


Caspar Creek:
discovering how
watersheds
respond to

logging

by Richard B. Pearce

For the past iwo decades, ressarh
grs trom ihe Pacilic Southwest Sta-
ey, I coaperation with the Califor.
fia Department of Forestry (COF)
hawe been studyng the sfiecie of
oo e he integrity of norhem
Callomig watersheds Thar findinga
riave greatly luminatad he extent
and neture of tha hydialogic iMpact
grosipn, and stteam sedimeniation
for a norhern California Sesin under-
going.a “tymecal” logging operation

Bul forest practoes changa, and
glong with them, the detinition of
what effects need to be measured
wher jutomig the impact of acivities
auch &= logging. That's why res
searchers ar the Redwood Sclences
Laboratary in Arcata, California and
the Califom=a Deparimeni of Forastry,
Jackson Demonstration Siate Fores
near Fart Bragg, have launches &
second study, this tma using current
Ipgging practices and A deésign that
should snatie them 1o monidor cum
ultive, mat Just isolated, sffecis It is
hoped that, together, ke two long
tarm investigations will give tarest
managers, public policy makers and

Ciara recordes & weirs o the Casoar Cresk
drmpage in astitem Calfomis Sreealowing
sftacre o ool & (oEdtlling e dtreeT
Meree gt wialar Cualy

private anterprige &n empitical basis
on which o formulate sodnd legaing
prachces.

Caspar Creek 1962-1976
Hazed on data [ram 1962 10 1878
ressEChels fecardad Shanges in
shreamilow and sedimentation (Gllow
g readbulding and jegang &
Caspar Creck; locatea same live
mites - =nijtheast ol Fort Hrﬁgg_

Cooperation beweon O0F and the
Station dates from 1982 | has been
g Frulittul divisian of labBoe, with COF
suparvising the construchon of re-
search facilibes, the solleotien of
Hzia and the looging of experimen.
t# watershads and the Stanon de-
slgnmg the expenmeants and analyz
iftg tha data Togsther, they have
gintly decided upon vinoh studies to
underteke and have co-authored
Igvera researnch raports




Calibrating and treating
the watershed

"Wa staried jn 1962 with & typical
watershed expenment,” recailed
Project Scienfizl Havmond M, Rice,
during a recent \namview, |t was

whial wa call 2 ‘pared watarshed' px-

perment In this kind of Study, wou
install stream gaging siations in two
drainages that arg roughly compar
abla, and monitor both sediment and
[leiw, ™!

The two streams sludied wera the
South and Morth Forks of Caspar
Creek Both watersheds support
grwths of redwoods, Douglasir
Grand-ir. and hemicak and had
bean logaed befare In the late 15t
cantury

in e lirst study, the Souwth Fork.was
legged using selesfive cuting proce-
dures typical tor that time. The Morth
Fork served as a conirgl

Atter a five-year callbranon penod,
logming mads ware built [nio 1he
South Fork area iy 1987 Thie effects
ol roadghulding were measured as
local an-gight erosion. suspendad
secliment loads 0 the stream, and
sadiment deposited in debris basins
Logging commeanced in 1971 and
anded in 1973 wilh the same param
etars measured throughout. n all, 860
percant of ke limber volume of the
South Fork watershed was logged

Except far s major landslids in the
Merh Fork and an earthen dam
break dunng roadbuilding In the
South Fork, Rice, wha is a principal
bydrologis! with the Station. con-
siders the results a paradigm for log-
ging's effects on any Norhem Call
iornia watershad having similar
climate, soil. and logging history:

{The wintars in Caspar Creek are
mild and wel In the summsr, coastal
og often clings to the walershed
until late moming: Annual rainfal s
1190 mm (47 ) with 90 percan fall
ing from Qctober o April. Sail in the
area is derved from hard, coarse-
grained sandstone and shale which
has been desply shallered and
maaerately weatharad.)

Effects of roadbuilding
and logging on
sedimentation

Adjusting the data 1o ascournt [or the
landsiide and cam break, Rice and
co-workers Forest B Tilley (COF) anc
Patricia A Datzman (PSW)-found that
stream: sediment increased 20 par-
cent with roadbuilding and 275
parcant with loooing (USDA FS
Research Paper PSW.148, 1979

The enfirg Soudh Foire walarsned was ractar
yaIsed bebwean 1871 and 1973

The ressarcherz observed that masl
sadimeant was carried during relalive-
Iy shart periods of high How. In tact
81 percant of suspended sadiman|
was transported by Nlows exceeding
1.23. mifs (45 ft38), Flows of this
magnilude of greater ceour only I
percent of the Ume Racognition of
this sediment transport to low rela-
tionship led Mice to concoct the
variabile 30 as-an Indax of the
sirearm's ability to transport saedimeant;
50: Is the mean rate of sediment
dischargs infi~/s/mi® that i& associ
atied with the top 25 parceni of fiow
volume.

‘Miasl small, steep watersheds ara
supply dependent,’ Rice explainad,
“the water flowing out has enough
anergy fo carry much more sediment
than Is avaitable for transport. But
ipgging and alled activities stir up
the ground and make more sedimeant
available for transpon,” he said




Rice suspecled thal an undisturbed
watershiad would show only skght
ingreases in suspended sediment
|cadts as stream power increassd,
and g piat of the sadimentistream
power relationship for the north tork
of Caspat Crask during the years
1967-76 confrmed this, showing a2
glow-to-risecurve (Fgure Ta).

Butl when sadiment enters [he stream
Bacauss ol ground disturbance by
road ouilding or logging, sedimert
discharge increases rapidly with
sfream power (Figure 1b disiur-
bance yaara"). |n effect Rice's data
auagest nat sediment dischargs
switches from baing moestly "supply
dependent’’ during undisturbsd
years th being maore stream powes
dependent” dunng disturbance:
yeasrs, With more sediment avallabie
tor ranspor, sedimenl discharge be-
comes more strongly depandent on
the ability of the sfream to carry
sadimant

The battemling, of courss, is that log:
ging and. to a lesser extert, road:
bullding deliversd mora sedirment o
the Caspar Creek stream chamels
than was predicied on tha basls ol
thie calibaration years

Extrapciating from stream -sedimeant
rates, Rice estmated thal it Caspar
Creek werg logoed every 50 years
or 5g, 5ol in the area would be totak
ly exhausted in 33,000 years

"That's & planming honzan mueh
beyond what g forest manager
nesds to considger.” quipped Rice:
"Howewver,”' he added In a serlous
1one. Uthere is certainly gaing lo be
SOME erosion prce to pay when one
goes intt natural landscapes to lgke
trees; ita” jusd that the price should
be prudert and weighed aganst the
commercigl benefits ™

Effects on stormflows
Anather possible consegquenca of

roadbuilding or logaing & destabiliza

tion of the strearm channel becauss

af more or ligger floods. Roadbiilld: -

ing, even on 2 modearate scala,
gt be expected jo morease peak
stormttow by compactifng rosd sur-
taces. which would reduce water
infitraticn, or Ly channehng water
direstly. frta (he straam

However, alter raviewing 11 years of
Casper Creek fiow data, Ressarcher
Hobart R Ziemar found no change
in &y of several storm flow param-
gters measured lollawng the pancd
gl roadiwilding in the South Fark
The absence of llow affects In
fiemer's data may be explamnad by
fhe fact that roads ococupied only 5
percenl of He gieg Seleclive timber
cutting and.tracter yarding wers.
however, alsg found to have no
maier hydrologic conseguences

Sedectve tmbar cutting and tracts
yarding were likewize lound to have
na friajar hydralogic conseguencas
By the conclusion of logging, about
15 percant of the watershed had
been compactea by roads, landings
o+ gkid tralle Straamllow peaks sarly
in the winter increased three-told
sfter logong 1h the Sadth Fork, but
ware smal| m magmiude Storms o
gurnng fater m 1he season—saven
larpe ones—wera nof associated with
any change In peak stream flow
above the predicted levels, The llood
peaks were the same height and the
flood volurmes comparable betwean
the Norh. and South Farke

The study suggests thal nol only was
Iooging refatively INnoouous N terms
af increasing fiow, but further, that
the blllding of skid tralls and land:
ngs probably did not play a role in
MCrEasing even modes! rur-ofts tar,
it ihey Fad, Ihey should have mea
surabily Increased flow pesks
threughout the year, not just n

tha fall,

Wiy did logging affect only Fall
storme? Zemar theonzes Inat the
lorested walarshads are initially dres
than Iogged watetsheds (irpes Lise
more waler than no tress) and.
therefore. have a grester capagity 10
ebsarh rolgiure BUY as soon as soj
in the unlogged watershed becomes
a5 wel gs that in the logged areg,
the two perform |dentically framy than
an,

In & separate review ol the data fram
Caspar Creek, Fice and co-workiars
Karen H, Sendek and Robert B,
Thomas: found that hydrographs
{plats ol run-afl with time) were
shiftedt forward in tme after the area
wasz logasd  They tound lhat al
though peak llaws g not change
mueh thrgUghout the year, the
logged watershed did respond more
auickly ta rainfall. “This finding
agreas with publighed engneenng
sldies of agricullual and urban
watersheds.” Hics said

Average lgg times from slaormm peak
1o fow pesk decreassd by 1.5
hours. Lag times associaied with
larger stomms shorenad by as much
a5 3 hours. The anly stoms 1o show
&R incressea |0 18y time were those
oocurmting early in the season. Since
Ziemat hag shown thesa Fali run-cff
yolumes 1o be high in logger zones,
Hize believes I i likely that || was
the larger, broader hydrographs that
Yiglded Ihe longar lag tmes.



Logoung roadte will bre bl mHd-inpe it
CRE pEing anife steepar ipwer Siopes 300
HRCfor Vafing o e Qanlier Lprde sinpes

By creafing shkid traiis. rogds-ana
oiher pEcked surfaces Impaniols o
watef, lagoing, overall, increases the
raie of rus-ofl,” Rice said He added
newaver, 1hat since the Hydrogragns
wizrs movad tarward in fime bt
were unchanged in shape, logging
'tiedn't sesm 1 have an adverse
effect on the watershed. "

Hice acknowlegged, howevear, fnal
an umwanted impact might be coour
fng downstrearn wherg, for exampiz
tributanies from logged and un-
touetiad watarsheds. join &ut whass
peak flows are nommally unsyrchian-
ized After logging, llow at tha unc
hon ot the two streams could be
come synchranized with How eftects
gyt He noted that the epposis
scanans isalso a possiblity: thal
gynchronzed effecty downsiream
cilid Becorme uncoupled and have
some kind of 5 beneficlal afiect an
lowr reachnes of the bazin

if's Just such complicated interaglions
betwaen difierent walarsheds and
lopaing aclivities st Rice and his
collegguss gre addressing in the
second Caspar Craek study

Caspar Creek: 1985-1994

For the second swudy the roies of Ine
Iwo watarsheds have bean switched
The nowstabilized Souih Fork will be
tsed a5 a control while, n the: North
Fork. separate catchments will be
clearcill, clearcaf and birmed, or gt
urtaggad, As I the first study on tha
South Fork, 60 percant of the ress
will be removed:

The maove 19 clearcutting teflects a
change i silviculturg prachces,
says Rics 'Forestars weren't geting
the growth rates and fageneration
They expectad with parfial cutting,”
he sai.

Anciner difference will be tha pre
dominant use of skyling varding to
hasvest freee Lese \han 30 percant
af he fimiber volume will be rermovied
wsing fractors. and than anly on
garmiter siopes. This change should
lead 1o muth less ground diste
pance and soil compactian than
oceutrad whem the Soulh Fork was
logped

Ag m tna first study, researchors wil
e monicnng storm sediman! dis-
charge and stream llow paremeters
before, dunng. and sifer roadbuilc.
ing and logaing: Howsver, (har
gugy methoos and equipmernt have
besn mproved sinca the 1867-78
expenment, Sor one thing, stanshcian
fortha group, Aobert Thomeas. nas
fpesn able lo develop 5 rew sadk
ment sampling technigue tha! vields
vEry -Bocurate estimates of seoment
dischiarge

“Pas| analyses ol stream suspenaes
sedimant yiglds underestmatsd &ac
ual valuss by s much 88 50 per
cent.” Rice said

Cthar improvements: includs the
addition f 13 giream gaging sis-
hong, each under MICroprocessar
comital {waterievel recorders provids
backup should the microprocessar
fail or bBe damaged).

dust 85 legging practices and mes-
surarmant techniques have chapged
Ince 1he sixpes. =0 oo have defin:-
lons ol eMecis which are of irmersst
to e pubdic and the subject of
tedllations

Tris time." notes Rice, ' The
Caspar Creek study will be designad
differantly. owing o & number of
lemigiative inltiatives, Forasl prachce
ruiee NRve chanped autstanhally
her ssdd



The new reguirements ware placed
on loresty by Ihe Natlanal Enviren:
mental Policy Act (NEPA), and the
Clean Watar Act (PLB2.500), The iar
ter Act, passed in 1972, mandatez
e devalopmant of plans o reduca
ron-ooint scurce pollution from Be-
iivities Suth ag nmbar harvesing
NEPA direxts govarnmental agercss
0 eorgider cumulative effects of
poilution when assesang environ
mianial mpatts.

Cumulative effects

A cumulative aifect,” explained
Rxe “is when one accepiables schy
ity mieracts with another acceptabie
acivily ang produces something
uracceptable.”

A3 an example, Rice glves the fiypo
thetical cass of & factory that dis-
charges organic pollitants into a
siream at acceptable concaniranons
bt whan the compounds are lakan
o a water treatment plant down-
stream, they are comverted into
harmiu! chlorimeied compounds in
concaniralions inal excesd water
auality guidsiines

"It is corcenable thel cumulalne
effecis may occur in & watershed
baain subsequent to achivities ke
freeway construction, taming, or
ggmg,” Pee said.

in spre of sedimem diluton over,
distance. Rice sees the possibility for
adverse scenarios. For Instance, ii's
possible that small, high-gradient
watershads subjected 1o logging
might transpen sediment fo arather
slream with less power, where the
seciment safiles oul, possibiy lsssan.
ing the qually of habitat tor spawr-
ing fsh

in the new. study. Rce: and ol
leagues will be measurng sedimant
In watershads whare no aolivily is
fakng place, watarsheds where &
portian s being clearcut and those
with piarts Hsarcul and burhed.

“We will be testing the hypothess
that If thers are cumulative slfects,
disturbance of 5 given proportion of

‘an ugsiream watershed will have loss

impact than will the sama propartion
of digturbance to & Brger down-
gtream watershed,” Rioce said il thie
sadimant defivery from ong area o
interacting wiln the sedimant delivery
Irom another and the affects are
picked up downsiraam as & ot el
fect that's greater than would have
bean expected from analyss of &
simitar srmaller watershiad, then
cumitlative affects will have been
demonstrated ' he sxplained.

In addition 1o seciment changes aner
roadbullding and loggng. scentists
will be lookng for changes In the
timiinig of siorm run-off 88 wedl as
possible effects an fish nabrar ang
populatons.

‘We gol our trst year's daia last
winter, We'll get more calitiratan
dals in ‘A7, '88, ang 82 ana then
wi will log the grea and run the sxe
penment tar anciher tour years or so
lo e how 1's perlarming,’ Hice
=aid.

Planned studies on
fisheries

Concurrert to the cumulatve sffects
studies, Fishery Biologist Lynn M
Deckar will e studying ihe effecis of
lzoging on lish habitat and survival.

"The impact of logging drestgelhead
ana s2imen & an Importan Sse
ang dways has been says Decher

Howaver, its dithoull to-link dectly
the slfects of watershed processes 1o
fish surviva! because ol the muiiiude
ol inglirect physical and bological
tectors that can allact the number ol
fish produced and whether of nit
fish will reach the smoll stage. "How
does orie account for bad years in
the ocean, or fishing pressure on
wrial wa seo on-eie In the siream?”
Dacker aski

In an:effort 1o answer this Question
Diecket has introduced Esh in agual
nuitibers Into Both lorks of Casper
Craek ana wil watch how they
respand 1o the habial area and
volme svailabis 1o them belore.
during. ang after logging:

We are gssumning that the fsh at
Casper Creek will Stay or lesve,
gapenaing on the gualty of tha
fiatial, © Decer samd

One way logging could: reducs
fiatstat s by iniroducing largs
amounis of sedimant lmio 3 sirears,
Poola could fill. reduniisg Hatitat
volume, Alternatively, sediment couid
ater the quallly af tha stteany Dot
tom 1've l2armed rom some of my
earlier work that coho saimon tend
not 10 spend 85 mugh bme o Sandy
tottom pools as they do in ones with
coarsar substrates ” Deckar sald



The sifects of logging or fish surival
may nat be all detrimentall however.

"One of the direct sfiects of logging
‘may be that trees gel knocked mio
tha siream channe| and streamiow
scouts sven mare good habitats, ™
Decker obsstved,

To talow the movement of figh 0
and out of Caspar Creek's two Tarks
on § day-to-gay basis, Decker has
mstalled wire box traps to momtor

upstream and downstream move-
mwﬂmmmm;rm

“At any pomt i time | will know the
wmmﬁmmmam
cresk’s sections,”' she zaid. Fish
%mmvﬂ will be corre-
iated MITWT .'wﬂraulu:.
anﬂhblﬂdﬁl&ﬁafwmm -
several years aiter logging.

By the end of the Caspar Craek
study In b middle of the next
gdecade; fhere shauld be & sizesbe
quamity of data frem whch conciu-
sios ¢an be made regarding the
shént: and long-term effects thiat
moder logging practices have on
fish nakitar availability and quslity.
Alorg it the findings on sediment
discharge and fiow effects the
research project promiises to provide
valuabls naw insights mo the mubi-
taceted, and ohen surprising. effects
of man's removal of fimber from.
inm&Thﬂmnmimpuﬂamdmm

i Hn rth 'Fnrlt

Apnwal suspondgod sodiment, (¥ ' fmy

Annual suspraded setlinent (Yd? fmity

S may be refated to cumula-

e L T

e fow el Maore datalls £ ge availablz In 4
Watershed's Response to Loaoing
and Roads: South Fork of Caspar
Creek Caiifornia, 1967-1978,
Research Paper PSW-148, Capiss
are available from the Pacific South-
west Station,P.0. Box 245 Barkeley,
CAs4TD4





