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iD~SSOLVED OXYGEN IN INTRAGRAVEL WATER OF,'
,; THREE TRIBUTARIES TO REDWOOD CR~EK, .

HUMBOLD1T COUNTY, CALIFORNIAI!

l
Paul F. Woods'! JI

AUSTRA , '" "", .r • d.d, .fR,d_d ",,~••i ""k '" ••,d,- I 968} '''di'd II>< in""h;n .•'~" ";d ronnL i.. rr~'''d
western Caufornia. an· investigation was conducted from June to primarily by three streamb d charactenStlcs: ,permeabIlity, .
Novembet )9'74 on intragravel dissolved oxygen and sediment 0three thickness of petmeable m~t~rials, and configuration; of the

. iributarief to Redwood Creek. a major coastal stream that nows through streambed surfacb. ~o~\wtUing 'ofwater into the streambed
Redwoodi' National Park. Of concern was whether the intragra~el en- I I .

,vironmen of streams in logged and unlogged redwood·forested dr~inage' occurs where perm ability r' the thickneS5 of permeable
basins wa different. The tributary in the unlogged dra1nage basIn had materials increasJs in the' dir~ction of flow.' Decreases in per·

.' lower pelcentages of fine streambed sediment than either ~f the. meability and t1ubkness of ~l~meable materials in' the direction
tributarie~ in logged drainage basins; Concentration and percentage of now-result in In upwellinlg ut of the streamb~d. Upwelling,
saturalio~lof dissolved ,oxy~en of int~agr.avel wat~r we.re highest In t~e. occurs in strearrlbed areas\ ith a concave prdme, whereas"
stream in Ithe unlogged drainage basm. mtermedl3te 10 the streammit I
tlie patchtut drainage basin. and lowest in the stream in the c\ehroCut downwelling occUrs in conve .profiles. Research has shown
drainage I sin. The differences in intragravel.dissol~ed-oxygen 40ndi. that interchange lof surface Ia d intrag~~vel watJI. is imped~d
tions :lmo g the three tributaries. are attributed chie~y to differenF~s.in by a reduction of streamb~d permeability resullrng from JO.

their inter~hange of surface and mtragravel waler. The larger quarylllles creases of fine se'diment in th streambed (McNeh and AhneH,
·o( flOe strbmbed sediment in the(>two streams in logged basins, may 1964;. ,Cooper, 1:965). Re~Jctions in water interchange are
have~d II,,:' permeability of the streambeds and hence their 'I

capa. cited by Vaux (1962, 1968) a1 partly responsible ','for decreases
city to trlthchange surface and intragravel water. However, differfnces r
in the Iithplogy of the three tributary drainage basins examined. may in the DO concen'tration of intragravel water. i' .
contribut,eIto the. differences in the percentage of ~ne sedjmen~ ob- Reductions in :interchange Jnd intragrave1 DO Concentration
served among the streams. even in the absence of loggmg. I. have particular significance tol the reproductive success of sal.
{KEY' TERMS: dissolved oxygen; water quality; California;' Redwood monid fish. Salmonid fish exbvate depressions in the stream.
National PI~rk; Redwood Creek.)' '. I I iI' f h

bed where they ~eposit theirl eggs. Dev.e o~men~ ..o t ~ eggs
occurs within the streambed and the lllevlOs Guverules) nugrate

INTRODUCTION. .! to the surface w~ter. The deVeloping eggs and alevins depend
on sufficient intetchange of~Jter to supply them 'with DOand

I I :The ec nomy of the Nort~ Coast region of California de· 'remove their melabolic wastes. 'Coble (1961) found that re•.
duced interchanie of wa'ter ~ah reduce the survival rate of'e~.

Much: of lithe fishery is composed of anadromous salmo Ids.. and alevins. U~der laboratofy conditions, ShutnWaY, et al;
that use! t~e region's ri.vers and .tr,ibutaries for spawning nd (1964); deterrnirJed that redhdticrs in intragravell'DO concen. \
rearin!; ir1ndS. The Califor.nia Slat~ Water Resources Con1trol tration 'results in 'delay~d egglh~tching, increased egg and a1evin '1•. 1

Board (1,9 3) reported that ~ some.lOstances fishe~ resou~~es mortality, and re1duced size or ~evins of steelhe,ad t!'Out (Salmo . i
had been damaged by sedimentatIOn of salmomd spaW1mg gairdnei-i) and Cdho salmon (OhcorhjmcJlU.• kiSlltch). ' .
grJ':'nds Ir suiting from d~cre.ased erosion d~e \t~ logging nd This study ,*",s designedl't~' determine if/two streams in .
associated oad construl:~lOn 10 northern Call.f~~ma. . . I. ' logged drainage basins had ~iter percentages 'ofifi~e strea,m.
. Many! r searchers be!lleve that the depoSItion of flOe ,sedi·CJ bed sediment and lower intragravel DO concentrations than
ment over t(eam grave~ may slow the exchang~ of oxygen !be. ''0". I ,did a stream in ~ nearby unlogged drainage basin~ From June
tween the intiagravel water and the overlying stream w~ter 'to November 1974, DO concentrations of surfaCe and intra.
'causing int agravel dissolved-oxygen concentrations to faU be· gravel water andl the percentage of fine streambed sediment
law tolera Ie limits for salmonids. . . . I were measured irt three tributahes of Redwood Cree.k, a major

Sherida (1962) and Vaux (1962) found that the DO (dis. coastal stream howing th~o~gh Redwood National Park
SOIV.ed oxy en) ·coRcen~.r.atiun inintrag.rjlvel vi.ater is in p~rt (F'gu el) High discharges prb*nttld sampling in' the'winter

d,.,nd,n' ni""'h'I" wl,h ,n~f'" W":'_, V'n' 09t'. "- I _~,I.,....., .

t~a(er Rt!sou~ces BUlle(in.iDi~ussions are open until Octo~; ). j 980.
'cal Survey, Helena. Monljlna 5960J.
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their eiosion-ha;ard !ratingis' moderate to very high. ';:'lis sus·
ceptibility to erosion ,was attributed to the fact that.their sllr·
face ldyer.s are predominan lIy loains wilh little cohesion
(Alexa~der, et a/., 1959-62). ' , '

'It Jas not possible to select streams of identicallitho!ogy,
TIle Liltle Lost Man' Creek drainage baS,in' (un logged) is under
lain b~, relatively u'rlmetamorphosed sandstone, siltstone, and
conglomerate of thb upper Mesozoic Franciscan assemblage
rha rnaturally weathers to, coarse-graine'd, welJ-sorted stream
bed material. The rrliddle and headwater parts of the tributary

I . I·
to Lost Man Creekl(logged) are underlain by Pliocene coastal
plain s~diments that may naturally yield finer materials than
those Jr Utile Lost IMan Creek, even in the abse'nce of logging.
The P~nther Creek! drainage basin (patch-eut)is underlain by
schists Jof the Fran~jscan assemblage that weather togeneralfy
c,lay-richsediments: Ithat may be naturally finer than' those of

'{?ittle Lost Man CreJk (Janda, et a/.• 1975).
I '"
['

METHODS
,I ~ ,

Spatial variation in the DO concentration of intragravel
water1was.reported by McNeil (1962) and Ringler (1970).
To reduce' spatial variations and, therefore: the number of
samples required to obtain statistically' useful results each
site was located in a riffle with a linear' channel and smooth
streambed.iChannel gradients in the vicinity of the sites were
similar among the three 'streams. Bedrock outcroppings and
blanke'lS of,fine sediment vlere avoided.

At Ithe beginning and end of the. s,tudy (Ju~e 15 and No·
vembe'r 22, 1974) the percentage' of fine sediment in the
streambed 'was determined at each sampling site. ' Equipment
and p~ocedures used to sample'lstreambed composition were
described by McNeil and Ahnell(1964). Streambed material

'was separated into size classes with, seven' standard sieves
ranging in mesh from 26.67 to 0:104 rnm. These mesh sizes
were chosen to conform to methods used'in previous intra
gravel: research. Wet volumetric displacement was used to
determine ,the contribution by each mesh size to the~ total
streambed' core sample. Materials that passed through' the
finest mesh were settled in a graduated sellling cone. Results
of streambed sampling were slightly biased because the core
sampler excluded materials larger IIlan 152.4 mm. In accord
ance with previous intragravel research, fine sedimentis defined
here as that part of the sample passing fuough a 0:833-mm
mesh. Ii" , '

Intragrave'l w:ite~was sampled weekly for DO conc~ntration

and temperature from PVC (polyvinyl chloride) plastic stand·
• pipes placed in the streambed at the beginning or the study

'(Figure 2). The standpipes were modifications of those
described by Terhune (1958), Cangmark and Bakkala (1958),
and Coble (1961). Five standpipes were randomly placed at
eachsamphngsite. The perforated part of the standpipe was

.located',150to 200mm int'o the streambed" a,depth at which
, ,salmonid fish normally deposit their eggs. A DO meter with,a

, polarographic :probe and thermister was used to measure the
DO conceillrlltion and .temperature of surface an'd intrllgraveI

I' '
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Figure \. Location of Study AIeas.
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The three strea~s sampled are in drainage basins represent
ing different degrees of'redwood limber harvest, unlogged,
clear-cut, and patch-cut (Table 1). The drainage basin upstream
from the ,Little Lost Man Creek sampling sile is unloggeil: The
drainage basin',upstream' from the' Lost Man Creek tributary
sampling site' had been clear-cut betwee'n 1964 and 1969. The
tipper half of the Panther Creek drainage basin was logged be- ,
tweeil 1925 and /940; the lower! half has had about 20 per- ,
cent of its timber harvested since 1963. '

. i The climate is b'{aracterized by idry summers and wet win
ters. , At three wba,\he.r stat~ons n:ear the study areas :rhe reo
ported mean annual ram fall IS 180, 153, and *6 mm. Ninety
percent of the annual rainfall oc'curs between October and
April (Elford and McDonough, 1964). ' ' 'I ' I '

't Janda,et a/. (1975), indicated ,that tliesoils in the Re'dwood
C,' reck drainage basin are,' i.n gener,~I,1;~lall~wslton~ loa,~s a~d'I'\'

, ~tony-c1ay loams. The ~flls have :"a lugh mfilttatlOh capacity,
and good subsurface dralTage, but when surface runoff,occurs:

.... -I;,"·· ,·1· ..' \. I:'
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P = 1 x 100'
S

wh~,,~ ;n""h"" ..,jl. ., ·1'
I I I .

I = meart intragravel DO concentration, and
I i

S surface DO concentration. .,I ' ' .

NonparametriJ statistical 'analysis was used beduse the data
violated assumptions required for parametric testing. The
Kruskal·WaUis te~t (Sakal and Rohlf, 1969)' and 'a multiple.':

\ , ' I

comparison test (Hollander and Wolfe, 1973) were used to test

~~:e:~~.locate Signl';fi,,,, Mr,;,n~, ;n th' dot' !", th' tlu«

. ,REStl1LTS ;.

Streambed rna rial in the ~ ~tle Lost Man Creek (u'nlogged)
and Panther Cre~k (p:1t,ch~ftJ samp,1ing-site material ranged
from boulders' td silt.'; Stria" cobbles ,and finer materials
dominated the dreambed"rlJaterial in the Lost: Man Creek
Tributary (c1ear.cJt) sampling site. . .. ' ,

The percentag~ of fine 'strehmbed sediment in Ljttle Lost
,Man Creek in Jurie was signifibntly less than in either Lost
Man Creek Tribu1tary (P<0:01) or Panther Creek ,(P<0.05)
(Table 2). No sighificant differences were found, between 'the
two streams in Idgged drainage basins in June. 'In November
the percentage oflfine streambed sediment in Uttle Lost Man
Creek was significantly less tharlin.Panther Creek (p<o.oJ).

. The percentagelof fine, stre~~lbed sediJneni in Panther Creek
was significantly ~reater (p<0.6l) in Novembe'r than in June.
Streamflow eroded an unconti0*dated ba~~ upstream, and this
result~d in deposilion of a~'Yfr of sedimentthrou~outthe
site. A week latclr the sed,iment layer-had been transported
downstream. .Mo~enJent of sediment bars through the sam
piing site at Lost Man Creek Tributary also was noted, but the

, 'I . . ' .
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·:.v~ter., Only a rilid.depth sample of surface DOcontentration
and iemPera~urewas t3~~n weekly at each sitt: because water
depths did not excel<d, '60 mm. TIle DO meter was stand·

, :ard.ized. bef~ie a~d'afie;J'ach.sampling trip wit~ the A1sterburg·
Azlde"modlficatlon, of t e Wtnk1e~' DO analysIs (Brown, et 01.•

~. '.,' .' ", i . I' .

'1970).' Percentage: sat ration was lletermined ;(or each DO

,) ····r" ,l\i:i' ".'..,," . "1
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DisSlllwd th YI!l'n in Inlral!rawl Water of Tilr~l' 'I:ri hu taries h' Rl'd';'":,d Creek .I11UIIlboidi ( III ~t y, Califmni'"

, . " I . I ! .'
TA illY I. Ph,l'sil'al !'l':lInres of Ihl' ))rain,,~e Areas That Influent'" Salllplin~Sites of the Three Sirearn~,

.==~========'======:=h========::,I===~'==~====I I Main Stream Dlannel I'

I·, \! ,I' Altitude (m) ,
~h ~ I
~~2::· (peI:~) M3::~m , Sam::: ~te. \

3.383 Id.6 '457 99' I ,~
4.496 IQ.5 610'· 137 1

. .. i I J " . . '\
value to reduce the~feCts? Ialtitude and w~ter ~emperature

differeJlces amorlg • three, s~mplingsiles. For comparisons
,I • I

among the three
l
,study ,streams, interchange, of ,surface and

intragravel waterl was expressed as a percentage using the
equation:
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/.: TABLE 2. Mean Percentage of Streambed Sediment riner Than 0.833 mm.
I .
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On a weekly basis the interchange percentage in the Little .
Lost Man Creek sampling site (unlogged) wa~ higher than those .
in the two stre'ams in thel~gged draiOlige basins. The weekly
interchange! percentage for Uttl.e Lost Man Creek rang~d from
~4.0 to r02.5 (mean =97 .5,n = 20), Lost Man Creek Tnbutary

I
I I
I

. I

Number of
Samples

Standard
.. Error.

of Mean

15.1
24.7
23.6

MeanSam ing Site
ri.

2.0 I 10 11.5 2.0 10 .
0.5 ) 5 26.2 2.6 ; 5
).4 .: 10 29.8 1.2 10..::--,. ~-_...:...-_...:.-_- ---!-I ...:.._

.' \-".
winter storm of October 27 , the' mean intragravel DO concen
tration had fallen tli 3.2 mg/L, and the mean percentage satura
tionof DO of intra&avel water had fallen to:28.7': A reduction
of interchange peicentage between surface and intragravel
water may have b~en caused by an increase in 'suspended
sediment concentralion,. evidenced by increased turbidity, and
movement' of. fine ~edload sediment that were observed on the

l.'l - 'L .
November 22 sampllOg trip.

. Little. Lost Man Creek
Lost Man Creek Tributary
Panther Creek

i
streambed composition was nearly the same at the November
and June .samplings.
. TIuoughoutthe" study, DOwas.at or near saturation in the

surface water of the three streams:· Surface. DO concentrations
sampled weekly atUttle Lost Mail Creek ranged from '9:1 to I

11.4, mg/L (mea'n =.9.9, ':' = 20, :where n is thenumber:of ob- I

servations); at Lost Man Creek Tributary, from 9.4 to 11.4
mg/L (mean<=: i ().3 n= 20); and at Panther Creek, from 9.3 to

. 12.3 mg/L ( mean = 10.8,n= 2t Panther Creek had oxygen
'. supersaturation in its Surface wat " 16 of to tim'es sampled and

Lost Man Creek Tributary, 6 of 2 times sampled. Periphyton,
identified as Zygnem~spp., at t . es blanketed the sampling

. site in Panther Creek. Unidentm~d algae covered the s'tream
bed of Lost Man Creek Tributary. The sampling sites :in the
two logged 'walersheds were directly exposed to the sun be
cause'overstory vegetation had been harvested. When eXposed
'directly to the sun, algae often produce supersaturated levels
of DO during daylight hours (Reid, 1961).

, hi Little Lost Man Creek the weekly mean value (calculated
. from weekly samplings' of five standpipes) for .intragravel DO
concentration ranged from 9.0 to 11.2 mg/L'(overall mean =
9.6, n. = 96) (Figure 3), and mean percentage saturation .of DO
of intragravel water ranged from 87.4 to 97.8 percent (overall
mean = 91.7, n = 96) (Figure 4). Both concentration atid per
centage saturation of 00 of intragravel water were lowest dur
ing October when the only flow through the sampling site was
intragravel. .

The weekly mean value for intragravel DO concentration' in
Panther Creekrangedfrom 6.7 to 10.2 mg/L (overall ~ean = \
8.4, n = 100) (Figure 3) and the'mean percentage saturation of '
00 of intragravel water ran.ged ftom ,71.1 to 93.2 percent I

. (overall mean = 80.0, It ,::' 1.00) (Figure 4). The increase in the
",' 00 concentration of intragravel water d.uting late summeri was

.. unexpected. Wickett (1958) and McNeil (1962) found that as
~ .i, streamflow declined intragravel DO declined. An. explan~tion

reir the increase could be tliat 'intrag~averDO concentratiorl was
raised by interchange with supets~turatedsurracewater:· I.

. ':' 'In Lost Man Cteek Tributary the weekly' mean value dfin
..... tragravel DO concentration ranged Jrom 3.2 t07.9 mg/L(~ver-

, ',' alhne'an = 6.6, n .: 100) (Figure; 3), and mean percerltage
•. ' saturation of 00 or intragr.avel w~ter ranged from 28.7 to 176.3

., . , (overaUmean = 62.5, n = 100) (FIgure 4).. Intragravel DO bon

. '. ,:.,: ~tionsdid npt vary markedly aUhis siteuritil the last sam~ling
;<;\:;:'';i~trip on November 22; At that time,~w~chwasafter the irtiti:il

lr~cll~',H ..'Ii' . "08
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ranged from 29.0 to 79.0 (mean'= 64.1, n = 20), and Panther: Water in each of the standpipes in Uttle Lost Ma~ Creek
Creek ranged from 69.0 to 84.5(n1ean '" 77.4, n= 20). had about l/~e sa?Je mean and range ofpD con~nlralJondur- .

. . ing the study (Table 4). In bo~hi Lost Ma~ Creek Tributary and
f' Panther Creek, the water In' one or more standpi~ had a
., much lower meah ~nd rangelo!: DO concentration daring the

1 .' 1 . 'A.., _. A./ study 'ha~j did Jater in the bher standpipes; This occurred
'- ~,.o-if~~ to" even though sampling wa~.strit fied·to reduce the spatial varia.
'. " . /~- \ I '". lion of intragravJI DO conctinlration. These results showed

, .... " \ I • \ I I I
.~. Ie., ,9_. • \ that the stratification oUntragravel sampling sites by visual
~ I 'II ~ I'I
\,.. .--. ...'"- I characteristics alone of the sheam channel was not successful

':.-::-. :. '. • • • • "... ;0 "d"'io, ,p'Ii,1 '''i'b:~ctt:"~100 'oo"o'''lioo,

o 'I I . •

Differences in iinterchange ,atnong the ihree streams may be
~esponsible for t~e obserVed di'fferences in DO concentration
. . and r,ercentage satura6 of DO of intragravel ~ater. A majqr

controlling facto~l on interchf~ge of water is stre.ambed. per
meability. McNeil and Ahn~I~(J?~4) found an Inverse rela
tion between streambed perm abIlity and the percentage of
streambed materi~J finer thaj :833 mm. 'The percentages of
fine streambed sbdiment in Ust Man Creek Tributary. and
Panther 'creek we~e a,?<>ut 11, times greater than that ,in Utl~e
Lost' Man Creeki~ June: TI~ellJgher inter~hange percentage III

Little Lost Man Creek suggdt~ a betler Interchange between
surface and intragravel water than existed in Lost Man Creek
Tributary or Panll\er Creek; .

Intragravel Dol concentiatiolfi in the Redwood Creek tribu
taries were similJr to thoSe found by· Ringler (1970) iii the
Alsea Watershed ~ludY in .Orefon. In the .Alsea study.. I!le
mean DO concentration of mtragravel water In a stream dram
ing a clear-cut basin was significantly less (p<O.Ol) than that in
a stream drainingla' palch-cul basin where 30 percent of tht
limber had been h rvested and b'uffer' strips were retained along
peren'nial stream c11annels. Ringler also reporledthat the meal1
percenlage saluration 'of intragrav~I,DOwas 61.8 in the stream
in the clear-cut d~ainage basin and. i6.i in the stream in the
patch-cut drainagJ basin_ In the Alsea study .tl," DO cOI1.:el1·
tration of inlragra~el water in the stream in Ihe dear.....ut drain'

I , .
age basin during logging averaged 4_:! mg/L. while during 1he
same period a stJeam in a nearby' unlogged drainage basili
averaged ;9.0 mg/L (Hall and Lanti, 1969).

, • i.

'j, TAli~E3.' COlllparison of I)iff~rciices in Inlraj!rawl Condili~ns Amon!! the Three St~eJ;l1S'
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The" results of statistical tests (Ised to identify significant

differences in intragravel conClitions among the three stre;1Il1S
are prese~ied iIi "!"able 3. The intragrav~1 water in Little Lost
Man Creek had. except fur one case. significantly more DOano
higher percenta'ge ~aluratiun of DO than intmgravel v/3ter of .
the two slreams in' lugged drainage basins. The interchange
percentages in Little. Lost Man', Creek also were significantly

. liighe~ 'than in ihe logged drainage basins. Panther Creek had ..
signilicantly higher' values' for ~oncenlration and percentage
'saturation of., DO ,ufintragravel ',:N,ater and interchange per-.
~enlage than did Lost Man Creek Tributary ..
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,ble DO eo""",,,tlo", d"d". the w'"'''' It w" "", ..l",
mined whet/ier this reduction in intragra~~1 DO~onceillra'I'On
lasted throughout the winter. but such an occurrence wO\lld
lessen thc suit:lbility of this streiUll as spawning habitatjruT
salmonids. Panther Creek also might have sudden reducti lI1S

in intragravel DO concentrations, even lethal concentrati ns,
because of the movement of sediment bars observed in t~lat
stream. ' ' . . I 1

This study showed that the two streams in the'logged dr in
: age basins contained intragr'avel water with lower DO con'cl:n-
. trations than did intrag'ravelwater in the stream in the unlbg-.

ged drainag~ basin. These differences in intragravel DO ~n- '
cent ration are,'attributed to the greater ability of,the strea in
the unlogged drainage' basin to interchange surface and in ra
gravel water. The,stream in the unlogged drainage basin as
projecied to have hi&herand 'more spatially uniform intragrJvel
DO concentrations in the' winter and would therefore provIde
more suitable conditions for the incubation'of salmonid dt
and alevins than would the two streams in the logged drain ge
basins.

Differences in the lithology of the three drainage b 'ns
may have contributed to tht' differences in 'the percentage of
fine sediments observed am6ng the streams; even in the b
sence of logging.
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"';1I1th,'r frcck

:These intragravel DO measurernents were not made during
the wintertime inc'ubation of salmonid eggs and alevins, but
sOIilc spcculat'ion is pos'sible regarding the quality of intragravel

'water th,at' such eggs and alevi'ns might encounter.- The mcan
DO concentrations provide an indication of the relative quality
of, intragravel water among the. three streams, but minimum
DO concentrations of intragravelwater are more important

'crileria for assessing the s'utvival of salmonid eggs and alevins.
The U.S. Environmental Protection Agency (National

Academy of Sciences, National Academy of Engineering,
1973) has est:lblished':levels of protection for DO for aquatic
organisms, based on the premise that any reduction of DO be
low natural, seasonal levels mny reduCe the ability of an aquatic

, ' organism to m'eet the demands of its environment. Assuming
10 mg/( as a minimum DO concentration of intragravel water
in' the' winter in an undistu'rbed' stream, 'such asUtti'e Leist
M~n Creek, and using the criterion formula suggested (National
Academy of Sciences, National Academy of Engineering, 1973,
p. 134), :I "high level" of protection would be provided sal
Illonid eggs if DO c~ncentratiorisdid n'ot fall below ~.2 mg/L.

'It is apparent from Figure 3 that mean intragravel DO toncen·
trations in Little 'Lost Man Creek were moving upward with the

"approach of.winter. This trend would probably' continue be·
causei:the stream water DO would: rise 'as the temperature
'dropPed, providing a betier source of DO t6 the intragravel '

,environment. 'In Panther Creek' the mean intragi'avel DO
,peaked in' October :'arid moved dokrward through th~ re·,
;'mainder'ofthe study." This trend may have, been arrested by

";,fincrea'sing DO concentrations in the stream ,as winter ap
:::.\,;proachod, so, that, the'lntragravel DO did not fall below 8.2
<')/img/L;! 'LOst Man Creek Tributary was difficult to assess be
(;':}:~::cause:~f thintiddenreduction in intragravel DO concentration
{fj/rec'orded on 'tile last' sampling trip. "Before that trip three of'

}~; I~e fir"~d~;:"~~ldr bee~ expeeled to 00""'" suil,

:,~~:,;,,;~:;:.;:... ~\ ','t· ,.,,;.\ ':, '1 ' '/ .
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