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ABSTRACT

This study was conducted to evaluate the physical
and biological impact of four types of in-stream alterations
on Emerald Creek, a silt-p lluted stream. Log-drop struc-

tures, debris jam remove -, 7" ?r~’;‘é;version, and gabion

F

deflectors were used. Cob ¢ “ctor, embeddedness, sedi-

¥

ment size surrounding cobt';é _serage sediment size, mean
channel depth, and benthosl‘ere measured at 13 permanent
transects (4 control, 9 test) during 1971 and 1972. Various
sizes of tagged sediment were used to determine sediment
transport phenomena. Field;?qd laboratory studies of insect
drift and upstream dispers, n Wcre undertaken to yield in-
sight into colonization rates in heavily silted portions of
the main stem.

In-stream alterations were found to be effective
devices for increasing sediment transport, thereby improving
insect and fish habitat. .. ect drift and colonization were
adversely affected by 1ong; Low-gradient, sandy reaches.
Insect settle-out rate oOn sand was found to be a function of
current velocity, light conditions and insect species. It
was determined that Emerald Creek, by virtue of the natural
hydrological cycle, has th; ibility to cleanse jtself of

polluting sediments if the source of such sediments could be

eliminated.
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INTRODUCTION

One of America's greatest natural resources iS its
abundant supply of freshwater. Until recently, little has
been done to protect water from most types of pollution
(Warren, 1971). The»puﬁlic, enjoying more leisure time- than
ever before, is placing increasing demands on quality streams
and lakes for recreation. 1In addition, industrial growth
has caused increased needs for water, agriculture requires
more water for irrigation(and our growing population must
have more-potable water.

‘As water resources are-being depleted, a concerted
effort is being made-to preserve-our unpolluted waters. Ad-
ditionally, corrective measures-in the form of abatement and
rehabilitation are being undertaken to correet the ills of
the past. Many studies-have been conducted in an effort to
determine the-effects of different pollutants on stream and
lake biotas (Bartsch, 1948; Klein, 1962; Hynes, 1960;

Krenkel and Parker, 1969, Wilber, 1969). Silt pollution is

a form which has been relatively little studied. It has

been shown that streams subjected to abnormally large-—-amounts
of silt and sediment are characterized by reduced aquatic
insect diveréity and biomass (Chutter, 1970; Buscemi, 1966

and Prather, 1971). Aquatic insects are a major component



~in stream communities, being represented in at least two
trophic levels. It follows that any environmental change
adversely affecting inseets cculd. have far reaching effects
on other community members.

Emerald Creek;-in northern-Idaho, . is. an-example-of a
silt-polluted stream-and-served as-the-site-for an intensive
study to determine.the-effects~of silt pollution on the- dis-
tribution and abundance-of aquatic insects (Prather, 1971).
The present study wasaconductedvin an attempt to evaluate
techniques.for rehabilitating that strean. The-major ob-
jectives of this study:-were: 1) to evaluate: the sediment
flushing capabilities-of different in-strecam alterations and
2) to correlate.the effeetiveness of sediment removal with
benthic insect:recolonization.

It is believed—thét information obtained. in.this
study will be useful .in managing silt polluted watersheds

where rehabilitation 1s warranted or desired.



STUDY AREA

This study was conducted on the Fast Fork and main
stém of Emerald Crecek, a tributary of the St. Maries River
in northern Idaho (Fig. 1). The lower reach of Emerald
Creek is extremely silt polluted due to private and commer-
cial mining of garnets and garnct sand.

The East Fork of Emerald Creek originates in the
Hoodoo Mountains (St. Joe National Forest) in Latah County.
It flows northeast until 1its confluehce with the West Fork
where it enters a broad valley. The main stem joins the St.
faries River approximately five miles northwest of Clarkia,
Idaho. .

Emerald Creek is a low gradient stream, dropping
approximately 220 feet in the 10-mile section involved in
this study. Its width varies from 11-35 feet; average
riffle depth is 2-6 inches with pools 2-4 feet decp during
midsummer. The current velocity ranges from less than 1.0
to 2.3 ft/sec. Average summer discharge is 15.6 ft3/sec
for the main stemn (Prather, 1971).

The coniferous forest in the Emerald Creek drainage

is basically a Thuja-Tsuga-Pachistina association (Daubenmire,

1952). Riparian vegetation consists mainly of alder (Alnus

sp.), various grasses, sedges and forbes.
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Geologically, the East Fork is in the Pre-Cambrian
belt series. The stream grades into Columbia River basalt
below the confluence of the East and West Forks (Prather,
1971).

The major uses of the Emerald Creek drainage are
timber production, mining;Asummer grazing, and recreation
(e.g., rockhounding, fishing, hunting and camping). The
East Fork is a major attraction for rockhounds seeking gem-
quality garnets. Much digging was done in the banks and
beds of the East Fork and its tributaries (Pee Wee, Garnet,
No Name gulches, etc.) prior to 1969, with most of the
gravel being washed and screened in the streams. Dufing
the winter of 1968-1969 the U.S. Forest Service acquired
930 acres along the East Fork through 1andvexchanges with
Sunshine Mining Company, Milwaukee Land Company, and
Potlatch Forests, inc. The‘Forest Service then-closed the
East Fork and its tributaries to garnet removal except for
a 40-acre arearwhich was leased to a private concern.

Sunshine Mining Company now has a &redge site and
jig plant located on the main stem immediately downstream
from the confluence of thé East and West Forks (Fig. 1). As
a consequence, the main stem of Emerald Creek, in contrast
to the East Fork, is characterized by heavily sedimented

runs and pools.
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METHODS AND MATERIALS

Laboratory and field techniques were employed to
evaluate biological and physical changes of a silt-polluted

stream subjected to in-stream alterations.

Physical Analysis of Stream Habitat

Substrate Analysis and Classification

In June, 1971 five sites were selected in Emerald
Creek for streambed alteration. Control sites were selected
specifically for each test site on the basis of similarity .
of water velocity, substratc type, depth, and stream width.
All sites were surveyed, mapped (stadia survey utilizing
standard engineering techniques) and photographically docu-
mented before and éfter alterations.

‘Permanent transects were established at 1-2 locations
(depending on thé length of the test reach) for all sites.
One-half inch steel rods approximately foﬁr feet in length
were driven into the stream banks at points opposite each
other. A nylon cord, leveled and drawn taut between the
rods, served as a transect line from which streambed profiles
could be determined by measuring the distance from the cord
to the bottom of the stream at‘l-foot intervals from bank to

bank.
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The substrate was described at 1-foot intervals using
three criteria: 1) cobble factor (presence of all rock
larger than 2.5 inches in diameter), 2) embeddedness of the
cobble, and 3) size of the sediment surrounding cobble.
The decgree of embeddedness was described using a classifica-
tion scheme similar to that of Prather (1971) consisting of
five categories:

Cobble Embeddedness Classification

5.....nearly 100% ehbedded

4.....75% embedded

3.....50% embedded

2.....25% embedded

1.....nearly 0% embedded
Sediment surrounding cobble was described using a 4-rank
classification:

Surrounding Sediment Classification

l.....greater than 1 inch in diameter
2.,...1/4-1 inch in diameter
2,....1/8-1/4 inch in dianmeter
4.....1ess than 1/8 inch in diameter
The mean substrate sediment size for each site was calculated
by averaging 1l-foot intercept substrate measurements. Sedi-

ment size was described using a 5 vank scheme:



Sediment Size Classification

1.....1less than 1/8 inch in diemeter
2.....1/8-1/4 inch in dianmeter

3.....1/4-1 inch in diameter

4.....1-2 1/2 inches in dianmeter

Sevinn greater tﬁan 2 1/2 inches in diameter

Substrate description was based on visual examination of
sediments. Four pre-alteration and five post-alteration

sets of t¢ransect data were taken during the study.

Sediment Transport

Tagged sediment stﬁdies were initiated in the fall
of 1971 to determ}ne sediment transport characteristics of
Emerald Creek during periods of high flows. Three size
classes of sediments were studied at four locations. Sedi-
ment obtained from these locations was dried and tagged in.
the laboratory with fluorescent paint. |

In a moderate riffle, three size classes of rocks
were positioned along transects on the streambed using a
standara engineering Eransit. Core implants of tagged sedi-
ment were uscd at three other locations. A core sampler de-
signéd by the U.S. Forest Service (McNeil, et al, 1960)
facilitated placement of the implants (Fig. 2). In a slow
run in the upper Last Fork, three 6-inch cores of tagged
pebble were implanted six inches into the st;eambed. At the

other two locations (lower main stem of Emerald Creek) 3-inch
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sediments,
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10
cores of tagged sand were spiked into the bed using a 3-inch
aluminum tube placed inside the core (Fig. 2). Unmarked
sediments were filled around the tube, which was then removed
leaving a vertical column of tagged sediment in the bed. A
standard engineering triangulation technique was employed
for marking the exact position of each core.

During the spring of 1972, following high water, core
implants and tagged cobble were relocated and resampled
using the same techniques by which they were placed. Tagged
rock displacement distances and core erosion was recorded in
an attempt to determine sediment transport phenomena in re-

lation to the hydrologic cycle.

Stream Habitat Rehabilitation

Four types of in-stream alterations were tested in
Emerald Creek and included: 1) log-drop structures, 2)
debris jam removal, 3) gabion wing deflectors and 4) chan-
nel diversion. Stream morphometrics of each test site were

determined prior to alteration (Table 1).'

Log-drop structure. Two log-drop structures were

built in the upper reaches of the East Fork of Emerald Creek
to function primarily as pool écouring devices for increasing
the pool-riffle ratio (Figs. 3, 4 and Plate 1). The design

of the structures is a modification of a design described in
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" Table 1. Station morphometrics of Emerald Creek in northern

Idaho during June-August 1971-1972.

Ave. Ave.
Station Description  Bottom type Depth Current vel.

Tnches Cm ft/sec cm/sec

1 Moderate run Small rock-~
pebblie;
lightly .
sanded 4.7 11.9 1.4 42.7

2 Slow run Small cobble;
heavily
sanded 12.0 30.5 7 21.3

3 Slow run Small cobbles”
pebble;
moderately

sanded 20.53 .5 15.24

o
. .

4 Slow rumn Heavy sand
: burden over
large
boulders 10.0 25.4 .48 14.63

5 Slow run Heavy sand
burden over
large
boulders 11.0 27.9 .49 14.94
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Pre- and post—alteration conditions at three sites
in Emerald Creck, 1971-1972. A-B. Log drop struc-
ture; C-D. Debris jam removal; and E-F. Gabion

deflector.

Plate 1.
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the USDA Wildlife Habitat Improvement Handbook (1969). Two

green cedar logs were positioned transectionally across the
streambed. The lower log was embedded into the substrate
approximately 6-8 inches. The ends of the logs were set
two feet into the banks and'shored with- large rock. Boards
(2 X 6 X 24 inches) were driven into the substrate on the

upstream side of the logs and nailed securely to the top 1log.

Debris-jam removal, A barrier of logs and debris

was partially removed with the aid of a chainsaw at site 2
(Fig. 1) to eliminate-a pétential fish barrier and create 2
riffle condition. A portion of the jam, which was based on
an old railroad tressel (Fig. 5, Plate 1), was removed to

permit fish passage and create riffle conditions upstrean

from the jam.

Channel diversion. A channel blockage structure was

built at site 3 (Fig. 1) to-divert flow from a bifurcated
stream channel into a common- channel. It was believed that
directing all water through a single channel would increase
riffle conditions ét the-site. Two green cedar logs were
laid across one channel; boards (2 X 6 X 24 inches) were
driven into the substrate and nailed to the logs as was done

with the log-drop structures.

Gabion deflectors. Gabion- wing deflectors were

built at sites 4 and 5 on- the-main stem of Emerald Creek
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(Figs. 1, 6-7). Gabions were made-of heavy-gauge chain-1link
cyclone fencing, cut into g-foot sections, filled with large
rock, interconnected and bound with heavy-gauge wire {(Plate
1). The ends of the gabions were set into the stream banks
approximately two feet for anchorage. These structures were
used to constrict stream flow and increase sediment transport
in heavily sanded reaches. In so doing; the "effective"

riffle was increased; thereby enhancing'insect’colonization

and productivity.

‘Insect Population and Community Analysis

Benthic community structure, insect drift and up-

stream dispersion-were analyzed using field and- laboratory

techniques.

Benthic Community Analysis

Changes in the aquatic insect community were moni-
tored in conjunction with-measurement of physical changes of
the streambed. At‘each'permanent‘transect (test-and control),
the stream was visually divided into sections A, B and C,
(e.g., thirds or halves depending-on-stream width). A modi-
fied Hess square—foot'sampler'CWaterszand'Knapp; 1961) was
used to take tw0'sampleS’from“each'section;“'A small hand rake
was used to agitate‘the'bottom'sediments;‘causing jnseccts U0

be washed into- the sampler net: ~Samples were placed in

et g g, e e BB -, - NI
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museum jars partially'filled with 70% ethyl alcohol and stored
until analysis. Four pre;construction‘and"five post-construc-
tion sets of samples were taken from each transect. In the
laboratory, samples were sorted ~and insects were identified
using keys by Usinger (1968), Hynes (1969), Jensen (1966),
Peterson (1960) and‘Smith'(196Sj'in“conjunction"with identi-
fied specimenS“in'the'research’collectionS“of'the Department
of Entomology, University of Idaho.
A’species'diversity'index;'derived’from“information
theory by'Brillouin"(l956)“was'used'to describe community
changes'resulting'from“in:stream“alterations: Three values
were calculated‘using'equationS‘by“Margalef (1957):
Diversitf/lndividual

H=1/N LogzN!/Nl!Nzl....Ns! (bits/individual) (1)

Maximum Diversity

Hoax= /N LOZ%ZT\”/(H!'!)S"r((m'wkl)!)’C (total bits)(2)

Evenness’

Evenness=H/Hmax - (3)

where N equals total number of individuals and'Nl, N2"'Ns
equals the number of individuals per species. “Evenness Tré-
flects the degrce of equal or cven distribution of numbers
per species."It'iS'high‘with nearly'uniform"distribution,

low with a'clumped‘distribution’and“numerically‘ranges from

1.0-0.0. All diversity values were calculated on a Digital
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PDP - 8 E computer, programmed in Basic.

Insect Drift'and'Upstream‘Dispersion~-Field Study

Lower reaches of the main-stem of Emerald Creek are
characterized'by“long'sedimented'runs,'often 330 ft (100 m)
or more long, having-a nearly homogencous substrate of sand.
A study was conducted i . 7:7v and August of 1972 to determine
the fate of insects dri iing'into these highly unfavorable

areas.

A long silted -aun occurring between distinct riffles

‘was investigated:  The run was approximately 250 feet (85 m)

long‘and"located*in'the'main“stem“of'Emerald'Creek about 1
mile (1.61“km)‘upstream"from‘the'Emerald‘Creck~St. Maries
River’confluence;"Dr;A; nets, similar-to those used by
McClelland (1972) and wire baskets (12 X 12 X 6 in, made of
2 X 4 in hardware cloth) filled with cobble were used to
sampIC'insect'drift'and‘colonization rates.

‘In an-attempt-to determine how" far insects drifted
across these sandy areas, nets were positioned at three loca-
tionS’in'the“sanded'g‘ich'approximateif"75'ft (24 m) apart
(Fig. 8). The first net was 17 ft (five m) downstream from
a riffle -which-served-as the source for drifting insects. A

control net was-established in the riffle-approximately 75 ft

(24 m) upstream from the first test net.

On-three su -essive nights the-control-net and one

test nect sampled-ins.” t-drift. ~The sampling period began
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about one hour before dark and ended one hour after sunrise.
The nets were emptied every five hours to avoid possible
"back-flushing" resulting from net over-loading by debris

and insects. The contents were placed in museum jars half-
filled with 70% ethyl alcohol, sorted, identified and tabu-
lated in the laboratory. Water velocity was measured using

a Gurley Midget Current Meter (Model No. 625-F, Gurley Hydro-
logical Instr.) before each sampling period. - Six readings
were taken at different positions directly upstream from the
mouth of the drift net.

Two basket samplers were placed at the control and
each test site. Baskets were positioned near each net at
the onset of the drift sampling period and emptied 24 hours
later. To prevent loss of insects during sampling, a net
was held 1mmed1ately downstream from the basket to collect
insects being washed away while the basket was removed from

the water. The basket was quickly put into a 30-gallon

plastic container half-filled with water. Cobble were re-
moved and washed clean of insects. Water in the container
was strained through a net. The resulting insccts and debris

were preserved in 70% ethyl alcohol.

In late August, 1972, a study was conducted to deter-
mine if insects could successfully move upstream on sand
substrates. An open-ended liqear channel (4 X 32 feet) was

constructed of plywood boards and positioned in the thalweg

23
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of a sanded run. Drift nets were positioned at the down-
stream end of the channel to collect drifting insects.

Water velocity in the channel was approximately 0.7 ft/sec,

the water depth 7 inches.

Three insect species (Dicosmoecus sp., Pteronarcys sp.

and Acroneuria sp.) were used as test organisms. Late-instars

were used in order to bettc. facilitate monitoring of move-
ments.

Daylight tests were conducted between 1 and 4 p.m.,

‘night tests approximately one hour after sunset to 1 a.m.

Each species was individually tested. Ten specimens‘were
used for each test and repiicated three times. They were
introduced into Fhe middle of the channel and observed con-
tinuously for 15 minutes. A fluorescent tagging technique
developed by Brusven (1970) was employed;'an ultraviolet

light enabled visual observations of tagged insects at night.

Insect Drift and Upstream Dispersion--Laboratory Study

In an attempt to better describe insect drift across
silted reaches, tests weré‘cbnducted in a laboratory channel
using a drift model by McLay (1970) and Elliott (1971) to
describe insect movement and settle-out rates, Insect species,
current velocity (0.4, 0.7 and 1.0 ft/sec) and light condi-

tions (light and dark) served as variables.
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A Tegression equation developed by Mclay (1970) and
Eiliott (1971) describes the relationship between numbers'of

insects caught in a drift sampler and the distance of origin

from the net:

where: Nx is the number of insects in the drift sampler,
No is the initial number of drifting insects,
e is the base of natural logarithms (2.718),
R is the "settle-out' rate and
X is the distance upstrean from the sampler (e.g.,
the origin of drifting insects)l
Settle-out rates were calculated using a multiple regression

-

progranm (MULTREGR) , on an IBM 360 Model 40 computer data

processing system.

The laboratory channel consisted of two sections,
eight and 10 feet (2.44 and 3.05 meters) long and 10“incﬂ;s
(25.4 cm) wide, connected by a flexible joint to permit dif-
ferential slope adjustment. Both sections were of similar
construction, having a plywood base, 1/4-inch plexiglass
walls and braces and a fiberglass bottom. The channel was
divided into eight, 2-foot (6i cm) sections. A net was posi-
tioned at the outflow of the channel to collect test speci-
mens drifting out of the system. A small hydraulic jack was
used to adjust the gradient of the stream. A 3/4 h.p. cen-

trifical pump (Bell and Gossett, Series 1522-45; maximum

discharge 100 gal/minute) was used to circulate water through
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the stream. Temperature was maintained at approximately 12°%¢
with a thermostatically controlled 3/4 h.p. refrigeration
unit. Evaporation was minimized by covering the channel with
two mil, clear polyethylene sheeting. Sediments used in the
channel were obtained frbm the field.

Four insect species, Arcynopteryx sp., Brachycentrus

sp., Ephemerella grandis (Eaton), and Pteronarcella sp., all

common to Emerald Creek, were used in laboratory tests.

Test specimens were collected in the field and held in a cir-
cular laboratory stream described by Brusven (1973). Each
replication consisted of 20 insects (1 species) introduced
into the middle of the water column at the up-stream end of
the channcl. After 15 minutes, insects were recovered and
recorded for each 2-foot quadrant and outfall net. Three
replications were made for each species at each water veloc-
ity (0.4, 0.7 and 1.0 ft/sec) under both light and dérk con-

ditions. Different specimens were used for each replication.



RESULTS AND DISCUSSION

Rehabilitation of silt-polluted streams requires de-
tailed quantitative and qualitative analysis of streambed
sediments since it has been shown that the substrafe is one
of the primary factors affecting the distribution and abun-
dance of aquatic insects (Chutter, 1969; Cummins, 1966,
Cummins and Lauff, 1969; Hynes, 1970; Linduska, 1942;

Prather, 1971; McClelland, 1972; Tarzwell, 1937; Thorup,

1966 and Wene, 1940). Heavily silted or sedimented streams
generally manifest lower speciés diversi£y and productivity
than clean unsiltgd streams (Chutter, 1670; Buscemi, 19663
Ellis, 1936; Herbert, et al, 1961; Bartsch, 1960 and

Prather, 1971). Laboratory substrate-preference studies

have shown that riffle insects prefer stone and cobble sub-
strates over sand and silt (Cummins, 1961, 1964, 1966; Madsen,
1969; Prather, 1971; McClelland, 1972 and Shelford, 1914).

The substrate criteria of necobble. factor', embedded-
ness, and surrounding substrate size around cobble used in
this study are believed to be useful descriptors of effective
insect habitat. Number, size, and spacing of cobble have
been shown to be important in determining the density and
distribution of aquatic insects (Scott, 1960, 1966; Scott and
Rushforth, 1959 and Sprules, 1947). Prather (1971) and

McClelland (1972) found many riffle insects preferred
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unembedded cobble over cobble partially embedded in sand in
laboratory streams. Their studies also showed that many
riffle insects occupy intersticial areas in coarse, gravelly
substrates. Cobble embedded 1n coarse material (1/2 inch or
greater) offers a great number of microhabitats. Cobble em-
bedded in fine sediments are effectively '"sealed off" from
insect colonization except for burrowing insects.

Substrate data were developed for two purposes: 1)
to describe qualitative changes in streambed sediments Tre-
sulting from rehabilitation and 2) to provide physical cri-
teria for correlation with'biotic changes. With few excep-
tions, benthic changes in Emerald Creek can be predicted

after examination’of substrate data.

Physical and Biotic Rehabilitation Employing In-Stream Altera-

tions

The main prinéiple of in-stream alteration is to
utilize stream flow energy in the rehabilitation procéss. In
low gradient streams, alterations are used to increase OT
maintain velocity by constricting channel width and removing
obstacles to normal flow. In high gradient streams, altera-
tions are used to cause water to plunge and scour pools and
runs (White, et al, 1967; U.S.D.A., 1969). In-stream devices
can supplement, but never substitute good hydrologic conditions
on a watershed. When large quantities of silt and sediments

are introduced into a stream mamny deleterious effects result,
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e.g., pools are filled, food-producing areas are covered,
cover is destroyed, turbidity is increased and spawning
areas are blanketed with unproductive fines (USDA, 1969).

Most stream improvements have-been historically con-
cerned with fish habitat, with emphasis on improving spawning
conditions and increasing shelter. -In this study, insects
were used as "indicator" ¢ rrrisms:to determine effectiveness
of in—stream‘alterationsAf&r increasing overall stream pro-
duction. ~Both physical ;Ad biological changes resulting
from the ailterations were studied in-detail. Insects are
the key secondary consumers in most streams and directly af-
fect the-distribution and abundance of organisms at higher
trophic levels (e.g., fisi).

The assumption tiat natural communi?ies represent
meaningful assemblages of crganisms that are reflective of
environment, has led to numerous analytical methods. Diver-
sity indices are mathematical ecxpressions which describe
community structuré and permit summarization of large amounts
of information about numbers and kinds of organisms (Wilhm
and Dorris, 1968). Th:: ~re useful tools to aquatic ecolo-
gists, allowing mathematical evaluation and comparison among
communities (Patten, 1962; Pielou, 1966; Wilhm, 1967, 1972).

Indices derive from the field of information theory
(e.g., Shannon (1948), . ~1llouin (1956)) have become widely

accepted and are now .sed by a majority of researchers. In
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~using these equations, diversity and information are consid-
ered synonymous and calculations are made directly from nﬁm~
bers of individuals. Diversity is expressed in bits (binary
digits), one bit being the amount of information required to
specify one of two equally probable states (Margalef, 1957).
Diversity values greater‘than 3.0 are usually considered to

be representative of clean water communities while values of
1.5 or less typify grossly‘polluted situations (Wilhm, 1967).

The diversity indice after Brillouin (1956) was used
in this study because the sampling program came closest to
meeting the assumptions of'the Brillouin. In using this
function, samples were treated . as entities to be studied for
their own sake, and not as random samples of a larger parent
population. It has been shown that resultant values from
either the Shannon or Brillouin equations are very close and
are equally sensitive at higher.levels of numbers of species
and individuals (Bowman, et al, 1971). All values for diver-
sity per individual, maximum diversity and evenness are given
for counts per square meter.

A biological and physical evaluation of in-stream
alterations follows. Species diversity was used to analyze
community changes. Transect (a) for each of the five sites
represents the control; transects (b) and (c) represent test

transects.
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Log=Drop Structure. Substrate analysis and profile

data indicate that streambed conditions at the unaltered
transect (1-a) remained relatively constant during the study
(Appendix A, Table 2). In contrast, test transects 1-b and
l-c¢ showed substantial increases in average channel depth
following construction of iog drops (Table 2) as a result of
scouring (Fig. 9). Average sediment size did not change
noticeably for either test location. The effectiveness of

the log drop at 1-b was reduced because of slack-water created
by a similar structure at 1-¢ (Fig. 4). Such interference
would have been avoided if £he structures were tocated farther
apart.

Diversity per individual, maximum diversity, and
evenness remained fairly constant at control transect 1l-a
during the study (Fig. 10). Numbers of insect species were
relatively uniform throughout the 2-year period; total num-
bers fluctuated greatly during the season, but exhibited
similar trends in both 1971 and 1972 (Fig. 11). Diversity
and numbcrs of species at the two altered fransects (1l-b,
l1-¢) most closely approximated the control transect (1-2).
Total numbers of insects appeared to be the least reliable
variable to compare.

Benthos samples weTre taken immediately above log drop
1-b and below 1l-c¢ in order to monitor respective community

changes in these two habitats (Fig. 4). Species and maximum
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PRE-ALTERATION POST~ALTERATION
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Fig. 10. Diversity per individual, maximum diversity and evenness for
pre- and post-alteration samples from transects l-a, 1-b and
1-¢ during 1971-1972.
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diversities decreased slightly at transect 1-c and remained
constant at 1-b after alteration work (Fig. 10). No obvious
changes in community structure cccurred at ecither altered
transect (1-b, 1-c¢). Common rifflec species were dominant in
both pre- and post-alteration sauples and ijncluded species

of Ephememercptera (Ephemerella tibialis McDunnough, Baetis
babrtr> .

tricaudatus Dodds), Plecoptera (e.g.)Allope:Lg sp., Arcynoptera

sp.), Trichoptera (e.g.)Rhyacophila vepulsa. Milne, Arctopsyche

grandi; Banks) and Colcoptera (Optioservus seriatus LeConte,

Cleptelmis ornata Schaeffer). Numbers of species and total

numbers decreased substantially at both log drops immediately
following completion of alteration work, but returned to
pre-alteration levels in 1972 (Fig. 11). Physical disturb-
ance of the streambed during log-drop installation and in-
creased scouring were largely résponsible for the immediate
decrease 1in post-alteration numbers.

The overall net effect on aquatic insects at the
log-drop transects was a slight reduction in numbers of
species and total numbers of individuals. Fish habitat was
improved by the formation of pools in a former shallow run.
It is concluded that these structures are cffective for im-
proving fish habitat and are not extremely detrimental to
insect populations. Log drops cause significant scouring
in localized arcas; however, they are not effective for re-

moving fine sediment from low gradient, long silted riffles

. e, Ve e S T
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and runs. Construction of leog drops with decay resistant
species (e.g., cedar) assures maximun 1ife of the structure.
Such structures are not aesthetically disruptive to the land-
scape. A log drop of the type built in Emerald Creek re-
quired approximately 16 man-hours to construct. It is be-
lieved that these structures are sound investments, returning
an increased fishery potential for a relatively small input

of time, cost and effort.

Debris Jam Removal. A structure believed to be an

effective fish barrier was partially removed at site 2,
thereby permitting the flushing of fines and passage of fish

(Fig. 1). Contrary to popular belief, naturally occurring

debris jams do not usually block fish passage (U.S.D.A. 1969).

The principal damage caused by debris jams 1s sediment ac-
cumulation behind the jam, resulting in loss of spawning
gravels and reduced insect production.

Substrate data for control transect 2-a reveal that
little or no change occurred during the 2-year period for
values of percent cobble, embeddedness, average sediment size
and mean channel depth (Appendix A and Table 2). In con-
trast, post-alteration analysis indicate sections A, B and C
of test transect 2-b showed increases in average sediment
size and mean profile depth (Appendix A and Table 2). Re-
moval of the log jam caused an immediate increase in current

velocity, changing pool conditions to a free-flowing riffle.
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Initially, the main current flowed across section A, flushing
the finer sediments (Appendix A). By June 1972, the thalweg
had shifted to section c, céusing a flush of fines from sec-
tion C and deposition of same in section A and B.

Species and maximum diversities, numbers of species
and total numbers of individuals of control transect 2-a
gradually increased during pre-alteration sampling but re-
mained stable during post—alteration samples (Figs. 12 and
13). Species and maximum diversities, evenness and numbers
of sﬁecies did not change appreciably at altered transect
2_b immediately following debris jam removal (Figs. 12 and
13). However, species diversity, evenness and numbers of
spccies dropped not%ceably in 1972. Total numbers of indiyid-
uals increased immediately following alteration and remained
at high levels in 1972 (Fig. 13).

It was believed that flushing fine sediments from a
reach, thereby exposing underlying cobble, would have a
"positive" effect on the benthic community resulting in
higher species diversity. Fine sediments were flushed from
+ransect 2-b, leaving a cobble substrate; however, diversity
decreased in post-alteration samples. Benthos samples were
taken immediately downstrean from the transect. This area
became a homogeneous riffle after partial removal of the

debris jam and produced larger nunbers of riffle-type 1insects

(e.g., the mayflies Ephemerella tibialis, Baetis tricaudatus,
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Fig. 12. Diversity per individual, maximu diversity and evenness for pre- and
post—alteration samples from transects 2-a, 2-b, 3-a, 3-b and 3-c¢
in Emerald Creek during 1971-1972.
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E. margarita; the stoneflies Alloperla sp., ArcynopteryXx sp.

and Acroneuria sp.) and several slow-water forms (e.g., the

dipterans lexatoma Sp., Rhabdomastix sp., Tabanus sp. Liriope

sp. and Palpomyia sp.). It appears that pre-alteration
streambed conditions wefe more diverse, allowing a larger
number of species, but fewer total numbers of individuals.
The debris-jam removal work required less than 15
man-hours and no heavy equipment. A large spillway was pro-
duced, allowing fish passage and riffle formation upstreanm
and downstream from the jam. An aesthetically attractive
spillway also scoured a pool which was jnhabited by trout.
This type of in-stream alteration, when warranted, is an in-
expensive, effective method for increasing sediment trans-

port, thereby improving insect and fish habitat.

Channel Diversion. A channel blockage structure was

built at test site 3 for the purpose of improving riffle
conditions (Fig. 1). One branch of a bifurcated channel was
blocked off, thereby directing all water through a common

channel.

Transect 3-a was established as a control fer both
test transects, 3-b and 3-cC. Sections A and C of the control
transect (3-a) decreased in percent cobble and average sedi-
ment size during 1971, whereas section B increased in same
(Appendix A). The thalweg was located in section B, result-

ing in an accumulation of silt and algae in sections A and C

but not B.
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Post-alteration data indicated that test transect
3.p exhibited a general increase in percent cobble and average
sediment size in 1972 (Appendix A). Mean channel depth at
this transect increased in section A and decreased noticeably
in sections B and C (Table 3).

Section A of test transect 3-c exhibited a pronounced
jncrease in percent cobb?ré'f f.5ff-g@diment size and mean
channel depth 1in post-alteraf%*;}analysis (Appendix A, Table
2). In contrast, sections B :nd C of this same site decreased
in average sediment size and mean profile depth following
alteration. Section C, located in the blocked channel where
water velocity decreased to near zeTro, accumulated fines and
decreased 1in meah depth as ¢ fected.

£

Increased water Velo?viy from channel diversion at
site 3 was apparently concentrated in section A at transects
3-b and 3-c¢ causing.scouring in both A sections and deposi-
tion of sediment in B and C sections. This was most notice-
able following spfing run-off in 1972 as profile data indi-

cate (Table 2).

Diversity per individ.-.1, maximum diversity and even-
ness showed extreme seasonal’fluctuations at control transect
3-a during 1971 and 1972 (Fig. 12); however, there was a
similar trend of decreasing “iversity for both years. Late-
summer increases of Ephemerella inermis (Eaton) appears to

have caused reduced species liversity and ecvenness (Fig. 12).



Table 3.

Core implant and recov

Emerald Creek for_Fall

ery data for three sites

1971 and Spring 1972
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Tagged Pebble

Height of Core Implant

Amount Eroded

Fall 1971 Spring 1972
Inches Cm Inches Cm Inches Cm
6.8 17.3 6.8 17.3 0 0
6.2 15.8 6.2 15.8 0 0
6.4 16.3 6.4 16.3 0 0
Tagged Sand -- Location 1
18,0 45.7 0 0 18.0 45.7
24 .0 61.0 12.0 30.5 12.0 30.5
22.8 57.9 "0 0 22.8 57.9
Tagged Sand -- Locatiocn 2
16.8 42.7 0 0 16.8 42.7
18.0 45.7 0 0 18-0 45.7
12.0 30.5 0 0 12.0 30.5
15.6 39.6 0 0 15.6 . 39.6
19.2 48.8 0 0 19.2 48.8
20.4 51.8 0 0 20.4 51.8
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Post-alteration samples from transect 3-b had higher
values of diversity, numbers of species and total numbers of
individuals than pre-construction samples (Figs. 11 and 12).
Species composition underwent considerable change at this
site as a result of streambed alteration. Slack-water species

(e.g.,Tricorythodgi minutus Traver, Centroptilum sp.,

Oreodytes SP., grychius sp. and Sigagg'sp.) were replaced by

common riffle forms (e.g.)Ephemerella tibialis, E. margarita

Ameletus sp., Heptagenia criddlei McDunnough, Zaitzevia sp.,

Cleptelmis sp. and Arcynopteryx sp.).

In contrast, post—alteration samples from 3-c indi-
cated a net effect of lower numbers of species and total
numbers of individuéls (Fig. 11); diversity was nearly con-
stant, except in section C where it decreascd (Fig. 12). No
striking changes in specieé composition occurred at test
transect 3-c. There appeared to be a slight reduction in
Diptera (e.g.)Antocha SP., Palpomyia sp.) and a similar in-

creasc in Plecoptera (e.g.,Acroneuria sp., Arcynopteryx sSp.,

and Nemoura Sp.) following alteration work.

Concentration of flow through a single channel at
site 3 resulted in increased numbers of species and total
numbers at transect 3.b but a décrease in same at transect
3.c; changes in the strcambed at transect 3-b are believed
to more accurately reflect the post—alteration conditons at

this site.
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The channel blockage structureyis somewhat aestheti-
cally disruptive. Slack-water in the diverted channel proved
to be conducive for algal growth. These conditions should
have been avoided as this section of Emerald Creek is a high-
use area.

Channel diversion has been shown to be an effective
means of increasing riffle area. However, prospective diver-
sion sites should be carefully studied to insure that such
measures will result in a net increase in insect and fish

habitat.

Gabion Deflectors. Gabion deflectors were constructed

at sites 4 and 5 in the lower reaches of the main stem of
Emerald Creck (Fig.'l). Both test sites were located in
heavily silted runs extending over 300 feet (90 m) in length
(Table 1). Deflectors were built to constrict channel width,
thereby increasing current veiocity, riffle length, sediment
transport, and insect drift. Two transects were established
at each test site. One control site (4—a—5—g) was chosen

for both gabion test sites.

The substrate characteristics of sections A and B of
control transect 4-a-5-a did not significantly change during
the study period (Appendix A). However, section C exhibited
increases in pevcent cobble and average scdiment size between
1971 and 1972. Also, less sand deposition was noted during

the summer of 1972 than 1971 (Table 2). Since no alterations

Sy b e e
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were made at this site, these observed changes were assumed
to be reflective of natural seasonal and yearly flow fluctua-
tions. Spring run-off was extremely high in 1972 and un-
doubtedly accounted for the scouring and flushing of fine
sediments from this sectiomn.

At transect 4-b, percent cobble and average sediment
size increcased in sections A and B and remained constant in
¢ following gabion construction (Appendix A). The most
significant substrate changes occurred in section B, where
the greatest current velocity was gencrated (Fig. 6). Pro-
file data for this site indicated a pronounced increase in
mean channel depth in sections B and C (Table 2, Fig. 14).

Sections A and C of alteration transect 4-c exhib-
ited marked increases in percent cobble and average sediment
size following gabion construction (Appendix A). These
changes in scction.A were not anticipated. High spring Tun-
of f completely inundated the gabion; it is believed this
caused removal of fine sediments and exposure of large
basaltic boulders below the gabions. As water receded, the
gabion deflected the water through section C, resulting in
little sand deposition 1in A. Profile data for this transect
indicate a massive flushing of sand {from all sections between
1971 and 1972 (Table 2: Fig. 15). At gabion site 4, riffle
conditions were extended approximately 75 feet (22 m) down-
stream as a result of the wing deflectors. The majority of

stream water was funneled through a narrow opening, creating

"~
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greater water velocity and resulting in flushing of fine
sediments.

All sections (A-C) of transect 5-b showed increases
in percent cobble and average sediment size following gabion
construction (Appendix Aj. Section C, where the greatest
change was expected, exhibited a gradual reduction in cobble
embeddedness and an increase in the size of sediment around
cobble. Substrate changes in sections A and B did not occur
until after spring run-off in 1972. As occurred at transect
4-c, high flows inundated the gabions and removed much of
the sand burden; sediments were not redeposited as the water
receded because of the blocking effect by the gabions (Fig.
7). At transect 5-c, percent cobble and average sediment
size increased in section C and remained fairly constant in
sections A and B in post-alteration analysis (AppendixrA).
Average embeddedness decreased and size of sediment around
cobble increased in section C, indicating a flush of fine
sediments from this area. Profile data for transects 5-b and
5-c¢ show only a slight reduction in mean channel depth fol-
lowing alteration work (Table 2).

Gabions at site 5 did not cause pronounced flushing
of fine sediments as occurred at site 4. Apparently the
stream constriction was inadequate to generate water veloc-
ities capable of transporting sand. Also, the low gradicent

in this reach reduced the effectiveness of alterations during
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1ow flows. However, sediment transport was increased during
spring run-off as indicated by 1972 substrate analysis.
At control transect 4-a-5-a, diversity per individual,

maximum diversity, evenness, numbers of specics and total

numbers of individuals were moderately variable during the

study period, with 1972 values consistently higher than those

B
£
H

16 and 13). Increases

from corresponding dates in 1971 (Figs.

srgerme

in the above values in 1972 correspond with increased percent

Nt PR

cobble and average sediment size for this site in 1972 (Ap-

pendix A).

P, TSR

Species and maximum diversities, evenness, numbers

of species and total numbers wWere noticeably higher at alter-

i i R

ation transect 4-b i% 1972 post-alteration samples (Figs. 13 5
and 16). Species composition of the insect community under-

went substantial‘changes in sections A and B; mayflies and

caddisflies increased, whilerDiptera decreased. Many>slow-
water forms (e.g., Sialis sp., Sigara SP., Oreodytes sp.)

were eliminated and replaced by common riffle species (e.g.>

Baetis Ezicaudaggi, Ephegggella flavilinea, Hydropsyche sp.,

Cheumatopsyche sp., Eipronarceila sp. and ArcynopteryX SP.) -

Although diversity and numbers of species decreased
slightly at transect 4-c after alteration, there was an ob-
vious shift in species composition (Figs. 13 and 16). This
faunal shift, i.e., from slow water forms to riffle species
erage sediment size

was most pronounced in section C wherec av

increased following gabion construction (Appendix A).
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The overall net effect of the gabion deflector at
site 4 on the aquatic insect community was an increase in
numbers of species and total numbers. Certain sections (e.g.>
B of transect 4-b) showed substantial increases while other
sections (e.g.» B of transect 4-¢) exhibited slight decreases.
Mayflies showed greatést increases in number of species and
total numbers in post—alteration samples.

Species and maximum diversities, evenness, and num-
ber of species were initially'reduced at test transect 5-b
in 1971 post—alteration samples; howeverl, 1972 data jndicated
a return to above pre—alteration levels (Figs. 13 and 16).
Sections B and C at this site showed the most noticeable
changes following gabion jnstallation. Diversity was dras-
tically reduced in section B as & result of deposition of
large quantities of sand. In section C, sediment size and
percent cobble increased (Table 2) resulting in increased
diversity; species composition of the insect community under-
went considerable change following gabion construction. Many

pool and fine substrate forms (e.g., Tricorythodes minutus,
Tricorythotr> —— —r

Hexatomad SP., Tabanus SP., Sigara SP.» and Brychius sp.)
were eliminated oFY reduced. Riffle species of mayflies (e.g->

EEhemerellg tibalis, E. Elavilinea, and Ameletus sp.) caddis-
flies (e.g.>» Hydrqgfyche SP . Cheumatopsyche sp., and EEEChy’
centrus Sp.) and stoneflies (e.g., ArcynopteryX Sp. and

Alloperla sp.) were commonly collected in post~a1teration

sampling.

G e e L AT
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Gabion deflectors built at sifc 5 had no apparent
influence on the insect community at transect 5-¢ (Figs. 13
and 16). Diversity values, evenness, numbers of species and
total numbers remained fairly constant during the 2-year
study. The insect community was typified by slow water,

sand-substrate species (e.g., Ephemerella hecuba, Centroptilum

Sp., Tricorythodes minutus, Hexatoma sp., Tabanus sp. and

Chirornomidae before and after alteration.

The net effect of gabion deflectors at site 5 on the
aquatic insect community was an increase in numbers of species
and total numbers of individuals. Many common riffle species
colonized the area at transect 5-b; in contrast, no changes
in fauna were detected at test transect 5-c. These results
indicate that current velocity increased considerably at
transect 5-b but very little at 5.¢c. The thalweg was eXx-
pected to remain along the south bank (Fig. 7); instead, it
diverged immediately downstream from the second gabion.

Gabion deflectors were determined to be effective de-
vices for improving fish and insect habitat. Riffle condi-
tions were created as increased current velocity flushed fine
sediments producing a cobble substrate. This rehabilitatéd
area was quickly colonized by typical riffle insects. Trout
were also found to inhabit the area. It is likely that insect

drift rates and distance were significantly increased as a

result of this work. Gabion installation required the most
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time and effort of all in-strean alterations employed in
this study. However, it 1is believed that these structures
will prove to be very durable, and will benefit the stream
for many years. Immediately after construction gabicns are
"eye sores' and aesthetically displeasing. Previous rehab-
ilitation studies have shown that gabions are usually colon-
ized by reparian flora shortly after construction; thereby
considerably reducing their artificial appearance (U.S.D.A.,

1969).

Sediment Transport

Fluorescent tagging techniques were used to determine
sediment transport dﬁring the winter-spring high flow regime
in Emerald Creek. Transport of sand and fine gravel, pebble
and cobble was studied at four sites.

Location of tagged sediment cores implanted in the
streambed during the fall of 1971 were re-located in the
spring of 1972. Recovery data indicates that.no tagged
pebble material eroded from the three core positions in the
East Fork of Emerald Creek (Table 3); however about one inch
of new sediment was deposited on top of the implanted cores
during spring run-off. No visible changes in the‘streambed
were observed at this site at the time of recovery.

Only one of the three core implants of tagged sand
was recovered at the first location on the main stem (Table

3). Because the survey technique used to re-locate core



implants was precise, it is assumed that cores A and C were
completely eroded during high flow. In contrast, approxi-
mately 12 of the 24 inches of tagged sediment was removed
from core B by spring flows (Table 3). The gabion wing de-
flector (Fig. 6) upstream from the core implants may have
caused depcsitions of sediment in the center of the stream-
bed, thereby reducing erosion of core implant B.

The core implants ét the second main-stem location
were not recovered. During the fall of 1971 when the cores
were implanted, this site had a sand substrate over two feet
deep. During spring run-off, the sand was completely eroded
exposing thc armored bottom. Thereforc, all material had
been swept away.

Results of these studies indicate there is a massive
displacement of fine sediments in the lower reaches of the
main stem of Emerald Creek during the late winter-spring
high water regime. As high flows decrease in late spring,
fine sediments are deposited in long, low-gradient, main
stem runs and pools.

In the spring of 1972, an attempt was made to re-
cover three sizes of tagged rocks placed on transects in the
istreambed in 1971. Seven of 11, 6-inch rocks were recovercd
(Table 4); the average distance travelled was 11.2 feet with
a range of 0-32 feet. Nine of 10, 3-inch rocks were recov-
ered; average displacement distance was 18.6 feet (range .5-

32.5 feet). Only two of the 10, 1-inch rocks were

55
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Sediment transport and recovery for threcc sizes of

Table 4.
tagged rocks in Emerald Creek, 1971-1972.
6-Inch Rock
Rock Weight Displacement Distance
Number (Grams) Feeot Metors
1 2505 - -
2 2270 - -
3 1635 24.0 7.32
4 1575 2.0 .61
5 1595 - -
6 2277 6.0 1.83
7 1218 - -
8 950 1.5 .46
9 1172 8.0 2.44
10 1256 : -
11 1178 - -
* 37.0 11.28
3-Inch Rock
12 821 - -
13 608 1.5 .46
14 519 - -
15 655 3.0 .92
16 675 29.5 8.99
17 601 3.3 1.01
18 563 - -
19 616 - -
20 415 41.5 12.65
21 606 0.5 .15
* 32.5 9.91
* 26.0 7.92
1-Inch Rock
22 58 - -
23 35 - -
24 39 - -
25 37 - -
26 63 - .
27 34 - -
28 51 - -
29 40 - -
30 27 - -
* 48.0 14.673
* 0 0
*Rock numbeir unknown
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recovered; one at the original transect line, the other 48
feet downstream. These results indicate that small streams
such as Emerald Creek have a relatively large capacity for
transporting Tocks great distances. The transport distance
is directly related to Jiameter and weight of the rock.
Small rocks (less than 2 inﬁhes in diameter) are apparently
moved great distances during high water; medium size rocks
(3 - 6 inch diameter) are not displaced long distances even
during periods of high flow.

As previously stated, rehabilitation of a silt pol-
juted stream OCCUTS in two major ways: the elimination or
"healing' of the source of silt and the ability of the stream
to "cleanse" itself of silt through sediment transport. The
latter is primarily a function of strean depth, discharge
and gradient. Results of tagged sediment studies indicate
that Emerald Creek has the capability of transporting iarge
quantities of fine sédiments. The U.S. Forest Service Te-
ported that the spring run-off for 1972 was extremely high
in the St. Maries River and tributaries. Tﬁis fact may have
caused an overestimation of the sediment transport potential
for Emerald Creek. However, it is still believed that
Emerald Creek does have the capability of flushing fine sedi-
ments and could return to near pre-mining conditions if the

source of silt were eliminated.
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Insect Colonization, Drift and Upstream Dispersion

Downstream drift of aquatic insects is a normal
feature of lotic systems (Waters, 1972). Insect drift facil-
jtates recolonization of denuded ereas, plays a major role
in secondary production and provides a readily available
food supply for fish.

Field and laboratory drift and upstream dispersion
studies were conducted to determine how drifting insects
were affected by long silted reaches, a condition common in
the main stem of Emerald Creek. The studies were designed
to obtain information on distances travelled by drifting in-
sects, upstream dispersicn of insects which had "settled
out" in sandy reaches and “he capability of different flow
rates to effectively transpert insects for long distances.

Insect drift has been shown to be one of the major
factors in colonizing natural and artificial substrates in
streams. Leonard (1942) and Miller (1954) described rapid
colonization of newly excrvated streambeds by drifting in-
sects. Waters (1964) condﬁcted an experiment to determine
if recolonization rates of an insect denuded stream bottom
were corrclated to drift rates. He found a direct relation-
ship between percent recolonization and drift rates. Prior
to this study, it was belicved that long silted reaches on
the main stem of Emerald Creek wére detrimental to drifting

insects, thereby reducing -olonization potential of the
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stream. In assessing the importance of insect drift, it 1is
essential to know how far the organisms travel before they

return to the bottom. Waters (1965) determined that Baetis

vagans McDunnough and Gammarus pseudolimnaeus Bousfield
drifted approximately 50-60 meters. Elliott (1967) found
maximum drift was only 10 meters in a stream having dense
stands of macrophytes. Mclay (1970) reported maximum drift
distance in a small stream as 45.7 meters and mean distance

as 10.7 meters.

Insect Drift and Settle Out. In the field, basket

samplers were used in conjunction with the drift nets to
better interpret drift phenomena in low velocity sandy areas.
It was believed that ofganisms not actively drifting in the
water column, but crawling on the bottom might not be accur-
ately sampled with a conventional drift net. The basket
samplers, therefore, served as colonization sites for drift-
ing and crawling insects in areas otherwise uninhabitable to
them.

Most stream insects exhibiting drift periodicity are
night active, 1.e., they have a high propensity for drift at
night (Tanaka, 1960; Waters, 1962, 1965, 1969; Brusven, 1970;
Holt and Waters, 1966; Pearson and Franklin, 1968 and Elliott,
1967). Thus, drift studies in Emerald Creek were conducted

at night during the time of greatest insect drift. Current

velocity and discharge have been shown to directly influence
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.the amplitude of insect drift (Waters, 1972).

Insect drift was conducted in July and August in
1972 to determine the effect of water velocity on insect
drift across silted reaches. July drift results cxhibited
extreme variability during the three-day test period (Teble
5). Basket-sample data was mﬁch more consistent than drift-
net counts (Table 6). Drift counts from the control net
were much greater on the second night than the first or
third nights. Increases in drift on the second night may be
attributed to a late afternoon‘rain storm that increased the
stream flow (Table 5) as also shown by Anderson and Lehmkuhl
(1968). Numbers of insect species and total numbers decreased
at increasing distance’s downstream from the riffle at the
three net positions (Table 5). Counts from nets A and B are
larger than from net C. In contrast, drift rates, enumerated
on a volume flow basis, were highest at net C and lowest at
A.

Basket sample counts for the control site did not
increase on the second night as did the controi net counts,
but actually decreased (Table 6). It is possible that in-
creased current velocity caused more insects to remain in
the water column and not settle out. Site B basket counts
were higher than counts from sites A énd C (Table 6). Drift
net data indicated a significant reduction in drift between

B and C. Settle out appears to have becen greatest near site

D Sy
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Table 6. Basket sample counts for number
total numbers of individuals from Lmerald
colonization studies in July and August, 1972.

of species and
Creek drift and
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Number of Species

Numbers of

Iindividuals

Date Basket Total Average Total Average
Control #1 13 40
13 14
Control #2 .13 48
7]7/72  =--emmmmmsmmem-s-sss-sssomsoososooosmEoToTIoTTETTETT
A-1 11 25.
10.5 20
A-2 10 15
Control #1 i0 39
11 51
Control #2 12 62
7/8/72  mmmmemmmmemmemm-—-s-sossssosossoSooSsoSsooSToTmTTETTETT
B-1 11 38
13 48
B-2 15 57
Control #1 13 50
13 66
Control 2 13 81
7/9/72  —=mmmm-mm-e--- (IR ity
c-1 7 15
7 15
C-2 7 1%
Control 71 9 51
10 7
Control #2 11 42
8/17/72 ===mmmmmm===messmm-sso--o--oso-SSSoSooCoSoTETEETITTT
A-1 6 8
9 31
A-2 12 54
Control #1 9 41
9 72
Controi #2 9 103
8/18/72 * =-mm= =mmmmm-m-ms=ssss-s--smso-sosooSSosoSmoTTTTET -
B-1 7 18
8.5 36
B-2 10 54
Control #i 7 45
8 64
Control #2 9 82
8/19/72 " =-=-m=me=mmmmem--mm-e-cssssossesesoSSooTSSommoESoToS
C-1 7 16
8 , 26
c-2 9 36
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B,'resulting in higher basket counts at the same site and

iower drift counts at site C.

Results from the August drift study were much less

variable than those of July. No significant changes in cur-

rent velocity occurred during the 3-day study period. The

control mnet produced reasonably consistant data and appears

to be more reliable than in July when discharge was variable.

Approximately the same number of species and total number of

individuals weTre caught in nets A and B; net C produced fewer

numbers of species and total numbers of insects than nets A

and B (Table 5). The average drift rate did not appear to

be significantly different among the three test mnets. As 1in

July, it appeared that many drifting insects settled out

downstream from site B before reaching site C. Basket sample

averages were higher in August than in July, indicating,

again, that insect settle-out rates and average distances

drifted are partially dependent on velocity.
Results of the field drift study indicated that low

water velocities aided long-distance insect movement (drift-

ing and crawling) over sand substrates. Insect settle-out

rates appeared to increase noticeably approximately 175 feet

downstream from the riffle (i.e., between nets B and c). A

fourth test site should have been established downstream

from net C to determine whether or not insect drift and move-

ment ended completely oY continued.
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Laboratory simulation studies were conducted to more
accurately describe insect movement and settle-out patterns
by reducing variability of the key parameters of water veloc-
ity, light conditions, substrate, and insect species. Behav -
ijoral characteristics of different species were described in
the laboratory and used in interpreting field drift study
results.

A Tegression equation developed by MclLay (1970) and
Elliott (1971) was applied to the laboratory drift study.

The constant relative rate of return of insects to the sub-
strate (R), i.e., settle-out rate, was reported to vary with
insect species, water velocity, bottom type and stream char-
acteristics, but not to vary from day to night or from month
to month (Elliott, 1971). Earlier experiments using this
model equation were conducted in streams with pebble and
cobble substrates. Previous to’ this study, it was believed
that a highly unfavorable’sand substrate, oOn Emerald Creek,
might cause lower settle-out rates and longer drift distances
than more favorable substrates of pebble and cobble.

When three factors, ij.e., species, water velocity and
light conditions, were investigated in the laboratory, high
settle-out variability was found (Table 7). The mayfly

Ephemerclla grandis and the stonefly Pteronarcella exhibited

similar settle-out patterns for light and dark conditions

(Fig. 17). Settle-out rates, R, for E. gziggis and Pteronar-

cella were highest at a water velocity of 0.4 feet per



ple 7. Settle-out rates (R) for Ephemerella grandis, ArcynopteryX sp.,
Brachycentrus sp. and Ezgrppgypgllp sp. in a laboratory stream at
Throe water velocities in light and dark conditions.

Settle-out Rates (R) for Living Insccis

.ter Velocity E. grandis  Arcynopteryx Brachycentrus Pteronarcella

:/sec Cm/sec  Light Dark Light Dark Light Dark Light Dark

1.4 12.19 1.16 .96 1.08 .81 .45 .21 .59 .49
3.7 21.34 .68 .61 1.02 1.08 .60 .44 .43 .46
1.0 30.48 41 .27 1.13 .78 .59 .16 .22 .26

Settle-out Rates (R) for Dead Insects

4 12.19 .05 - 41 - 07 - 06 -
7 21.34 03 - 04 - 0.0 - 0.0 -
.0 30.48 0.0 - 07 - 0.0 - 01 -
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A= 30.5 cm/eac
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Settle-out patterns for A. Brachycentrus sp., B. Pteronarcella Sp.,
C. Ephemerella grandis and D. Arcynopteryx sp. at three water
velocities under dark and light conditions on a sand substrate.
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second and decreased as water velocity increased.
The settle-out patterns of another stonefly,

Arcynopteryx,and a caddisfly, Br-chycentrus, were highly

variable (Fig. 17). Both speci ¢ had highest settle-out

rates under lighted conditions . able 7). The settle-out
rates for Arcynopteryx anﬂ“?;f 3itg‘fﬁ§_d;d not appear to be
strongly correlated to wate);i,hfﬁ?kj as was found with

@

Ephemerella grandis and PteronaJ‘rf‘f.

Passive settle-out rate.. - e., settle out not re-

.

sulting from physical activity by the insects, were deter-
mined for all test species by using dead specimens (Table 7).

Settle-out ratecs were nearly zero ~ 7 all test species ex-

.

cept Arcynopteryx at a water ve’f‘> f of 0.4 feet per

7

second. From these results it appears that settle out by
live specimens was 'active'" and not "passive'. Settlerout
rates determined by Elliott (1971) for dead insects in
streams with cobble substrates were substantially higher
than values obtained in this stucv

Most specimens settled c} ‘s1lmost immediately after
introduction into the laboratory stream, but began drifting
and moving downstream after a short pause. Several species
displayed mechanisms for reinitiating drift. Ephemerclla

-

grandis folded its legs to begin " sifting, then extended

them to grasp the substrate and stop; Pteronarcella displayed

a “"tuck and roll" behavior to br .. drift, followed after a

few seconds by extension of the legs and grasping the
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substrate. Several Pteronarcella were observed swimming to

the surface where they were heid by surface tension and us-

wally drifted the full length ¢f stream. 1t was noted that

kad

most Arcynopteryx settled out . 2ry quickly; however, some

specimens moved head first dov. the channel, their legs mov-
ing in a swimming manner. Ot%-+  ~~pearel to reinitiate

drift by holding their legs ir < .. ¢d, posteriorly directed

%3

position.
Prior to this study i~ = . believed that settle-out
rates would be lower on sand than on pebble and cobble. How-
ever, laboratory settle-out rates were comparable to those
reported by Elliott (1971) from . ::udy conducted in a small,
cobble-substrate stream.' Hig};igtgs obtained in this study
can probably be attributed to tu. shallow water column and
short drift interval. All test speclcs made numerous con-

tacts with the substrate as they drifted. In a deeper water

column, as in most natural streams, fewer insect contacts with

the substrate would be expectec- ' Behavioral observations of

the four test species also inui. - { that all specimens would
N

probably drift or move thec ful -istance of the channel dur-

ing a longer test period, thus resulting in lower settle-out

rates.

Upstream Dispersion on’cand Substrate. Field and

-~

laboratory investigations were %.adartaken to determine if

insect upstream migration on 7 ;and substrate was possible
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and serve as an off-setting mechanism for downstream drift.

Three large species of insects (Acroneuria sp., Dicosmoecus

sp. and Pteronarcys californica Newport) were used to enable

visual observation of dispersion in a channel erected on a
sandy streambed in ILmerald Crecek. The stoneflies P. californ-

ica and Acroneuria could not move upstream on sand. After

several unsuccessful attempts to crawl upstream, most speci-
mens actively swam downstream usually reaching the end of
the channel (16 ft., 4.8 m.) within 2-3 minutes after re-
lease. Both specics appeared to ''glide'" along the bottom in

a swimming motion. In contrast, the caddisfly Dicosmoecus

sp. moved in a random manner (i.e., upstream, downstream and
cfoss-channel). Many wer.e noted moving upstream, often
reaching the end of the channel in 5-10 minutes. It is be-
lieved that this species can succescsfully colonize an up-
stream habitat when subjected to an unfavorable substrate at
a lower reach.

Laboratory simulation studies were conducted to de-
termine the effect of variable current velocity on possible
upstream dispersion of four species of aquatic insects

(Arcynopteryx sp., Brachycentrus sp., Ephemerella grandis,

and Pteronarcella sp.). The stonefly Arcynopteryx was par-

tially successful at moving upstream against water velocities

of 0.4, 0.7 and 1.0 ft/sec. No Arcynopteryx moved upstrean

more than 2 or 3 inches; most drifted dcwnstream 3-4 inches

for every inch travelled upstream. Most Arcynopteryx
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attempted to move upstream but lost their "hold" of the sub-

strate when crawling; net movement of all Arcynopteryx was

downstream. E. grandis, Brachycentrus, and Pteronarcella

did not move upstream against any of the three water veloc-
ities. These species could not successfully crawl upstreanm
without becoming dislodged and dfifting downstream. Brachy-
centrus makes a case of light weight detrital material,

whereas Dicosmoecus bears a relatively heavy case of sand.

This difference in case weight apparently explains why

Dicosmoecus can successfully maintain itself and move up-

stream on sand while Brachycentrus can not. As with

Arcynopteryx, net movement for E. grandis, Pteronarcella and

Brachycentrus at all water velocities was downstream.

Results of field and laboratory upstream dispersion
studies indicated that many riffle insects were unable to
effectively move upstream on sand substrates. Larger sub-
strates having pebble or cobble are necessary for upstream
movement (crawling) by many insects even at very low water
velocities. It has been shown that a layer of water with
zero velocity exists at rock-water interfaces (Ambﬂﬁl, 1959).
McClelland (1972) reported that many insects apparently live
in this zone and do not experience the direct forces of cur-
rents. This zone is probably very thin on fine, loose sedi-
ment; therefore, insects settling out on sand are directly

exposed to current forces. The combination of exposure to

~current and instability of fine sand prohibit movement
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upstream by many insects.

In-Stream Colonization Potential. Insect drift has

been shown to be a major factor in éolonizing downstream
areas in streams. Upstream migration on cobble substrates
has been reported to be between 5 and 30 percent of down-
stream drift, and would therefore seem to be a significant
factor in colonizing rehabilitated or insect denuded sub-
strates (Elliott, 1971; Hultin, Svensson, and Ulfstrand,
1969; Bishcp and Hynes, 1969). Insect drift and upstream
dispersion investigations in long sandy reaches in Emerald
Creek indicate that the unfavorable areas are detrimental to
""normal" insect movement and colonizaticn. Low water veloc-
ities of these reaches are sufficient for aiding insect move-
ment for great distances. However, settle-out rates appear
to increase approximétely 200 feet downstream from the riffle,
resulting in a decrease in drift rates. Results of the up -
stream dispersion studies indicate that many riffle insects
are unable to move upstream after settling out on fine sedi-
ments. As a consequence, many insects are forced to move
downstream to avoid the unsuitable habitat. The rate of in-
sect movement at water velocities less than 0.4 feet per
second was found to be extremely slow.. It is likely that
prolonged exposure on a fine substrate in absence of cover
could result‘in abnormally high insect predation rates by

fish.
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It is apparent from these results that insects suc-
cessfully drift and crawl through long sedimented reaches in
Emefald Crcek while others are probably lost during the
colonization cycle. Thus, colonization potential of Emerald
Creek appears to be reduced by long sedimented runs and pools

characteristic of portions of this streanm.
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CONCLUSIONS

Rehabilitation of a silt polluted stream is largely
dependent on two factors: 1) elimination of a source of
silt and 2) ability of the stream to flush polluting sedi-
ments. This study has demonstrated that the sediment trans-
port capability of Emerald Creek is adequate by natural
means or in combination with man-made structures for removal
of fine sediments from most reaches. These findings are
suppuorted by the improvement of streambed conditions in the
East Fork of Emerald Creek since cessation of garnet mining
in 1566. .

Present mining operations on the main stem continue
to introduce large amounts of silt and fine sediments.
Gabion'wing deflectors in .key reaches facilitate sediment
transport in localized areas.‘ However, all in-stream altera-
tions will only be moderately effective as long as there is
a constant input of polluting sediments. The key to rehab-
ilitating Emerald Creck, or any stream or river, is the
elimination or healing of the source of sediment. In-stream
devices cannot substitute good hydrologic conditions in a
watershed; however, they can accellerate the stream's natural
cleansing abilities.

Insect 1life in severely silt-polluted streamsAis

often reduced or eliminated., Insect recruitment following
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pollution abatement is usually slow. Prather (1971) showed
that insect populations in the main stem of Emerald Creek
were lower than those in a pristine stream used as a control.
However, insect recruitment following silt removal through
successive years of normal or above normal runoffs, would be
expected to be rapid because of the residual population

present. 7
;., : .
It is expected that if “" ¢ .Curce of fine sediments

-

could be eliminated, Emerald Cs -k would return to near pre-

mining conditons within three . lour years., Structural in-
stream alterations speed sediment removal, benthic recoloni-
zation and provide general habitat improvement for all aquatic

life. - L

EY
-

e F ot s s, S

SPRPREN—

e A

AT )

i
¥
¢
i



SUMMARY

This study was conducted on Emerald Creek, a tributary
of the St. Maries River in northern Idaho which is extremely
silt polluted due to private and commercial extraction of
garnet. Log-drop structures, debris jam removal, channel
diversion and gabion deflectors were tested as means for
physical and biotic rehabilitation.

Pre- and post-alteration measurements were taken for
cobble factor, cobble embeddedness; sediment surrounding
cobble, averagec sediment size and mean channel depth from
thirteen permanent transects (4 control, 9 test). In-stream
alterations were effective means for increasing sediment
transport, thereby improving insect and fish habitat. Debris
jam removal, channel diversion, and gabion deflectors caused
flushing of fine sediment from runs and pools. Log-drop
structures scoured pools, thereby increasing the pool-riffle
ratio. Post-alteration analysis of test transects'yielded
higher values of percent cobble, average sediment size and
mean channel depth.

Benthos samples, collected from cach transect, were
taken at monthly intervals during the summers of 1971 and
1972. Community changes resulting from alteration work were
analyzed using a species diversity indice derived from

information theory. Diversity, numbers of species and total
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numbers tended to increase in post-alteration sampling from
the test transects. Insect community changes resulting from
‘in-stream alterations were most pronounced at gabion sites

and to a lesser extent at debris jam removal, channel diver-

sion and log-drop sites. Slow-water forms (e.g., Hexatoma

sp., Sialis sp., Sigara sp., Tricorythcdes minutus and

Ophiogomphus sp.) were replaced by common riffle species

(e.g., Ephemerella tibialis, Baetis tricaudatus, Pteronarcella

sp., Arcynopteryx sp., Hydropsyche sp. and Brachycentrus sp.)

following stream alteration.

Sediment transport in relation to the hydrologic
cycle was studied using various sizes of tagged sediment.
Three sizes of rock (1, 3,’and 6-inch) were placed on tran-
sects in the streambed; 6-inch and 3-inch -cores of fagged
pebble and sand, respectively were implanted into the stream-
bed. Results of the tagged sedimént study indicate that
Emerald Creek has the ability to transport small rock and
sand substantial distances. Massive quantities of fine sedi-
ment are flushed out of the system during spring run-off in
the main stem, followed by sediment redeposition as the water
fecedes. Rock transport distance was directly related to
rock diameter and weight, with smaller rocks displaced the
farthest.

Insect drift and upstrcam dispersion studies were

conducted in the field and laboratory to yield insight into
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colonization phenomena of heavily silted portions of the
stream. A regression equation describing insect drift and
settle-out was applied to simulation studies in a laboratory
stream. Results revealed that long, low-gradient sandy
reaches in Emerald Creek were detrimental to normal drift

and dispersion. Some insects (e.g., Ephemerella grandis,

Pteronarcella sp.) do not successfully cross such areas and

are lost to the down-stream colonization cycle. Laboratory
studies showed that settle-out rates on sandy substrates
were principally a function of current velocity, light con-
ditions, water depth, and insect species, Upstréam disper-
sion studies revealed that some riffle insects (e.g., the

-

stoneflies Pteronarcella sp., Pteronarcys sp., and Acroneuria

sp., the mayfly E. grandis and the caddisfly Brachycentrus

sp.) do not successfully move upstream on sand under low
water velocities of 0.5-1.0 ft/sec.

Emerald Creek, by virtue of its natural hydrological
cycle, has the ability to flush large quantities of fine
sediments annually. However, until the source of polluting
sediments is eliminated, lower po?tions of the main stem will
continue to be subjected to a heavy sand burden. In-strean
altefations are effective for increasing sediment transport,
thereby accelerating physical and biological rehabilitation

commensurate with retardation of sediment source.
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