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wfaV' INTRODUCTION

Intensive agriculture, graziﬁg and é_lack of.

whaveﬂléd to increasingﬂlevels

riparian buffer zdnes
. BN /

"'_of sediment dep031t10n in lotlc systems throughout

'.the Intermountaln West. Céquatlc b10ta can be adversely 7 -

' o g Vaia
.affected.becausgﬁqfﬁthe.pqtgntlal loss_of availab;e. /} delole T&k
habitaiﬁé) Some éspectémbf the preseﬁce of sufstaﬁtial
quantities of sediment_i# §treams héve been studied
extensively, éspeéially.the-effects on feproductive
success of salmonids'(g;gi éooper 1956; Peters 1967;

Hausle and Coble'197§i.'fﬁbﬁever, sediﬁent may also

redﬁée the amount of 1iving space for fish and

decrease the productipn 6f aquatic macroinvertebrates.
| Sediment may-?égulate_fish p0pulétions indirec?ly

:by ﬁodifying.available haBitats. A prlmary.result of

sediment belng dep051ted in streams is the 1oss of

HLUOV.-

_deeper water for fish (Hunt 1969' Klng and Ball 1964)

Sl
 Reduced water depths may 11m1t the standlng crop of Czhﬂ?
- x C gl o
fish present in streams by maklng habitats unsu1tab1e " s oons hare 7
. - . . i ’ ' - ; . . IJ

1
»

for larger individuals (Saunders.and-Smitﬁ 1965); I
| he use of particulaf'habitéts by trout sbecies may
decrease.substantially as wéfer depth decreases

~{Bovee 1978). Sedimént also decreases the"availébility

of prey for fish (Faruworth et al. 1979; Lotrich 1973).
Y _ 77 _
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fhe production of aquatic macroinverfebrates can
be adversely affected by sediment (qudone and Kelley
1961). In some cases, sediment_reduées the number of

. benthic organisms through burial of sessile forms and
alteration of the substrate’(Hynes 1970; Harman 1972;
Mlnshall and Mlnshall 1977) Sedimeﬁtican increase

'.mlgratlon, drift, and mortallty, it-ﬁé& aISO'fédﬁce
_réproductlon (Farnwbrth et al 1979) Recoloni%;tion
by mobile inveftébrages_is.generally répid if .
pre-disturbance cohditioné_are resumed (Kennédy 1955;
Waters 1964).

The accumulation and.étosion of-sediment in
streams.may change-species composition of submersed,
rocted aquafic macropﬂytes Lhrough alferation of
sediment'type op com§osi;i9ﬁﬁ(Farnworth ét al. 1979).

Suspended sed iment can reduce photosynthetlc rates

e e

PR — F._.--

of submersed macrophytes, but'few studles (e g. Meyer \ﬁ'q/

_ PR ey

e e e v — e

The deposition of sediment can pose unique. w“vﬁ

problems in streams. located in areas where gradient
—— e ST 7
changes are gradual . Sufficient flows and turbulence

L

R/ Y

bl ""'7&
+:>~lf£"‘“'L

needed to flush accumulated sediment are not generated

~baeavse g ~the-mimimal -changes.-in—elevation. The

Silver Creek drainage, located in southcentral Idaho,

is primarily spring-fed and has a low gradient. Flows

throughout this system typically are not sufficient

to flush sediment deposited on the stream substrate.




Silver Creek and tributaries have received an increased

o Vot
sediment load in recent years due to an expan51on of
".F_"_“-———._.__‘_______,_,-_.-—-—o-.

agricultural practices in the basin. The increase in

sediment may decrease the productivity of Silver Creek

T ok ~”’a~
and its value DT ‘trout flshery

Data collected in several tributaries of Silver

Creek suggest that,'because of sediment, overwintering

- habitat for trout is- 1nadequate. Sediment:ﬁas
‘accumulated to eepths in excess of-one meter in several
fofmthese streams (Griffith et al. 1982, unpubllshed

e ™ deta). In addition to the general laek'of physical

space,.there is a.low standing crOp-of aquatic
macroinvertebrates (Gtiffith et al. 1982, unpublished

data), which are the primary source of food‘for

g

salmonids in Silver Creekf Thﬁseﬁeeﬂéiffﬁﬂgmtﬁﬁgﬁﬂnh
JI;out/pﬁ leave the trlbutarles during the w1nter) wffﬂﬁ

The Nature Conservancy, a monprofit conservation
¢ rﬂ{rvs

1nc1ud1ng the headwaters. Sedlment 1nputs into the
system have gradually_beeq reduced because of an’

aggressive progtam‘to vauire land and secure riparian

— N - o . ( S’_w
easements. However, the transport of prev1ously ¢!

g s

dep051ted sediment in Sllver Creek is hampered by the
—_— T

——

T

low stream gradient and 1nsuff1c1é§%\flows. Thu s,

R s S —

sediment movement out of the system is likely to
occur at a slow rate, and may continue to adversely

affect aquatic organisms for a sebstantial period of

time.

P
agency, owns a 517 ha area of the Sllver Creek.dralnage, -
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Recent 1nnovat10nsjln habitat improvement of

degraded streams Kas 1ncluded the development of

-

equipment for removing sediment from éﬂa&él/ yawnlng

989,
vapublished.data). The success of gravel cleaning

beds of salmon (Mih 1978;

- machinery has:been veriable-'however a vacuum cleaner -
type unit developed by the Forest Serv1ce has shown

promise in restorlng spawnlng gravel at Lolo Creek

Thewas (982 T

Montana (wmpublished-data). . The use qf this equipmeht

. a P

to remove substantlal amounts of sedlment mas notrj.ﬁnhjﬁﬂﬂiﬂ

bEen previously examined.

“To test’ the fea51b111ty of using dredglng eqolpment
in streams as a method of rehabllltatlng trout habitat
sedimeot'was temoved from_eKPErimental sections of a
tributary to Silver Creek. The specific objeotives of
this study were to: (1) assess the abundance of trout andj/}{dg'

/ nongame fish in an experlmental stream. section, (2)

o ) o wosee
A-X assess the winter- holdlng capacity for trout in an ‘) R

v K T
¥ <‘exper1mental stream sectlon, (3) assess the dlver51ty,

gf- . -

/ﬂ wyl/ abundance, and comp031tion of aquatic macr01nvertebrates

~
LS

L ¢ | -in an expep;mental stream section,”and (4) assess changes
L . S S .
‘ if any, in the species composition and coverage of the

substrate by submersed, rooted aquatic macrophytes after

sediment removal.




STUDY AREA DESCRIPTION

Tnfa/study was conducted on the Silver Creek
Preserve located approxlmately 10 km west of Plcabo,

Idaho) in Blalne County (Flgure 1). The area is

: 31tuated in a cool semldesert valley and receives

an average annual precipitation of 35 cm. The tributary

of Silver Creek studled Mud Creek flows approximately

16! LN"*V‘“( a—(’ Gw gw‘(“&;\ d"- ‘4(’1;\, r
2.5 km from sprlngSAdownstaam to m confluence with
A

Stalker Creek, Mu&*&rtek~er&g&n&teewat”iﬁ“eievav

AT PRI - e,

af.-14.90. my and has a gradlent of less than one percent.“‘

——— e U p———

————— e e s

The stream drains an area of approx1mate1y 4.2 km2 ani-f%'

has an average width of-4.5 m,in the study area. *w#ﬂmf////
P,\“;')_'-_r";' b’ A‘ ts (_,(A_P'. T? [ - = """'.F‘/-’- ]
* 2he bydrograph-pattern of Mud Creek has not been pﬁ&mq%a_%'

_emeasure$,mwep the period.of a _gakep—sese hovwewsr, the

pattein of annual discharge is probebly simiiar to st of

‘ 811ver Creek. The lowest flows occur during late epringl

following soting.runoff; The flows increase gradually

throughout the summer , reach a peak in October, and then

decrease until spring runoff.(&#iu“'

The greatest, a oJ:} of suspended sediment in Mud

[al

compared to the larger tributaries such as Stalker and

Grove Creeks, where values approx1mat1ng 100 mg/1 have‘/
i
v P'J’&' (4t

" been measured (Manuel et al. 1979).

7
-

| \$ ot rizs SN L N
Creek oé@%3§ in early spring with values of about : 10 mg/l Cﬂﬂﬂﬂﬁaﬁﬁa
A g S e
[)ul—r - T
recorded (Griffith et al. 1982). This is considered to - “pi¥::;=
be a minimal value in the Silver Creek system when L,UJ_
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The substrate is primarily silt, sand, and organic

detritus which reaches depths of greater than k,ﬂ/m,
27

d 11
and is, generall ydcovered to some dggzi& by aquatic

~}macr0phytes. There are few areas where exposed gravel

exlsts, much of thlS gravel is partlally 1mbedded with
T

sediment. . _ g ER SR vy Farh 'fs

"_Fish sPecies Pre$ent in Mud Creek are brook trout

f(Salvelinﬁé fontinalis), rainbow trout (Salmo gairdneri),

longnose dace (Rhinichthls cataractae), épeckled dace

(R.-osculus), piuté_sc&lpin (Cottus beldingi), Wood
River sculpin (C. lejopomis), and bridgelip sucker

"(Catostomus columbianus). Cottus leiopomis was first

‘identified in Mud Cfeek'in 1982, but had previously

 been identified in. Lov1ng Creek near the Hayspur Fish

it B

Hatchery (chk Wallace, personal communication).
The aquatic macroinvertebrate community is typical

-xof streams w1th a largely dep051t10nal substraggm' The
' o un&.rgyeir.

”predomlnant taxa 1s generallg Diptera (true flies) w1th

:Ephemeroptera (mayflles) and Trlchoptera (caddlsflies)

: ,L‘; -‘ . _'.f.“’
belng uncommon (Grlfflth et al. 1982)”"?”

..Vegetatlon grow1ng 1n Mud_Creek 1szprimariiy

stonewort (Chara vulgaris), Sago pondweed:(Potamogeton

pectinatus), and horned pondweéd‘(Zannichellia palustris),

. with species of minor importance-being watercress (Rorippa

nastertium-aquaticum), and mare's tail (Hippuris vulgaris).

The riparian area is dominated by grasses (Poa spp.),

wildrose (Rosa sp%), and cinquefoil (Potentilla spp.).




The gener;l sparseness of overhanging shrubs and trees

"L 7
facifitdtes the growth of submersed, rooted aquatic
/“\‘-‘_H\h"‘--....._.—-’ff_‘\
vegetation.- ' e .
g o , S lead 1 land - - Ty

It b\*ﬁ 15 asv1cﬂ
The land adjacent to Mud Creek is largely agricultural.

%,Exposed ﬁ}g&&p, chanue}lzatlon, and drainagg’canals have
\ﬁx modified th1; stream baéln probasly"EZEEZEQW1§2£é§g§;l1n
| sediment.
Two . sectlon;.of ----- Mud Creek wer e choéen.to be d?edged
‘The first Sectionjwas iocated.above a road culvert on the
Stalker Creek R&ad and is designated with the number 1 on
Figure 1. This eiperimeﬁtal_section was 35 m long, with
sections of equal length iﬁﬁediately'upstream and
downstreamk%% contréls; The length of seétions in tﬁis
_stﬁdy site wefe seleéted to take advantage of rock dams
plécéd ;n the stream in.the 413—1950'5 to create pools.
The déms were preseﬁt at 35 m intervals. A second
experimental section (numbe; 2, Figu;e 1) was situated-

approximately 40 m downstream from the culvert, It

was a gravel areé apprd¥imately 12 m long which was

one-fourth to three—foutths imbedded with sediment.




METHODS AND MATERTALS

Sediﬁent was removed from two experimental sections

.of Mud Creek using a suction dredge designed by fhe U. S;

. Forest Service Missaula Equipment Develqﬁment Center

(MEDC) for clééniﬁgigalmonidﬁépéwniﬁg gravel. A Pééifié
.Pdﬁper Modei Mérk-3ﬁﬁmpNyaé used. 'ftfisﬂanéaiiicieﬂf'f
~pump is driven by a two-cycle air—cégzgg“:ngine_rated
at‘8.5 horsepower; A 7.5~cm diameter suction nozzle was
coupled to a PVC Pafaee éductor. Separators were available
to remove sédiment from wétéf dischafge but wefe not used
because-infrequent'cleéning Qf the separators was
unavoidable.

At both sites,.transects were randoﬁly established
ﬁerpendicular ;o'thé stfeam-channel'to"standaréize
 ”k;1iectioﬁ_of bénthié mécroih&értebxate éamp1es with a
Hess\net.' Metal fence posts Vere.pléqe& ;tntﬁe ends of
" each transecf appro%imatély gﬁﬂ’h‘froh:thé étream bank.

Dredgiﬁg-wés initiated at the"heéd.éf.ﬁdth experimental
sections and progressed downstream. Egﬁetﬁ@ischarge was
ﬁumped onto adjacent land approximately 30 m from the
stream where dense vegetation filtered out sediment without

problems of it returning to the creek.

Dredging began at the upper expérimental section on

9 June 1982 and was completed on 15 June. Sediment was
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rémoved down to a firm claypan layer. Gravel was present
below this layer; howevef, it was still 0.6 to 1.0 m down,
and dredging deeper was not feasible. ZEighty man—hoﬁrs
were required for é two person crew to dredge this 170-n?
area.

On 29 Juﬁe, thrée man-hours were needed to.remoye
sedimeht_from éhéiiqﬁer expefimgntal séctioﬁ_usiﬁg;a
 5§&¢1&11y.aaaﬁfed éravel cleaﬁing head. Sediment was
removed from half.of the streaﬁ channel and designated

as an experimental section; the remaining half of the

channel was left unaltered and used as a control.
Physical Measurements

. At - the uppex sfudy-site; the experimentai and control
sections were further dividedmin order to create a grid S
system to facilitate the recording of physical measurements.
Wooden garden stakes were.dfiven into_fhe banké.ét every.

”f;5 m mark on either 51de of the str am3¢hannel; A p&ﬁﬂtée
' alyesS Ha Cliasne! _ :
measuring tape was stretchedﬂbetween stakes- and them water

and sediment depths were recorded to the nearest centimeter
“‘.(.Q PaI 73 i_i
S at eael 0.5 m maxk“aefeﬁmrﬁﬁﬁr“ﬁznnﬁr Water velocltles
_ _g_UZLhcim agwt"'lf.
were‘aiﬁﬁfzaken at each p01nt u51ng Jwgarsh—McBlrney Model

201 W&%e%-c&%ﬁ&ﬂ% meter. These measurements were collected

lo‘”‘f T—i,-{u bans
before dredging on 9-10 June,and. immedlately afte% o] ;

, .
Mok G parzpitis o d
17-18 June. , Physieat-mespurements were further-ee%%ettmb ol

q
on 12 February 1983, 21-22 June 1983 and Py 12

September 1984.




Aquatic Vegetation

« A measuring tape was stretched across the stream

{
Grer,
. channel at each set of wooden stakes b&ﬁ&ssess*speeaes

conposition-of—aquatic--maerephytes: Tfheﬂpl&ﬂt species
/. A
V’Ht
present dlrectly beneath the tape at-evefy O 5 m &ark

_.was recorded.";$hes—“&&ta—we;e_ueed &o estimate the ﬁe

percentage of . stream bottOm covered by each plant spec1es)

‘Before dredglng, plant coverage’ was, not syst atlcally

Ll L (s 7/_/" A EE e [/!or rv T e o JL./-/_,-L,, PSR S g~
measured because vegetatlon was patchily dlstrlbuted [ s g ﬁpmdw77

However, coverage was estimated'visually in the experimental

and control sections for each species. On 11 July;.plant“
ci N coverage was recorded in both control sections but not at
L f? ' the.experimental sectioa, because dredglng had removed

| ‘all vegetation. On 7 August cover data were collected

in each sectlon since, exceptlonal vegetative growth was

j ey T, LUAS Py r" ru-n{ - ,+ RNy l’].J Tan k] L»
p{esent. These data were agaln collected in the

experimental section on 2 Qctober 1982, and final
measurements Were‘taken”iq,each_section on 13 Aﬁgust

1983,
Aquatic Macroinvertebrates

Benthic macroinvertebrates were quautitat;yely“

L T

~
sampled using a modified Hess net with(%f;irea of 0.06 m2 "

,and.a mesh size of 0.39 mm. The net was used to sample C?

R A chA

. r'. :‘ NESaE - .
"”_Iﬁé_u@per 8 to 10 cm of-.substrate. Before sediment . »:

\

e

removaf at the upper study site, benthic samples were

e /ov

collected from the experimental section, and eane—e




o | ®
+wo control sectionﬁ; Samples were colleeted from both
sections following dredging on 11 August 1982, 21 November
1982, and 13 February 1983. Four samples per-section were -
" collected for a total of 32 samples. B .~-;~-

f .-

\fBenthlc macroinvertebrate samples were take }it the
lower study 51t€Jbefore dredging; afterwards, samples
were taken every tre weeks duriag July-August 1982.
Benthlc samples were also taken from the lower study
site in October and November 1982//and in February and
March 1983, A total of 64 benthic samples were collected

TR

at the lower study site.

SR, e ‘ o _
- Drlft nets with 0 05 mm mesh size were set on - M?*ﬁ o
i . zz'e{éﬁ@/ S5
r 1 October and 20 November 1982 immediately above -
27 - L _ S e
IR g . experimental sectiong to assess abundance of invertebrate

'lf,w” species available for colonization of the substrate, and

to assess the availability of food organisms for trout.

wnzaft"nets‘were-secere&“temlronmbarsﬁimbedded—iﬂ ‘the

: L o ‘l'
substratum- . Nets were set onceldurlng the’ evenlng, left

1n the stream for three hours, and then'removed

All samples were preserved with a 10/ formalln

solution in the field,.andlﬁere sorted“ip_the 1aboratory
Lrg_sepapefe“Tnvertebrafeeﬂffemw&ebrrs{ .Organisms were

identified to the genus level when feasible using keys

by Merritt and Cummins (1978) and Pennag (1978). Data

were organized into functional feeding groups (Cummins

1973) using information summarized by Merritt and Cummins

(1978) and that found in unpublished reports by aquatic
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ecologists at Idaho State University 67, ;

Reviews by E1110t (1971) and Resh (1979), and

lf vr’vnﬁ(- :91_1

.unpublished reports byA;daho State University on the
‘Silver Creek drainage, were used to establish the
sampling scheme and to develop the statistical design.

The unpublished reports contained valuable information

(R T S S S - _

T jconcerning the seasonal variability inherent in certain
i _ L L T

/ invertebrate taxa of-the drainage.

Aquatic macreinyertebrate data collected atvehe
lower study site were enalyzed with respect to sampling
date and sampling etation.(experimental and control);
on the basis of total numbers, individual taxa, and
“h functional feedihg gfbup. Analyses qf'theee data
were performed using.ﬁhe SAS computer progfam for.two—
way analysis of Qarienee'(ANOVA). The program for a -
non;balanced design was etilized because one of the four
repllcate samples collected from the coetrol area on
"120 November 1982 was lost.
]@‘% Statlstlcal analyses_eefe performeeeoﬁ iegﬂ(x + 1)

transformed abundance data to . normallze the data for

ANOVA({;/}'O“i‘ 19 1), : L
Fish

Fish populations were monitored before dredging

FE
"'"_l -~

at the upper study site in experimental and control

s

sections using electroshocking gear. Nets were set

across the stream channel at the upstream end of each




.‘I’ - ' ‘ ‘l’

section to blocg‘fish movement upstream. A single pass
was madgféﬁéeggﬁ eech section with a backpack\electroshodking
unit producing 250 volts DQ that attracted fish to the
positive electrode,. | )

'Electroshocking sanples were collected_gﬁ'two—week.
intervals during Jﬁne.through August 1982. Fish were
also.sampled ie October-and Noveﬁber 198/;/and February
and March 1983, The welght and total length o£ trou&
collected were.recqrded and scale samples were taken.

" snorkeling was also used to estimate trout abundance.

A single count was made in each section at the upper study

: fv% . Tun C—
site 4n two-week intervals during Jedy through August
j 2% - | |
. "1—9*8—2 . 6Geuwnts-were-also-donein-November—+982amt—during

-the—sﬂmm'er“bf**l 983.

Frledman s non- parametrlc two-way analy51s of

variance by ranks was utilized to test for significant
7ﬁfmw-
dlfferences in young-of~ the ~-year (YOY) anqqolder (ege—1+

_¢D*m3$HMMLJ%ﬁ?1ﬁﬁWQ$ brook trout abundance between

sections (Zar 1974). Statlstlcal tests were performed
an ehunduuce
seperate%y—fvr data collected by electroshocking_and
chi~ sguvaréd
eae%ke%&eg. If a 51gn1f1cant x2 %alue was detected a

non-parametric multiple comparison among rank sums was
used to determine which sectioms were different (Zar 1974).

The significance level set for the analyses was 0.05.
. = 5

.,4._
M

Saand oy ned

Age and Growth

Aging of trout was accomplished by scale analysis

using a modified Bausch and Lomb Tri-Simplex projeetor




(Phillips 1974). Wet mounts of scales weré viewed at
§3x magnification.. Body-scale regressions and back-
calculations of body lengths at annﬁli were performed
ﬁsing tﬁe_Applesoft proéram DISBCAL (Frie 1982). TFor
brook trout scale data, the traditional Lee Optibn

wifh a 30 mn constght‘correction factor was used for

all'backmcalcﬁlations (Carlander 1981). ¥or rainbow

trout scale data, the correction factor used was
&_& ;:."_‘,‘ ; ‘j: :1f : - .

—estimated from the body-scale regression.




RESULTS
Upper Study Site

Pirysical Changes

Mean water deothIWés.ﬂoobled to 58 cm and mean
sediment depth-décreooed_by-66z in the éxperimentai.“
section after'dredgingufiable 1). Sediment was roﬁoved

‘umtil a firm claYpan'lofer was exposed. This layer wos

i virtoally impenetrable.by tﬁe suction dredge and. no

attempt was made to remove additional materlal Undercut

Al Lo F"‘,N. 18 Ima ..uiAt-/ R Ban s
banks which were imbedded with sediment were restored to

.create additional cover for fish.

Before'dredging, water depth was less than 50 cmn

[ .

) . e S T ERTER RS
PR in about 88/ of the experimental section. This area““}~’&h““'

e . R B e
: ——r PR

“had llttle cover or'space for 1arger trout throughout
g D
‘the entire 35 mA"After dredglng, water depth was less

fi;g“ = | than 50 em in Only 24/ of the section.

‘ns§¥ Maximum water depth'did not incredéo after dredging.
Tﬁo deepest.point:of fhe experimental éoofion had sediment
depths in exceos of 1.0 m prior_to dredging. This areo
queickly filled in with surronoding material during dredging,
and no addirional effort was expended_ar.this-poiﬁt of

the stream. However, total water volume of the entire

experimental section was increased by 100%Z.
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Dredging did not expose gravel but instead a.
compacted clay.was found. Underneath this clay was marl S e
interspersed with silt and sand and then another claypan

r . |
. layer. 'Organic matter present was primarily dead plant ///

P — -
R

material. 7~

Changes in pheiflowiof'grouhd water or springs
_ eﬁerging'into ;his?ée?tién-after dredging were not
,directly measuréam_;ﬁpﬁéﬁer;:there.Was no evidence

that ground water flow and spring seepage increased.

Sediment Redeposition

No appfeéiable amount of redeposition of sedimeﬁt fj;?{f97
occurred up to 122february 1983. The longevity of the fﬁEi:riff
.projecf was céntiﬁgenf.upon the rate'of'fefilling and _ ‘fﬁiir

- T
length of time beforé.tﬁe section reverted to predevelopment ° ;,Z#;

conditions. This trend of no significant rédapositibn
coniinued during a;ﬁery'gr;duallspriﬁg iunoff in 1983,

‘A major storm event qccurred.onQBIJune 1983 with
a series of sevére thunderstbrms péssing tﬁrbugh the Picabo
.Valley. Tﬁtal prééipitéfipn for the Picabé area is not
available for thisﬁdate;_hoﬁever, in £;;9hum, éﬂounts_
ranging fr@m 2.5 £§?4.0 cm were measure&:' Stream flow
and water turbidity were uﬁusuélly High in Mud Creek
after the storms. The stream was bank full with water

flowing over the road culvert located between the two

study sites.

_f .
i

An estimated 13 c¢m of sediment was redeposited,iﬁ*“””?hﬁﬂ

the experimental section during Jumne 1983. Mean sediment




depth in the experimental section increased from 25 cm
to 38 cm. Mean sediment depth in the upper and lower
controls was 47 cm and 58 cm respectively, a decrease
from predredging values of cm and 5 ecm respectively,
Approximately 25 cm of sediment was redeposited >

F

during a two year period after dredging, or—sabout -

: - : N AV A
25 enfye. Sediment depths in the upper and lower ST e f’aué.
controls averaged 37 cm and 51 cm respectively by ./

12 September 1984.
“Aquatic Vegetation

Dredging completely‘éliminated all macrophytes
in the experimental.sgction and regfowth afterwards
was slow. .Substantiél growﬁhs of aquatic vegetation
were prééent in the expérime;tal sectinn by Aﬁgust‘
1982. Cover data for tﬁe'three dominant plant speciés.

at the upper Mud Creek study site, 1982-1983, are

oanfound in Table 2. o . _ : -

Potamogeton was the predominant'plant species

: ‘ . .
present in the experimental section before dredging. /

Af terwards, C. vulgarié grew rapidly amd was the mostzh'{;u
| | N\ Ve wt

/

abundant species by October. Both P. pectinatus and
'J.,"';'.__-J'" g V\") ’

Z. palustris declined by a large pércentage (Table 2) .

By November, nearly all rooted aquatic vegetation
PRLET TR

was absent from Mud Creek except for scattered beds of

Chara. The high flows present at this time washed

all dead plant material downstream;




Table 2. Percent of stream bottem cowered by aquatic
plant speries in the exper imental and control
sections &t the upper ¥ud Creek study site,
198:2-1483.. -

Percent of Sectiom Covered

Uppec .~ Lower
- Date | Control " " Experimenital Control
e
Aug: 1982
e - |
c. i 4s T 7
f/ C. yulgaris | | 0
t -
. ! P. pectinates jit- I 73 _ 24
] P pectinatss
“a\_z. ' palustris 37 - 73 6
Oct 19822
C. vulgaris — B & _ . -
P. pectinatms - 39 ' e
_Z_.' palustris — . _ () . . _ -
Aug 1983 e
C. vulgaris = &5 . ® 100
P. pectinatms. 1S .1 o o
__Z_. palustris 0 ‘ a . 0

& Cover data mot aollected Frmm zantrel sections




Chara growth in the experimental section was dense

by mid—April-with no other vegetation present. Potamogeton

appeared in late May, but not in the dense stands seen

- in 1982. Zannichellia was completely absent from the

experimental section in 1983, QQ‘; i =
. ' L EANIE S

- Breek trouﬁ.ﬁe¥e nemerically the most abundant fish)mfﬁir@;
- : , "species present inIMud"Creek, Before dredging, the
_ / numer ical densit& of_fish other than trout was in the
following order from'highest.to lowest: speckled dace,
.;' 3 longnose dace; bridgelip sucker, piute sculpin, and Wood'

- . ) !
fa ~ River sculpin. - : el A ﬂJf- =

Nongame Fish Species

Sediment removal had a temporary negative effect omn
the numbers of nongame fieh species (Table 3). The

immediate results of dredging were not, seenir;nce densities
. ’ - =Y LC"— L’[' %
between sections were not very dlfferent However nongame
! ”7 r \»”
Lk =i

spec1es did not increase in number in the experimental

,._.._-———--.__._--—-—-—-—-"'_ -

section as they did -in the control sections. By late July,

densities of nongame fish were approximately 9 to 14 times

L"})s

greater in the lower and upper controlArespectively, than

{hey_we£e in the experlmental section. Numbers declined

\J'—'

drastlcally durlng the winter with the die off of aquatic

halulursouliaduiats ’

N

vegetation.
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QjNongameKz%sh were abundant in the exper imental It
dt

\
. uﬂ., . .n __',,"\ —
section duri

the late spring thznngh summer of 1983,
and were strongly associated with the dense growths

_of macrophytes. No attempt was made to count them

while snorkeling.

Brook Trout

The den31ty of brook trout decllned by 60% in.
the experimental sectlon 1mmed1ately follow1ng dredglng
(Table 4). Densities temained low through the summer
and were similaxt between sections. In'October; brook
trout numbers increased, particularly the numbers of
larger fish in.the expetimental section. Sixty-six
brook trout were eolleeted in the experimental section
in late Novembet, whilemonlf-six and nine were collected
in‘the'lower control and upper control.respectively.-
Approximately 100 to 150 brook troutbwere observed fron
the bank in the experimental section in January 1983
:(éuy Bonnivier, personal c0mmun1cat10n) HoweVer- the
non~parametr1c ANOVA ;é;gg;;& no 51gn1ficant dlfference
in brook trout abundance between SecthDS (X =3.62, 2 df).
Loyt

Numbers of . YOY brook trout decllned by almost two-
thirds in the experimental section following dredglng
(Table 4)." Young-of- the year brook trout were not

. ol TN E TR T S SNL

abundant in any section after dredglng Brook trout

YOY were not significantly different in abundance between

sections (X2=2.24, 2 df)A 'ﬁ;c"’“fu ‘—)J(U i’i-—* ":? “IIZL‘-""‘C'“ r":'/f/i *

-y
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>

were gﬁﬁergily assoc1ated wath deeper,

(fﬁtunﬂente~of~agewl_and“gider brnﬁkwtrout ~Wa-s

_ﬁggiﬂlcantky -different-between. seetlnns (X ~12 08_ 2 df)ax

Q\q_\ ﬁ/“"l‘—" “V(f\/»'- A'/g_,u._?"‘r e T

Significantly greater numbers of Lheee:lazgar fish were
A

" present in the experimental section than in either control

(multiple comparison test for ranked data in a randomized °

block). o
.x'_ ]/11) élf‘

_ __Snorkellng counts perfﬂﬁiéd in the summer of 1983
Yv\cL\LHf«-l

rgnealeé very few larger flsh (Table 5) Most fish

observed were Yﬂxnbrook trout which »excegtmierhéﬂ&&nefw—
5 e Sra —A.A,» Mtsra. T .
were,mest abundant 1n the experlmental sectlon.

Snorkeling alsorgié;EQDdistinct habitat differences

between YOY and larger brook.trout.

!
S-—/ (H “I
generally preferre& shallow areas with overhead streambank

Young—of-the—year

cover or submenged vegetatlnn, while the 1arger trout
" -;Ltm [y

more open areas.

Rainbow Trout

‘Rainbow trout‘were_not abundant in'Mud Creek and

-_never comprlsed a 51gn1f1cant part of any sample.

There was a trend for ralnbow trout numbers to 1ncrease

in the fall and Wlnter but”n?t substaneially.
large (254 mm to 381 mm) raiabo&_troutHWere observed while
snorkeling the experimental section.

These fish were

generally in the deeper water of the experimental section.

Age and Growth

Back-calculated lengths at age for brook trout using

theIBOzmm body-scale conétant are found in Table 6.

The

P

Infrequently,““.




Table 5. Numbers of brook trout ﬁer 35-m stream section
" 1in the upper Mud Creek study site observed by
snorkellng, 1983, S :

'/N/kbe }pf Brook Trqut

. .bafe_“ ’ Lower Control -‘.Experimental ~ Upper Control
5 Jun . 46 | 59
30 Jun. o 143 . .:- . 41 _ .:. : ",
16 Ju1 © 30t 312 312
28 Jul 39 | f_' T el o s
13 Aug 34 | 61 A

éone to severalﬁfish_1argerﬁ£pgn_109 mm observed ' : ;H,th“-




Tablel . Back-calculated total lengths and increments of growth for
brook trout collected in 1982 and 1983 from the upper Mud
Creek study site

. _ . ..° ... Mean length at’ - ;' Computed mean length
- Age Group No. fish =~~~ = capture (mm) -~ .  at each annulus (mm)
: 1 2 -3
1 53 0 . T149.11 - 106.54
T 14 - 19771 116.02  165.2
1T 35 269.00 122.12  194.75  247.35
Weighted mean length - 109.10  170.44  247.35
Mean growth increment .~ A 109.10 . 53.34 52.60

Number of fish L S 70 17 3




\J»)

_y\
.

LAV :
.-"= .

brcok trout sampled ranged from 84 mm to 327 mm total
length. Brook trout exceeding 300 mm in length were

', difficult to capture,'necessitating'the use of a small

: 7 sample of larger fish in back- calculatlons.
}

Rainbow trout growth data are found in Table 7.
The ralnbow-trout sampled ranged in size from 80 mm to

242 mm.

Aquatic MacroihVeffebxatgs_

- .- Invertebrate abundance o - A

Chironomidae.was.the most abundant 'taxa present at
either section before dredging.(Iable 8), compfising_
'83%Z and 577% of toﬁalﬂabuhdénée at the experimenéal and
controlnseqtions respectively. Sevenfeen invertebrate
taxa were identified from benfhic samples collected
at the upper study site.

Approximately-two months after dfedging, the

" -invertebrate fauna at the . experimental section was

o e -

. § ) . =4

~almost nonexiﬁggnt_except for chironomids, which made -
T‘up nearly 957 of total abundance. By November, the

T ..mean abundaﬁce of macroinvertebrétes~rosé to -almost
3,300 organisms/mz, approximately two and one-half

-

‘times that found in August. Of this figﬁre,

chironomids conmprised 907, and Baetis parvus/tricaudatus
comprised about eight percent. Invertebrate numbers

peaked in February at approximately'4,100/m2. Chironomids’

P

were again the predominant taxa .ind comprised 937 of

N




y

Table -. Back-calculated total lenmgths and increments of growth for
rainbow trout collected in 1982 and 1983 from the upper
Mud Creek study site. : :

'-.Meaﬁ'__len,gth at . Computed mean length -

" Age Group No. flSh -' ~ -capture (mm) ~-at each annulus (mm) i
1 2 3
T 18 98.28 89.12
- 3 172.00 . 9.99 139,54
I11 3 T 224.66 102.86  150.92 197.64
Weighted mean length - S 91.58 145,23  197.64
Mean growth increment : o .91.58 - 46.30 46,71

Number of fish . o 24 6 3




. . ‘ ) | :' RRREETR ’ C-‘-:"I ‘1—’ € et
Table 8. Mean (x) and standard deviation (SD) of benthic invertebrate ST
abundance (no./m?) arranged by functional feeding group as
collected from the experimental and lower control section
of the upper Mud Creek study site, 1982-1983.
" Experimental - Control
X . sp___ % sp
@hnl%z
Scrapers o S o
'Baetls parvus/tricaudatus: I 28 . 35 68 . 98
Helicopsyche borealls L - - = 8 16
Fluminicola : o -~ - 4 . 8 4. 8
" Gyraulus o N 8 - 16 16 .32
Hydroptila I ' — _ A 8
Total | L | 40 | 100
Gatherers
Paraleptophlebia debilis o . - — - —_ -
Tricorythodes minutus =~ . . = - - 8 16 -
Total o ~ 8
" Mipers
Chironomidae - - 1808 - 944 28‘56. | 2884
Tbificidae . .. .. . . 16 . - 2 72 526
Total. S T o - 1824 - - - 3580
Fi].ferers :
Simul ium IR ) - —— —-=
Pisidium . 77 40 716 1180
Total | — 40 716
Shredders
Gammarus lacustris o 223 253 496 673
Haliplus : —— - _— —
Total - w3 T 496
" ot nk:- '!/i’_ -l v_.z‘:; & foid meet oA
125 tam Go a2 M,ﬂh__ _ WEEER I T
e % ' L Q Tewe 2F2Z [/ ﬁ-u7 ' s Ao 1= el
'é‘:[ M S . Pt Convip ! - i
: 28035) SR (TE) 4 ot

— - : ~ PeTeba. )




Predators
QOecetis 8 9 36 42
Ischmura 16 22 4 .
Sialis — — — -
Hirud inea .28 27 88 154
.. Total S k4 92 B
“. Grand Total 27 4992
11 Aug 1982
_Scrépers
Baetis parvus/tricaudatus - - 728 760
Helicopsyche borealis - —_— - -
Fluminicola -— —_ - -_—
Gyraulus ) — - —_— -
Hydroptila —_ - - —_—
Total — 728
Gathéré:s_ o
' Paraleptophlebia debilis - - 2 28
Tricorythodes minutus ‘ 16 32 508 330
. Total 16 532
Miners
.. Chironomidae’ 1348 398 . 680 117
Tubificidae ' 4_0 9 264 143
Total 1388 944
Filterers I
Simulinm -— - 4 8
Pisidium —— - —_ -
Total _ 4
Shredders
Gammarus lacustris _— _— 248 433
Haliplus 4 8 24 28
4 272

Table 8 . Continued

Total

W,
1}




Table 8 . Continued

Total

Prédators
~ Oecetis - - —_ —_
“Ischnura - . — — —_
Sialis 8 9 4 8
"Hirudinea 4 -8 176 148
fotal 12 180
" _Grand Total 1420 2660
~ 21 Nov 1982 ;
Scrapers
- Baetis Earvus/tricaudétﬁs ‘ 264 - 194 888 482
- Helicopsyche borealis - 4 8 16 13
Fluminicola _ I - - _—
Gyraulus ' ) —_ — - —_
' Hzc_lrogt'ﬂa = 8 16 _ _
Total | 278 904
'Géthérers
Péraléptophlebia debilis - - - -—
Tricorythodes miritus 4 8 — _
Total 4 _
. Miners
_Chironomidae 4412 2120
Tubificidae - 664 261
Total 5076
Filtefers -
Simulium 4 8 B0 42
"~ Pisidium 12 24 48 39
“Total 16 88
Shredders
Gammarus lacustris -— - - 84 110
Haliplus 8 16 28 27
8 112

i




Table 8 . Continued

12

Predators
Qecetis —_ — 4 8
Ischnura 12 - 24 160 140
. §ialis 4 8 8 "9
Hirudinea — — 206 162
~ Total 16 372
Grand Total 3286 6552
13 Feb 1983
Scrapeéers -
Baetis parvus/tricaudatus 124 46 1082 768
Helicopsyche borealis - —_ 8 9
Fluminicola —_ _— _— —
Gyraulus - —_ 8 16
Hﬂrogtila - - —_ -
Total 124 1098
Gatherers
Paraleptophlebia debilis - —— - —
~ Tricorythodes minutus - - - —-—
Total — —
 Miners | ~ T
Chironomidae 3868 . 604 4076 1831
Tubif icidae 56 .50 152 158
_Totai‘ 392 4228
Filterefs . B
© Simulium 16 - 18 36 52
. - Pisidium 40 48 124 38
Total 56 160
Shredders
Gammafus lacustris 8 16 60 110
Haliplus 4 8 36 27
Total - 96




Table 8. Continued

Predators

“Oecetis
Ischnura

" 8ialis
Hirudinea

Total .
Grand Total

12
16

24

22

52 .

72
76

...200
5782 -

134
66




total abundance, while Baetis made up roughly three

percent.

Functional feeding groups

LN I h ™ - :‘
bYvad;g? h51_4443w colitizeg A (el

Collectors were the predominant functional feeding

group present before'dfedgiﬁg'(Table 8). Miners were

the most abundant subgroup of collectors comprising .

847 of the_inveftebrate;community, while'shredders

" made up 107%. Scraperé”éﬁd filterers were absent from

- samples nearly two months after-dredging. Except for
miners, other functional'grdups were pooriy represented

-in'August.

Miners continued to be the predominant group of

invertebrates present at the experimental area into

November and February, while scrapers comprised no

greater than eight percent of_total abundance. ‘ f'“




Lower Study Site
Aquatic Macroinvertebrates

Taxonomic richness and total abundance

A total of 321taxa'ﬁere,identified in benthic'

:samples collected from the lower Mud Creek study 51te

Loiiriin]

!}j . __

Y s G%able .)' of these, representatives from two families
(Chironomidae, Corixidae)'ehd one order (Hirudinea) were
not keyed to genus.

Richness values were generally hlgher for control

g ST et e ool 2

samples (Table ), but several genera v ve"e :epresented

“by only a few ind1v1duals.;_There was no'discernible

" trend for the number of taxa to increase in the experimental
_area after dredging;- Seesonally, fewer taxa were present
~in both areas during the late summer than in fall or

 winter.

,,i kx_meﬁ nrf k.

_ Although 1t was_&seumeé that the benthlc community

(.18 \1 u,
WaE v1rtually ellmlneted 1n the experlmental area after

— - dredging, a mean of almost 1000 organlsms/m2 was already
e T Mes T
present 10 days 1ateg,’ Total, numbers of the benthlc

-

-macroinvertebrate community - sampled at the lower Mud }pwuﬂ ST S

Ao cdra /7
Creek site are found in @able .

FT Macr01nvertebrate numbers contlnued to dincrease

) Y

‘on the experimental area after dredging (Figurecz).

Numbers of macroinvertebrates were consistently lower




q- PRI
Table . Richness (mumber of staxa) values for the experimental and
3 control halves of the lower Mud Creek study site, 1982-

1983.

L

' Richness

Date = . % Experimental Control

29 Jun 1982 IRRR TR 19 ':} : _ %
9 Jul 1982 o o 15 20
30 Jul 1982 . B 16 19
11 Aug 1982 . o o 16 | 15
2 Oct 1982 fﬂ,_ 20 25
20 Nov 1982 | | . __”f. 19 23
13 Feb 1983 . L 17 - 21

16Mar 1983 - - ... 25 .. .39

)




Figure 7 .

Mean densities of aquatic macroinvertebrates
per sampling date at the experimental and

control sections at the lower Mud Creek
study site, 1982-1983,
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at the experimental area than at the control area;-
however, this trend was reversed in late winter when
mecrointertebrate abundance dropped precipitously in
the control area from a mean of over 10,000 QE&EE%Eéﬁlm

'in Noverber 198%/fto less than 6,000/m2 by mid~March

1983. During this same period, densities of
- macroinvertebrates suppbrted on the experimental area

peaked at approx1mate1y 9 400 organlsms/m in Febrﬁary,

and dropped sllghtly to over 8,600 organlsms/m by - )
MarCh. Cifmﬂgmﬁiﬂ:'tﬂmf{}€7 ui”‘, o ¥

Results of the ANOVA procedures performed on

: i C s T 5/(_, K ? rne f’

4

log (x + 1) transformed density data’*indicated Fovran, LA

L |
. r
ot gLt .

N T 2

seasnna*rjﬁhere were significantly fewer organlsms/m

-.present .at the experimental area than at the control'

.-.,-ta

area during the stddy (F“ B. // d'[ /-

‘?ﬁ Teere'were also 31gnif1eent'differenees in tetel.

5 macroinvertebrate abundence-among eeasons within beth
Z/ the experimentallendtcontrdl areas. ﬂean densities
.Edf;benthic'ieve;teﬂtatee:were significantlf ﬁtgher
;during the fall.thtoqgh winter period“tﬁah in the
/ . o : s
Qfﬁummef'(SNK multiﬁieerange_test).

Composition  \hritwe

Comp051t1

,A-qg__. s _2 ij G i »
at the lower Mud Creek Sit95é£ﬁ found in Fat -




?Diptera (primarily Chironemidae) was the dominant
; order present-at the lower study site before dredging,
.comprising 547 and 577 of the total numbers of

Flmacroinvertebra;es at the experimental and centrol
'f, :x\ areas respectively.' Following dredging, laipteranﬁﬁ
_. \remalned the dominant group in both. areas, whlle
{Eiahemero;)teran-s‘ and(grichoptera—ns made up small

:ef‘¥:_;/ﬂpercentages; By October 1982 dlpterans comprlsed
'cu,l._.;.-‘-"""' o less thanIIOA of the total number of . invertebrates-
R >‘ present at the e::perimental area, 'while making up
‘ :';ﬂl; r L ‘-nearly 377% of control area densities. .Dipteran

‘/ redafiyesy.
i abundance.remalned 1ow at the experimental area

during all subsequent sampllng Conversgely,

dlpterans generally comprlsed a substantial At VC LL&
' e e e, . Sen

percentage of total numbers in” the control area. Vo

EphemerOPt'er‘.édnS',:‘ increased in abundance at the
i P .l . .

N L . the control aIEa inrgbdﬁE late July through August,

A

N ¥ yet lagged behind .,ét‘ the experimental area until
‘;\-*,.ea'r'ly October ,atwhlchtlme tlhey increased.

= _r“fﬁ;hemeroptena.and Tniehonfera becane.tbe deminant
orders present at_:___::'t:_ne exnerinental arealn fall
R ~::_{_.through winter sarup'l.-es,- making up -_25'2 to 70% and
_ ; 7 147 to 467 respectively .of the total number of

‘ macroinvertebrates. Concurrently, at the control

area, the percentage of total numbers comprised of
Y

Ve

epheméroPterans :was- only 13%Z to 54% ‘and 3% to 12%
LN __;‘_-./-‘
‘respectively.




AN - ’;’3 o
Individual taxJ abundance

S$ix of the.lo'major taxa analyzed with ANOVA

- exhibited significant dlfferences in abundance between
i . ‘oA
_el &/' v
sites only, and.saven of 10 showed 51gn1f1cant

e £

S . 13>

differences-amongdsampling dates (Table ). Only B 2

. one taxa, Optioservus quadrimaculatus, exhibited no
e oL . - S/X% -

i,@ --‘significant differenee iﬁ'abundance}" In f4ve of

the analyses, a 51gnif1cant 1nteract10n between

variables existed, Suggestlng a possible synergistic

PR X A -

effect of site and season. Mean abundance values
: S o bpocwdiy !
for individual taxa are found in .

Functional feeding groups

Predators and shredders were significantly different

e o e o e R
T e -

}u{ in abundance between sites; filterers, gatherers, and

ﬂﬁfESCrapers wer e significautly different among sampling
Ta o _ ' T
R dates, and miners exhibited significant differences

\within both variebles (Table ).. No significant
1nteract10n between varlables was detected in any case.,

Totals of mean densltles for funct10na1 feedlng groups

u:?..-v‘J/' L‘t / /

'are found in_iaiégg .

Collectors predominated the macroinvertebrate

community before dredging, followed by scrapers,
12
predators, and shredders (Table " ). Collectors
remained the predomlnant functlonal group in both areas
-U’
until November, %?re scrapers were predomlnant in the

experimental area followed by collectors. Except
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Table . Functional feeding group composition

(percent of total abundance) of the
benthlc macroinvertebrate community
collected from the experimental and
control areas of the lower Mud Creek
study site, 1982-1983.

Experimental Control
29 Jun 1982
Collectors - .~ - . (77) " (76)
Filterers s . 6 T - 5
Gatherers L _ 7 . 9
Miners T 64 62
- Scrapers : ' 20 ' 19
Predators : 2 ' 3
Shredders . o1 2
9 Jul 1982
Collectors " (63) (67)
Filterers _ _ _ 10 3
Gatherers 6 9
Miners 47 : 55
Scrapers - o 34 o 28
Predators - : 1 - ; 2 -
Shredders ' B - 3
30 Jul 1982
Collectors - an - (70)
Filterers ' ' 5 : 4
Gatherers 3 . 7
Miners 69 59
Scrapers ' 20 28 _
Predators 2 . 1
_ Shredders ' 1 1
N 11 Aug 1982
Collectors (64) (49)
.6 3

Filterers




. = '... :‘/ - ) '
Table . Continued
Gatherers ' -1 . 2
Miners 57 44
Scrapers ' _ .35 o 46
Predators : 0.5 ' ' 2
~Shredders '-__ o ﬂ;~0g5' "; ;.} 2
"2 Oct 1982 -
Coilectors -__ L (52) . .(60)
Filterers T . 36 20
R - " - Gatherers . o -3 6
* - Miners 13 : 34
-:‘_ _ o Scrapers. - - 46 : 31
Predators | C :lb 4
Shredders o 1 5
20 Nov 1982 ]
Collectors o -~ (31) | (54) B}
Filterers .17 31
Gatherers S . 2 1
Miners S  m 12 _ o . 22
Serapers - 68 41 T
Predators =  ' 0.1 _ " 3
Shredders 0.9 o
13 Feb 1983
Collectors g o (20) - (39)
Filterers 8 _ 3
Gatherers : 4 2
Miners o 8 34
Scrapers ‘ .79 - 57
Predators _ 0.5 : 2

Shredders o : 0.5 : 1




B R

Table . Continuedl'

"16 Mar 1983

Collectors S (20)

Filterers _ /8 . 13
~ Gatherers g 3 . 1
" Miners S F9 . 40

- Scrapers . T

_..fPredators e f  G 0.5 ' . gy

:Shredders' :h“3 'r; \H<O.5

(54)

i




for February, the collectors were the most abundant
group present at the contrql area. Scrapers increased
in abundance at.the experimenfal area from late July
?up.until the final sampling period in March, where _ éxjﬁf,»
”they comprised 82% of the invertebrate community.
Shredders andrpredatprs £ypica11y_copp£ised no greater

than 5% of total abundance..

' . Among the collectors, the miners constituted the
‘main subgroup at the control area except for-NbvemEer.

Miners were 3l¥6 the dominant subgroup of collectors

present at the experimental area until October, when

filterers assumed predominance.




Drift

A total of 13 invertebrate taxa were identified

from drift samples taken in October and Novembher 1982
z . : '
(Table ). Approximately three times as many invertebrates

a .
gyt 'f”:(,‘;_?_.r:/' .

were collected in the drift in early Octobeg,/as oppesed
}wflate November._ ' -_J”: S o L
B . LNG‘J ‘ o ’ . * )
Baetis ﬁp” yere the predomlnant macr01nvertebrate“ﬂﬁm :

drlftlng downstream in October and November comprising .

)
\\__ . Py

87% and 79%«4:“&1 abundance respectivel;\of drift

- INSRPTLE}

"samples.

Diptera, including the family Chironomidae, made .

N > rambhoe
up 107 of total -abundanee in the October drift sample.

. \\--_.-/

However,'inﬂNovember igipteraae were scarce in the drift

“"'h-...____‘_q /_FF'-'_“ E

and comprlsed less than one percent of total abundance.
Simulium sp. 1ncreased 1n the drift more than four—~_:-

fold in November. Other taxa were uncommon in drift

samples. |




Table "~ . Abundance of aquatic macroinvertebrate taxa
collected from the drift in Mud Creek,
1 October and 20 November, 1982,

October November
Taxa ' T Total No. Total No.
.~ Coleoptera 3 2
Corixidae o 1 1 -
‘ . . Euparyphus sp.. : 3 -
Lol 277 . Trichoptera ' 8 4
N o Hirudinea o T 1 _ -
e Simulium sp. . 25 ) 113
v - Diptera _ o211 4
o "Collembola . _ 1 _ -
R Baetis spp. =~ - .- .1750 492
* Tricorythodes sp. ' 1 -
Paraleptophlebia sp. - _ 6 : 1
Hyalella sp. o 2 _ 2
Hydracarina : S == 3
2

Unknown L 2

Totals 2014 - 620
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DISCUSSION

This study was initiated to quantify the responses

of stream organisms to sediment removal, and to assess

‘the utility of hydrauiiq'dredging'in streams as a

-~ method of rehabiiitéting'salmonid habitat. No previous -

investigators have assessed changes in the biotic

community of a fiu;igl system following sediment

removal with dredging equipment. Carline and Brynildson
(1977) studied the effécts of hydraulic dredging on the
aquatic biota and the ﬁhysico—chemical characteristics

of Wisconsin spring ponds. Andersson et al. (1975) and

Wilbur and Langford (1972) documented changes in lake

benthos after dredging. Complete and reliable data

~on the biotic component of lotiec systems are lacking

in dredging projects.(fHopefully, results from this

"study will prompt further investigation and the

development of more refined and efficieﬁt-dredging

equipment for use in lotic environments.)ébi

T S
-~ -

[ Upper Study Sith--'-"*‘-“

T e R

— ———— B

Aquatic Macrophytes

One of the major physical effects of hydraulic

dredging was the temporary elimination of aquatic

macrophytes. Potamogeton was the only vegetation



Sl
directly affected because it was the only species

present during dredging. Although Potamogeton was
: f} . 1
o B &J;.,
removed by dredging, it grew back in approx1mately
o

- two monthsjas did Chara and Zannichellia.

The removal of the majority of fine sediment

from the substrate dld not have a detrimental effect

\L/ 2 LIRS
.on growth of'Chara. Chara responded by 1ncrea51ng : Fod e
the percentage of substrate covered ' Although Chara_ﬂ
- . b\_,-'-'(q ‘14 ' "\‘Il L7 I : k;' . Se T
'generally gTovs better in’ Shallow water (Carllne and R jiTe

Brynildson 1977), the increase in mean water depth {: L -
Ll mrme gl T BT ey
cf= L f-' T HEF .

at the experlmental section did not adversely affect

Chara growth. Chara Spp. can grow 1in water reaching

20 m in depth (Prescott 1978)

Submersed macrophytes tend to stablllze sediment )\

. /’,.., m— ‘ - Wx -~ -‘-—'2-_»*,__ P},a \-L( . . ’;
both by ‘the _presence of, roots; “and by reduc1ng water P

velocity, Whiep causes an acceleration of sediment
deposition (Davis and Brinéon 1980). Francis and .
Bjormn (1979) suggested‘that sediment may be necessary

in certain amounts for Chara to establlsh good root
' ~ iy Sy

Chara did ‘not grow well

'“} .

on exposed claypan until minor ‘amounts of Sedlment
-_______.__--"-‘-—"'_"_""_‘_-_r.-._'

. \ﬂ?

_systems and form 1arge beds.

were redeposited; it then.readily established itself
on the substrate of the experimental section.

By decreasing water velocity and thereby creating
a pool environment, optimum conditions for Chara were

established. Chara spp.dare found primarily in hard

ST

water or alkaline lakes and slowli:flowing streams




® @
where calcium is abundant (Prescott 1978);. The total
hardness in the Silver Creek system, or the amount of
magnesium and ealcium carbonate ions in solution,
R J ~ -.generally is around 200 mg/l (Francis and Bjornn 1979).
57 " o | Carline and Brynildson (1977) reported increases
in magnes1um concentrations after dredglng in two

3<=“Ef ' Wlscon51n sprlng ponds._ Although this would be

dlfflcult to monltor in flow1ng water dredglng may
. o »jJ _5_\._ !v'[f\a."»—gﬂ.\:'
Ve -have caused ‘a local release of 1ons which were

] ST T R =

Cﬁﬁ.ﬂ_ - 1ncorporated in the Sedlment and that may have been

benef icial to Chara growth.

. g
3 [ N ’ .
0’(" REPER R -

Potamogeton pectinatus is a tolerant species

e

 ﬁormal1y dominant or subdominant in disturbed systems

(Davis and Brinson.1980); Potamogeton may also

Jsﬁrvive'high levels of,urben sollution. In Silver

W

Creek, Potamqgeton grows best in 511ted areas

pitedhbal e

suggesting that sediment is necessary for_a strong,

. healthy root system. i

—

.y The observed decrease .in atea covered by

_@QPotamogeton following dredging indicates that removing
oo most of the deep-organic substrate was detrimental to

f;? | Potamogeton. This-piant has a fairly extensive

-‘ e
5.___‘.____\__ ‘ PEERLACES o7 A

_F - rhizome system and may réqulre the soft organic sediment
3 TTT——

for optimum growth,

Zannichellia palustris is a tolerant species
e d
normally present in 1ow standlng crops in disturbed

systems (Davis and Brinson 1980). It can tolerate




turbid conditions; however, even in undisturbed systems,

it generally contributes minor amounts of biomass to

the macrophyte community (Davis and Brinson 1980).

Zannichellja growth was minimal in the experimental

,?;ﬁ- section after dredging. This plant possesses a slender
- -/ a8 [. . - . - i - . -~ E:.” I .
MTX -+ rhizome and the lack of a {fine sediment substrate

AL e "

o excluded this species from the experimental section. .

—— . e

i

r
G o sl
Y !

Several facéorswﬁay'be responsible for the shift
observed in the ééu#ti;.;;crophyfe éommunity of'Mud.
Creek following?dréaéiﬂg.. Firstly, photosynthesis
generally rééﬁondé to incieaées in light intensities
with é rapid,.nearly lineér increase:at low levels,
followed By a leveling off .at higher intensities -
(Pavis and Brinson_l980)...At higher inténsities,

the photosynthetic mechanism is "light saturated."

vz Mo additional increases in photosynthetic rates
result from additional light energy. In clear shallow
~waters, the photosynthetic mechanism of C. vulgaris

‘may only be saturated at high 1ight”iﬁténsities.

Chara vulgaris may therefore possess the potential

for even higher photosynthetic rates,_while other
species have reached their maximum oﬁtput;J'The
rapid growth of Chara observed may have resulted .

in virtual control over such resources as nutrients

and sunlight which would exclude competitors.
Secondly, the sediments in Mud Creek probably T e

store elements critical to macrophyte growth.  The

temporary removal of this source by dredging may




i, u‘-'\ Nk

have retarded plant growth. As Chara grew more rapidly
than the other species, it secured most of the remaining

nutrients, and those deposited later.

Thirdly, the seeds and flowers of Zannichellia

and Potamogeton are important food items for ducks

(Prescott 1969: Fassette1957). Silver Creek and

trlbutarles are ut111zed year round by waterfowl

-lwhlch at timesumay number~in.the thousands. . Although

‘no quantitative ev1dence exists concernlng the 1mpact

of Waterfowl on aquatic plants in Sllver Creek, it is

Peq wrmon T 2ur @ J.

susPected that large numbers of waterfowl could have

a deleterious effect. Mallards (Anas platyrhynehos)

and cinnamon teal (Aoas eyanOptera), both dabbling

ducks, were seen in moderate numbers omn. Mud Creek

g /‘4* - ;’

.throughout the season. . If ducks select for the more
. e

succulent plants such ae Potamogeton and Zannichellia,

then Chara may be given a'eompetitive-advantage.

Ho T I ARSI AR S Y

LI e Y

T g e

Nongame Fish Species -

The major factor limltlng den31t1es of nongame
an»oefmug Cu 24
fish species after‘dredglng/waéfthe 1n1t1a1 lack of

<

“
L
)

aquatic vegetation. All nongame spec1es-inhebited

r«ﬂtfhv

J ¥
the dense growths of vegetatlon or we;e-&esoe&ateﬁ’

with the undercut banks.j The decline in dace numbers

_observed following dredgin%; indicates the importance

of aquatic vegetation to thejr specific habitat _and

g




® N
and food reqdiremehte. | -

Longnose‘daee are benthic fish and are usually
associated with current velocities exceeding 45 cm/sec
a(Bartnik 1970) . In Mud Creek, higher velocities are
found where weter is forced through narrow chamnnels
between vegetation beds. Longnose dace rere obéerved

. Coyt A ).-b\. =
-near the substrate gﬁaziﬁg macr01nvertebrates off of

'_vegetatlon.

Speckled dace prefer shallowiztﬁﬁt and quler water
(Slmpson and Wallaee 1978) . This fish preferred regions
near undercut banks and shaliow water areas with dense
vegetation. Deebening the water in the experimental
section did notpii;;;'their distribution.

"Bridgelip sucker, Plute sculpin, and Wood.River
sculpln number s remarned falrly stable after dredging.
"Suckers were generelly found-in aquatic.vegetation,
Whiie scelpin tended_rb inhabit the sﬁellow regiods
near undercut‘bepke} |

Temperature'andrflow are water qealiry.parameters
‘which indireerly 1imit.the-nuﬁbers of nqﬁgame fish
species in Mud cigék Beceuse_they haveiezdirect-effect
on vegetation. Aquatic vegeration pla&s:eeveral _
impor tant roles in the bioloéy og'nongame fish fednd
in Mud Creek. The dense beds of vegetation serve as
cover from possible predators, as eubstrare for food

C; “ 7 ﬁ‘;é\r-;.i"-."i’-‘.'_
organisms, and as a determliniant—of water velocity

near the substratum. Following the dierff of aquatic - A




vegetation, most nongame fish were overwintering in t‘;,J;
‘ot
deep undercut banks restored by dredging. Rehabilitating \ &L,
' \ s}
this habitat was beneficial not only to trout, but to S

/ A
}
"nongame fish species as well.

Y4
7?7

e L o
o R (RS F

Trout

. : A _ _ o _”w
A prlmary obj ectlve of thlS study was to increase ,{XD FL'UQSQ%

11v1ng space for trout 1n an’ experimental section of

e e

Mud Creek, partlcularly overwintering habitat, since
””this was a major factor 1imiting trout densities.

. 1 /This has been suggested by previous investigators

[

(e.g. Everest 1969). Switable-eoverwintering ﬁ/bltat v/ *r*%‘Hﬂpﬁg

. T Crasidaad
o, ielis fOT trout<:i Mudrgreegﬁggfh as undercut banks, deep

— o e

—— e — e .
water, an?mg'rubble boulder substrate is generally .

. IS VY S i e e e _____..‘_,.....-.-—-'//.
1acking.ux T N : 5 : =

' : ’ Gt o \r e ;'/, ] ' -

. o Trout den51t1es 1ncreased qghgﬁantially in the
experimental section after dredging, particularly
":during the winter. The increased mean water depth
~ _ aumdl .
and undercut bank covegkmade he area more suitable

for wintering trout. Water depth has been shown to

-be one of the most important parameters relating to

carrying capacity of salmonids in small streams
a_l . .
(Hunt 197%; Lewis 1969). This parameter becomes R _ o —

increasingly important in winter when adult trout Vﬂ@7 y ;
. )
L~ 00 ;

move into deeper water (Lewis 1969; Hunt 1974). - R

“55 Carline and Brynildson (1977) reported that in

northern Wisconsin ponds with mean water depths of
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Sampling efficiency

Electrofishing with a backpaék unit in Mud Creek
proved to be relatively ineffective at cﬁllecting |
trout. The exceptiqnai clarity of the water, the
dense vegetation' and thé small electric field created
_ by the shockeifﬁaﬁé hampered efforts to capture fish,
Although sampllng w1th the backpack unit was successful.
in November, thls generally was not the case, Trout“'
ﬁsqally avoided the p931t1ve ‘electrode by swimming
.downstream around the individual wearing the shocking
eqﬁipment.

Typically, trout were too abundant to prevent
them from escaping caﬁture. The stream wés large
enougﬁ so that a single individual could not effectively
. cove? the entire width of the-;hannel with the elecrode.
However, to be coﬁsistept, electrofishing was conducted
through March to allow for Statiéticalwanalysié_of
.abundance daté. . | |

| Snorkeling was used in liéu:of'electrofishing
from June thfough.August 1963. A single observer could
'effeétively view the entire width of the stream channel.
Snorkeling has.proven to be a valuable method in
censusing fish populations in some situations (Northcote
and Wilkie 1963; Goldstein 1978). Griffith (1981)
demonstrated-that an pnderwater observer with prior

knowledge of the age and size distribution of a trout
Y

pOpulationi/hould effectively estimate the age-frequency
' / ' .
-
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distribution for that popﬁlation. Young-of ~the-year

trout could be distinguished from older fish in Mud

Creek because of minimal overlap in size between the

few observed age classes present as determined from

electrofishing data. However, underwater observations

made from Juﬁe throﬁgh August 1983, revealed that

the great maJorlty of trout were Juvenlle flSh

Although the effic1ency of the two methods to

ras
_census trout populatlons coald not m-directly compared

snorkellng appeared to be a more effective method of

a..JL‘ R RTR ) .-.4»“'“.:'-—"

_ collectlng d&%&m&&—&p&tles_Qﬂmpgﬁlilaﬂﬁaﬂé~abuﬂ&&ﬂce

in a stream with water quality and physical dimensions

such as Mud Creek.



o @
less thaﬁ 50 cm, 1iv£ng space appeared to fe the
major factor limiting trout popuiations. Shuck (1945)
found that volume and depth ef water were important

-factors determining poﬁulation density of brown trout

(Salmo trutta) in.a section of stream. The number

of_fish speeies,.ineiueiag brook and brown trout;‘in
eectibns of Owege'C}eekevNee York waa most strongly
correlated w1th stream depth (Sheldon 1968). |

- Sultablllty Index graphs developed by Raleigh
(1982) for adult brook troe}g/suggest a 51gn1f1cant

increase in usage of areas with water depths greater .
_ _ R _ :
than 15 cm (Figure ). Wesche (1980) also reported

that cover for adult brook trout is suitable in water

depths greater than 15 em.

" Aceording to generaliaed probability of use curves
developed for adult rainbow trout (Bovee 1978) usage

drops from approx1mate1y 100%Z at water depths greater
-t _-'UU"(
than 65 emy to 20% or 1ess at water depths less than
/ l/ . .
.35 cm (Flgure ).

The area of the experlmental sect1on with water

depths greater than 50 cm'increased by 64% after

dredging. The carrying capacity of this stream sectlon

5 ’}-{,AM-"L

for trout 1ncreased 1n response to the increase in

> L

available living space. There was also-%he greater
capacity of this stream section to suppert wintering
trout. Winter holding areas are often limiting to

b
trout survival (Gard 196la; Hunt 1972). Gard (1961b)
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Figure . Suitability graph indicating the
relationship between average thalweg
depth during the late growing season
low water period, and the presence of
adult brook trout. From Raleigh (1982).

A = stream width <« 5
5

i 'l" S e gj,»'l,’. =z ,‘-r,«:.,g
B = gtream width > ynsert ines ;31
v

m
m
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Figure .

Probahility-of-use curve indicating the
relationship between water depth and
presence of adult rainbow trout. From
Bovee (1978). -
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reported incfeased sufvival of troﬁt when such areas

were created. Winter holding areas for fish are often
linited in the Intermountain West because stream flows‘
are lowest at this time_of.year (Wydoski and Duff 1982);
Wydoski and Duff (1982) suggested that fhe_constrpction
of pbols for ﬁinter che; in western regions can be
~vital for fish.surviﬁai. Jester and McKlrdy (1966)

found increased éve1w1ntér surv1va1 of rainbow trout

when pools were g;eated by stream habitat improvemeﬁt.

"In addition to increasing mean water.depth, undercut

bank éover was reétorgd. ~All age groups, but particularly

-/_”—-\-‘?- -""“_ .

"YOY ﬁrout used undercut banks to a great extent during

[

the study. This habitat proved especially important

during the winter when vegetation was lacking.

‘Stream bank cover ié'an important va:iablé in
optimal brook trdut ﬁabitat (Raleigh 1982) . Boussu
_(1954) demonstrated that removél of undercut banks
from a section of stfeam caused a decrease in the

number and welght of re51dent-ﬁrout 'especially larger
ednannd G(—vﬂ‘.—rﬁ«.“_;’

e —— #

e

fish. The sloughlng off »and collapse of streambanks

from cattle grazing probably affects flsh populations
of e

mo;tﬂ}gportantly (Platts 1978) Saunders and Smith

(1965) speculated that low population numbers of brook
trout in Elle?siie Brook were strongly associated with
loss of suitable habitats, particularly undercut banks,

They found that as silt was scoured away and banks

became undercut, older trout (age I+ and older)

quickly utilized them.




Undercut banks are important and often essential

habitat for trout, especially fish seeking cover from

adverse winter conditions., v b 77 /
The declines in fish densities in February and ' .
March 1983, were unexpected and are attributed to the \

lack of a sufficiént food supply. Griffith (unpublished \_Eb d,aléyﬂ

Luqxf*“: data) observed similar declines in trout densities. : J‘

Vf;f" in Mud Creek during winter, and also suggested that /_
the food supply for:;rout during this period was ///
inadequate.

L Effects of temperature on trout 7~

3,

: R v Thermal conditions in the experimental section-

-~

ey

- were not altered by dredging. Water temperatures duriﬁé::%“Hx\\

\

the sunmer often approached 20 C; however, this did not N
appear to stress trout. Optimal temperatures for growth

and survival of brook trout are 11 to 16 C (Baldwin 1951).

Mid-day/bfiquyé)fsﬁmmer water temperatures were{usuall
) " ot

in this range and temperature was not considered as a
limiting factor. Carline and Brynildson (1977) observed“\//f
no appreciable effect of dredging on the thermal regime//)

. T : ' : .
of spring pondsan “hse _ rZ,
- PR

forpy oy

. . 9‘,:
Water temperatures in winter at mid-day were-atlways
higher than 5 C; however, a temperature of 2.5 C was
recorded at 0800 hr on 19 November 1982. Salmonids

seek cover during the winter when ambient water

temperatures drop to 4-8 C (Bustard and Narver 1975).

P

Low water temperatures probably trigger movementﬁing?’
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trout to more favorable conditions in Mud Creek or

—ig the larger tributaries. The deeper water in thé
experimental section afforded temporary cover for.
migraﬁing fish. Howevef, Qith the‘decreasing water
temperatures came the rapid di%(off of aquatic'
macrophytés, whicﬁ ;esuiteé_in shallower water, loss
of instream cqvef for fish, and the loss of habitat

" for aquatic macroinvertebrates.

£i

Effects of water velocity on trout

Since water velocity decreased in the experimental

section after dredging,'it was assumed beneficial to
t

brook trout. Brook trout prefer moderate flows (Elson
=
1939), and Griffith (1972) reported that focal point
velocities for adult brodk‘tfbut in Idaho ranged from
7-11 cm/sec. Wesche (1974) observed that the majority
of brook trout in a Wyoming stream were associated
with point velocities of less than 15 cm/sec. Water o
. ] . . i - ' - ‘.:_.‘ ..7
velocities in control sections Egzgﬁfpproximately Farlnord

20 cm/sec, which approaches the maximum focal point

velocity of 25 cm/sec documented by Griffith (1972).

(@]
Spawning by trout

p— o=

Trout did not spawn in the upper experimental
section éfter dredging. Spawning was not ahticipated
" because no7” suitable gravel was uncovered by removing
sediment. The lower expérimental section was more
_ : -

conducive to spawning by trout but no redds were seen
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The decline.in.trout abundance observed in.February
and March 1983, was unexpected and in part can be
cattributed to the lack of a sufficient food supply.

<4 !f(:’r ) UM/PUL(' de t""
Griffith f&npnbtrshe&—d&ba% reported 51m11ar decllnes
in trout numbers in,Mud Creek dnringithe winter, and
euggested an-inadeqnate:food supply-as the cause.
| Invertebratee_:nefe abundant in the drift .in Octnber,
.but not in Nonemben,' The status of invertebrate
abundance in bhe drdff.at Mud Creek in late winter is -

Lnknown; but if: benthlc abundance ;is associated with-

\ _,_,_n.._._——-._....__,___‘__.____,_,_._._.

- .

abundance of drlfting organisms (McLay 1970), it may
be substantial. Francis and Bjornn (1979) reported
.the greatest numbers of drifting invertebrates at
Siiver Creek in iate winter and late sumner, and the.
smallest numbers in epring and fall.

The lack of suitable babitats for invertebrabes
in Mud Creek.pnobably_induces.drift, particularly in
bhose organisms needing finm attaehment-sites euch

.. as mayflies and'caddieflies; Thie_suppiy of foodlfor

trout may decline in winter as the upstream pool of

P invertebratesywhich generally replenishes drift,is
depleted. Drift from autochthonous sources is probably

minimal because of the general lack of instream habitat . .:, — .-

B SI

to support large populations of those species preferred

by trout as food items. Allochthonous sources of

invertebrates may provide a limited pool of food organisms.




o | ®
after dredging.during the spawning season. - It is likely
that the iﬁtergravel environment may not have Been_
suitable for the hatching.and survival of trout embryos
.and fry. _ o .
Toset Fooiozen

Aquatic Macroinvertebrates’

Invertebrate abundance

The benthlc communlty was much reduced after
pra#-u..icf C-’ / .
dredglng and recolonlzatlon tommtnct&”slowly. Only
chironomids showed a steady increase in density after

- dredging. Although vegetative growth in August was

fairly dense and comprised pfimarily of Potamogeton,

invertebrates other than Cﬁironomids were scarce,

This trend continuéd‘through-February after the

cessation of plant growth. . S
The suppression_gflvéggtative growth in the

experimental section resulted in much.reduced den51ties

of macrolnvertebratgs, Carline and Brynildson (1977)

e observedgiiiffjg)declines in invertebrate abundance

£ 7 .
\)%5:“.1,5-‘- af;er dredging two spring popds‘in Wisconsin;7 The area iiiinpﬁ*?jz
‘%ﬁv§h“ | ‘'of pond bottom covered'bymchara'wéSZEBS§ZEEEEEEE>after 'h“Q”ffﬁM 5

dredging, and the authors suggested that certain loigOFCﬁﬁ?'
r%&invertebrate taxa were adversely affected as a result, | ¥

oy ——

"fV' Chara growth was dense in the lower control and

(. . invertebrate abundance and diversity were greater

]
X

than at the experimental area.




Since chironomid densities increased consistently

through time, it was surprising that Tubifex tubifex

aiso did not increase. Both taxa‘are tolerant of
_organic sed iment where concentratidné of dissolved
Tbxygen are often critical.. Tubificidé can réach high
densities, often in excess of 10,000/m2 in.waters
receiving organic enrichment (Carline and Brynilngn
Q.I977).__RempVallbf_ﬁoéf of'thé organic sediment
possibly causé& a:;gddﬁfioﬁiin tubificid number;.
Dredging also feéultéd in‘féwer invertebrate predétoré,
., particularly Sialis sp._and leeches, which may prey
upon oligochaetes. Hdﬁever,-théugh predation by
sialids and leeches ﬁas_érobably reduced, Loden (1974)
demonstrated that sik’épecies of chironomids preyed
upon oligochaetes. Théreere; the low densities of”
Tubifeg_followiné dredging méy_have been due to
.1ncreased gfedatlon by expandlng chironomid populations.

it is 11kely that standlng crops of benthic

. : U A e
macroinvertebrates 1ncreased in 1983 at the exper1mental

section as Chara.growth de;eloped. " The benthic
commuhity may haVe-Seen_in a transitidﬁﬁphase in51982
and into early 1983, RootedLmacrophyﬁegwprovide cover,
a substrate fof_attachment, and possibly a souréé of
food for certain benthic organisms. However, as

macrophyte growth ceases in winter, suitable habitats

for invertebrates are generally lacking.




Tunctional feeding groups

”X§§;£;ﬁ£1y, the functional feeding group composition
of macroinvertebrates found in Mud Creek is dictated

by the depositional nature of the substraté and by
aquatic macrophytes. The miner subgroup was fouﬁd to

be exceptionally resilieﬁt_to alteratioﬁ of the.substraté;
Other groups apﬁeaFéd'tq bé“pafticularlj.sensitive to

such a drastic-diéfurbaﬁgé of the“environment.. Even
though the importéﬁée'of functional groups such as
scrapers and gatherers certainly increased in 1983 due

to greater macrophyte growth; in all likelihood, miners

probably remained the predominant trophic category.

2
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Lower Study Site . .. ;.50 7 S

Aquatic Macroinvertebrates

The i?EEEBEEEQEEEE_Of data 6btained from collectiOns'
‘of benthic macroinverte;;;;;;tggg coﬁfounded ﬁy factors
such as physical features of the environmgn;//and_life
history charactéristics of the Bénthié organisms.
W\"""J_.‘;_.-—Platts et al. (1983), ﬁ_ynes (.19'70), and Resh (1979)

have discussed these and other factors, and addressed

-ways.to deal with them in sampling designs.

’
A
-, . ‘-‘3 )

benthic samples were collected on identical dates at

To lessen the effect of seasonal variation,

each section. Since ﬁhe full community makeup and
life cyg;g variations of.a}l_Faxa from Mud Creek were
nof entirely known, at least dne collection per season
was taken.

Four benthic samples per section were collected
becausé this was deemed adequate to sample the benthos
of Mud Creek with reasonable statistiéal_acgnracy.

In the analyses of sampleé collected at the lower study

site, subtle, but statistically 51gn1f1cant differences

e

// -

were considered acceptable for the purpose of this

~

study.

Taxonomic richness and total abundance
R ‘1\,'_

3 L e
The 32 taxa found in Mud Creek .is approximately ' o

I; J.l/v{;,, t’{" F' i )‘ =y
half of the total found in Silver Creek (Minshall et—al.

1982, unpublished data). Silver Creek provides a more




-‘l' _ o ""f
heterogeneous environment for macroinverteﬁrates énd
supports a greater diversity of spécies than Mud Cregk.
Most of the stream bottom of Mud Creek is covered by
.a layef of sediment, which in late spring through fall,
supports dense growths of rootéd macrophytes. The
presence of vegetafion often resulés in ;he greatést
invertébrate biomasé ahd'ﬁhis”ﬁay.ﬁe related to  
. increased surface afea (Harfqa 1964) or a sheltered
habitat.(Minckley.I963). fFfancis and Bjornﬁ (i979)
._found greater numbers Qf'matroinvertebrates oﬁ |
vegetation than on grével substrate in main Silver
Creek. Both tyﬁes of substrate were sampled at the
lower study sité §££er sediment removal, and total
number of macroinvertebrates was generally higher
ﬂbn vegefafion than on grévél;

Generally, gfavel.suﬁsfrates are more produétivé
in terms of macroiﬁvertebrate diversity and biomass
than are sapd“or muck bottoms {(Tarzwell 1937; Sprules

Aarin . :
©1947), !ﬂiﬁ gype'of stream bottom is fairly stable,
has an abundant ﬁumBer of smali interstices betWeen_
stoﬁes td provideishélféi fq? invértebré&es, ana 
ﬁrovides a 1arge surface area for growth of micrqscopic
plaﬁts, which often are an important food sourcenfor
aquatic ﬁac;oinvertebrates (Smith and Moyle 1944).
Gravel substrates are more efficient in coliecting
detritus than are substrates composed of smaller- or

i
larger-sized particles (Rabeni and Minshall 1977),¢bwd

thus retain a greater amount of food for benthic organisms.




Sediment was exposed in the control area following
" the cessation of macrophytic growth in winter. Sediment
substrates do not support a wide variety of benthic

macroinvertebrates (Cordone and Kelley 1961). Only a

-

few taxa such asbéenera of Chironomidae are physically

A
adapted to conditions found in this type of environment.
Continually shifting organic substrates prevent the |
-_?stablishment of attéchea‘algae'and rooted plants,-and
- the instability of thisibottom type’éxcludes_most
species of benthic ;rganisms (King and Ball 1964),
esbecially_those requiring a firm surface for attachment.
The decline in macréinvertebrate numbers observed at

-,

the control area in Novembeyjlwas linked to the cessation
of macrophytic growth and th; exposure of sediment.

Abundance data providéﬁ;;ery basic information
about the biological condition of a stream, the extent
of envirommental disturbance, ahd.thé potential for
stream improvement (Platts et al, 1983). Howevgr,
Wydoski and Helm (1980) stated that using total number
of in&ertebrétes pef unit area as an indéx één be
misleading, because it is a relatiﬁgly crude index
;émposed of a summatioﬁ of many o?erlapping‘and
-fluﬁtuating-pOpulations representing many different
life cycles. Diffefences in total number of benthic
.organisms per unit area bétween sectjons may be the
result of sampling variability.

A number of factors may explain the greater

densities of macroinvertebrates present at the control




o o
area. The macfoinvertebrate fauna is ecologically
adapted to conditions found in Mud Creek, and may exhibit
a strong preferénce for aquatic macrophytes as
colonizing substrate.
o Dispersal of invertebrateés between areas in a
random or directiqnal fashion may have caused flﬁctuétion‘
in ﬁumbers. Movemeﬁf-in éearch_qf fébd; épver, or areas
for attachment:mag.havé'resulted in p0pu1ation'fldctuatibhs.z
Macroinvertebrateé can'ﬁigrate or drift betweéﬁ.éreas
in search of prpﬁectgd habitats or to avoid adverse
conditions (Farnworth et al. 1979). The edge effect
created by removing sediment from half of the stream

channel, could have initiated greater movement between

areas. Hargrave (1970) observed that Hyalella azteca,

L oy [ im
a motile amphipod, frequently moves as much as one-meter-

between habitats in search of food.

| Periphyton growth on the gravel substrate may not
have been éufficieﬁt to support large numbers of grazing .
invertebrates. .The periphyton ﬁresent may have been
exploited at a greater rate than it could be replenished,

Hart (1981) found that that the grazing caddisfly,

Dicosmoecus gilvipes, spent less time in areas that were
recently grazed. Epiphyton present on aquatic vegetation
may have been a more abundant and recyclable food source

than the microflora present on the gravel.

Lastly, benthic invertebrates will migrate from

those areas which are at greater than equilibrium : ' e




density or overcolonized, in favor of low-demnsity areas

of substrate which are of comparable physical-chemical
quality (Peckarsky 1979). .The carrying capacity of

the experimental area may havg been reached at‘ébout

10,000 organisms/mz;.and aS_additional invertebrateé
attempted to colonizé.thé'gfavel, the attrition (emigration)
rates of attach9d ofganismsxinéréased, or migfating

organisms colonized other suitable areas.

Composition

That Diptera was thé nost -abundant group of
inver tebrates pre;ent in benthic samples prior to
dredging was not uneXpected.‘ The sediment subsfrate
of Mud Creek is conducive fomsupporting-mqst members
of this order. Minshall and Andrews (1973) found
that Diptera comprised over 70%4 of the macroinvertebrate
community in sections of the fortneuf River, Idaho,
that had been'affected'bj sediﬁenfation; They‘concluded-
that the stream was in a state of biplogiéal imbalance and

. ) ?O/({‘-\ﬁ?‘.l cf ‘P‘\EAEMCI ')
therefore was polluted. A similar contention is
o4 'nten

AR

proposed for Mud Creek wheré nearly 60% of the total
number of invertebrates was cémprised of dipterans
before dredging. A'relatively small percentage was
coanprised of EpﬂémeroPtera and Trichoptera.

The observed decline in dipterans - and the
subgtantial increases in bothE;;hemerOpterips/and

-—T1 - -
trichopteraps on the. experimental arei::;s attributable




to removing sediment from the previously imbedded
gravel. The increase in abundance of the latter two

orders to a state of predominance, is a condition

- typical of a number of Rocky Mountain streams not

influenced by sediment from agricultural practices

(Platts et a;;1983). Removing sediment and exposing

gravel can directly influence the composition and

state of Biologidal_balance'of macroinvertebrate’

communities present in streams.

Individual taxa abundance N

Individual taxa generally followed delayed but
expected trends in abundance on the experlmental area
after dredging.' Densitiee of chironomid larvae were

lower at the experimental area than control densities

because of the general lack of sediment and vegetatlon

_typlcally aSSOC1ated w1th genera of this group Carline

: and Brynildson (1977) observed decllnes in chlronomld

“.,populatlons at Krause and Sunshine Sprlngs, WlSCODSln,

of 29A and 59% respectlvely of total abqndance, eix

years after dredging. They also documeafed changes in

'generic-composition'of chironomids following dredging,

while such trends could not be reported in this study
because of the absence of absolute species identification.

Baetis parvus/tricaudatus densities were greater

on the control area through.November because of the

presence of vegetation. Franc1s and Bjornn (1979)

found greater numbers of Baetis SPP . present on vegetation




o @
than on gravei in Silvgf.Creek. Macrophytes afforded
shelter for these small mayflies from invertebrate
and fish pfedators. Because this species feeds upon
the microflora presént on étones, it was surprising
not to.observe greater densities at the experimental

area in summer when production of microscopic plants

is high."Instead,fgreateSt densities of E._parvus/

tricaudatus on gravel were found in winter when.

-lprimary production is comparatively low. The gravel
and _associated intérstices between stones provided
shelter in the absence of macrophytes, and stable

sites for attachment.

In addition to B. parvus/tricaudatus, the other
three taxa in the scraper category which were analyzed

'statistically, exhibited similar trends. " The

colonization of the gravel b& Fluminicola sp.,

-Helicopsyche borealis, and Optioservus quadrimaculatus
in winter, was probably in response to a lack of [
yegetation for attachment, which is generally the

preferred habitat (see Ffancis énd_Bjorhh 1979).

—

The amphipod, Gammarusg lacusfrié,-génerally prefers
Wbégetation-or sand suﬂééfafes (Céfi1ne;and'Brynildson
1977) . Although G. lacustris densifies were initially
'higher at the expérimental'aréa,.dredging altered the
environment, and afterwards this speéies wés significantly
~greater in abundance at fhe.control area. When vegetation

die%ﬂoff, G. lacustris densities were still higher on

the control than on the experimental area. Apparently,




the organic sediment provides the preferred food source
of G. lacustris, and the soft substrate is easier to. burrow
into than gravel. Also, the brownish color of Gammarus
ciosely matched the coloration of the sediment, which
would serve to conceal thig organism frdm'predaﬁbrs.

. The legchgs, Hiyﬁdinea, prefer;ed_the”organic
sediment/maéroph&tejsﬁbstrapé of tﬁe éoﬁtrol area;.as

"'.did Tubiféx tﬁbifexi_ Bth faxa are geherally

associated.with such sqbsfréfés (Cérline-énd Brynildsoﬁ__:
_{f977). .francis'andtBjornn (1979) found greater

_densities of théée #ﬁo taka_in vegetation samples

than in gravél éampleéf Hirudinea and T. tubifex

both possess high“taieranCE quotients (TQ) of 168, wﬁich

indicates their selectivity for fine substrate

materials and low stream gradients (Winget and Mangum
1979).

_Tricorythodes minutus and Hydropsyché 5pp}'also

_possess high TQ values of 108 (Winget and Mangum 1979);

and would therefore have been expected to be in greater

‘densities-at the control area. Tricorythodes was

generally more abun&ant_in control samples than .

experimental samples, but not_significantly;._Hydrop5yche‘spp.
were significantly more abundant in experimental area
samples., Francis and Bjoran (1979) found greater densities

of T. minutus in vegetation samples than in gravel samples,

while the opposite was found with Hydropsyche spp.

Hydropsyche spp. are net-spinning caddisflies and rocky

substrates generally provide the major attachment sites




for nets (Wallace et al. 1977).

Functional feeding_groupé

Sediment removal causéd a shift iﬁ dominance
of the functional feeding group composition ffom a-
éommunity predominated by collectors, to one
predominated by_sqrapérs. This.ﬁasvexﬁéc;éd sinée 
the ﬁajority of.fhefdééompoéing-organiéfmétter fea
upon by the collector:éﬁggfoupé was removed by
_ drédginé; The eﬁpdéé&_g?avel substrate was made \ | .
" : ‘ : | AT
suitable for colonization by ﬁeriphytong the pfimary J} '
food source of scrape£s (Cuﬁﬁins 1973).

_ Generally, scrapers are most common in summef,
correlated with.the_highest pfimary proauction;
:commﬁni£j respiratién (Pfﬁ) estimate and warmest
tempe#atures tcuﬁminé.and Klﬁg 1979); however,
:scrépers_were most abundaﬁt at thé experimental area
1n late f_é_l_l through w_inier . These pe_riods are -
“agsociated with low PéR ratios and cold te@pera;urgsf
The increése in.numberé.and the relativé d6ﬁinance.
assumed by the scfaper.categofy,-was poésibiy'a
-éﬁnction og.the incré;sed felatiéé_imﬁortahce of
non-feeding stages in the spring (Cummins and Klug 1979),
énd was not food-related.

The observed increase in filtering collectors at
the experimental area in October and November, was
comprised primarily by the net-spinning trichopteran,

- Hydropsyche spp. This genera increased in abundance




in possible association with deposition of particulate
erganic matter (POM) between interstices of stones.
Wallace et al..(1977) have demonstrated partitioning
“of the fine-ultrafine detriﬁus.food source by particle
size accofding to thé ﬁesh size of ﬁets.spun_by
trichoPteraﬁ net-spiﬁ@eré.v”AithOugh most evidehcé
 §u8gests ﬁhat theéé:Spéciéékgf_cadaisflies feéa’qﬁ}
-fiée partiéulate:é?éégié;ﬁéfgef'(FPQM);ultréfiné
particulate érganié.ﬁéﬁtgf;(UPOM) in.sﬁépeﬁsion

“{eg. Wallace et‘al. 1577),.56me of this oxganic

matter may beiin.the.fprm of‘deposited sedimentafy
_urganics which continues to move by saltation (Cummins
and Klug 1979); No ﬁeaspre.of bed load movement

&as undertaken; howeVer,.in'a largely depositional
Qfstem such as Mud Creék, it could be substantial
and'may_supply an adequafe food source to net-spinning

trichopterans.



Drift

.Abundance.of-invertebrates in thé_drift'was generally

. noft indicative of abundance iﬁ benthic samples at the

:lower study site. Thg density of aquatic macrdinveftebrateé
in benthic sahples wa s gfeater in November'tﬁaﬁ ih October§
however, more invérteﬁfates Qére brésent'in fﬁé:drift'iﬁ
 0££ober than in Né#émfér.” Thé lattef observatién'may

haée bee# due.toibve;grdwded conditidns.on”bréféfréd
habit;ts, indﬁcihg-migfation downstream via'&rifg'
(Peckarsky 1979).

Species abﬁndancé in.drift samples also were not
indicative of abundance in benthic samples at ;he lower
study site, Generaliy; the-proportioﬁal occurrénée 6f
speéies'in.the drift is“Similar to that in-the bottom:
fauna (McLé& 1970). Baetis densities in benthic samples
‘takén in Novemser; werefgteater.than-densities_ppésent
in October; hbweve;; gbundgnce of Baefis in the N0vembe;
d;ift sample-wasilegs'ghaq_October abundance.-;A éimiiar
trénd.was Bbserved_for diptérans;

Simulium.aﬂupdénée in the drift-ﬁagghigheét;iﬁ
'Noveﬁber and cof;éspbnded'wgkh the gréa£é;t'densifies
of Simulium found inﬁbenthié samples-collécfed aé the
lower study_s;te. The abundance of Simulium in the
drift séen in November, was probably related té'the
lack of suitable attaéhment sites as vegetative surface

area was lost.




~Project Costs

Total project cost for both sites was approximately
$660.00. vProject‘costs include fuel and labor oniy-
}since'dredging equipment was on loan. to The Nature
Coﬁservancy by the.U. S..Forest SerVice MEDC. it cost
approx1mately $7. 95 per - cublc meter to dredge the upper
'experlmental section.t If rental of dredglng equ1pment
IWere 1nc1uded (GeyuBonniv1er personal communlcation),
the cost per unit vOlume woﬁld have-been.asout $I3 00.

Costs afe c0n51derably hlgher than those reported
by Carline and Brynlldson (1977), however, their |
‘equipment was 1arge: and more efficient. A 7.5-cm
intake was used in{this_study. The project wou%Ahave Q
_been less cestly'if.e'lefger intake of 10 ¢cm or 15 cm
was utilized. Cests ﬁefeisemewhat inflated by time
delays which arose”beceuse"hoses frequently became
‘clogged with eebfis end-recks. Wlsconsin Department
of Natural Reseurces (DNR) personnel used dredges"
hav1ng 15 cm and 20 cm- 1ntakes of Whech the 1atter
was mere costleffielent-on"a per enithsbleme basis.

-- Unit costs of dredglng sprlng ponds 1ess than
0.4 ha are usually hlghest (Carllne and Brynlldson 1977).
Carline and Brynildson speculated that"if the development
area is one hectare or greater, dredging to depths of
maximum fish psodectivity seems realistic, because unit

costs would not greatly increase. The cost af dredglng

a relatively small area (0 02 ha) of stream in this study




was relatively high. A more cost-effective approach
may have been to dredge several longer stream sections

(50 m or more), or a single section of 150 m in length.
Benefits of Dredging

‘Max imum benefitsvfrom habitat réhabilitation by
dredging can be achelved by Creating a more heterogeneous_
environment, not only by 1ncren51ng summer and w1nter_ |
cover for trout, but also by stlmulatlng increased benthlc
production throngh_cleaning gravel'imbedded with sediment.
This approach would not only provide trout wifh needed
winter coner, butnaiso nonld supply them with a food
source through wintét..“Dredging would improve the
aesthetic quaiities'of streams by rémoving unsightly
sedimenf.nnd restoring the-négural gravel substiate. ________

Hydraulic dredging'is a viable technique in streams,
particularly in situafions'where sédiment inputs have
_bnen controlled and redep051t10n is gradual. Sediment

“inputs into the Silver Creek.dralnage have stabillzed

because of an aggre531ne-management program undertaken

by The Nature-Conservancy. This program has successfully

feduced sediment inputs at the source in several cases.

-Howevef, in low gradient streams 1ike Mud Creek, sufficient

flows do not exist to scour sealment ‘and there remains
e

the need for, technology to rejuvenate such systems. Direct

removal of sediment in addition to a form of prevention is

required. Dredging provides one method for habitat




Oy
P

restoration and should be considered for future use

in stream management.
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Appendix /’. Mean (-)E) and standard deviation (SD) of benthic invertebrate
abundance (no./m?2) arranged by functional feeding group as
collected from the experimental and control halves of the
lower Mud Creek study site, 1982-1983.

- Experimental Control
x _s0_ % sD -
29 Jun 1982
Sérapers .
- Baetis parvus/tricai:ldétﬁé o 12 .. 15 92 - 163
Helicopsyche borealis S o 32 29 - - 12 - 24
"Fluminicola ' ' 0 284 182 208 . 218
Physa ' _ 0 0 8 16
Gyraulus B _ - 56 91 52 . 63
Hydroptila : 44 38 96 0
Optioservus quadrimaculatus - 12 8 20 15
Euparyphus : _ ' 4 8 12 8
Total : ST .- ERRE 440 ' 500
Gatherers
Ephemerella inermis . 6 28 116 - 126
Paraleptophlebia debilis : ' 0 0 0 0
Tricorythodes mimtus ' - 80 -88 - 88 114
‘Optioservus quadrimaculatus @~ = 12 8 20 15
Euparyphus ' 4 8 12 8
Total | a2 236,
Mineré
Chiromomidae . . -~ - 1324 - 7620 1468 529
Tubificidae . eh 43 144 34
Lumbriculus _ - o 4 . 8 .4 . - 8
Total - ‘ 1392 . 1lele
Filterers
S jmulium ' 0 0 - 4 8
Hydropsyche ‘ ) 116 74 56 50
Pisidium : : : 32 64 72 62
Total : 148 S 132
Shredders

Gammarus lacustris _ : 300 - 363 . 96 26




)
Appendix . Continued
Hyalella azteca o 0 8 16
Haliplus 0 0 0 0
Limnephilus 0 0 32 64
Hesperophylax 0 0 0 0
Onocosmoecus 0 0 0o 0
Tipula 4 8. 24 38
Total 4 64
Predators . _
| Decetis | o 16 22 32 26
- Ophiogomphis occedentis N ¢ 0 4 8
- Ischmura 0 0 0 0
' Corixidae 0 0 0 0
Isoperla 0 . 0 0 0
Sialis 0 0 0 0
. Hirudinea 16 22 4 8
Bezzia 16 22 20. 15
Total _ 48 60
Grand Total S . 2184 2608
9 Jul 1987 - ' LT
Scrapers
Baetis parvus/tricaudatus 64 84 - 136 152 — -
Helicopsyche borealis T 4 8 12 T8
© Fluminicola o _ 120 103 o292 - 62
Physa : S 0 o o - .0
Gyraulus : c 44 33 46 40
Hydroptila . _ 0 ' 0 - 4 8
Optioservus quadrimaculatus .8 9 4 8
.. Fuparyplus . ' 0. 0 12 8
Total 240 504 )
Gatherers
Ephemerella inermis 12 24 36 53
Paraleptophlebia debilis 0 0 0 0
Tricorythodes minutus 24 .28 108 134
Optioservus quadrimaculatus 8 9 4 8
Euparyphus 0 ' 0 12 8
Total 44 160
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Appendix . Contimed

Miners
Chironomidae , 284 152 . 876 516
Tubificidae - 48 34 116 62
Lumbriculus S | 0 0 A 8
S Total . 332 996
Filterers
Simulium _ _';; “:- S 52 9% - o .0
Hydropsyche e 16 22 . 48 75
Pisidium L S 0 . 0 ’ 4 8
Total | | I 68 52
 Shredders
Gammarus lacustris 8 9 68 59
Hyalella azteca 0 0 0 0
Haliplus 0 0 0 0
Limnephilus 0 0 0 0
Hesperophylax 0 0 0 0
Onocosmoecus 0 0 0 0
Tipula 0 0 0 0
Total 8 " 68
Predators
| Oecetis — 4 8 12 8
 Ophiogomphus occedentis 0 0 0 - 0
Ischmra R 0 0 0 -0
Corixidae 0 0 0 0
Isoperla 0 0 0 0
- Sialis 0 0 0 0
Hirudinea 4 8 20 20
Bezzia 0 0 .4 8
Total 8 36
Grand Total 700 1816
30_Jul 1982
Scrapers
Baetis parvus/tricaudatus 108 81 300 418
Helicopsyche borealis 4 8 8 9
Fluminicola : 182 146 364 24

Physa - L 8- . 4 8
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Appendix . Continued

1046 . '~ 70

Gyraulus - ‘ 64 .98
Hydroptila 0 0 84 89
Optioservus quadrimaculatus 4 8 20 20
Euparyphus 0. 0 o - 0
Total L 366 | 884
Gatherers
Ephiemerella inermis = - .° 0 o o o
Paraleptophlebia debilis =~~~ - - 0 0 0 0
- Tricorythodes minutus . ' 52 35 204 270 .
. Optioservus quadrimaculatus - 4 8 : 12 . 8
'''' Euparyphlus _ 0 0 0 0
Total _ ' 56 - 216
Miners
Chironomidae . 1184 1163 1796 437
Tubif icidae : _ ' 70 105 84 86
Lumbriculus : _ 20 15 & - 8
Total S - 1274 1884
Filterers
© Simulium 8 - o . 0 0 0 |
. Hydropsyche - ' : 84 - 102 100 68 .. -
Pisidium : - 12 24 44 - 38
Total o ' - 96 - 144
Shredders
Gammarus lacustris 4 8 36 53
Hyalella azteca 0 (0} 0 0
Haliplus 0 0 0 0
Limnephilus 0 0 0 0 -
Hesperophylax 0 0 0 0
Onocosmoecus : 4 8 0 0
Tipula 20 15 0 0
Total ' 28 36
Predators
Qecetis 0 0 8 9

Ophjogomphus occedentis . 0 0 - 0 0
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. Appendix . Contimued

Ischnura
Corixidae
Isoperla
Sialis
Hirudinea
Bezzia

Total
Grand Total

OO OCCO

- 1856 -

OC o oO0oOC

. 3192

XocoocoocoC

N
s\l Relelolo)

11 Aug 1982

' Scrapers

Helicopsyche borealis
Fluminicola

"~ Physa
Gyraulus

Hydroptila L
Optioservus quadrimaculatus

Baetis parvus/tricaudatus - -

Euparyphus
Total
‘Gatherers
Ephemerella inermis -

.. Paraleptophlebia debilis
Tricorythodes minutus

Optioservus quadrimaculatus _

-~ Euparyphus
Total

Miners
Chironomidae
Tubif icidae
Lumbriculus
Total

Filterers
Simul ivm
Hygrogszche
Pisidium

Total

- 344

108
328

36

820

oo 0

os]

1302
30

1336

124
16

144

188
102
122

42

cxxo o

o1z

31

198
18

592
152
284

o~ 0N

1044

984
20

1004

44

20 .

555

117
164

Qoo

462
20
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Appendix . Continued

Shredders

Gammarus lacustris 1
Hyalella azteca '

Haliplus

Limnephilus

Hesperophylax
 Onocosmoecus

Tipula
Total . SRR 16

o

Qo000 ®O

coooO &N
cooco O N
cococowvwo

&~
o0

Predators

Qecetis
Ce Ophiogomphus occedentis
L : Ischmira :

Corixidae

Isoperla

Sialis

Hirudinea

Bezzia '

et
oCNOCOCCOOC

£~
OO OoOQoCC

' %]
oo OoOCcCOCO

ol - NeoNoNoNaoNaolal

Total. . . S 12 48 _ - _
" Grand Total - : o 2336 2256 T

2 Oct 1982
T Sérépers

Baetis parvus/tricaudatus 732 382 . 772 622
Helicopsyche boreali _ 324 56 48 29
. Fluminicola o 204 . 68 | 764 224
Physa _ ' -0 0 8 16
Gyraulus . e 32~ 29 76 51

Hydroptila ' 4 . 8 0 0
Optioservus quadrimaculatus 56 38 244 213

Euparyolus 24 20 72 92
Total 1376 1984

Gatherers

Ephemerella inermis
Paraleptophlebia debilis
Tricorvthodes minutus
Optioservus quadrimaculatus

Fuparyphus

Total | 92 380

16 0 0

60 44
38 244 213
20 72 92

N
A PO
o2




‘ Appendix . Continued
Miners
Chironomidae | 256 65 1832 1412
Tubif icidae 132 - 141 332 141 -
Tunbriculus : 12 _ 8 0 0
Total 400 2164
Filterers
S fmul jum S o 12 26 436 . 519
Hydropsyche o 1036 . 634 . 284 328
Pisidium S _ -4 . 14 384 296
Total - 1062 | 1304
Shredders
Gammarus lacustris 12 15 180 114
Hyalella azteca 0 0o 32 64
Haliplus . | 0 0 - 24 38
-Limnephilus _ o : : 0 0 -0 0
Hesperophylax ' o 0 0 0 0
Onocosmoecus _ - 0 0 0 0
Tipula - o 20 23 72 94
Total | o 32 308
Predators
Oecetis . 0 .0 28_. . 27
Ophiogomphus occedentis 4 8 4 8
- Ischmra : 0 0 - 20 30
Corixidae 0 0 4 8
Isoperla 0 0 0 ' 0
Sialis 0 200 -0 0
Hirudinea 24 20 220 75
Bezzia 4 8 14 18
Total \ - - 32 _ 292
Grand Total o 2994 6432
20 Nov 1982
Scrapers -
Baetis parvus/tricaudatus ' 1356 | 1514 39009 1559
Helicopsyche borealis 528 - 140 314 306
Fluminicola 268 9% 96 115
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Appendix . Continued
Physa 4 8 5 9
Gyraulus 4 8 0 0
Hydroptila 4 8 10 -9
Optioservus quadrimaculatus 32 45 37 51
Euparyphus 16 32 .0 0
Total S 2212 4371
Gatherers _
Ephemerella inermis -~ -0 . I 0 0 -
Paraleptophlebia debilis -- - . 0 0 5 9.
-Tricorythodes mimitus ’ 40 53 53 - 51
Optioservus quadrimaculatus 32 45 37 51
" Euparyphus o . _ 16 32 0 ' 0
Total _ o 88 95
Miners
Chironomidae - 288 312 2282 2415
Tubificidae B . 84 127 170 . 98
Lumbriculus : 9 8 0 . 0
Total N 381 2452
Filterers
$imul fum o - 128 178. 3146 3487 -
Hydropsyche . 426 354 170 240
~ Pisidium ' . 0 0 21 .24
ST " Total - “ 552 © 3337
- -Shredders
Gammarus lacustris 0 0 74 - 76
Hyalella azteca 8 9. 32 32
Haliplus 0 0 10 9
Limnephilus 0 0 5 9
- Hesperophylax 0 0 0 0
Onocosmoecus 0 0 0 0
Tipula ' 0 0 0 0
Total 8 121
Predators
Qecetis _ 0 ' 0 32 42
Ophiogomplus occedentis 0 0 0 0

- Ischnura _ ‘ 0 0 90 143




Appendix . Continued
Corixidae 0 0 58 102
Isoperla 0 0 0 0
Sialis 0 0 5 9
Hirudinea 28 20 122 66
Bezzia 4 8 0 0
Total - o - " 32 - 307
Grand Total . 3273 - . 10683
13 Feb 1983
Scrapers
Baetis parvus/triéaudatus : 6280 4690 4496 1364
Helicopsyche borealis o 804 644 212 208
Fluminicola 252 248 96 150
Physa 0 0 0 0
Gyraulus - : o 0 : 0 8 16
Hydroptila o 0 0 12 24
Optioservus quadrimaculatus 100 138 24 38
Euparyplus o 24 30 _ 0 ' 0
© Total o - - 7460 4848
Gatherers
| Ephemerella inermis L 0 0 A 41
Paraleptophlebia debilis . 0] 0 0 I
Tricorythodes mimtus T 308 295 108 174
Optioservus quadrimaculatus 100 - 138 24 38
Euparyphus o o 24 30 -0 0
Total . - 432 “ 180
Miners
Chironomidae 580 291 2512 2918
Tubificidae _ 112 112 356 169
Lumbriculus 16 13 0 0
Total ' 708 2868
Filterers
- Simulium 92 76 256 372
Hydropsyche 668 316 40 . 33

Pisidium . 0 0 0 0

~ Total o 7 760 - ' 296
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Shredders
Gammarus lacestris -0 0 32 45
Hyalella azbteca 8 16 48 34
Haliplus 0 0 28 38
Limnephilus 4 8 .0 -0
Hesperophylax 4 "8 0 0
Onocosmoecus 0 4] o - - 0
- Tipula 0 0 0 0
Total 16 108
Predators
- Qecetis 0 0 28 35
Ophiogomphuer occedentis 0 o 0 0
Ischmura 0 0 56 83
Corixidae 0 ¢ 0 0
Isoperla 0 0 4 8
Sialis 0 o 4 8
Hirudinea 16 13 88 71
Bezzia 0. 0 0 0
Total 16 180
Grand Total 9392 8480
L6 Mar 1983
Scrapers
Baetis parvus/tricaudatus 5776 6347 1764 1389
Helicopsyche borealis : 580 378 - 180 297
Fluminicola 328 108 4 8
Physa 4 8 0 0
Gyraulus -0 0 0 0
" Hydroptila 0 0 0 0
Optioservus e@adrimaculatus 160 260 40 60
Euparyphus 16 18 12 15
Total 6864 2000
Gatherers
Ephemerella dmermis 100 128 0 0
Paraleptophlebia debilis 0 0 0 0
Iricorythodesminutus 60 76 0 0
Optioservus gadrimaculatus 160 260 40 60

A v~ i gt il iy e A Ml




!

1

“Appendix . Continued

Euparyphus

Total
Miners
- -, Chironomidae
" Tubificidae
- Lumbriculus
-Total
Filtérers
Simulinm
Hydropsyche
Pisidium
Total

Shredders .

‘Gammarus lacustris

Hyalella azteca

. Haliplus
Limnephilus
Hesperophylax
Onocosmoecus .

. Tipula

Total
Predators’

Qecetis _
Ophiogomphus occed

- Ischnura
Corixidae
Isoperla
Sialis
Hirud inea
Bezzia

Total
Grand Total

8638

16

276

648

116 -

772

92

- 564

660

26
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Appendix ’L; Total numbers and composition (percent of total mumbers)
of the macroinvertebrate community of the experimental
and control halves of the lower Mud Creek study site,
Data obtained from four benthic samples (each 1/16 mZ.in
area), except for 20 November 1982, where only three
were used due to a laboratory accident.
Experimental Control
- . ' Percent ' Percent
Total No. of Total Total No. of Total
29 Jun iészl | | o
B Dip.tera . ..53‘92'._ o 5.3 6160 . Costa
Ephemeroptera -  59‘2 6.0 N 1184 11.0
Trichoptera | . 848 | 8.5 | ‘ 912 - 8.5
" Odonata | o 0.0 16 o
Coleoptera o 48 ﬂ 0.4 80 ' 0.7
Hymenoptera 16 0.2 0 0.0
| _Amphipodé - 1200 - | 12.0 o 416 4.0
Hydracar ina . | () 0.0 - .0 o .0.0
' Haplotaxida 256 2.6~ s16 . 5.4
_ Oligochaeta . : 16 0.2 j_ 16 © 0.1
'H‘::irudin.ea L o 64 | o | 0.6 ' 16 - . 0.1
Iinionoidea - | 128 ..z 258 . o 2.7
Basomma tophora ' _ -“.:13 60 | _ 14.0 -- 1 072 - 10.0
Hemiptera ' 0 ' 0;0 : _ o 0 | 0.0
Plecoptera 0 . 0._-() | 0 | 0.0
Grand Total - 9920 10736
9 Jul 1982
Diptera 1344 48.6 3630 50.0
Ephauerloptera 400 - 1404 1136 15.4
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Appendix . Continued

Trichoptera 96 3.4 320 4.3
annata 0 O.Q 0 0.0
Coieoptera 32 1.2 16 0.2
-Hymenoptera -0 0.0 0 0.0.
Amphipoda 32  1.2 272 4.0
Hydracarina 0 0.0 0 0.0
 Haplotaxida 192 6.9 464 6.3
Oligochaeta .0 0.0 16. 0.2
Hirudinea 16 0.6 80 1.0
- Unionoidéa 0 0.0 16 0.2
Bgsommatqphora _656 23.7 1360_ 18 .4
Hemiptera -'0 i 0.0 0 0.0
Plecobtera 0 0.0 .0 0.0
Grand Total 27 68 7360
30 Jul 1982 .
‘Diptera - j4‘8_'_1-‘_6: 62.2 7296 57.0
Ephemeroptera - 640. 8.2  32032 16.0
Trichoptera "'365\ 4.8 i;SQO 6.2
Odonata - 0 0.0 0 0.0
Coleoptera 16 O.é 80 0.6
Hymenoptera 0 0.0 0 0.0
Amphipoda 16 0.2 144 1.0
Hydracarina 0 0.0 0 0.0
Haplotaxida 288 3.7 336 2.6
Oligochaeta 80 1.0 16 0.1
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Appendix . Continued

144

Hirudinea 2.0 80 0.6
Unionoidea 48 0.6 176 1.3
Basomma tophora 1328 17.1 1888 14,6
Hemiptera 0 0.0 0 0.0
flecbptera O 0.0 0 0.0
' Grand Total 7744 12848
o 11 Au_g 1982

- Diptera 5236 55.3 3872 43.0
Epﬁemeroptera 1408 14.8 2544 28.2
Trichoptera 928 10.0 784 9.0
Odonata 0. . 0.0 0 0.0
Coleoptera 16 0.2 16 0.1
Hymenoptera- 0 0.0 0 0.0
Amphipoda 64 0.6 192 2.1
Hydracarina 96 1.0 64 0.7
Haplotaxida 128 1.4 80 0.9
Oligochaeta 16 0.2 0. o;o
Hirudinea 48 0.5 192 2.1
Unionoidea 64. 0.6 80 0.9
Bagsommatophora 1456 15.4 1184 13.0
Hemiptera 0 0.0 0 0.0
Plecoptera 0 0.0 0 .0.6
Grand Total 9460 9008

O TR RN AT 257 L ANl T A o b 70




Appendix . Continued

2 Oct 1982
Diptera 1184 9.8 9712 | 36.5
Ephemeroptera 2976 - 24,8 . - 3536 13.3
Trichoptera 5456 o 46.0 o 12&40 -. _ 5.4
Odonata w01 e - 0.3
Coleoptera - S 224 B 1.8 ) 1072 _ | - 4.0
_ Hymenoptera 16 o - 01 0 | 0.0
| Amphipoda 48 0.4 848 . 3.0
) Hydracarina | ‘ .368 3.0 400 2.0
Haplotaxida 528 . 4.4 1328 . 4.9
Oligochaeta : 48 o 0.4 ‘ 0 0.0
Hirudinea. e o8 880 3.3
Unionoidea : 64 0.5 _ 2336 88 )
. Basommatophora 944 7.8 4928 . 18.5
Hemiptera o 16 : 0.1 o 0.0
'Plecoptera .0 : 0.0 0 0.0
Grand Total C11984 - 7 o , 2_6576
20 Nov 1982
Diptera 1824 ' 14.0 16480 | 51.0
Ephemeroptera 5584 43.0 11936 37.0
Trichoptera 3664 28.2 1600 5.0
Odonata o 0.0 272 0.8
Coleoptera 128 1.0 _ 144 o_l-;
Hymenoptera 0 . 0.0 | 16 | - 0.04.

Amphipoda 32 0.2 320 1.0
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Hydracarina 144 1 112 0.3
Haplotaxida 336 3.0 512 1.6
Oligochaeta 32 _ 0.2 .0 0.0
Hirudinea 12 . 0.8 368 1.1
Un_ionoidea - | _. 0 '_ _.'0.0 - B -7/ 0.2
Basomma tophora’ ‘ 1_104 o 8.5 - 320 1.0
‘Hemiptera S0 oo 176 0.5
Plecoptera | 0 6.0 | | 0 _ 0.0
érand Total 12960 32320
13 Feb 1983

Diptera 2832 T 7.5 11248 -~ 33.0
Ephemeroptera 26352 o 70.0 18608 54.4
Trichoptera . 5920 16.0 1168 3.4
ddonata _ 0 . 0.0 224 0.6
.Coleoptera 400 ' 1.0 - 208 | 0.6
Hymenoptera 0 : 0.0 . 0 0.0
Amphipoda 32 - 0.08 320 0.9 .
Hydracarina 368 1.0 208 0.6
Haplotaxida 576 1.5 1424, 4.2
Oligochaeta 64 0.2 0 - 0.0
Hirudinea 64 0.2 352 1.0
Unionoidea 0 0.0 : 0 0.0
Basommatoi)hora 1008 | 2.6 . 416 1.2

Hemiptera 0 0.0 0 0.0




