
Winter unveils the hidden heauty ofArkansas. like the I'i.was ami/ablt' frum King.,
muffin the drainage ofthe Illinois HflYO/l, O:ark National Forest. - phOIO by
Neil Compton.

By Barb Meyer '.

Every cilizen o( Arkansas. and
certainly Ozark S<x'icty ml'mbers.
should rally to the cause and save
Arkansas' desiJ.,'11atl'd "Extraordinary
RcsOlIfI:e Water l3<xJies" (rivers and
Iah·s) (rom the fOIvagcs of in-strcam
and sm:am beJ sanJ ,tnJ gravel
mining.

Gravel mining in streams has
gone on for generations in Arkansas.
It has been percl"ived as a cheap.
readily availahle suurce of aggrcgrate
(or fill. road sur(aCl's and rc;.di-mix,
Like so many IhinJ.:s. scientific
knowleJge and ex!"erience hilS proved
our old practices to be harmful.

Those raking gravel (rom
Arbnsas' extraordinary resource
streams are operating under a dual
illusion as to Ihe bargain cost of
stream aggregates and its harmlcss
effect (10 :memns, In re'llity. not only
is growl:! mined ()f 4uarried from
sources 01 her than streams aV:lilable at
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Gravel Mining
Guts Streams
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Du'e'"s are" DUE.'.·.. ,~t• .x
:~'..;

.~::'"

Scotland finale anyone?
Oz:trk ~iety dues (~r'i995t:

3rc now due, :tnd wc need your
continued help ~md support to· ;':
comhat the dUeflt of gravel mining

.. to our extraordinary resource water

. bodies and to protect other pl~ccS
.natural and wild. Pleasc fill oui the
>rcnewalJorm in this issue and.
retum it with your dues check. as
soon as possiblc, w the Ozark .;;:~
Society, r. O. Bux 2914, Littll:. ;f'!
Rock, AR 72203.if t

.j,. ':-;':~

TOIll McRae is puttillg
logether one (inal June hiking trip II'

Scotland on behalf o( the Ozark
Society Found;Jtion (or;t maximum
o( ten people. If you arc interested in
J:oing, you must contact him be(ore
mid-January. Pl.ms ;Jre to :;pend a
week in the wilJ ;Jntl ru/.:ged Wesll"fn
Highlands wilh cros,~ings to the bit:
of Skye. Lodging will be in a rellhlll',
picturesque h,)[('1 with a view o{ thl'
sea and Hehrides (fishing rights
included (or angler's interested) .

TIll'Y will d\<'n n'llIrn h' t1wirol,1
haun" ill I h,' C,lirngllrlll f\l,'UIl[,lills.

Dl'jl:lrtllrl' will he ;ll'proxilll;lleh
Julle H, relurnin:.: I w\) wl'cks tal cr. Th.,
lripellst {r,ltH Link' RlX·k :IIlJ relurn
will he (rum :52,<)00 to $ 3, I00.
includin!~ :lir(;Ire, rlll1m, alllanJ
I r:\\)sr<)rLII illn, ~ui,It's, an,! S,1Il1l'
l'vl'nillg ,'llll'rlamllll'nl. R",'m llll,.tcS
;Ire J,'ul'!e "l"Cllp:lIll'y. Clllll:1Ct
McR:ll:;l1 32)(1 O:,lrk, I. ill Ie Ro,-k,
AR 7220S, (SOl) 666-0020, l.ll'dall·s
will be Sl'!1t only to tho:>e intnesll,J.
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cheaper or nearly the same co~t. the
in,~tre:un ~ra"clminin~I'rocc~s is
Iitcrally killin~ our mo~t precious
re~Ollrces, Thl' scientific community
has well·documcllIcJ proof o(the
,Ie~rfllction impo~eJ by the Slrcam
dynamics :mJ once pointed out to the
lay person. I Ill.' J:lIl ...~e is ulwillus.

In ~n exhaustive work on the
harms of in-stream ~rn\"c1 mining, Dr,
Arc I'rown. University uf Arkansas at
F:lyerteville. points out rhat normal
Jistribution of the bedload o{ a stream
resuhs in riffles occurring every five to
seven bank full strl':un widths. Once
the bedload has been mined, resulrin~
in holes or pits. it caUSl'S the stream to
erode itself upstream_ Either the
~tre:unbedor h:lIlh me then Jislodgcd
to Crl':lte a new supply Il{ {ill :md
a~rcj.,'3te to help fl'stabilze bedloaJ
bal:mce. In hrief, the river n:lturally
tenJs to heal its wounds,

Hydl(llo~ist ~teVl' v('lugh
hrought a ml>dcl tu Arbnsas til
,lcmOl1Slr;lte stremll dynamics, Gough
showed h(l\\' 5t re:lOl banks collilpse.
He illustrated how Jl.'l" .sits of
,seJiment from the ,)rigin:ll mining, as
\Ycll as from upSlre;lI11 gl.'ner;llion of
IX'l.lload. chuh'S ;mJ embeJs the
natural stream botwm so that hiJing
.mJ breedin~ placl~ filr insecls arc
,1l.~tn.yeJ, This hrl.'aks a \'itallink in
I he (POll chain, No insl'cts. No fish.

That means no slllallltl,'uth bass
Ilr nKk hnss til atta~k the ilngler's lure
with hrome~1 fury, Fishl.'ries hiologists
;InJ ~I'0rtsmen alih: l.:ive tesl ill\l1ny to
the Jl.'c1ine (If smallmOl;th bass anJ
Illher game fish species in our streams
when: in-stream gravel min in!: takes
l'(;lce. &..autiful J.::r.1VcI har campsites
arc Jl.'stroye,1. Once dear Jeep rools
and shimmcring rapids arc .
I ransfimllcd intC' shallow. turhiJ nats,
In plnces. canoein~ ;Itld bonting arc
impossihle.

Fisherman or not. you know the
,ust II' Arkansas each year is gr('at
trom the I()~s of revcnUl'S (rom fishing
license sales, bailS, ~uidc services, .
klliging, (00.1 anJ SlIpplil.'S. and m:my
lither ser"icl.'s tourists fl'quire, Such
~c:lson~1 touriSl-urienteJ servicc
inllus1ry jl,hs in rural Arkansns - in
nlllllllunil ies (ar fn'l11 the intl'rst .lIes
- :lllaw thllu:-.,nds of pur citizens to
work llear h"me or supplement

farming. manufacluring and other
incomes. When it comes to jobs. far
more jobs will be lost bec:luse o(
gravel mining that will be crl';\led hy
it,

For example. the Texas
Smallmouth l3ass Club no longer
comes to Arkansas. :lnd has notified
our state government as such, Why?
Because n:ltionally famous Crooked
Creek. Number One un the Arkansas
Gmne and Fish Commission's list of
"Major smallmoulh bass streams of
Arkans:ls," is being systematically
destroyed by in-stream gravel mining,
Crooked Creck shoulJ have bcen
accorJed "Extrnordinnry Resource"
designation years ago, TIle
approximately 90-mile long stream,
which has baffled fisheries biologisls
(or yenrs because o( its proclivity for
producing trophy smallmouth b;lss, is
now up (ur ERWI3 designntion in an
attempt ro save it from (urther
damage. It currenrly has 45 ~r.tvcl

mining operalions on it. and the
DPC&E recenrly turned down n
(X.'rmit request by one operator to
remove 400.000 cubic yards of gravd
frllm the stream,

Fishing Resort Owner Jim
Gaston ofL,kcvil.'w. a commi:>sioncr
of Arkans.,s St;Hl' \':lrks esrirnnlCS
that Crcx,kcd Creek will be '\lemJ" in
three ye:lrs if J:t';\vcl mining isn't
slllpp<..d NOW! Other area busil1e~s

leaJers ..re alSll J;rIlwi Ill:: concerncJ
over the impnct of decreascJ tl.luri~11I

on local economics.
The Arkansns lanJscape 5hll\\'s

clear evidence of:;( reambank erosion
anJ las.~ of valuable alluvial cror anJ
pasture Jnnd, The agricultural
community is nnl happy, Neither arc
those who believe Ihere is nothing
greater than simply messing aoout in
boats on clear mountain strcam~,

Their favorite stre:lms nrc le5.~

Ooat:lhle and for shorrer pcrioJs of
timc throughout thc ye:tr, Disruption
to normal streamflow imposed by in
stream mining callSl.'S streams ro be
shallower and wider. having n
negative impact on Oat water and

.white WOller p~ddling, C:lnocists :lnd
/loat-campers spend money locally
tCX), PadJlers should not be reduced to
rising and falling \V~ters aS5QCiated
with srorln eventl'. which. by lheir
nature, pose a sa(l·ty tlucat.

It seems in-stream gra\'l'lmining
ruins all phases of enjoymcnt of a {ree-

flowing w;llerway. AnJ why? Fllr
wh:lt? -_- ..._

In 1969, a cOllnty-hy-collnty
sllrvey o( Ihe miner;" resources of
Arkans:ls (Bulletin 645 in 1969) was
made of availnble to :lllliti:ens, It
revealed that s<md and gravel is in
abundant supply in Arbns;ll'. ellis
made to gravel suppliers throllghout
Arkansns Juring the last wl.·e!.: <l
November. 1994, confirmed till'
abundance o( the resourt:c an,l revc;1!
priel'S which indicate no s;lvings in
pricL'S of in-scream \'ersll~ oUI-of
stream mined or quarried gravel. In
(act. stream gravel is
disproportionmely higher in co~r in
some portions of till: state.

Further. Slream or crl'ek gravel
from certain parts of the Sl:\tl' is nul
recommended (or cert:lin uses. l'ven
road bcd, :\ccording 10 tile I\rkans:l,'
Geolo!:ical Commission which rcp(lrt~

th,ll creck gr.l\'c1 uSl'd in a roaJ hcJ
ncar Fort Smith resuheJ in a bnJslidl',
The GcoloJ;ic;ll Conllnission and
Arkansns Rl.'aJi-Mix A~s'lCialion alsl'
di.scl'urnges lI:<l.' of a~grl'J.::ates (rolll
north Arkan:;;1s. Thl.' crl'I'\.: :.:r;)vl·l~ arc
unsarisfactory li)r n:adi-lI1ix llI:cause ,,(
chert comel\t, Chert chips uul (.(
concrete. leavin\.: sioewalks. llrivcs.
founJ;ltion." and other poun',1
stnlClllres "·c;o!.:elwd <lr Ji,,(i.t:llfl"J.
InJuslry sl'0kcsllwl\ jndi, ;ltl.,d crl.'l'!.:
~r.la\'d~ ffl.'qul.'luly willllllt 1I1l.'Cl
spccif1cati"lb f,.r (,lI)lrlIClil)n I'r,.j..-l'b
bllt fl'\\' jl1hs "Pl't: if\' ,I h~m lll) lISl' p(

creek ~ravd.

MOllcrn st rl'alll mOI1itorin:.:.
water lillality testing, ,md hllli~tiL

al'pwaches III the en\'ir\lnllll'l1t h;lvl'
movl.,J thlo w'llchfllll'yl' hcyonJ one
person's propl.'rcy line. New Clm(lOpl~

in walcrshed 1t1,II\;lgl.'IIll.·nttake I he
overall river illlu ;1I:Cllunr. \VI: llllW go
..round the nl'xt bl'l\'l. Whik
indiviJual righls ;ue not 10 I'll.'
belittled, I have yet to meet om' land
owner or gr;lVl'l eXC;l\';1tnr wh" (an
provc than one gr.tvclmining
operation b mllre il1lpOnanl th;lll a
strC:lln,

With scientific facls in hand•
our conscientious lawmnkers p;l~sed

1l'/~i~lation II) protect certain Wollers
within Arbnsas from in! rusliol\ by
~ravd mining. ACI :\78 ()f 1993
allll'lllling the Ark;\I\sas (, )pcn-l'1I1
Lmd Reclamati,m Act provides:

"The removal of gravcl or other

Contilll/cd Ollllt!.\t page



employed. _
Arkansas ci[i~ns and our

members in othcr states arc Sl ronj;ly
urged to adJress this challenge.
Chapter Chairmen call order a
current list of Arkansas senalors anJ
representatives (rom the Arkansas
Legislativc Council, Bureau o(
Lcgislative Research. St:lte Capitol
BIJg., Room 315, Little Rock, AR
72201. Or, call them <It (501) 682·"

19.37. Then, copy it fot
members, and :lsk them to
call or wrile lheir scnators
and congrl'5Slnen,
explaining how valuahlc
these Ark;lIlsas rivers arl'
to them ;IS' a resident llr
visitor.

MOSI imporlam,
YOU can help by
reporting gravel mining
operations - whl'rc•
when, and who - to the
Ozark Society, local
neW5papers, anJ ;lnyone
e1sc who will prim it or
usc it. Action is pending
be(ore the Arbn:oas
Department o( Pollulion
ConI ml anJ l'CO!(lI-:Y
(ADPC&E) calling (or
enforcement o( Act 378
o( 1993 and enfon:cment
of the h;ln on gravel
minin!: in ERWBs. Rules
anJ regulat ions (or
enJorcement of th:lt law
arc complel e and ;m'ait
commission passage.

In a ~ririt l){
cooper;ltion to achieve
protection o( our srrC:lI11S,
Ol'l'arlment Dirl'Clor
RanJall Mathi5 has

sought ml'ans f~)r !wlle(icial resolution
o( I he prllbkm ,mJ has allo\\'c,1 lunds
and directl'd Ihal in/onnalil'O he
Jisseminatcd lor educ;lI ion ,,( Ihe
general public lIll lhis i~sue. TIll:
Al'lPC&E Environmcntal
Prl'servat ion Division has produced a
video in conjucti,m with the
Arkansas Game .mLl Fish Cllt1lt1lis.~ion

calling (or an immediare ban 011 in
Slrl'am ~ravc:llllinil\:: 10 pfllll'Cl till'
waters o( the slate. Tak,' aeli,11l IllllV.

Thanks. Let's kel'p good law.
It's time once again (or the Oz;Jrk
Society to go to bat (or all those rivers
wc've been protccting for lhe last J3
years!

aggregate5 from suppliers in north
central Arbnsas ranged (rom $14 per
cubic yard sprcad ({or "ele;ln" creek
gravel suitable (or many uses but not
washed), to $5 per ton (or Class Z
with (jne aggreJ.:ate suit;lble (or (ill.

One o( the hugest gravel
operators in the state is a TeX;lS
corporation which pit.mined and
exported nearly one million cubic
yards of Arkansas Gravcllast year.

"........

Grcivtl.
COlllilllled from pa,r:e 6

malerials from streams or stream beds
shall comrly with the requirement of
the Act and Regulation 15. There
shall he no mining in streams
designated a5 Extraordinary Resource
Waters as identifreJ in Regulation 2,"

This is good law based on sound
rc:t.~oning. As is the Case with any new
regulation, some citizens, land owncrs
anJ gravcl miners, ~Io not
think the law should apply
to them. They believe their
historical right to what
they perceive as "che;lp"
resources should continue
ad infinitum. Re~ardless o(
Ihe cost, they argue
con.o;titution:ll and
economic rights and deny
any resultant loss o( natur;11
resources and destruclion
o( habitllt and specil'S (rom
their gravel mining
pr:lctices. They seek to
:lvoid enforcement and

_-tI
:ldvocate overturning o( ",. ,
the new law. The\' press to .... . _
avoid adoption0(.- .. •
regulations governing ,.--. ~.~
activity wilhin strc;un beJs. ri;. _..t :"'j L~~~' ~~~~~:::-.:.'~,;.:; "-1~
They take this position ';;":' ~'I,}.( ;~~:'" ",1: .~. ...'.,
even though gravel is . <. ;'; ~, ; :.~ I :.;•• L .' ,',: ~

available in abundant .,.. -' . ""ll~t;:~~I~
, . / :\~_....

qu:mtities at fair prices ' . .'
(rom multiple, readily
proximate out-or·stream
sources. Research by Ihe University ofArkansas /ras proven thai ill'

Prices quotN by slream gravel milling, as practiced here on IIpper While RiI·er.
suppliers (or out-of-stream destroys sporl fisheries that are extremely imporlallt 10 the local
or quarried gravel versull economy ofthe rural Ozark alld Ollachita 1II01l1ltai" f('gioll,
in-slream gravel sccureJ where lourism is a major source ofjobs alld illcOllle. - pholo
from around the statc courtesy of Arkansas Wildlife Federation,
reveal lhat J.:r:lvel in the
Springd:'lle (northwest) Arkansas area Cost per ton [olhe public is $3.50.
(l.1uarrit.'d Class 2 gravel with dirt, In summary. no operator can
suitable (or (ill) Lost $4 per ron. Co.~t is m:Jke an economic case {or in-stream
$4.50 per ton for Class 7 (I -1/4 inch gr;1VcI being bettcr :'Ind/or cheaper
and llown) aggregate, washcJ and than off-stream gravel sources.
suitahle f,)f concrete. (mm Ihe S;lme Representatives 'If the concrete and
supplier. FiJI gr.1VcllIlineJ (rom construction industry. and the
streams just nunh o( the same area Arkansas Geological Commission,
costs $6 per yard (rom one source agree that we have enough out-of·
(Bclla Villw) nnd $4.33 per ton (rom stream gravel aV;li);lble [0 supply the
nnother (Rogers). Neither o( the Intler gravel nceds o( this st;)tc indefinitely.
llpcmtorll deals in washed gravel WE DON'T HAYE TO DESTROY
suitahle (or concrCle, Thc Rogers OUR STREAMSlCurrentl:Jw was
5upplier i5 a small, one-truck operator enacted (or a purpose. It neeJs to l,c
who revealed he ~ets gravel (rom enforced. A hoilistic view must be
"v:Jrillus creeks." The cost of taken and the true "cost" o( Ihe use o(

our natural resources must bc



llilll){!ylIl('UI ul lIur wall:r resources as:1 (l'

suit ol\hcsc in-slrcalllllliniuJ,t practices. ,mel
,lc'Jtislatioll was ennctcd in 1993 ballninJ,t
gravel mininJ,t in all strcams e1esignated "ex
tr:tordinary resources." '1113t law has not
been enforced. With the legislature in ses
sion. efforts are underway to repeal the ban.

Advocates for repeal arl.7UC that in-stream
Olinin~ does no harm and that stream man
agement and flood control require periodic
gravel removal. In addition, in-stream gravel
is perceived as cheap and readily avai1able.
Scientists. however. do not agree with the
"no harm" theory, and a survey of gravel
costs does not support the "chcap source"
theory. OuL-o(-sLTeam gravel is available in
virtually every county in Arkansas. Fore
most, when the real "cost" is factored in
the loss of streams and other resources 
in-stream gravel is no bargain.

Growing environmental awareness over
the last two dec.1des brought (ederally man
dated water quality standards and allowed
state governmenLc; to impose protections (or
sLTeanls through del'iignated uses. One such
protection is the "extraordinary resource"
dcsiJ.,'Tlation in Arkans:lS on ..II or portions of
the Buffalo. Kings. Currcnt. Eleven Point.
Spring, Strawbt·rry. Sylamore. UttIe Red,
Illinois Bayou. Piney, Mulberry, Hunicane.
Lee. Salado. Richland. Falling Water,
Cadron. BiJ,t. Salinc, Caddo. Cossatot.
Ccmcy. UttIe Missouri, Mountain Fork, Big
Fork. Moro. Second and Cache rivers. Note
"portions." Even a small segment of the'
Arkansas River below Lock and Dam No.2.
in southeast ArI<an5:IS, is included.

In an effort to protect tlwse extraordi
nary resources, in 1!193 our lawmakers in
troduced and adopted and Governor
Tucker signed into law Act 378, which
antended the Arkansas Open Cut Land
Reclamation Act. 'TIle language pertaining
to in-stream gravel mining is clear. "There
shall be no mining in streams designated
as Extraordinary Resource Waters ..." Fur
ther provisions provide permitting and
water quality criteria Cor mining in all other
Arkansas streams. ,

Arkansas legislators took this action be
cause they share the opinion that our wa
ters are a precious commodity. Growing
concerns over the loss oC tillable land to
erosion, oC fillheries and wildlife habitat,
and o( decreasing recreational suitability
brought gravel mining practices to light as
a threat to Arkansas sLTeams. 11le scientific
community mirrored and substantiated
those concerns.

Dr. Art Brown, a noted stream ecologist
at Ole University ofArkansas at Fayetteville,
studied in-stream gravel mining for 20 years
and concluded that in-stream mining clearly
causes disruption of equalized bedload,
which he explains by stating that Arkansas
streams run through valleys fonned by de
posits oC alluvium. Brown Cound that riffles

. occur downstream in our waterways every
five to seven "bankfull widths."

Streambeds disturbed by mining restore

cacti yem' III 1I1l: :.,...<;.

Slac!<cd alongside the loss of valuable
croplands. lourism dollars, aesthetics and
wildlife is Ihe fact that inquiries dispulc
claims of Ihe cheapness of in·sLTeam gravel.

Calls to gravel suppliers throu~hout the
slate reveal quarried rock to be the least
costl)' fill. Lowest-eost aggregates come
from out-of-strcam gravel pits. Ozark creck
gravcl contains chert - unsuitable (or con
crete, according to !he Arkansas Readi·Mix
Association. The state Highway and Trans
portation Department docs not allow creek
gravel on many projects, pre(emngcrushed
rock instead. Why? Rounded gravel rolls
and is too unstable (or road base.

Geologists praise Arkansas' ample out-of
stream gravel supplies, citing a 1969 slate
wide study. One major operator who each
year exports nearly one million tons of the
cheapest gravel found in the state supports
this theory. saying we have a virtually limit
less supply of out-o(-sb'eam /.,'ravel.

Compelling arguments {or continued in
stream mining come (rom individuals advo
cating protcction of private property rights.
All established principle in this counll)' is
that laws limiting private ri~hts must ad
dress a greater public good. Precedents
abound in the (orm ofland-use restrictions.
'TIlrou~h building and 7.oning codes.licens
ing and permits, we impose laws dictating
personal use of private lands to ensure an '
ordered society, to protect neighboring
landowners and to preserve natural re
sources. In regard to in-stream gravel min
ing, loss of non-renewable natural re
sources crilicalto many is weighed 'Igainst
the potential economic gain o( individual
landowners.

Regardless o( whether the attempt to
repeal Act :~78 succeeds. in·stream gravel
miners cannot operatc without federal per
mits. In August 1993, the Corps o( Engi
neers and the Environmental Protection
Agency ruled that in-stream gravel mining
results in "incidental discharges" and re
quires federal permitting under the Clean
Water Act. The Cederal process requires
state review and certificationfor compliance
with water quality standards.

Since gravel mining is obviously regu
lated, the question is how - state or federal?
The two governmental authorities are work
ing on cooperative efforts. Repeal o( state
protections and regulation ofourstreams will
hamper efforts and fly in the face o( scienti1ic
facts supporting needed protection o( water
resources from in-stream gravel mining. We
passed a law to change our old, destructive
habits. We need to keep that law. We need to
be proud of our progress and protection o(
Arkansas streams. .:.

Barbara Black Meyer is a Little Rock attor-
. ney, environmentalist'and fifth-generation
Arkansan who recently was named director0/
the state's project for holistic watershed plan
ning. She seroes as natiolla/ president 0/ the
Ozark Society Inc.



~ ~
WISCONSIN DEPARTMENT OF NATURAL RESOURCES

RESEARCH
REPORT155

Abstract

Impacts of In-Stream Sand and
Gr<lvcl Mining on Strc<lm Habitat
and Fish Communitics, Including
a Survcy on U1C Big Rib River,
MZlr<.lthon County, Wisconsin
by Paul K'lnchl Qnd John Lyons

Guredu 01 Re::;e<.lrch. M<:ldlson

Bascd on a Ille Jturc review. 1110 prl/ll,HY physlCJI and biological effects of in-stream sand and
gravel mining and slreJm·conflcctcU f100dplJIn excavations arc: (1) stream channel modifications.
including alterations of habllat. Ilow pallerns. sedlmenl transpon. and increased headculling; (2)
waler quality modlfIC.Jllons. If1cludlng Iflcre.Jscd turbidity. reduced light penetration. and increased
water temperatures: (3) changes 1/1 ,1qu,tIIC plJnt communities through channel clearing and changes
in substrates, (4) changes In aquatic Invertebrate populations through direct removal. disruption of
habit.:!t. and incre;,c;ed sedlnlCnt,ltlon. ,HId (5) changes In Iish populalions Ihrough lhe alteration and
cilflllna!lon or Si).l'.·i rlll19 ~ll1d nUl ~.' ';', 11.1~1I1.1l ;lrleJ tlHOlJg11 .:JiIl.'1 <llrons In the lood web. which can allect
the nutrition, lIedl'll dl1d 9ro::tI\ 01 11:.11 ~~IA Cd~,L.' sluules from stdle::; outSide of WisconSin arc pre-
senled (ll<l! dOCUli'l:nl 111.11ly 01 1I1l::." i,lli'·ICili ,lnel blologlc.)1 effeCls.

To CXZHllHll.' IIi,' ,)\)I,,'II:ldl Illlp.ll:I'. vi :;,)()dpl,llil ;Ind In·streZJIll graVell1lHllng. we surveyed portions
ot tile BIC) Hili HIVV I . M.H;1tllOI1 COUll:, \'.',:-.con"ln. for tlabllJl llnd 11::.11 conHl1unlty charJcteristlCS dur
Ing August l~Wi' :It~ l:dU G:.1.\11011:. ;' Il.'le) rl:Celvcd pJSlln-:>lreJIl1 nllf1J1lg. one hJd been impacted
by Ill-strl}.:llll ;111111110 JII",'''~:' [.1' ..';0,'. ,'. :";1::.lve. dcllve f100dplJln milling . .)nd 2 were ncar limited
Iloodpl;Jln or (1;),1 1, :11 fillrllllS IlJllIllIlll'll :,:,1110115) I lilOllal Cll':IfJClerlsliCS-nlosl notJbly percent sand.
percenl rubblecot'!I:,: ':10:;111 CII;Hlllt·I,':,,::ll ;\ncJ Ille.:ln deplll ot runs-dlffercd among stations.
Station .:. wlllcll II.Jeltllt: 1110:.1 Il}L':fli III :.ll,:;lfll 1ll1l1lng (apprOAlrl1dle1y 1:J ye':HS beforc sJmpling),
h.:ld tilt: wor:;l tl;lt),I.l1
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Introduction

Little has been published about the effects of
sand and gravel mining on fisheries resources in
Wisconsin. To develop insight into possible effects,
we conducted a literaturE' review that focused on
physical and biological results of sand and gravel
mining both in and adjacent to streams. Additionally,
we compared fisheries and habitat characteristics in
areas with and without mining in the Big Rib River,
Marathon County, Wisconsin. The area around the
Big Rib River has been mined for the past 40 years
(Zmuda 1982). The goals of both the literature review
and the field sampling were to develop management
recommendations for dealing with possible conflicts
between stream fisheries and mining activities. For
purposes of this report. sand and gravel mining is
defined as excavations of sand. gravel. and larger
substrates such as rubble, cobble. and boulders.

As of 1977, there were approximately 34.800 ha
in Wisconsin that had been disturbed by surface
sand and gravel mining operations (U.S. Dep Agric.
1977). By 1987. over 4.860 ha in Marathon County
alone had been disturbed by sand and gravel oper
ations (Mitch Zmuda. Wis. Dep. Nat. Resour.. pers
comm.). In the area nea the Big Rib River between
Marathon City and Rib Falls, Wisconsin, there are
49 different mining sites that encompass over 170
ha (Mitch Zmuda. pers comm.). Types of mining
in the Big Rib River area include inactive and active
riparian (upland) excavations. inaclive and active
floodplain excavations. v, hlch can include uncon·
nected and connected ponds with outlets to a river.
and actual in-stream mining (dredging) excavations.
For the purpose of this report. we limit our discussion
to active floodplain excavations (connected ponds
only) and old in-stream dredging.

Wisconsin regulations that require state permits
for gravel excavations in or adjacent to navigable
water were first enacted In 1961 under Chapter 30,
Wisconsin Statutes. Under Chapter 30. permits
were required if excavations resulted in removal of
material from a streambed. relocation of a stream.
creation of an artificial waterway within 150 m of a
stream, and/or grading on the bank in excess of
930 m2 (Zmuda 1982). N:> provisions were Included
for the reclamation of gravel excavations under
Chapter 30. Many of the gravel operations during
the late 1960s and early 1970s did not have Chapter
30 permits (Zmuda 1982) With increases in permit
applications during the mld-1970s, it became appar
ent that added regulations were needed.

Therefore. In 1979, new regulations were formulated
under Chapter NR 340, Wisconsin Administrative
Codes. that gave specific guidelines for gravel
excavations in or near navigable waterways. The
main purpose of NR 340, rewritten in September
1991. is to minimize adverse effects. provide for
reclamation of excavated areas. restrict excavations
where adverse effects cannot be minimized or
aVOided. and define certain terms, including some
used in Chapter 30, Wisconsin Statutes (Zmuda
1982. WIS. Dep. Nat. Resour. 1991). After an appli
calion is submitted under Sections 30.19. 30 195,
or 3020. the Wisconsin Department of Natural
Resources (DNR) reviews the project and compiles
an EnVIronmental Assessment (EA) to determine if
an Environmental Impact Statement is needed
(Zmuda 1982) The EA data are assembled by the
fish. wildlife. water resources. and water regulation
and zoning programs The formulation of these
laws. regulations. and guidelines have deterred many
pernllt applications to dredge in and around the Big
Rib River since 1980
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This report describes the results of surveys con
ducted on the Big Rib River in 1986 and 1987. In
1986, DNR Fisheries Management and Research
personnel conducted a brief fishery survey on 2 sec
tions of the Big Rib River in an area that had experi
enced in-stream mining almost 10 years before
sampling. In 1987, DNR Fish Research personnel
conducted a more detailed 2-week survey of the
habitat and fish communities at 6 stations on the
Big Rib River betwef'n Marathon City and Rib Falls.
The objective of these surveys was to evaluate and
document impacts from active. connected floodplain
excavations and from old, abandoned. unreclalmed
in-stream-mined arec's.

Methods

To determine what IS currently known about in-stream
and floodplain sand and gravel mining. we conducted
a literature review and contacted DNR water regula
tions personnel. This evaluation included studies and
articles published as of summer 1990. A database
search was conducted by the U.S. Fish and Wildlife
Reference Service. Bethesda. Maryland. on the key
words of gravel mining and streams. Additional
reports and articles ""ere provided by Mitch Zmuda
(DNR Bur. Water Regul and Zoning) The articles
and reports that we r·~viewed contained InformaliOn
on additional studies and articles that we attempted
to obtain from various agenCies

Our reView primarily focused on the phySical and
biological effects of In-stream sand and gravel min
Ing and secondarily on floodplain (connected ponds
only) sand and gravel mining For the purpose of
this report, we exclUded such topics as effects on
recreation. aesthetic~., terrestrial biota. and geotech
nical engineering aspects. However, due to the
dearth of actual studies conducted on in-stream and
floodplain sand and gravel mining. we researched
other In-stream modifications and effects. such as
channelization, silt depOSition. and channel clearing.
We also provide short summaries of 6 specific case
studies conducted or in-stream and floodplain
excavations in other states. These summaries
include stream and location, references. types of
mining operations. physical and biological effects,
and recommendations_

Methods for the Bi~ Rib River surveys conducted
in 1986-87 by ON R personnel are discussed in the
section of this report titled "Big Rib River: A
Wisconsin Case StUdy of Gravel Mining Impacts."

Taxonomy of fishes cited in the report follows
Robins et al. (1991). Scientific names are given in
the Appendix.
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Literature Review

Physical Effects
Gravel mining operations (both in-stream and

floodplain excavations) can affect the physical
nature of a stream. The stream channel may be
modified, flow patterns and bedload transport may
be altered, headcutting can increase, and the water
quality of a stream may be altered.

Stream Channel Modifications

The actual dredging or scraping of sand and
gravel during mining operations can alter stream
channels and banks. Dredging or scraping usually
involves enlargement or widening of the stream
channel (Etnier 1972, Woodward Clyde Consult.
1976b. Yorke 1978). which creates uniform condi
tions of either deep or shallow reaches throughout
the channel (Yorke 1978). These physical effects
can change the stream length, gradient. width. and
depth of the channel (Woodward Clyde Consult.
1976b). Channel deepening can also cause stream
banks to become unstable and eroded (Bull and
Scott 1974). In the Crooked River, Idaho. where
placer mining (a type of gold mining that involves
dredgmg of sand and gravel) occurred. the stream
was channelized and straightened: all trees, boulders,
and other cover were removed, and pool habitat
was eliminated. thus creating a channel devoid of
habitat SUitable for salmonids (Hair et al. 1986).
Widening of the channel also Increases the surface
area of the stream (Yorke 1978). If dredging occurs.
deep pools are often created because the amount
01 matenal being removed is greater than the
amount of material that the river can redeposit (Bull
and Scott 1974. Crunkilton 1982. Rivier and Seguier
1985) However. once the mining operation ceases,
these pools often fill with sand or silt in a relatively
shon period of time, depending upon the rate of
sediment renewal (Yorke 1978. Rivier and Seguier
1985) Thus. these pools created by dredging may
serve temporarily as sediment traps, which may be
beneficial to downstream habitats and organisms
(Martin and Hess 1986), This condition is, however,
a short-term response, because the sediment
basins will eventually fill in,

Channel Flow Modifications

The physical effects of deepening and widening
the stream channel can alter the flow patterns and
velocities of the stream (Crunkilton 1982), As in
channelization (the creation of a uniform channel),
peak flows will be higher, resulting in a shorter dura
tion of flooding (Yorke 1978). Velocities will be



streambed material (armored layer) is large and
erosion resistant, such as bedrock, further degrada
tion will not continue. This condition is known as an
arrested nick point (West 1978). It may create a
stepped profile consisting of short steep stretches in
the armored layer (West 1978) or possibly may
cause the river to erodE laterally (MacBroom 1981).
Therefore, the length of movement upstream of the
headcut and nick point are controlled by the discharge
of the river, the differences in gradient between the
upstream zone and the downstream zone. and the
structure and compositi:)n of the streambed and
bank materials of the ri\ er (Leopold et al. 1964).
Leopold et al. (1964) designed an experimental
model for the maintenance of headcuts. and Li and
Simons (1979) develop"d a mathematical model to
estimate erosion and deposition of headcuts caused
by In-stream gravel min ng operations.

.--.- .. - .......
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Water Quality Modifications

Changes in the morp'lology of the stream channel
that result from in-stream mining or from floodplain
mining operations that are connected to the stream
channel can alter variOL S water quality parameters.
such as turbidity. dissol'/ed oxygen. light. and tem·
perature The actual dr!~dging operation will Increase
the concentration and discharge of suspended and
dissolved solids. thus increasing the turbidity at t'le
site and downstream (Cordone and Kelly 1961.
Yorke 1978. Crunkilton 1982). Also, wastewater
from gravel washing operations will increase turbid
ity (Rlvler and Seguier 1985). The direct increase in
turbidity is a relatively short-term response. in that
turbidities will return to near normal levels after
dredging has ceased However. due to Increased
erosion of stream bank~. and erosion from headcul
ting, turbidities may stay above normal for qUite
some time Hamilton (1961) noted that turbidities
increased from 25 ppm to 3.030 ppm at a gravel
washing operation that discharged wastewater into
the Fruin Water, Scotland. At approximately 1.000 m
downstream, turbidity W1S 232 ppm and even at
2.000 m downstream, tL rbidity was still above nor
mal at 68 ppm. Dredgirg may resuspend organic
material, resulting in a decrease in dissolved oxy
gen concentrations (Cordone and Kelly 1961,
Woodward Clyde Consult. 1976b, Crunkilton 1982).
Dredging may also resuspend toxic material, such
as pesticides or metals, associated with sediments
(Yorke 1978, Crunkilton 1982),

High turbidities associated with dredging and
gravel washing operations may reduce light pene
tration (Cordone and Kelly 1961, Woodward Clyde
Consult. 1976b, Yorke 1978, Crunkilton 1982), This
may reduce photosynthesis and primary production
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(Crunkilton 1982). In the River Dore, France, a
decrease of 27-75% wa~, noted in primary produc
tivity, and chlorophyll content decreased between
50-70% due to gravel mining operations (Rivier and
Seguier 1985). In contrast, clearing activities may
increase light penetration due to the removal of
stream bank vegetation Marzolf 1978).

An increase in temperature and temperature
ranges might occur due t~ channel widening because
of greater surtace area a'ld reduced velocities (Yorke
1978). The removal of bank and riparian vegetation
from dredging operations and channel clearing
would reduce shading. further increasing stream
temperatures (Marzolf 1978, Yorke 1978, Crunkilton
1982). depending upon the amount of area cleared
(Woodward Clyde Consult. 1976b). An increase in
temperatures could also occur due to connected
ponds that flow into a stream from floodplain mining
operations (Crunkilton 1982). Connected ponds
can result in large evaporative losses from a stream
or river (Richardson and Prall 1980).

Biological Effects
Gravel mining operations (both In-stream and

floodplain excavations) and their associated physi
cal effects can affect a wide range of stream biota
including plant communities. aquatic Invertebrates.
and fish populations.

Effects on Plant Communities

Plant communities can be reduced directly by the
actual dredging operatlolls and through channel
clearing (Marzolf 1978). The density and metabolism
of plants. including algae. can also be reduced by
high turbidities, increased sedimentation. decreased
light penetration. and changes in the substrate
(Cordone and Kelly 1961. Chutter 1969. Marzolf
1978. Rivier and Seguier 1985). Gra~el operations
on the River Doubs, France. caused a reduction in
macrophyte communities through increased deposi
tion of sand and slit and through the disruption of
the streambed (Rivier and Seguier 1985). Diatom
populations decreased b2tween 54-94% in the
River Dore. France, due to gravel operations (Rivier
and Seguier 1985).

Effects on Aquatic Invertebrate Populations

The actual dredging operation can decrease
invertebrate populations directly through the actual
removal of invertebrates 'Starnes 1983. Thomas
1985) and through the disruption of habitat and
associated physical effects, particularly sedimenta
tion. Dredging operation~; may result in reductions
of both density and biomass of invertebrates over
distances of up to several kilometers (Cordone and

Kelly 1961, Rivier and Seguier 1985). Downstream
from gravel operations in the River Loire and River
Allier, France. total densities of invertebrates were
reduced between 13-75%, and biomass was reduced
between 10-81 % (Rivier and Seguier 1985). Likewise,
invertebrate biomass decreased by 62-96% in the
River Ouveze, France (Rivier and Seguier 1985).
Other studies show similar reductions. Ziebell (1957)
found that invertebrates were reduced by 98% at
approximately 90 m below the discharge of a gravel
washing operation on the South Fork Chehalis River,
Washington. Conditions did not return to normal
until 10.5 km downstream. Ziebell and Knox (1957)
found a 75% reduction in invertebrates at 0.2 km and
a 85% reduction at 2.7 km below a gravel washing
operation on the Wynooche River, Washington.
Cordone and Pennoyer (1960) reported a 90%
reduction in invertebrates immediately below a
gravel washing operation on the Truckee River,
California. and a 75% reduction 16 km downstream.

Reductions in invertebrate densities can also
occur indirectly by the removal of suitable substrates
such as woody debris. Benke et al. (1985) found
that snags. although only 4% of the total surface
area, supported 60% of the total invertebrate biomass
in the Satilla River. Georgia. Therefore, channel
clearing could have a devastating effect on inverte
brate populations. Channel clearing has particularly
severe effects on certain types of invertebrates
(Marzolf 1978) The removal of coarse particulate
organic matter will affect shredders and collectors,
and likeWise. the removal of detritus will affect detri
tivorus invertebrates. Invertebrates that inhabit
woody debriS will have to either emigrate or perish.
The removal of organic material Will reduce food
sources and the diverSity of substrates available to
benthic invertebrates (Woodward Clyde Consult.
1976b. Yorke 1978). Altered temperature regimes
can lead to altered emergence periods of aquatic
invertebrates; this. in turn. may alter reproduction
(Woodward Clyde Consult. 1980b).

Several studies have been conducted on the
effects of small suction dredges on invertebrates.
Griffith and Andrews (1981) studied the effects on
4 streams in Idaho. They noted that less than 1%
mortality or injury was caused by entrainment of
aquatic invertebrates: however. factors such as
predation and the suitability of the habitat that the
organisms were deposited into could produce addi
tional mortality. Recolonization of the dredged area
occurred in 38 days. Griffith and Andrews also
noted that larger, commercial dredges could cause
substantially greater impacts. Thomas (1985) per
formed an experiment on two 50-m sections in Gold
Creek, Montana. She found that the mean insect
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abundance decreased greatly after dredging, but
downstream insect abundance did not appear to be
changed. Recolonization of the dredged area was
complete after one month. Harvey (1986) studied
the effects on 2 California streams. Effects were
highly localized, but dredging did affect some insect
taxa, such as Hydropsyche spp., when substrates
were altered. Recolonization occurred in 45 days.
He also noted that the effects of dredging would
probably be more severe in streams that contained
higher amounts of fine sediments. These studies
support a conclusion that small suction dredges can
cause limited, short· term. and localized effects on
invertebrate populallons.

The greatest impacts on aquatic invertebrates are
caused by the change in substrates from gravel to
sand and/or silt, the removal of riffle habitats. and
the associated increase in sedimentation that results
from dredging and gravel washing operations. Both
quantitative and qualitative changes can occur
(Woodward Clyde Consult. 1976b. Marzolf 1978).
Increases in sedimentation from the dredging activity
and from erosion fir~;t result in a decrease in density
and then, as the interstices of the gravel substrates
fill in with sand or silt, a change in species composi
tion. Benthic communities will change from species
with very specific ha.bitat requirements to others that
are more eurytopic and silt tolerant (Chutter 1969.
Crunkilton 1982. Rivler and Seguier 1985). Normally.
species richness will decline.

Sedimentation can also adversely affect inverte
brates by reducmg or covering their food supply and
interfering with feed ng and respiration (Woodward
Clyde Consult. 197Lb. Rivier and Seguier 1985).
Production tends to be lower in sand substrates due
to the shiftmg natuw of such bottom types (Cordone
and Kelly 1961) anc the lack of interstices to entrap
coarse particulate organic matter and support biotic
activity (Narf 1985). There tends to be a decrease
in certain taxa. such as Plecoptera. Tnchoptera.
Ephemeroptera. and Coleoptera. while certain other
taxa. such as chironomids and oligochaetes. are
encouraged by the presence of sand and silt (Rivier
and Seguier 1985) The coarser substrates of gravel.
rubble/cobble. and boulders provide a diverse habi
tat of multiple textures and different water velocities
that can support a greater diversity of invertebrate
species (Cordone ald Kelly 1961).

Results from field and laboratory studies showed
that many common riffle invertebrates were unable
to move upstream on long, sandy substrates that
were greater than 80 m (Luedtke and Brusven 1976).
The uniform currents, the lack of refuge from current
flow, and the instability of the sand may be respon
sible for restricting upstream movement. Luedtke
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and Brusven (1976) studied the effects of a com
mercial dredge operation on Emerald Creek, Idaho,
where long stretches of sandy reaches were created.
Results indicated that there was limited upstream
movement by invertebrates: however, there was
considerable downstream movement by drifting and
crawling of certain Plecoptera species on the sandy
substrate. despite low velocities. Moving or shifting
sands may create barriers to upstream migration,
as well as unsuitable habitat for drifting invertebrates.
Narf (1985) studied a channelized section of Bear
Creek. Wisconsin, in which sand substrate from the
new channel had covered up the coarser substrates,
creating a long, sandy reach. He noted that the 4
normal forms of invertebrate migration (i.e., vertical
migration from substrate, drift. upstream migration,
and aerial dispersion) were reduced to 2: drift and
aerial dispersion. The main obstacle to colonization
was the absence of a stabilized substrate with its
associated coarse particulate organic matter and
periphyton and the absence of snags, stream bank
vegetation, boulders, and cobble. Therefore, he
concluded that colonization was influenced by the
elimination of habitat, absence of a food chain base,
and a reduced colonizing source of invertebrates.
The area took approximately 5.5 years to recover.

Sedimentation. elimination of habitat, and direct
physical removal caused by gravel mining operations
can be devastating to mussel populations. Grace
and Buchanan (1981) studied the effects of in-stream
dredging and gravel processing operations on mus
sel populations in the Osage River, Missouri. Fifteen
years after dredging. no living mussels were found
in the in-stream dredged area. Recolonization was
prevented by the elimination of habitat, destabiliza
tion of bottom substrates. and the creation of deep
pools. Also. disruption in the life cycle of mussels
may have been caused by changes in fish popula
tions that resulted from the dredging. Mussel larvae
depend on fish as hosts to complete their life cycle
(Crunkilton 1982). Slower growth rates of mussels
could occur downstream from gravel dredging and
washing sites due to very high turbidities (Yokley
and Gooch 1976).

Effects on Fish Populations

In·stream gravel mining and floodplain excavations
that are connected to a stream or river can influence
fish and fish populations by eliminating spawning
and nursery habitat, by altering habitats, and by
influencing the trophic dynamics of fish communities,
thereby affecting the nutrition and health of fish.
The physical removal of riffle areas and the process
of channel clearing may eliminate spawning beds
and nursery habitat (Crunkilton 1982, Starnes 1983).
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in 75% mortality of brown trout eggs (compared with
20% mortality in the control sections) after 20 days
(Rivier and Seguier 1985). In the Fruin Water,
Scotland, where gravel washing operations dis
charged into the river, salmon and seatrout (see
Appendix for scientific names of fish species)
spawning was eliminated due to siltation of riffle
areas (Hamilton 1961). Six months later, after oper
ations had ceased, spawning resumed in some
areas. Spawning areas and nursery areas have
been reduced in many rivers in Finland due to the
removal and siltation of riffle habitats through dredg-

ing and channelization for timber
floating (Jutila 1985). In the River
Simojoki, Finland, densities of
Atlantic salmon parr were reduced
by up to one third, which resulted
in a decrease in smolt production
and salmon catches. In the River
Piispajoki, Finland, dredging of
rapids virtually eliminated the
brown trout population in an area
of 990 m2 . In the River Hassenjoki.
Finland. dredging of rapids caused
annual catches of whitefish to
decline by 4.700 kg and brown trout
by 300 kg. It was recommended
that riffle habitat be restored in
order to enhance reproduction. In
4 streams in Idaho influenced by
small suction gold dredges, un-eyed
cutthroat trout eggs experienced
100% mortality after entrainment
(Griffith and Andrews 1981). Eyed
eggs showed 29% and 35% mor
talities after 1 hour and 36 hours.
respectively. Yolk sacs were found
to be detached from 40% of the fry
during entrainment.

In-stream gravel mining and
channel clearing have been shown
to alter the habitat of streams by
creating pools, removing riffle
areas. changing substrates from
gravel to sand or silt, and eliminat
ing important in-stream and stream
bank cover types. These alter
ations can change fish populations
both quantitatively (density of fish)
and qualitatively (change in fish
species diversity or species rich
ness). In the River Loire, France,
a decrease of 28% in numbers of
fish and a 17% reduction in biomass
occurred downstream from gravel

. :.~ ~.' .
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Riffle inhabitants such as this darter will be replaced by species tOlerant of the
new habitat type.

Channel modificatIons due to in-stream mmmg can greatly alter fish habitat.
often replacing pool and riffle habiTat WITh runs

Increased turbidities and siltation of gravel beds can
affect reproduction and the development of fish
eggs, especially salmonids and other coarse sub
strate spawners (Cordene and Kelly 1961. Rivier
and Seguier 1985). Deposition of suspended sedi
ment can hinder inter-gravel water flow within the
substrate. and sediments can settle around eggs.
inhibiting the exchange of gases and resulting in
egg mortality and Interference with fry emergence
(Woodward Clyde Consult. 1976b. Rivier and Seguier
1985) In the River Allier. France. suspended sedi
ment concentrations between 20-100 mg L resulted

v
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removal operations due to the combined effects of
trophic and habitat modifications (Rivier and
Seguier 1985). Areas on the Yankee Fork of the
Salmon River, Idaho, dredged 30 years ago, still pro
duce 97% less biomass of trout and whitefish than
the undisturbed areas (Irizarry 1969). In the Middle
Fabius River, Missouri, Hickman (1975) reported that
the estimated standing crop of the total fish popula
tion was 25% lower and the estimated standing
crop of catchable-sized fish was 51 % lower in areas
without snags compared to areas with snags. Martin
and Hess (1986) found a reduction in brown trout
and rainbow trout abundance downstream of in
stream gravel removal operations in the Chatahoo
chee River. Georgia. Forshage and Carter (1973)
also found reductions in certain minnow and sunfish
species. the elimination of other minnow and darter
species, and an incrE,ase in certain sucker species
downstream from an in-stream gravel removal oper
ation on the Brazos River, Texas. For more details
on the numbers redu:ed and specific species
affected in the studies by Martin and Hess (1986)
and Forshage and Carter (1973). refer to Studies
NO.2 and 6, respectively. in the following section
under case studies from the literature. Both studies
reported that a change in habitat and cover and a
reduction in food sources accounted for the alter
ations of the fish populations.

After gravel mining. the fish community may
change from riffle-specific species to ubiquitous and
run-specific species (Berkman and Rabeni 1987).
Generally. the creation of deeper. quiet pools and
the removal of snags creates habitat for some sucker
species (Benke et al 1985). Rivier and Seguier
(1985) noted that gravel removal first results in a
reduction of species 1hat have specific requirements
with regard to food and habitat. with riffle species
being reduced first. They outlined 3 stages of
change in fish species composition in gravel removal
operations:

1) a reduction of running-water species, especially
salmonids, accompanied by increases in still-water
species;

2) a reduction of still-water species that have exact
ecological requirements; and

3) an overall reduction in species composition, with
only eurytopic, silt-tolerant, deep-water species
surviving in the end.

We believe that once the pools fill in with sand and/or
silt. the species composition will again change to
species adapted to shallow sandy or silty areas,
with possibly some transient fish species moving
through the area on t'1eir way to other areas in
search of food or cover.
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There are other studies that document changes
in fish communities due to gravel mining. Berkman
and Rabeni (1987) studied 3 streams in Missouri
where gravel removal operations were taking place.
They found that within the riffle communities, as the
percent of fine substrates increased, the abundance
of benthic insectivores and herbivores (particularly
central stonerollers) was reduced and general
insectivores increased. Also, they noted that the
relative abundance of simple. Iithophilous spawners
(species that lay eggs on gravel or rubble and do
not build a nest or provide parental care) was
reduced due to siltation of riffle areas. Campbell
(1953) reported a change in fish populations in the
Powder River. Oregon, from a gold dredging opera
tion. Populations changed from rainbow trout and
whitefish to predominantly squawfish and suckers
due to the creation of pools and siltation. In 2
California streams, it was found that dredging with
small suction dredges affected riffle sculpins more
severely than rainbow trout (Harvey 1986). Riffle
sculpin habitat was eliminated. and the gravel areas
that remained were covered with sand.

Physical effects, such as increased suspended
sediments, increased temperatures. and the.resulting
alterations in the food webs can affect the nutrition,
health, and growth of fish. Excessive amounts of
suspended solids from the actual dredging operation
and from erosion can abrade the protective slime
coatings of fish gills and bodies, which can lead to
increased bacterial and fungal infections of fish
(Cordone and Kelly 1961. Rivier and Seguier 1985).
Also, increased suspended sediments may block
vision and impair feeding (Rivier and Seguier 1985).
Thus, the growth and survival of fish may be influ
enced by the elimination of fish food sources, by
interference with fish visual feeding. and by removal
of important cover types (Cordone and Kelly 1961,
Woodward Clyde Consult. 1976b).

The removal of cover can disrupt fish territory
and orientation, causing fish to move out of an area
(Marzolf 1978). In a study of Olson Lake Creek,
Alaska, high amounts of suspended sediments from
gravel removal operations caused Arctic grayling to
move downstream into possibly poorer habitat
(Woodward Clyde Consult. 1976b). However.
increased turbidities caused by dredging operations
are relatively short-term, and turbidities return to
near-normal levels after operations cease. Cordone
and Kelly (1961) point out that the indirect damage
to fish populations through destruction of food sup
plies, eggs, or through changes in habitat probably
occur long before adult fish are directly harmed by
turbidity and suspended sediments.



The enlargement of stream channels and the cre
ation of connected ponds can increase temperatures,
which may influence the density and diversity of fish
communities. Tryon (1980) reported that ponds,
formed by floodplain excavations, connected to the
Little Piney River, Missouri, changed the fish commu
nity. The river was predominantly a trout stream,
while the pond supported a warm-water fish commu
nity dominated by largemouth bass. Temperatures
in the pond were reported to be over 29 C, an
increase of 17 C from temperatures in the river.
Studies in Alaska reported that ponded waters elim
inated Arctic char and Ar :tic grayling habitat, and
that entrapment of fish species resulted in fish mor
tality during low flows (Woodward Clyde Consult.
1980b).

We previously discussed alterations in food webs
(a decrease in primary and secondary producers.
invertebrates. and other food organisms) that may
affect the growth of fish, the feeding habits of fish,
or actually force fish to move from a dredged area
(Crunkilton 1982. Rivier and Seguier 1985). For
most fish, certain habitats (based on current veloc
ity, size of substrate, and water depth) are very
important and vary according to the age and size of
fish (Rivier and Seguier 1985). Disruption of these
habitats can therefore influence the growth and sur
vival of the various life stages of fish. In Alaska.
younger age classes of trout were actually attracted
to disturbed gravel mining areas where currents
were lower (Woodward Clyde Consult. 1980b).

Case Studies From The Literature
Summarized below are 6 case studies where

phySical and biological effects were examined in
areas where in-stream andior floodplain excavations
had occurred.

Study No.1

Stream and Location Seigal Creek. Idaho

Reference: Webb and Casey 1961

Type of Mining: Placer mining (in-stream).

Physical Effects: A reduction in habitat due to
shortening of the stream (natural meanders were
removed), elimination of pools. silt accumulation
in pools. and a decrease in suitability of riffles for
spawning. Turbidities were as high as 3,000 ppm
at the dredged site. Dissolved oxygen was not
affected. All of Seigal Creek from the mouth
upstream to the mined area showed silting effects.
Water temperatures rose 3-4 C due to stream
bank cover removal.

Biological Effects: In the dredged area, aquatic
invertebrates and fish were reduced by 99% dur
ing dredging, but recovered within one year.
Invertebrates 0.5 km below the dredge site were
not affected. Species composition of invertebrates
was not affected. Mountain whitefish were
adversely affected, while mountain suckers
increased in both size and number below the
dredged area due to warmer temperatures and
silting in of pools.

Recommendations: None given.

Study No.2

Stream and Location: Brazos River. Texas

Reference: Forshage and Carter 1973

Type of Mining: In-stream gravel mining and
gravel washing operation with wastewater returned
to the river via a settling pit.

Physical Effects: Approximately 2.4 km of river
was dredged. Construction of an island used for
gravel operations changed river flow from one
bank to the other. A portion of this island was
never removed. thus creating a sandbar 46 m by
30 m. Channel clearing removed logs and brush
from the dredged area and stream bank. Dredging
changed substrates from a sand-gravel-organic
matter complex to a shifting sand and Inorganic
silt condition. Average depth increased from 0.3
0.9 m with a maximum of 2.1 m. Turbidities
increased from 20· 75 JTU at the dredging site
and did not return to normal for 12 km downstream.
Suspended solids increased following dredging
from 0.05-2.35 mliL below the outlet of the set
tling pond. Suspended solids were deposited
within 1.6 km of the dredging site. No change
was detected in water temperature or dissolved
oxygen

Biological Effects: Invertebrates were reduced
by 97% at the dredge Site, and 50% at 2.7 km
downstream. with conditions returning to normal
at 4.3 km downstream. Reduction was due to
change in substrates and possibly by high turbidi
ties. Invertebrate populations had not recovered
6 months after dredging ceased. Changes in
density and diversity of fish were reported due to
the removal of cover, the reduction in food organ
isms, and the increase in shifting sands and silta
tion. The following fish species showed no change
in density: freshwater drum, gray redhorse.
longear sunfish, and logperch. The following
species disappeared: redear sunfish, silver chub,
redfin shiner, stoneroller, blackstripe topminnow,
and orangethroat darter. The follOWing species
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decreased (an' indicates substantial change):
threadfin shad, green sunfish, bluegill, spotted
bass·, largemouth bass. red shiner, blacktail shiner,
and western mosquitofish. The following species
increased: river carpsucker', longnose gar,
smallmouth buffalo', common carp', gizzard shad,
channel catfish, flathead catfish, warmouth. white
crappie', brook silverside, and inland silverside'.

Recommendations Dredging should be halted
in Texas streams to Jrevent their gradual. but
definite, biological dpterioratlon.

Study NO.3

Stream and Location: Cache Creek. California

Reference: Woodward Clyde Consult. 1976a

Type of Mining: In· stream sand and gravel min·
ing, and floodplain e (cavations.

Physical Effects: The area has been mined
since 1915 and the average volume of materials
removed from 1964-74 was 2,800 kg per year.
Effects include streambed lowering between 1.5 m
and 4.6 m, with a rate of 0.2 m per year from
1964-74; channel Widening creating terraces, thus
affecting the rlpanan zone; in-stream and ba'nk
vegetation removal: :,evere erosion amounting to
6.4 x 108 kg per year In suspended load since
1950; undermining of piers and.'or abutments of
bridges; headcuts. and Increased groundwater
depletion. which caused much of the creek to go
dry during summer

Biological Effects None given; however. due
to the depletion of gr:lundwater and subsequent
drying of the creek bed. any organisms that might
be stranded In small pools would die or have to
emigrate downstream to survive.

Recommendations Minimize flooding and loss
of land; protect groundwater resources. public
works, irrigation facilIties, and the environment;
maintain gravel industry and agriculture. The
authors recommended the following habitat miti·
gations and limitations on gravel removal: build
retards along banks. jetties, check dams, buried
sills, and in·channel baHles: limit the rate and depth
of extraction; and rebuild and armor bridge piers.
Other recommendations included use of permits
and restoration plans. land acquisition to provide
open-pit riparian mining. and establishment of a
long-term monitoring program.

Study No.4

Stream and Location: 25 Alaskan streams

Reference: Woodward Clyde Consult. 1980b

12

Type of Mining: In-stream sand and gravel min
ing (scraping). and floodplain excavations with
connected ponds.

Physical Effects: The 25 study rivers had been
mined 3-20 years ago. Fifteen sites had changed
in either hydraulic geometry, slope, or flow
obstructions. The hydraulic geometry changes
included wider channels, reduced depth, reduced
mean velocity. increased water conveyance, and
altered pool:riffle ratios. Seven sites had slope or
headcut changes Twelve sites had flow diver
sions that created braided channel conditions,
and at 6 sites the former channel was eliminated
and new channels were formed. Bank and in
stream cover were lost at 11 sites. At 8 sites
changes in the armor layer of the streambed
occurred. with a shift from compacted gravel to a
loose. unconsolidated sand-gravel substrate,
usually with inter-gravel flow. Channel degrada
tion occurred. which increased suspended sedi
ments leading to silt deposition in the wider,
shallower areas and covering of the interstices of
the gravel Also. an increase in suspended solids
was reported due to overburden piles and bank
erosion. which were more common at meander
Ing and Sinuous rivers due to the mining of point
bars Other changes included increased turbidi
ties from the actual mming and bank erosion, and
Increased temperatures in the shallow, wide areas.

Biological Effects: Generally. there were reduc
tions In density and diversity of invertebrates.
Due to the formation of braided channels and
subsequent reductions in velOCity and depth and
Increases In silt. populations were altered with
shifts In species and life stages. The creation of
ponds allowed lentic invertebrates to colonize
these areas. Generally. there was a decrease
in denSity and diversity of fish communities. Due
to increased unstable substrate, braiding. back
waters. ponded waters. and loss of bank and
In-stream cover, several sites lost Arctic char
and Arctic grayling, with a shift toward slimy
sculpin and round whitefish. Other problems for
certain fish species included loss of spawning
areas. migration blockages due to a decrease in
surface flow (which sometimes was reduced to
Inter·gravel flow). entrapment of species in
ponded waters that might dry up during low flows,
and loss of over-wintering habitat due to the for
mation of ice fields on braided streams, which
decreased water volume.

Recommendations: Mining should avoid active
channels, especially split. meandering, sinuous,
and straight channels. This leaves only braided



rivers for mining. Mining techniques should avoid
creating ponded areas and altering stream
banks, and altering spawning and over-wintering
areas. Also, if floodplain pits are mined, pits
should be at least 2.5 rn deep. However, pits
should be restricted to the inactive floodplain, and
buffer zones (between 50 m and 100 m) should
be maintained. Mining in the active floodplain
should not disturb the edge of the active channel,
increase bed slope, form new channels, or have
stockpiles removed frem near active channels.
Guidelines were writter, that detailed the tech
niques that should be used when floodplain exca
vations occur (Woodward Clyde Consult. 1980a).

Study No.5

Stream and Location Kansas River, Kansas

References: U.S. Army Corps Eng. 1982a,
1982b; Simons and Li 1984

Type of Mining: In-stream sand and gravel
dredging.

Physical Effects: The authors studied different
areas of the lower Karsas River. However, all 3
reports are included in this summary because of
their similarities. The morphology of the river was
altered by local degradation (between 2.4 m and
3.0 m), channel widening (an increase of 46 m),
bank erosion, disruption of the sediment load,
and upstream degradation and related impacts
due to headcutting. Dredged holes acted as sed
imenttraps. Velocities in the dredged areas were
lower by up to one half compared to the control
sites. Depths increased by 50-200% compared
to the control sites. Tt" ere were very few effects
on water quality parameters. Substrates changed
from shallow, sand habitats (control sites) to mixed
habitats with an increase in the armored layer
(gravel and rubble at recently dredged sites) to
heavily silted habitats (at older dredged sites).

Biological Effects: Control areas had low diver
sity of invertebrates. Recently dredged areas
had higher diversities due to exposure of the
armored layer, and increased variety of depths
and velocities. Therefore. species characteristic
of pools. riffles, and substrates other than sand
increased in the recently dredged sites. At the
older dredged sites. benthic invertebrates char
acteristic of pools and silt substrates increased,
whereas species characteristic of other habitats
decreased in abundance. Species of fish that
declined included red shiner, sand shiner, and
river carpsucker, which were predominant in the
sandy. braided channels of the control sites.

Species that increased in the intermediate stages
of the progression but then declined included
shovelnose sturgeon. sturgeon chub. speckled
chub, emerald shiner, blue sucker. shorthead
redhorse, smallmouth buffalo, channel catfish.
stoneca!, flathead catfish, goldeye. and sauger.
Fish species that increased in relative abundance
throughout the progression included gars, gizzard
shad, common carp, silver chub, river shiner,
bullhead minnow, bigmouth buffalo, white bass,
white crappie. and bluegill. In the later progres
sion, density and diversity of species were less
than in the control stations.

Recommendations: Various alternatives were
discussed, such as no action, cessation of dredg
ing. reduced quantity of material extracted. alter
native stream sources for dredged materials. and
riparian mining. Proposals were made that would
maintain moderate habitat diversity in intensively
dredged parts of the channel, and substitution of
off-channel sites were suggested for some of the
lower channel sites. In another article, Li and
Simons (1979) recommended the use of a series
of small gabion check dams to control headcutting.

StUdy No.6

Stream and Location: Chatahoochee River,
Georgia

Reference: Martin and Hess 1986

Type of Mining: In-stream sand and gravel min
ing. and gravel washing operations with a small
settling basin connected to the river.

Physical Effects: One dredged area created a
long, deep pool (300 m by 2.5 m) with primarily
sand substrate, while the other dredged area cre
ated a sediment trap at the upstream end. which
protected downstream riffle habitat. Renewal rates
varied from 3 days to 2 weeks. Water velocities
decreased from 0.71 m/sec in undredged areas
to 0.28 m/sec in the long, deep dredged pools.
Snags, woody debris, and other cover types were
removed to within 3 m of the stream bank.
Headcuts were formed at the upper end of dredged
areas. Excessive turbidities were evident down
stream from the wastewater outlet and existed for
200 m downstream. Dissolved oxygen concen
trations decreased from 7.6-6.9 mg/L at the lower
end of the dredged site. Bank erosion was evident
near the washing operations. No change in tem
perature was observed.

Biological Effects: Densities of invertebrates
were lower in the dredged areas due, at least in
part, to reduced water velocities; however, power
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generation probably affected diversity of inverte
brates more than the dredging activities. The num
ber of competitive fist- and competitive fish species
(species with food habits similar to rainbow trout
and brown trout) werE greater in the dredged area.
Species coilected onl" in the dredged area included
spotted sucker. common carp. white catfish, red
breast sunfish. warmouth. redear sunfish. and black
crappie. At 2 different stations. rainbow trout and
brown trout accounted for 96~o and 82% of fish cap
tured. respectively. in the undredged stations. 78%
and 17°~ in the recen'ly dredged stallOns. and 7%
and 40~o In the stations dredged 7 months previously.
The higher percentage of trout caught in the last
station wac due to be~ter habitat caused by the
sediment trap ar,c stc c~ings of trout 2 months prior.
Larger trot..: (> 360 mm) were more abundant in one
undredged staton elf'd the condition of trout was
poorer in one dredge j s:e due Indirectly to poor
habitat of loose. :r'e sand substrate Generally. It
was concluded :'lal :. e remo;al of sand can be
beneficial:o msec ar:d tro~: abLndance. while
removal of gravel ,1'"'( wocel debriS was roL Sand
dredging '!at cleere sr~'2 i Sl10'i pools could be
beneficial io lro~:

Recommendations: Dredged areas should not be
longer than 223 m. This figure was derived from :I

mathematical formula based on size of materials
removed. stream discharge. average water temper- "'"
ature. and width of the pool to be dredged. Other
recommendations included leaving an area above
and below the dredged pool in order to provide for a
40:60 pool:riffle ratio. returning substrates> 2.5 cm.
restricting dredging to middle portions of a river
(within 6 m of bank) to prevent bank erosion and
cover removal. and rehabilitating stream banks that
had been affected by gravel washing operations.

Big Rib River:
A Wisconsin Case Study
of Gravel Mining Impacts

Introduction
DUring July and August 1987. we conducted a

2-week s~:vey of 6 stations on the Big Rib River in
Marathon County between Marathon City and Rib
Falls. WsconSln The purpose 0 1 our survey was to
evaluate and document Impacts from sand and gravel

The Big Rib River near Marathon City.
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mining on the habitat and fish community of the Big
Rib River. Emphasis was on the area of most recent
in-stream sand and gravel mining. We also incor
porated a fish survey done in August 1986 by DNR
Fisheries Management and Research personnel. That
survey was conducted on " sections of the Big Rib
River at or adjacent to our 1987 habitat and fish com
munity survey. The purpose of the 1986 survey was
to document the status of the fishery in the 2 sections.

Description of Study Area
The Big Rib River, located in north-central

Wisconsin, originates at Rib Lake in Taylor County,
Wisconsin, and flows southeast for 88.8 km, meet
ing the Wisconsin River at Wausau. The river has a
drainage area of 1267 km2 (Henrich and Daniel 1983).
The lower portion of the Big Rib River is Class A
muskellunge water and provides recreational fishing
for many species including walleye, smallmouth
bass, northern pike, white sucker, and redhorse.

At our study area. the Big Rib River is a fjfth-order
stream (Strahler 1957). Gradients ranged from 1.67
m/km at the upstream stati)n to 0.55 m/km at the
downstream station. The area around the Big Rib
River contains well-sorted outwash deposits, which
include alluvium with stratified sand and gravel
deposits with some clay and silt intermixed (Devaul
and Green 1971, Zmuda 1982). These deposits
average about 30 m in thickness (Devaul and Green
1971). Bedrock is compos~d of Precambrian crys
talline rock that can appear at the surface or be cov
ered with thin drift (Devaul and Green 1971). In the
riparian zone, ground moraine deposits contain a
greater proportion of silt ard clay, with some stony
till and fragments of bedrock (Devaul and Green
1971, Zmuda 1982).

Methods
Station Selection

Our stations either had in-stream mining, were
impacted by in-stream mining, were adjacent to
current floodplain gravel mtning, or had no past or
current in-stream mining or limited nearby floodplain
or riparian mining (unmined stations). For the nearby
floodplain and riparian mining areas, it was not pos
sible to determine if actual mining was occurring at
the time of the study. Stations were numbered
sequentially, starting with Station 1 as the down
stream station near Marathon City and ending with
the upstream Station 6 near Rib Falls (Fig. 1). The
description of each station is as follows:

'Miles upstream from the mouth of a river (Fago 1988).

Station 1 - Located at River Mile' 113.1, directly
downstream from an intensive floodplain mining
operation. This station was also downstream from
an area that was channelized in the late 1920s dur
ing construction of State Highway 29. There are
12 mining sites in this area. The mining area is
characterized by open pits, washing ponds, pro
cessing operations, and sand and gravel stockpiles.
At high water, some of the ponds are connected to
the river. Station 1 was 350 m long.

Station 2 - Located at River Mile 14.7, an unmined
station, with no current or historic in-stream mining,
and one floodplain mining site and 2 riparian mining
sites near the area. Station 2 was 440 m long.

Station 3 - Located at River Mile 16.5. Station 3
was an in-stream site that was dredged for sand
and gravel approximately 20 years ago and is in a
state of partial recovery. There are also 2 riparian
mining sites and one floodplain mining site located
near the area. Station 3 was 460 m long.

Station 4 - Located at River Mile 17.9. in an area
that had in-stream sand and gravel mining approxi
mately 10 years before sampling. Excavation at
Station 4 began in 1973 and continued for 6 years.
Dredging created a 365 m by 60 m by 2.4 m-deep
river channel enlargement (Wis. Dep. Nat. Resour.
1987). The exact measurements of the area before
dredging are not known, but it can be assumed that
the dimensions were similar to the mean widths and
depths of the unmined stations. Figure 2 shows an
aerial view of the dredged site in 1979. Note the
enlargement of the river channel and uniform condi
tions in the dredged area. Reclamation of the mined
area did not occur due to the lack of requirements in
effect at that time under Chapter 30 permits. In 1982,
a permit was issued in the same area to grade off
the top of a gravel bar on the upstream end of the
old excavation. There are 7 floodplain excavations
and one riparian excavation site located near this
area. There is also a low-water truck crossing at
the downstream end of this station. Station 4 was
150 m long.

Station 5 . Located at River Mile 18.0, immediately
upstream from Station 4. This station was impacted
by the downstream in-stream mining site. In 1984,
after excavation had ceased, the river cut a new
channel above the excavation site. The river relo
cated around an existing waterfall, creating approxi
mately 300 m of new channel. By 1985, nearly 95%
of the river flow was passing through the new channel.
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Station A - Located at River
Mile 17.8 and used as an
unmined station (Fig. 1).
Station A was located directly
downstream from Station
4 and included 2 riffles and
2 runs. There was a con
nected pond located down
stream from this area (Fig. 3).
Station A was 230 m long.

Station B (1986) - Located
in the same area as Station 4
of the 1987 survey; however.
it also included a portion
(approximately 130 m) of
Station 5. This station was
305 m long.

During our sampling in 1987.
all of the flow was passing
through the new channel.
Directly upstream from
Station 4 is an old scour
hole. Station 5 starts at the
old scour hole and continues
upstream to where the new
channel combines with the
old channel, upstream from
the old waterfall. Figure 3
shows an aerial view of the
dredged area in 1987. Note
the addition of the new chan
nel, several sand and gravel
bars, and the connected pond
created since 1979. There is
one floodplain excavation
and one riparian excavation
in the area. Station 5 was
255 m long.

Station 6 - Located at River
Mile 19.0 and used as an
unmined station. There is
one proposed riparian mining
site in the area. Station 6
was 330 m long.

Stations from 1986 Survey -.)

Two segments of the Big
Rib River had been surveyed
in 1986. The description of
these stations is as follows:

Marathon
City

2

Station 1
oelow washing ponds

._--_.__._---------------'

1986 Sampling Stations

1987 Sampling Stations

Kilometers

I , I I I
o .25 .5 .75 1

Station B
In·stream dredging
10 years ago

/-:1

Station 4
in·stream dredging
10 years ago

u'----_

1---+------- --------------

Figure 1. Location 0: stations sampled on the Big Rib River in 1987 (top) and 1986
(bottom). Known floodplain gravel mining activities along the river are noted. .
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Figure 2. Aerial view of the
dredged site on the Big Rib
River taken in 1979 after
dredging had ceased. This
area became Station 4 and
Station 5 in our 1987 survey.
Note the enlargement of the
river channel and the uniform
conditions in the dredged
area.

Figure 3. Aerial view of the
dredged site (Station 4) and
impacted site (Station 5) on
the Big Rib River taken in
1987. Note the new channel
formed upstream from the
old dredged site, the forma
tion of gravel bars and braided
channel downstream from
the new channel, the lack of
flow over the old waterfall in
the old channel, and the cre
ation of a connected pond
downstream from the old
dredged site. The connected
pond was formerly a flood
plain excavation site.
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Survey Techniques and Assessment

We assessed fish habitat at each station through
a habitat survey. Each station was quantitatively
and qualitatively sampled for specific habitat param
eters, including channel width, depth, velocity, sub
strate composition, in-stream cover types, bank
stability, and bend-to-bend ratio (distance between
bends divided by mean channel width). A transect
method was used to measure these parameters,
with transects spaced apart approximately the same
distance as the average stream width. In the case
of multiple reach types (riffles, pools, and runs),
transects were spaced one quarter of the length of
each reach type enc::luntered. At each transect,
channel width and 4 depths and velocities (evenly
spaced along transects) were measured. Main
channel width (wetted portion of channel) was mea
sured with a tape measure to the nearest 0.1 m,
along the transect line. Islands, isolated pools,
backwaters not in contact with the stream at the
transect. and wetlands or swamps along the stream
were not included in the measurement. Depths were
determined with a calibrated wading staff to the
nearest 0.01 m. Deoths were averaged in order to
calculate a mean depth for each transect. Velocities
were measured with a digital current meter (Marsh
McBirney Model 201 D) to the nearest 0.01 m/sec.
Substrate composition, in-stream cover, and bank
stability percentages were visually estimated for the
area immediately above and below each transect.
Estimates were con jucted by one observer to pre
vent observer bias Substrate types encountered
included boulder (> 256 mm along longest axis),
rubble/cobble (65-255 mm). gravel (2-64 mm). and
sand (inorganic material smaller than fine gravel but
coarser than silt. 0.062-1.9 mm) (Platts et al. 1983).
Substrate composition was estimated to the nearest
5% of the total surf2.ce area for each substrate type
encountered In-stream cover types were also esti
mated to the nearest 5% and included woody debris,
rocks/boulders. ove'hanging vegetation, undercut
banks, submerged macrophytes, emergent macro
phytes, rubbish, and channel depth (> 1.0 m deep).
Bank stability (surfa:e area protected against ero
sion) was estimated to the nearest 5% for both the
left and right banks. The distance between bends
was measured with a tape measure (nearest 1.0 m)
from the center of each bend.

The entire station was electroshocked for all fish
species with a standard DNR DC (3 probes) stream
electroshocker powered by a T & J Power Guard XL
2500 watt AC generator. Generator output was
converted to DC current via a rectifier during shock
ing. All fish captured at each station were preserved
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for later analysis and identification; however, fish
over 200 mm were identified, counted, weighed,
and released.

We used the Wisconsin version of the Index of
Biotic Integrity (IBI), developed by the DNR Bureau
of Research (Lyons 1992), to compare fish commu
nities among stations (Table 1). IBI scores are
based on expectations derived from other rivers in a
similar geographic region on what a good, fair, or
poor fish community should look like. The IBI con
siders 10 attributes of the fish community that are
termed metrics. Scores of 10 indicate that a metric
has a value similar to that of a high-quality, unde
graded stream. Scores of 5 suggest some level of
degradation, and scores of 0 indicate potentially
serious problems in the fish community for the sec
tion of stream being studied. The maximum possi
ble composite score is 100, indicating a stream
representative of the highest environmental quality;
the lowest possible score is a 0, indicating a stream
suffering from major environmental degradation.
We used both adult and young-of-the-year fish
species in calculating the IBI scores.

All statistical analyses were performed using the
Statistical Analysis System (SAS 1985) software
package. One-way analysis of variance (ANOVA)
was used to compare habitat variables among sta
tions. Residuals were examined to determine
whether assumptions of the analyses were satisfied.
Percentages were arcsine-transformed, and mean
depths and channel widths were log-transformed to
stabilize variance. Pairwise comparisons among
stations were carried out using Tukey's Studentized
Range Test and were considered significant if P ~ 0.05.
This test works well when sample sizes (number of
transects) are unequal (SAS 1985).

Results
Habitat Survey

Four of the stations (Stations 2, 3, 5, and 6) con
sisted of all 3 reach types (riffles, pools, and runs),
while Station 1 consisted of pools and runs, with no
riffles present (Table 2). Station 4 consisted entirely
of runs, with no large pools or riffles present.
Station A, sampled in 1986, consisted of runs and
riffles, with no large pools present. Although riffles
and pools were present at some stations, runs were
the predominant reach type, except for Station 2.

The mean channel widths of the runs for each
station were fairly uniform (22-30 m wide), except
for Station 4 (Table 3). Station 4 averaged almost
60 m wide, which was significantly wider than the
other 5 stations. The in-stream mining operation,
completed in 1979, created a 60-m-wide channel



Table 1. Metrics (measurements) used to calculate the Wisconsin version of the Index of Biotic Integrity (IBI) for the Big
Rib River fish communities

Scoring Criteria

'-" Category Metrics' 0 2 5 7 10

Species richness Total no. native species 0-9 10 11-19 20 ~21

and composition No. darter species 0-1 2 3 4 ~5

No. sucker species 0-2 3·4 ~5

No. sunfish species 0-1 2 ~3

No. intolerant species 0-2 3-5 ~6

Trophic composition Tolerant species (%) 51-100 50 21-49 20 0·19
and reproductive Omnivores (%) 41-100 40 21-39 20 0·19
function Insectivores (%) 0-29 30 31-59 60 61-100

Top carnivores (%) 0-6 7 8-13 14 15-100
Simple lithophilous spawners (%) 0-19 20 21-49 50 51-100

'Scores for each metric are summed to get an overall score for a fish community sample. The higher the score,
the better the fish community (possible range: 0-100). See Lyons (1992) for more detail.

Table 2. Lengths of the various reach types measured in the Big Rib River in 1986 and 1987.

Reach Type

Pool Rittle Run

Station Year Length (m) ("!o) Length (m) ("!o) Length (m) ("!o) Total Length (m)

A 1986 0 0 50 22 180 78 230
B 1986 0 0 a 0 305 100 305 .
1 1987 18 6 a 0 330 94 350
2 1987 255 58 55 13 130 29 440

...
3 1987 40 9 40 9 380 82 460V 4 1987 0 0 a 0 150 100 150
5 1987 70 27 55 22 130 51 255
6 1987 90 27 75 23 165 50 330

Table 3. Characteristics of the run reaches in the stations on the Big Rib River in 1987.

Characteristic

Station

2

3

4

5

6

Description No. Transects Mean Channel Width (m) Mean Depth (m)

Below floodplain mining 14 27.4 b' 0.58 a
(14.8) .. (0.41 )

Unmined area 12 30.3 b 0.60 a

(8.6) (0.32)

In-stream mining 18 29.9 b 0.69 a

(10.9) (0.44)

In-stream mining 8 58.8 a 0.26 b

(57.2) (0.31)

Impacted area 12 22.4 b 0.47 a

(17.3) (0.27)

Unmined area 12 29.8 b 0,48 a

(20.5) (0.25)

. Values in a column with the same letter are not significantly different from each other; whereas values
with different letters are significantly different (P ~ 0.05)

.. Standard error is in parentheses. Although analyses were done on log-transformed observations,
means and standard errors are of the original observations.
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enlargement (Wis. Dep. Nat. Resour. 1987). Almost
10 years later, the area was still the same width.

The mean depths 01 the runs for each station
were also fairly uniform (0.47-0.69 m), except for
Station 4 (Table 3). Station 4 averaged only 0.26 m
deep, which was signif'cantly shallower than the
other 5 stations. When mining was discontinued in
1979 at Station 4, a dredge hole was created that
was 2.4 m deep (Wis. Dep. Nat. Resour. 1987).
Since then, the dredged hole has filled in with sand
and some gravel creating a wide, shallow area.

The percentages of substrate types varied among
stations. All stations, except Station 4, contained
some boulders, although amounts were fairly low
compared to other substrates (Table 4). Rubble/cobble
percentages ranged from 22-37%, except for
Stations 1 and 4 where values were 0%. The amount
of gravel substrate varied somewhat among stations,
with Station 5 the highest. Gravel substrate values
ranged from 23% at Station 2 to 66% at Station 5.
Percentages of sand varied greatly among stations
with Stations 1 and 4 containing the highest amount
(50% and 60%, respecively). Station 5 contained
the lowest amount. with only 7% of the surface area
covered by sand substrate.

The high percentage of sand at Station 4 is prob
ably due to the combination of the direct removal of
gravel and rubble from the in-stream mining opera
tion, leaving only sand substrate, and the filling in of
the dredged hole with sand and some gravel from
upstream sources Wh~n the channel shifted at
Station 5, directly upstream from Station 4. a large
amount of eroded material (sand and gravel) was
probably transported downstream, filling in the
dredged area. Also. at Station 5. bank stability val
ues for the left and right sides of the bank were
quite low, with minimum values of 0-10% (Table 5).
High flows througr this station would wash sand
and some gravel downstream into Station 4. The
reason for the high percentage of sand substrate at
Station 1 is unknown. However. we suspect that
sand has been washed into the river from the wash
ing and stockpiling of sand and gravel at the flood
plain gravel mining operations located upstream
from this station or that this section of river has been
affected by the channelization done during the late
1920s when State Highway 29 was constructed.

The lack of rubble/cobble at Station 4 is definitely
due to the in-stream mining operation that occurred
over 10 years ago (Table 4). All of the rubble/cobble
was removed and has not been replaced from
upstream sources. Note that Station 3, which was
mined approximately 20 years ago, does contain
some rubble/cobble. This suggests that Station 3
has partially recovered from the in-stream mining;
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however, the amount of material removed from the
area is not known. The lack of rubble/cobble at
Station 1 could be due to sedimentation from
upstream sources, such as the floodplain gravel
mining operation, thus covering any rubble/cobble
in the area. Again, this is only speculation, but there
were areas near the stream bank that did contain
sand, gravel, and rubble/cobble bars.

Cover is a measure of the area available as shel
ter for fish. Cover was limited at all stations, except
for those stations that contained large, deep pools
(Table 5). The predominant cover type at all stations,
except Station 4, was channel depth, with some
woody debris present at Station 5. Station 4 con
tained no cover, which is probably directly attributable
to in-stream mining. The dredged hole created by
the in-stream mining has since filled in with sand
and gravel. Any other cover types-such as woody
debris. rocks. and boulders-would have been
removed by the in-stream mining. No significant
differences occurred between stations for percent
total cover.

Percent bank stability is a measure of the area
that is not susceptible to erosion. Bank stability val
ues were only fair to good at most stations, except
for Station 5. where values were very poor (Table
5). Bank stability values averaged only 34% at this
station and at certain areas were 0%. The erosion
problems at Station 5 were due to the relocation of
the channel. which was probably caused by head-
.cutting from the in-stream mining operation just
downstream from this station When the channel
relocated around the old waterfall. It cut through an
old flood channel and eroded the existing bank.
exposing mostly bare soil.

Fish Community Survey

The predominant (> 30 indiViduals) fish species
caught during our fishery survey in 1987 included
largescale stoneroller (all stations), common shiner
(Station 4 only). bigmouth shiner (Station 4 only),
longnose dace (Station 5 only). northern hog sucker
(Station 4 only), young-of-the-year black bullhead
(Station 2 only), smallmouth bass (Stations 2,3,
and 4), rainbow darter (Stations 2, 3, 5, and 6), log
perch (Station 4 only), and blackside darter (Station
2 only) (Table 6). All of these species. except big
mouth shiner and young-of-the-year black bullhead,
were present (at least one individual) at all the sta
tions sampled in 1987. Species found at Station 4
that were not found at the other stations in 1987
included bigmouth shiner and sand shiner. Both of
these species prefer sandy substrates and areas
open and free of vegetation (Becker 1983). The
habitat characteristics of Station 4 certainly fit this



Table 4. Substrate composition of stations on the Big Rib River in 1987.
----

Substrate Composition by Type (mean % of area)

Station Description Area (m2) Boulder Rubble/Cobble Gravel Sand
.". Below floodplain mining 9,590 3.0 ab' Db 47.0 ab 50.0 ab

(1.2)"" (6.8) (5.7)

2 Unmined area 13,330 15.6 a 36.9 a 22.5 C 25.0 be

(3.8) (3.8) (3.7) (6.6)

3 In-stream mir Ing 13,750 0.7 b 22.1 • 40.0 be 37.1 abc

(0.7) (5.6) (4.4) (7.4)

4 In-stream minmg 8,820 Ob Ob 40.0 be 60.0 a

(10.0) (10.0)

5 Impacted area 5,710 1.4 b 25.7 a 65.P 7.1 c

(0.9) (4.6) (6.0) (1.0)

6 Unmined area 9,830 9.2·b 21.7 • 30.0 be 39.2 ab

(3.8) (5.3) (2.9) (9.4)

'Values in a column with the same letter are not significantly different from each other; whereas values with different letters
are significantly different (P $ 0.05).

"Standard error is given in parentheses. Although analyses were done on arcsine-transformed data, means and standard
errors are of the original data.

Table 5. Available in-stream cover for adult fish and bank stability values for stations sampled In 1987 In the Big Rib River.

In-stream Cover
(% of total surface area) Bank Stability (% stable bank)

Channel Woody Total Left Bank Right Bank Grand
Station Description Depth Debris Cover Mean Minimum Mean Minimum Mean

1 Below floodplain mining 17.0 0 17.0· . 59 30 66 50 62·b

2 Unmined area 13.1 0 13.1 a 59 25 77 60 68 a

3 In-stream mining 4.3 0 4.3 a 78 50 90 90 84 a

4 In-stream mining 0 0 0· 80 80 50 50 65 aD

5 Impacted area 5.7 0.7 6.4 a 39 10 29 0 34 D

6 Unmined area 7.5 0 7.5 a 69 50 73 30 71 •

'Values in a column with the same letter are not significantly different from each other; whereas values with different letters
are significantly different (P $ 0.05).

description and are related to in-stream mining. In
contrast, rosyface shiner and banded darter were
present at all stations except Station 4. These species
prefer areas in or near rocky riffles (Becker 1983),
which were lacking at Station 4.

The smallmouth bass populations at the stations
were dominated by young-of-the-year, with very few
adults captured (Table 6) Of the captured adults,
only 3 were greater than the quality size (280 mm)
(Anderson and Gutreuter 1983), and none were
greater than the current minimum size limit, enacted
in 1989 (356 mm). Populations of walleye, which
were present but not common, were also dominated

by smaller individuals, with only one greater than
the quality size (380 mm) (Anderson and Gutreuter
1983). The rock bass, green sunfish, pumpkinseed,
and black crappie populations were also dominated
by smaller individuals, with none greater than their
respective quality size (Anderson and Gutreuter 1983).

The predominant (> 30 individuals) fish species
caught during the 1986 survey include largescale
stoneroller, northern hog sucker, and rainbow darter
(all at Station A only) (Table 6). Very few species
and individuals were captured at Station B during
the 1986 survey. Again, the smallmouth bass popu
lations were dominated by young-of-the-year, and
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Table 7. Values used in calculating the Index of Biotic Integrity (IBI) scores for the stations surveyed in the Big Rib River
during 1986-87.

~
.. Values and IBI Scores by Station

""'" 1987 1986"

Metric 1 2 3 4 5 6 B

Total no. 19 (5)'" 23 (10) 17 (5) 17 (5) 22 (10) 22 (10) 15 (5)
native species

No. darter 4 (7) 5 (10) 4 (7) 3 (5) 4 (7) 4 (7) 5 (10)
species

No. sucker 4 (5) 3 (5) 3 (5) 2 (0) 4 (5) 2 (0) 4 (5)
species

No. sunfish 1 (0) 3 (10) 0(0) 0(0) 2 (5) 3 (10) 0(0)
species

No. intolerant 7 (10) 7 (10) 6 (10) 5 (5) 7 (10) 7 (10) 5 (5)
species

Tolerant 2 (10) 0(10) 0(10) 2 (10) 1 (10) 1 (10) 0(10)
species (%)

Omnivores (%) 1 (10) 0(10) 0(10) 2 (10) 1 (10) 0(10) 0(10)

Insectivore (%) 45 (5) 88 (10) 65 (10) 56 (5) 77 (10) 62 (10) 60 (7)

Top carnivores (%) 14 (7) 7 (2) 17 (10) 10 (5) 3 (0) 8 (2) 10 (5)

Lithophilous 44 (5) 23 (5) 63 (10) 46 (5) 76 (10) 63(10) 62 (10)
spawners (%)

IBI Total (64) (82) (77) (50) (77) (79) (67)

Rating Good to Excellent Excellent Fair to Excellent Excellent Good to
Excellent Good Excellent

• . No IBI score was computed for Station A (1986) due to the very low number of individuals caught.

.. Numbers in parentheses are the score assigned to calculate the 181: 10 =Best, 0 =Worst. The higher the total IBI
score, the better the fish community (possible range: 0-100).

none were greater than tne quality size at either sta
tion. Also, the walleye population at Station A was
dominated by smaller individuals, with none greater
than the quality size.

The fish communities at the stations were rated
using the Wisconsin version of the 181 (Lyons 1992)
(Table 7). The 181 score is an index of the overall
environmental quality of a stream or river. 8y itself,
the score does not indicate types of environmental
problems. However, scores of the individual met
rics often provide insight into the specific causes of
environmental degradation. Station 2 scored the
highest (82), which corresponds to a rating of excel
lent. Similarly, Stations 3, 5, and 6 also scored high
(77,77, and 79, respectively) and had excellent rat
ings. Stations 1 and A h3d similar scores (64 and
67, respectively) and were rated between good and
excellent. Station 4 scored the lowest (50), which
still corresponds to a rating between fair and good.
No 181 score was computed for Station 8 due to the
very low number of indiViduals caught. However,

based on this low number, the biotic integrity of this
section was rated as very poor (Lyons 1992).

Metrics that consistently scored high for all stations
included percentages of tolerant and omnivore
species. Very few individuals categorized as toler
ant or omnivore were captured during both years of
sampling. The metric that consistently scored low
for all stations was number of sucker species.
Although 5 species of suckers were caught in the
entire survey, usually only 3 or less were captured
at anyone station. This could be due to the lack of
efficiency of capturing fish-especially suckers-in
the deeper pools at the stations. Several pools were
fairly deep (1.5-2.0 m) and were difficult to shock,
which could have lowered our catch of sucker species
as well as larger game fish. Other metrics that gen
erally scored low for most stations were number of
sunfish species, percentage of top carnivores, and
number of native species. Sunfish and top carnivores
do best in deeper pool habitats and areas of exten
sive cover. Except for the deeper pools, cover (such
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as woody debris and rcckslboulders) was lacking at
all stations. Thus, the low scores for these metrics
could be due to the lack of habitat for sunfish species
and top carnivores, and/or the inefficiency of captur
ing fish in the large deep pools at some of the sta
tions. The reason for the lower scores at some of
the stations for the number of native species is
related to the other metrics. The lack of sucker
species. sunfish specie 3. and top carnivores at
most of the stations tended to lower the number
of total species caught. Generally, most stations,
except Station 4, contained good species richness
and had low numbers of fish in certain undesirable
metrics (percentages of tolerant and omnivore
species). which tended to raise the overalilBI score.
This suggests that little environmental degradation
has occurred at most of the stations, especially the
unmined stations (Stations 2 and 6).

However. at Station 1. the site downstream from
a major floodplain gravel mining and washing oper
ation, species richness was lower than the unmined
stations, and certain metrics-percentages of insecti
vores, top carnivores, and lithophilous spawners
also scored low. As in some of the other stations.
the number of sucker species, sunfish species, and
top carnivores was low. which could be due to the
lack of cover (other thar channel depth) and/or the
low efficiency of sampling deeper pools. The lower
scores in percentages of insectivores and lithophilous
spawners are cause for concern. The lack of riffle
habitat, possibly caused by sedimentation from the
gravel washing operations, may have an effect on
these types of species. The IBI scores indicate that
some degradation has probably occurred.

At Station 4, the in-stream mining site, species
richness was fairly low and certain metrics (e.g.,
percentages of insectivores and lithophilous spawn
ers) also scored low. In addition, in 1986, the catch
was so low that an IBI SCJre could not be computed.
This variability in catch between years shows that
the fish community at this station is unstable and
degraded, even though s::ores in 1987 were between
fair and good. One measure of poor biotic integrity
is a fish community that fluctuates greatly in fish
abundance and species composition from year to
year. Also, the fish found in 1987 may have been
transient, staying in this area for a while, but then
moving either upstream or downstream in search of
cover and/or food. The fish communities above and
below this site scored either good or excellent and
almost certainly influenced the fish community at
Station 4. The habitat at Station 4 is definitely not
conducive to permanent habitation, except for some
cyprinid species. Sand was the dominant substrate,
and the station lacked cover, vegetation, and deeper
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areas. In contrast, the habitat above and below this
station is considerably better, containing a variety of
substrates and some cover, especially channel depth.
Although there were differences in the results between
the 2 surveys at Station 4, the fish community was
consistently in only fair condition, which suggests
that environmental degradation has occurred due
to in-stream mining.

Discussion
The unmined stations (Stations 2 and 6) and the

impacted station (Station 5) were found to have fairly
good habitat with a variety of reach types (riffles,
runs, and pools) and a variety of substrates. The
main problem at these stations was bank stability.
Bank stability values were only fair to good at Stations
2 and 6; values were poor at Station 5, with 0-10%
bank stability in certain areas.

Station 5 was formed when the channel was relo
cated around an existing waterfall. Before this, part
of Station 5 was an overflow channel used by the
river during high flow (Wis. Dep. Nat. Resour. 1987).
This relocation was caused by a change in river
hydraulics and channel slope. which resulted from
the downstream dredged area (Station 4) (Wis. Dep.
Nat. Resour. 1987).

The relocation of the channel was probably caused
by a headcut. According to Leopold et al. (1964),
West (1978), and MacBroom (1981), a headcut will
progress upstream until an unerodable formation is
encountered. MacBroom (1981) also noted that a
headcut may move laterally at this point. This could
have happened at Station 5 when the waterfall was
encountered; thus, the headcut may have moved
laterally into the high flow channel, which then
became permanent. Associated with headcuts
are severe bank erosion and degradation (Bull and
Scott 1974, Crunkilton 1982, Simons and Li 1984,
Rivier and Seguier 1985). The poor bank stability
at Station 5 is probably a result of this headcut and
associated degradation, and also, in part, to being
the former overflow channel.

The higher amounts of gravel and low percentages
of sand at Station 5 were probably also the result of
channel degradation. As the channel degraded,
sand was washed downstream, which may have
exposed the underlying gravel. The soils in this
area are the Sturgeon type, which occur on flood
plains and islands in large rivers. often dissected by
overflow channels (Fiala et al. 1989). The substra
tum of some Sturgeon soils can be composed of
gravel or very gravelly sand (Fiala et al. 1989). This
could explain the high gravel content at Station 5.
The presence of the cover types channel depth and
woody debris was probably the result of channel



degradation and fallen trells from the eroded banks
or debris brought in by floodwaters.

IBI scores for the unmined stations (Stations 2
and 6) and the impacted station (Station 5) were all
excellent. These stations contained the highest
numbers of native species with at least 22 captured.
Generally, these stalions contained good species
richness. with the exception of sucker species and
top carnivores. The lack of these species was evi
dent throughout all of the ~~tations sampled in the
Big Rib River. The lack of cover, and possibly poor
sampling efficiency in the deeper pools (especially
at Station 2) could accoun' for the lack of suckers
and top carnivores Stations 2 and 5 contained the
highest number of Individu 11 fish captured. Rainbow
darters comprised 56% of the total number of fish
caught at Station 5, probably due to the predomi
nance of gravel substrate~ (nffle habitat)

The habitat at Stalion 3 which had In-stream
mining approximately 20 y:;ars ago, appeared to be
in a state of recovery. Stat on 3 contained all 3 reach
types; however, runs were predominant. Only one
small riffle and one small pool were found This was
probably related to the in-stream mining that occurred.
which could have created J uniform channel (Yorke
1978). This station also had a fairly high bend-to
bend ratio (BB = 20) and a Sinuosity of 1.00. This
suggests that channel straightening occurred. prob
ably from the in-stream mir'ling activities (Woodward
Clyde Consult. 1976b, YorKe 1978). Mean channel
widths were similar to the unmined stations. Indlcat·
Ing that channel widening r1ad not occurred due to
the dredging operalions. ~,latlon 3 contained the
deepest mean depths of all the stations. The lack
of pool habitat. however. irdlcates again the unifor
mity of the channel created by the dredging opera
tion 20 years ago

Station 3 contained a variety of substrates.
Including a fairly high percentage of rubble 'cobble
and gravel (62% of the total substrate). ThiS again
indicates that this station is recovering and corre
sponds well to the recover! rate of 10-25 years
reported by Simpson et al. (1982) for Midwestern
woodland streams and floodplains of medium-sized,
channelized rivers. Recovery rates depended upon
the recovery of substrates and other physical condi
tions and the degree of mitigation.

Station 3 contained the second lowest amount of
in-stream cover. Again, the creation of uniform con
ditions throughout the channel, the elimination of
pool habitat. and channel clearing is characteristic
of some in-stream mining operations (Hair et al. 1986).
Bank stability was not a problem at this station. In
fact, Station 3 had the highest overall bank stability.
Higher bank stabilities can be expected in some

channelized streams due to the lack of meanders
and increased conveyance of flood flows (Yorke
1978). Woodward Clyde Consultants (1980b) noted
that increased conveyance occurred in some Alaskan
streams due to in-stream gravel mining.

The IBI score for Station 3 was rated as excellent.
although species richness was lower than at the
unmined stations. This station lacked sunfish species.
and the total number of species and number of sucker
species was low. However, this station scored the
highest in percentage of top carnivores due to a
fairly high number of young-of-the-year smallmouth
bass. The lower species richness indicates that
some degradation has occurred due to the in-stream
dredging: however, the overall score indicates that
the area is recovering. The lack of sunfish species
and sucker species is probably due to the lack of in
stream cover and pool habitat. respectively. Due to
the in-stream mining. most of the habitat consisted
of runs In order to have a high quality stream or
river. habitat must contain a variety of reach types
(pools. riffles. and runs) and cover types.

The high number of young-of-the-year smallmouth
bass at Station 3 could have been due to uniform
velocities. which have been shown to attract younger
age classes of fish (Woodward Clyde Consult. 1980b).
In a study done on preferred velocities for feeding
young-ol-the-year smallmouth bass. Simonson and
Swenson (1990) found that the optimum range was
from 0.08-0 13 m/sec. with an average of 0 11 m/sec.
Mean velocities for the run reach types at Stalion 3
were 0 19 mlsec. however. nearshore velOCities
averaged 0 13 m'sec. Nearshore velOCities at
Station 2. which had the second highest number of
young-ol-the-year small mouth bass present also
averaged 0 13 misec. All other stations had higher
velOCities and lower numbers of young-of-the-year
smallmouth bass

The habitat at Station 1. downstream from a
major floodplain gravel mining and washing opera
tion. also contained predominantly run reach types,
with one small pool. No riffle habitats were found in
this stretch. Ninety-seven percent of the substrate
was sand and gravel, with no rubble/cobble observed.
However, rubble/cobble was noted in the gravel
bars located on the stream banks. Riffle habitats
and rubble/cobble substrate exist in the unmined
and impacted sites, reference sites, and even in
the older dredged site (Station 3). Gravel washing
operations can discharge large amounts of sus
pended sediments into rivers (Woodward Clyde
Consult. 1976a, 1976b; Rivier and Seguier 1985),
and overburden piles can also contribute to sus
pended sediments (Woodward Clyde Consult. 1980b).
It is possible that any riffle habitats or rubble/cobble
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substrate that existed in this stretch of the main
channel may have been covered up by the sediments
from the gravel operations upstream from Station 1.
This area may also lave been affected by sedimen
tation from the char,nelization that occurred during
the late 1920s.

Mean channel widths and depths at Station 1
were similar to the unmined stations. As in most of
the other sites. channel depth was the only cover
type found. Bank stability values were only fair at
this station. Bank erosion has been documented at
gravel washing operations (Martin and Hess 1986).
Increased erosion could also add to the suspended
sediments being deposited in the river channel.
The soils in this are,} of the Big Rib River are mostly
Fordum and Sturgeon types (Fiala et al. 1989).
Sturgeon soils were discussed earlier. and Fordum
soils are very similar. Fordum soils are found in
overflow channels. I)w floodplain areas. and on
islands in large rivers. The substratum is composed
entirely of sand. Therefore. Increased erOSion would
also contribute sand and gravel to the river.

The IBI score for Station 1 was rated between
good and excellent. Species richness was lower
than at the unmined sites. but similar to the older
dredged site (Station 3). However. lower scores In
percentages of insectivores. top carnivores. and
lithophilous spawne's resulted in a decrease in the
overall IBI score. Deposition of fine substrates has
been shown to affect insectivores and Simple.
lithophilous spawnes (Berkman and Rabenl 1987)
by friling the interstices 01 gravel. thus decreasing
invertebrate denSltl('S and species richness (Chutter
1969. Woodward Clyde Consult. 1976b. Crunkilton
1982. Rlvler and Seguler 1985). Increased sedi
mentation of gravel 8eds also affects spawning
habitat and the development of fish eggs (Cordone
and Kelly 1961. Woodward Clyde Consult. 1976b.
Rivler and Seguier 1985). This station also had the
lowest number of fish caught of any of the stations
sampled in 1987. In addition to deposition. the
floodplain gravel mlrHng operation and associated
connected ponds might cause other problems
related to water quality. such as high turbidities and
temperatures. which could influence the fish com
munity. The IBI scores indicate that some degrada
tion has probably occurred.

The haMat at Station 4. which had in-stream
dredging approximately 10 years ago, had the worst
habitat of all the stallons. No pools or riffles existed
in this stretch, mean channel widths were nearly twice
the width of the unmlned stations. mean depths
were at least one ha'f ot the depth of the unmined
stations, substrates consisted predominantly of
sand with some small gravel intermixed, no cover
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existed. and bank stability values were only tair.
Basically, the area is flat. wide. shallow, and sandy,
with no in-stream cover. The obvious cause of this '\J
was the in-stream dredging that occurred 10 years
before sampling. The mining excavation enlarged
the channel, cleared the area of all snags and vege-
tation. and removed the majority of the rubble/cob-
ble and gravel that existed. The dredged hole has
since tilled in with sand and some gravel from
upstream sources. Not only did the mining opera-
tion affect the actual dredged area, but it also affected
the upstream area by creating a headcut. which
diverted the channel into a former high flow chan-
nel. completely eliminating an existing waterfall. All
of these impacts were discussed in the literature
review and typically occur with in-stream sand and
gravel mining operations.

The fish community at Station 4 was rated as
only fair to good in 1987. and was so poor in 1986
that an IBI score could not be computed. While
scores Improved in 1987. the high variability in the
fish community indicated a degraded condition. The
higher scores and more diverse communities both
upstream and downstream from this area may have
accounted for some of this variability. and certain
fish species may be moving through this dredged
area en route to beller habitat. Although our sam-
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Summary and Conclusions

Literature Review
The literature review focused on the physical and

biological effects of in-stream and stream-connected
floodplain sand and gravel mining. The primary
physical effects included modifications of the stream
channel. flow patterns. bedload transport, and water
quality: an additional effect was increased headcut
ting. Stream channel modifications included
enlargement of the stream channel causing uniform
conditions similar to the effects of channelization
and channel clearing. Deep pools are often created,
but often ftll with sand or silt in a short time. Flow
patterns and velocities may be altered. with veloci
ties increasing upon entering the dredged area and
then decreasing due to channel widening. Bottom
substrates and bedload transport are often altered
with a change in substrates from coarser gravel to
sand or silt. thus eliminating habitat diversity. }
Bedload transport and suspended sediments will "-"



increase due to bank erosion, gravel washing oper
ations, and the actual dredging operation. Increased
headcutting will occur at the upstream end of the
dredged hole and can cause severe degradation
and bank erosion. Headcutting will occur until gra
dients become uniform or until an unerodable
source is met, but then may move laterally across
the stream. Changes in the stream channel and the
actual mining operation :an alter water quality
parameters, including increased turbidity, reduced
light penetration, and increased water temperatures.

Gravel mining operations and the associated
physical effects can affect stream biota including
plant communities and invertebrate and fish popula
tions. Plant communities and plant metabolism may
be reduced by high turbidities, increased sedimen
tation, decreased light, changes in substrate, and
channel clearing. Invertebrate populations, includ
ing mussels, can be reduced by the actual removal
of the organisms. Reduction can also occur through
the disruption of habitat by sedimentation, removal
of woody debris. or by changes in substrates from
gravel to sand and/or silt. Fish populations may be
influenced or altered by eliminating spawning and
nursery habitat and by removing riffle habitat and
cover. Changes in habitat may change fish commu
nities from riffle-specific species to run-specific
species. Fish populations can also be influenced by
changes in the trophic dynamics of fish communities,
which affect the nutritior and health of fish.

In conclusion, fish, aq Jatic invertebrate, and plant
communities can be altered by gravel mining opera
tions both in density anc diversity by alterations in
channels. stream banks. and water quality, and by
the outright elimination of habitat. Most of these
alterations can be adverse to various fish species,
and can result in degradation of habitat and the bio
logical communities in the affected streams. Six
case studies from states outside of Wisconsin that
documented many of these physical and biological
effects of in-stream and floodplain sand and gravel
mining were outlined.

Big Rib River Survey
A survey was conducted on portions of the Big

Rib River for habitat and fish community character
istics during 1986-87 in order to examine the poten
tial impacts of floodplain and in-stream gravel mining.
Two stations were surveyed in 1986: one had
received in-stream mining approximately 10 years
prior (Station A) and one was downstream from this
station (Station B). Six stations were surveyed in
1987: 2 had received in-stream mining in the past
(Stations 3 and 4), one had been impacted by an

in-stream mined station (Station 5), one was below
an active floodplain mining operation (Station 1),
and 2 had only limited nearby floodplain or riparian
mining (unmined Stations 2 and 6).

Habitat characteristics, including percentages of
sand and rubble/cobble, mean channel width, and
mean depth of runs differed among stations. Station
4 had the worst habitat. The in-stream mining oper
ation created an area that is flat, wide, shallow, and
sandy, with no in-stream cover. The mining opera
tion also affected the upstream area by creating a
headcut, which diverted the channel into a former
high flow channel (Station 5) and completely elimi
nated an existing waterfall. Station 1 contained no
riffle habitats. and substrates were predominantly
sand and gravel, with no rubble/cobble present. Any
riffle habitats or rubble/cobble substrate that existed
in this stretch may have been covered up by sedi
ments from the upstream gravel mining operations.
Station 3. which had in-stream mining approximately
20 years ago. appeared to be in a state of recovery.
This station contained all 3 reach types and con
tained a variety of substrates, including rubble/cobble.

The quality of the fish communities was rated using
the Index of Biotic Integrity (lB\). Again, Station 4
had the worst score. IBI scores in 1987 were fair to
good, while in 1986 the fish community was so poor
that no score could be computed. This high variabil
ity in the fish community at Station 4 indicates a
degraded condition. IBI scores for Station 1 indi
cated that some degradation has probably occurred
because of low numbers of fish and lower scores in
the trophic and reproductive metrics, possibly due
to sedimentation. The unmined stations (Stations
2 and 6). the older in-stream mined station (Station
3), and the impacted station (Station 5) all scored
excellent ratings.

In conclusion. physical habitat assessment and
the \BI are 2 different ways of examining the effects
of sand and gravel mining. The IBI can be used as
an index of the quality of the entire ecosystem,
whereas the habitat assessment can be more sen
sitive to impacts such as changes in substrate com
position, channel width. depth, and bank stability.
In the stations affected by sand and gravel mining,
the physical habitat was affected more than the fish
communities. However, in the area that was dredged
10 years before sampling (Station 4), the fish com
munity was quite variable between the 2 sampling
years. This is a definite indication of a degraded
fish community. which was probably influenced by
the fish communities upstream and downstream.
Overall, our results suggest that gravel mining has
had a negative impact on the fish communities and
the fish habitat of the Big Rib River.
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Management and Research
Recommendations

The literature review shows that serious environ
mental damage, both physical and biological, can
result from in-stream and floodplain sand and gravel
mining. Also, our habitat survey of the Big Rib River
showed that in-stream mining can not only affect
the physical habitat of the dredged area, but also
upstream areas. Although recent regulations allow
in-stream mining only in unusual circumstances. we
still recommend that consideration be given to ban
ning all in-stream mining activities.

If such a ban is not implemented, we would rec
ommend a monitoring and research program that
involves inter-disciplinary studies of stream condi
tions before, during, and after gravel mining. There
is a nationwide void in the literature related to these
types of studies. Techniques for mitigation, which is
now required under NR 340, should also be evaluated.
Mitigation techniques could include bank stabiliza
tion, erosion control, rehabilitation of stream chan
nels, and revegetation. In addition, the sizes and
types of buffer strips that best protect streams from
floodplain mining, types of pit designs, and influences
of connected pits need to be studied. Devices or
techniques need to be developed that could recycle
wastewater from gravel washing operations.

Specific recommendations for the Big Rib River
and the surrounding area influenced by gravel exca
vations include continued monitoring of mined areas
(both in-stream and floodplain) and unmined areas
through continued habitat and fishery surveys. Due
to variability in the results of these relatively short-
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term surveys, we recommend that surveys be done
every 3-5 years, in order to document further impacts
and possible recovery of these sites. Future surveys "-..J
should be conducted by an interdisciplinary team
from DNR Fisheries Management and other DNR
programs, such as Wildlife Management and Water
Resources. Future surveys should also look at the
effects of mining on: water quality, suspended sedi-
ments from erosion and gravel washing operations,
invertebrate populations of the river, and connected
ponds. Rehabilitation of the in-stream mined area
(Station 4) should be considered, in order to deter-
mine what habitat improvement techniques will work
on dredged areas. For example, rock gabions could
be used to control headcutting or rechannel the flow
back into the old channel above Station 4, re-estab-
lishing the old waterfall.

Our research indicates that a statewide survey of
the extent of mining in Wisconsin is needed. We
believe that mining and its attendant effects on
stream resources are more widespread than most
people realize. This survey should document the
location of impacts, the extent of the problem, and
types of mining operations. This information could
then be used to formulate a statewide data base.

Finally, research should also be conducted on the
effects of floodplain and riparian (upland) mining,
such as open-pit mining, which were not considered
in this report. A literature review should be conducted ~
to examine the effects on terrestrial habitat and
biota, including wetlands; the effects on groundwater,
flood flows, surface runoff, water retention, and flood
elevations; the extent of this type of mining; and the
guidelines that are needed to regulate riparian mining.



AppendiX. ::ic/entitlc names at tishes cited. *

'-'
Common Name Scientific Name Common Name Scientific Name

Lamprey Ich/hyomyzon spp. Blue sucker Cycfeptus elongatus

American brook lamprey Larnpetra appendix Northern hog sucker Hypentelium nigricans

Shovelnose sturgeon Scaphirhynchus platorynchus Smallmouth buffalo Ictiobus buba/us

Gars Lepisos/eus spp. Bigmouth buffalo Ictiobus cyprinellus

Longnose gar Lupisosteus osseus Spotted sucker Minytrema melanops

Gizzard shad Oorosoma cepedianum Redhorse Moxostoma spp.

Threadfin shad Oorosoma pe/enense Silver redhorse Moxostoma anisurum

Goldeye Hlodon alosoides Gray redhorse Moxos/oma congestum

Whitefish c,Jregonus spp Golden redhorse Moxostoma erythrurum

Salmon Oncorhynchus spp. Shorthead redhorse Moxostoma macro/epidotum

Sockeye salmon Oncorhynchus nerka White catfish Ameiurus catus

Rainbow trout Oncorhynchus mykiss Black bullhead Ameiurus melas

Cutthroat lrout Oncorhynchus clarki Yellow bullhead Ameiurus natalis

Round whitefish Prosopium cylindraceum Channel catfish Ictalurus punctatus

Mountain whitefish Prosopium williamsoni Stonecat Noturus f1avus

Atlantic salmon Salrno salar Flathead catfish Pylodlctis ollvaris

Brown trout Salrno trurta Burbo! Lota Iota

Arctic char Sa/velmus alpinus BlackstfJpe topminnow Fundulus notatus

Arctic grayling Ttlyrnallus arc/lcus Western mosquitofish Gambusia affmis

Central mudminnow Umbra I,ml Brook sllverside Labidesthes siccu/us

Northern pike E: oX lUCIus Inland silverSlde Memdia beryllina

Muskellunge box masqumongy White bass Morone chrysops

Stoneroller Cornpos/oma spp. Rock bass Ambloplites rupestris

tJ Stoneroller Campostoma spp. Redbreast sunlish Lepomls auntus

Central stoneroller Campostoma anomalum Green sunfish Lepomis cyanellus

Largescale stoneroller Campostoma oligolepis Pumpkinseed Lepomis g/bbosus

Common carp Cyprmus carpiO WarmOulf1 LepomlS gu/osus

Speckled chub M. icrhybops/s aesftvalis Bluegill LepomlS macrochirus

Sturgeon chub M.Jcrhybops/s gelida Longcar sunfish Lepomls megalotis

Silver chub M,lcrhybopsis storenana Redear sunfish Lepomis mlcrolophus

Hornyhead chub NoconJiS blgurtatus Smallmouth bass Mlcrop/erus dolomieu

Emerald shiner No/rop/s atherino/des Spotted bass Micropterus punctulatus

River shiner No/ropis blennius LargemoUlh bass M,cropterus sa/moides

Common shiner Luxlius cornutus White crappie Pomoxis annularis

Bigmouth shiner No/roplS dorsa/is Black crappie Pomoxis ntgromaculatus

Red shiner Cyrmel/a /utrensis Rainbow darter Etheostoma caeru/eum

Rosylace shiner No/ropis rubel/us Fantail darter E/heostoma lIabellare

Sand shiner Notrop's s/rammeus Johnny darter Etheostoma nigrum

Redfin shiner Lythrurus umbratilis Orangethroat darter Etheostoma spectabi/e

Blacktail shiner Cypnnella venusta Banded darter Etheostoma zonale

Mimic shiner No/ropis volucel/us Yellow perch Perca f1avescens

Bluntnose minnow Plmepha/es no/atus Logperch Percina caprodes

Bullhead minnow Pimephales vigilax Blackside darter Percina maculata

Squawfish Ptychocheilus spp. Sauger Stizostedion canadense

Longnose dace RlJinichthys cataractae Walleye Stizostedion vitreum

Creek chub Semotilus atromaculatus Freshwater drum Aplodinotus grunniens

River carpsucker Carpiodes carpio Seatrout Cynoscion spp.

C
White sucker Catostomus commersoni Slimy sculpin Cottus cognatus

Mountain sucker Catostomus platyrhynchus Riffle sculpin Cottus gu/osus

·Taxonomy of fishes cited in the report follows Robins et al. (1991).
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Digging gravel front the beds of Arkansas's mountain strealllS is a
controversial practice. Is it Itanning our fisheries? Should it be

~ stopped imlnediately? Here are the

- Facts About In-Stream Gra,

u

In Arkansas, removing gravel from a stream for highway
construction, road improvements or other uses is a "hot"
topic. Some believe in-stream gravel mining is a God-given
landowner right. If the owner wants to dig gravel from a
stream on his property to sell or use, it's nobody's business.
But in-stream gravel mining can be environmentally
unsound and could lead to the ruination of free-flowing
mountain streams. This type of mining can harm fish
populations and other animals that live in or use the
affected stream. It also affects other landowners - upstream
and down - and those who visit streams for sightseeing,
canoeing, fishing or swimming.

Gravel has been mined from streams in the Ozark and
Ouachita mountains for decades. Gravel is removed from
the bottom, sides or islands of a stream, normally by
bulldozer, front-end 10aderJr dragline. The process may
also include washing sand, silt and other materials from
gravel before it's transported.

Arkansans have many m!staken notions about gravel
mining, and these contribute to the problems caused by
indiscriminate ~ravel removal. Let's address some of these
misunderstandings.

Mtltlr: Gravel is a renewable resource, and when I
reml;ve several yards from a stream, it will fill in quickly,
with no harm to anyone.

Fact: Gravel is m~de by the physic,,! weathering of rocks.
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That process is very slov.;, and the weathering of rock does
not keep pace \'\'ith the removal oi gravel from streams.
Dredged-out holes in streams will refill with gravel, but
this is usually due to erosion from an upstream panko For a
gravel miner to get gravel replenished in a stream hole on
his land, a landowner upstream must lose some stream
bank acreage to provide that grilVel.

Myth: All in-stream gravel mining is detrimental to
streams, no matter what the magnitude, and should be
stopped immediately.

Fact: The small, widely scattered gravel operations of the
past had little impact on stream ecosystems. Even today.
landowners using small amounts of gravel from dry gravel
bars or floodplains aren't causing major problems.

TIl(' problem today lies largely with c0mmercial interL'~t<,

and private land(lwl1l';'-' selling to wmmercial interests.
These interests are mining huge areas of Arkansils's
mountain streams, illld this large-scale mining is harming
stream habitat and fisheries. TI1f' large number (If thesL'
operations creates a need for more enlightened use of
gravel resources from the Ozark, and Ouachitas.

A1ytll: No study has shown gran'l mining is harmful.
Fact: Scientific research on the impacts oi gravel mining

on streams was scarLe until the last Je\,\' vea";. fiut recent
studies in Wi''Cot1sll1. '\.'urth Carniina and Arkansas found
that in-stream mining can have many adverse effects on
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Mining sand and gravel aggregates from streams and rivers is a common practice in many
regions. Although land surface mining operations are more prevalent, 10·20% of domestic
production of sand and gravel is dredged from streams (Newport and Moyer 1974). Sand and
~12vel deposits are removeJ from the streambed by dragline, shovel, or dredge (e.g., suction
« hydraulic, bucket-ladder, clamshell) and processed at an upland site or on the dredge.
Aggregates are screened and graded in wash water from the stream. Some mining operations
discharge the wash water into settling pits prior to release. Although various mining techniques
have different impacts on water quality, the differences are difficult to quantify (D. S. Army
Corps of Engineers 1984). Processing materials on a dredge results in the direct return of wash
water at the processing point. In comparison, land processing plants return wash water to the
river at different points, either directly or indirectly through settling ponds.

Among the primary physical impacts of instream mining are increases in bedload
materials and turbidity, changes in substrate type and stability, and alteration of stream
morphology. The impacts of mining in a specific stream vary with habitat type and biota, and
the nature and extent of the mining activity. Potential negative impacts from sedimentation and
turbidity include: limiting photosynthesis, decreasing aquatic invertebrates, destroying spawning
habitat, and diminishing eggs, l:uvae, and adult fish stocks. Changes in substrate type and
channel morphology may also affect distribution, abundance, and diversity of fishes and benthic
organisms,

INSTREAM SAND AND GRAVEL MINING

Introduction

Physical Considerations

Stream course. depth. and pool-riffle ratio

Instream mining may directly affect stream and river morphology, or site constructIOn
may alter the channel or divert flow for equipment access. Removal of large quantities of sand
or gravel often results in deepening the channel, depending upon the mining techniques utilized.
Pools dredged in some rivers, especially in areas of deposition, will have a tendency to fill in,
while in other areas the newly constructed pools represent long-term habitat changes (Lee 1973).
Extensive dredging may alter the pool-riffle ratio, depending on pool location, substrate mined,
local edaphic conditions, bedload in the system, and the size of mining operations. A significant
reduction in bedload could effect scouring and degrading, especially in streams with erodible
beds; however, stream beds of rock, gravel, or resistant clays may be unaffected. Stream banks
and shallow shoreline areas may be lost during mining, either by direct destruction or
secondarily through erosion.

I
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Abstract
Based on a literature review, the primary physical and biological effects of in-stream sand and

gravel mining and stream-eonnected floodplain excavations are: (1) stream channel modifications,
including alterations of habitat, flow patterns, sediment transport, and increased headcutting; (2)
water quality modifications, including increased turbidity, reduced light penetration, and increased
water temperatures; (3) changes in aquatic plant communities through channel clearing and changes
in substrates; (4) changes in aquatic invertebrate populations through direct removal, disruption of
habitat. and increased sedimentation; and (5) changes in fish populations through the alteration and
elimination of spawning and nursery habitat and through alterations in the food web, which can affect

. the nutrition, health, and growth of fish. Six case studies from states outside of Wisconsin are pre
sented that document many of these physical and biological effects.

To examine the potential impacts of floodplain and in-stream gravel mining. we surveyed portions
of the Big Rib River, Marathon County, Wisconsin, for habitat and fish community characteristics dur
ing August 1987. We had 6 stations; 2 had received past in-stream mining, one had been impacted
by in-stream mining, one was below extensive, active floodplain mining, and 2 were near limited
floodplain or riparian mining (unmined stations). Habitat characteristics-most notably percent sand,
percent rubble/cobble, mean channel width, and mean depth of runs-differed among stations.
Station 4, which had the most recent in-stream mining (approximately 10 years before sampling),
had the worst habitat.

We rated the quality of the fish communities using the Index of Biotic Integrity (IBI). Overall, the
3 stations with in-stream or adjacent floodplain gravel mining had poorer quality fish communities
than the 2 unmined stations and the one impacted station. Station 4 had the worst·score. Our results
suggest that gravel mining has had a negative impact on the fish communities and fish habitat of the
Big Rib River.

Key words: Streams, sand and gravel mining, habitat alterations, water quality, fish, invertebrates,
Big Rib River.



.~_ r _i .,...._'" _, -;.;.S;:O=":.

subnit~e~ to t~e

:ishe~ies Divisic~

~~~~~sc5 Ga~e c~~ Fish Cc~~issio~

2 Ncturcl R;so~=ces Drive
Lit-:.le Roc~:, of.? 72203

Dr. Arth~= V. Brown
Princioal Investicator- ...

and

Madeleine M. Lyttle
Research Assistant

Arkansas Cooperative Fish and Wildlife Research Unit
Department of Biological Sciences

University of Arkansas
Fayetteville, AR 72701

30 June 1992



"It, .. _.-,

.~~ - :'_-..~ ...

?,2.==-,,-=...:.. 0: c::::-2.-::l f=::;~ s-::::.:;,::: ::::-.':;':-::-.::'5 :.S ~:-2.c-:':'==-: 2.!.l eve::
--=:. ;·.:C-":: _=- 2.:-.':. is ~=..:-~i::"~l2.::2.~~ c::-_"':::':-: ~:-. C:=.=:,: s~:-e.:.::~ ::
..~..=~·:2..r-.S~5. r:~ .. ':"s s-::.::'~ ..~ ~·;cs c.esic:-.~,= :: 2.ssas£ ~je i=::~-- r:

--·,.-.1 _:_~-,- - C-~:i' --:=.--- :--- ... ,----- .. :_~ -~-~ ':-S"-::' .:::- .-._ .. -.,': C •. --_:. s ::._ ;--::,:,:,_:::_~ .. _- .. a s?e::::,,-_ :OC:":S 0::

=?.~~ ::..~~-.. :-eS?C::'S25. C:-OC~-e:=!':' C~=::·: a=-::' -:.::: :lli.~c:'s :. ... ...; ~;""'tr-s.. -.'O_ "'_41j

?~~";2:'"5 "-'O~:-2 C::OS2:-. ~~ ~e~=es:.:-'.:. S:':-=?.:7:S c: -::"e ==-;:t.::"".'O C::e
=~j:::- 5:'-:2 i:-. e.=.=:-. ·~'2.S selec':=.:' :::: ':':::=.::£2 s~-..:.C! c: :~:i~icc.2.

::.=..=.:. -:.=. :.~, ::.~, ~ I i:--::~:--:.:::,::-:=. :':5 I ": :.:,: ~:.~, :C~:-.:.::,.:...:: ?2.:-~:,~",:l.:.':.::=

(
..' .. .

,:=-;.~::.:.:: :7.'=':.':'e.::- ==:~':j f a:--Io:' s:....:.:~::c:-. :.-=.-:=s'O
(=>:-:2:-~.s:::~) :: ~ -:es "jIt';:-e s~:.-·..;::..:-=:. ::~ :-~:f::'=-=·,..'O~:':i:-:S7 ::..;:-.., .:.::=.
-:e:: :~:- :':-:\·e:-":e::=~:=s 2.::= E?C~~, .:._ ::-.=.:-.:'pl..:.2.=.:.':" ..-e ex;:e:-:.::=.:-::. ....as
=.~~:.;::==. -:.':; l~=.:-:-. ::.:=-~ c.~ct::' e::=;:~s ':: c:'s::..::-:::e:' pc::.-'O s::e or:
==::~'::::-.:.:2.~:.cr: C::-'":-:2.:-.ics 0: i:-~V::-:'=::=~::2S a:-::: :.:.... = ti::: :=~t:.i~2='
--. -~-----.--, ic="-, .,.-.---::1 l.ov~~<: C.: ~,,:("'y ,-.,-: c":-!'1":-": r-. ... _·---\-'1.- __ ~:: _.=. ....' ...... '-_ ... -__ _ .:.. Iv':'. _ •• _'---l::.-. ~c.~_.,":~.

?::::·S .:.c~:.. :--_2.:::i~2.~ ·~"~E s~uciec u~::-.~ ~i:1e ~=~~.sec:-:.s 'Cc =-=seS5
c=-:=.:::-.el. ~2::-7:": c.~:: ~: =e;c::,=~ pe:-:=~..: :-::::·"::-:-=':-.=25 C: Sc·:;:-=..l
c:=.-:.e:;:;=i:5 cf fis:-. ::.=-~c. i:-:"'t·::--:.e<:~c.':= ::~~it.?.~ ~:.'/;:I;S. . - :=--.

---i-.--=.:: "=.-0 o',",-:o'~o"': bv s·:o---;-c -~.:.::=:::: --,.; o-c 1 ::: ··_~ ... ct=:.:::>\- __ .~c. ..... __ ...... ---_.. __ .. _.'O'':"' __ .'., Co •• _ _ """ ~_ •• _

E:'eC~~05::0C;<i:1g e·~·"'::'7:::e::: a::~ r.~=--.,:-;.=:'~ n-2:'~ ;... .:. -::-.:.i:1 c.:-~=s

"-~- - ._-~,,,.- '----·-~s s---' -- -~ ..,'::~l-- (---~:>;-.,· ... o- ,:,-c)_~_..g C. ·.".::._ ............ a _'~ •• _ .... _ ~ •••:-_::;_. ::_--.r-_..~l,'::> ::''=_'-'_ jt.... •• : _,- •

"--- -,';-~-e"": ~:"""-- -~ a~-- 0": -::: c-,~ f-c-· -'... -. ' """"e- _.._;w=_::: c,-_..:.: ,-- ... c... _=c. ~ __ ,.. __ ... _.,:::: =-~ _ ;:; __ ;..c.ces
,..: 1 2.~-= 1"'=...., ...." e- (~-~'.Q' be-"'='=:- .,=:-.:::~ -~, ,,<;:::.,..,- - \.,.~-: 1000,- ~_ ~_._~_ =::t '= __ "__ _ti/ __ •• ~.J"" • .&~_.'J ... ,::: c. __ _ .. ,

'ts c ':.r.::::L:. ~ ~ I 2. ~c. ~.=..~~. bo:'~l ~ . S 2.:'~==:--.:'2..':ic:--. :- 2. 't.:s "~"e: == as sessec.
\.:s:'::g Pe.-::-i c.ishes ::'lled wi-:h 2. ~2.::;~:: 0: I..:.:".:':or::-. a:-~:':i.ci2.l

Si.:.:::;s""C.r2.-:~ (Uic.:-bles) place':' on ::-.: S-::-:=.::::::EC fo:- k:1o\i:-. ;::::icd.s cf
seve::::-al r-.cu::::-s. ':r:: :-esults inc.i:::~t= t:·,2.t ~:-avel ,"in:":-.;
S ~""'7ii:iC---'v e.·or--;;.":os tn' '" C"-l;-" 0'= O~"'''''.· s- ..... e"'" e"'---fs-er"s~'::"'''_~_ c..,,\-_~ _~____ _ _\".,c. __ ,-: _ ... ~...... __ '-.tl __ ;:) ... '- ......

. "h-- .:; _..... .: th i a""'e 'c-,:, '-, v c ." -~ -'-:>ane. .... c:. ... e;..~e_ ... s 0_ _s _ c c a e e _.. 2.gc...:.!1s _
b2.ckgrou.:--.c. ch=':-2.c":E::istics c.evelcped by a long histo=~' of
2.rlthropcgenic distu.:-bances in these s-:reams. St:-ea!'l c:-.2.nnel
fo:-:n was altered reSUlting in inc:-eased sedimentation ::ates and
turbidity, shalloi-.·E:- and large:- pools dow-ns-:ream, anc. :e....er
do~nstrea~ riffles. Resultant extensive{ shallow{ fla~s favored
large nU!ilbers of a fe.... small fish species (e.g., CaTi1DCS~Oma

a;,omal UTLl). Removal of riparian vegetation, large vooe! debris,
and large substrate particles resulted in s,"alle:- inv:::tebrates
and s"L2.1le::- fish at disturbed. and dOl",l1strea:n sites. P::.ttems of
invertebrate recolonization and eist=ibution of silt-s~nsitive

fish ar.d inve!"tebr2.~es suggests that s~lt-free substrate is a
val~able resource fer these Ozark stream biota. Alte=ation of
physical habit2.t appears to more significantly influence the
b':"otic cOm.r:luni ty th2.n limitations impesed en other rescurces
(such as food supply), but these probably interact
syne:-gisti:::ally to limit. some popula':ions. ManageIilen':.
recommendations foc'.l.S on protec':ion an::' restoration e: physical
h2.bitats deg~aded by removal of ~ravel and associated
activities.
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Impacts of Gravel Mining on Gravel Bed Streams

ARTHUR V. BROWN*

Ot'partmenl of Biological Scit'nct's. Unil'ersity of Arkansas. Fa.Yt'Ilt'l·iI1e. Aria"sils -:2701. US.'"
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KRISTINE B. BROWN

Dt'l'arlmenl of Bi(llogical Sciences. University oj Arkansas. Fayeltel·ilk Ariansa.l 727lJl. Us.",

Abstracl.-The impacLs of gravel mining on physical hahilat. fme-sedimenl dynamic~. biofilm.
invenebrales, and fish were studied in three Ourk Plateaus gravel bed streams. Intense studies
were performed upstream. on site, and downstream from one large mine on each stream. Inver
tebrates and fish were also sampled in disturbed and reference rifllcs at 10 small mincs. Gravel
mining significantly altered the geomorphology, fine-paniclc dynamics. turhidity. and biotic com·
munities. Stream channel form was altered by increascd banK-full widlhs. lengthened pools. and
decreased rifnes in affected reaches. Fine paniculate organic mailer transported from rimes 10

pools wa~ decreased. Biofilm organic content was decreased on Ilats lind increased on remaining
rifnes. Density and biomass of large invenebrates and denslly of small invenehralcs were reduce.d
at the small. more frequently mined sites. Total densities of fish in pools and game fish in pools
and rimes were reduced by the large mines. Silt-sensitive species of fish were less numerous
downStream from mines. Auempls to mitigale or reston: Slreams impacted hy gravel milling may
be ineffective because the disturbance results from changes in physical structure of the streambed
over distances of Kilometers upstream and downstream of mining sites. Stream morphology was
changed by lacK of gravel bedload. not by how bedload was removed. Mining gravel from stream
channels resulls in irreconcilable mulliple-use conllicls.

Introduction

Many streams are of the alluvial gravel. riffle
and pool channel form. especially in the midcon
tinenlal United Slales where their beds pass
through geologically old gravel deposits (Brussock
et a1 1985; Brown and Matthews 1995). Gravel is
taken direclly from these stream channels in in
creasingly large quantities primarily for construc
tion of roads and highways. Large volumes of ag
gregate (sand and gravel) are obtained by the
dredging of navigable rivers 10 maintain deep
channels (Lagasse et al. 1980; Lagasse 1986).
Considerable amounts arc also mined from small
streams. where there is less regulation by govern
mental agencies. such as the U.S. Army !=orps of
Engineers. Removal of sand and gravel from rivers
and Slreams may have extensive negative effects
on their biotic communities.

Considerable interest in the effects of the re
moval of aggregate on rivers and streams has de
veloped recently (Kanchl and Lyons 1992; Hart
fielJ 1993; Mossaand McLean 1997; Pringle 1997.
and references therein). but there have been no

• Correspondlllg author: arthrown<!!>comp.uark.edu

comprehensive studies of the impacts of gravel
removal on the various components of gravel bed
stream ecosystems. A study by Weigand (1991) in
the Puyallup River system in Washington reported
that gravel scalping (the removal of alluvial ma
terial above the welled perimeter) reduced_the
amount of habitat suitable for rearing juvenile
steelhead Oncorhynchus mykiss and juvenile coho
salmon O. kisUlch that require side-channel pools
during their first year of growth. Other sludies of
the effects of gravel harvcst (Rivier and Sequier
1985; Martin and Hess 1986) on stream commu
nities have indicated that environmental degra
dation is difficult to document through standard
methods of environmental monitoring unless the
impact is obvious (e.g .• stranding of fish and in
vertebrates) and immediate (e.g .• samples taken
during gravel removal operations). It has been sug
gested that alterations in biological communities
resulting from extraction of gravel have becn
caused primarily by alteration of flow patterns due
to changes in the shape of the rivcr channel and
hy excessi ve sediment slIspcnsion (Reiser and
Bjornn 1979; Rivier and Sequier 1985).

The impact of dredging on large rivcrs has re-

')7<)



l'.~, I

r.':)

16 - December, 1996

ASU Study Finds Stream Gravel
Mining Hurts Areas Economicall~

Nutrition: The Easiest Way To Better Deer

---'

By ( 'arof (;rillel'
1\'\ i Il i Ill! g r:l vel 1;IlIIIlIH! rc j ;illy

(Will liVe: stre.lI11:> ill tile SI;lle i"
hurting Ih..: an:<1" I:COlllllllically,
'\rl,OIIIS;I, SLife Iinil'l.:,."il)'
I'esean;hers Ilay\! f.llJJIl.! ill Ihe !'i1:>1
s/lllly 01 its killd ever dOlle,

The hllll:sho'ro Uuivl:Tsily WilS
hired early this ycar 1(1 do Ihe
$Clo,7)I ecollolllic sllJdy for a lJ
IlH:lllhn lask fllTCC rhc (jcnc,.al
!\~sc'll;hly l'rc;lled ill thc W'I~e' Ill' a
fielc,: batik ov..:r ~H"",n gr;lvel
lIIillillg in thL' 19 l )5 l..:gisl'lIi\'c :>..::>
"lllil

The researchcrs werc dircL'ted to
<,:tther and alwlyze ecollo/llic and
envirolllllellial IL'IOI Oil .. impa .... t
areas" ill Ihe vicillity or Ihe Sprillg
Hiver ill Nonhcasl ArLlIlsas;
CrlHlkcd Crcck. Kings I,jvcr alld

By CnJig L Viscardis
There arc lhn:c hasic r:Il'lor,s 1/1;11

illtllJe }"'rqualily-- nlltrilioll,
~I!-!l:, ;1I •. ...,.IIlt:lll'S.

the Illinois I<.ivcr in Nonhwcsl
Ad,allsa", alld Ihe Caddo) l{iv<!f ill
.')lllIIIIII'L's! Arkansas,

TIIL:y IlIulld till' CStilll;lll'd luss
fnllll ,~fl\:OIJII gravcllllillillg ,1111111,,1,

I)' (ot;tls $7,57H,304 - $77'J,n~ I
flOlll lost farm rCVCllue, $K41,146
from real r:~I<JI.c IOSI, $1,717,51)·1
from daillagcd fishcries, and
$,~,2,W..'i~1 ill shorter rccrcalillll;L!
Slays by visitors.

COllllllcn:ial gruvd mining pro
dllces allllll;d erOllOlnic b<:llerilS
11I1,dillg ;thulil $0,6 Illillil'll in Ihe
areas, according 10 Iho: sludy,
Tlten:forc, sUllllllarized 1;lsk force
1l1elllhn Juhll Holleman n! IIryanl.
losses cxc:ced hcncfils hy ahOUI
$')Oll,OllO,

Thc lask fOlce is highly (lular
ized hL'IW.:O:Il gravel miners, their

or Iwo Llclllrs: amount L1f stored
fal qllred dllfing pre-rul :Inu ,I\'<lil
ahility III high ellergy I'(lods ullcr
tit,.' nil,

allies, and L'llllServaliunists, BOlh
silks s<lY Ihc:y II;IVL' c'<:II.till \csel 1·;\·
til)lIs ;Jl>lIul IIlelhlldlllugic:s IIso:d in
IIIC ,',lUdy, hUllh..: las~ rlllc'C ac'CL:pl
~d 111l: repoJl ~II it:> IllcO:lillg N,w, II
wilh plaise IIII' Ilic ASLJ Icalll, Ik
Joc Tullis uf ~l(1l1lll<lill Ilulile s<lid
Ihey had "dollc a gO(ld jllb wilh Ihe
lillie <llId moncy Ihey h.ld,"

The mllSI 1l1'lel\ heard st,llcllIClll
ahllUl Ihe 1':)1(111 was lI\;1t the d;II:1

Oil 1I\111ing \Vl~re "h<ll',j" or re,lI,
hased 1111 illlllnllaliull suppllcd hy
Ihe illdllslry. whclcas ligures on
t~)SS~S, rjJrli~uL'i 1) -':i.\ iil"llidi\..l.l ..d
losses. were "soh" and based UII
spCL'Ulalillll, This is ~, sl:lIlllanl cl'il
iciSlil or ~'C()llllmiL' :1I1,i1ySC:S involv
ing cnvirunlllcillal issuc:s,

The rCSl':lrc!\ ;1\SIll'iak.':> 11I1 th..:
projel'( wcr.: Cl'ull\llllists Drs.

desired, be slire 10 sekcl planls
lhal lire ,ldclIlIale in Ihe soib alld
dil1lalc" ).I'ish III pl'II\1.
SlIP!'1 _ ':NT,\ I. FFFI)

Ralldy Kc:ssl:lling ;JIld 1l;11l

i\Llrl>urgcr (If ASll's ClIllq;.: III'
Busilles~ and DIS, l{iLh;lId (jrippll
,IIIII G':llrge: J !;II'/' in llic
D.:p"rllllCIlI of Bi"lllgic;i1
Sciences.

"This is Ihe lir~1 timc lhe ~'II\i

n)lIl11enl;J1isl.~ h,lve cver \\'II/ppcd
illdllslry in a l>\lJdy like: this," 1;I,k
fllrcc nlClllher Dr. CD. Dll\lclJ or
Russellville, an ,\rLinsas Tcd,
Univcrsily pmh:ssor, l'lllnlllClllcd,

I Ie was Ihe onl) 1;,,1; for,'e 1I1L'mll"f
III VOIl: again"l <lL'cq"ing lltc

1'':"." i.
"II was not our pUlpose 10 whip

:lI\yhody," III'. Grippo responded,
adding Ihal hc, lOll, W<lS ",.;ur
pri.,cd" ill lhc OUICllllle,

Joe David Ricc. dirLclof or lltc
slate l'onrislll Division and all

esscnlial nUlrients and vilamins.
Once yllll hegill suppil!lIlcn(;t!
fe.:ding, il should nlll slOp ;If tcr
(It~\'r Sl';I't \1\

dlh·isLI til lhe (;1\1; fllrce. III

r\'pIHlL'f 111:11 l:,S, Scn, (
IllllllpL'f" ll/ficr: Iud <lsked
Llbrmy 01 ClIllgfl.'SS II I <Ill " III

II ide SC;lfCl1 /,,1' slildIC" Ull lh" '
IlU/lIIL' iIllP:I..-. Ill' ~trc"ll\ ~I:

Illilling, NOliI.' l.'olild he (PlflHI. I
"did.

The (,I.,!.. (orl.'1.' SpCll1 thl.' rl.'~

ils /lIL'L'ling <Idopling ;111 outline
iI., rillal 1<:11<111 dlle: III the ,i;UI L'

;llId Ihe: Lcgisl;IlII'e: Clllllllil

I Icc. I ;llId Ih':ll 1l1<lkin" II

l.'h;lIlgCS "Ild lllhc:r adJlIsllllc'll1

,I.
er,.;I1 ...:/ IllillcrS GlIlll! Iu Ihe I.

hoping tll rcc:oml1l~IHI I'Lpeal III
slale 1;1\\ lh"l ball" lhc:ir llpc:r;\\
ill ~,l Arbl""s slr,:"I\1S desigll
/1y Ihc I'olllllilill ('ll II 1I'1l I
LU11'lgy C'0I\1I11i'Slllll <IS "Cxtl
d i 11.11) .....11 CI rt: ~ U L11l. C s" ill

SI;IIL'" walt:1 qllalily .,I;lIld;tnk
They ,dSll w;llllcd 10 roll h

PC&E's RLgulalioll 15. wh
requill.'s pCl'1IlilS ;lIld sels c'UI

lillll,' rlll'.;.]"""lll'rL'i,i1 gr<lvclmil
ill sire;,!' I ar~ llo1 lk~igll;
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These multipliers were estimated to be:

XIV. Sm1MARY

The major recipients oCthe average arulUa! gravel mining expenditure ($3,363,650) are:

The benefits derived by the regional economy as a result ofgravel mining are as follows:

.,.....~

l':j j C

552 workers
2075 people
540 students
S6.6 millions

S 111,000
760,185
109,390

1,140,280
252,270
777,000

63,910
80,730
60,545

117,730

Restrictions on stream bed gravel mining will result in a loss of income to the state of

Financial Institutions (Saving)
Food

Employment Multiplier = 2.254
Income Multiplier = 1.95

This study approached the economic impact of the gravel mining on the local economy by

Employment 
Population II:

Education =
Income =

Restaurants
Housing
Oothing
Transportation
Child Care
Healthcare
Entertainment
Other

developing an economic and environmental model for estimating the benefits derived and the costs

employment and regional income multipliers were estimated by using an economic base analysis.

incurred by gravel mining. The development and the economic conditions prevailing in the impact

area were discussed and analyzed at the beginning of the study. The detennination of the regional
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Arkansas. Ifone were to assume that~ ofthe volume ofgravel currently mined would be shifted

to an alternative site, the annual loss of income would be equal to $6.6 million. Alternatively, under



All economi~ actIvities will have some environmental costs but the existence of such costs

T

does not necessarily imply that controls are needed or desired (rurner st at. 1993). However, when

---------.......
I

the benefit-to-cost ratio ofan activity is less than one, some type of regulatory control to reduce cost

The total economic loss of fann revenue, real estate, fisheries and recreation from stream

is usuallyimplemented (Turner et aI. 1993, Peery 1995).

mined.

normalized by the total number of area affected, results in a loss of over S14,000 dollars per acre

areas affected by mining is estimated to exceed S7.5 million, as itemized below. This figure, when

lost income to the state would be equal to S540,405 annually.

c,j

"

Estimated
. 1&u
\...I Farm Revenue $779,041

Real Estate 841,146 Total acres Total
Fisheries 1,717,594 disturbed or loss
RecreatioD 4,240,523 lost (all streams) per acre

Total Loss $7,578,304 531 $14,272

C
~ the assumption that the entire volume continues to be mined, but at a lesser preferred location, the
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Environmental Impacts Summary
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In-stream Gravel Mining

David Settlemoir and Steve Filipek, Arkansas Game and Fish Commission.
No.2 Natural Resources Drive. Little Rock, AR 72205

John Giese, Arkansas Department of Pollution Control and Ecology, 8001
National

Drive, Little Rock, AR 72209

Fisheries biologists and stream ecologists began noticing an increase in siltation and
habitat deterioration in several Arkansas mountain streams in the mid-late 1980's. Short
tenn research by both agencies monitored turbidity increases over 10 fold below stream
gravel mines in the Ozark Mountains as well as reduced smallmouth bass (Microplerus
d%mieu) populations (-50%), Ozark bass (Amb/op/iles consle/latus) populations (
700%) and other sensitive stream fish. A longer term, more intensive research study
funded by the AGFC and conducted by the University of Arkansas Cooperative Fish &
Wildlife Research Unit verified the degradation in stream water quality, stream habitat,
and stream biota below gravel mines on several Ozark streams.

Personnel from the Arkansas Game and Fish Commission and the Arkansas Department
ofPollution Control and Ecology put together a video to bridge the gap between science
and the public. These agencies used the video to educate the public to the impacts caused
by stream gravel mining. This video was shown to the Arkansas Senate and House of
Representatives in support of a bill to prohibit gravel mining in the state's Extraordinary
Resource Waterbodies and to permit operations on other streams as well. The bill (SB
4) 8) was eventually passed by the 1995 Arkansas legislature after much conniet
resolution. It is one of the most important pieces of legislation concerning stream
protection that has been passed in Arkansas in many years.

Abstract ofpreSl.'"fltation at 1995 Southern Division Midyear Meeting in Nac;hville, Tl\, February
1995.
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IMPACTS OF GRAVEL Mll'IL"G ON STREAM FISH AND HABITAT

Ste\e Filipek
ARKANSAS GAME AND FISH COtv1MISSION

Statewide Fisheries Research Biologist
#'2 Natural Resources Dr.
Little Rock, AR 72105

501-223-63711fax 501-223-6461

In the 1980's, AGFC received numerous calls and letters. from locals as well as
statewide, on the damage that in.c:;tream gravel mining was doing to Arkansas' streams. In
addition, stream survey work conducted by AGFC indicated problems from grave!
mining on many Ozark and Ouachita streams. Synoptic studies on the Kings River
demonstrated a 50 % decrease in smallmouth bass and an even more drastic decrease in
Ozark bass below a large gravel mine and washing area. Additional work indicated the
loss of many sensitive fish species due to instream gravel mining. A five year
fishery/water quality study on Crooked Creek showed a highly significant increase in silt
in the Creek between 1990 and ]994 (P::: 0.0001). Embeddedness (amount of silt around
and covering gravel and cobble) has also increased during that time period (P':::O.l).

In response to the above work, AGFC funded a 2 year study by the Univ. of Ark. on
Kings River, Crooked Creek, and lIIinois River. Results demonstrated that instream
gravel mining negatively impacted these streams by reducing the types of fish in the
stream and also by reducing the sportfish, replacing them with more silt-tolerant non
game fish. Additional work by AGFC and DPCE backs up these results.

There are other practical alternatives to mining gravel in streams. In fact, nationally. only
about 20% of the gravel used in construction and for road work comes from streams. The
vast majority of it (80%) comes from quarries and open pits. Part of the problem with
instream gravel mines is the proliferation of them on Arkansas streams. Gravel mines
have been sho\"ffl to affect from 1/2 to 2 miles of stream (above. at, and beIO\\') and on at
least one Ozark stream recently surveyed (Crooked Creek), there were 45 gravel mines
on 87 miles of stream. The Creek never gets a chance to recover.

Instream gravel mining also negatively affects upstream landowners because it has been
shown to cause bank erosion upstream from a gravel mine. The landowner above loses
pasture and streambank to the person below who is mining. The person below a mining
area gets increased levels of siltation and bedload movement.

Abstract of presentation for Governor's Task Force on Gravel Mining, Novemher 1996.
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Kim!s River
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Steve N. Wilson
[)of8CtQ(

Arkansas Game & Fish Commission
2 Natural Resources Drive Little Rock, Arkansas 72205

GRAVEL MINING BACKGROUND AND BULLETS
26 March 1997

f>!r-

Scott Henderson
Aswtant [Mec\Q(

• In the 198L's, AGFC received numerous calls and letters on the damage that instream
gravel minmg was doing to Arkansas' streams. In addition, stream survey work
conducted by AGFC indi;:ated problems from gravel mining on many Ozark and
Ouachita streams.

• AGFC fisheries biologists conducted short-term studies on an Ozark stream (Kings
River) that demonstrated a 50~o decline in smallmouth bass and a 600% decline in
rock bass below gravel mines due to a 15 fold increase in the amount of si lt or
turbidity in the water below the mines.

• AGFC conducted an 5 year study on Crooked Creek in general that showed a
significant increase (P=.OOO1) in the amount of fines or mud and sand on the bottom
of the Creek between 1990 and 1994. This small material causes smallmouth bass
and other sensitive game and bait fish to have poor survival due to the smothering of
eggs and fry.

• AGFC funded 2 year study of the situation by the Univ. of Ark. on Kings River,
Crooked Creek, and Illinois River. Results demonstrated that instream gravel mining
negatively Impacted these streams by reducing the types of fish in the stream and also
by reducing the sportfish, replacing them with more silt-tolerant non-game fish.
Additional work by AGFC and DPCE backs up these results.

• Fish that live in these Ozark and Ouachita mountain streams are owned by the state of
Arkansas, with the water bein1! held as the "waters of the state". The AGFC, under
Amendment 35 to the Arkansas Constitution, is mandated by the people of Arkansas
to conserve and wisely manage the fish and wildlife resources of the state and its
waters. By Constitutional mandate, the AGFC must work to protect and conserve the
fish and wildlife resources of the state against any activity that is detrimental to the
livelihood of the fish and wildlife of these waters.

• Fishing is a multi-million dolIar (- $300 mil.) business in Arkansas and especially in
North Arkansas. Over halfof Arkansans over the age of 16 fish, making fishing a big
part of the #2 industry in the state, tourism. AGFC studies done over an 8 year period

The mission 01 the Ar1Iansas Game and FISh Commission is to wisely manage all the ftsh and wlldllte resources
01 Ar1uInsas while proviolng maxir,lum enJoyment for the people.



• show that people from all over Arkansas and from 18 other states plus the District of
Columbia come to Crooked Creek to fish its fabled waters.

• There are other practical alternatives to mining gravel in streams. In fact, nationally,
only about 20% of the gravel used in construction and for road work comes from
streams. The vast majority of it (80%) comes from quarries and open pits. a viable
alternative to stream gravel mining.

• Pan of the pmblem with instream gravel mines is the proliferation of them on
Arkansas streams. Gravel mines have been shown to affect frJm ]/2 to 2 miles + of
stream (above, at, and below) and on at least one Ozark stream recently surveyed,
there were 45 gravel mining sites on 90 miles of stream. A stream then, never gets a
chance to recover.

• Instream gravel mining also negatively affects upstream landowners because it has
been shown to cause bank erosion upstream from a gravel mine. The landO\\TIcr
above loses pasture and streambank to the person belm.... who is mining. In addition,
the landowner below the mining area may have increased flow rates on their banks
due to slope changes that can increase bank erosion. The below landowner also gets
excessive amounts of silt settling out on their creek bottom due to upstream
disturbance and gravel washing.

• In summary, the Arkansas Game and Fish Commission is against the instream mining
of gravel except for such reasons as bridge maintenance or landowner use on their
own land. There are other alternatives to mining gravel from stream channels, many
other states have outlawed instream gravel mining due to its environmental cost and
the low quality of gravel obtained, landowners above and below gravel mines are
losing their pasture land and streambanks from this practice, and finally, our streams
cannot tolerate this abuse any longer from a stream morphology and aquatic biota
standpoint.
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TIll' Politics of Gravel Mining: ~ow You See It. :\ow You I>on'(

Steve Filipek
Arkansas Game and Fish Commission

#2 Natural Resources Dr.
Little Rock, AR 72205

501-223-6371/fax 501-223-6461

Instream gravel mInIng has been one of the traditional sources of gravel in the uplands of
Arkansas, along with open pit mining and quarry mining. Increased demand for this
product for road, parking lot, and house construction during the 1980'!' and 1990's
prompted citizens and biologists alike to take a closer look at this use of the stre.am
resources of the Natural State. The Arkansas Game and Fish Commission, after
conducting some synoptic work on several Ozark streams that were being gravel mined,
contracted the ~jniversityof Arkansas to conduct a study on 3 Ozark streams \vith fairly
intensive gravel mines located on them. This 1990-92 work along '\lith other synoptic
studies done by the Arkansas Dept. of Pollution Control and Ecology and AGFC v,'ere the
basis for a proposed bill offered to the Arkansas legislature by ADPCE in 1993. This bill
would prohibit commercial instream gravel mining on Extraordinary Resource
Waterbodies, a list of about 24 streams and lakes designated by ADPCE as unique
biological, physical, or recreational waterbodies. After a lengthy fight in the legislature,
the bill passed and Act 378 of 1993 \vas signed by the Governor. Under pressure from
gravel miners and politicians alike, ADPCE administration placed a moratorium on the
enforcement of the law for two years to "give miners time to find new sources of gravel".

The issue arose again in the] 995 legislative session as gravel miners and some
politicians spoke ofrepealing the 1993 legislation. Several agencies including the
AGFC, ADPCE, Arkansas Scenic Rivers Commission, and State Natural Heritage
Commission stratcgized on the best way to keep the legislation on the books and
developed a short video to take to the people of Arkansas, showing them the effects of
gravel mining of streams and the aquatic life in them. A second bill was introduced and
passed (Act 1345 of 1995) which prohibited gravel mining in ERW waters in September
1995. The ordeal and politics of getting this bill passed are reviewed a<> well as the
continuing efforts by some to water down and repeal any effective gravel mining
regulations.

Abstract of prescntation at ]997 Southcrn Division Midycar Meeting in San Antonio at
regional !,l'favel mining symposium.
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