The Resources Agency of California
DEPARTMENT OF FI SH AND GAME

WATER QUALI TY OF SOVE LOGGED AND UNLOGGED CALI FORNI A STREAMVS'/

FREDRI C R KOPPERDAHLg/, JAMES W BURNS, and GARY E. SM TH
I nl and Fi sheries Branch

SUMVARY

Water quality was nonitored in 1968 and 1969 in six coastal streanms in northern
California, four of which were subjected to | ogging and/or road buil di ng
(Bunmer Lake Creek, South Fork Yager Creek, Little North Fork Noyo River, and
South Fork Caspar Creek), while the others remai ned undi sturbed (Godwood

Creek and North Fork Caspar Creek). The purposes of this study were to char-
acterize the water quality of the streanms, to deternine if the |ogging and

road construction drastically altered water quality, and to collect water
quality data which could be tested for predicting streamcarrying capacities
for sal nonids.

Conditions were generally suitable for sal nonids during and after the I ogging.
No abnornmal concentrations of dissolved oxygen, alkalinity, hardness, dissolved
solids, phosphate, chloride, sulfate, nitrate, tannin and lignin, or pH were
detected. Carbon di oxide was |low in nost streans, except in South Fork Caspar
Creek when it reached 8 ppm during deconposition of |ogging debris in the
sumer of 1968. Turbidity was highest in areas where bull dozers were worki ng

in the streans. Tenperatures of nost streams increased after the | ogging,

but sel dom exceeded 70 F because of the cool climate in the coastal fog belt.

Al ternating cut and uncut bl ocks on one stream and retaining a buffer strip

al ong another, kept tenperatures lowin two streans.

Y submitted April 1971: Inland Fisheries
Admi nistrative Report No. 71-12.

2'Now wi th Environmental Services Branch, Ninbus Bi oassay Laboratory.

This work was perfornmed as part of Dingell-Johnson Project California F-10-R
"Sal noni d Stream Study", supported by Federal Aid to Fish Restoration funds.
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I NTRODUCTI ON

Water quality was nmeasured periodically in six California streams in conjunction
with evaluating the effects of |ogging on silver salnon (Oncorhynchus ki sutch)
and trout Salno gairdnerii gairdiierii and S. clarkii clarkii) habitat. Four
streans (Bumer Lake Creek, South Fork Yager Creek, Little North Fork Noyo
River, and South Fort: Caspar Creek) were |logged, while two streams (Godwood
Creek and North Fork Caspar Creek) were undi sturbed. The objectives of nonitor-
ing water quality were to characterize the streanms, to determne if the | ogging
drastically altered water quality, and to collect water quality data which

could be tested for predicting streamcarrying capacities for sal nonids.

Northern California's coastal climate is characterized by heavy w nter rainfal
and dry summers. Mean annual precipitation ranges from40 to 125 inches
(Calif. Dept. Water Resources, 1964). Air tenperatures are cool ed by dense,
recurrent fogs, and nean maxi mumtenperature in July is about 70 F. Soils

are predom nately | oam and noderately erodible (Storie and Wir, 1953).
Wat er sheds studied were forested with redwood (Sequoi a senpervirens) and
Dougl as fir (Pseudotsuga nenziesii).

METHODS AND MATERI ALS

Wat er sanples were usually collected every three nonths for one year on each
stream conmencing in May 1968. Prel ogging water quality was not neasured.

Wat er sanpl es were coll ected during daylight and anal yzed with a Hach direct-
readi ng, engineer's |aboratory kit (Mbddel DR-EL) and an Industrial Instrunents
conductivity meter (Mddel RA-2A). Concentrations of dissolved oxygen, carbon
di oxi de, total alkalinity, total hardness, total dissolved solids, total phos-
phate, chloride, sulfate, nitrate, tannin and ligin, pH, and turbidity were.
neasured. Sanpl es anal yzed away fromthe stream were packed in ice, kept

dark (to retard biological activity), and analyzed within the tine limts set
forth by American Public Health Association (1965). Sanples were warmed to

75 F and turbid waters filtered before analysis. Streanfl ow was neasured with
a Pygny current neter, and in North and South Forks Caspar Creek, flows were
continually recorded at pernmanent weirs.

Wat er tenperatures were neasured at the downstream end of the study sections
in Godwood Creek, Little North Fork Noyo River, North Fork Caspar Creek

and Sout h Fork Caspar Creek, and at selected locations in Bummer Lake Creek
and South Fork Yager Creek to determine the differences between the | ogged and
unl ogged sections. Tenperatures in both forks of Caspar Creek were nmeasured in
1963 and 1964 (Kabel and Gernan, 1967), and in 1967 and 1968 (John DeWtt

and Roger Barnhart, Hunboldt State College, pers. comm). In the other streans,
tenperatures were neasured in the summer at randomintervals from 1966 to 1969,
and usual ly included nmaxi num tenperatures for each year. Prel oggi ng water
tenperature data for nost streans are sparse because there was little tine
avai | abl e between finding streans for study and the begi nning of the | ogging.
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RESULTS
Bunmer Lake Creek

Bumrer Lake Creek, a tributary to MII Creek and Smith River, is |ocated on
private land in Del Norte County (T15N, RLE, S4). It is about 7 mles south
east of Crescent City, California, and 17.8 streamniles fromthe ocean. The
main streamis 1.6 mles long and along with its two forks drains about 3,500
acres in arelatively steep canyon (side slope averages 45% . Mean stream
gradient is 250 ft/mle. Headwater and nouth el evations are approxi nately
1,750 and 250 ft, respectively. The soils are in the Mel bourne Series and are
characterized by a noderate to strong acid reaction (Storie and Wir, 1953).
M ni mum air tenperatures in January average about 35 F and maxi numair tem
peratures in July average about 75 F (Durenberger, 1960). Air tenperatures
sonmeti nes exceed 100 F. Precipitation ranges fromabout 90 to 110 inches a
year, with nost rain falling between Cctober and May (Durenberger, 1960).

Alternate bl ocks of old growh redwood (totaling 272 acres) were clear cut on
the southwest side of the streamin the spring and sunmer of 1968. Two bl ocks
were cut adjacent to the streamwi thin the study section and four additiona

bl ocks were cut along the South Fork upstreamfromthe study area. The North
Fork was undi sturbed. Sl ash and debris were renoved fromthe stream during the
wi nter of 1968 (Burns, 1970).

Streanfl ow ranged from0.86 to 50.10 cfs during the sanpling and di ssol ved
oxygen renai ned near saturation. Water tenperatures in the sunmer renai ned

cool after the logging, ranging from44 to 66 F in 1969 (Table 1). From
Septenber 7 to 19, 1968 maxi numtenperatures for the South Fork and main stream
were 6 and 12 F warner, respectively than in the unl ogged North Fork. Prior

to the logging and during a simlar period, in 1967, nmaxi mumtenperatures were
the sane at these sane three stations. On the hottest day in 1969, stream
tenperatures in the cut blocks were 8 F higher than those tenperatures in the
uncut section upstream In the cut areas, streamtenperatures increased

5.5 F/ 1,000 ft. The uncut bl ock between the two cut bl ocks reduced stream
tenperatures 2.5 F/ 1,000 ft. resulting in water tenperatures 4 F cool er upon

| eaving this shaded area. Except during periods of high flow, the water was
clear. The highest turbidity observed was 25 J.T.U. Ranges for val ues of

sel ected neasurenments were: oxygen 9.4 to 12.4 ppm pH 6.7 to 8.0, carbon

di oxi de was not detectable, total alkalinity 15 to 40 ppm chloride 5 to 6 ppm
sulfate fromless than 2 to 5 ppm tannin and lignin 0.2 to 0.4 ppm tota
phosphate 0.19 to 0.50 ppm total dissolved solids 38.3 to 74.0 ppm tota
hardness 20 to 45 ppm (Table 2). Nitrate was not detectable.

Godwood Cr eek

Godwood Creek, Hunboldt County (T1lIN, RLE, S2), is located in public |and
(Prairie Creek State Park) approximately 5 miles north of Orick, California.
The 1.9-mile-long streamflows into Prairie Creek about 10 streammnmles from
the ocean. This unl ogged watershed is forested with old growh redwdod and
drains approximately 1,200 acres. The watershed is relatively flat with canyon
side sl ope averagi ng 18% and stream gradi ent averaging 55 ft/m . Headwater and
mout h el evations are 250 ft and 150 ft, respectively. The soils are of the

Mel bourne Series. Mnimumair tenperatures in January average about 40 F and
maxi mum air tenperatures in July average about 60 F. Precipitation averages
approxi mately 70 inches a year (Durenberger, 1960).
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TABLE 1

Wat er Tenperatures for Selected Intervals on

Four Northern California Streans, 1966-1969
Tenper at ure M ni mum
recordi ng Sanpl i ng Loggi ng maxi mum
Stream station i nterval phase t enper at ur es
Bumer Lake Lower end of Sept. 7-18, 1967 before 54-60 F
Creek study section May 2-Cct. 31, 1968 during and 50-65 F
after
May 2-Sept. 1, 1968 during 50-65 F
Sept. 1-Cct. 31, 1968 after 50-62 FY
May 2-Sept. 17, 1969 after 44-66 F
May 2-Sept. 7, 1969 after 44-66 F
Sept. 7-19, 1969 after 55-66 F
Godwood Creek Near nouth July 15-Sept. 17, 1967 unl ogged 52-58 F
July 12-Nov. 20, 1969 unl ogged 45-56 F?
July 15-Sept. 10, 1969 unl ogged 52-54 F
So. Fork Lower end of Aug. 1-Sept. 17, 1967 bef ore 55-70 F
Yager Creek study section Aug. 4-Sept. 17, 1967 before 55-68 F
June 3-Cct. 5, 1968 during and 56-71 F
after
Aug. 2-Sept. 17, 1968 during 56-70 F
May 5-Cct. 1, 1969 after 54-70 F
Aug. 4-Cct. 1, 1969 after 54-68 F
Little No. Fork Lower end of Cct. 7-23, 1966 bef ore 46-56 F
Noyo Ri ver study section May 5-Nov. 13, 1969 after 46-70 F
Cct. 5-P' ov. 13 1969 after 47-55 F
¥ After logging, but debris was still in the stream

2/

£ M ni mum maxi mum t her nomet er was broken during 1968.
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TABLE 2
Water Quality Properties Measured in Bumer Lake Creek, 1968-1969
Dat e .. 5/2/68Y 8/ 5/ 68Y 10/ 31/ 6Y/ 1/31/69%  5/7/69%
Di scharge (cfs) ....2.83 0. 86 7.80 50. 10 8.57
Oxygen (ppm ....10.8 9.4 9.6 12. 4 3/
Car bon di oxide (ppm)  ..... 4/ 4/ 4/ 4/ 4/
Total alkalinity (ppm  ..... 20 30 40 15 25
Total hardness (ppm  ..... 3/ 35 45 20 3/
Tot al di ssol ved ....49.6 65.0 74.0 38.3 58. 4
solids (ppm
Total phosphate (ppnm ....0.30 0.50 0.19 0.28 0.21
Chloride (ppm  ..... 3/ 5 5 6 3/
Sul fate (ppm ..., 4/ 5 3 5 3/
Nitrate (ppm  ..... 5/ 5/ 5/ 5/ 5/
Tannin- and Lignin-like ..... 3/ 0.2 0.3 0.4 3/
conpounds (ppm
pH 8.0 7.7 7.4 6.7 7.3
Turbidity (J.T.U)  ..... 6/ 6/ 10 25 6/
Temperature (%) ... 49 62 50 44 52
1/ Sanpl es taken during | ogging
2/ Sampl es taken after |ogging
3/ Not tested
4/ Not detectable at a limt of 2 ppm
5/ Not detectable at a linit of 0.1 ppm

6/

Not detectable at a limt of 10 J.T. U
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Little streanfl ow fluctuation occurred in Godwood Creek. Flows ranged from 0. 83

to 12.96 cfs during the sanmpling. Streamtenperatures ranged from45 to 58 F

during the sumer (Table 1). Turbidity remained | ow and did not exceed 10 J.T. U
during the sanpling. Deconposing | eaves covering the streanbed in autumm inparted

a yellowtint to the water and increased the concentration of tannin and lignin
Ranges for values of selected neasurenents were: oxygen 8.8 to 12.0 ppm pH 6.5

to 7.5, carbon dioxide was not detectable, total alkalinity 12 to 40 ppm chloride
12 to 15 ppm sulfate 2 to 3 ppm tannin and lignin 0.2 to 1.2 ppm total phosphate
0.20 to 0.80 ppm total dissolved solids 44.0 to 103.0 ppm and total hardness

10 to 50 ppm (Table 3). Ntrate was not detectable.

Sout h Fork Yager Creek

Sout h Fork Yager Creek, Hunboldt County (T2N, R2E, S10), is part of the Van Duzen
and Eel River systemand is located in private |and approximately 25 mles from
the ocean. The 12.1-nile streamdrains froma 6,200-acre watershed. Canyon side
sl ope averages 38% Headwater and nouth el evations are at 3,200 and 550 ft,
respectively. Mean streamgradient is 215 ft/nmile. The soils are of the Hugo
Series and are characterized by a noderate acid reaction (Storie and Wir, 1953).
The watershed lies prinmarily outside the cooling influence of coastal fog and,
consequently, maxi mumtenperature in July averages about 80 F. Air tenperatures
someti nes exceed 100 F. Mnimumair tenperatures in January average around 35 F.
Precipitation ranges fromabout 50 to 60 inches a year (Durenberger, 1966).

The ol d-growth forest was essentially in an unaltered state prior to this study
and consisted of 30% redwood and 70% Douglas fir. The lower 1,835 ft of the
stream was sel ectively logged in the sutmmer of 1968 and the upper 1,835 ft of the
stream was | eft undisturbed (Burns, 1970). Eighty percent of the harvestable
tinmber volume was cut to 1,000 ft on each side of the stream Care was taken to
avoid disturbing the stream riparian vegetation (including harvestable tinber

| eaning toward the strean) was not cut and equi pnent did not enter the stream

Streanflow ranged from0.26 to 33.36 cfs during the sanpling. In February 1969,

hi gh runoff in Yager Creek bl ocked access to the South Fork, delaying water analysis
until March 1. Using high water nmarks, we estimated that flows in the South Fork
reached about 80 cfs during February. Streamtenperatures were not significantly

hi gher after the |ogging, ranging fromabout 54 to 71 F during the sumer (Table 1).
Longi tudi nal streamtenperature profiles remni ned about the sanme after the |ogging.
The streamwarned 1.6 F/ 1,000 ft in the unlogged section upstream and 3.8 F/ 1, 000
ft in the logged section, resulting in the | ower section's water being about 7 F
war ner than that of the upstream section on the hottest day in 1969. The stream was
slightly alkaline. Turbidity increased during high flows. Tannin and lignin

i ncreased in autum when deci duous hardwood | eaves were degrading in the stream
Ranges for values neasured at the nouth of South Fork Yager Creek were: oxygen

9.8 to 12.2 ppm pH 7.4 to 7.9, carbon di oxide was not detectable, total alkalinity
23 to 80 ppm chloride 4 to 17 ppm sulfate 3 to 6 ppm tannin and lignin 0.2 to
0.5 ppm total phosphate 0.19 to 0.70 ppm total dissolved solids 48.7 to 157.0 ppm
total hardness 32 to 95 ppm and turbidity to 21 J.T.U. (Table 4). Nitrate was

not detectable. Water quality in the unlogged section upstreamwas simlar to

that in the | ogged section (Table 5).
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TABLE 3

Water Quality Properties Measured in

Godwood Creek, 1968-1969Y

Dat e 5/ 1/ 68 8/ 5/ 68
Di scharge (cfs) 1.64 0.83
Oxygen (ppm 10. 8 9.6
Car bon di oxi de (ppm 2/ 3/
Total alkalinity (ppm 30 40
Total hardness (ppm. 2/ 50
Total dissol ved 85. 2 103.0
solids (ppm
Total phosphate (ppn) 0.50 0. 80
Chloride (ppm 2/ 15
Sul fate (ppm 2 3
Nitrate (ppnm 4/ 4/
Tanni n- and Lignin-Ilike 2/ 0.2
conpounds (ppm
pH 7.2 7.5
Turbidity (J.T.U.) 5/ 10
Temperature (%) 50 56

10/ 30/ 68

2.26

8.8

3/

38

40

86. 8

0.30

12

1/ 31/ 69
12. 96
12.0

3/
12
10

44.0

0. 20

15

1/ Unl ogged wat er shed

2/ Not tested

3/ Not detectable at a limt of 2 ppm
4/ Not detectable at a linmt of 0.1 ppm

5/ Not detectable at a limt of 10 J.T. U
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TABLE 4

Water Quality Properties Measured in a Logged Section of

South Fork Yager Creek, 1968-1969
Dat e 5/ 1/ 68Y 8/ 4/ 68Y 10/ 20/ 68% 3/ 12/ 69% 5/6/69%
Di scharge (cfs) 3.08 0. 26 0.96 33. 36 15.78
oxygen (ppm 10. 4 9.8 10. 4 12.2 11.0
Car bon di oxi de (ppm) 4/ 4/ 4/ 4/ 4/
Total alkalinity (ppm 50 80 80 23 45
Total hardness (ppm 3/ 95 81 32 3/
Tot al di ssol ved 97.8 157.0 149.9 48. 7 90.4
solids (ppm
Total phosphate (ppm 0.70 0.58 0.42 0.19 0.25
Chloride (ppm 3/ 17 9 4 3/
Sulfate (ppm 3 4 6 4 3/
Nitrate (ppm 5/ 5/ 5/ 5/ 3/
Tanni n- and Lignin-1ike 3/ 0.2 0.5 0.3 3/
conpounds (ppm
pH 7.7 7.8 7.9 7.4 7.6
Turbidity (J.T.U) 6/ 6/ 6/ 21 10
Temperature (%) 52 62 52 42 56

1/ Sanpl es taken during | oggi ng

2/ Sampl es taken after

3/ Not tested

| oggi ng

4/ Not detectable at a limt of 2 ppm

5/ Not detectable at a linit of 0.1 ppm

6/ Not detectable at a limt of 10 J. T.U.
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TABLE 5

Water Quality Properties Measured in an Unl ogged Section
of South Fork Yager Creek, 1968-1969

Dat e 8/ 4/ 68 10/ 20/ 68
Di scharge (cfs) 1/ 1/
Oxygen (ppm 9.8 9.8
Car bon di oxi de (ppm 2/ 2/
Total alkalinity (ppm 75 80
Total hardness (ppm 95 81
Tot al di ssol ved 156 150
solids (ppm
Total phosphate (ppm 0.55 0.39
Chloride (ppm 13 9
Sulfate (ppm 1/ 3
Nitrate (ppm 3/ 3/
Tanni n- and Lignin-1ike 1/ 0.3
conpounds (ppm
pH 7.8 7.7
Turbidity (J.T.U.) 4/ 4/
Tenperature () 59 50

1/ Not tested
2/ Not detectable at a limt of 2 ppm
3/ Not detectable at a linit of 0.1 ppm

4/ Not detectable at a limt of 10 J.T. U
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Little North Fork Noyo River

Little North Fork Noyo River, Mendocino County (T18N, R16W S6), is located in
private | and approximtely 10 mles east of Fort Bragg, California, and flows
into the Noyo River about 10 streamniles fromthe ocean. The Little North Fork
drains froma 2,400-acre watershed which has a canyon side sl ope averagi ng 36%
Headwat er and mouth el evations are 960 and 75 ft, respectively. Average stream
gradient is 190 ft/mle. Soil is of the Hugo Series. January m ni mumand July
maxi mum air tenperatures average about 35 and 75 F, respectively, and precipita-
tion. ranges fromabout 45 to 55 inches a year (Durenberger, 1960).

The redwood and Douglas fir forest was first | ogged about 100 years ago. Since
1966, 307 of the second-growth tinber has been selectively cut from 1, 338 acres

on the upper watershed. The area studied was a 1-nmile stream secti on which

had a road built adjacent to it in the winter of 1966 and another road constructed
on the other side of the streamin the sunmer of 1969. Selective |ogging al so
occurred along the streamin 1969. A bull dozer worked in the streamduring the

| oggi ng and stream cl eanup

Streanflow ranged from0.26 to 14.20 cfs and water tenperatures from46 to 70 F
(Table 1) during the sanpling. In Novenber 1969, turbidity reached 53 J.T. U

The streamrenuai ned slightly al kaline during the sanpling. Ranges for val ues

of selected neasurenents were: oxygen 9.6 to 12.4 ppm pH 7.1 to 7.3., carbon

di oxi de was not detectable, total alkalinity 25 to 70 ppm chloride 10 to 17 ppm
sulfate 2 to 13 ppm tannin and lignin to 0.6 ppm total phosphate 0.28 to 0.55
ppm total dissolved solids 72.5 to 144.6 ppm and total hardness 29 to 70 ppm
(Table 6). Nitrate was not detectable.

Nort h and South Forks Caspar Creek

North and Sout h Forks Caspar Creek, Mendocino County (T17 and 18N, R17W, are
|l ocated in public Iand (Jackson State Forest) approximately 5 miles south of
Fort Bragg, California, and about 8 mles fromthe ocean. Each stream drains
froma wat ershed of about 1,000 acres and canyon side sl ope averages 45% on the
North Fork and 49% on the South Fork. Headwaters of the North and South Forks
are at elevations of 720 and 560 ft, respectively. The nouths of both streans
are at an elevation of about 80 ft. Average streamgradient is 111 ft/nmile

for the North Fork and 154 ft/mile for the South Fork. Soils are of the Hugo
Series. Mninmumair tenperatures in January average about 35 F and naxi mum

air tenperatures in July average about 75 F. Annual precipitation ranges from
about 40 to 50 inches (Thomas, 1966). Both watersheds are forested with second-
growt h redwood and Douglas fir (70-80 years old). North and South Forks Caspar
Creek received nore attention than the other streams since there was an inter-
agency program (U. S. Forest Service, Calif. Div. of Forestry, Calif. Dept. of
Wat er Resources, Hunboldt State College, and Calif. Dept. of Fish and Gane) to
determine the effects of the road construction on streanflow, sedinentation
fish life, and fish habitat.

North Fork Caspar Creek

The study section of North Fork Caspar Creek was 1.5 miles |ong. The surrounding
forest was not disturbed during this study. Streanflow ranged fromO0.05 to 7.81
cfs during the water quality sanmpling (Table 7). Flows recorded at the weir
ranged fromO0.04 to 46.20 cfs for the sane period (J. S. Kramres, U S. Forest
Service, pers. comm). Water tenperatures ranged from38 to 66 F in 1963 and 1964
(Kabel and German, 1967). Waters were slightly alkaline, with pH renmaining
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TABLE 6

Water Quality Properties Measured in Little
North Fork Noyo River, 1968-1969 1/

Dat e 2/ 2/ 69 5/ 5/ 69 8/ 27/ 69 11/ 13/ 69
Di scharge (cfs) 14. 20 0.99 0. 26 0. 39
Oxygen (ppm 12. 4 11.0 9.6 11. 4
Car bon di oxi de (ppm) 2/ 2/ 2/ 2/
Total alkalinity (ppm 25 40 70 70
Total hardness (ppm 29 43 7.0 63
Total dissolved 72.5 114.0 116.0 144. 6
solids (ppm
Total phosphate (ppnm 0.35 0.28 0.28 0.55
Chl oride (ppm 10 17 15 12
Sul fate (ppm 3 3 2 13
Nitrate (ppm 3/ 3/ 3/ 3/
Tannin- and Lignin-1ike 0.6 0.4 0.2 3/
conpounds (ppm
pH 7.3 7.3 7.3 7.1
Turbidity (J.T.U) 24 4/ 4/ 53
Tenper ature (%) 47 52 60 50

1/ Sanpl es taken after | ogging
2/ Not detectable at a limt of 2 ppm
3/ Not detectable at a linit of 0.1 ppm

4/ Not detectable at a limt of 10 J.T. U
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TABLE 7

North Fork Caspar Creek, 1968-1969Y
Dat e 4/ 27/ 68 5/ 19/ 68 8/ 7/ 68 10/ 21/ 68 2/ 2/ 69
Di scharge (cfs) 0. 46 2/ 0. 05 0. 06 7.81
Oxygen (ppm 11.0 2/ 9.4 9.6 12.0
Car bon di oxi de (ppm 3.0 2/ 2 2 3/
Total alkalinity (ppm 40 123 52 60 11
Total hardness (ppm
2/ 2/ 65 70 30
Total dissol ved 112.0 2/ 147.0 155. 4 82.9
solids (ppm
Total phosphate (ppm 0. 20 2/ 0. 30 0.50 0.35
Chl oride (ppm 2/ 2/ 17 19 15
Sul fate (ppm 3 2/ 12 9 6
Nitrate (ppm 4/ 4/ 4/ 4/ 4/
Tannin- and Lignin-1ike 2/ 0.2 4/ 4/ 0.6
conpounds (ppm
pH 7.5 7.4 7.5 7.4 7.4
Turbidity (J.T.U.) 5/ 5/ 5/ 5/ 21
Tenperature (%) 49 2/ 55 48 47

1/ Unl ogged wat er shed

2/ Not tested

3/ Not detectable at a linmt of 2 ppm

4/ Not detectable at a limt of 0.1 ppm

5/ Not detectable at a limt of 10 J.T. U
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fairly stable throughout the year. Ranges for val ues of sel ected neasurenents
were: oxygen 9.4 to 12.0 ppm pH 7.4 to 7.5, carbon dioxide to 3 ppm total
alkalinity 11 to 123 ppm chloride 15 to 19 ppm sulfate 3 to 12 ppm tannin
and lignin to 0.6 ppm total hardness 30 to 70 ppm and turbidity to 21 J.T.U
(Table 7). Wtrate was not detectable.

Sout h Fork Caspar Creek

In 1967, 244,400 cubic yards of road materials were noved and 4.3 nillion board
feet of tinmber harvested along 3.7 mles of road right-of-way. The road was

built adjacent to the streamand there were four bridge crossings. Road materials
were side-cast into a portion of the stream and one part of the stream was

rel ocated during the road construction. A bulldozer operated through 41% of

the 1.9-mle study section during the debris renoval. Mst of the fill sl opes,
secondary roads, and streanbank were fertilized with urea and seeded wi th annua
rye grass (Elymus sp.) at a rate of 50 | bs/surface acre (Burns, 1970).

Streanflow varied from0.06 to 8.48 cfs during the sanpling (Table 8). Fl ows
recorded at the weir for the same period ranged fromO0.06 to 67.25 cfs (J. S
Kramres, U. S. Forest Service, pers. conm)

Prior to the road construction the anbunt of solar radiation received at sone
stations along the South Fork was |ess than 5% of the total available at that

| atitude. Even on clear days, about half of the streamreceived | ess than 10%
of the available radiation due to the dense forest canopy. Absol ute val ues
ranged from7.to 276 | angl eys/day (DeWtt, 1968). After the road construction
some stations along the South Fork received 140% nore radi ati on than they had
previously. The absol ute average increased 98 | angl eys/day. |ncreased sol ar
radi ation increased streamtenperatures. From February to m d- August 1964
streamtenperatures at the | ower end of the study section ranged from38 to 57 F
(Kabel and German, 1967). After the road construction, streamtenperatures

for the same period in 1968 ranged from47 to 70 F (Roger Barnhart, Humbol dt
State College, pers. conm). In some sections of the South Fork, water tenpera-
tures increased as nuch as 20 F during the road construction in 1967 (Dorn,
1969). The maxi num observed streamtenperature was 77.5 F at one station in
1967 (DeWtt, 1968).

During the right-of-way | ogging, dissolved oxygen dropped to 5 ppmin sone

i sol ated pools with decaying slash, while undisturbed stream sections had 10
ppm (Ri chard Brandon, Hunbol dt State College, pers. conm). Turbidity was

| ocalized in areas where a bulldozer was working in the streamduring bridge
construction. Turbidity extended only a short distance downstream fromthe

di sturbance and the stream qui ckly cl eared upon cessation of bulldozer activities
(Hess, 1969). Unusual concentrations of carbon di oxide were detected in the

| ate spring and sunmmer nonths of 1968, with 8 ppmrecorded in August. Ranges
for val ues of sel ected neasurenments were: oxygen 8.6 to 12.0 ppm pH 7.3 to
7.5, carbon dioxide to 8 ppm total alkalinity 18 to 105 ppm chloride 16 to
30 ppm sulfate 5 to 10 ppm tannin and lignin 0.2 to 0.8 ppm total phosphate
0.31 to 0.60 ppm total dissolved solids 88.4 to 194.5 ppm total hardness

32 to 100 ppm and turbidity to 33 J.T.U. (Table 8). Ntrate was not detect-
abl e.
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TABLE 8

Water Quality Properties Measured in
South Fork Caspar Creek, 1968-1969Y

Dat e 4/27/68Y  5/19/68% 8/ 7/68%  10/21/68% 2/2/69%
Di scharge (cfs) 0.28 3/ 0. 07 0. 06 8. 48
oxygen (ppm 10.0 3/ 8.6 10. 2 12.0
Car bon di oxi de (ppm 3/ 4.5 8.0 4.8 4/
Total alkalinity (ppm 60 70 85 105 18
Total hardness (ppm 3/ 3/ 80 100 32
Tot al di ssol ved 156.0 157.0 194.5 150.0 88.4
solids (ppm
Total phosphate (ppm 0. 40 3/ 0. 40 0. 60 0.31
Chloride (ppm 3/ 3/ 30 30 16
Sulfate (ppm 7 5 5 7 10
Nitrate (ppm 5/ 5/ 5/ 5/ 5/
Tanni n- and Lignin-1ike 3/ 0.2 0.4 0.6 0.8
conpounds (ppm
pH 3/ 3/ 7.3 7.5 7.5
Turbidity (J.T.U.) 10 10 6/ 6/ 33
Tenperature (%) 58 56 57 50 46

1/ Sanpl es taken before road construction
2/ Samples taken after road construction
3/ Not tested

4/ Not detectable at a linmt of 2 ppm

5/ Not detectable at a linit of 0.1 ppm

6/ Not detectable at a limt of 10 J.T. U.
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DI SCUSSI ON AND CONCLUSI ONS

Water quality generally renmained suitable for sal nonids after the I ogging.

Wat er chemistry varied throughout the year but conditions in | ogged and unl ogged
streams were usually simlar. W detected greater concentrations of total

di ssol ved solids and total phosphate then Chapnan (1965) did in three O egon
streans. Nitrate was not detected, but we were unable to detect nitrate bel ow
0.1 ppmw th our equipnent. In the Oregon streans nitrate ranged fromnearly
zero to 1.7 ppm Bulldozers operating directly in the stream during our study
increased turbidity.(these increases were generally localized and short-1ived)
and streans in | ogged drainages were nore turbid during periods of increased
flow than undi sturbed streans. Loggi ng operations in other streans have been
shown to increase sedi nent | oads (Bevan, 1968; Hall and Lantz, 1969) and road
construction is considered a maj or source of suspended sedi nent (Meehan, Farr

Bi shop, and Patric, 1969). On January 14, 1968, during noderately, heavy rain
fall, erosion and slippage of the road al ong South Fork Caspar Creek caused
turbidities of 3,000 ppm and deposition of as nmuch as 2 ft of sedinent in the.
stream (Hess, 1969). On the sane day, turbidities in North Fork Caspar Creek
were only 60 ppm During periods of low flow after the logging, turbidity was
usual Iy not detectable in either disturbed or undisturbed streanms. The con-
centration of carbon dioxide in nmost streanms was usually I ess than 2 ppm

Even with the renoval of logs and |inbs after the road right of way logging in
Sout h Fork Caspar Creek, deconposition of the small |ogging slash remaining in
the streamresulted in high carbon di oxide concentrations being detected in the
spring and sumer. of 1968 (maxi num 8.0 ppmin August). Diurnal sanpling may
have denonstrated even hi gher concentrations. Wth cessation of photosynthesis
and continuation of deconposition and respiration during darkness, a buil dup of
carbon di oxi de coul d have occurred at night. Generally, dissolved oxygen renained
near saturation. Levels as low as 5.0 ppm were observed in isolated pools
cont ai ni ng decaying debris (Ri chard Brandon, Hunboldt State Coll ege, pers, conm)
These concentrations are considerably higher than those recorded during clear
cut logging in Needle Branch, a snall streamin Oregon (Hall and Lantz, 1969).
Di ssol ved oxygen levels as |low, as 0.6 ppm nmade about one-third of the Needle
Branch marginal for fish life. Conditions, however, inproved after |large debris
was removed fromthe stream |If npost of the debris had not been renpved from
the streans during our study, simlar conditions may have occurred.

Loggi ng had the greatest effect on streamtenperature. Generally, naximmtenpera-
tures were below 60 F in the unl ogged streans, while after the |ogging, tenpera-
tures approached 70 F. Heating in streams is due to an increase in direct solar
radi ati on (Brown, 1969) and, consequently, renoval of riparian vegetation can
produce significant increases in streamtenperature (Brown and Krygier, 1967,
Levno and Rothacher, 1967). Tenperature increases in the South Fork Caspar

Creek after the logging were significantly correlated with canopy renoval (Dorn
1969). In South Fork Caspar Creek, radiation increased about 140% after the

| ogging (DeWtt, 1968) and tenperature increases of nearly 20 F were recorded

at several stations (Dorn, 1969). Simlar tenperature increases occurred in
Needl e Branch; after clear cut |ogging and slash renoval, naxinmum tenperature
increased from61 to 86 F (Hall and Lantz, 1969). In several streans in Al aska
tenperature increases of only 9 F occurred after the | ogging (Meehan et al

1969). The degree of canopy removal is an inmportant factor in controlling stream
tenperatures. Fifty-five percent of the watershed of a small streamin O egon

was cl ear cut before increases in streamtenperature were statistically signi-
ficant (Levno and Rot hacher, 1967). In our California study, nmaximm tenperatures
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increased 6 F in Bummer Lake Creek after block cutting, increased 17 F in the
Sout h Fork Caspar Creek after road right of way clearing, and did not change in
Sout h Fork Yager Creek after selective logging with retention of a buffer strip.
Shaded areas (uncut bl ocks and buffer strips) nmitigate tenperature increases
(Brown, 1969). In Bumrer Lake Creek, tenperatures increased 5.5 F/ 1,000 ft as
the stream fl owed through clear cut sections and decreased 2.5 F/ 1,000 ft while
flowi ng through an uncut section. An even greater reduction in tenperature
occurred in a small streamin North Carolina; streamtenperature dropped 12 F
as the stream neandered through 400 ft of shade (Green, 1950). The effects of
canopy renoval are nost dramatic on clear, sunny days (Meehan, 1968). |f canopy
renoval is extensive along a stream (or on several snall tributaries in one
drai nage) | ocated outside the cooling influence of coastal fog, the resulting
hi gh tenperatures woul d probably be deleterious to sal nonid survival. Logging
in our California study, however, was limted to short stream sections (usually
less than 2nmile). The steepness of the canyon wall may also affect water
tenperature. If the canopy of a streamin relatively flat terrain is renoved
the stream woul d receive nore solar radiation than a streamwi th steep canyon
wal | s.

The conbi nation of a cool coastal climte and the snall ness of the areas | ogged,
kept stream tenperatures | ow enough for sal monid survival. Tenperatures above

77 F for extended periods are usually lethal to salnonids (Brett, 1952; Leitritz,
1959). Lower tenperatures, however, nmay have secondary effects. Sustained
tenperatures near 70 F nmay seriously inpair growth by increasing netabolismand
mai nt enance requirenments. Gowh in young sockeye sal non (Oncor hynchus nerka)

is poor at tenperatures above 69.8 F (Brett, 1958). During our study high tenpera-
tures were not sustained and probably did not retard growh. Differences in
grow h sonetinmes occurred but appeared to be related to factors other than
tenperature (Burns, 1971). High tenperatures increase pathogenic activity and
decrease oxygen solubility. Egg quality and incubation nmay al so be affected by
tenperature. If fermal e rainbow trout are held at tenperatures exceeding 56 F
within 6 nonths before spawni ng, they usually produce eggs of poor quality
(Leitritz, 1959). Loss of insulation (canopy renoval) can cause |ower stream
tenperatures during the winter (Geen, 1950), resulting |onger incubation

peri ods. Delay of fry energence could increase | osses to predati on and decrease
grow h during the first year of life. Warner tenperatures in the spring, however,
could be beneficial. Incubation period could decrease and growth increase.

Al gal production could increase also, ultimately providing nmore food for fish.
Sal nroni d bi onass varied during our study, but increases as well as decreases
occurred (Burns, 1971).

The water quality of coastal streams. is continually changing and cursory anal yses
such as these can only generally characterize nutrient |evels and physica

chem cal paraneters. Water quality factors neasured during this study (tota

di ssol ved solids, total alkalinity and total phosphate), did provide a usefu

met hod for predicting streamcarrying capacities for sal nonids (Burns, 1971).
Logging did not greatly affect nost paranmeters neasured during our study.

Ceneral ly, conditions were simlar in |ogged and unl ogged streanms and were suitable
for sal nonids. Changes due to logging activities usually could not be detected,
except in those instances where gross changes occurred due to sever streamdis-

t ur bance.
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