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ABSTRACT

May Creek and Brown Creek in Redwood National Park and
Prairie Creek Redwoods State Park were treated in 1983-1985
with 100 and 200 spawned-oul salmon carcasses, respectively,
1o teslt the effeclt carcass decomposition has on stream
productivity. Both streams are light limited and located in
dense, primary and secondary growth redwood forests.
Productivily was measured in terms of periphyton
colonizaltlion rates on g3lass slides, invertebrate biomass,
and fish growth. There was a significant increase in
periphyton production in the treatment section during four
out of six sampling periods in Brown Creek. May Creek had
significantly different periphyton production hetween the
treatment and control section during only one of the five
sampling periods, and it indicated higher production in the
control section. There were more invertebrate genera found
in the control section than in the treatment section of
Brown Creek but no significant difference in invertebrate
biomass between lhe two sections. After treating with
carcasses the average fork lengths of young—of-the-year coho
salmon were significantly greater in the control section of
May Creek. Salmo sp. average fork lengths were
significantly greater in the treatment section of that
stream after treatment. There were no significant
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differences between Salmg sp. fork lengths in EBrown Creek
treatment and control sections‘before or after treating with
carcasses. The growth trend measured by mean fork length
jain over a lwo month period did indicate, however, a
possible faster growth rate in the treatment section of both
streams.

In comparing treatment with control section stream
productivity at several trophic levels, there appears to be
a growth stimulating jnfluence on periphyton and possible
indications of an influence at higher trophic levels because
of the treatmen! with carcasses. Other factors nolt studied
in this experiment that could have influenced producltivity
were light and an accrual of nutrients from decomposing

carcasses over several spawning seasons.
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INTRODUCTION

The source of energy and nulrients for primary
producers and consumers in lotic ecosystlems has been notled
in the past to be primarily of terrestrial origin (Hynes
1270; Chapman and DeMory 1943; Huntsman 1248). More
recenlly it has been suggested that under certain
conditions, some stiream sections are autotrophic (Vannote et
al. 1980; and others). These autotrophic sections of
streams receive nutrients from upstream and through primary
productivity. Uptake, release, and transport of nutrients
downstream causes spiralling to occur, with time dependent
on the distance downstream required to complete one cycle of
the spiral (Newbold et al. 1981, 1982). Much of the
nutrient phosphorous may not, however, be transpbrted
downstream bul stored or even translocated through migration
as fish biomass (Kitchell et al. 1979).

Juday et al. (1932) initially suggested that nutrients
may be lranslocated upstream through decomposition of
anadromous fish biomass in lakes used for spawning. This
was later demonstrated in a study by Krokhin (1957) on Lake

Dalnee by a description of the annual phosphorous budget.

During years with high runs of sockeye salmon (Oncorhynchus
nerka) entering the system, 4.7% of the phosphorous in the
lake came from spawned oul sockeye carcasses.

1
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Since then it has been demonstrated in dther studies
that decomposing anadromous fish carcasses do contribute to
the productivity of lakes and streams (e.Jg. Narver 1967;
Richey et al. 19753; Nriagu 1983; and others). The
bioenergetic pathway making nutrienls available for use by
primary producers and higher trophic levels is through
remineralization of a decomposing substrate (Durbin el al.
1979). Of the ten essential elements required by most
plants, phosphorous and nitrogen are the two contribuled in
the largest guantities by decomposing fish carcasses
(Krokhin 1959; Nriagu 1983).

Under normally lighted conditions, the most common
limiting faclor to primary production in a lotic ecosystem
is either nitrogen or phosphorous, and sometimes Llhe
nitrogen/phosphorous ratio (Triska et al. 1983; Elwood el
al. 1981). With an influx of phosphorous, primary
productivily has been noted to increase a shorlt while after
enrichment of a stream (Elwood et al. 1981) with an increase
in chlorophyll a and aufwuchs biomass (Stockner and
Shortreed 1976). In lakes, enrichment witlh phosphorous and
nitrogen increases the zooplankton population (biomass) over
a long period of time while the overall level of primary
producer biomass remains the same LeBrasseur and Kennedy
1972). This indicates thal consumers may regulate producers

and that the nel benefilt tg a system is an increased



standing slock of consumers following lake fertilization
(Parsons et al. 1972).

The overall objective of this study was to determine
how large numbers of decomposing, spawned—oul salmon
carcasses would influence stream productivity from the
aufwuchs to the consumer trophic levels. This objective was
accomplished by lreating a section of a stream with spawned-
out salmon carcasses and comparing it to a control section
of the same stream to test the effect of added nutrients on
productivity. The specific objectives of this study were lo
evaluate lhe effect decomposing carcasses have on the
periphyton, macroinvertebrate, and young—of-the-year

salmonid trophic levels.



STUDY AREA

The two streams chesen for this study, May Creek and
Brown Creelk, are first order streams (Strahler 1957) and
tributaries to Prairie Creek, a tributary of Redwood Creel.
Both streams are in Humboldt! County, California and are
within Redwood National Park and Prairie Creek Redwoods
State Park (Fig. 1). Initially, all research was to be done
on May Creek for two and a half consecutive years, 1983
through 1985, bul progress on the U.S. Highway 101 Bypass
project precluded using May Creek for the second year of
study. Brown Creek was chosen as an alternate stream. Eoth
streams are eastern drainages of Prairie Creek and all
research was done upstream from the existing U.5. Highway
101 bridges crossing bolh streams.

Annual precipitation belween 1976 and 1982 for the
Prairie Creek Redwoods State Park gaging station 1.5
kilometlers north of May Creek, averaged 175 cm (U.S.
Department of Interior 1985). Because most of the annual
precipitation occurs between October and March, winter flows
are high and summer flows are low for most of the drainages
in this region.

Discharges for May Creek in 1983 and Brown Creek in

1?84, as measured in July, were between 0.2 and 0.3 cubic
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meters per second (cms). Winter discharges increased to 3.0
cms or more in bolh streams, deﬁending on precipitation
patterns.

The study reach within May Creek had relatively uniform
physical and biological characters wilh no major tributaries
and was accessible lto anadromous fish. The drainage area of
May Creek is 3.02 km with a 0.046 (m/m) average gradient in
the study reach. The riparian vegetation and canopy cover,
identified with keys by Keator and Koelling (1978) and Watls
(1973), consisted of secondary growth red alder (Alnus

rubral), vine maple (Acer circinatum), coaslt redwood (Sequoia

sempervirens), Douglas—-fir (Pseudolsuga menziesii},

salmonberry (Rubus spectabilis), elder berry (Sambucus sp.),

huckleberry (Vaccinium sp.), and several species of ferns.
Brown Creek is located 4.0 km north and upstream of May
Creek. This entire drainage is within an old-growth redwood
forest and mosl of lhe riparian cover and canopy is provided
by ferns, coast redwood, willows (Salix sp.) and maple. The
study secltion had no tributaries and was accessible to
anadromous fish, The Brown Creek drainage area is 2.99 km
with a 0.128 (m/m) average gradient in the study reach.
Sampling sites within each study reach were selected on
the basis of similar percentage canopy closure. The
combined lengths of the control and treatment reaches were

792 meters in May Creek and 955 meters in Brown Creek.
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MATERIALS AND METHODS

Spawned—-out chinook salmon (Oncorhynchus ltshawytscha)

carcasses obtained from the lron Gate Haltchery salmon
trapping and egg taking facility of lhe California
Department of Fish and Game were used in the lreatment
sections of the two study streams. Trealmenl seclions in
both streams were directly downstream from control seclions
so treatment with carcasses would not influence the
controls. The number of carcasses added per linear meter of
stream was intended to malch or exceed past densities of
naturally spawning salmon as determined by lhe earliest
accurate data available on spawner escapement of comparable
sized streams (Gunsolus et al. 1953, Willis 1962, Richey el
al. 1975).

May Creek had 100 carcasses weighing 265 kg placed in
the stream in a 220 meter treatment seclion over a 25 day
period from December 1983 until January 1984 (Table 1).
Brown Creek had 200 carcasses weighing 655 kg placed in the
stream in a 200 meter section over a 45 day period from
December 1984 until January 1985 (Table 1). This time
period approximated the normal timing of the spawning
chinook salmon run in Redwood Creek.

All carcasses had been stored frozen then partially
thawed and marked on the head or jaw wilth a shoat—-ring and

7



Table 1. Carcass treatment record for May Creek, Redwood
National Park, CA, 1983-84, and Brown Creek,
Prairie Creek Redwoods State Park, CA, 1984-85.

Stream Date Number of Weight
Carcasses (kg)
May 12/19/83 20 351
12/30/83 24 | b6
1/74/84 32 86
1/14/83 24 62
Total 100 265
Brown 12/19/84 22 80
12/31/84 3z 113
1/11/85 29 a8
1/25/85 38 127
2/8/85 26 84
2/17/85 28 Q2
2/24/85 25 71

Total 200 655
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15 cm piece of surveyor's flagging to distinguish them from
carcasses of nalive spawners. fwo—thirds to three—fourths
of lhe carcasses were placed in the upstream half of the
treatment secltions. Each carcass was placed at the head of
a pool and allowed to drift downstream. Carcasses would
usually either rest on the stream bottom or against a
natural barrier in a riffle. Each day thal the slreams
were trealed wilh carcasses, a visual survey was made of
the treatment and control sections to determine if the
streams were being utilized for natural spawning activity,

Since high stream discharges limit benthic algae
biomass buildup (Bott 19283), periphyton colonization rates
were studied in late spring and summer when Northern
California coastal stream discharges are low (U.S.
Department of Interior 19835).

Periphyton production between treatment and control
sections in the spring and summer after trealing with
carcasses was compared by measuring periphyton colonization
rates on bare artificial substrates. The substrates used
were 12 one inch by three inch (2.54cm X 7.62cm) glass
microscope slides held in a transparent plexiglass rack
modeled after methods described by American Public Health
Associalion (1981) (Fig. 2). The racks were attached to a
metal stake driven into the subsprate. Slides were placed

in the racks parallel to the current, 15 to 22 cm below tlhe
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Figure 2. Periphyton sampling device holding twelve 1 inch X 3 inch
(2.54 X 7.62cm) microscope slides. This device was used for
the periphyton studies in May Creek and Brown Creek.
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waler surface, in a randomly seleclted grid block within
each chosen pool for a 21 day colonization period.

Five pools in May Creek and six in Brown Creek from
each of the control and trealmenlt seclions were chosen as
periphyton sample sites. Pools were seleclted because many
carcasses become stranded in backwaters (Houston 1983)
creating areas of low velocily where carcass decomposition
and nutrient accumulation may occur. All chosen pools had
a canopy closure of 70% to 0%, as measured with a
spherical densiometer (Lemmon 1956).

Colonized slides were collected by lifting them by
their edges out of the racks and placing them in plastic
slide storage boxes for transportation te the lab.
Colonized slides were air dried in opened storage boxes
prior to drying on wire racks in a convection oven at 959C
to constanl weight. After drying, the slides were pul back
into storage boxes which were placed in a desiccator while
cooling to room temperature. Slides were individually
weighed to 0.1 m3 on an analytical balance. After
weighing, slides were thoroughly cleaned, dried and
reweighed lo obtain actual dry weight of periphyton. All
periphyton dry weights were expressed as grams of biomass
per square meter, produced per day. All slides at each
study sile were collected and replaced with clean ones on
the same days for five colonization periods in May Creek

and six colonization periods in Brown Creek.
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Dry weights of periphyton of all slides within each
study section were used lo estihate mean weights and
variances for each colonization period and study section.
T-tesls were used to compare treatment and control study
section mean weighls where the statistical assumpltions were
met (Sokal and Rohlfs 1981). In the evenl an F-test
indicated heteroscedasticily between the lwo sections for
any one sampling period, an approximate t-test was used for
comparisons (Sokal and Rohlfs 1981).

Macroinvertebrates were idenlified and biomass
production in treatment and control sections of only Brown
Creek were assessed. Dry weights of all macroinvertebrales
that colonized rock filled baskel samplers similar to Small
Artificial Substrate Baskels (SASBs) described by
Harrington (1983) were measured. These samplers were of
the same dimensions (10cm X 10cm X Scm) as SASEs used by
Harringlton (1983) with 1/2 inch (1.27cm) mesh hardware
cloth, bult were filled with commercially graded 1 inch to 3
inch (2.54cm to 7.62cm) diameter river gravel;

Five sample sites were randomly chosen within a 250
meter length of each of the two study sections of Brown
Creek with six SASE samplers placed 1 to 1.5 meters apart
in each site in the thalweg of a riffle or center of a
pool. All samplers were put into Brown Creek on May 11,
1985 and removed June S, 1985, wﬂich matches a colonizalion

period used by Harrington (1983).
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SASBs were relrieved beginning wilh the lowermost
sample site. A No. 35 U.S.A. Standard Testing Sieve (mesh
opening O0.5mm) was held within a few centimelers below and
downstream from the SASE as il was lifted out of the waler
and into a bucket. The SASB was opened and scraped clean
in the bucket. All rocks and organic material collected
from the SASEBs and sieve were then put into individually
marked sealable plastic bags for transportalion back to the
laboratory. Invertebrates and organic materials were
sorted and scrubbed from the rocks with a toothbrush over
the sieve. These organic contents were pul back into tlhe
plastic bags and frozen for temporary storage.
Invertebrates were later identified to family and generic
levels, using ltaxonomic keys by Edmunds el al. (1976),
Wiggins (1977), Pennak (1278), and Merritt and Cummins
(19843). Total number of genera collected in the basket
samplers was noled for each of the two study sections.

Identified invertebrates from each basketl sampler were
placed in preweighed 10cc crucibles and dried in a
convection oven at 95°C to constant weight. After drying,
the crucibles were allowed 1o cool in a desiccator prior to
weighing on an analytical balance to O.1mg. The weight of
the clean crucible subtracted from the weight of tlhe
crucible wilh the dried invertebrates was used lo obtain
invertebrate dry weighls for each basket sampler. To test

the difference in invertebrate biomass between tlhe
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treatment and control seclions, a Wilcoxon 2-sample lest
(Elliott 1977) was performed on‘the weights from all
samplers.

Fish growth and lengths were measured in the lrealmentl
and control sections of bolh study streams. Three sampling
sites totaling 150 meters in lenglh in bolh the treatment
and control sections of May Creek and 180 meters in the
Brown Creek treatment section and 130 melers in the Brown
Creek control section were chosen. A small mesh seine was
selt at each end of the fish sampling sites as they were
being sampled with a direct current Coffell BP-1C backpack
shocker (Coffelt Electronics Inc., Englewood, Colorado
80110) set at 200 volls. One person operaled the shocker
while another person netted the stunned fish with a dip
net., After sampling a site by working upstream with two
passes of the electroshocker, all fish were identified,
measured, and scale samples taken for age determination for
all sizes of Salmo sp. to calculate a length—age
relationship.

May Creek fish were sampled once in the summer of 1933
prior to trealing the stream and twice in the summer of
1984 following treatment. Erown Creek fish were sampled
twice from two fish sample sites in each of the lwo
seclions during the summer of 1984 before treating and
twice from all three fish sampling sites in both sections

in the summer of 1985 after treating. Using length
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frequencies and scale samples, lenglh classes were
established for each study sect&on of both streams to
determine young—-of-the-year size ranges. Since differences

between juvenile cutthroal trout (Salmo clarki) and

steelhead (Salmo gairdneri) were difficultl to discern, they

were grouped together as Salmo sp. in subsequent analyses.

Only young—of—-the-year coho salmon (Oncorhynchus kisutch)

and Salmo sp. were used for comparisons belween treatment
and control section fish. A t-test (Sokal and Rohlfs 1981)
was used to compare the lenglh of fish sampled from the
trealtmenl section with those sampled from the control
section of each stream. Growlh trends during the summer
were observed for lhe two sections of both streams by
graphing average fork lengths of young—of-the-year fish

sampled.
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RESULTS

Spawning ground surveys in the treatment and control
sections resulted in finding no redds in either Brown Creek
or May Creek during the 1983 and 1984 spawning season and
no redds in Brown Creek during the 1984 and 1985 spawning
season. In January of 1984 only one nalive adull salmon
carcass was found which was in the control secltion of May
Creek.

An F-test for measuring differences in variances
indicated heteroscedasticity helween measuremenlts of
periphyton biomass in the treatment and the control
sections for eighl out of eleven colonization periods in
both study streams. Tests of significanlt difference in
mean weights between trealment and control secltions were
therefore made with an approximate t—-test when
heteroscedasticity was indicated and the t1—-teslt when
heteroscedasticily was not indicated (Table 2 and 3).

Approximate t—-test and t—-test resultls indicated a
significanl difference (0.05xP>0.01, and P<0.01) between
the mean periphyton biomass in the treaiment and control
sections of May Creek in two out of five colonization

periods (Table 2). The mean periphyton weight, however,

16
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Table 2. Approximate t—-test (1g) and t-test (tg)
comparisons of 21 day periphyton biomass
tolonization on glass slides between the treated
section and the control section, May Creek 1984,
(#) significant at 0.05 level, (#%*) significant
at 0.01 level. Date of slide collecltion, number
of slide substrale samples (n}), mean grams of
biomass per square meter (m2), and variances (s
are gJiven,

mean grams
Date n per m“ per day 52 . (or td)
May 31
Treatment 60 0.7233 0.083
.05 #%
Control 59 2.6383 2.560
June 21
Treatment 36 2.6512 3.860
1.92°
Control 52 1.9648 1.061
July 12
Treatment 59 1.1160 0.870
1.37°
Control 54 1.40465 1.638
August 2
Treatment 60 0.8211 0.321
0.58
Control 53 0.8852 0.359
August 24
Treatment 41 0.5453 0.118
2.07*
Control &0 0.4250 0.029

)
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Table 3. Approximate t—-test (tl) and t-test (ilg)
tomparisons of 21 day periphyton biomass
colonization between the treated section and the
control section, EBrown Creek 1985, (3¢)
significant at 0.05 level, (##) significant at
0.01 level. Date of slide collection, number of
slide substrate samples (n)_ mean grams of 5
biomass per square meter (m©), and variances (s°)
are given.
mea grams 2
Date n per m- per day s ts(or tg)
May 24
Treatment 72 0.7766 0.129
2.97%%#
Control 72 0.5977 0.132
June 14
Treatment 72 0.7201 0.970
2.97 " %
Control 72 0.3633 0.067
July 5
Treatment 72 0.4054 0.144
1.84
Control 72 0.2969 0.105
July 26
Treatment 72 0.2757 0.021
4,31 %
Control 72 0.1836 0.012
August 16
Treatment 72 0.3165 0.004
7.21"%%#
Control 72 0.2138 0.011
September 6
Treatment 72 0.2293 0.141
1.55°
Control 72 0.1592 0.006
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was higher in the control section than in the treatment
seclion for one of these lwo coionization periods.

Approximate t—-test and t-test results indicated
significantly greater (P<0.01) mean periphyton biomass in
the treatment sections of Brown Creek in four out of six
colonizalion periods (Table 3). Mean weighls from the
other two colonization periods, though not significantly
different (P:>0.05), were also higher in the treatment
section than in the contrel section.

Invertebrates collected from the 60 randomly placed
invertebrate basket samplers in Brown Creek were identified
to genus where possible and to at least family if tloo
immature for full development of key morphological
characters (Table 4). The total number of genera present
in the control secltion was 44 and the total number of
genera in the trealment section was 34.

Wilcoxon two—-sample sum of ranks for total dry weightls
of inverlebrates from each SASE were 8%6 and 889 for the
treatment and control sections respeclively. Test
statistics Ug (treatment) and Ug (conlrol) were 47& and 469
respeclively. The absolute value of the normal deviatle is
0.281, which is noticeably lower than the 1.05C30J value of
2.042 indicaling nonsignificance between the treatment and
control sections. The mean dry weight of invertebrates per
basket sampler in the control section was 0.0188 grams and

the treatment section mean weight was 0.0199 grams.
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Table 4. Invertebrates collected from SASE baskel samplers
June 5, 1985 and their presence noted (X) for the
treatment and control sections of Brawn Creek
after treating with salmon carcasses.

Presence

Taxonomic Listing Treatment Control

Class Insecta
Order Ephemeroptltera
Family Leptophlebiidae
Paraleptophlebia sp. X X
Family Hepltageniidae
Cinyama sp.
lronodes sp.
Epeorus sp.
Family BRaetidae
Baelis sp. X X
Family Ephemerellidae
Drunella sp. X
Ephemerella sp.
Seratella sp. X
Family Siphlonuridae
Amelelus sp. X
Order Trichoptera
Family Calamoceratidae
Heteroplectron sp. X
Family Polycentropidae
Polvcenlropus sp. X X
Family Brachicentridae
Brachvcentrus sp. X
Eubrachycentrus sp. X
Micrasema sp. X
Family Lepidostomatidae

Lepidostoma sp. X X
Family Glossosomatidae

Agapelus sp. X X

Glossosoma sp. X X
Family Hydropsychidae

Paraphyche sp. X X
Family Philapotamidae

Unknown genera X
Family Rhyocophilidae

Himalopsyche sp.

Rhyocophila sp. X

> X XX
> X X

>

> >
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Table 4. Invertebrates collected from SASB baskel samplers
June 5, 1985 and their. presence noted (X) for the
treatment and control sections of Brown Creek
afler trealing with salmon carcasses. (continued)

Order Plecoptera
Family Capniidae
Unknown genera X X
Family Chloroperlidae
Alloperla sp. X
Chloroperla sp. X
Unknown genera X
Family Leuctridae
Despaxia sp. X
Family Nemouridae
Amphinemura sp. X X

Zapada sp. X X
Family Peltoperlidae

Sgliperla sp. X
Family Perlidae

Classenia sp. X

Calineuria sp.

Hesperoperla sp.

Acroneuria sp. X

Unknown genera X X
Family Perlodidae

Isogenus sp.

Isoperla sp.
Unknown genera X

Family Pteronarcidae
Pteronarcys sp. X X
Order Diptera
Family Chironomidae
Subfamily Chironominae X
Subfamily Orthocladiinae
Subfamily Tanypodinae X
Family Dixidae
Unknown genera or subfamily X
Family Simulidae
Simulium sp. X
Order Coleoptlera
Family Dytiscidae
Agabus sp. X X
Rhantus sp. X
Family Psephenidae
Eubrianax sp. X
Family Elmidae (adult)
Unknown genera X

>< > X<

> X

> X X
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i Table 4. Invertebrates collected from SASE baskel samplers

June 5, 1985 and tlheir presence noted (X)

for lhe

treatment and control sections of Brown Creek
(continued)

after trealing with salmon carcasses.

Family Elmidae (larvae)
Unknown genera
Order Megaloptera
Family Corydalidae
Corydalus sp.
Family Sialidae
Sialis sp.
Order Odonata
Family Libelluloidae
Unknown genera
Class Gastropoda
Family Pleuroceridae

Juga sp.

Total

34

44
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Mean fork lengths of Salmo sp. in May Creek were
significantly higher (.05»P>.01) in the treatment section
than in the control section on the September 1983
pretreatment sampling day and on the September 1984
posttreatment sampling day (Table 53). Significantly higher
(.05xP>.01) average fork lengths of coho salmon were found
only in the control section of May Creek in July, 1984.
Brown Creek Salmo sp. average fork lengths were never
significantly (P>.05) different between treatment and
control sampling sites on any of the sampling days
(Table 6).

The gain in mean fork length of Salmo sp. and coho
between the two sampling periods in May Creek during the
spring and summer of 1984 was greater in the treatment
section (Fig. 3). Salmo sp. gained 16mm and Pmm in average
fork length in the treatment and control sections,
respecltively, and coho salmon gained 14mm and 10 mm in lhe
treatment and control sections, respectltively.

Brown Creek mean fork length gain of Salmo sp. over a
two month period was greater in the control seclion during
the pretreatment and postirealment periods. The gain,
however, was less in the control section during lhe
posttreatmenl period while the treatment section mean fork
length gain increased from the gain in the previous year

(Fig. 4).
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Table 5. T-leslt (lg) comparisons between treatment and
control section fork Jlengths of young of the year
Salmo sp. and coho salmon (Oncorhynchus kisutch),
May Creek, 1983 (pretreatment) and 1984
(Posttreatment). (#) significant at 0.05 level,
(##) significant at 0.01 level, month of sample,
species or genera, sample size (n), mean fork
length (mm), two month gJgain in mean fork length,
and variance are jiven.
Mean Fk. Mean Fk. 2 t
Month Species Section n Ln. (mm) Ln. Gain s s
Treatment 51 &5 72
/83 Salmo sp. 2.09#
Control 75 61 78
Treatment 18 78 43
9/83 Coho 1.20
Control 33 76 58
Treatment 20 55 253
7/84 Salmo sp. 0.50
Control 24 53 310
Treatment 11 bé 42
7/84 Coho 2.25%
Control 13 71 24
Treatment 13 71 16 87
9/84 Salmo sp 2.70%
Control 28 62 9 151
Trealtment 17 80 14 45
9/84 Coho 1.02

Control 14 81 10 33
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Table 6. T-test (ig) comparisons belween treatmenl and
control section fork lengths of young of the year
Salmo sp., Brown Creek, 1984 (pretlreatment) and
1985 (posttreatment). (%) significant at 0.05
level, (##%) significant at 0.01 level, month of
sample, species or genera, sample size (n), mean
fork length (mm), two month gain in mean fork
length, and variance are given.
Mean Fk. Mean Fk. 2 t
Month Species Section n (mm) s s
Treatment 37 57 196
&/84 Salmo sp. 0.56
Control 35 35 222
Treatment 25 60 182
10/84 Salmo sp. 0.95
Control 18 64 169
Treatmenlt &1 60 128
7/85 Salmo sp. 0.00
Control 37 60 121
Treatment 59 64 123
@/85 Salmo sp. 1.12
Control 21 67 124
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DISCUSSION

The total number of carcasses added per linear meter
of stream treatment section was 0.45 in May Creek and 1.00
in Brown Creek. The total weight of carcasses added lo the
streams was 265 kg in May Creek and 6335 kg in Brown Creek.
In order to insure that Brown Creek and May Creek were
receiving adequate amounls of carcass biomass, lhis
treatment load was compared with some past run data from
other streams. Gunsolus et al. (1953) surveyed several
Snake River tributaries prior to the construction of McNary
Dam for spring chinook escapement. That survey indicated
the highest concentration of fish was 138 in a 2816 metler
section of stream for 0.05 fish per linear meler of stream.
Willis (1962), reported 224 coho and 83 chinook salmon
spawned within a 4828 meter secltion of stream (0.06 fish
per linear meter) with a flow that ranged from 5 cms to 995
cms. These were lighter treatment loads than whal either
Brown Creelk or May Creek received. Richey et al. (19753)
indicated thalt Taylor Creek of Lake Tahoe had 14,000

kokanee (Oncorhynchus nerka) averaging 875 grams per fish

enter an 8 km section of that stream to spawn and die. The
flow in Taylor Creek ranged from 0.1 to 6.0 cms and the
concentraltion of carcass biomass was higher than the
treatment load put into Brown Creek or May Creek.

28
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Spawner counts of sockeye salmon entering other streams
also indicate a much higher biomass added to those syslems
(e.g. Krokhin 1957). Enough carcasses were therefore pul
into May Creek and Brown Creek to simulate or exceed
natural chinook and coho salmon runs but nol enough tlo
simulate some sockeye runs.

Mean grams of periphylon colonized per square metler of
slides per day did not indicate a higher aufwuchs
production in the treatment section of May Creek. In tlhree
out of the five periphyton colonization periods the mean
periphyton weight was higher in the untreated section of
stream. Of the two periphyton weights which were
significantly different, only the last one (collected
August 24, 1984) was higher in the treatmenl seclion.

The mean weight of periphylton on Brown Creek glass
slide samplers indicated a more definite trend towards
higher production in the treatment section of that stream
than in May Creek (Table 4). Mean weighls of periphyton
colonized were higher in Brown Creek lreatment seclions
during all colonization periods with treatment section
periphyton weights significantly (P>.01) greater than the
ctonlrol section periphyton weights during four out of six
of the colonization periods. This increased production may
have been a resull of the higher concentration of carcasses

added to Brown Creek.
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Triska el al. (1983) reported that one of the limiting
factors lo total periphyton biomass production was light.
In that experiment nutrient enrichment did, however, under
normally lighted conditions, increase the rate of biomass
accumulation in nutrient enriched periphyton celonization
cthannels bul the total amount of biomass produced at tlhe
end of that experiment was not significantly different from
periphyton colonization channels withoul nutrient
entrichment.

The total number of invertebrale genera sampled from
both sections of Brown Creek was greater in the control
section (44} than in the treatment section (34). This
indicates a slightly greater richness (Platts et al. 1983)
in the section with no nutrient supplementation. Perhaps a
more revealing comparison of invertebrate production would
have been to compare numbers and biomass of invertebrate
feeding functional groups as described by Merritlt and
Cummins (19284). If nutrient input from decomposing
carcasses increased periphyton production, there may have
been a shift in functional group composition to utilize
this increased biomass. Il was speculated that the
increase would be in invertebrate grazers feeding on the
aufwuchs and on predators feeding on the grazers. The
problem with attempling to assign invertebrates to a
functional group in this study was the incomplete

identification of immature insects. In many cases, lhis
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would mean not calegorizing some inverlebratles into a
functional group since many larvae were ltoo immature tlo
exhibit key morphological characters for identification.
Another problem with categorizing invertebrates into
functional groups is that some genera have been found to be
facultative feeders with changes in food habils noled to be
diel, seasonal, and according to abundance of different
food sources (Chapman and DeMory 1963).

While there may have been a greater number of
invertebrate genera counted from conlrol section samplers
than from treatment section samplers, invertebrate biomass
was greater, though not significantly greater, in lhe
treatment section samplers. This is indicated by the sum
of ranks of the Wilcoxon 2-sample test and mean dry weights
of invertebrales sampled from the lwo sections of Brown
Creek.

Since the mean fork lengtihs of Salmo sp. and coho
salmon young—of-the-year in May Creek were not
(0.055P>0.01) significantly different hetween the
pretreatment and posttireatment periods, there was littlle
evidence 1o suggest that the carcasses added to the
treatment section had any effecl on fish length. Salme sp.
mean fork lenglh comparisons in Brown Creek also reaffirmed
the lack of treatment effects with no significant
difference (P>0.05) between treatment and control sections.

The gain in mean fork length during the postireatment
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period, however, did indicate a growth trend which may be
the result of treating wilh ca;casses. The mean fork
length gain of botlh Salmo sp. and coho salmon was grealer
in the treatment section during the posttreatment period in
May Creek. Brown Creek mean fork length gains for Salmo
sp. were greater in the control section during the
pretreatment and posttireatment periods butl decreased in the
control section and increased in the treatmenl seclion
during the posttreatment period. This increase in growth
in the treatment section may have been resulted from
treatment of the section wilh carcasses or sampling error.
It would take several years of data on one stream lo
determine if growth increased because of carcass
decomposilion or possibly because of the downslream
migration of larger fish from the control section into the
treatment section. However, if fish migrated into the
trealment section as they grew in size because of habitat
preference, then it would seem that mean fork lengths would
always be greater in the treatment section which was nol
the case in Brown Creek.

The higher response to the treatment with carcasses in
Brown Creek than in May Creek may possibly be explained by
two related reasons; innate stream productivity differences
and the amount of carcasses added to each stream. The
higher overall productivity of May Creek shortens the

spiral length of nutrients moving downstream. Newhbold et
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al. (1981) state thalt nulrients spiral downstream wilh the
length of each spiral dependent‘on consumer uptake, which
controls the spiral length. If nutrient utilizalion
increases, spiralling length decreases. May Creek had
higher utilization than Brown Creek meaning that the
spirals were shorter and it would take more nutrients added
to thal stream to have significantly increased periphyton
production within the treatment section. With a lower
productivity and possibly fewer nutrients in Brown Creek,
it would probably take fewer carcasses lthan May Creek 1lo
show a significant increase in periphyton production as
well as in higher trophic levels. With twice as many
carcasses added to Brown Creek as May Creek, the increase
in productivily was more significant.

This study simulated a high escapemenl for only one
year in each of two streams and lherefore did not allow
nutrients to build up over several years. During the two
years that both streams used for the study were observed,
neither received spawner escapement numbers approaching lhe
number of carcasses put into the streams for this study.
Nutrient accumulation may have to occur over several high
spawner escapement years to show significant effects at all
trophic levels. During prior years with high historical
runs of Pacific salmon for several conseculive years, lhere
may have been significant increases in biotic productivily

as demonstrated by Richey et al. (1975) where autotrophic
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acltivily was higher below a barrier to kokanee spawning
aclivity.

Results of this study indicate that there is a
potential for increased stream productivily when there are
large numbers of decomposing spawned—oul carcasses present
in the water. With a management stralegy of allowing the
harveslt of all fish in excess of those needed to fully seed
a stream there is no "excess' escapement of adult salmon to
spawning areas, and therefore fewer carcasses. Fish
management should thereby take into consideration that
higher escapement may increase slream productivity,
particularly in areas where rearing streams are exposed to
substantial sunlight bul have few nutlrienits. Annually
supplementing rearing stireams with hatchery obtained .
carcasses is a method of possibly increasing stream
productivitly when there is low spawner escapement and where
habital conditions would favor smolt production. Streams
to be lreated wilh carcasses would have to be selected
carefully to prevent the possible spread of diseases from
the halchery stock. A method of enhancing stream
productivity withoult risking the spread of hatchery stock
diseases 1is through stream fertilization with artificially
derived nutrients. Stockner and Shortreed (1978) observed
an increase in algal biomass whE(e they had added nitrogen
and phosphorous to a treatment section of stream. While

additions of nilrogen alone had little effect on algal
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biomass, nitrogen and phosphorous in combination resulted

in the highest algal biomass in that experiment.
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