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SUMVARY

Yi el ds of juvenile steel head rai nbow trout Salnmo gairdnerii gairdnerii)
and silver salnmon (Oncorhynchus kisutch) enmigrants were conpared in South
Fork Caspar Creek, a small coastal streamin Mendoci no County, California,
before and after construction of a |logging road along the streamin the
sumer of 1967. Nunbers, |engths, and age class structures were conpared.

There were 138% nore steel head snmolts and 41% fewer silver salnon snolts
in 1968 (first spring follow ng road construction) than there had been in
1964 (preroad construction). Increased emigration of steel head snolts in
1968 was probably caused by a decrease in favorable Iiving space. The
decrease in salnon snolts acconpani ed high noralities during road construc-
tion. Eighty-three percent of the total sal non popul ati on and 86% of the
total steelhead popul ation died or enmgrated fromthe affected area during
the road construction fromJune to October 1967. The conbi ned popul ati ons
of steel head and sal nbn snolts decreased 20% This conbi ned decrease is
within the range of natural fluctuation reported fromother California
streans; however, there is no doubt that road construction contributed to
t he decrease in Caspar Creek

St eel head and salnon fry were nore numerous in 1968 than in 1964. No
steel head fry were trapped in 1964, while 72% of the mgrants trapped in
1968 were fry. The age conposition of the salnon also shifted markedly
from1964; fry conprised 5% of the total in 1964 and 81%in 1968. This
increase in numbers of emigrating fry in 1968 could have resulted from
poor environnental conditions.

Steel head snolts were snaller in 1968 than in 1964, while sal non snmolts
were larger. Salnon fry were snmaller in 1968. Steel head fry cannot be
conpared as none was trapped in 1964. The increase in length of the

sal non smolts may have resulted froma decrease in conpetition due to

hi gher nortality in 1967. The fry nay have been snaller due to unfavor-
abl e intragravel conditions during incubation. Conparison of steel head
smolts is difficult because of the em gration of nore than one year class.
The decrease in average | ength, however, supports the hypothesis of pre-
mature emigration due to unfavorable habitat.

1/ Submi tted February 1970.
I nl and Fisheries Administrative Report No. 70-3.

This work was performed as part of Dingell-Johnson Project California
F-10-R, "Coastal Sal non and Steel head", supported by Federal Aid to
Fi sh Restoration funds.
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Two | arge ponds, formed by streanflow and sedi nent gaging facilities and
a fish | adder upstreamfromthe em grant traps, obscured the inpact of
stream habi tat destruction by providing refuge for fish during road
construction and right-of-way | ogging. Mreover, the ponds nade up about
20% of the total sal nonid habitat above the fish counting facilities.
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| NTRODUCTI ON

Yi el ds of juvenile steel head rai nbow trout and silver salnon enigrants were
compared in South Fork Caspar Creek, a small coastal streamin Mendoci no County,
California, before and after construction of a | ogging road al ong the stream
The possible effects of the stream di sturbance on the size of mgrants were al so
i nvesti gat ed.

This study was conducted as part of an interagency programto determn ne the
effects of road construction and right-of-way | ogging on water yield, water
chem stry, stream sedi nentation, fish habitat, and fish and i nsect popul ati ons
in South Fork Caspar Creek

Study Area and Loggi ng Operations

Caspar Creek lies within Jackson State Forest, 5 mles south of Fort Bragg,
California. The South Fork's 425-hectare (1,050-acre) watershed supports dense
stands of second growt h Douglas fir and redwoods averagi ng about 85 years ol d.
Streanfl ow generally ranges from0.002 to 11.9 cubic meters per second or 0.06
to 42 cfs (Zi ener, Kojan, and Thomas, 1965). Silver sal non, steel head rai nbow
trout, and three-spined stickleback (Gasterosteus acul eatus) inhabit the stream
up to 3,183 neters (10,442 feet) above the streanfl ow gagi ng weir. Spawni ng
escapenment prior to road construction ranged from33 to 111 silver sal nron and
from15 to 22 steel head (Kabel and German, 1967).

Road buil ding, right-of-way |ogging, and .stream cl eanup were conducted on the
South Fork from May 22 through Septenber 12, 1967. About 76,400 cubic neters
(100, 000 cubic yards) of road material were noved and 10, 000 cubic neters
(4,300,000 board feet) of tinber harvested along 5.96 kilometers (3.7 niles) of
road right-of-way construction. Large quantities of trees and rocks fell into
the stream and approximately 79 neters (260 feet) of streamwere rel ocated.

Bul | dozers operated through 41% of the stream s | ength. Upon conpl etion of
stream cl earance (1l ogging debris renoval) over 99% of the 3,183 neters of study
section had been disturbed (Burns, 1970).
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METHODS

Preroad construction studies on downstream nmigrants were nmade by the California
Department of Fish and Gane in 1964 (Kabel and Gernman, 1967). Mddified Cranberry
traps | ocated downstreamfromthe streanfl ow gaging weir coll ected downstream
mgrants fromMarch 13 to July 1 in 1964 and 1968. These traps were only slightly
nmodi fied fromthe 1964 design.

Al emigrants were counted and neasured to the nearest mllineter in 1968, while
in 1964 fish were counted and neasured to the nearest 0.1 inch. Emgrants were
separated into two classes by | ength-frequency methods and desi gnated as either
(1) fry, or (2) snolts (yearling and ol der fish).
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SOURCES OF ERROR

Parental stocks produci ng downstream nigrants for each year of the study were not
known; however, spawning runs can be quite variable and still produce the sane
nunber of emigrants (Salo and Bayliff, 1958; Chapnan, 1962).

A few emigrants in 1964 nay have escaped during periods of low flow, since the
traps were sonetinmes inoperative due to | eaks in the control dans (Babel and
German, 1967). This |oss was probably small since few fish m grate downstream
during low flow. No emgrating fish escaped the traps during the 1968 operation
However, a few fish probably noved downstream before the traps were operating in
both years. Freshets prior to trap installation my have stinulated some em gra-
tion. FromJanuary 1 to March 12, 1968, there were twice as many days with stream
fl ow over 0.14 cubic neters per second (5 cfs) than for the same period in 1964
(Jay S. Krammes, U. S. Forest Service, pers. comm; Ziener, et al., 1965). Any
error fromthis source, therefore, could have been greater in 1968. Three percent
of the silver salnmon and 14% of the steelhead in Waddell Creek, California, noved
downstream prior to March 17 in 9 years of study (Shapoval ov and Taft, 1954).

A nore serious error resulted fromthe presence of two |arge ponds forned behind a
fish | adder and the streanflow gagi ng weir. The conbi ned surface area of these
ponds (0.109 hectares or 0.27 acres) adds about 20%to the total area of sal nonid
habi tat upstreamfromthe nigrant traps. Downstream noverment may have been del ayed
as fish entered these ponds, thus affecting the size and condition of emnigrants.
The ponds al so provided refuge for fish during the stream di sturbances in 1967.

Sal noni d popul ations in the ponds were not seriously disturbed by road building
and | ogging. I n August 1969 the ponds were supporting 120 sal nonids (2.8 kilograns
or 6.2 pounds), or about |%of the stream s total sal monid popul ation (about 14%
of the biomass).

RESULTS AND DI SCUSSI ON

Nunbers and Age Conposition of Mgrants

Snol ts

There were 138% nore steel head and 41% fewer silver salnon snolts in 1968 than in
1964 (Figures 1 and 2). The increased em gration of steelhead snolts in 1968
probably resulted frompremature emigration caused by a decrease in favorable
living space. Although premature em gration would increase steel head snolt yields
in 1968, it would cause a decrease in yields in 1969. Snolt yields were not
censused in 1969 because of a 20% 1l oss in habitat caused by the draining of the
weir pool to renove sedinents in the sumer of 1968. The residual popul ation of
yearling and ol der steel head declined from673 in June 1967 to 176 in June 1968
(Burns, MS). This decrease supports the hypothesis of premature enigration. The
decrease in salnon snolts was probably due to nortality caused by the road construc-
tion. Eighty-three percent of the total sal non popul ati on and 86% of the tota

st eel head popul ation died or enmigrated to the weir pools during the road construc-
tion fromJune to Cctober 1967 (Burns, MsS). The conbi ned popul ati ons of steel head
and sal non snolts decreased 20% (Tabl e 1). This decrease is within the range of
natural fluctuation reported fromother California streans (Shapoval ov and Taft
1954). There is no doubt, however, that road construction decreased snolt yields.
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FIGURE 2. Downstream movement of juvenile silver salmon in South Fork Caspar Creek



TABLE 1

Sout h Fork Caspar Creek Downstream M grant Counts
March 13 Through July 1

Smol ts Fry Tot a
1964 1968 1964 1968 1964 1968
St eel head trout 79 187 0 488 79 675
Sil ver sal nobn 581 341 32 1,429 613 1,770

Tot al 660 528 32 1,917 692 2,445
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Em grating Fry

St eel head and sal non fry emigrants were nmore nunmerous in 1968 than is 1964
(Table 1). No steelhead fry were trapped in 1964, while 72% of the emi grants
trapped is 1968 were fry. The age conposition of the emi grant sal non al so
shifted markedly from 1964; fry conprised 5% of the total in 1964 and 81%in
1968 (Figures 1 and 2).

This large increase in nunbers of emigrating fry in 1968 could have resulted
fromroad construction. Spawning bed sedinents increased significantly after
road construction. The percentage of fines in the spawni ng beds returned to
predi sturbance | evels by June 1968, but may not have returned to that |eve
during spawning in 1967-68 (Burns, 1970). Hypoxial stress, acconmpanying |ow
oxygen concentrations prior to energence, may have resulted from streanbed
sedi nentation in 1967. Silver salnon fry subjected to | ow oxygen during

i ncubation are prone to prematurely enmigrate as fry (Mason, 1969). The
emgrating fry probably suffer high nortality in the downstream areas where
earlier energing fry have becone established and are defending territories
(Chapman, 1962).

A large egg deposition with favorabl e environnental conditions during incuba-
tion could al so have produced an increase in the nunbers of fry. Increased
competition for food and space woul d force excess fry downstream (Mason and
Chapman, 1964). This was probably not the case, since the numbers of steel-
head and sal non fry occupying the stream decreased after |ogging; from 10, 183
st eel head and 6,001 salnon fry in June 1967 to 6,580 steel head and 2, 490
salmon fry in June 1968 (Burns, MS).

Length at Mgration

St eel head snolts were snaller in 1968 than they were in 1964, while sal non
snolts were larger (Table 2). Salnon fry were snaller in 1968. Steel head

fry cannot be conpared as none was trapped in 1964. The increase in | ength of
the salnon snmolts may | eave resulted froma decrease in conpetition due to

hi gher nortality in 1967. The fry nmay have been snmall er due to unfavorable

i ntragravel conditions during incubation. Conparison of steelhead snolts is
difficult because of the em gration of nore than one year class. The decrease
is average |length, however, supports the hypothesis of premature emgration
due to unfavorabl e habitat.

CONCLUSI ONS AND RECOMVENDATI ONS

Loggi ng road construction decreased the survival of salnonids in South Fork
Caspar Creek is 1967 and 1968 and, consequently, probably reduced yiel ds of
smolts to the ocean in 1968 and 1969. The 20% reduction in the 1968 snolt
yield was within the natural range of variation reported from other coasta
streanms; however, there is little doubt that road construction contributed to
the decrease. The effects of road construction were obscured by the presence
of two | arge ponds upstreamfromthe snolt traps. The ponds provi ded refuge
during upstream di sturbances in 1967 and nade downstream m grant census

i nfeasible in 1969 because the pools had to be drained to renpove sedi nents.
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TABLE 2

Mean Fork Lengths of Sal nobnid Emigrants in

Sout h Fork Caspar Creek, Mendocino County, California

Fork |l ength
Year (nillineters)y
St eel head snolts 1964 114 (108-121)
1968 102 (99-106)
St eel bead fry 1964 None
1968 41 (40-42)
Silver salnmn snolts 1964 84 (83-85)
1968 94 (92-95)
Silver salnmon fry 1964 48 (46-51)
1968 40 (39-41)

1/ 95% confidence intervals in parentheses
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Future studies of the effects of watershed use on the yield of downstream
m grants shoul d consi der the | ocati on~and design of fish trapping and
streanfl ow sedi ment gaging facilities. These facilities should not dramat-
ically alter the fish habitat within the study area
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