpipe extension and withdrew

standpipe water with a manual suction pump. This ensured a
, ..
"

H

\l·~[~.:':'~ 0 i l

r::~l.lr .....

fresh s8.J"!lple for analysis. If the staJ1dpipe cap had stood

I analysed cas~olv€d oxygen data in a rnH>lber of ways

above the surface water level I withdrew the iolurne of one

then determined the dissolved o~ygcn concentration with the

meter adjusted for temperature and altitude.

AM to 2 PM t and 2 to 5 PM, and then sampled each tributary

in Cir'cler tv better illustra.tt:1 r<:gimes and intorrc!.ctions of

standpipe, but if in pla.cing the e::r:tension surface water

entereD. the fJt£'.ndpipe, I ",i thdrew three standpipe voJ.Ulrles. I·

I compensated far the effect of diel temperature

changes on the solubi1i t~" of oxygen in water by a1 ternc.ting

the time cf st'Jllpling at each of the three tributaries. I

~3':J.rface r:.nd intra€:,rra\fel w~1.ter di~3s(/lved. oA'Ygen condi tj.on~.

an equal number of times in each bloc}=.

di.vidEJd So sample dUJr into three time blocks t 8 to :U. AMp U.

·,'
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Temperature

I used a thermister to measure surface and intra-

gravel water ~emperatures to within 0.1 °C~ I recorded air

temperatura to within OeS °c with a mercury thermometer

plr3ced in ~ nhaded location. ~'o obtain recox'ds of fluctuaticlYls

and intero.ction of surface and intragra.vel water temperatures

I alternated two BcJ.f'crt Instrument Company dual probe ther-

mographs a!!1or.:~ the three trlbutari0s. 'l'he intr::.grave 1 probe

was buried 20 em deep and the snrface probe was plac.ed directly

above on the streambed. A laboratol~ Mercury thormometer,

calibrated by the Geological SU~V8Y, w~s used to standardize

my ternperatur8 measurement devices.

S trc amflo,;;'

: i

\i

:, I.,.
'-01,
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RESULTS

Stream Bottom Composition

Dinsimilar uriderl~"ing geology and land use among the
:. ,': I

I

Lost r'ian Creek or tributal"':v to

three stud~r areas ,,:ere reflected in different 617.6 rfu'1ges of.

The summer and wi.nter.mean percent.age composition of

<0.833 ron in size a).BO had.s highly significantly groater

(U~·;g5e.5~ p <O"Ol t df:-:l0 J 10) w5.ntm~t3.me ClHI1PDf:d.tion.o WintEn~

stream bottom materials. Sampling sites at Little Lost Man

Creol: (Figux'e 12) and Panther Creek (Figure 13) had n wide

rO.nge elf parot.icle size elasf.:0s r but the· tributary to Lost Man

Creo/( sampling 8i te (Fll:,..-.>.re 14) had mainly sr-'1Si.l1er f.ltrearn

tared in the literature as having had advarse effocta on intra~

in Table 3. These two size classes were most frequently encoun~

bottom materials.

str.eambed ma-t:~~ria.ls <3.J27 and <0.833 mnl in size are listed

~m "li'Wn c]~"~eF.l) 1'11 t"n~ LJt+l n•.:11 0;._ '.1;.- .CI.,~,~ -. ....:J.J.. \. "

):'OSU1""c0d in dG:posi tion of a Eiodiment la.yor tru."'oughout the

&ravel conditions.

sampling Sit0. 'No significant differences existed botween



Figure 12. Wid.e range of streambed particle size
classes in the I,j. ttle I..ost McUl CrG€l~

samplil)g site
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1

F:tf,\lre :l.lJ.. Restricted rang0 0:1' str~r>Jtlbc.j P<':G:'tiCJ.f:
E:izl.? Cl<i~8es in th~ tributar'y to l~ost
Man Creek s~m~ling Sit8

-:1-::
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Table). Mean percentage composition of particle size
cluE'.ses <3.327 and <0.833 lL~ in size :for OU!llfilE:r
a11d winter stream bOttCJl11 samples from the three
sf.l.n;pling sitee

I·:· 'i .:. ,'" I11.1 •••1, ~, •

ParticlE: Perc.ent composition
size elass

_~~.~nmgr ___ Viinter( rr:~' ",;,,;1 J IV SE n L~earl Sri: n....ean

<3.327 2"'" f~ 2~9 10 30.1 2.6 10( • ~j

<0.833 15.1 2.0 lC 17·5 2.0 10

<'~ -:'·~)7 45.5 1.1 5 4-8 ~:!. Jt.o 5.... ~ ../ ; ....
<0.,833 2.!.:~, ? 0.5 5 26., ~: 2,6 5

<3.32'/ hJ~. :3 2.0 10 54.7 2.8 10
<') ")n~, 23·6 . /, 10 29.8 1.2 10~" r. t)),) .l ...;

---_._---

Li ·VtlG Lost
Man Cret,k

Sn.n1pling
si t.e

effects of such mov~ments.

!J'r:l.bl.\'ts.r.y tc
Ir"'Jt, t [I13,n G::,.;,,~1',

,-

I ., ,'. ,', I J" Lnll}o '= . ..:.•• O~

't~ (..>. "'''1" ,,' ''''j'''j- .... ')1·' - -, ,-,' r.· S (l,t,,,..,,,.(:';u l· "1 \..~ .... ~."nt:\.J"'·')~. ,:'leo ..l.!)l.c.:.., .::1 .'Ie: ~ .,-.. \.i.;j,.~lr
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Creek.

The ~UlntT1ertime percenta.ge compof':lition of streo.::1bcd

ma.terials <0.13:33 mm in size in i-Jittle J..,ost Mal'! Crec}~ was highly

si.gnificantly less th~...:n in tribu.tary to L-ost Man Creek (?:::1.Lt')e

Idifi'.1 =12.1 r P <0.01) and s1.gnif'i(;untly less than in Parlthe:r.'

Cr8EJ1;,: (z=7~B9, Idift,1 :'".:8.2, p <C.05h no significant dif:f.'er-

.1
.,
I
!

For each tributary 1 determined mean values of five

or betWE:0n Pcnthel" C}~·i~e:t. and. trlbutary to J...os t. 1·1an Creek.

bet\:lE:en Li ttlf;-) I..s(H3"t limn Cr(;!ck and tr'ibutary to Lot~t Nial1 C:t0C!1:

tr;:.i.t5.cm

Cree}!:. In the \'lintel~, the pcrcenta_g(~ compos i tion of streambed

Yllaterials <0.833 1141"0 in ~i7.C in IJittle l""st Man Creek was

highly s5.g;nific~mtl:y lr3~G than in Pa.nther CreeJ~ (z:::9.65,

Idiffol :::llo2 e p<O.Ol), ·no significant differel1ce'!::'; existed



T,_,,'ble 1.;.. !\'i.08.T!. 7uh::es of fj.Yf: disGoln;d oxygen conditions sampled in the three

r.:a.r.iplin,T, Z::l. tea ";:hr·;")"ughout the stwiy period., ,Tune 26 to Noycmber 22, 1974

Tri1:mt~J to

concU t..ior:

n J\1Crln SE n

S t;.:C j.'.:1.(~ e 6;'t2_"t8r f'.)
0'.

0~-~prt-"+:n,(~~~\ 9·88 ( 11 20 10. 31 0"
~ ") 20 10.81 o. 19 20v ...... j. ~·'I ...::..... j, . .!.. Ct. t...~.,., .... }_ :..Jl,~ / .

../ '!'J'

c: -, .'-" r - .... :; ...,.,... ( -:1. ) 93·8 ( -: r: .20 99-- 5 0. /-1-2 20 101-1-. 1 0.96 20"'-J ~.'. Lu_ 0.:,_ ..... __ ... ! ,.L ;0- I t r )

I1~tT;:gI';:...·v·Gl '-lilt,;r

Ccn~:!nt~a·tJ.0n(prm) 9 ft 6)~:· ( .06 96 6~56 0.27 100 8. 39 0.29 100

~) ~l.-t··~~::.-3. t i -:: rL ( %) 91.07 c 36 96 A'" r.; 2. 56 100 80.0 2 .614- 100, _. c.•
../

>

64. 77.4In·~~:l"""C1"!.a.r~;~~·~· pel-cent 97·5 u·5 20 1 2.0 20 l.O 20
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p<o.05, df=57). Dissolved oxygen concentration of surface
,

water· in tri1.Yut:s.ry "to Losi;. Man Ct'fH~l( 't;:?I.l~ significantly groater

than j.n I,ittle Lost Man Creek (q:.::2.81l-, p<O.O.5, df=5?).

In PW1ther Cre~k, the percentage saturation of surface

water over thE! ::;tl~dy. period was highly signlfica.ntly greater

than that in trib't1t~l.ry to Lost Man Creelc (q=.5. ll-5, P<O.Ol,

df:::OO) and IJittle I.JOst Man Cr€<ek (q=9.24, 1'<0.01, df=oo).

Pe.rc::entag~.l s atu.:r.c:\tlC:t n of surface w~ter in· tr.ibutary to l·ost

Man Creek wae: highly signific:r·mtly greater than i.11 Li ttl\7'

JAlst M.an Creek (q=8.32, p<O.Ol~ df=().o).

During the G'\:;udy p~riod ~ weel~ly \'alues of DnrfacE!

9. 1H.l to 11.~40 ppm, tUld Panther Creek, 9.28 tel 12,30 ppm

......,.-
;~

~.,.,
:d
;a'
2.

The only surface w~tGr rerna1n~ng ~~8 in peolc

her, coinciding with cessation of surface water !low in the

that c0nt81D~d leaf littert ful10wing the initiRl winter
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the study. I noted a'tm,ndant [::r'(;wths of algae. ~x.gnera1! spp ••

in Panther Creek from Juno to late November. Unidentified

algae growths also occurred in tributa.ry to YJ3t r.1an Creek.

but to a lesser degree than in Panther Creek. During Octcbel"r

in response to declining w&ter temperaturcs 4 the sampling

site::; showed a ter.6,ency towaJ.~d increasEld surfactt water dis-

601ved oxygen concentration t except in Little l.-ost T\"!n.n Creek

during the Oetooer period of negligible surface water flow.

For r.;~unJ)J.as taJrnn throughout the study period, di8-

f:!olyed oxygen concentratic'n of intragrt1vel water in Little

Lost [(an Creek vms highly r-:ignl£icantly gr'eater thB,n in trib-

signif:i.c c.tftly- grer..ter than in Panther Creek (:?J==29. 0, Idiff.1 "'"'

'..',~ .'_.,-is:
:0'
:::>,-
:-::1
'....
:~
:>
'......
'n

Panth8~ Cl'ee}~ was highly ;3ignif.~.cGmi~ly lSl..e<1:i:er than in tY'ibu--

ofIn J~i ttle

,

'-I,--:r.::JJ
:O·~ ;
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in tributary to Lost Man Creek (q=9.65"p<O.'Ol, df=OO).

Panther Creek had a highly significantly greater interchange

percentage than did tributary to Lost Man Creek (q::6.46,

p<O.Ol, df=oo).

Weekly mean values of dissolved oxygen concentration

in the intragravel water in Little Lost Man Creek ranged from

9.00 to 11.17 ppm (Figure 17). while w(~ekly mean percentage

saturation r.a.nged from 67.4 to 97.8 percent (Figure 18).

During October, when there was no surface water flow, both

parameters reached their lowest values. Surface water flow,

replenished by the inltial winter storm, and lowered water

temperatures caused an increase in both parameters in November.

In Panther Cr~ek, weekly me~l values of dissolved

oxygen concentration and percentage saturation of intragravel

waterrallged from 6.7 J} to 10.2J~· ppm (Figure 17) and 71.1 to

93.2 percent (Figure 18), respectively. During the period of

lowest streamflow End elevated vmter terr,peratur85, when intra-

gravel conditions could be expected to decrease, 8up~rsaturated

surface water increased rather than decreased intragravel wator

di.:;:solVEJd o:;.;ygt=Jn concentration and. percentage sa.turation.

Following the initial winter storms, both valu8s de~linYds

possibly in response to scouring away of a major portion of

algae growth.

\'!eeJ~ly l'nean v:.=J.lues of intr·agraveJ. water clissolv(~d

oxyg\.~n concE:ntra."tion and pe:r.cerltage saturati.on in trlbu.tary

to I",)st M~u'l Cre(~k ranged from :3. 2l~ to 7. C)J.} ppm (Fi{;,'urc 17)

and 211.? to ?6.3 percent (Fi.gure 18), respc·:,ctively. As at

--r,:J'
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Panther Cr~ek,s\.tpersaturated ~,\l:;..~f~,Cf: ",":iter elevated both

parameter!;; d:'lring September and October. Until the last sam-

plillg tripi in"trl?grav€;l condi tions had not deviated markcdlJ'

in tributary to lJOst tt.an Creek, but following D. number of

storms th<lt i.ncreased strc3.mflow, mean int!'s>.grc.Ycl water dis-

80lveel o).-yg;=,n conct.?ntration fell to 3. 2L.~ ppm and per.centage

saturation t(~ ;~8. 7 percent. I noted a Tcovoment of fine- bed-

load sedim8nts and increased turbidity during this period

l7hich may h:1.ve bee:,n r(:spon:lible: for a reduction in inter-

The s~~pling sites were stratified with respect to

stream conditions that influence interchw1~e of surface a~d

but I found e wi.de rRnge of intragravel water diss01ved QXY-

--.--f.jJ
0;
:;:::J.J

::;;
ce:::
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Tt=\ble.5. Mean vaJ.ues of diGsolved oxygen concentrations
in indivldual st2ndpipes of each of the threG
samplings i tes, sal:lpled during the s t\.ldy peri.od
of Ju~~ 26 to November 22, 1974

Sampling
site

S"t2,ndpipe
. number

Dissolved oAJgen conc. (ppm)-----_.__. ---
Mean SE Max Min' n

M9an values of surface And intragravel water
temporatures sampl€d in the thre~ sam~ling sites
t·hroughcu"t; the study periOd ~ June 26 to Ncyomber
22,1974· -_._----_._-_...--~._---_._--

'reltlpera tur-u, °c
Surftlce Intragravcl

i~lean SE n Mean SE n

11.02 o.h 20 11.10 002 96

1306[: 0.6 20 12.73 0.2 100

13·3.5 0.7 20 12.96 0·3 100

20
20
.20
18
18
20
20
20
20
20

20
20
20
20
20

11.15
11.15
11.15
11. 25
11.1.5
4·.19
7.79

10.00
10·3°
10.70

8.91}
8.78
e·35
8.98
9.27
1.70
1.85
4.10
3.95
3·65

11.50 7.0(1
11.35 6.1.0
11.85' 9.00
11.508.5°

5.00 1.05

0.1
0.1
0.2
0.1
0.1

0.1
0·3
0.3
0.)
0.)

0·3
c.h
0.2
0.2
0.3

9.57
9.49.
9.48
9.81
9.92
2.70
4.76
8.05
8.55
8.71.j·

9.29
8.83

10·5°
10.01
3·31

1
2
3
4
.5
1
2
3
4
.5
1
2
3
4
5

Li ttle Lost
Man Creek

'lIable 6.

Tributary to
Lost Man Creek

Panther Creek

Li ttl/) IJOst
Ma.n Croek

Saffipling
site;

TributBry to
Lost Man Creek
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7.2 to l Jl-.l °c, trib~turj'. to Lo~t Man Creek, 9.5 to 16.0 °c,

a.nd Panther Creek, 8.8 to 17.6 °c (Fi.gure 19). For each week,

surface and intra2;ravel water temperA.ture.s in Llttle Lost Man

Creek were usually equal,. but in tributary to Lost Man Creo;:

and Panthlu." Creek surfacE: v,'ater was normally warmer than

1.ntragr.fl..vel wl:\ter. In Li ttle Lost Man Creek, yeak water tem-

pera.tures "u~re reached in early August. In tributary to Lost

Man Creek, peaks occurred in "ruly and August ann in Panther

Creek peaks occurred in August E.nd September. By late· Septem-

ber a general decline in water temperature was apparent at

the three sampling sites.

In Little Lost Man Creek, the s",rfaf~e water ternper.-

":t....'res sampled over the study period wcre highly significantly

lcsr5 tha.n -tho:::e in Panther Creek (q~-=5.3?, p<O.<Jl, df=oo) and

• • -t'" .• "'0(.' • t 'I b' .. t' C }slgn1ilcant Q1!icrences eXJS 'ea e~ween Pan "ncr reRr and

tX'ibutnl'Y to Lest Ma.n Cr-eelt$

,­,-
:;;::P,­,­,.....
in
10
,."

:~
tur(;L~ oaiTapled 0\'121' the study period were })5.g1'11y significantly

less than j.n "tx'ibut1.ir-y to Lost Man Cree};: (z·=.35~5,. Idif:f.1 =65:
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record at tributary to Lo3t Mart Cree}~f .July 26 to September

27. 197Lt. surfc;.cp' and intragravel ';:lat~l:' teii,peratures reac:h€d

the f;;aJne n:Hxil:1Ul~ (21.7 0 C) and minimum (8.3 0 C) values. The

periNI of rt~cord at Panther Creek was the same as at tribu-

tary to Lor; t I';J~n Creek, but reyealed diffcrencez bet':veen

minimum una I:'.a.)'~5.l":Ul;l water tcmpc:n1tu:ces of' Gurfac~ and int!'~-

gravel water. Surface water temperatures ranged from 9.4 to

19.1I Ci C, v..hiJ.c: intragravel temperatures ranged f!'om 12.2 to

1.5.0 "C. As tIle perIods of recor'd did not coincide 2.i:Ol1g the

cnt5.rE~ stndy JJeriod I did not ~t:~lt3.stic~lJ.y nnalyse thE:

thermogrp.ph data.

Diff~rences in interchange were indicated by the

thf:X"mogr2..J,J: "pC?tte:rns from the t.hree 8cJ"f::;::15.nf; 8i tes (Figure 2C).

S ~~rt-~ E;,In f 1. () \'.'
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Table 7. streamflow in the three ~2mpJ.lng Bites during the
study period. June 26 to November 22) 1974

Sampling Little Lost Tributa:cy to Panther
period I',~an Creek Lost r.1an Creek Creek

June
26 - 27 0.12 2.24· 3.15

July
3 - 5 o. !.J 2·32 2.56

11 - 1 ~~ 0.14 1.93 2·33
17 - 21 2.21 2.09
26 - 27 0.08 2.11;. 1. III

August
43 - 0.06 1.96 0.90

15 - 16 0.04 1.86 o.6S
2'-l - 2)' 0.03 2.03 0.68J ."Y

29 - 31 0.03 1.93 0.6'1
September

6 r, DeO) 1.7:3 O. L~!·i(

13 - ll~ 0.02 1. (,2 0.40
21 - 22 <0. c;~ 1. 1:-9 0.36
27 - 28 <Oe02 1. 38 O.2B

October
4· - 5 <0.02 1. L~-9 0.25

1.1 - 12 <0.02 1. 35 o. 2~·

18 - 19 <0.02 1. ~ .~. 0.2,)
25 - 26 <0.02 1 • l+-J~. 0.36

NCI 'lGmb8r
8 - 0 0,05 2.00 1.5E,

,/

1 c~ O.Oh 1. 53 0.81
-'

22 0.3'1 3.?6 ') ,.. p...... ()~,

-_._~_.~----_ .._----'---'----
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concentration. No such correlation ~as evident because surface

water velocity at each standpipe wa~ v~'lable throughout the

study. In response to cha.nGing streE!.!!1 levels o stream buttom

materials deflcct~d surface water flow a~d accounted for the

varlabili ty in Vel loc i.ty.
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DISCl1SSION

StrC3.m Bottom COlijposi tion

'I'he tv:o strc3.ms in the logged ar~8.S I tributary to I,OS1:

Man Creek a.r.d P;',,"-lJthor Creek, had percent2ges of fine sediments

«3.327 and <0 •. 833 Inm in size) in th(~i:r streambeds from cine

r0r~rted the per~

the unlogged area. A geologist pointed out thatS-t.r' e 3.ra

tIle th.1"2~ ,s'}.l"::olir.g 8i tes C01Jld bo reflective of differences in

COi'dT.unicG.tion r r~•.Janda, U. S. G8010[;ic21 SU:i'vey).

and a half tCI two times greater' th~_n did Li ttle Lost Mp.n Cr~~e]: r

bcdro':l: geology and land use f rwwcver, the ~.'e.lative contrit)u~

the

J" ',.,
.~ J. "



streambed compositi.on, respectively. Burns (1972) determined

the effeots of logging and· road 'building on the streaJIlbed

compo~ltion in the South Fork of Casper Creek, a coastal red-

wood stream. Following roa.d construction, the percente.ge of

materials <0.833 mm in size increased from 20.6 to 34.2. The

following summer the percenta..ge hild returned to pre-logging

leycls, lmt 22 months afterwards the percentage W<'J.:" bacl~ to

28.5. BurrJs' results cOlT-pare fnvorabl~l wi.th the composition

of s treaml\ed fil;),terials <0.833 tnr:/ i.n size I observed in both

tributary tCl J_-ost Nian Cr~ek and }Ja.nther Cl"eek, li2,mely, aver'-

ages of abotl.t 25 and 27 percent, respectively.

The movement of bedload sediment in response to

incre<1sed strl':.H1J':lflow ! cbservf:d in tributary to' Lost Man

Cr.eeJ~ arJd Pa nther Crf:c}{ exempli fled <:t JlroblE:\m invol\fed in the

det~rmLnation of gtreambed C(l!11j.JCd3iti()n. 'Iho alllOU1Y\'; of fine --JlIlI'----""11
:J
":)

3--
j

"..
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logging operations ceased and revegetation was allowed.

Sheridan arlO McNeil (1968) fOi.lnd that after two Alaskan

strnams had ~een allowed to recover from lo~ging for five

y€'ars there Y.':~re no signific2nt differences between pre Clnd

post-legging streambod composition. Platts (1972), referring

to the South For}\: of In.aho's S£:..lrllon Hive:L~t said th<'it strea:n-

bed cOD?os5.tion will have returned to pre-logged condition

wi thin t:?. dec(~.dn of the cessation of logging op~rations.

Panth8r Creek cRn"te expected to renain r:.t its pr(~scnt condi-

tion of sh~e;-t!libed. composi tien or irlCr(~a.8C: in levelr-: of fine

~.ledili18nt~; bee <lUBCJ logging operation:':~ \vi thin the watershed a.re

planned to continue. Tribt... t::'~ry -~o Lo:::t UiEiJ) Creel:, fC'r six

yeo..rs recover.ing from lOf::gL'1I"~r ma.y be in the PI'OCc8G of

:~
"of

::~

,...
".,1,..-
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the stro ..i..l1l ch~.nne15. Periphyton ht>.v!;t 'b~ (~n }cnowl1 to respond to

such conditions by producing Gupe!'eatu!'~ted dissolved oxygGn

conditions in Atreams during daylight hours (Reid, 1961).

other factors also influence: the dissolved oxygen concentra-

tion of water Z.na need to be discussod to better eXT-lain the

differe:r.ces observed in this st"'\.\dy.

In'.;!'C!ur:es in al ti tude reduce the dissolved Dx;,rgen

hc,J.ding abil5. ty of water because of' the reduction in atmo-

spheric pressure associated with increased ultitude (Reid r

1961) e Th::; snr;ipling site at Little J..oOst Mfln Creek \'iC.iS ahout

1000 feet higher in t\lti tu,de than the other t''l.fO s(..,'1Ipling Sitl2G t

ther'e fore I.:;. ttle IJOs t T-M.l.li Creek had H ll":lwer oxygen hold in-g

capacity th::-i.n did th0 other tl'/O sitE:'r~r in r(;gr~rd to altitudGG

(J)..;rgC!1 h..,ld:in.::; p',bility of viatcr (Roid~ 196:L) ... Pox" the ove~.~sJl

.-two())::ygen holding CCi.p<:tcitJI' th~n th0" ()th(~l"

::',,·'t~.;_!~'!"\., ".\ ':"'rl ~'~',,,,(,,r:;r)·1-._"'j""'" O' ""'''("1'- ,,\ {n~J' -1 1 °6'1 'J_ • ,; :,' , , ... <-'. ~ ", ... .:, J' J, ITS ,J.... ""~'i ~': c:; tl \. ,,:.. ..~. f ~.: •

1 " , tfJn.1::jI). J.l":,:S ~~l-H

elt'; ''', r] ,'j 'I Vl~' /1 (1 )'Vr- t !, ,OJ (; !', "Ie (\ 11tr-n 1'; 'i (J n I.. ~" ",.. ''',,' .:' _.. .. " ' . t.il(; (i ther tViO



had higher levels of intra.gravel water dissolved oxygen con-

centration and pf;rcentage saturation. Tributary to Lost Man

Creek, 3.n a cle{:~r··cut wa-+':ersh8d, had th~ lowest values of the

two par[~r.'H.':t0rs. I felt that differences in interchange among

the three ~2J(\pli~~ 8i tes were prh1arily responsible fo!.' the

observed. differences in i!1tr~l£<ravel dissolved oxygen concen-

tration anc; ])Gi:'CE'nt2.~:e Ga.turation. From my stream bottom sam-

pling program I found tlmt the two lClggeci sampling 3i tes had

greater 2mounts of streambed rnaterials<O.833 rum In size. It

has been clemcnstrated th8.t tid.s particle size class can imr,p.dF~

int0rcharlge and thus reduce intr«.gTClvel di~.solyed ox~rgen con-

centration (Vaux, 1962, 1968). The interchange percentage

that I derived supported my hypothesis that interchange had

.been il:1peded ::l.t the two logged SeJ,rpling :::i tee! Li ttle Lost

Man CrcGkcs B?rnplj.n~ site had a highly significantly greater

~ater (V~UXt 1962, 1968). Th~ effects oJ Rltitude, water te~-

-

--
..
li'..
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su:r'face water. '1'11is was the only time where intragr~wel water

in a. logged 32.mpling site. Panther Creek t exceec.lf!d the mean

dif3301ved (.oxygen concentration (If intrrlgravel wa tE.'r in the

1i ttl~, Los t Man Creek sampling r:l 1. to • At thi.s time 1i ttle l,o~ t
\

Man Cr~Gj{ had reached i ts low(~st intra.grz.ve1 di~so1Yed c):ygl3n

concentration benause of the cessation of surface water flow.

The result~ of Oregonls Alsea Watershed Study were

~d.r(d.1ar to minc~ with respr:ct to i.ntr~gravel 0.115801veo oxygen

concentrations. Ringle~ (1970) found the mean intragrave1 dis-

solved O:rygfHl c:onc:entr'f.l.tion ir.. F. strerun in 8. clear-cut wa tel'-

~·;hed was highly 3ignifi~antly leGs than that of one in a

patch-cut watershed where 30 percent of the timber had been

·­·­..
..-:.......
..
J
J
•·,·

c:er:tr'2.ti on (J:f

; l\;'

age d 9.0 PI)!ll (
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been prevtously rcported (McNeil, 1962 and Hingler, 1970). My

f;aiilpling si tes 1'i{:J:"G stratified to reduce sp:::.tiaJ. variation,

but result:s at th(~ t\'10 legged sampling siteI:' ShOWf~d that th9

stratificaticon Be1€:cted did not l'eC.UCo spatial variation. A

vlsual i:-Ispectirm (if chch of the :::;i tes revealed no appEI~nt

reason foY" ,,1. low dis solvecl oxygen concentration in a p<:trti-

cuhLr s't::!..!Jdpip~,

Temperature .

F'o:::" the oycr'ol.l study period, surfac:e water "tempern-

t-urGS ill Li ttle Lost Man Creek v:ere highly significantly less

than those in tributary to Lost Man Creek or Panther Creek.

'l'he diffe:'pT!c:es amoJ'lg the mea.n Su~:f2c:e \1atel~ tClrlperaturcs wen:>

tcmpera'turos ver2 rafleotiv0 of tho diffcrci1c08 in 0YOTstory

-----,-,-
.--
11· .. ..1
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ar6as with nparse overstory and. streamsi.de vegetation. The
,

stream channel is oriented in a north~~ast direction and was

thtw e;tposed to (lire~tGols.r radiation for &. major part of

the day during the 8unlIner months. In both Panther Creek and

tributary to Lost Man Cl-eek , ' typical differences between daily

maximum ~).r.d mini m~.m ('ur.face water temperatures "lere 6.0°c.

Tributar~y to Irf)st M:;l.n Creek ha.d little overs tory vegetation

on its clear-cut watershed, but st~.'f;2.mside vegetation was

abll,ndant. A low understory of streamsi.de vegetation has been

four~d to be c.,blc to prot~ct 2, small st.!"eam frolil large changeG

in water temperature (California State ~ater Resources Control

Board, 1973).

No 'Prior W3.trz:l· temperature data we.r.f'~ available for

the three: study ~~trea~~~ so I could not clct~rri!,lnc the offects

of' logging on streE.."1l terilpera.ture. HO\fICVer, several s'tv.dies
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VQgotation. Referring to the Alsee StudYt Brown and Krygier

(1970) reported that the patch-cut watershed, with huffer

Btri]::8 of vegetation along the })(>,renrlial stream channels,

ShO":(ld ])0 :":ignificant increases in water temperature after

loggj.ng. Burns (1972) reported that the maximum surince water

temperature in Casper Creek, a California coastal stream, had

increased from a pre-logging level of 13.9°C to 21.1°C after

streC'~1:1side C~l:-l;';'<~Y W<j.S harvested. Brown (1.970) cautioned that

results of str08JJ t€'!Jr)(~rature studies s}-lol,.1.1d not be broadly

applied bC::CG.US8 me.BY factors can infhtenC0 a stream's water

ten\.})Gl'"llture 8.nd its response to vegetative alterations ; most

studies have n~t been designed to adequately assess all of

thl'!S0. fac tors.

For the overCi.ll s-cudy per-ioci, intT3.[):"a.VG 1 water tern"

JK,r'8.tur~~8 in Li ttJ.(:, Lost f.;an CreE",k wt:ro highly signific.:tuytJ.y

.....

-...--.-
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intragravcl water temperature' i.n r.e~popse to changes in sur-

face water temperature la.gged from 2 to 6 hours. The Panther

Creek, thormc,graph record showed a~1imiJ.ar. 2 to 5 hour lag

time, but there was no such lag time in either Little Lost

Man Creek or tr.i butary to 'Lost Man Cre'ek.

Considering the vari~tions in interaction 6f surface

and intragravel water tem:peratlJres that Ringler (1970) found,

I did not feel that 1 had sufficient data with which to com-

pare differences i:l interchange among the sampling sites with

regard to their tCTlJp0rature response patterns. The respom:;e

patterns of intragravel 8.nd surface wat(~r. tempf,rature~ were

indi.cative of spatial variation within the streambed and nnt

inherent differences in interchange among the three sampling

Stre.amflo',:;

Annual stroamflow has benl1.inc1"cc,~~ed l?.ftcT.' J.ogging

Rothacher (1970) felt that removal of less than 20 percent of ,-
II! )I

I "



to lessened ~ranspirRtional losses, may be short-lived where

reveg,:;tr-.tion proceeds rapidly (Rothac ht3r r 1970). The lack of

priC'r' stred.rnflow data. made it impossibIe to determine if su.m-

mer strc8Dlflc',<{ had 'D~en augmE:ntNl 1n "the two logged wa.tersnedr;

of my study. The lesser percentage decline in streamflow in

tributary to Lost Man Creek,' as compared t.o Panther Creek,

m::.y bt:' a rcsul t of th(~ l"rGt~ differences in the amount of

at'e~a Jogged Of) the t.wo watershE~d~j withi}; the past 15 yen:rs.

In that peric.'d, -the- study are,,_ of tribuii:u"y to l-ost Man Creek

has had neCl.rl~r 100 perc ent of i t~') forN; t cover rGT:iov8d, whl Ie

only about 20 parccnt of Panther Creek'B watershed has been

loggen. In addition, thn watershed srea aff~cting the sampling

.........
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-

~ ...
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coho salmon and steelhE:'o.d trout alevins \lIas reduced a.s the

(1966), D.S cit-eo b~, Ringler (19?OL found tha.t.flne sediments

( <303.3 rom in ~:;i7..~) entombi?d coho ~;alrnon frJT wi thin the stre aTll-

the stre.?...rnbed r even though intragravel discolvcd oxygen was

conditions, Hall and l,uni::z (1969) found that the sur\"ival of

bed, thereby reducing survival to emergence. Under laboratory

Streambed permss.bili ty \'tCl.S redu.cf:d as interstices

among str~ambed mutf~rj,als became blocb~ci by bedload nnd/o~~

intercepted suspended t:i€:oiments (Coop~r, 1965). McN(~il and

AhrJell (1961+.) fOUl1d an i.YJverse rel~.ticnship existed hehieen

percentages of mat~rialG 1 t6 3 mm in size was increased in

tra-tif;n.

maintained near saturation.

perm?ability t.:.nd the percentage of strcr:-Jrlbed materials <0.833

mnl in size (Piguy.'c 21) I 'Jaux (1962) Gta.ted. that reduced pe!l··~

wa.ter, thereby reducing intragri:3.v(';l disr5oJ.vec.l O'r;,rg'311 concen-
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oxygen concelltration was more important to the growth of coho

sali(lon and steolhead trout embryos than \'tRS aJ'pareJit veloci.ty

of flow (Shumway, et aI" ,1964). Survival of steelhead trout

eggs was pesiti",ely correlated \"I'i th intragr'avel dissol\Ted

oA~'gen concentrati,c)n and appal"ent veloci tJr of flow (Coble,

1961). Ga!1gTr,9.rk and B?kl~ala ,( 1960) si;'udied the relat.i.('n~ship

.between liIortali ty ·of' king salmon embryos nnd intragravel dis-

solved oxygen concentration in a't"tificial spawning channels.

They found. that \1hen the dissol'V'ed o:\.rygen concentration was

less than 5 ppm, mortality was 37.8 percent, but when the

dissolved ox;ygen concent:eation was greater 'than 13 ppm, mor-

taJJ.ty was reduced to onl:{ 3.9 percc:mt. Under laboratory con­

ditions, survival to e~ergence of steelhcad trout and king

salmon embryos has been achieved at low concentrations of

int!';~grF.t.vel dis solyed oxygen (2. J,~to 2.6 lng/I) t but t~1e eru~' .•.
,....
Ill'

difH:,olved oxygen concentration and appal"'en't. v01ncity of flow

bryos were much reducod in size as compared to those raised
'..,.,,..

,...
;~.. .

~.u_(!YJ,n

at 11 lng/J. (SilVC:::!', et EJl., 1963). Dnd;:~r laborat rn'y conal tionL r

resulted in celaY(;ld egg hat:ching: o ~,dc)i tional egg fl.nc1

in an artificial strewn as were other coho 8almon raised a~

:le::-{8, than 20 Or'
" ,
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a temperature determined by Brett (1952) to be the upper limit

for maintanencc of narmal physiological processos for Pacific;

salmon CQ.r;cQill:r:ch'U~ spp.) and stgelhead "trout. On six OCC&-

sions, tri but,-~ry to l.oBt !vlan Creek exceeded 20 a C, and once

the surface water temperature reached 21.7 oCr but none of

the occasions 1::1sted more than 2 hours.

Cons id erir.. ; the summertime 'm-J.ter. te!l1pel'z.tures that I

measured, I v:o'uld not expect v..ir!tertime temperatures to pre-

se:lt any problerns to ~:almonid eggs aXJd c.levi n5 in any of the

three study streams. I measured the tempei..~atu.1.'e of surfac~

and intragravel water in Littlo Lost M81 Creek in the winter

a.!ld found trwm to range betvreen .5 and 10 c. C. Combs and Burrows

( 1957) determ.in~..d that ldng salmon emb'Z"yos dev(~loped normally

be twe e n 1.7 cU1G 15. 6 () C•

:-;tre2Jnfl:l\l incre C.ses, if only rr:ode~:'at(:1 r could l.:rrprcvL~

(1954) report~d that apporent velocity of intragravRl watcT

IIf.'

h.'

hi

I~
III
....

'...,..,..
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Man Creek Elnd Panther CroGlc indicElted potential problems foI'

salmonid eggs -Chat may be spa\,,-rwd in those two streams.

For P£1.C ific Coast s tr€:a.rns in general, increased sum-

mer streamflow had the potential to yield more fish produc-

ti.on (Chapman, 1961). He was not Dble to determine the spec5.-

fie reasons for this, but felt that additional stream surface

area canght more terrestria.l insf;ct6, increased streambed

area proYid~d for addi tionaJ. produc'tion ex algae and aq'del.tic:

insects, and fish had more livi.ng space. In a more recent

opinion, Burri:'') (19'11) fc~lt that dUe to natnr-al fluctuations

i.n f:LElh J1~pulHtions any change from the ob::e:cved mean that

was l(~ss than .50 percent was difficult to attri.bute to water-

shed disturb8J1Cf.!S such as logging operations.

.'.
,,.•..
I.

..
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CONCLUSIONS

'i~his re89RY'cn revealed differl~nces in surface and

intrag-ravel wa.ter conditions -Detv,een streams in logg€':d and

unlogged V.'r.l.tCr.3hsd8. P,wthtll' Creek and tri lmt-a.ry to Lost Man

CreGlc, both logg-ed r had from one fUld a half to t ..tlO times

in theil.~ l';.tl-ecm.oeds· than did the unlogged stremn, )"Ji ttlc l-ost

Man Cx-ee}~ < Ir, the t\-~'(l logged stre~ms, the interchange cf sur-

ti ti(,;8 of f5.rJf: sedimEonts in their stl:'EH:i.m·beGs.

The ·~hree strL~C'..h1S cont<:tined Eurface ",~,ter dissolvGd

oxygen conc8ntrntiol:'.S near saturation, Yfe.t only Little I:~H:\'l;

LittJ.G kJs"t h1an Creek rtlso maintained 8. high ir,-'(.crchangE: P8)"-

cent8F0 wcr~ reduced in the two logSGd streams.
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strf!ams has been ro~.de, bu.t it would appear, in general, that
I

saln:onid prodt:tction in the three ::1trenms would not be limi.t·ed

b~' strNl.mbed fine sediment lew~ls, or surface a.nd intragrav.el

water dissolved ClxygerJ concentl"'a"tio~s and temperatur-es. Some

localir.t~d. pr.o1)le~s could occur i::'1 spawning a.rea.t'l of the two

logged Gtre8tnS bec~use ('of the T"ovement of bedload s(~dirnents

which could croatG temporary reductions in i.ntragravel di.s-·

solved oxyge11 concentrations.

"."'..
'",,~~
~,

: .
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APPENDIX A (continued)

Size Summer composition (%) Winter composition (%)
class
(mm) Mean SE Max Min' Mean SE Max Min

1.70 10.8 ' 0.7 14.5 7.8 12.1 1.2 18.4 5.7
0.8:33 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 1.5.9 0.8 19.4 11.1
'<3.33 44.3 2.0 .54.8 32.7 .54.7 2.8 65.3 3.5.9
<0.833 23.6 1.4 31.3 18.9 29.8 1.2 34.4 21.8

Ssummer and winter sample size was 10.
bSummer and winter sample size was five.
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..
APPENDIX B

Weekly Dissolved Oxygen Concentration and
Percent Saturation of Intragravel Water

at the Three Sampling Sites

Little Lost Man Creeka

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 O~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.°5 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 Creekb

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 6.80 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 86.0 17.5
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(continued)
, -

APPENDIX B

Date Dissolved oxygen (ppm) Percent saturation

Mean . SE Max Min Mean SE Max Min

Aug 15 6.54 1.2 8.70 2·30 66.9 12.6 89.0 23·5
24 6.16 1.2 . 8.28 2.30 60.3 11.9 84.0 22·5
29 5·85 1.2 8.55 2.05 57.4 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 8·55 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 87.5 26.5

Oct 4 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 28.0

25 7.25 1.4 9.70 3.30 65.5 12.3 88.0 30.0
Nov 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 Creekb

June 26 8.56 1.1 9.95 4.16 82.0 10.7 95.5 39.5
July 3 7.68 1.7 10.12 1.05 71.8 15.7 94.5 10.0

11 7.4-1 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·, 96.0 22.,
26 6.99 1·3 9.00 2.20 74., 13.8 96., 22.0

Aug 4 6.74 1.2 9.20 2.39 71.1 13·7 99.0 24.0
16 7.,6 1.4 10.02 2.60 74.3 13.2 98·5 26.0
23 rl.26 103 9.77 2.85 72.6 12·5 97., 28.5
31 8.0, 1.3 10·35 3.25 82.7 13.4 108.0 33·0

Sept 7 7.1.1-0 1·3 10.05 2.65 78.2 14.1 107.0 27.0
14 8·38 1.4 1.0.95 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 1L15 4.05 83.6 11.4 102.0 39.0

Oct 5 9.20 1.1 10.70 5·00 89.0 10.3 103·, 48.5
12 9.44 1·3 10.95 4 .l~5 90.1 12.0 106.0 42.5
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Date

Oct 19
26

Nov 8

15
22
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APPENDIX B (continued)

Dissolved oxygen (ppm) Percent saturation

Mean SE Max Min Mean SE Max Nan

9.22 1.3 11.10 4.30 81.2 10.8 97 • .5 39.0
10.24 1.3 11.85 5·00 93.2 11.8 108.5 46.0

9.70 1.4 11.70 4.25 84.7 11.8 102.0 38.0

9.73 1.4 11.70 4.25 86.3 12.2 103·5 38.0
8.86 1.7 11.45 2·J5 76.6 14.1 98.5 21.0

8sample size per day was five, except for October 18
and 25 when it was three.

bSample size per day was five.


