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ABSTRACT 

LOAR,  J .  H. (ed.). 1984. Applicatlon of habitat evaluation 
models In southern Appalachian trout streams. 
ORNUTH-9323. Oak Rldge National Laboratory, Oak Ridge, 
Tennessee. 326 pp. 

Habitat evaluatlon models, such as the U.S. F'ish and Wildlife 

Service's Instream Flow Incremental Methodology ( I F I H ) ,  are belng 

wldely used to ldentlfy lnstream flow requlrements for aquatlc blota at 

hydroelectrlc projects and other water resource developments. As part 

o f  the U.5. Department o f  Energy's effort to provide guidance to 

hydropower developers and regulators, a study was conducted to evaluate 

the valldlty o f  physical habltat lndlces (e.g., welghted usable area) 

for predictlng the response of trout populatlons to changes I n  

stream-flow. Because the use of habitat lndices I s  based on the 

assumptlon that fish abundance or biomass i s  posltlvely correlated with 

the value of the habitat Index, the study focused on an analysis o f  

flsh-to-habltat relatlonships. 

Eight study sltes on cold water streams wlth naturally reproducing 

populations of brown and ralnbow trout were selected. The streams were 

sltuated in the southern Appalachian Mountains of  eastern Tennessee and 

western North Carolina. F'ish blomss, abundance, and production were 

estimated, uslng electrofishlng and Petersen mark-recapture techniques. 

Physical habitat was quantified, uslng the IFIN'S Physlcal Habitat 

Simulation (PHABSIH) system at each stte. Although prevlously publlshed 

habitat sultabillty crlterla were used to calculate uelghted usable 

area (WUA) ,  Independent habltat utlllzatlon studies were also conducted 

for Age 0 and Age l +  ralnbow and brown trout. Water quallty, water 

x i x  



temperature, macroinvertebrate food resources, and average monthly Flow 

regimes @ere also rnea5ut-e a t  each sIte. 

Both trout populations and gRys9cal h a b l t a t  c o n d l t i ~ n s  varied 

slgnlflcantly between the  study s l t e s .  

6 f?sh/km o f  stream (3.1 kg/km) t o  

( 4 4 . 1  kg/krn) at t he  e l g h t  s l t e s .  d l d  brown t r o u t  

papulatlons occurred a t  four  of  t h e  s i t e s ,  wdth  mean abundance ranglng 

from 94 fish/km (5,l kg/km) t o  480 flsh/krss (28.3 kgdkm}. Walnbou trout 

abundance and blarnass were olgnlflcantly lower (e = 0.05) a t  sItes 

wdth coexlstlng brown t r o u t  papulatlons co pared t o  s l t e s  w l t h  no bro  

trout. Annual t r o u t  p r o d u c t i o n  range from 0.13 t o  6.9 9" 

w t r o u t  abundance and b i o  ass  were more strongly c o r r e l a t e d  wdth the 

habltat Indices than were ralnbow t r o u t  abundance and b l o  

Slgniflcant correlatlons did e x i s t  between t h e  abundance and blamaass of' 

brown trout and h a b l t a t  values based on mean monthly flows over an 

annual cycle. Ralnbow t r o u t  abundance and bdo 5 5  were signlflcantly 

correlated w i t h  mln"imu lncubatlon hab";at Based on mean monthly flows, 

but only a t  s l t e s  I t h s u t  brown t r o u t .  Dl f fesenees  were observed 

between the h a b l t a t  utlldnatlon patterns o f  allopatric vs sympatric 

radnbow t r o u t ,  ou est'ing t h a t  lnterspeclflc lnteractlons could be an 

important factor  i n  the popu1attot-i dynamtcs of ralnbow trout I n  streams 

w i t h  c o e x l s t l n g  brown t r o u t  pspulatlons. Although the f i s h  data  se t  

i t e d  because no c o h o r t  (year c l a s s )  was foll~weal over a 

complete llfe cycle, some ev-ldence ex is ted  o f  a0 asssciat3on bet 

year-class strength and habitat stress, based on estimates o f  #blA f rom 

raghs for the  perlead 1980-1983. 
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Based on our results, the validity of the assumption that fish 

a~undance or biomass varles in direct proportion to physlcal habitat 

indices could not be rejected. Although physical habitat indlces 

glalned a signiflcant proportion of the variability in brown trout 

populations between sites, habitat condition alone was not sufflcient 

to explain differences in rainbow trout abundance. To predict the 

onse of trout populatlons to flow alteration, it i s  recommended 

that (1) habitat variables be carefully chosen with respect to critical 

life stages and periods of the year, (2) site-specific interactions 

between target species be considered, and (3) management objectives be 

clearly defined. The most approprlate habitat indlces are those based 

minimum values calculated over the entire period that a given life 

stage is present. When used properly, habitat variables can be useful 

I n  assessing changes in fishery resources resulting from f l o w  

alteratians. 
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The growtng r ~ c o g n t t l o n  n a t 9 o n w i ~ e  o f  t he  Importance o f  p r o t e c t l n g  

uses o f  water (e.g., maintenance o f  f i s h  and v l l d l i f e  hab l ta t s )  

has ro lnc ided  w i t h  the recent  emphasfs on small hydropower ~ ~ ~ e ~ ~ ~ ~ ~ n t .  

As a r e s u l t ,  con f l dc ts  have arqsen over the  use o f  water f a r  

enera t ion  and o ther  Instream uses. For example, water 

released below a dam t o  s a t j s f y  t h e  ~ ~ ~ t r e a ~  f l o w  needs o f  aquat ic  

b3ota usually reduces r e s e r v o i r  storage t h a t  could otherwtse be used 

for  power p ~ o d ~ ~ t l ~ ~ ,  Accurate assessment o f  these lnst ream f l o w  

r ~ ~ u ~ r e m e n t s  i s  essen t ia l ,  espec ia l l y  i n  those regions o f  t he  country  

where water supplles are l l m i t e d  and where grea ter  demands a re  being 

placed on o f f s t ream water uses (e. ., I r r i g a t i o n ,  domestic water 

p l y ) .  The purpose a f  t he  present  study was t o  evaluate exlstlng 

assessment methods and t o  p rov jde  guldance on t h e i r  a p p l l c a b l l l t y  a t  

a l l  hy$ro~ower  s l t e s .  

OPOWER DEVELOPMENT AND REGULATED FLOWS 

The e f f e c t s  o f  hydroelect r9c operat ions on hydrologqc pa t te rns  

are  genera l l y  w e l l  understood. A l t e r a t l a n s  I n  Flow regimes below 

d r o e l e c t r l c  dams can Inc lude both s p a t l a l  and temporal changes i n  t h e  

The degree t o  amount o f  water movlng through a n a t u r a l  stream channel. 

whtch s p a t l a l  and temporal f l o w  pat te rns  a re  a l t e r e d  I s  d i r e c t l y  r e l a t e d  

t o  the  design and operat lon o f  the  facility, Local lzed s p a t l a l  changes 

'in streamflow a r e  c h a r a c t e r i s t i c  o f  many smal l -scale hydropower 

p r o j e c t s  where water 1 s  d i v e r t e d  t h rough  a canal o r  penstock t o  a 

powerhouse a t  a lower e leva t lon .  The purpose o f  such d lvers lons  
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i s  t a  increase  t h e  hydrostatic head on t h e  generator, but t h e  result 

often Involves t h e  dewatering o f  ;a significant length o f  the o r l g l n a l  

stream channel. 7e ora l  c h a ~ g e s  i n  streamflow are generally shor t  

tern a t  small hydropower s i t e s ;  tha t  I s ,  they occur over a span of 

several mlnhates or hours.  Such changes are characterdst?c o f  small 

hydroelectric p r o j e c t s  that a r e  operated fri a peaking node. Because 

the  demand for  electricdty gdat-les over a 24-h perdod, water 3 s  stored 

durlng off -peak ~ O I J ~ S  (usually a t  ntght) fot-  generatIan dur'lng the 

perlac! ~f g r e a t e s t  demand. Pcaklwg opesat9ans o f t e n  r e s u l t  i n  a 

dramatlc Increase I n  t h e  frequency and r a t e  o f  change o f  major water 

level  f luc tua t lon j  and 2 rcduct'lorr i n  the  dura t ion  of a given water 

level  ( s t a g e  h e i g h t )  i n  the downstrssam charme:. bong-term changes i n  

streamflow i n v o l v e  the use of large reservoir storage volu 

peaks in the annwai hydrograph t o  1QIw-f1oBpp 

Informatdon regarding t h e  e f f e c t s  on aquatic biota o f  such 

a l te ra t ions  I n  hydrologlc pat terns  i s  generally deser lpt lve i n  nature 

(e.g., Cushsan 1984). In most cases ,  t h i s  i n fo r rna t lon  i s  inadequate 

for  the purpose o f  quantifylny t h e  magnltwdt! o f  biolsgteal impacts. To 

p r o v i d e  some meac;ure of protectlon t o  downas-kr-ean sgua t l c  resour"cs, the 

adverse impacts of flow re ula t Ian  a re  mitigated by t h e  establ ishment o f  

rrllnimum discharges a t  t h e  darn- 

various instream f l o w  eeds ( e . g . *  protection of aquat ic  h a b i t a t s ,  

recreat ion,  aes the t ics )  o f t e n  means the  l a s s  of some hydraelectrtc 

generat lon,  i n s t r e a m  f l aw needs are  o f t e n  perceived as be ing  i n  dtrec t  

conf l ic t  w l t h  the economic f e a s l b i l i t y  o f  small hydropower projec ts  

Because the water released t o  s a t l o f y  

(IEC 1989 ; USDOE 1981). 



3 

1.2 STATUS OF INSTREAH Ft(3  

The r e s o l u t l a n  o f  c o n f l i c t s  between 

other l n s t r e a  uses o f  water ( e ,  . $  f i s h  and w.?ildIlfe 

on t h e  f lew re r o t e c t  these uses, 

Assessment o f  "the  lrnstream f l a w  nee 

f lshes,  has prove ~ ~ n ~ r a ~ e i r ~ l ~ l  as 

f l o w  I s s u e  (koar and S 

decades, ~ u r n e r o ~ s  ~ ~ t h ~ ~ ~  o assess the e f f e c t s  o f  

Flaw r e g u l a t l o  on f 'rshery resource 

l ~ a ~ i ~ n  o f  sultable instream will p~~~~~~ these 

resources (see reviews by St aker and Arnette 

; Loair an4 Sale I ) .  These ~e~~~ 

~ ~ d r a l ~ ~ l c  recor  

a b l t a t  preferences, and i n  l l t y  of  ~ ~ ~ v i d l ~ ~  seasona'l 

spec les-spec l f l c  f l o w  r e ~ o ~ e ~ d ~ ~ ~ ~ ~ ~ ~  

Many o f  the e x l s t l n g  ~ e t h o ~ ~  f o r  assessln lnstt-eam f l o w  nee 

r e l y  on h l s t o r l c a l  f l o w  records and do not  consider the speclflc 

r ~ ~ ~ i r e m ~ n t ~  o f  aquat lc  b'lota. Such ~ e t h o d ~  are  I n f l e x i b l e ,  d l f f l c u l t  

t o  defend i n  te rms  o f  aquat ic  ecology, and o f f e r  no o p ~ a ~ t ~ ~ i ~ y  for  t h e  

e o f  t rade-o f f  analysis  t h a t  i s  necessary i n  water resource 

development today. Eve s ta te -a f - the-ar t  methods t 

changes I n  h a b l t a t  as a f u n c t l a n  o f  streamflow mav be Inadequate 

because they do not canslder o ther  (b9o log i ca l )  var iab les  t h a t  may be 

s l g n l f l c a n t  deterrnlnants o f  p o ~ ~ l a t l o #  abundance (Pat ten e t  a l .  1979). 
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Assessment o f  Instream f l a ~  needs r e q u l r e s  t h e  evaluation ~f an  

Impact  chsln beglnnlnng u l t h  sti"eaMflow regulation and endlng w 4 t h  some 

blolog"ica1 response ( F l g .  1-11. Hab5taP a l t a r a t t o n  7 s  as1 lntet-mssedlate 

step l a  t h i s  impact chadn and 1 s  the focus o f  west o f  the assessment 

s t h a t  currently e x l s t .  The llnkage between habitat changes and 

btlologlcal response 'is one of t he  most important assumpt'iows in 

f low assessment. Although soghlstlcated mode?s such as 

U.S. Fish and Wtldldfe Servlee  (USFUS) P H A B S M  (8hyslcal Wabltat  

Slmulatlon) allow q u a n t l t a t l v e  analysls of the  e f f e c t s  OS: flow 

rillatton on physlcal h a b l t a t ,  these methods do no t  directly aeidresr 

o ther  Important secondary links b e t w e n  habitat changes and b i o l o g l c a l  

i-espesa?se, Wecent guldance by the  USFWS Instream Flow Group (Plllhaus et 

a1 . 1381 ; Bsrvee 1 W 2 )  repeatedly emphssl zes t h e  1 n f ?  uences o f  f a c t o r s  

other than physical h a b ? t a t  on f l s h  yopulatlons. Nevertheless, the 

on appilcatloaa o f  these niethods assume a psoport3snal 

relatlsnshlp between h a b l t a t  corndlt'ron (houevei- m ~ a s u r e d )  and 

biologlcal ~ ~ S Q U T C C S  ( e a g l e ,  f i s h ) .  Therefore, i t  is t h e  manner in 

whlc!? the  met s a r e  applled more than t h e  methcds themselves 'chat 

must be mors? carefully evaluated, 

1 .3  STYOY DESIGM 

The major o b j e c t i v e  o f  t h i s  s t u d y  was $0 eval a t e  t h e  p r e d 1 c t . i ~  

capabllltles of  habltat evaluatiion methods f a r  assessing the  lnstrcam 

flow needs o f  aquat lc  b l o t a .  The research focused 06 the following 

questtons:  
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A LTE RAT ION 

BIO LOG ICAL 

(e.g., changes in 
diversity or production) 

F i g .  1-1. Conceptual basis for Snstream f l o w  assessment. 



d 

1. Are t h e  blologlcal assumptions o f  t h e s e  uwc.kl-rP,id.5 valid? 

a .  I s  there a i -e la t lonsh lp  between habitat avallabtlity 
( a s  est lmsted by each nethod) and habqtat u t l l l a a t l o n  
( a s  determined from f l s h  populatlsn sampling?? 

b .  Can h a b l t a t  availability be used t o  re l lah' iy  predict 
f l s h  pspu'ia",lon abundance? 

only  used method f o r  assesslng instream f l o w  .seeds--the I n s t r ~ a m  

Flow Incremental Hethodology (Bovee 1983) .  O t h ~ r  aspects o f  lno-tream 

flow assessment Mere addressed in t h l s  study b u t  were reparted 

separately. For example, an assen ptlean assoc3ated w d t h  several 

hydraullc-rating metho s (Loas and Sale 3581) l o  t h a t  wetted perimeter, 

j o r  f low--dependwt v a r l a b l e  used t o  represent h a b l t a t  condltlon, i s  
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Host applications O f  PMABSI , a wlde ly  used habi ta t  m o d ~ l i ~  

a ~ ~ r ~ a ~ ~  associated w l t h  the  USFWS Instream Flow Zncre 

1 ,  assume the existence o f  a d i r ec t  r ~ ~ a ~ l o ~ ~  

etween welghted u ~ a ~ ~ ~  area (MU measure of habi ta t  

ua l l t y  and a v a l l ~ ~ l l ~ t y ~  and f i s h  a ~ ~ n ~ a ~ ~ ~  (Bovee 1982; 

Maughan 1982).  That l o ,  a l t e r l n  the amount of flow I n  the  stream 

channel changes the amount or qua l l ty  of the habi ta t  (as  measured by 

A ) ,  w h l c h ,  I n  turn, a f f e c t s  the s I z e  of the f i s  p o p ~ l a t i o ~ .  Results 

o f  the a ~ ~ l i c a t i ~ ~  of  t h i s  methodolo y on several southern A 

t rou t  streams i s  the subjec t  sf  t h i s  report ,  Two 

spec l f lca l ly  tes ted i n  t h i s  study: 

t rou t  abundance or lblamass across s tu  d ( 2 )  ~U~ cannot 

used t o  assess the  relatlve e f fec t s  o f  dl f fe ren t  f l o w  r e ~ i ~ e $  on t rou t  

p ~ ~ u l a t l o ~ s  a t  lndividual s i t e s .  

(1)  WUA is  n o t  correlated wIth 

Eight  s t u d y  s i t e s  i n  four r iver  basins i n  western North C 

and eastern Tennessee were selected a f t e r  an e ~ a l u a t i o ~  o f  hyd 

stream channel cha rac t e r i s t i c s ,  access ib i l i t y ,  existence of ~ r ~ v ~ o u ~  

s tudjes ,  and absence of c o ~ ~ l i c a t i ~ ~  fac tors  such a5 h i  

pressure, ~ t ~ c ~ ~ ~ ~ ~  or pollutlon. Raqnbow trout  (Salrno gairdnerl) and 

brown t rou t  ( S .  t r u t t a )  were selected as the t a rge t  specles because of 

the extctnslve data avai lable  on t e t r  habi ta t  r e q u l r e ~ e n ~ ~ .  Wlld 

papulatlons o f  ralnbow t rou t  ex i s t  I n  a l l  the streams, and w l l d  bro 

t rou t  occur I n  three o f  the four rlver basins. A t  each s i t e ,  hydraulic 

s ~ ~ ~ ~ a t l o n  models were appl le  t o  evaluate lnstrea habi ta t  and t o  

quant'lfy the relat ionship between physical parameters of t 
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A l l  e i g h t  s t u  y s l t e s  159 I n  the higher,  densely forested ~ ~ ~ t a l ~ s  

i g ~ l a n d s ~  Thornburg 1965) i n  

eastern Teaanessee a 

exceptlcan o f  L o s t  Cove Creek, a l l  of the study streams l l e  I n  the  

Tennessee Rlver dralnage. Lost Cove Creek l i e s  i n  the  Catawba River 

basln, par t  o f  the  Atlantic dralnage. The cllmate 1 s  ~ u ~ 5 d - ~ ~ m p ~ ~ a ~ ~ ,  

b u t  preclpl ta t ion and temperature vary wldely, depending on elevation 

and local p ~ y s i o ~ r a ~ ~ l ~  features .  Mean annual precipi ta t lon dn the  

orth ~ a r o ~ l n a  ( F 1  

Son ranges from <io0 cm t o  >238 cm ( ~ ~ ~ d g e  1983). J u l y  1s  the 

wettest  month, and October or November are  the d r i e s t  ( N C C  1973a,b). 

Annual temperatures for the region average between 1 2  and 1 4 O C .  

0 t h  overland runoff ( r a r e )  and base f l o w  in the  regton tend 

be s o f t ,  a c i d i c  waters o f  very low spec l f tc  c o n d u c t d v l t y .  The water 

~ ~ a l ~ t ~  r e f l ec t s  the geology of the reglon, w h i c h  1 s  dominate 

primarily of gran l tes ,  gnelsses, m9ca sch i s t s ,  and 

s l a t e s  and low l n  solubility (USGS 7982). Most of the sotls were 

formed through weatherfng o f  these rocks and ~ ~ c o m ~ ~ s l t ~ o n  of  

forest l i t t e r .  

The following subsections descrlbe l n  more de ta i l  the physical 

characterlstlcs o f  the elght study s i t e s  and t h e l r  watersheds. A 

S M  o f  the general ~ y d r o l ~ ~ ~ c  proper'cjes and ~ o n t h ~ y  flow reglmes 

for  each o f  the  study s l t e s  I s  presented I n  Tables 2-1 and 2-2, 
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Table 2-1. Estlmated gross hydrologlc propertles o f  the eight study sltes. 

Unregulated H i  n/max Estlmated Estlmated Maxlrnum Hlnlmurn Estlmated mean 
Study watershed area elevation gradjentb Stream Proporttonal mean flowd flowe f 1 owe prec1p.i tatlonf 
5 1 tea < km2) (m) (m/km) order OrderC (rn3/s ) (m3/s (m3/s (crn/year) 

AC 48.9 522/1545 'i .2  4 4.93 1.42 87 0.018 140-1 ?fi 

0c1. BC2 31 . l  701 A 5 5 0  11 4 4.99 0.99 81 Q.10 140-170 

LCC 17.2 597/1310 22 3 3.50 0.37 110 0.009 110-130 

MC 4'1 .8 523/1508 8.1 4 4.99 1.22 74 O.Ob7 140-170 

N R 1  49.8 706/1550 30 4(5)9 4.07(5.01)9 2.01 >BOh 0.30 150-1 70 

N R 2  14.2 808/1341 8.4 3(4)9 3.33( 4.98)g 0.57 >8Oh 0.085 150-1 70 

NR3 35.8 1042/1554 7.3 4 4.11 1.58 47 0.25 190- 240 A 
A 

~~~ 

aAC = Abrams Creek, MC = MI11 Creek, 0C = Bradley Creek, LCC = Lost Cove Creek, NR = Nantahala River. 

b#ean gradlent estlmdted by the dlstance between contour llnes on U.S. Geologlcal Survey (USGS) ?.5-min quadrangles (gradients of 

'As calculated by the method of Stall and Fok (1968) .  

dgased on appllcatlon of yleld factors ( ~ n ~ * s - ~ e k r n - ~ )  calculated f rom data for gaged streams ? n  the v'lclnqty o f  t h e  study sites 

representatlve reaches may dlffer; see Table 4-5). 

(Wtser 1981; USGS 1981a.b). 

Based on apyltcatlon o f  yjeld factors calculated from data i n  USGS (138'la.b). e 

fFrom map o f  precipltatlon Isohyets developed by Goodge ( 1 9 8 3 ) .  

'H9storlcai stream order p r l o r  to construction of tiantahala dam system. 

'Sptllway releases from dams. 
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January 

Ft?hf%laa*$r 

A p r l l  

Ma Y 

June 

July 

August 

September 

October 

M ovembes 

D&C embe 6 

Annual mean 

1 . 8  

2.1 

2.2 

2 .o 
1 .b  

1.3  

1 .Q 

0.82 

0.79 

0.92 

0-97 

1 .5  

1.4 

1.1 

1 . 3  

1 . 5  

1 .3  

1.1 

0.90 

0.62 

0.70 

0.92 

0.8‘4 

0.81 

1.1 

1 .o 

0.39 

0.53 

0.62 

0.56 

0.38 

8 . 3 8  

0.24  

0.26 

0.22 

0.25  

0,29 

0.39 

6.37 

1 .;s 

1 .E! 

1.9 

1 . 7  

1 .4  

1.1 

6*88  

0.19 

0.68 

8.79 

6.84 

1 .3  

1.2 

2.7 

3 - i  

3-2 

2 c ‘I 

2.1 

1.8 

1 . 4  

1.3 

1.1 

1 .2  

1 . 4  

2,% 

2.0 

0.77 

0.87 

a .9B 

0,77 

0.60 

0.50 

o,4a 

8 - 3 6  

0.30 

Q,34 

0.38 

6.62 

0.57 

2.0 

2.3 

2 . 4  

2 , l  

1 . b  

1.4  

1 .l 

1 .o 
0.83 

1 . 2  

1 . z  

1.7 

1.6 

%sed on app l i t a t lon  of y l e l d  f a c t o r s  calculated from d a t a  for  gaged 
streams i n  the  v i c i n i t y  OB t h e  study  s i t e s  (Mser  19871; USGS 1’98 ia ,b ) ,  

G are  based on a p p l l c a t l ~ n  of monthly 
d i s t r l b u t l o n  of flows f o r  certain western Worth Carollna streams t o  
annual yle lds  per square kilometer for e a s t  Teranesnfpe streams. 

Spqllway 
releases occaslonal ly  add subs t an t i a l ly  t o  t h e  l i s t e d  flows 9n winter 
and f a l l .  

onthly flows a t  s l t e s  AC and 

b l o w  regime due t o  unregulated p a r t l o n  o f  watershed. 
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2.1 ABRAMS GREEK AND WILL CREEK 

These two streams o r l g l n a t e  hlgh on the  northwest slapes o f  Great 

Smoky Mountains Nat lona l  Park i n  Tennessee (Flg .  2-1). The ac tua l  study 

s i t e s  l l e  I n  Cades Cove, an Ordovlc lan l lmestone wlndow o f  remarkablly 

low r e l l e f  cons lder lng the  surrounding mountains. They d l f f e r  from the  

o ther  study streams i n  t h a t  the  under ly ing  rock format lons and t h e  

r e s u l t i n g  s o l l s  o f  t h e l r  watersheds d i f f e r  s u b s t a n t i a l l y  f rom the  

format lons and so'i ls common t o  the  o ther  SIX watersheds. The upper 

watersheds o f  Abrams Creek and Will Creek o v e r l i e  bedrock composed 

p r l n c l p a l l y  o f  s la te ,  shale, sandstone, and s i l t s t o n e  (DeSucRananne and 

RSchardson 1956; E lder  e t  a l .  1959); the  th ree  North Caro l lna streams 

l n l y  o v e r l l e  g ran l te ,  gneiss, o r  sch i s t ,  or  combinations o f  these 

th ree  rock types (Goldston e t  a l .  1955; Goldston and Gettys 1956; 

King e t  a l .  1974; K lng 1980). 

The Abrams Creek study s l t e  (AC)  i s  a four th -order  stream d r a l n l n g  
2 a watershed o f  48.9 km ( F l g .  2-2). Eleva t ion  ranges f rom about 520 m 

l n  Cades Cove t a  1545 m on the  c r e s t  o f  t he  Great 

Annual p r e c l p i t a t l o n  averages between 148 and 170 

e leva t i on  (Goodge 1903). The est imated mean f l o w  
m 

Smoky Mountains. 

cmfyear, depending on 

an average monthly low f l o w  o f  about 0.8 m5/s 
3 

I n  September t o  a 

monthly hlgh o f  about 2.2 m / s  I n  March. The stream grad'ient I n  t h e  

v l c i n i t y  o f  AC i s  on ly  1.2 m/km, f a r  lower than the  gradtents  o f  the 

o ther  streams l n  t h l s  study (Table 2-1). The study s i t e  ' i t s e l f  cons is ts  

o f  f a l r l y  deep pools and sho r t  r i f f l e s ;  exposed t r e e  roo ts ,  logs,  and 

brush p i l e s  provlde cover ( F l g ,  2-3). The subs t ra te  I s  p r l n c l p a l l y  

s i l t  and mud, w i t h  some gravel ,  sand, and smal l  cabble I n  t h e  mlddle o f  
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QRML -DWG 12-2tii.IPA 

F i g .  2-2. Abrams Creek watershed. 
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F l g .  2-3. Abrams Creek study s l t e ,  Hay 7 ,  1982. 
(44% o f  mean annual f l o w )  and mean wid th  was 7 .6  m on 
May 6, 1982. 

F l o w  was Q,62 m3/s 



the channel. Rlpar lan  vegeta t ion  c o n s l f ; t s  pr.lmaip:ly o f  hardwoods and 

some shrubs (Table 2-31. 

Except For t h e  dam-regulated lower N ntahala River-, Abrams Creek 

i s  t h e  most  disturbed stream s y s t e  ? W  this s t u d y ,  After emerging f r o m  

t h e  densely forested slopes of t h e  Great S aky Rsadntalns, i t  meanders 

WEStWard i3pplrOKd ~ t e l y  10 k m  across t he  broad, f l a t  valley of  Cades 

Cove. Early s e t t l e r s  cleared much o f  t h e  C Q W  for pasture and crops 

1, and t h e  preservation sf OUT ptoneer her l t age  i s  the 

rnotlvatisw far currently matwtadwing t h e  Cove I n  pasture  and hay crops. 

I n  t h e  past ,  g r a z i n g  of up t o  7200-1300 head o f  cattle had contributed 

s i g n i f i c a n t l y  ts erosion o f  stream banks and beds, and t o  nwtt - lent  

i n p u t ,  whlch r e s u l t e d  I n  the eutrophlcatlon and increaaed turb ’ id l ty  of 

. Ware recently, ferscin along t h e  s t r m  dnd reduct ion  o f  

the c a t t l e  herd t o  5 ear t s  have rn l t lga ted  t h e s e  adverse 

e f f e c t s  t o  some exten 1978). SQRE reaches have been 

st ra ightened  and cleared o f  trees and brush. Other d isturbances t o  the 

or  i t s  ~a~~~~~~~ i n c l u d e  l a r g e  num ers  o f  people visitlng t h e  

Cave by automobile,  a l a r g e  campfng area, alp possible seepage f r o m  a 

e t reatment  lagosoa, 

Natural influences on water q u a l i t y  i n c l u d e  the  be rack  and s o i l s  

over and t h rough  h l c h  water moves. Sodls of  the ountalnazns part of  

s Creek ~~~~~~~~~ c o n s l a t  p r i m a r i l y  o f  Ra sey slaty silt loa 

edium a c l d  s o i l  o f  moderate f e r t i l i t y  der ived  from s l a t e ,  S B W ~ S ~ B B ) ~ ,  

and quartz’ste be rock (Elder et ail. 1959) .  The broad ’Iimestane floor 

of t h e  Cove i t s e l f  I s  covered by >1.5 m o f  soil do 

Sequatchie s i l t  l o a  and Hayter s l l t  loam. The former i s  a fer‘kjlo?, 
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Table 2-3. Checklist of  rlparlan taxa observed at each o f  the elght study sltes. Wegetatlon that 
occurred a l o n g  t h e  stream bank but d t d  n o t  Intersect the plane o f  the water I s  not 
i n c  1 uded 

___ ^- 1--- ..-. _____ __.._..... c_ 

Great Smoky 
Mountal ns LOS t Cove 

Creek Nantahala R i v e r  National.-%& Bradley -Creek I. 

LCC NR1 N H 2  N R 3  Taxori AC MI: BC1 BCT 

Alder ( o f i s  serrulat..?.) 

B i r c h ( E33t.iIa) 

Dog hobble (Leucotha12 f-onianeslana) 

Elm (Ulmus) 

Flowering dogwood (Cornus fj.o_r_l-da) 

Hawthorn (Crataegum) 

Hemlock ( I 3 x u @  canaden5is) 

Ironbood (Carpj-nus carollnl.ana) 

Waple (m) 
Hountaln laurel (K-glmia latlfolj_a_) 

Red maple (Acer rubrum) 

Rhododendron (Rhododendron) 

Sassafras (Sassafras albtdum) 

Sedge (Carex) 
S l l k y  dogwood (Carnus amomum) 

Silverbell (Halesta Carolina) 

Spicebush (Llndera benzoin) 

Sweetgum (Llquldambar styraclflua) 

Sycamore (Platanus occldentalls) 

W-illow (Sa l lx )  

kttch hazel (klamamelis vlrqlntana) 

Yellow poplar (Lirlodendron Qllptfera) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X X 

X X X 

X X 

X 

X x 
X 

X 

X X 

x X 

X 

X X 

X 

X 

X 

X X X 

X 

X 

X 

X X 

X 



edlum ac id ,  a l l u v i a l  Soi l  derived from the  s l a t e ,  sandstone, and shale 

of the uplands, and t h e  l a t t e r  i s  a fe i - t l l l e ,  masedlclm t s  strongly a c i d ,  

a l l u v i a l  o r  co l luv ia?  s o i l  o f  s lml lar  orlsglia. 

A p o r t i o n  of  Abrans Creek enters t h e  ground wear the e a s t  end 0.6 

the Cove, flows underground t h r o u g h  the  11 estsne s t r a t a ,  and resurfaces 

a s h o r t  dts tance  upstream S F  the study s i t e  near t h e  west end o f  t h e  

Cove. 

qual i ty  o f  Abrarnr Creek (see Sec t -  4 . 1 ) .  Durlrrg su e?-, the  creek 

occasional ly  ceases  a l l  surface flaw for several kilometers between 

t he  water's ent ry  ' rnto the ground and I t s  e 

t r i b u t a r i e s  may a l s o  d r y  up).  S h ' i f t s  i n  pN o f  n e a r l y  t 0 units  (Mathews 

Y978) have been noted between t h e  creek's cwtry i n t o  the ground (pH 6.5)  

and i t s  emergence (pn 8 . 4 ) .  

T h l s  has lrnpnr'caat impllcatians for  both the  hydrology and water 

The M3ll Creek watershed l i e s  immediately t o  the  southuest o f  the 

Abrams Creek watershed ( F i g .  2-2). The Will Cree& study  s i t e  (sn( 

shown i n  F i g .  2-4 i s  only 0 . 6  krn f r o  

a f  t h e  confluence o f  HSll Creek w l t h  Abrarns Creek, A small ,  o p e r a t i n g  

m i l l ,  ploneer  cabins,  and a v 3 s i t o r s  center  are  located about 0 . 7  krn 

upstream af MC. These f a c i l i t ' l e s  and t h e  small clearings surrst~nd'lng 

them represent t h e  only current man-made disturbances t o  t h e  watershed, 

s t u d y  s i t e  AC anel 0 .3 km upstream 

e logglng occurred ? n  t h e  p a s t .  The remainder o f  the Mill 

Creek czjratershed i s  densely f o r e s t e d  

M I 1 1  Creek i s  a l s o  a fourth-order stream w i t h  a watershed a r m  sf 
2 41.8 km ( F i g .  2-51, a grad lent  0.f 8 .1  m/km i n  t h e  ~ l ~ i n i t i y  sf the 

3 study s l t e ,  and an estqmated mean f l a w  o f  about 1 . 2  m / s .  
3 mean na~wehly flows a r e  estimated t o  be 0,69 m /' 
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FJg. 2-4. Mill Creek study site, May 7, 1982. Flow was 0.8 
(72% o f  mean annual f l o w )  and mean width was 10.4 m 
May 7, 1982. 



F l g .  2-5. # 1 7 1  Creek watershed, 
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2.2 LEY CREEK 

Creek, a fourth-or er  ~~r~~~ I n  the French 

basin,  dralns 31.1 k 

~ ~ ~ ~ ~ ~ i ~ ~ t i ~ ~  ave 

and 350 m, respec 

stream gradlent I n  the w l c ’ r n l t y  o f  the s t u  

1 7 . 4  . The estimated ~a~ ann a1 f l o w  at: the s 

yteldr; per mlt area e area,  I s  1 . 1  m 3 i s ,  



I 
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~ o w e ~ ~ r ,  the Hendet-sonville Water De t diverts  an annu 
3 o u t  0 , l  m / s  f r o  11 ~ ~ ~ ~ u n ~ m ~ n t  ap ~ ~ X ~ ~ ~ t ~ l ~  3 ,  

k ~ l ~ ~ e t e ~ ~  above t 

19831, ~ ~ s u l t I ~ ~  i n  a net est3 ted a n n ~ a l  f low o f  

e s ~ ~ ~ a ~ ~ ~  mean ~ o ~ ~ ~ ~ y  low flow 1 s  a p p r o x ~ ~ a t e l  

taking i n t o  account diverslons by ~ ~ n ~ ~ r ~ a n ~ ~ l l ~ ;  mean m o n t h l y  high 

3 Oa58 m /s ~ ~ e ~ t e m ~ ~ r ) ,  

f l Q W  IS a ~ ~ ~ t  1 .fi 

The upper s i t e ,  BC2,  I s  c h a r a c t e ~ I ~ e ~  y pools, r i f f l e s ,  and long 

runs over clean gravel,  cobble,  sand, small boulders, and bedroc 

( F i g ,  2-7). Dense stands o f  r h o ~ o d e ~ ~ r o n  and ~ ~ n t a ~ n  laurel  line the  

stream banks; other r lpar lan specles a re  less a b u ~ d a n ~  (Table, 2-3). 

The ~ o w n s t r e a ~  s i t e  ( as a lower ~ r a ~ l e ~ ~ ~  w i t  

ooth  gent le  r i f f l e r  (Pig.  2-8). POO s a re  l’imlted, but  ~ ~ ~ ~ ~ a t e r  

areas e x i s t  below the three channel cons t r lc tors  t h a t  were i n n t  

the U.S. Forest Serv1ce i n  a 2004 reach of lower Bradley Creek I n  1976 

T ese devlces a re  t r a ~ ~ ~ ~ ~ ~ ~ l  I n  shape, w I t h  a ~ ~ ~ o x ~ ~ t e  SFS 1982). 
2 areas ranging from 50 t o  85 ns . The stream Bank I s  the base, and the 

three sides a r e  constructed from large logs. ~ d ~ ~ t ~ o n a l  habl ta t -  

I m ~ r ~ w e ~ e n t  devlces in the stud reach include Four large logs; (3.5 t o  

7.5 m I n  length and  Q.25 m i n  ~ ~ a ~ e t ~ r ~  t h a t  a r e  rienled para l le l  t 

the flaw. The subs t r a t e  a t  Be1 consis ts  o f  s 11 cobble, gravel,  amd 

e t r i t u s  I n  small pools and backwaters. In contrast  t o  

the upper s I t e ,  there a re  few boulders or  rock ledges. The rSg 

v e ~ ~ ~ ~ ~ i ~ ~  a l s o  differs t h a t  found a t  

I s  ~ o ~ ~ ~ ~ t ~ ~  and several 1 



F l g .  2-7. U p p w  Bradley Creek s t u d y  s l t e  (SC;’), A p r l l  29, 1982. 
F l o w  wac 1 . 1 3  m3/s (114% OF mbc8’4 anwi~al f l o w ) ,  and 
m a n  vlslth w a s  10.1  Q 00 A p r i l  30: 1982. 

F l y .  2-8- Lower Brad’ey Creek stlrdj s l t e  (BCI), Aprll 214, 1982. F low 
was 1 .13  m3/s (114% e : ? f  meaw annual flau) 
M ~ S  10 .4  m on Aprjl  29, 1482. Note lag  channel constrlctor 
in l e f t  foreground. 

and @em u l d t h  



Most o f  the soils of  the w a t ~ r ~ ~ e d  are st ny or sandy, s t rong ly  t o  

, and o f  low t o  fertlllty and orga 

et al. 1974). They are ~ e ~ i ~ ~ ~  ~ r e ~ ~ ~ ~ a t e l ~  from 

e-glaelss bedrock. 

2.3 LOST COVE c 

The Lost Cove Creek study s l t e  (CCC) lies in t 

~ o ~ ~ t a l ~ ~  I n  southeast Wvery County, ~ ~ r ~ h  Carollna, and unlike the 

other study sltes, its waters ultlmately flow to the Atlantic 

the Catawba and Santee rivers. The watershed OF Lost Cove Creek 

~ ~ ~ ~ ~ a ~ ~ o u s ,  entlrely within the Pfsgah ~ational Forest, an 

completely covered i n  second-growth forest, Annual ~ r e c I p I ~ a t l o ~  

es between I10 and 130 cmjyear. Elevat lons  range from 597 

e sdte to I310 m a t  the top of Little Bald. Most o f  the waters 

consists o f  rough, stony lan o f  low fertillty derived from weathering 

of the grantte, schist, and gnelss rocks dominant I n  the area ~~~~~~~~n 

et  a l .  1955). Large boulders and bedrock outcrops are plenti 

stream drops an average of about 22 m/km I n  the v i c l n l t y  o f  t 

t the slte, Lost: Cove Creek I 5  a t ~ i r ~ - o r d e r  stream d 
2 area of 17.2 km ( F I  a 2-9). Mean annual flow 1 5  ~ s ~ i ~ a ~ ~ d  to be 

about 0.37 m3/s, the  

3 .62 rn /s In March 

owest o f  the streams un er ~ v ~ s ~ i g a ~ t ~ n ”  

(estimated) range from 0.22 3/s ’ ~ n  September 

The study reach consists of alternatln r l f f l es ,  runs, and p0!31s, 

a substrate of  clean cobble, gravels  sand, and s 

(F?gg, 2-10]. Mixed hardwoods and sed 

flora (Table 2-3). 
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I I b- 1 

F l g ,  2-3.. L o s t  cove Creek watershed e 
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Lost Cave Creek s t u  y s j t e ,  A w l 1  27, 1 

7.8 m on A p r i l  27, 1982. 
0 .74  m3/, (2OoOA o f  ean annual f l o w ) ,  a 
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2 . 4  ~~~~~~A~~ R I V E R  

Thp Nantahala R l ~ r  dra‘ens yOrt’loi1 of the Tennessee 4 i v e o  b a s i n  

I n  a large ,  rnsu~tainous,  o f t e n  densely forested $rea o f  Piantahla 

Na$%onail F o r e s t  i n  jouthWPs4ern Worth Camlltin (Ma~on and Clay 

c o u n t i e s ) .  Three strndy s i t e s  ( M R 7 ,  N R 2 t  and 823) a r e  locaked an t h e  

m - l n  stem of t h e  FJantahrdla Rlver (FSg.  2 - 1 ) .  Hetearoioglcal candl t ions ,  

p a r t i c u l a r l y  preclpltatqoan, v a r y  considerably u l t h l n  t h e  uatershed, In 

the  w I c l n i t y  o f  s tudy  s t t t e s  NR1 and WRZ, annual preclpitatlon averages 

between 155 and 160 cm/year (Gaodge 1983). Included u l t h i n  the 

watershed abo!!e t h e  R3 s l t e  i s  a p6rtI017 o f  the uetttest area I n  the 

Unlted States east  o f  the North Cascades of ashlngton (Ger-aghty e t  a?  

1973).  ~~~~~~ p r e c l p l t a t l o n  averages about  199: cmPyear near the ac tua l  

study reach and as  hlgh as 236 cmJyear i n  the ~ i l ~ i n l t y  o f  the headwaters 

(Goodge 1983) .  InteresP?ngly, the dr’iest area In the Southeast l i e s  

Q L I ~  a30 kjo t o  the northeast  I n  a r a i n  shadow near Asheville where 

preclpltmtdon averages less  t h a n  100 crn/yeas* 

Stony rough l a n d  and Porters loam, both der lved from weathered 

g r a n i t e ,  gnelss ,  o r  s c h l s t  bedrock, are t h e  dorn’inawt s o i l  types  i n  the 

watersheds I p f  a l l  t h r e e  Mantahala River study s l t e 5  (Goldston and 

G e t t y s  1955) .  Colluvial and a l l n v l a l  deposits of Posters soils a r e  

found along elther s i d e  of several stream r e ~ c h e s .  The N R 1  s l t e  a l s o  

sey s t o n y  loan, rder”ivea! from the  wwtherlng o f  h i g h l y  

s i l l c I o u s  rocks such as sandstone, s l a t e ,  and s h a l e  (Goldston arld 

Gettys 1956) .  A l l  o f  these s o t i s  a re  rtrronyiy t o  uei-y s t rongly  a c i d .  

A t  1042 m ,  N R 3  i s  the hiighest o f  the e i g h t  study c i t e s ,  Fiaxlmm 

e l e v a t i o n  i n  t h e  insatetshed i s  1554 rn. The Nantahinld Riuz; a t  this 



s l t e  I s  a four th -order  stream w l t h  a g rad ien t  of 7.3 m ~ k ~  an 

watershed area o f  35.8 km (F ig .  2-11). Mean annual f l o w  I s  e s t l  

t o  be 1.6 m I s e  

2.4 m / s  (March) and 0.93 118 /s (September), respec t lve ly .  The NR3 s i t e  

cons is ts  o f  several  pools (one o f  which exceeds 1.5 m I n  dept  

and gen t le  rap ids  ( F t g .  2-12). Boulders, bedrock ledges, cobble, c lean 

gravel ,  and sand dominate the  stream bottom. Rhododendron, ironwood, 

amd hemlock a r e  the  p r l n c l p a l  r l p a r i a  species (Table 2-3). 

2 

3 Estlmated maximum and mlnimum monthly f lows a re  
3 3 

Some loggdng occurred above NU3 dur ing  the  course o f  t h l s  study 

(USFS 1984) ,  

watersheds (F lg ,  2-11) was I n l t l a t e d  i n  1981 and completed, except f o r  

seeding, i n  1983. Sqmilar operat lons were conducted over t h e  same 

per iod  I n  t h e  Long Branch watershed below NR3. Psevlous c l e a r c u t t l n g  

operat ions above NR3 were l i m i t e d  t o  the  Hurr lcane Creek and L i t t l e  

I nd ian  Creek watersheds I n  the  e a r l y  1970s. A t  present,  t lmber  harvest  

i s  r e s t r i c t e d  t o  the  Klrnsey Creek and Park Creek drainages below NR3, 

where c l e a r c u t t l n g  was i n ? t l a t e d  I n  spr ing  1983. No e f f e c t s  o f  logg ing  

ow stream water q u a l i t y  a t  NU3 were observed (see Sect. 4.1). 

C lea rcu t t i ng  i n  the  Hurr lcane Creek and C u r t l s  Creek 

The Nantahala R i v e r  a t  study s l t e  NR2 I s  a t h i rd -o rde r  stream t h a t  
2 dra ins  a watershed o f  on ly  14.2 km ( F l g .  2-13). It has a g rad ien t  o f  

8.4 m/km and an est imated average f l o w  o f  

occaslonal  re leases from an upstream dam. Mlnlrnum and ~ x i ~ u ~  mean 

monthly f l o w s  a re  est imated a t  0.30 m d s  I n  September and 0.90 m /s 

i n  March, respec t i ve l y  (see Table 2-2 f o r  a l l  est lmated mean monthly 

f lows) .  E levat lons range from 803 t o  1345 ?he study reach cons is ts  

o f  several  shor t - to- long pools In terspersed w l t h  sho r t  lengths o f  

3 .57 m /s ,  exc lud lng 

3 3 
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F l g .  2-11. Ndntahalia RSver watershed abava !4 
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I 

. 2-12. Upper Nantahala R l v e r  study s i t e  (NR3) ,  March 25, 1982.  
Flow was 7 . 5 3  m3/s (97% o f  mean annual f l o w ) ,  and mean 
wld th  was 7 2 . 0  m on March 25, 1982.  
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i - l f f l e s  ( P i g .  2 -14) .  T e substrate eannists 

d cobble,  b u t  

ver clranslsts almsst  ~ X ~ l u s I ~ ~ ~ ~  o f  alder with very few other 

ecies (Table 2-3). 

4,  the ~~~~~~~~a rth-order st rea  

~ ~ ~ e ~ ~ l a t ~ ~  watershed of  49*8 

watershed I s  below), Elevations range from 

ted mean annual flow, 

ulated w a ~ @ r s ~ ~ $ ~  i s  2 *  
3 3 o f  3.2 rn / s  3~ March and a mean ~~n~~~~ ~~~~~~~ o f  1.1 rn / s  

e study  s % t e  cons is ts  of a serles o f  small cascades 

runs ~~~~r~~~~~~~ w i t h  f a l r l y  deep p ~ ~ ~ ~ e  pools  and s t j l l  

e ~ ~ ~ s ~ r ~ t ~  comprises broken an 

ges, boulders,  an cobble, w i t h  clean grave7 and 

lefers and cobble.  The rlparlan vegetattan ~ o n s i s t s  

a lder ,  and some sedges (Table 2-3). 

Brast Lo the relatively Lln lsturbed s t a t e  of t h e  

w ~ ~ e ~ ~ ~ ~ d ,  the watersheds o f  R1 and NR2 are the most dis turbed  o f  the  

e i g h t  s l t e s  Include In th3s s t u d y ,  w t t h  the possible exceptton of  

rams Creek. Numerous small areas have been logged or cleared for 

farmlncg ~ G o ~ ~ s t o ~  and Gettys  1956), though not t o  the  extent  observed 

e s  Cave above AC.  More Impor tant ,  owever, i s  the a l t e r a t i o n  i n  

natural flow reglmes a t  NRl an 2 that have resulted from the 

construction and operatlon o f  ~ a ~ t a h a ~ a  Dan ( 5 . 8  km upstream o f  
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F i g .  2-15. Lower Nantahala River study s l t e  ( N R I ) ,  March 23, 19 
Flow was 2.89 m3/s (144% of mean annual flow), and mean 
wld th  was 18.4 m on Harch 24, 1982. 



and  10.5 km upstream o f  N W 1 )  and tu- smaller auxlliary dams on Dicks 

Creek and Mbdte Oak Creek (F3a;q. 2-16). These dams h a v ~  converted a 

fourth-order s t ~ e a m  (F5W2) and flfth-order s t r e a v  [N21) I n t o  th9i-d-order 

and fourth-order Streams, r e%pec t ive ly ,  ~ 9 t h  coneoml t  reduc%ions i n  

t o t a l  watershed area and f l o w .  Total effect’rve uatersked area of  #A1 

@,as reduced From 339 k 7  t o  only 49.8  km , and t h a t  o f  N R 2  wtrs 

reduced From 258 km t o  j u s t  14.2 km . 

2 2 

2 2 

Most o f  the V E P L ~ F  ~ p 5 t . r ~ ~ ~  l~af these daifis IS  OW dl~er t .eQ through 

g e ~ s t a c k s  and tunnels t o  a powerhause located 4 . 2  k% Selcu N R i .  The 

f l o w  reglmes are  t he re fo re  d t ? t e r ~ i n e d  prlmarliy by p r e c l y l i n t l o n  3nd 

runo f f  from the unregulated watershed below t h p  dams. Abdlt-”lorral 

c o n t r l b u t l o w s  ‘io rlvver flow, however, occtit- from small b u t  unknown 

q u a n t l t l e s  o f  seepage through and under t he  d a w  snd From spillway 

releases a t  Nantahala Darn d u r i n g  sxcept lonal ly  wet  peilods or  dur lng 

~~~~~~n~~~~ on t he  penstocks and tunnels (NPLC 1993) .  Durlnq such 

periods,  d a l l y  spil lway releases have averaged as hlgh d s  76.7 m 3 i s 9  

r~dhlch occurred on Mdrch 30, 1975 jTMA 1983),  compared t o  our  es4”rrraaPed 

mean f l o w s  f o r  the unregulated watershed of  2,O m3/s and 0.6 m /s 3 

f a r  Y R I  and NR2,  respec t ive ly .  

These h t g k  flows were not  used tin developing est lrnates of t h e  

monthly and annual Flows f o r  WR1 and WR?.  Considering t h e  present slme 

OF the  watersheds, such spdllkaay r e l e a s e s  art? more properly cons7dered 

t o  be abwormal e v e n t s .  The l a s t  large-volume re leases  occurred l i ?  

March and Aprll o f  1988 when d a l l y  s p l l l a g e  averaged as high as 

50 .4  m3/s. 

have occurred during t he  f a l l  when  da i ly  r-eleas~ss ma3 average as much 

Since then, the only ga te  re leases  of any csnseque?ce 
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t 

F l g .  2-16, Nantahala River watershed a~~~~ N R I .  
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3 a s  2.1 m 9 s .  A1thotay.h hard ly  c a t a s t r o p h l z ,  w e n  this ra te  o f  release 

I s  n e a r l y  tvdiee t h e  fa:7 f l s v  r a t e s  a t  FJWI (about 6 t l m s  the 

ulatert f a l l  F l a w s  a t  N R 2 ) .  On an annual b a s t s ,  the  total 

e o f  splllway ~-eIeascs represents as mirch as 50% of t h e  volu~e 

attributable t o  the  unregulated watershed o f  M I .  H B W W ~ F ,  these 

rt?Icaaes are coocentrated I n  a very smJ1 percentage sf  t h e  days of  

the year. 



3 .  METHODS 

3.1 ~ Y ~ ~ ~ ~ ~ ~ Y  AND PHYSICAL ~ A 5 ~ T A ~  

of the streams selected for study, representatlve reaches 

were ldentdfded to serve as the basts of stream 

ntapplng of physlcal habltat varlables. These reaches were selected 

after a careful visual survey of a longer, relatlvely h o ~ o ~ e n ~ o u s  stream 

segment. Although reach selectlon was somewhat subject!ve, both flrhery 

and hydraullc conslderatlons were Included i n  the evaluation to ensure 

that a representatlve reach was chosen. A l o ~  each reach a set o f  

permanent transects was establlshed wlth hea 

each bank. 

channel constrictions or rlffle zones) to cover at least two complete 

rlffle-to-pool sequences (starttng and endlng at controls). A d d d t l ~ ~ a l  

transects were then placed to account for varlatton I n  other habltat 

varlables, such as depth, velocity, wldth, cover, or substrate. All 

layout procedures were Intended to conform as much as posslble wlth the 

~ ~ l d ~ n ~ e  provlded by the USFWS Instream Flow Group (Bovee an 

1978; Bovee 1982). 

Transects were placed flrst at hy raullc controls (e.g., 

Channel c r o s s  sectlons, stream bank to~Qgraphy, water surface 

elevatlons, dlstances between headstakes, and headstake elevat-lons were 

determlned by stadia, uslng a Brunson translt and a leveling rod. 

Dlstances between headstakes were checked by taplng. All level loo 

were closed to within 1.5 cm. Permanent tsenchmarks (e.g., crosses 

chlseled in boulders) were l e f t  at each study s i t e  and glven r e l a t i v e  

elevatlons to confsr roughly with U.S, GeoIogIcbS Survey (USGS) 

ographdc maps o f  the s l t e s .  



Durlng each v l s i t  t o  a s t u d y  s i t e  For Wologlcal  sampling, stream 

dlscharge was measanred * Standdsd IISSS procedures (e.g.  9 Buchanafa 

and Somers 1969)  barerr? followed in  locat ing  transects  and ve loc i ty  

observat lsn  polnts f a r  ca lculaf lng  t o t a l  blscharge,  Transects used f a r  

ealculat lng  dllscharge were not  necessarlly alawg t he  h a b i t a t  transects 

deocrlbed above, b u t  'Instead were located a t  the m o s t  uniform c r o s s  

I t h l n  the reach. Dlncharge t h r o u g h  p a r t l a l  sectjans W ~ S  

l lmlted t o  lox O f  t o t a l  dlscharge.  

Three types o f  current meters were used t o  measure water velocity: 

( 1 )  Prlce AA (vertlicai axSs ,  mechantcal), ( 2 )  Pr'ice pygmy msaeter 

(vert"sca1 a x l s ,  mechanical), and ( 3 )  Warsh-Mr 

g n e t l c ) .  The nrechanlcal 

dlscharge measurement or shallow water sltuat%sns. The Marsh- 

meter was used pr1mari;ly for the h a b l e a t  transects t o  reduce 

t7me. Correspondence between the  t w o  e t e r  types was good an long a s  

t he  b a t t e r l e s  in the ,  electromagnet ic  meter were kept  fresh and the  

suggested malntenance procedures were f o l l o w  . I t  was found t h a t  

SOakliIg t h e  probe sf the Marsh-Mc 'srney meter in  amblent stream 

f o r  approxlmate ly  60 mln lmnpi-oved t he  accuracy o f  t h e  velocity 

observat lons.  

Depth, v e l o c l t y ,  and substrate ohsewatlaws were taken across  each 

of t he  kabl-tat transects one t o  t h r e e  t l m e s  dur lng  the year, ~~~~~~~~~ 

on the hydraulic slmulaltiesn mode1 t o  be applied a t  eacbn s l t e  

(Table A - 1 ) .  S ta t lon5  u l t h  lower g r a  l m t s  and more un i form flow 

regimes ( e . 9 .  * A C )  could  be odeled vdth t he  Hater  Surface Prof'rle 

(MSP) model l n  PHABSIH (M'ilhous e t  a l .  1981). Other s t a t l o n s  were  
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Table 3-1.  Substrate codes used 3n the phys'ical h a b l t a t  analyses. 

Substrate  type  

Plant detritus 

Clay 

S i l t  

Sand 

Gravel 

Cobble and rubble  

BSUI de R" s 

5es roc k 

Logjams and/or root wads 

N/A 

to. 004 

0 " 062-2 rl 0 

2.0-54 e 0 

64.Q-258,O 

N/A 

a 



Table 3-2. Gaged watersheds used t o  estimate monthly flow regimes a t  
the  e i g h t  study s i t e s .  

Water shed Distance from 

S t u d y  s i t e  (USGS s t a t lon  number) ( 1 (kn, dl rec t ian)  
Gaging s t a t ion  area study s i t e  

AC and MC Gosby Creek above 
Cosby, Tenn. 
(3461 200) 

Lit t le Rlver above 
Townsend, Tenn. 
( 3497300) 

Tel l ico River a t  
Tell ics Plalns ,  Tenn. 
( 351 8500) 

C 1  and 6C2 Davldson River a t  
Brevard, N.G. 
(3441 000) 

Hil l s  River near 
?4411s River, M.C. 
(34460OO) 

East Fork Plgeon River 
near Canton, N.6, 
(3456X~O) 

West Fork Pigeon River 
above Lake Logan, N.C. 
(3455500) 

French Broad River 
a t  Rosman, N . C .  
(3439000) 

LCC Linvl l le  River near 
near Nebo, N . C ,  
(21  SSSOO) 

Yadkin Rtver a t  
Patterson, N.C. 
(21 11 800) 

26 

27 5 

306 

105 

173 

133 

71 

176 

173 

75  

66, EN€ 

15,  €NE 

47, sw 

11,  sw 

23, NW 

27, kl 

29, sw 

26*  s 

2 4 ,  E 



......... ......... ........ __I_ llll_ II___._ _-...l_.~,.-__ .................. 

N R 1  and HW2 Nantwhala Rlver  a t  57 3 4 ,  
Nantnhala, N.Cc 
(3505599) 

WR3 Nantahalia R l v e s  near 145 12, N!d 
Rslnbsw Fal l s ,  N . C .  
( 3504008) 



45 RNt/TM-9323 

s ta t l ons :  t he  Nantahala Rliver near Rainbow Sprlngs, Nor th Carol ina,  

and the  L i t t l e  Tennessee Rlver  near Prent lss ,  North Caro l ina (Wiser 

1981). These percentages were then m u l t l p l l e d  by mean annual f l o w  

values f o r  s ta t l ons  near M I 1 1  and Abrams creeks (USGS 1981b),  

Estlmates o f  watershed areas, e leva t lons ,  stream gradlents ,  and 

stream orders presented I n  Table 2-1 were determlned from USGS 7.5-mln 

topographlc quadrangles. P r e c l p l t a t l o n  est lmates for  t he  study s l t e s  

were obtalned from an unpubllshed i sohye ta l  map o f  t h e  reg ion  prepared 

by Gaodge (' l983),  showlng l l n e s  o f  equal mean annual p r e c l p l t a t l o n  

based on data f o r  t he  per lod  1935-1969. 

the  Nantahala dams was provlded by the  Tennessee Va l ley  Au tho r i t y  

(1983) and Nantahala Power and L i g h t  Company (1983). The Nendersonvi l le  

Water Department (1983) provided ln for rnat lon on munlc lpa l  d lvers lons  of 

water from Bradley Creek. 

Xnforrnatlon on opera t lon  o f  

3.2 PHYSICAL HABITAT ANALYSES 

3,2.1 PNABSIM App l l ca t l on  

Phys ica l  h a b l t a t  c o n d l t l o n  a t  a l l  study a l t e s  was modeled, ustng 

PHABSIM, a package o f  computer programs developed by t h e  Inst ream Flaw 

Group ( I F G )  o f  t he  U. S. FIsh and W i l d l l f e  Servdce9 F t .  CollSns, 

Colorado (Mllhous e t  a l .  1981; Bovte 1982). Access t o  PHABSIW wcls 

arranged through the  U n l v e r s l t y  o f  I l ' l l n o l s  a t  Urbana-Champadgn (UI lK)  

where t h e  software package was se t  up t o  teach an IF6 Computer 

S imulat ion T ra ln lng  Course in t he  f a l l  af 1981. A t e l e c o ~ u ~ l ~ a ~ l ~ n  

1 lnk  (TELEMET) was u t ' i l l ned  t o  prowlde remote access t o  the CDC CYBER 

175 a t  UIUC. I npu t  and output  f i l e s  were t rans fe r red  between UIUC and 



er .  Thls s t r a t e  y prasviideaa the m o s t  cos t -e f fec t i ve  acces5 

t o  the t y p e  o f  CDC machin@ t h a t  I s  coanpatdble w i t h  the PHAPrSIH s o f t  

Physical  h a b i t a t  madsllng canslsted o f  four  phases: ( 1 )  preparation 

o f  data i n p u t  f i l e s  f o r  ~~~~~~~, ( 2 )  hydrau l i c  slm~41ation modeling o f  

depth, v e l o c i t y ,  and substrate candl t lons  as a funct tsw o f  dlseharge,  

( 3 )  calculatlon o f  h a b i t a t  response funct ions ( h a b i t a t  u s a b l l l t y  ind8ces 

vs discharge),  and ( 4 )  calculatlon o f  annual hydro log ic  and h a b i t a t  

A l l  data f rom discharge measurements and other  depth and v e l o c i t y  

t ransects  were t r ans fe r red  from f i e 1  

sheets and stored on the  IF% II’IERWCT system a t  ORNL. A SAS program 

was used t o  make undt conversions, t o  t ransform tag 1 1 ~ ~ ;  dtstances and 

e leva t ions  t o  a un i form coord inate system f o r  each reach, and t o  

c a l c u l a t e  discharge a t  each t ransec t .  SAS was a l s o  used t o  c rea te  t h e  

i n p u t  f i l e s ,  f o r  

substrate proflles. Ult lmate?y,  the  hydraulic-habitat data sets  were 

stored in a s i n g l e  da ta  base, 

data sheets t o  keypunch code 

above, hydsdir l lc  simu1at”ion was c a r r i e d  out w?th 

e i t h e r  t he  WS o r  IF64 models dn PHA e The WSP model i s  a 

P ~ a d l t l ~ n a l  ‘st@p-baskuatepg-type 30 el based on t h e  Mawsalnq equation, 

the  Bousnoul l i  equatloon, and t he  prlnclple o f  conservat ion o f  mass and 

wee and Mjlhous 1978; HIlhoejs a t  a l .  1981). The procedure 

used in c a l i b r a t i n g  WSP followed t he  guidance o f  Hllhsus e t  a l .  (198’8), 

where the, values s f  annlng’s n are  ad justed  I n  two s e t s  s f  

i n te rac t i ons ,  once t o  predlct water surface e1evi;tlons a t  each t r a n s e c t  
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and then agaln to predict velocltlen at each vertical across the 

transect. The second model, IFG4 ,  uses a regression-type analysls at 

each ~ o l ~ ~  across each transect to produce depth-dtscharge and 

~ ~ ~ o c ~ t y - d i S c h a ~ ~ ~  rating curves (Mllhous et al. 1987). T h l s  latter 

ode1 I s  more suitable for the rapldly varied flow condltlons but only 

i f  transect cross sect lons are  relatively st ble. The AVEDEPTH program 

SIM was used to calculate wetted perimeter and other h 

ram of PHABSI was used to calculate habitat 

r ~ ~ ~ ~ n s e  functions at each slte. Habltat usabillty was calculated as 

l f  f i s h  response to physlcal varlables was independent and unlvarlate: 

' A  
WUA = E Si AI , 

i =l 

WUA I s  welghted usable area (ft/lOOO f t  o f  stream), 
A 
Si f s  a composlte sultablllty coefficlent for mapplng element 1,  

Ai I s  the wetted surface area o f  the lth napping element, 

n Is the total number o f  mapplng elements. 

Composite suitabllity was calculated slmply as a product o f  

lndividual sultablllty coeff5clents: 

Where 

sv( .), sd( .), and s s (  .) are unlvarlate suitabillty functlons 

for velocity, depth, and substrate, respectively, 



vi, di ’  and s a r e  e m  water calumn ueloclty, mean depth, i 
and subst ra te ,  respechlvely, f a r  t h e  i t h  mapping element. 

Physlcal habitat was also q v a n t l f i e d  ? n  terms o f  percent usable 

a r m  (FUW) as:  

here 

TSA I s  t h e  t o t a l  surface area cuf a s t u d y  reach. 

In the calculatdsn sf  ~~A valuas, physlcal habitat suitaSIlity 

d a t a  ysubllshed by t h e  U.  S. F l s h  and WdldlIfe S e r v i c e  f o r  the family 

Salmanldae (Bovee 1978) were used. These sultabdlity curve5 we$@ based 

on a combdnatlon o f  literature values (Terhune 1958; Coble 1961; Baldes 

and Vincent  1969; Wartman and G a l b r a i t h  1979; Stewart. 19711; Wooper 

1973; Rclser  and Mesche 1977) and unpublished field data ta  w h i c h  

statlstqcal analyses descrlbcd In Baivee and Cochnauer (1977) could be 

applled. Although these halbdtat suitablllty data  were n o t  

appllcatlon o f  PHA 5IH f o r  i n s t r e a m  f l a w  assessment. They were chosen 

as the best aualrlable f i r s t  apgroxa t l o n  o f  t rout  behavior.  The 

d ~ ~ ~ ~ ~ p ~ ~ ~ ~  o f  slte-specific suitability curves for use In t h e  

CalCLllatIQn O f  habitat iI7dllCPS (I.@., PUA) W a S  bt?yond the SCQpe 

of t h i s  report .  

3,2.2 Habitat. Avallablllty and Utlllration 

Data  ere gathered for calculating s i t e - - s p e c j f t c  h a b l t a t  

suitability curves durlng late summer and fall, 1983 ( T a b l e  A-2 ) .  
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ed because OF 

2) e For the other streams, 

y reaches and I n  

1 ~ e ~ ~ - . ~ ~ ~ ~ ~ ~ ~  

l ~ i ~ ~ a ~ ~  l oca t lon  o f  the  f l s  

f i s h  was f l t - s t  o~~~~~~~ (not 

g weight, After 

arameters were ~ ~ a $ u r e ~ .  

rocedures have  been ~ ~ ~ v ~ ~ ~ ~ ~ y  escribed by Bovee and 

~ ~ ~ ~ ~ a ~ e r  (1977). 

e p t h ,  vcaoctity, 43 substrate were deter lned for each f l o a t  s l t e  

recorded I n  assac la  n w i t h  the data on specles and length. Depth 

from the waddn t a f f  of a Pr lce  pygmy f l o w  meter a t  the s l t e  

e float; veloc’lty uas ~ e ~ ~ r r n l ~ @ d  a t  both 0 .6  de th and t h e  bottom, 

gmy flaw mter. Substrate was classifled vlsually t n t o  a 

ory, uslng the ~ ~ d ~ ~ l ~ ~  Wentworth part lc le  s l z e  scale  

(Sect .  3.1).  For the purpose o f  d e t e ~ ~ ~ ~ ~ n  h a b l t a t  pre ferences ,  small 

large cobble an the rub 
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Aald^rt?~nal t r ? p s  were made t o  each study  s i t e  t o  measure available 

h a b l t a t  characterlstlcs throughout the stream reach sampled f o r  f ' rsh.  

Two samp?'lng procedures weye fallowed: g r l d  sampling and t r a n s e c t  

sampling ( T a b l e  A - 2 ) .  Gr ld  sampling t o n s l s t e d  of mearurlwg depths  

( u l t h  a meter s t l c k )  and substrates  .for a 1-rn gr'ud over t h e  e n t t r e  

reach sampled f o r  fish ( i . e . ,  measurements were made a t  1-m 

intervals both across  the stream and a?ong the length of the stream); 

no v e l ~ c l t y  data  were recorded. Transect sam2aing ewtalled recsrdlng 

d e p t h ,  velocdty at 0.6 depth (using t he  pygmy flow meter),  and substrate  

categories a t  l-m intervals along t ransects  spaced 5 m apar t  a l o n g  t h e  

length s f  t h e  stream. The in5tial t ransec t  for habltat availability 

W A S  idenP"ia1 t o  t h e  downstream t ransect  i n  each representat ive reach, 

ihe other  t r a n s e c t s ,  however, d l d  not correspond t o  those eased t o  

simulate hydraulics w l t h l p 1  the  reach. The g r j d  data were used, where 

avadlable, t o  c a l c u l a t e  the  propertlow o f  hab'r tat  in the various depth 

and substrate categsr?es, and the t r a n s e c t  da ta  were used 'rn a similar 

mamer f a r  velocities. I f  no gr?d  sampling was conducted, d e p t h  and 

c 

ere a l s o  taken from the t r a n s e c t  d a t a -  

Habl tab utlllzation data  were used t o  calculate pr0bab3llty-of-U5e9 

o r  sultabllity, curve5 for  three s l z e  or age c lasses  for each rpecles 

o f  t r o u t ,  followling the  methods o f  Bovee and Cochnauer ( 1 9 7 7 ) .  F i s h  

#el-% classified as fry  ((11 cm), juvenBle (11.8-17.9 cm), or adul t  

(>17.9 cm) .  In addltdon, t h e  da ta  ere analyzed f o r  patterns o f  h a b f t a t  

use relative b o t h  t a  what h a b l t a t  was available a t  a g iven s l t e  and t a  

w h a t  other spec ies  of t r o u t  were present. Contingency tables were use 
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for some of these analyses; sample sizes necessltated combinl 

juvenlle and adult fish to produce an Age 1 t  category. The fry were 

3 * 2 . 3  Cover MawSnq 

The type and guantlty o f  instream and riparian cover available to 

trout were mapped at each of the sites in 1983. Cover items t 

(1) emergent or s u ~ m e r g ~  rocks, (2) ~ ~ ~ ~ h a ~ ~ ~ n ~  

riparian vegetation, (3) debrls or brush piles, (4) root wads, (5) logs 

OF fallen trees, (6) undercut banks, (7) cobble fields, and ( 8 )  large 

pools. In order for a cover object suc as a rock, root wad, or debris 

plle to be included on the map, It h e at least 0.5 

length or width, Clusters of smaller boulders that had an effect on 

water currents similar to that o f  a large boulder were also 

ing vegetation was mapped separately, depending on whether it 

was less than or greater than 1 m from the water surface. 

All cover mapping was done by setting up a tag line alo 

transect of the study section. A particular cover object was 

identified, and the perpen lcular distance from the object ta  a 

paint on the tag l i  e was measured with a tape measure. Thus, two 

m~asurements were used to locate a cover object: 

object from a headstake (l.e., distance along the tag line), and 

(2) distance o f  the object from the transect connecting the headstakes 

(i.e., perpendicular dlstance from the tag line). These two 

measurements represented coordlnates by which the locations of  cover 

objects and shorelines were plotted in the field on standard gra 

(1) distance OF' the 



pdper. The s l z e  of a cover a b j e c t  was a l s o  draw19 t o  scale  by means o f  

l e n g t h  and b i d t i ?  measurmenls.  The he?gRt of an lnstreaiiix cover o b j e c t  

both above and  he?^ the w a t ~ r  sur face  K ~ P S  measlnred with a x t c s  s t l c k .  

The h e i g h t  (above and belou the mfm-  s ~ ~ r f a c e ) ,  l e ~ g t h ,  and depth o f  

ui ldercuts  I n  banks 9 bnulders ,  aQad ather  o b j e c t s  bferc d l 5 6  F”-?a.TUI“EJ. 

The r e s u l t  was a sheet of ysaph paper ( I  square 0.2 m) conta in ing  t h ~  

1oera“rloi-r and s l z e  o f  a l l  the c o v e r  objects drlscrtbed above,  inc1uil”rng 

? X “ L e n t  of  underrut t lng,  oFs elthes- s i d e  of a g’lven t c ? n s @ c t .  

Undercert banks and boulders instreim o b j e c t  C O V E T ,  and o e r h a n g l n g  

vegeta t ton  uAth?n 5 T c f  the   per sur-face M E ~ C  quantified from the  

d e t a l l d  C B W F  imps. The l e n g t h  and area o f  undercints u i t h  a w i d t h  

greater  than 0.1 m ware c a l c u l a t e d  f o r  each o f  t w o  categories: 

( 1 )  u n d e r c u t  banks and ( 2 )  undercut boulders and l o g s  & l c h  2 3 5 0  

FprQVlded Overhead COVQ”.  ESt?Wke5 O f  the  liUmbPr O f  O b j e c t s  and t h e  

area a f  Instreaiai o b j e c t  cover were a l s o  obta2ned.  The zone o f  

influence daagnstreaq from t h e  o b j e c t  WRS a l s o  est imated 3y mult9plying 

the water d e p t h  behlnd t h e  ob.jec8 by half  the ui,dth o f  t h e  object 

parpendlcular t o  t h e  f l o w  

t o t a l  area o f  t h e  study  reach were 3etermIned b y  pianl rnet ry .  The L o b !  

l ength  and a r i a  for each o f  the  t h r m  cave‘” categorjas were computed 

The area o f  overhanglwg ~ e g e t a t ’ r o n  and t h e  

as a percentage sf the t o t a l  2rea o f  the  reach. 

Incorporation o f  the cover  data  I n t o  tbe ca lcu ta t ton  o f  weighted 

u s a b l e  area was beyond the scope o f  t h l s  report ,  Hovever, these data 

were a n a l y z e d  t o  evaluate the  importance o f  cover  as a determinant o f  

t r o u t  abundance in OU” s t u d y  streams ( S e c t ,  4.5.8,). 
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~ e a ~ ~ r e d  a t  a l l  sites fo r  the purpose of develo bac kg rotm 

l n f o r ~ t ~ ~ n  on the water qualdty a$ the study streams. 

e ~ c e ~ t i ~ n  of ~ r a d ~ e ~  Creek, water sa ples were collecte 

sa t r l p  f rom March ~ h r ~ ~ g  2 at each rite 

water sample ow eac 

Creek sltes because o f  their pr natty t o  each other (Sect. 

the absence of  tributartes ~ n ~ e ~ i ~ ~  Bradley Creek betwee the two s l t e s .  

t o  ~ ~ a r a ~ t e r i ~ e  the t w o  

ples were collected from ~ a ~ ~ - ~ ~ i ~ ~  r’ l f f le areas away 

from the stream bank. The water was stored in lass bottles, and 

~ n ~ l y s ~ ~  were g e n e ~ a l ~ y  begun w i ~ ~ l ~  1 h (never more than 5 

collection. 

water samples were stored ion ice. 

On the rare occaslons when a n a ~ ~ s e s  were 

Water temperatures were measured I n  two ways. ~ o n ~ ~ n ~ o ~ s  water 

temperature read#n s were made from late April ’1982 through Septe 

$3 by a n ~ ~ o r ~ n ~  a Peabody Ryan Model J90 t ~ e ~ ~ o g r a ~ ~  at leach s l t e ,  

~~1~~ s t r l p  c h a r t ,  ~ b e ~ ~ ~ ~ a p h s  were posittoned .in deep water near 

r l f f l e s  so that water s u r r ~ u n d ~ n ~  the temperature probe was constantly 

exchanged and the thermograph was never exposed by falling water levels, 

Hater temperature was also perlodlcally measured ( e . g * ,  durlng f l s h  

s ~ m p l # n g  trips) vath a Hydrolab Olgltal 4041, 

the Hydrolab was placed In a rlffle and, I n  addlitlow to temperature, 

prov#ded measurements o f  conductivity, pH, and dissolved oxygen. 

The submersible probe of  



DSssolved oxygen Has measured a t  each s i t e  on each t r l p  (Aprll 

t o  early  September 1982) by the  Wlnkler prncedwre wjhh the az'ibe 

rnsdlflcatlon gAPiiA-A%lA-MPCF 1975) .  W?~?te- samples f o r  ddssolved oxygen 

a n a l y s i s  were collected in glass-stoppered bottles asbd ejther tested 

immediately o r ,  i f  analys 'rs was delayed a feu hours, f 'rxed tmmediately 

and stored on I c e .  D i s s ~ l v c d  oxygen vas measured udth t he  !lydrslaQ 

a f t e r  mid-September 1982. 

A Hach DR-EL/? portable water Pest k1- t  vas used dur ing 1982 to 

make fleld measurements of  n l 4 a l i n t P y ,  total hardness, calcium hardness, 

n l t r a f e ,  and orthophosphate. Betaure s f  the extremely low values 3f 

these parameters, m o d i f l c a t i o n s  ZO t h e  $arBc p r o c ~ d u r e s  were made 

according t o  Hach recorwendatisns. Larger mter  vo!um;es (593 mL instead 

of 10 mL) and correspondlngly larger reagent volumer VPV used i n  the 

alkallnlty, to ta l  hardness,  and calcjum kat-draess t e s t s .  N"rrate and 

orthophosphate analyses were performed, using distilled water-seagena 

blanks to correct  for rea e n t - ~ a ~ s e d  tbi+bidlty. T h 3 ~  done b y  

obtaining a nitrate or phosphate canceritratlow readjng f rom a distilled 

water-reagent mix ture  and subtracting t h a t  value from the cancentratIan 

value f o r  t h e  rlver Mater-reagent m a x t u r e -  8ec:rause o f  Spar'PaPlsno 

observed w l t h f n  the same lot o f  reagents, d"lstllled water-reagent 

blanks were run on each date that  n t t r a t e  and phosphate weye analyzed.  

Turbtdlty was perdodlcally measured a t  s t r e m s l d e ,  using an 

H . F .  Instruments el DRT-15 p o r t a b ? ~  turb?dlmeter. A water sample 

was taken from a riffle and used t o  determ3ne t h e  turbidity o f  t h e  

p r l a r  to electroshocklng, 
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2 to assess the instrean food resourc 

s and to relate the fluctuations I n  t ese r ~ s ~ u r ~ e s  to 

j ~ c ~ ~ r ~ e - ~ o t t o m  habitat dyna ’ ics. Each sdte w s sampled on th ree  

dates, approximately 2 months apart (Table  A - 7 ) .  Benth-lc or 

were collected along transects used to obta9n habitat ~ ~ ~ o r ~ t ~ ~ n  

(Sect. 3.1), and the same transects were used each time a stte was 

sampled. Generally, three transects were sampled at a slte. The 

transects were selected based on the shape o f  the channel: (1 )  one 

transect in whdch s~~stant-l~l areas of substrate were l~~ndated 

r”ig wlnter and spr ln  f l o w s  but were dry  ~~r~~~ low summer f l s w s ,  

( 2 )  ~ ~ o t ~ e r  transect i n  whlch most of  the bottom area was expected t o  

remain ~nundat~d even dur lng  law f l o w s ,  and ( 3 )  a third transect which 

5 Intermediate between the two extremes in terms of bottom habitat 

er  law f l o w s .  Dependin on the wldth and ~ ~ t ~ r ~ g ~ n ~ l ~ y  of t h e  

vetted substrate, four t o  seven evenly spaced bottom sampler were taken 

e riffle areas o f  each transect. 

Benthic organlsrns were collected with Hess stream ~ ~ t t ~ ~  samplers, 

Two Hess samplers wlth different collection net mesh sizes were used 

the blue sampler) had ~ ~ 3 - ~ - m e s h  

netting, and the other (the silver sampler) ha 

In ~~h~~ regards the two Hess samplers were the same; 1.e. .  they 

a c-lrcular area o f  0.1 CollecZlIon 

samplers were c o ~ p a r ~  by a n a l y s t s  o f  

e total number s f  or-  an^^^^, total weight of or 



and t o t a l  number of chironomBds w r c  a l l  used as dependent vattables i n  

separate analyses.  Variations due t o  s i t e ,  season, and site-season 

I n t e r a c t t o n  were remnaved by dncliindiwg them as fac tors  i n  each a n a l y s i s  

for  sampler dlffcrencer. No sIgnlfIcant d t f f e r a w e s  (a = 6.05) wer; 

found fop. t o t a ?  numbers ( P  = 0 . 5 4 ) ,  t o t a ?  welght ( P  = 0.58) ,  and total 

ber o f  ch i rano  tydS ( P  = o * o a ) -  
The sampler was placed on t h e  substrate along a t r a n s e c t  l l n e ,  

and rocks w t t h t n  t he  sampler were s t i r r e d  and rubbed t o  dtslodge t h e  

benthic organisms and sweep them I n t o  the co l l ec%lon  n e t .  Far each 

sample, r ~ ~ t - d ~   ere made o f  t h e  t l m e  o f  day,  wzteir d e p t h ,  dlstancs! 

anent headstake, and the t y p e  o f  substrate  being sampled. 

A ? !  samples were placed I n  p l a s t l t  jars  and field-preserved I n  

Ics were a ? s o  cal lect txl  on d IImIted basis  i n  1982. 

The prlmry g o a l s  o f  t h i s  s t u d y  were t o  evaluate the contr tbwklon o f  

t e r r e s t r l a ?  Input t o  t h e  overznf? c r o l n v e r t e b r a t e  d r i f t  ti7 t h e  study 

streams and t o  evaluate the degree t o  wh"rch t r o u t  utllized t h e  dr 'sf t .  

Consequently, s t ream d r l f t  was sampled from midmorntnolg t o  early 

afternoon on the dates of f l s h  recapture e f f o r t 5  (Table A . 1 ) .  These 

samples were used t o  assess the type and q u a n t t t y  of  d r l f t  avallalble 

j u s t  pr ior  t o  and d u r t n g  c o l l e c t i o n  o f  f l s h  For d i e t  analyses 

( see  Sect .  3.5). 

Two rectangular d r - l f t  n e t s  (38  :4 46 c l V  made o f  383-7um-mes 

Nttex,  were p o s l t l o n e d  I n  the Mater a short d l s t a n c e  upstr-earn sf the  

f tsk-shecktng section and s a l t  blaska,  I n  t h i s  way, ftsh-shackdng 

a c t l v l t " i 5  dld not  a f f e c t  t h e  d r i f t  rates ,  y e t  representative s a m p 9 ~ s  
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Table & I ) .  The goals o f  t 

structure o f  the f l s h  



58 

u n l t l e s  a n d ,  for  rainbow and brow rout,  t o  Q b t a l n  est imate% of  

population age structure, densjty,  bi; ss,  praductton, grouth rates, 

and feedlng re lat l swshlps .  The sa e s i t e s  t h a t  were the sub jec t  o f  

deta6,led pkyslcal and rmcro lnver tebra te  stuclles were also  sa 

f l s h  ( F l g .  2-12. In a d d l t l o n ,  lengths o f  s t ream above and adjacent t o  

the s t u d y  sect"iows were a l s o  sampled I n  order t o  increase the number aP 

f i s h  c o l l e c t e d .  The ?engths of these above-site sa 

var led between s i t e s ,  ranging f rom 18 m a t  BC1 t o  1 

InformatIan on f i s h  co l l ec ted  frm the above-site and u i t h l n - s i t e  

reaches Mas kept separate.  

A mrk-recapture technlque was used t o  es t1  a t e  the populations o f  

rainboasss and brown trout .  Dur'ing 19 % j 4  a s lwgle pass was mads through 

the  shscklng area on the f i r s t  day ,  and a l l  t r o u t  c o l l e c t c  

wdith f i n  c l i p s .  The sa e procedure was used for t h e  recapt*nre run 

(general ly  2 or  3 days l a t e r ;  see Table  A - 1 ) .  and the  nu 

f i s h  i n  the  recapture sample was noted. In 1983, two or three passes 

were made throerg t h e  shocklng area on the ark  and/or recapture rim i o  

increase t he  sample slme and thus t h e  precision o f  the population 

estlmateo. F'rsh sampling \labas usually done I n  the l a t e  morning or early 

~ ~ t ~ ~ ~ ~ ~ ~ -  

ere co l l ec ted  using S R ~ ~ C Z - W Q Q ~  Type X M  backpack 

e l e c t r o f l s h e r s ,  which mti;lia@ se l f -conta lned ,  gasol lne-pnuered 

generators capable %sf dellverlng up t o  1200 vo:ts o f  pulsed d i r e c t  

current. h pulse frequency of 120 Hs vas used a t  a l l  t l  

output voltage, was adjusted t o  the o p t l m l  value (generally 500 V or 

m0t-e) based on the water c o n d u c t ! v l t y  a t  a globen s i t @ .  Because o f  the 
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very low conductivity at most of the sites (Sect. 4.l), the highest 

fish-capturing efficiency was obtained by attaching two anode poles to 

the electrofisher rather than one anode pole and a trailing, flat 

aluminum cathode, whlch l o  normally supplied wlth these units. Each 

pole had a circular ring electrode, and the anode pole was fitted wlth 

a nylon net so that the electroflsher operator could also collect 

stunned Fish. 

Depending on the stream flow at the site, from one to three 23-kg 

salt blocks were put in the water upstream of the fish-shecklng areas 

in order to increase the conductivity of the water and the resultant 

effectiveness of the electrofishers, After the conductivity had 

increased (generally to above 20 VS/cm), the electrofishers were 

adjusted to the optimum voltage, and collection was begun immediately. 

F l s h  sampling began at the downstream end of the within-site reach and 

continued upstream to the top o f  the above-site reach. 

restrlct the movement of fish during collection, a 0.95-cm-square-mesh 

block net was stretched across the rlver at the junction of the 

wlthin-slte and above-slte reaches, and the top of the above-site reach 

was frequently some natural barrier such as a waterfall or shallow 

rlffle. Stunned fish were netted and immediately transferred to 

open-top, 0.64-cm-mesh holding cages, which had previously been 

distributed in shallow water along the fish-shocking area. Two 

electroflshers were used simultaneously at all sites except NR1, where 

three were used because of the wide stream channel. 

In order t o  

The total length (TL) of all trout and larger nonsal~o~ids was 

measured in 1982. Indlvldual weights were also determined f o r  there 



Fish  by means of  an OMNS t r i p l e  bean ba2aruse; s ~ z ' l e r -  f t s h e s ,  such a s  

minnows and sculplns ,  we'@ norfiaaaay grouped by s p e c i e s ,  COUnted,  aarl 

welghed toge ther .  ?4msalmonlds were n e t  sampled i n  1983.. F i s h  

collected aKl the  I r P l t t i a l  run Mere mal*kgd by c l i p  y d p0rt"li-l of one 

o f  t h e  Sins (pectoral, p e l v i c ,  caiadall, ad ipsse) ,  Dif fe i -ewt  F ins  were 

used f a r  c i l f f e r e n t  dater  and d l f f e r e s r t  f l s h - s h o t k l n g  areas a t  a g iven 

s i t e .  All f l s h  were aaIo&sed t o  recove r  I n  the  holding cages before 

being redistributed -&hrsrlghout; the  shocking area, and any f i s h  t h a t  

appeared t o  be dylng Kerb? preserved ?nstead o f  beli7g i-eturned t u  t h e  

stream. In 1983, P i 5 2 2 2  ( t r i z a i n f :  ~ethaneswl f snate )  vas  used t o  

a n e s t h e t i z e  t r o u t  p r i a r  4x1 rnrasuremeRP. 

Larger trout  (general ly  greater than 1 4  cm T i )  t h a t  ku"e:s~ co l l ec ted  

OBI t he  recapture run had t h e i r  stomachs flushad t o  d e t e r ~ l n e  feeding 

g r e f s r e n c e r ,  T h i s  M ~ S  a c ~ o i i ~ p l i ~ h e d  By insesct lny  a p l a s t i c  tube (8.5-cm 

outside dlarneter)  i n t o  t h e  gulle': and repeatedly injecting river w a t e r  

into t h e  stomach @itti a rubber b u l b  havlng one w y  v a l v e s  [slm'slar t~ 

the procedure  used by Seaburg ( 1 9 % ) ] .  SZoi-mch contebsts were  flushed 

through the mouth i n t o  a j a r  and  ere p w s e ~ v e d  i n  10% Formalin. Other 

data t h a t  were co l l ec ted  a s  p a r t  o f  f l s h  sampling e f f o r t s  Inrluci~B 

percent c loud c o v e r ,  c o n d u c t i v i t y  ( b o t h  befcre  and a f t e r  addltion o f  

t h e  s a l t  b l o c k s ) ,  t u r b i d i t y ,  water  tepperature, pHi atssd d isso lved 

oxygen cancantrat3on.  

To supplemerat age and growth Tnfor~atSan d e r j r e d  from 

length-frequency histograms, scales of raing-row 3 r d  g-rrwwsn t r o i i t  were 

laken from an area above 



t h e  l a t e r a l  l i n e  and a n t e r l o r  t o  t h e  i n s e r t i o n  o f  t he  dorsa l  f i n .  

General ly,  scales were removed on ly  f rom lnd ' iv lduals  g rea ter  than 

10 cm TL; smal ler  f i s h  were assumed t o  be Age 0 .  

The scales were mounted on or between pleces o f  t ransparent  

plast 'ac and secured e i t h e r  by cel lophane tape or 35-mm sl?de mounts. 

Enlarged images o f  the  scales were pro jec ted  on a screen, ustng an 

Eberbach 2700 s l i d e  p r o j e c t o r  w l th  a 1 6 - m  lens .  Where poss ib le ,  a t  

l e a s t  t h ree  scales from each f l s h  were read; t h l s  rnlnlmum sample s i ze  

has been recommended elsewhere (e.g., Morlng e t  a l .  1981). Scale5 

e n t l f l e d  as regenerated ( l a t l n u c l e a t e )  and those t h a t  were damaged or 

~ l g h l y  i r r e g u l a r  l n  shape were n o t  read, I n  some cases, because o f  a 

hlgh percentage o f  regenerated scales,  zero, one, o r  two scales were 

read f r o m  a g iven f i s h .  

For each scale read, t he  f o l l o w l n g  data were recorded: number 

o f  annu l l ,  t o t a l  l eng th  o f  sca le rad ius  (d is tance from focus to o r a l  

rg in ) ,  and leng th  of: rad lus t o  annulus I ,  annulus XI, annulus 111, 

etc.  The annulus was consldered t o  be the  i n t e r s e c t i o n  o f  t h e  

outermost margln o f  c l o s e l y  spaced ( ' i . e . ,  slow-growth) c i r c u l i  w l t h  

the Innermost margin o f  w ide ly  spaced (1 .e. .  rapld-growth) c l r c u l i ;  

" c u t t i n g  over" (8agenal and fesch 1978) o f  c i r c u l i  was a l s o  used t o  

l o c a t e  annu l i  when poss lb le .  Each u n i t  o f  measurement, f o r  our 

equipment, represented 0.12 mm o f  ac tua l  ob jec t  leng th .  I n  cases where 

age o r  t h e  l o c a t l o n  o f  one or more annu l i  could not be determined w l th  

conf4dence, sca le rad lus  and the  pos ' i t lon o f  obvlous annu l l  were 

recorded t o  provfde maximum data. 
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3 . 6  DATA ANALYSES 

3,6.1 

lemperature data  were dig i t ’ r zed  on a Tektronix 4057 yraphlcs 

mlcrscsmputer from t he  or lg i r id l  paper s t r ? p  c h a r t  r e c o r d s .  Data points 

were taken every 3 h frm the records and k@ypwche.d I n t o  data  f i l e s  063 

3330 system as SAS (SWS 82.2) d a t a  sets .  

perature over tlme by s i t e  were generated, u s i n g  the 

sws procedure PRO@ PLOT. Sumnary s t a t l s t 5 c s  O f  temperature By s i t e  

(mean dally temperatures, dal ly  ranges, variances, rtc.) were produced, 

USInfJ  the P6!oc uNIVARI?$TE prOCt?dlare. 

3 . 6 . 2  

Secause o n l y  total uet ve igh ts  o f  b m t h l c  sanples were taken awd 

there was no suremsent o f  t h e  alne or biomass o f  a n y  briit the  largest 

i n d l v ~ d u a l  arganlsms, d l r e c t  ca lcu la t ions  of 5ccorrdary producttsse 

(efaboratton o f  o rgan ic  tlssue) v l a  standard nethods (7.e.. 

oval-summation, instantaneous growth, A l l e n  curve,  or Mynes-Hamilton) 

ere  n o t  psss?ble. To e s t i m a t e  t h e  producCl0n a t  the  uarlsims s i t e s ,  we 

loyed the relatlonsh9p: 

Productton = (ks iomss)  6 (tinrnavf?r r a t l o )  , 

wh’reh 1 s  mathemtical ly  equivalent ‘is the dnstantaneous-grawPh 

express i ow (M 

s s  was lest lrnated as t he  t o t a l  we% we5ght o f  a l l  benth lc  

I n  a gIven sample. For est7mat3ng psodui%ion,  

l arge ,  separately weighed crayfish were excluded from t h e  samples; 



uently, mean b l o  ss values would be less than those reported In 

are based on entire samples, T e product1o~ e~timates 

would tend t o  ~ ~ ~ e ~ ~ s ~ i  because of thls factor, 

lfferenees in ween the elglht sites, a 

ce [using PROG GL of the Statistical nalysis System (SAS 1 

s used, inelu ing season as a ~ l o ~ ~ ~ n ~  f a c t o r .  Ind3vidual samples 

were used as replicates in the A ~ ~ W ~ .  Duncan's lml t ip le  range test was 

used to Identify Ifferences between the slte means. 

~ ~ o ~ e r  rat lo  ( T R ) ,  welghte n u ~ ~ r i c a l  abundance, was 

calculated for each sample. The mean turnover ratio was deftne 

Cnl "i 1 = Y  SR = , 

where 

n = ~ u m b ~ ~  of indivlduals of  taxon f ( 1  = 1, ..., m ) ,  

r s literature value o f  turnover ratio for taxon 1 .  

The ~ ~ ~ ~ ~ v e r  ratio calculated for each sample was based on the observed 

species composition. All Insect, oligochaete, and mollusk taxa fn our 

samples were assigned a turnover ratio based on values In Krueger and 

Waters (1983) far the same or related taxa (Table C - I ) .  Where Krueger 

and Waters listed several turnover ratios for a single taxon, we 

estimated a mean value for the taxon (favoring, i f  necessary, species 

that could occur in our study area over species occurring outside that 

area). While this approach suffers from the obvtous limitation that 

the turnover ratios for given taxa may vary between our study area and 



Mlnnessta (the study area for the  literature v a l u e s ) ,  we f e l t  t h a t  it 

p r o v i d e d  a more consis'ien*i data set  than selected l .urnowr i-aP-las for 

I n d i v i d u s l  trgxa from a wdde variety  of published sources. Th4s 

r a t i o  g l v e s  dispruportfonate weight t o  small, abundao t  organlsmns; 

u n f o r t u n a t e l y ,  data  an the  s i z e  o f  i n d l u i d u a l  organdsms were  not 

available. 

The samples were treated a s  replicates i n  2i-1 analysis of variance 

f o r  differences i n  TR between s i t e s .  Collectlsn season was used a5 a 

blocking v a r j a b l e .  Duncan's m;\I t ip le  range test was used to tdewtify 

d j f f e s e n c e s  be €?en t h e  s i t e  wearis. The ean turnover  ratfro for the 

l t l p l i e d  by t h e  mean b9o s s  (average o f  a l l  51 

collected) to est-lirnate annual product'ion a t  each s l t t e .  

3 . 6 . 3  .Fh)X[rn 

Field data w e ~ e  transferre t o  keypunch code sheets and entered 

as t h r e e  majo r  data  bases: F i s h e r y  Data Siase 1 (general 

atiow on s i t e  characterlstlcs such as reach, t u r b i d i t y ,  pH, 

conductivlty, dissolved oxygen, and temperature) ;  F l s h e r y  Data Base 2 

(information an each t r o u t  collected); and F'Dshery Data Base 3 (stomach 

content analysis for each trout examined). Data f o r  approximate ly  

2700 t r o u t  reside on t hese  SA$ data  bases. Fisheries data were 

analyzed, using standard SAS procedures and algorithms coded An t h e  

SAS language (s in l la r  t o  P L / I ) .  



dur lng the sampllng ~ ~ ~ l ~ ~ .  

t o  meet these a s s u ~ ~ ~ i ~ ~ ~  as 

y as ~ o s ~ ~ b l e .  F i s h  t h a t  a ~ ~ ~ a ~ e d  t a  be w ~ a & e n ~ d  by the capture 

ess were not released or counted 'ita the number o f  fish 

. F l n  c l lps  cannot be l o s t  and are ~ ~ g ~ ~ y  u ~ ~ ' i k e ~ ~  t o  

each except near the ~ o u ~ ~ ~ ~ l ~ ~ ~  and the 4 - t o  12-41 'interval 

mark and recapture s ~ ~ ~ ~ ~ R ~  llrawed further rnlxlng o f  marked 

rked f i s h .  Th ls  t'ime i n t e r v a l  ~ h o u l ~  have been s u f f i c i e n t  t o  

allow the fish t o  resume their ~ Q ~ ~ a l  behavior (Peterson and 

1984) and hence be sub3ect t o  the same Sam 

way t o  easlly test t h i s  assump n. Similarly, there i s  MI 

way t a  t e s t  w ~ ~ ~ h ~ ~  ~ ~ ~ r ~ @ ~  animals are recrulted to or exlt  From the 



population. T h i s  latter proble shed indirectly by exa 

rates of movement o f  masked and 

above-sdta reaches over the p e r i o d  between mark and recapture sa  

T h i s  movement aweraged o n l y  12% f o r  all spec ies  and age classes. 

a lo&e rate sf mlgration, if also t rue  for the un rked segment of the 

populatlons, would have a mintma1 e f f e c t  on t h e  populatloa e s t l m t e s .  

Such 

The one clear violatIan o f  an a$su p t i s n  was the e 

some marked f l s h  Prom the study site?; (average e s t d m t e d  rate was 15%). 

Msvemmt o f  t h i s  s o r t  leads t o  slight overestlmater o f  popsalat.9an 

s i z e .  Population est1 ates made by t h e  three-sa p l e  remwal method 

(Carle and Strub 1978), whlch is based on a substantially dlffel-ent s e t  

of  assumpttsns, tended t o  G O ~ F ~ ~ W I  t h a t  the Petergen estimates sldghtly 

ated population s i z e  ( A .  J .  G a t z ,  Ohta Mesleyan Uw’~versiPy, 

unpublished data). No a t tempt  was made t o  ‘adjust’ the Petersen 

estimates for  t h e  noted m i g r a t i a n ,  however, because ( I )  t he re  was no 

evidence that the bias was v e r y  g r e a t ,  sand (2) there @as no evidence 

t h a t  t h e  amount of bias  differed between s i t e s .  Consequently, t he re  

should be no effect on correlatlsns between f l s h  abundance or biomass 

est7matea and WkBA or PU ( S e c t *  4 . 5 ) .  

The i n i t l a 1  est imate  for  po arlation saae I s  taken f ro  

(1951, 1952) : 

x = a ( n  4- l ) / ( r  f I )  , 

where 
A 
x 1 s  the population est3 

a is the number o f  f l s h  i n i t l a l a y  marked, 
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n i s  the  t o t a l  number o f  f i s h  captured u r i n g  t he  sec 

r i s  t h e  n u m ~ ~ ~  of  marked f i s h  c a p t u r e d  d u r l  

The Petersen est1  t a r  (anif-)  t s  Parst use 

~ ~ ~ @ ~ t a ~ i o n  when no marked f l s h  are captured on t 

) .  I f  r = 0 4 s  exclu 

blased, est imate of the  po (1957) shows t h a t ;  

S e t t  l aag 

e i n i t l a l  value ( F l r s t  iterati n) f o r  x w9thl  

Eq. (1). the  brackets o f  expressIan (2) i s  I;; fro For suhse 

l t e r a t l o n s  o f  expression (2), the value a f  x o ts9de the bra 

whlch was c a l c u l a t e  on the ~ r ~ ~ i ~ ~ ~  I t e r a t i o n ,  I s  subs t i t u ted  far  x 

w i t h i n  the  brackets.  52) a l s o  prov l  es an almost uira 

est imate f o r  t he  var iance o f  2 l v a r ( Q ) l ,  bu t  an exact: value for t h e  

var iance i n  terns o f  x, a, and n i s  no t  ava i l ab le .  Bailey's: (1952) 

est imate far  varlance I s :  

2 2 1 = a ( n  + l ) ( n  - r ) / ( f -  + 1) ( r  + 2), 

2,-m where t he  r e l a t l v e  bias i s  o f  the  order and m -- an/x. 

B a l l e y  (1952) and Seber (1973) suggest ~ t a ~ n ~ n ~  conf idence 
-1 I n t e r v a l s  f r o m  the  inverse  o f  popu la t ion  s i ze ,  y = x , where 

= r /an ( 4 1  

and 



The 95% conftdence interval aboi:t y I s :  

Inve r t ing  t h e  results of  expressioi? (5) prw’edes 2 95% confidence 

In t e iva l  about x .  Equat ions ( 4 )  and ( 5 )  a r e  i ~nb iased  e s t i m a t e s  o f  

the1 1” respectl  VF parameters. 

Populattoon est ’ rma.S~s were ca l cu la t ed ,  tiring the  %AS prsgta 

lasgiiage accordlng t o  t h e  above a l g a r l i h m s ,  prov‘rbing b g t h  blased and 

unbiased estimates o f  x and the  95% canfidence In t e rva l s .  E s t t m t e s  

were produced f o r  each t r o u t  spct:es, s l f x - ,  ‘Ir’ipc and afse category 

(Ages 0, 1 ,  and a + )  and are presented In S e c t .  4.3.1.1. I n  those 

Instances when ncs iwrked SSsh we?? c o l l e c t r d  on the  recapture  TUQ, 

netther ag~ unblnscd esttmate ob‘ x nor  t h e  95% confidence In te rva l  about 

x could be d e r i v e d ,  a n d ,  csnsequently, pFjphn1atlr”li-t e s t ? ~ a $ e s  were based 

on Eg.. (1). Also, whm the quantltj calculaked I n  exprerrlcrn ( 6 )  was a 

negat ive  value ( a l s o  because O F  low cumbers o f  marked, recaptured Flsh) ,  

the Uppsk CQnfidPi-aCe I Imj t  f o r  X C O U l d  not  be df?ftO%d. 

3 . 6  .I 3 I 2  gens ’i t y  mg-. Strrnd 9 ng Crop 
2 T rou t  denslttes ( n ~ m b e r / l B Q  m and numbesikm) for each s l t e ,  date,  

species, and age c l a s s  weye ca lcu la ted  by d I v l d i n g  ‘the populatlow 

est’rmates (nu belr o f  f l s h  I n  the study reach) by khe f lew-speclf ic  area 

or reach l e n g t h .  The area o f  the rtiady reach as caaculated as t h e  

product  o f  the t o t a l  reach length ( w l t h l n  and above sec t ton% camb”Jned) 

and the  I W ~ R  wlc l th  based on f low-spec I f t c  PHABSIM ~ u t p u t ; .  



s ,  or ~IQDMSS, of: t r o u t  ( 

ted f o r  each s i t e ,  a te ,  species, and age c 

enstty by the mean w e i g h t  of the  sample 

Standing stocks  o f  no salmonids wew 

s i ze  o f  the  s ec les .  For larger specles (sIBckerS, 

rock bass, redbreast su 

laifon estimates were ca lcu la te  Sect. 3 . 6 . 3 . ,  ~ ~ ~ a ~ a ~ ~  

estimates were made far ddffererat s l z e  classes (a1 

cm), and mean welght per 

for  each s t re  c l a s s .  Total b i o  

o f  the  n ~ m ~ @ r  and e m  welght for each s i r e  g 

(a11 other species of  ~ ~ n ~ ~ w s *  darters, and s 

~ s ~ i ~ t e ~  by ~ ~ ~ t d I ~ g  the n u ~ b ~ r  o f  f 

run by a capture efficiency (Se er and LeCren 19dl). The  

was an approximate eapjrical average 

for these species groups, based an data from Mahan (1980).  

of there  species was calculated as the pro uc t  of  the  est3  

we3ght per i ~ ~ t u t d u a l .  

3 - 6 . 3 . 3  Trout ~ r ~ ~ ~ c ~ I ~ ~  

Production re fers  t o  the elabaratlon o f  f i s h  t l s s u e  

t lme Interval t and can be estimated from ata  on growth and 

survtvorshlp d u r i n g  t h l s  Interval (Chapman 1978). To determjne a ~ ~ ~ a l  

t rou t  production a t  each af  the  eqght study s i t e s ,  papulation estimates 

were calculated by Eq. ( 1 )  I n  Sect.  3.6.3 fo r  each o f  four o r  f ive  

sampling dates between J u n e  1982 an 83. To m i n I ~ i ~ e  bias 



resul t tng  from Increased capture e f f l c l e n c y  of larger f i s h  ( S u l l i v a n  

195bf Carline 197'9; 6 d Z t e f S  1983; t h ' i s  S t l l d y ) ,  p0piJla"ziOil E?St?lEr;?att?5 Were 

computed on t h e  basls o f  s i z e  classes (Elwood 1968) .  Far ra3wbow 

t rou-%, the  s l z e  classes were t l l . 0  c a ,  11.9-15.9 cm, ' 1 4 - 8 - 2 0 . 3  cm, and 

>20.9 cm. Because o f  the ~ i d e  range ii'r s i z e  o f  l a rge  b m m  trout  

(20,9--46.8 rm) i n  Bradley Creek and t he  upper Nantahala R ~ W T  {?W3), 

the larges t  s i z e  c l a s s  (>26.9 cq: w s  subdivided i n t o  two size c las serr  

20 .9 -30 .9  cm and H9.9 cm. The o n l y  other  s l t e  u l t h  a. wild browla 

t r o u t  population was Lost C o w  Creek where, v?tk o n l y  'tho ex~eptlons, 

no f j S h  >3Q Gm ?n t O t . 3 1  1eDglt.h MbPP Collected. COi7SeqUt?nt2y, Q 

four  s i z e  c l a s s e s  were emplayed dnt thSs r l t e ,  

The percent  aye cornpasition was computed for each s i z e  c l a s s  based 

QRI scale analyses, l eng th- f requerxy  blstograrns, and, i n  some cases, 

recapture o f  pi-evlously marked and aged f l r h .  These percentages were 

applied t o  the populat7on numbers f o r  each s i z e  c l a s s  t o  obtain 

est imates o f  population abundance by age class. When~ieer pass'rble, the 

mean weights sf each age c l a s s  on t h e  dale o f  sampling wekg computed 

f r o m  the welghts o f  I n d i v i d u a l s  ~f Einiw~ age. Because f i s h  c o l l e c t e d  

i n  1983 were not aged by s c a l e  analysis, a s l i g h t l y  d j f f e r c n t  procedure 

WaB$ Used %O Obtain  age-SpeCdft@ KECaR weights.  The pt?t"'cPn't age 

cornposi t ton o f  each s i z e  c l a s s  was estlmteed f rom b o t h  length-frequency 

5 and the r e s u l t s  obtadned from t he  scale analyses conducted 

an f ' lsh c o l l e c t e d  i n  1982.  A mean wefight m s  calculated for  a r j z e  

c l a s s  and multlpl led by t h e  number sf  f i s h  o f  a g iven  age 5 m  t h a t  s I z e  

c l a s s .  The product war summed across s ? z e  c l a s s e s  and d i v i d e d  by the 

e s t l m t e d  t o t a l  nu ber of f i s k  i n  that  age c l a s s .  T h i s  e s t ' r w t e  s f  t he  
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for  t h a t  age c lass  to ~ ~ ~ a ~ n  t o t a l  b ~ ~ ~ ~ s ~  ( 

Trout  ~ ~ ~ ~ u ~ t ~ o ~  was calculated y the dnstantane us ~ r ~ w t ~  rate 

e t h ~ ~  (Wicker 1946) : 

where 
2 P 1 s  the  prod c t lon i n  g/m durdn  Re Interval tl to t2’ 

&t i s  the t l rne Interval (t2 - tl 

6 1s the 3 n ~ t a ~ t a n e o u 5  

8 i s  the mean blomaso d u ~ ~ ~ ~  At, es t1  % .+ B2 
2 

B1 and B2 represent the total biomass at the b ~ ~ i ~ n ~ ~ ~  and 

of  the In te rva l ,  respectively. 

Annual ~ r ~ d ~ c ~ ~ o n  was calculated as  t h e  sum of the ~ r ~ ~ u ~ ~ i 5 n  f o r  each 

tervals between ~ u n ~ / ~ ~ ~ ~  1 82 and J ~ ~ e ~ ~ ~ ~  3 

~ o ~ ~ ~ ~ 1 n ~  dates a each s i t e  are  lqsted dn Tis l e  A-I). Estimates; were 

1982, 1981, 1 

rainbow and  row^ t rou t .  Beca y a s ; s ~ ~ ~ ~ ~ ~ ~  with 

were ~ ~ ~ b ~ ~ ~ d  t o  estimate p ~ ~ d ~ ~ ~ ~ o n  for the ~ 1 9 7 9  year c lass .  

year c lass  d i ~ a p p e a ~ e  on a g i v e n  date b u t  reappeared l a t e r ,  ~ r ~ d ~ c t ~ ~ ~  

was calculated over the  longer per lod  (Waters 19 31, ~ e ~ a t ~ v ~  

I f  a 

intervals  and were s 

ept  bra^^ and i l l  creeks, Age Q trrsut were 

a t e  (June or July) t o  be acc 



censused. To o b t a j n  estimates f o r  these dates, a n  Instantaneous 

m o r t a l i t y  r a t e  (7 ;  Chapman 1978) was csmpwted for the Interval behueen 

the two swrceedlny dates ( e . g . ,  betwem August and 

Lost Cove Creek) and gas used t o  b a c k - c a l c u l a t e  an estimate af the 

populat'ion I n  J u n e P J u l y  1982. I n  PMO cases (1982 cohorts  o f  E-aInbo 

t rou t  a t  NR3 and b r ~ w ~ g  t r o u t  a t  NW3>, Z was calculated, using the July  

and September 1982 papu la t l sn  estlrnates For  the 1381 c o h o r t s .  Because 

Age 0 t r o u t  were sampled I n  the f a 3 1  of  1983, Z for the  1982 cohort was 

a p p l i e d  t o  these estimates t o  o$ta%n an estlnia'ce s f  the  Age Q population 

I n  J u n ~ i ' J u l y  1983- P ~ o d ~ t l ~ n  s f  the  1983 c o h o r t  f r o m  ~ ~ e r g e n ~ e  t o  the 

f i rs t  sampling da te  was e s t l  ated by a s s u m i n g  a mean w i g h t  o f  Q,O4 g 

ergence (Hunt 1966) ,  an Interval ( A t )  o f  90 and 120 d for 

rainbow and browii t r o u t ,  respec t ' i ve i y ,  and a cans tan t  mortality 

(estlmated as Z f r o m  the I982 c o h o r t )  over t h I s  in terva l .  But 

estimates o f  Age Q p r o d u c t i o n  are  canservntlve because instantaneous 

rates of mortality i n  the f ' i r s t  several months follou!ng emergence tend 

t o  be Rlgher and t o  decrease u+Ph age ( L a t t a  1962) .  For example, 

instantaneous mortali ty ra tes  o f  Age 6 t r o u t  ranged f TO 

(brown t r o u t  a t  WR3) t o  0.0120 (ralnbow trout. a t  eiC2) compared t o  an 

estlmated mortality r a t e  over  a 9 0 4  postemergence period o f  0.0242 f o r  

brook t r o u t  i n  Michigan (LaCts 1962).  



Log 

LO 

roduced using 

ope and y -8ntercept) 

liated using PR C GLH. ~ e g r e ~ s i ~ R ~  were calculate  

es o f  growth (6) ~v~~~~~~ over the l-year study 

3) were ~ a ~ ~ ~ l a ~ ~ ~  for each t r o u t  s 

’Icker (197%) : 



4 . 1  PWYSI@DCMEMEGAb ANALYSES 

Uig,13ke the  majority o f  f reshwa te rs  bhetfe r e l a t l v r  i o n i c  

roncentratlon5 a r e  csldclum :> magnesium > sod’rum > potassturn 

( M ~ t c h l ~ ~ o n  1957), waters of Appaaachlan t r o u t  streams a f t en  show t h e  

{Johnson and 

Swank 1973; Swank and Osnuglass 1977). Although i o n i c  levels are lcrw 

and values from undisturbed uatsrsheds f l u c t u a t e  l i t t l e  f rom year t o  

year ,  some seasona l i ty  has been noted.  Calciu t. O O ~ ~ U I T I ,  PgstgSSiii 

s u l f a t e  ?n the  streams near Coweeta hydro log?^ Laboratory i n  

southwestern North Carsllna exhlblted peaks i n  Ju ly ,  ,4ugust, or 

September, and m-!nlmum values occurred I n  vlnter. Concentrat ions of 

n l t r a t e ,  ammanta frltrogen, and phosphate phosphorus are very Pow i n  

undisturbed watersheds, and little seasonality has been noted (Swal-Bk 

and Douglas5 1 9 7 7 ) .  

Factors important  i n  the  r - egu la t jon  o f  i o n i c  concentrat tons In 

suntairn st reams ’ inc lude  I-ock ueatherlng, r a i n f a l l  cke 

q u a n t i t y ,  evapatran5pirat ion,  and successional  s ta tus  o f  the  watershed 

(Vitsusek 1977). Inverse carrelat$ons between elevat’isn and 

concentrat ior is  of  geoloylcally der’lved e le  ents i n  streams of the Great 

Smoky H ~ u n t a l n s  fgat tonai  Park Rave $ern explatwed by h i g h e r  levels o f  

r a i n f a l l  land ’Power tempera tu res  a t  the htgh elewatSsns (Silsbee and 

Layson 1982). Concentrations o f  calci i i  mgneziiurn, potasslum, and 

soslldklm %ere fQilrPQ t o  be o n l y  2 tu 4 . 4  “L?mes h’sgher i n  strsamn i n  the 

C ~ ~ e e t a  a r m  t h a n  i n  precipdtatlan, therehy suggesttng the potetnt ta l  
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importance of rainwater chemistry in influencing concentr 

materials I n  these dilute streams (Johnson and Swank 1973). 

Calculations by Slmmons and Heath (1982) lndlcate that preclpitatton 

may be the major source of dlssolved material in streams in Geochernlcal 

Zone I, where the North Garollna study sites are located. 

Vltousek (1977) showed that levels of  chlorlde and sulfate in 

streams in the White Mountains o f  New Hampshlre are controlled 

prlmarlly by preclpltatlon chemistry and by the cancentratton o f  these 

Ions due to evapotranspiration. Rock weathering, however, was a more 

important factor in regulating levels of calcium, magnesium, sodlum, 

and silica, although preclpitatlon chemlstry and evapotranspiration 

were also Influential. 

The successlonal status of the watershed may exert a strong 

influence on stream water chemistry. A stream draining a mature 

hardwaod forest in the Goweeta area had higher concentrations of 

calcium, magnesium, sodium, and potassium than streams in white pine or 

coppice areas (Johnson and Swank 1913). Likewise, Vitousek (1917) 

found that levels o f  important plant nutrients (nltrate and potasslum) 

were higher in streams dralnlng older watersheds. The rapldly growing 

younger successlonal stages incorporate more elements Into 

than mature systems wh’lch are at or approachdng steady state. 

4.1 .l Water Quality 

The water quality of the southern Appalachian trout steams 

included In this study I s  characterized by low pH, low c o ~ ~ ~ n t ~ a t l ~ n $  

o f  dtssolved and suspended materlals, and high levels o f  dissolved 

oxygen (Table 4-1). Because the North Carolina study streams 



: h b l e  4 1 .  A n a l y s e s  g f  se.;ected w a t e r  q u a l i t y  parameters of t h e  s t u d y  s t r e a m s .  Tabblar  v z l u e s .  in m g / i ,  r e p r e s m t  the mean ( rang;  I n  
p a r e n t h e s e s )  o f  samples :o: i e c t e t l  between A p r l ' i  1982 and J ~ l y  19E:. 

AC 4 4 1  12 5 a )  

Bc:,Bc2 3 ( 3  1) 

ICC 312-5)  

YC 5 ( 6  6 )  

N Y  I 7 ( 4  \ 0 )  

N 3 2  8(b 1 0 )  

k.13 3 ( 2 - 5 )  

i d  : c 1 urn 
- i o t a 1  h a r d n e s s  n a r d n e s s  N : t r a t e  2fi o s p h a t e D'I s s o l  ved 

a s  CaCC13 a s  C,aC1)3 ,:onduct?v:ty a s  NDs-kia as  P3$ oxygen i u r b l d i '  
(mg/L) <ificj/L j ( USiCS) ( m g / L  j ( m g i i )  ( X  s a t u r a t i o n )  p$ * c [ ,,-:u);iy 

-______ ______ 

5 i  ( 15 -75 )  3B(  1 1  - 5 5 )  -I 10(  2 ? - 1 5 6 )  0 . 6 5 (  O.;O-O. BO,! O . l 0 ~ 0 . 0 ' ~ - 0 .  20)  85'79.91) 6 . 5 t b . 5 - 7 . 2 )  L . ? ( I . J - 2 i )  

" (  3. ? j  3 (  2-  5) 5 ( 2 - 7 )  C;.12( 0.311-9.25) 0 .31 ;?dD-O. 02)  99 ( 4 5 ~ .I 07 11 5 . 5 (  5 . 3 -  5 .9 )  3 . 4 (  2.2-  5 . 0 )  

4 ( 3 - 5 )  3 ( 2 - 4 )  S ( 4 - 7 )  ND O . O Z ; C . O ~ - O .  54) lOO(93- i 0 4 j  5 . 2 (  4 .9 -  5 .  I )  2.4( 3 . 0 -  6 . 3 )  

5 ( 3 - 9 )  4 ( 2 - i )  R (  5-1  1 ) 0 . 1 2 (  0.: 3-0. i 5)  D.Ob(9.04 ~ 0 .8E)  9 b j Y 2 - 1 0 3 )  5 . 9 ( 5 . 6 - 6 . 2 )  3 .211 . 4 -  i a j  

ak0 = not d e t e c t a b l e .  

b:lydrogen Tort concent;a,i?,ons were  used i o  c a ~ r u ' i a t e  ineari pd .  

C A c t d a i  pH a t  a l :  s l t g s  except A: inay be C1.7 t o  1.'; u n i i s  i i l g 9 e i  t han  a a b d a r  v a l u ? s  d,Je t g  e r r o r s  assoc?at9 .5  w i t h  :neasur l r iq pE I n  lou-  
c o n 6 u c t l v i t g  w a t e r s ,  a n d  t h e  magn'itude o f  the  i r r o r  my v a r y  a f u n c t t u n  of cond,, ict :vI ty.  I n  t e s t s  c o n d a c t e b  a t  h k  Y-\dgo k a i i a n a l  Labora to ry  
(C3NL)  I n  May 1 9 8 4  ui;h a B y d i o l a i ~  a.d f o u r  o t h e r  e : e c t r o d e s  :bot:: 'ari a i id g e i  t y p e s ) ,  the  3ydro;ab gave c o n s i s t s n t l y  iower pH readi : iys t h a n  
t b e  o t h e r  e:ccirodes Over a? d c t u d l  p'l r a n c e  o f  4.5 t o  7 . 3  4n water  ' d i t 5  a ;onductiv:Ty o f  <IO p S i m  (3. 5 .  Adams. Env1ron:r ie~t laI  Sc!e:ices 
i i ;v . is isn.  i )Rk i .  - n p b s l l s h e d  d a t a ) .  

d F I T U  = N e p h e l o m t r i c  i u r b ' i d i t y  U n i t .  
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(1.ast Cove Creek, Bradley Creek, and the Nantahala RSver) are all 

located In Geochemlcal Zone 1 (Slmmons and Heath 19821, they woul 

expected to exhiblt roughly slmllar water chemlstrles. 

other streams In this region have described similar physicochemical 

Studies o f  

rofiles (Table 4-2). O f  the two Tennessee ~ountain streams Included 

In this study, Mill Creek has water qual'lty slmIlar to the 

Carolina streams, whereas Abrams Creek has conslderably hlgher levels 

o f  dissolved and suspended materials. These differences have also been 

ocumented In previous studies of the two streams (Table 4-3). 

The higher levels o f  dlssalved materials I n  Abrams Creek compared 

to the other study streams are related to the geology of  the watershed. 

In portions o f  Cades Cove above the study site, the creek flows 

underground where it comes In contact with llmestone (Mathews 1978). 

Llmestone i s  more soluble than other geologlcal formations 1 

t h u s  resultlng In the dtssolutton of ions (especially calcium) and 

Increased alkallnlty, hardness, conductivlty, and pH. Because the 

underlytng formattons at all other study sItes are only slightly soluble 

(see Sect. 2), these streams have low concentratlons o f  dissolved ions. 

A l ~ h ~ u ~ h  Mil1 Creek I s  sltuated close to Abrams Creek (Sect. 2.1)s the 

former does not f l o w  underground or come in contact with llmestone. 

The agricultural nature o f  C a d s  Cove contrtbutes t o  the! elevated 

levels o f  phosphates, nltrates, and turbidlty in Abrams Creek (Mathews 

1978; Bratton et a7. 1980). The low gradient an large Inputs o f  

sediment to Abrams Creek result in pockets o f  silt, which ma 

resuspended by high flows or cattle wadlng In the stream (Mathews 1 
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Table 4 2 .  Physlcochernical c h a r a c t e r l z a t i o n  o f  Nor th  Caro l lna  rnountaln streams. Values a r e  
In rng/l. un less i n d l c a t e d  otherulse. 

... 

Pa r m e  t e r 

A l k a l l n i t y  (as CaC03) 

Calc i urn 

Wgnes 1 Urn 

Potas: i urn 

Sod i um 

8 i c a r b o 11 a t e 

S u l f a t e  

Ch lor lde  

S l l l c a  

Tota l  d lsso lved s o l i d s  

M I t r a t e  n i t r o g e n  

AITmQnla n l t r o g e n  

Phosphorus 

Olssolved oxygen 

Conduct iv l t y ,  3 / c m  

Turb l  d 1 t y  

Temperature, " C  

?H 

lumber o f  streams 

(Slmworns & (SWnk & ( M o d a l  1 h 
Heath 1982)a (USGS 1981a)b Douglass 1977)c Wallace 1972)d 

0 . 7 - 3 . 0  

0 .3 -0 .9  

0.3-1.9 

0.4-2.2 

2.0-9.5 

0.8-5.7 

0 .0 -1 .9  

3.6-9.5 

12- 22 

0.00-0.62 

0.00-0.01 

0.00-0.03 
( t o t a l )  

15 

5-16 

t 0 . 0 5  

(0.05 

<O .05 
(po4-p) 

8.3-1 2.6 

9-36 

<l .O-4.0 
(FTU)e 

6.5-7.3 

1 

0.376-0.692 

0.214-0.345 

0.235-0.524 

0.506-1.208 

0.29(1-1.064 

0.495-0.S39 

1 .82-4.1a 

0.002-0.01 6 

0.003-0.005 

0.001 -0.002 
(po4-p) 

6.5-6.8 

8 

10.0 

0.001 -0.003 
(po4-p) 

7.2-1 3.8 

8.7-1 7 .  6 

0.0-26 .O 
(JTU)e 

2.0-18.5 

6.7-6.9 

4 

"Unpol lu ted streams I n  p r l m a r l l y  f o r e s t e d  watersheds I n  Geochernacal Zone I .  Nor th  Caro l lna .  

bWantahala R lver  a t  NanCahala. Nor th  Caro l lna  (approx lmate ly  8.2 and 4.0  km helold NRl  and 
t h e  Nantahnla powerhouse, r e s p e c t l v e l y ) .  

CStreams I n  undls turbed uatersheds near Coweetz Hydro log lc  Cabora lo iy  I n  southtdestern 

dFour watersheds ( o l d  f l c l d ,  hardwood, ~PIa ie  p lne ,  copplce) near Coueeta Hydro log lc  

Nor th  Caro l ina .  

Laboratory ,  Nor th  Caro l lna .  

eFTU = Forrnazln l u r b l d l t y  U n l t ;  JTU = Jackson i u r b l d l t y  U n i t .  



P a r m t e r  

A1 kal i n i  ty (as GaC0.J 

N i  t ra te  nitrogen 

Phosphorus (POq-Pl 

Dissolved oxygen 

Turbidity, JTUe 

Hardness (as CaCO,> 

Conductivity, t .~S/an  

PH 

Temperature, OC 

48.6 

0.41 

52.7 

69.7 

7.3 

1-85 

O.B&' l .  90 

0.02-0.04 

7 .&I9 .4 

2.4-190.0 f 

15-75 

30-1 32 

7.0-9.5 

9-17 

4.4 

0.98 

5.0 

30.4 

6.6 

~~~ ~ 

1-20 

0.24-0.95 

0.01-0.Q4 

B * 0-32.2 

0.8-3.68 

4-14 

10-43 

6.3-6. B 

i-19 

a Imnediately below &des Cove. 

bAbove confluence with 11511 Creek. 

A t  confluence with &rams Creek. c 

dWve confluence with Abrams Creek. 

e JTU = Jackson Turbidity llni t. 

fIsolated value attributed to cat t le  wading i n  the stream. 



T h l s  ccauld resu l t  In low t u r b i d i t y  most o f  the t ime wdtb  occasional  

hlgh values ,  as de anstrated In t h l s  study and t h a t  o f  Hatheus; (1978) .  

Higher l eve l s  of  phosphates aod ;iiltrater my be due t o  F e r t l l i z a t l o n  o f  

h a y  f i e l d s ,  c a t t l e  d e f e c a t i o n ,  and possible seepage from a sewage lageon 

(Mathews 1978; Bratton e t  a1 9988) .  

T u r b i d i t y  f luc tua t ions  slml la t -  t o  those I n  Absams Creek were a l s o  

observed a t  t h ~  two Nantahala R i v e r  s i t e s  located below Nantahala Dam 

( I a b l e  4 I ) .  

heavy t - a l n f a ? l  i n  l a t e  

Except  f o r  t h e  samples col lec ted  a f t e r  a perlod of  

ephelornetrIc 'Gut-bldlity Unlt). Because r e s e r v o l r s  a c t  a s  sediment 

t r a p s ,  low t e r r b l d i t y  below dams would n o t  be unusual .  fl~%qdeve~, the  

s ignl f lcank  reduction I n  flow t h a t  Followed construction o f  the  

Nantahala Dam i n  1942 ( S e c t .  2 .4)  and t h e  I O U  gradlent  above NR2 

(Table  2-1) may have resulted i n  the accumulation of sed1 

entered the r i v e r  f r o  t r lbutardes below t h e  da . In free-fIowiWJ 

r i v e r s ,  f o r  example, s i l t  I s  p e r l a d d c a l l y  removed (transported 

downstream) durllng high  f lows,  t h a t  normally O C C U Q  dur ing vdriter and 

ea r ly  s p r i n g  In t h l s  reglssn. Dam csnstructlon, when coupled w i t h  

rntnimnal dawnstrea releases,  s i g n i f i c a n t l y  reduces t he  $re 

agnl tude o f  peak ( o r  f1ush"lng) f lows,  thus reducing t h e  sedlinent- 

transport capac'tty o f  t h e  r i v e r .  A s  a r e s u l t ,  s i l t  accumulat9sn I s  

enhanced .Bn low- radient  reaches, and t rout  spawning and reariing 

h a b i t a t  I s  degraded. Reduced f l o o d  flows decreased silt-carrying 

capac i ty ,  resulting I n  co  pacted spawaslng gravela and sediment-f$lled 

pools when more than $Ox o f  t he  ean annual f low In t h e  T r ' i n i t y  RSver 

Was dlverted t o  t h e  Central Valley of C a l i f o r n i a  (Srnlth 1976),  



the other hand ,  aveirag 

i n  some strea 

l8.5"C and ~ ~ n l ~ ~ ~  ~ e ~ p ~ r a t ~ r ~ s  ~ a ~ ~ ~ ~ g  from 

and Wallace 1972) .  ae 

and Last Cover Creek, whlch have a l ~ 5 s ~  1 

regimes, rarely exceede 18°C and were less than 2°C ~ n l y  ~ u ~ ~ ~ g  

perjod dur ing late  January 1983 (F9g. 4 - 2 ) .  Because o f  

er elevatlrsn (Table 2-11 .  ~ x ~ ~ u f f l  temperatures a t  the up 

a R lver  s l t e  (NFS3) were below lB°C ( F l g .  4-3) .  'The ~~~~~e~ 

e two lower Nantahala Rluer s l t e s  (FI 

2) ~ r 5 ~ a ~ ~ ~  a ~ c ~ ~ n ~  f o r  the h i  her stream temperatures a t  these sdtes 
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4/25/82 8/3/82 1111 I/ 83 

F l g .  4-2. Average d a i l y  water temperatures ("C) In Bradley Creek an 
Lost Cove Creek. 
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F l g .  4-3.  Average dally water temperatures (“C) a t  three si tes  I n  t h e  
Nantahala R4;ver. 
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-1 ) . A1 thoug average daily t e m p e r a t ~ r ~ ~  a t  

below 22°C ( F i  . 4-3)#  ax^^^ temperatures exceeded 

eratures at NR2 were ~ ~ ~ e ~ a l l ~  1-2"C hS 

ttlon t o  these ~ I ~ $ ~ r $ ~ ~ ~ ~  I r a  annual tempe 

b ~ ~ w ~ e ~  the s tud  

efdned seasonal patterns (Table 4-4) .  rS 

In t e ~ ~ e r a ~ ~ r ~  ower if 2 4 4  

and ~ e n ~ ~ ~ l ~ y  decl%ned t~~~~~~ t h e  ~ ~ ~ a i n d e r  o f  t 

~ l n l ~ u ~ ~  In Lost Cove Creek and the two P streams, ~~~e~~~~ 

~ q n I ~ ~ ~  d l e %  ~ l ~ ~ t ~ a t ~ ~ ~ ~  occurred 

esIod o f  record, diel cha 

lowest  'in Lost C ve Creek. The Be es ~ x ~ i b ~ t e d  a1 

enttcal ~ a ~ t e r ~ ~  with respect to both the 

the seasonality. The grea tes t  f ~ u ~ t u a ~ ~ o ~ ~  In 

t ~ ~ p e ~ a t u ~ ~  over a 2 4 4  per3od o c ~ w ~ ~ ~ ~  a t  NR2 and, lJke the  ann 

temperature patterns, are probably related t o  the l o w  flows be90 

a r i a n  v ~ ~ ~ t ~ t i o ~  at N 

trees (Table 2-81. 

4.2 PHYSICAL H A B ~ ~ A T  ~ V A ~ ~ ~ ~ I ~ ~  

4.2.1 Hydraullc Hodellng 

The InItlal approach to modeling depth and veloclty d ~ s ~ r ~ b ~ ~ l 5 n ~  

at the eight study s t t e s  consisted of collectjng a data set c ~ n t a t ~ i ~ g  

depth/velocIty/substrate transects a t  three f lows suqtable far IFE4 

callbration. The selection of the most appropriate hydraulqc slim 

model ( IF64 or WSB) depended on local flow characterIstIcs wlthIn the 
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Table 4 -5 .  R presentative reach charaetertstlcs a t  the e’aqht 
study s i t e s .  

Grad 1 ent Reach l ength  Average w i d t h  Yo. o f  
s i t e  (rn/kms,a (m3 (@ transects 

AC 
BC 1 
BC2 
LCC 

c 
F91 

NR2 
R3 

2.8 
5 * 4  

1 6 * 5  
17.5 

6 . 8  
2 4 . 4  

3 . 6  
1 4 . 1  

106 
92 
41 
62 
68 
61 
75 
34 

8.2 
10.3 
18,2 

6 * 4  
1 1 . 2  
17.6 
10.3 
12.2 



I I II I I 
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indtices, on the  other hand, I n c l u d e  data  07 b o t h  phys ica l  habltiibt 

c ~ n d a t i ~ n ~  where organisms are found and tCre r e l a t i v e  proportlono of 

var”ious physical haisttah condi t lans  I n  t h e  ewvlron e n t  as s whole, 

i . e . *  data on bath utillration and ava4labiliPy. The ‘tlliapartinnce o f  

avadiability t o  h a b i t a t  s e I e c t ? o n  by t r o u t ,  and h e n c ~  t he  I m  

us ing a hab’t tat  prefek-e ce  index rather than a utilization i n d e x ,  was 

lned a t  f i v e  study  s i t e s ,  

Prspnrtlons o f  habitat avallable In tho? var ious depth, velocity, 

and substrate  categor?er vary betmen most s i t e s .  Each s i t s  has i t s  

 in unique conflguratSon o f  depths (Table 4 - 6 ) .  The velocity profile 

at 8% ’Is interwedlate between t h a t  a t  ICC and NW3 and not significantly 

d i f f e r e n t  f rom e i t h e r ;  all other  s l t e s ,  inrludlrng LCC and NR3, differ 

signaflcantly from each other  ( T a b l e  4 - 7 ) .  The substrate prsflltrs a t  

BC and LCC also do not  d i f f e r  f r o m  each other, whereas a l l  other s i tes  

d l f f e r  i n  the  preportlans o f  subs t ra tes  available I n  t h e  

ca tegor ies  recogn l  zed ( lab1 e 4-8) .  

Trout o f  both species and age groups (Age 8 and Age I + )  tend not  

t o  use the var lsus  habitat categor-les In proportiow t o  t h e i r  

avnllability a t  any o f  the s l t e s .  Specif’ically, Age l +  brGswo trout 

never uttllze any hab’ItaP categsrles  ’in propor t ion  t o  theSr 

avallabllity. Relative t o  w h a t  ’Is available, Age I +  brown trout 

concentrate  at depths 230 crn and avs ld  shallouar wate r ,  prefer 

velocities (15 cm!5 (especlally those (5 cmpa/s) and ava ld  v e l s c l t i e s  

- >30 cmlds, and tend t o  f a v o r  sand and silt substrate,  genera l ly  

avald lng r u b b l e ,  boulder, and bedrock substrates ( T a b l e  4-93. 

Age 0 brown t r o u t  shew preferences simqlar to those of’ t h e i r  older 
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Tab le  4-6. Percent  h a b l t a t  a v a i l a b l e  i n  each o f  t h r e e  depth 
categories a t  f ? v e  s i t e s ,  Q c t o ~ e r / N o v ~ m b e r  1983. 

S i  tea 

Depth ca tegory  (cm) 

t 3 0  30-49 >50 

AC 

BC 

LCC 

MC 

NR3 

36.5 

83.3 

73.2 

91.2 

54.9 

42.0 

14.2 

19.1 

7.1 

29.8 

20.9 

2.5 

7.6 

1.8 

15.3 

aEach s i t e  i s  s j g n i f i c a n t l y  d i f f e r e n t  f rom every o t h e r  s i t e  
( a l l  P i s  < 0.005), 

Tab le  4-7. Percent  h a b i t a t  a v a l l a b l e  I n  each o f  f o u r  v e l o c i t y  
categor l ies a t  f i v e  s i t e s ,  October/November 1983. 

V e l o c j t y  ca tegory  (cm/s) - 
S i  t e a  (5 5-1 4 15-29 - >30 

AC 74.5 20.0 3.4 2.1 

BC 19.1 16.1 24.1 40.7 

LCC 17.2 16.6 16.6 49.7 

MG 39.2 21.5 25.3 14.0 

NR3 20.6 20.6 22.5 36.3 

QC i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom e i t h e r  LCC o r  N 
(P > 0.05); a l l  o t h e r  s i t e s  a r e  s i g n l f i c a n t l y  d l f f e r e n t  
f rom each o t h e r .  
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Table 4-8, Percent Rabl taa  avatlable i n  each o f  f o u r  substrate 
categor'ies a t  f i v e  sites, Octsbcr/%ovember 1983. 

.......... I,-.___. .................. .-- 

.................... Substrate gia9eas.k-y.. I _I_ ................. 

BC 11 - 3  8.2 57.2  2 3 . 3  

LCC 10.2 10.8 5 9 . 2  19.7  

#C 5.1 12.0  73.9 8 .9  

7 . 3  b 3 6  5 4 . 0  32.1 

a A 1 3  sites a r e  s d y w l f l c a n t l y  different from each other  except 
BC and L C C .  
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c a n s p e c l f l c s  in regard to depth,  velocity, and substrate at BC and 

v e l o c l t y  a t  L C C ;  t he  smalt sample s i z e  a t  LCC preclrndes rhaw?ngj 

slgnlfjcant p r e f e r e n c e  patterns f o r  d e p t h  and substrcttt? a t  t h a t  

s i t e  (Table a-1og.  

Age 74 rainbow t r o u t  shwd nonrandorm use of Rab'itat I " ~ S Q M T C ~ - ~  a? 

a l l  s i tes  For a l l  resources except substrate a t  NR3 (Tab le  4 - 5 1 ) .  Age 

1 +  ralnbow trout are  sim7lar t o  Age I+ brown t r o u t  i n  their depth and 

substrate preferences, although the i i r  avoddance o f  large substrates I s  

n o t  a s  s t rong ais t h a t  shown by brcrvsli t r o u t .  I n  Perms o f  water  velsc?ty 

preferences, Age l +  ra'rnbow t r o u t  d l f f e r  fro% s?mllarly aged brown 

t r o u t *  Rainbow t r o u t  tend t o  prefer .  water velocities of 5-14 cm$s and, 

t o  a lesser e x t ~ ~ t ,  15-29 cm/s;  depemdlng 081 t h e  s i t e ,  rainbow t i * O U t  

utilize b ~ t h  higher ( 2 3 6  can/s) and lower ( < 5  cm/s)  velocittes 

either i n  proportion t o  t h e i r  availability or a t  l ower  frequencies than 

t h e t r  avallabtllty In the envlrsnment. Age 0 ralniacw t r o u t  show t b e  

least amount o f  differentla1 hablitat utiliratlon relative t o  

availability (Table 4-12). They use substrates  in propor t ton  t a  

avadlablll%y at all s i t e s  except b!R3* ~ h e s e  sand I s  ovcsut?limed and 

boulders and bedrock d r e  avoided. Velocltler a r e  used 'rn pt-OportlOi9 PO 

the lr  avallablllty at BC, C, and NW3; a t  AC and L C C ,  Age Q rainbow 

t rout  concen t ra te  I n  areas u l t h  ~ e l ~ ~ i t l i e s  f r m  15 Po 29 cma/s, A 

radnbsw t rou t  use depths  i n  prepportlon t o  availabdlity a t  BC and HC, 

whereas they concentrate  a t  30-49 can i n  LCC and w33 an3 3 n  shallou 

water a t  A C .  Relterat%ng t h e  maln p o i n t ,  most speclea and age groups 

o f  t r o u t  do not  use %s&?tat categories i n  proparl9on t o  the availability 

o f  these resources I n  t h e  e n v i r o n  -- preferences a r e  shorv.. 
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The probabl l i ty -of -use ,  or suitability, cuirves show phystcal 

h a b i t a t  u t i l i z a t t o n  patterns w l t h o u t  aeesuwtlng ~ O P  h a b i t a t  

a v a i l a h l l l t y .  Curves f o r  d e p t h ,  ve loc t ty ,  and substrate preferences 

s f  f r y ,  j u v e n l l s ,  and adu l t  rainbow (Fiig, 4-5) and brown t rout  

(FSg. 4 - 6 1  were developed and compared w i t h  those o f  Bovee (1978).  

All the depth curves tend t o  have so euhat narrower opt lma and lower 

s u i t a b l l l t y  values for deeper water t h a n  the  carr@spondiw 

Bavee (1918).  SSm?llarly, the  r e l o c i t y  curves st-rsu a iswer suI tab1 l I t .y  

for  high-velocity water t h a n  those o f  Bovee f o r  30th brown t rou t  and 

ra.lombow t r o u t  as well as a hlgher s u i t a b l l i t y  f o r  lou--ve!oclty 

(including zero-velocSty) water f a r  rainbow t r o u t  than Bovee's curves, 

Bowels s u b s t r a t e  curves f o r  a l l  ages of brawn t r o u t  show a higher  

SUitab!lity O f  use a61"OSS Subs t r a t e  types, e%peCia? ly  f i n e  

s u b s t r a t e s ,  than do the present  curves, and the  oppas l te  i s  t r u e  f o r  

a l l  ages o f  rainbow t r o u t .  Bovee's s u i t a b l l i t y  value for  sand i s  a t  or  

near E ~ Q  f o r  a l l  ages of rainbow t r o u t ,  whereas I t  varies from 0 , M  t o  

0.38 f o r  adu l t  t o  f ry ,  respec t ive ly ,  I n  our s t u d y .  M o s t  o f  the data  i n  

Bovee i197S) were col lec ted  from very high gradlent ,  s 11 streams wlkh 

a hlgher a v a i l a b l l l t y  o f  hlgh-ve:ocl ty  a ter  and a lower a v a i l a b i l i t y  

o f  f i n e  substrates compared t o  our streams (USF 

ny o f  t h e  d l f fe renees  between the 4x0 sets  o f  o u i t a b l l t t y  curves can 

be a t t r ibu ted  t o  t h e  d i f f e r i n g  a v a i l a b i l i t i e s  o f  high-velacity water 

and f i n e  substrate.  

S t a t l s t l c a i  carnparlsons of h a b l t a t  preferences exh ib l ted  by 

d i f f e r e n t  species or  age! groups can be made w l t h  contlngency t a b l e s .  

A l t h o u g h  such t e s t s  do n o t  t a k e  a v a i l a b i l i t y  I n t o  account,  ~~~~~r~~~~~ 
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F l g ,  4-45, Unlvarlate sultabllity curves o f  velocqty ( S v ) ,  d e p t h  
(Sd), 3 r d  substrate  (S,) f o r  three 71fe stages o f  brown 
t r o u t -  Curves a r e  from Bovee (1978) ( s o l i d  l i n e )  and f r om 
data  collected 1n t h t s  study (broken l l ne ) .  



between brown and ralnbow trout or between Age Age It trout at a 

old avai~abll~ties constant 

about re1 a t l  ve references when 

not differ between groups of f l s h  

Age 16 ra~nbow and brown trout sh 

d e ~ t h  o r  veloeqty utiltzat%sns at any 

lfffer 3n substrate use o n l y  at hC@, where 

brown trout tend to prefer sand a ow trout; prefer rubble, as 

bllSfy curves woul redlct, Age 

i-atnbaw trout were collected anly a t  BC and LCC, and no s ~ g n ~ ~ ~ c a ~ ~  

lfferences I n  se o f  depth, veloclty, or substrate were d ~ ~ u ~ ~ n t ~  

A5 f o r  w i ~ ~ ~ ~ - ~ ~ e ~ ~ e s  c o ~ p a ~ l s ~ ~ ~  at a single rite, A 

trout showed ~ I g ~ l f t c a ~ t ~ y  hlgher use of water e3 deep and lower 

use of  water 230 cm deep than Age 3d. brown trout at bath sdtes at 

whlch both age groups were collected (BC an 

ifferences between age groups were found for v e l o c l t y  or substrate use 

far  elther brown trout or ralnbow trout at any s'ate except AC.  T 

0 rainbow trout had s i  higher frequencles I n  water 

titles o f  215 cm/s and lower frequencdes In slower water, as well 

dgher frequencies over rubble substrate and lower frequencles over 

sand substrate than Age I +  rainbow trout. A t  all f'ive s l t e s ,  there was 

a tendency for Age 0 ralnbow trout to be overrepresented In water 

0 crn deep; Age I +  ralnbow trout were overrepresented In water 

- >30 cm deep. 

and MC. 

This trend was statlstlcatly slgnlflcant at A @ ,  BC, 
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epth category, cm 

V e l o c i t y  category, cm8s 

t5 

5-1 4 

I >30 

Tota 1 

11 ( 1 2 - 4 )  42 
1sg1s .7) 5 

5(5,4) 23 

34 54 27 115 
xz  = 5.395 d f  .- 4 p 

115 34 54 27 

df  = 6 P = Q,2 

2(4.7) 12(7.5)  2(3*8) 16 
aa( 7 7.1 ) 23( 27.2)  58 

Tcata 1 



Table 4-16. CO p a r l s s n  of h a b l t a t  ease by Age 0 brown t rou t  a t  
s l t e s . .  Observed and expected (In parentheses) values are  
gfiven f o r  a l l  categor4es,  but  chl-square t e s t s  were 
performed o n l y  a f t e r  pooling groups t o  awt id  expected 
values l e s s  t h a n  5 wherever possSbltp. Pooled values ara 
en te red  between pooJedi c a t e g o r i e s .  

S i t e  

A .  Depth category,  cm 

(30 

30-49 

Tots 1 

5 .  Veloclty ca tegory ,  cmnis 

5-1 4 
15-29 

- >30 

18( 20.6)  1 O( ’1 . 4 )  28 
8(5.99 U ( 2 , l )  8 

l O ( 7 . 4 )  Q ( 2 . 6 )  
2 ( 1 . 5 )  o(a.s) 2 

28 10 38 
,2 = 4.755 d f  = 1 P < 0.05 

l O ( 9 . 6 )  3 ( 3 , 4 )  13 
15( 1 5 . 5 )  6 C 5 . 5 )  

51 5 * 9 )  3(2.1) 8 
8C8.8) 4(3.2) 12 
13( 12 .5)  4C4.S)  
513-7) O ( 1 . 3 )  5 

“fatal 

Sand, s l l t ,  and/or c l a y  l (  5.9) l ( 2 . 1 )  8 

Gt-avE?l 5 3 6 . 4 )  3g1 .e)  ti 
RutPlbl e 17( 16.9)  d ( b . 1 )  23 

BouldGrs and/or bedrock 1 ( 8 . 7 )  O(0.3) 1 

1 a( 1 8 . 3 )  rE(3.79 

1 S(  17.7)  6 g 6 . 3 )  

Tota 1 28 10 38 
,2 :: 0.05% d f  = 1 P > 6.75 



AC BC LCC NRS T o t a  1 

A .  Depth, cm 
(30 s(13.4) 13(12,2) l l ( 1 1 . 3 )  32(21.7) 6 ( 8 . J )  67 
30-44 22(20.0) 12(18.2) 24( '16.9) 28(32.4) I$ (  I2 - 4 )  a 00 
I_ >5Q (11.6)  lfi(10.6) 3 ( 9 . 8 )  13 (18-  58 

c .  Substrate  
Sand, sllt, 

Gravel T(5.2) 5q4.71 
and/or c l a y  36(17.0) lO(15.5) 

ubble  2 23 
2( 22 8 )  2S( 20.8) 

~~I~~~~ 0 3 
anddor Bedrock 

3 7 3 28 225 
35.2 -3.2 
>0.1Q >Q I 2 5  

d f  = 1 2  P = 2 

4q14.4) ae(27 . i69  5(1  85 
6 ( 4 . 4 )  b ( 8 . 4 )  z ( 3 . 2 )  26 

24 35 14 $9 

25( 1 9 . 3 )  38( 37 . O )  21 ( 1  4 - 2 )  
2 3 7 15 

Tota 1 45 47 36 13 28 225 
Column x -3 .9  -6-7 

Column P cO.825 >0.50 
f = 8 P 4 0,64aE01 



A t  these last three s i t e s ,  then, differences between gatterns of depth 

use cannot be explained by dlfferenze% I n  avallabtllty, 

evhat similar pat te rn  emerges for t h e  m e  o f  ~ e l o ~ i t l e s  by 

Age ? +  rainbow t r o u t  (Table 4-158).  SloWS'c VelocltieS (t5 c ~ / s )  are 

signlflcantly overused compared t o  t h e  overal l  average a t  AC and t h e  

next  most overused (although n u t  signlflcantly so) at #C, and welocdtles 

i n  t h I s  category zone arc mast available at AC and second most awadlable 

at MC (Tab le  4 7). Velocity use at BC I s  a l s o  sigwlflcawtly different 

f r o m  both average use sild use a t  LCC, eve9 though the v e l o c i t i e s  

aval!able do n o t  d l f f e r  Fro those? a t  t2'iQhe.r LCC OF" NR3. 

a3 vartattona I n  substi-ate use between s l t e s  by Age l +  ra-lnbow 

t r o u t  (Table 4-15C) can also be axplajned by availabildty, although 

others cannot. A t  A C ,  sand and f iner  substrates  are used far m 

iiverage, and these substrates  are f a r  ore ava"1rPble a t  t h i s  r9tc than 

t h e  o thers  (Table 4-81 ,  A t  NR3, boulder and bedrock substrater are  

wore abundant than anyvhere e lse  and BTP used the m o s t .  Baisjder these 

Pwa s i t e s ,  only LCC has a p a t t e r n  o f  s u b s t r a t e  use stgnlflcantly 

d i f f e r e n t  f r o m  average despltte avadlabilitter not tse'iwg any dlfferewt 

t h e w  thas: at BC. Phe differences at LCC c o n s t s t  o f  an overuse o f  

rubble substrate and underuse o f  sand relative t o  average. 

Di f fe rences  I n  patterns of habI8at  use between s i t e s  by 

t-alnba# t r o u t  ai*e less prevalent than far  Age l +  o f  the sa 

but  do ex'rst  f o r  a t  l e a s t  depth and subs%ra%e (Tab le  4-78). Depth use 

d 3 f f e r s  stgniflcantiy From zvsr;dge a t  both HC, b~ehere shaI?on depths a r e  

overuttlimed, and WR3, where t h e  T ~ V C ~ S B  Is true (Tab le  4 -16A) .  These 

differences may at l eas t  partlally re f lec t  avallab?lity i n  t h a t  WC has 



l o a  ~ R ~ ~ / T M - 9 3 2 3  

Table 4-16. Comparlson o f  h a b l t a t  use by Age 0 ralnbow trout  a t  f i v e  
s i t e s .  Entrles and notatqons are  t h e  same as  those  i n  
Table 4-15. 

AC BC LCC MC NR3 Tota 1 

A .  Depth, cm 
<30 22(23.5) 25(21.6) lO(12.7) 40(27 .9)  14(25,4) 111 
30-49 11 7 10 4 22 54 

250 4 2 0 0 4 10 
l f i (13.5)  g(12.4) lO(7.3) 4(16 .1 )  26(14.6) 

Total 37 34 20 
Column x -0.3 -1 - 5  -1.6 
Column P >0.50 >0.10 >Oslo  

Total x2 i+ 31.661 df = 4 
8 .  Veloclty,  cm/s 

(5 14(8.2) 4 ( 7 . 6 )  3(4.5) 
5-1 4 a ( 9 . 1 )  a ( 8 . 4 )  4 ( 4 . 9 )  
15-29 l l (11 .8 )  l l ( lO .9 )  8(6.4) 
- >30 4(7.8) l l ( 7 . 2 )  s(4.2)  

~~~ - 

44  40 175 
-14.3 -14.0 
<<o. 001 tcO ,001 

P e 0.0001 

12(9.8) 6(8.9)  39 
12(10.8) l l ( 9 . 8 )  43 

56 
37 

Total 37 34 20 44 40 175 
Column x -6.2 -3.7 -1.2 -3.9 -4.1 
Column P > O . l O  >0.25 >O. 25 >O.  25 

Total x2 = 19.039 df = 1 2  P = 0.088 
C .  Subs t r a t e  

Sand, s l l t ,  
and/or c l ay  21(9.5) 4(8.7) 2(5.1) lO(11.3) a(10 .3 )  45 

Gravel 6 ( 4 . 7 )  4(4.3) 5(2.5) 3(5 .5 )  4(5.0) 22 
Rubble, l O ( 2 2 . 8 )  Zb(21.0) 13(12.3) 31(27 .2)  B ( 2 4 . 7 )  1 oa 

boulders,  
and/or bedrock 

Total  37 34 20 44 4 175 
Column x -21.5 -3.8 -4 .4  -1.9 -1.1 
Column P < t O . O O l  >0.10 >0.18 >o. 25 >Q. 50 

Total x2 = 32.693 df = 



t h e  k',ghest praportlon of water (30 cm Seep aara l labie ,  and HR3 has 

t h e  second h lghes t  propwtlon s f  wa te r  >3Q cm deep avai?able. 

no s i t e  i s  the pat te rn  o f  use a f  velaclties s ign i f i cant ly  different: 

f rom average { T a b l e  4-15B) Overall howe~er ,  t h e  nonslgw?ficsnt 

tendencies I n  t h e  deviztions are  I n  t h e  d lsect lsns  expected basad 03 

ava l lab l l i t - i e s .  For example, SIGH water 1 s  h i g h l y  used a t  AT. and 

and f a s t  wdter (>30 CMS) 'Is h i g h l y  used a t  the other  three s l t e s  

(Tab le  4 - 7 ) .  Substrate use d i f f e r s  slgnlftcantly only a$ AC 

(Table 4-16C),  where sand substrates ar?rg uti1 i zed  more than average,  a 

probable reflectlion of t h e t r  h l g h  svaila$lllty a t  t h l s  s i t e .  

A t  

Overall ,  t h e  pat te rns  o f  habqtat  use exhibited by brown t r o u t  of  

e i t h e r  age varied only once bietkeeen s i t e s  I n  s p i t e  o f  d d f f e r i n g  

a v a d l a b t l i t i e s .  The p a t t e r n s  of  Rab l ta t  use by Ase 0 raSinbo~a~8 t r o u t  

d i f f e r e d  f a r  a few sl'ces and habStat  fea tures ,  a ~ d  these  differences 

were i n  d i s e c t l o n s  expected barest Q T " ~  avallabilltles. The patterns of 

h a b i t a t  use by A e l a  rainbow t r o u t  d l f f e r e d  a t  tuo L ~ P  th ree  ~ f :  the 

f i v e  s i t e s  f o r  a l l  o f  " t h e  re5ources s t u d i e d .  So%?, but  by no meaos 

a l l ,  o f  these d i f f e r e n c e s  can be attritlented t o  differences i n  

a v a i l a b i l i t y .  Patterns a t  both AC asad HC tend i o  dev1at.e f rov  average 

use i n  ways predicted by avadlabllity. This 1s nat aluays t rue  a t  BC, 

LCC,  and NR3. 

Besldes inherent specles preference  and avallnb5llty, t h ~ r  presence 

o f  a second spectes can a l so  gotentlally a f f e c t  ~ E S O U ~ C ~  iJse a t  these 

latter sjtes. Sympatrlc populatlans of ulld brown and ra inhtw t r o u t  

e x l s t  a t  BC, LCC,  and MR3-  Because o f  the  dominance o f  brovn t r o u t  

over other salmonids (Kalleberg 1958; N;llsson 1963; Fausch and #bite 
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1981), the possibility of a habltat niche shift by ralnbow trout In the 

presence of brown trout should be evaluated. 

because patterns of habitat use by Age 1 4  rainbow trout at the three 

sltes where they are sympatric with brown trout vary slgnlfirantly 

among themselves as do patterns o f  use for depth and substrate, but not 

velocity, at MC and AC where allopatric populations occur. 

pooled comparisons of all sympatric populatlons and both allopatric 

populations would not be meaningful. In many cases, slte-by-site 

comparisons are necessary, although some pooling of data from sites not 

significantly different from each other was performed. 

Many analyses are required 

Hence, 

For depth and substrate, significant differences exist between AC 

and any o f  the individual sympatric sites. All dlfferences are In the 

dlrectlons expected based on avallabillty; l.e., Age 1 +  ratnbow trout 

se deeper water and more sand substrates at AC than at BC, LCC, or 

NR3. In pairwise comparisons with HC, the ifferences cannot always be 

explained in this same way. Conslderlng depths first, the BC vs FIC 

comparfson shows significant differences in the direction expected 

based on availability differences, but this is not the case at LGC 

(Table 4-17). The significant dlfferences at LGC Include some dIrectly 

opposite to avallablllty differences. Speclfically, there was an 

excess o f  Age 1 +  ralnbow trout In water >50 cm deep at MC in spite of 

its low availability at that site. 

at LCC by Age 1+ ralnbow trout i s  conslstent with the concept. o f  

competitive displacement or niche shift In that Age 1 +  brown trout show 

preferences fo r  deep water (Table 4-9). No slgnlficant differences 

exist between depth use at HC and NR3. 

Underuse of the deepest water 
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BC 13( 7 6.2) 12( 1 4 . 4 )  1 h (  10.43 4 1  
#C 321 28.8) 28( 2 5 . 5 )  13( 18 .6 )  73 

T o t a l  45 4Q 29 114 

To ta l  43 52 16 

x 2  = 5.430 d f  = 2 P < 0.05 

141 
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ge 1.1- ralnbow trout at AC and C do not  differ SI n ~ f ~ ~ a n t ~ y  i n  

~ e l o ~ ~ t ~  USE?, nQY o they dlffer at R3 and LCC. Hence, o 

r?sans are necessary: A6 + 6 vs BC, whlch shows, s l ~ n l ~ i c a ~ ~  

dfferences In the d ~ r ~ c t l ~ n  ~ x p ~ ~ t ~ ~  ased on a ~ a l l a ~ ~ l ~ ~ ~ ,  and AC + 

a l s o  shows differences I n  the Irectlon expected 

However, a comparison s f  veloclty use by Age lt 

~~~~~~w trout at C alone vs LCC + MR3 shows s l ~ ~ ~ ~ ~ ~ a n t  differences, 

"ich re f lee t  a ~ a ~ ~ a ~ l ~ i t ~  ~~~~~r~~~~~ (ia 

the slowest (<5 c m i / s )  and fastest (2  i s )  water I s  hlghest where 

I t s  a ~ a ~ l ~ ~ ~ l ~ ~ y  l s  hlghest, but the use sf 5- t o  34-cm/s water 1 s  

c despite tts bein no more a ~ a i l a b l ~  there than at the 

mpatrlc s l t e s  (Table 4-3) .  ~ ~ ~ ~ h ~ r ~ o r ~ ~  use o f  15- t o  29-cm/s 

velocdtles 3 5  htgher a t  t h e  sympatric s l t e s  t h a n  at MC even though 

velocltles I n  t h i s  range are less awallable there than a t  PIC. This 

lfference i s  agatn conslstent vlth a h ~ ~ ~ ~ h ~ s i s  o f  competltlon-Induced 

e shlft I n  that brown trout showed preferences far water with 

v ~ ~ ~ ~ ~ t ~ ~ ~  (15 cm/s (Table 4-93. 

Substrate utlllratlon patterns for Age I+ raqnbow trout at BC, LCC, 

Q not differ slgnlflcantly, although those a t  AC and MC do. 

e 1+ rainbow use more sand substrate at AC than a t  the sympatrlc 

s l t e s ,  and t h l s  I s  consistent vlth I t s  high avallablllty at A @ .  

Hawever, Age 1+ ralnbow t rou t  a l s o  use more sand substrate a t  MC than 

at the sympatrlc sites (Table 4-19) even though 9t I s  less avallable at 

C than a t  the sympatric sltes (Table 4-8). Again, thSs dlfference i s  

Consistent with a hypothesis of habltat nlche shift dn that brown trout 

show a preference For sand substrate (Table 4-9).  
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( 5  § - 1 4  15-29 - >30 rotif a 

27(  24 .2 )  254 20.0) 12(  1 7 . 3 )  9 ( 1 1  . t i)  73 

3 19(21 .$I 1 sg 18.0)  21 (1 5 . 7 )  13( 10 " 4 )  66 

Table  4-19. Comparison o f  use o f  subst ra te  by A e a +  rainbow t rou t  
a f  s l t e s  w h l c h  differ i n  the presence o r  absence o f  
brown t r o u t  and where s l g w l f l c a n t  differences occur.  
Expected values I n  parentheses. 

Clayo s i l t ,  Rubble,  boulders 
and/or sand Gravel and/or Bedrock T a t a  1 

Pic 2cag 11 3 -9) b(7.7)  33( 4 5  3 4 )  73 

BC+bCCtNR3 21 (29 .1  ) 13(11 .3 )  73( 66.6) 187 

Tota 1 49 19 112 180 

x 2  = 7.706 d f  = 2 Q < 0.625 
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basds o f  ~ ~ a ~ ~ a ~ ~ ~ ~ t y .  S t 9 1  

OF use ab: a l l  

~~~w~ trout: on1 C and LCC. H a b i t a t  use 

~ ~ ~ ~ t r a ~ ~  does not vary 

contras t ,  WC an 

inbaw t r o u t ,  so the a ~ l ~ ~ a t r ~ ~  

rainbow 

b e t w ~ ~ ~  WC and the s i t e s  w l t h  

e o f  water (3 

t e r  a v ~ l ~ a ~ ~ ~ i t ~  there (Table  4-6). Substrate 

ut does not d i f f e r  ~ l ~ ~ ~ ~ ~ ~ a n t ~ ~  between 

s dlffer between these sympatric o l t t e s  and A C .  

case a greater use f f lne  substrate a t  AC than 

n t  w i t h  the a v a l l a b ~ ~ ~ ~ ~ e s  (Table 4-8). 

V e l o c l t y  utt l izataon patterns for Age 0 rainbow trout  da not d l f f e r  

~~~w~~~ hie and MC, but do d i f f e r  in the allopatrtc vs sympatric 

comparlson, A ~ a ~ f l ,  the greater use of low-veloclty water i n  a l lopatry  

I s  canslstent w i t h  I t s  greater availabilit there (Table 4-7 

rslficatfon o f  t h e  AlR3 s l t e  as e l ther  a l l o p a t r i c  or sympatric I 5  

a ~ b i ~ ~ ~ ~ s ,  s i n c e  Age 0 ralnbow trout  there d i d  not c o e x i s t  w l t h  Age 0 

brown t r o u t  I n  the f a l l  1983 (liable A - 2 1 ,  a l ~ ~ ~ ~ ~ h  Age I +  i n  
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were present  and Age 0 t rout  were present on other saPa0p:lng dates 

( S e c t .  4 . 3 . 1 . 1 ) .  Nlsr s i g n l f l c a n t  differences i n  the use o f  any o f  t h e  

h a b l t a t  resources occur betueen Age 0 rainbow t r o u t  at N R 3  an 

pooiea: Be + LCC sympatric sites. 

4 . 2 . 2 , l  

Availabdlity of blfferent h a b i t a t  types varl ies f r o  s i t e  t o  s i t e  

(Tables 4-48 to 4-8) .  Trout ,  e s p e c i a l l y  Age 1+ t r o u t ,  da not use these 

h a b i t a t s  in p r o p a r t l o n  t o  their abundance I n  t h e  ~ n v i ~ o ~ ~ ~ ~ ~ ,  but 

ra ther  show preferences f o r  certa9rr de ths, velscitl%s, and substrates  

(Tables 4-9 t o  4-12] .  me%+?- preferences v a r y  between r i t e s  a long ssith 

variations I n  availab'tltty; e , g - ,  Age 16 brown trout show a s t rong  

pre ference  f o r  depth >SI1 c B 6C where thSs d e p t h  i s  l eas t  ava?lab'le,  

moderate preference a t  LCC 

pre ference  a t  a l l  for  deep water a t  NW3 where I t  I s  re?mt#wely  abundant 

(Tables 4-6 andl 4 - 9 ) .  Not  all between-slte v a r i a t i o n s  I n  habitat 

use by Age 1+ ratnbow t rou t  can be accounted for by v a r i a t i o n s  -In 

ava3labillty. Some between-slte v a r l a t l o n s  i n  h a b i t a t  preferences see 

to be t h e  result o f  h a b j t a t  n i c h e  s h l f t  a t  s1Pes 

p a t r i c  wdth  Age I +  brown t r a u t  (Tables 4-17 to  4-19]. 

Because varlatlons i n  h a b l t a t  use a re  induced both by avallabdllty 

( i . e . ,  relatlve d i s t r i b u t l a n  o f  habitat types I n  the en 

by species i n t e r a c t i o n s ,  no s i n g l e  suitablltty curve caw be used t o  

accurately p r e d l c t  habl%a% use l n  all l o t i c  sgeste s i r respect ive o f  t h e  

d?strlbu$lsn o f  h a b l t a t  types and presence or absence o f  other 



115 

4.2.3 Hab l ta t  ~ v a l u a t i o ~  

Physlcal  h a b i t a t  con I t loras a t  t h e  e i g h t  study s-ftes were ~ ~ a ~ ~ a ~ e d  

s o f  w e i g h t e ~  usable area ~W~~~ Q For ralwbow  PO 

rou t ,  as descr ibed I n  Sec t .  3.2. ~ t ~ ~ ~ l ~ t ~  curves 

from Sovee (197 ) (see F-fg. 4-5 an A ~ ~ e n ~ i x  E) .  T 

d l f f e rences  between sites can be e s of (I) ~ ~ s ~ ~ v e  

values, on each sampling date, der1 e ~ a ~ l ~ a t  response curves 

scharge f o r  s p e c l f t c  l i f e  stages; see A 

ime o f  average h ~ ~ ~ t a t  values 

~ o ~ t h l ~  f l o w s  a t  each s j t e ;  and ( 3 )  t he  t ime aer les o f  h a b i t a t  values 

~ r 5 d u c e d  by average ~ o n t ~ ~ y  f lows f o r  t he  ~ e ~ I ~ ~  

~ ~ p t e ~ b e r  1983 ( h y d ~ o g ~ a p h s  a r e  shown i n  Appe d l x  e ) .  ~~~~~a~ values 

were a l s o  standardlzed by t o t a l  wet te  

r e ~ r e s e ~ t a t l v e  reach and then expressed as ~ e r ~ e n t  usa 

A = l O O ( ~ U A ~ T S A ) .  

I n  some casesp the  values of WUA ca lcu la ted  a t  observed f lows a t  

h t  study s i t e s  were s t rong ly  co r re la ted  between l l f e  stages. 

hest  c o r r e l a t l o n  occurred between f r y  and j u v e n i l e  WUAs, w l t h  

r = 0,92 and r = 0. 1 for brown t r o u t  and r a i ~ b ~ w  t r o u t ,  respec t i ve l y  

(Table 4-20]. 

s i m l l a r l t y  i n  t h e  s u i t a b i l i t y  curves f o r  these two l l f e  s t a  

(see F i g s .  4-5 and 4-6) .  

inc luded lncubat lon  and f r y  ( r  = .BO) and spawnin and j u v e n I l e  

( r  = 0 . 7 9 ) ,  both f o r  rainbow t r o u t .  

This outcome could have been expected due t s  t h e  

Other WUA values t h a t  were h l g h l y  co r re la ted  

Two general  shapes were observed i n  the  h a b i t a t  response curves 

(1) WUA lnicreases (WUA vs f low)  f o r  t r o u t  a t  t h e  e i g h t  study s i t e s :  
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Table  4-28. Carrelatton c o e f f i c i e n t s  ( r )  between weighted usable 
area [ W A )  values f o r  d l f f e r e n t  l l f e  stager of i-alnbsu 
a2d brow? t r o u t  (ala values of r a r e  s ignqf icant  a t  
a = 0.05; NC. = not  slgnlflcant). 

A d u l t  Juvenl le  Fry Incubat'lon S p a ~ n l w g  
~ ~ - ~ .  .._ ............... ..__r .... ~ .... 



 t to tic ally w i t h  f l o w ,  and ( 2 )  WUA increases ~ n l t l a ~ ~ y  an 

decreases w l t h  o p t l m u ~  h a b l t a t  va ues l ess  an the  average ~ n n ~ ~ l  f l o w  

ppendix F). ~ ~ s p ~ n s e  curves o f  t h e  secon t y p e  ( u ~ l ~ o d a l  curves) a re  

~ ~ ~ o ~ t a n t  because t ey pred4ct stresses ue t a  h a b i t a t  ~ ~ g ~ a ~ a ~ i ~ ~  

ers’lng hlgh f l o w  events. ~ n i m o d a ~  curves were o ta ined f e r  spawnlng 

(brown t rou t  at. C and N R 3 ;  ~a~~~~~ t r o u t  at; AC and 

( a l l  s i t e s  cnd species), f r y  and j w e  specles a t  AC an 

t r o u t  a t  3C2). T 

Di f ferences i n  phystcal ha ? t a t  c h a r a c t e r i s t l c s  b ~ t ~ e e n  t h e  s t  

s’ates were i ~ ~ n t ~ f l ~ d ,  using Duncan’s m u l ~ i ~ ~ ~  range t e s t  and the W 

values based on man ~ a ~ t h ~ y  f laws. 

stage was present were used I n  t R 3 s  ana lys is  (Table 4-21), The ~ a ~ i t ~ ~  

values d i f f e r e d  sig j f l c a n t l y  between s i t e s  f e r  a11 species and l i f e  

stages (Tables 4-22 t o  4-25). For ratnbow t r o u t ,  AC had the best  

h a b l t a t  values for 01 er l l f e  stages ( a d u l t  and uvenlle), and LCC had 

the best  h a b i t a t  for ear lder  l i f e  sta es ~ ~ ~ ~ ~ b a ~ i ~ ~ ~  and  spawn^^^^. 

A~though LCC has r e l a t i v e l y  good reproduct ive and rearlng 

pear5 t o  have t h e  puorest  a d u l t  ralnbow h a b t t a t ,  based o 

t h e  sdtes. The th ree  Nantahala Rlver  s l t e s  cons4stentfy ranked low 3n 

terms o f  rainbow h a b i t a t ,  e s p e c i a l l y  w i t h  respect t o  h a b i t a t  f a r  t h e  

e a r l i e r  l l f e  stages. 

Brown t r o u t  h a b l t a t  at t h e  f o u r  s l t e s  where t h i s  specles was 

present was hlghest  a t  LCC and lowest a t  NR3. The BC1 s ? t e  suf fe red  

from r e l a t t v e l y  low spawning and a d u l t  h a b i t a t ,  and BC2 had poorer 

3uvenf le,  f r y ,  an incubation hab’l tat.  The s u p e r l o r i t y  o f  LCC for 
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Table  4-23. P e r l o d i c l t y  c h a r t  f o r  t i-out l l f e  stages In southern 
Appalachlan streams ( +  -- presence; 0 -- abssnee). 

. . . . . . . Haonth . .. ...... . 
spec ies  and 
l i f e  stage J F H A M J J A S O N D  
_.. . . . __. . . --_I- . 

Rainbow trout 

Spavn 1 ng 

I n c SA ba t 1 Q w 

i r y  

Juvewllc 

Adult 

Brsun t r o u t  

Spawn i ng 

Tncubatlon 

i r y  

Juven'r 1 e 

Adult 

c 

Q 

0 

t 

,f 

0 

b 

0 

6. 

4- 
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Table 4-22. C o m ~ a r l s o ~  between s i t e s  o f  ~ ~ I g ~ t ~ ~  usable area (hi 
1 for f i v e  14fe  stages o f  brown t rou t  based O W  
e m o ~ t ~ l y  f l o w s  ( see  Table 2-2 f o r  flow valuer).  

L i f e  stagea 

Spawn i ng 
n = 3  

Ft-Y 
n = 10 

JuveraI l e  
= as 

d u l t  
rs = 12 

A G  LCC 62 C1 N R 3  c 
-- 350 - 233 - 34 76 54 8 

LCC BC 1 AC NR3 N R 2 C  R1 
1040 928 - 532 263 179 30 

ACd 8C 1 NR2d 362 
LI 3544 2376 1889 1779 

ACd NRZd B61 LCC - 2967 1689 1653 1414 

AC? R 2 e p f  N R l f  LCG 
- 2532 a83 828 445 405 408 344 341 

L l l f e  s tage 1s  present ( s ee  Table 4-21) .  

same l ine are  not s ~ g ~ ~ f ~ ~ a n t l y  d i f f e ren t  Values connected 
(a = 0.05) based can’s ~ ~ l t ~ ~ l ~  range t e s t .  

o ewlidence o f  the occurrence af  t h i s  1 4 f e  stage a t  the ~~u~~ s l t e  

14 i ~ d l w ~ d ~ ~ l ~  of t h t s  l i f e  stage were col lected.  

I.*** no Age or  sexually mature adul ts  were col’lected. 

egsrnly one (Pic) o r  two ( A @ ,  BUR21 ~ n d I ~ ~ ~ ~ a 1 ~  o f  t h i s  l i f e  s t a  
col lected.  

iduals probably of  hatchery or1 I n ;  no evidence o f  wild s t o c k s  
a t  t h l s  s i t e .  



Table 4-23. Comparison between s i t e s  o f  weighted usable area (MUA) 
z/km) f o r  f l v e  l i f e  stages o f  rainbow tr 'out  based ow 

average monthly flows ( s e e  Table  2-2 for  Flau values) .  

Fry AC LCC BCl BC2 WC NW3 NFil NR2C 
n = 8  _l_l.._ 445 445 434 - 354 242 264 196 174 

Juvewl l e  A C  BC1 LCC BC2 C IW3 81 NR 2 
n = I 2  - $22 585 ____ 542 489 -___. 350 222 207 978 

-. 

Adult  c N R l  NR3 BCI! we NR2 BC1 LCC 
57 3 ____ n = I2 -- 2680 1308 123% 1072 98 935 9 29 
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rism between sites of percent usable area ( 1 for five l i f e  stages 
of brown trout. 

Spawning ACC LGC 8@2 BC 1 Mi13 f4c NRlC NR2C 
n = 3  (4.381 (4.18) (1.362 (0 .?5 )  (0.46) (0.35) (0.05) (0.02) 

Fry Acd La BC 9 NR2d Bc2 

Juvenile A& LCG BC 1 N €a !4cd 

n = 10 (45.05) (28.69) (23.51) 118.49) ( 18.23) ( 15.822 

= 12 136.31) j23.951 (16.23) ( 16.19) J l224)  (10.522 

A@ NR2@nf LCC N R l f  BC2 NR3 f3C 1 K d  
n = 12 (30.802 (8.41) (7.28) 14.68) (4.012 (3.36) (3.33) (3.10) 

an = nurber of months used i n  the analysis, based on presence of  the l i f e  stage 
[see Table 4-21). 

%falues conmted by the s a w  line are not significantly different (a = 0.05) based 
on Duncan‘s multiple range test. 

“No evidence of the Occurrence of this l i f e  stage found at the study site 
Ci.e., no Age 0 5r sexually maturn adults uere collected). 

individuals sf this life stage were collected. 

eO~ly one (nC) or two IAC, NR2) individuals of this life stage were collected. 

fIndividuals probably o f  hatchery origin; 170 evidence of wild stacks found at 
ttai5 s i t e .  
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Table 4 - 2 5  a-isor between sitcr of percent. usable area (W) fo r  five l i f e  stages 
of r a i n b  trout 

Spaupai n!-j 
n - 3  

Incubation 
n L . 4  

Fry 
n - 8  

Juweni 1s 
n 82 

Adll 1 t 
n = 82 

LCC 
(3.491 

LCC 
(i4.ao) 

LCC 
(7.93) 

AC 
(1o.loy 

AC 
i31.53) 

~~~ ~ - 

nths used i n  the analysis, based on presence of  the life stage 

bval !des connected Bine arm  st s i g n i f i c m t l y  different 4a :C 0.05) 
based on Duwan's 

%nly one Age 3 trout colierted at. this s i t e .  
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brown trout is especially obvious when WUA 'is expressed as a percent of 

total wetted surface area (Table 4-22). 

Exam'ination of the hydrologlc record synthesized for t 

sites Indicates several periods of  flow-related stress, which could 

have affected the trout populations that were observed in 1932 and 1983 

(Table 4-26). The most important periods of potentlal habltat stress 

were 

(1) perslstent low flows from July through December 1930 at AC 

and MC; 

(2) low flows in the late fall and winter of 1980 and 1981 at all 

sites; 

(3) low flows in August, September, and October 1981 at LCC, 

Sradley Creek, and the Nantahala River basin; 

(4) high flows I n  March and April 1980 at LCC, Bradley Creek, and 

the Nantahala River bas'ln; 

(5) high flows in January 7982 at AC and HC, and In February 1982 

at Bradley Creek; and 

(6) high flows In February, March, and April 1983 at AC, MG, 

LCC, and Bradley Creek. 

Each of these extreme hydrologic events depressed WUA values for 

specific species-life stage combinations. A time series of habitat 

values based on average monthly flows over the last 4 years i s  shown In 

Appendix H. Because this tlme ser'ies Is based an average monthly 

habitat values, the perlods of flow-related habltat stress, whlch 

usually occurred over time intervals shorter than a month, are not 

obvious In all cases, 
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Table 4-26.  Occurrence o f  hlgh f l w s  (>15WR m a n  m n t h l y  f lew) nr 
low flows ((50% mean ~ ~ n t h l t g  f l o u )  I n  five watersheds, 
1980-1983. Values a r e  percent  o f  the  average monthly f l o w ,  

S I  t e  

BC LCC MC N!? AC _..__ ........._.._.- -..III_x__._._ ..........._... LIIIII__._ .. ̂................... ~~~ -.-- 

.. .. . .._. ........ . . . ~  . . . ... ._ .... ..l___ll__ --.. ... ...- .. 
Year and 

month  

198Q 
January 
February 
Harch 
A p r i l  
Hay 
June 
July 
August 
Se p t emb e r 
or: tobe ?- 

-- -1 

-- 
152 

I. I 

151 I76 
I- .. __ 
49 
4 2  
28 
32 
34 

37 
.̂  - 
QO 

1981 
January 
Febrlaary 
Narcti 
Aprll 

3une 
July 
August 
September 
October 
!4 0 v embe P 
DeceiIlbt?r 

-- 
33 

33 
38 
43 

-- 

1982 
January 
February 

a r c h  
ApsI1  
H.3 y 
June 
July 

177 
I- 

-- 
I- 

-- 
-- 

-- 
168 
183 
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Table 4-26. (continued) 

S I  te 
Year and 
month AC BC LCC HC NR 

1983 
January 
February 
March 
Apr’ll 
Hay 
June 
July 
August 
September 

-- 
188 

-- 
38 
42 

-- 
187 
157 
21 7 

-- 
205 
227 
230 
185 
154 

-- 
36 
46 
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In a d d i t i o n  t o  these natura!  f l o w  events that  had an adverse 

impac t  ow t r o u t  habitat, short-term milalstenanre releases from Nalratahala 

esesvo i r  had an impact on WR2 and, t o  a lesser extent, on N R I .  The 

most s l g n j f i c a n t  of these re leases  occurred i n  Rareh 1989 when average 

d a l l y  f l o w  below t h e  daa exceeded 36 m’/s ( T V A  1983) .  

o f  t h l s  magnitude are  beyond the range of our WSP ca i ibsat lons ,  habitat 

values a t  these extre e l y  hlgh f l o w s  can be assu d t o  be very low for  

a l l  specqes and l l f e  sta  

Although P’”rokes 

The target  species i n  t h l s  steady were r-a3n?bow ( s g j h ? ~  qardnert) and 

(S. truP‘cg-1 t r o u t .  

e l g h t  study s i t e s ,  b u t  ul’8t-I Brown ti’tm2. a r e  found only I n  Bradley Creek, 

Lost Cove Creekklp and t h e  upper Nantahala KSver (NR3) .  An ?nslgn?FlcanP 

papulation e x i s t s  i u s  Abra 5 and H i 1 1  creeks in the Great Smoky Hounta’ins 

N a t l o n a l  Park; a s i n g l e  Individual [ t o t a l  l e n g t h  ( T L )  = 8 . 8  cpn] vas 

callected a t  t he  Mlll Creek s l t e  and o n l y  two b r s ~ n  trotit (TL = 32.4 

and 57.6 cm) were found a t  the Abrami Creek s i t e  A single brook t r o u t  

1 was a l s o  c o l l e c t e d  i n  L o s t  Cove Creek.. With the 

except ion o f  the W A  ws dlscharge curves wC3Ich weye comaparted f o r  both 

ralnbou and brown t r o u t  a t  all eaght s i t e s ,  these incidental catches 

are n o t  considered i n  t h e  analyses tha t  follow ( S e c t s .  4 . 3  and 4 . 5 ) .  

When t h ? s  study was i n i t l a t e a  ’rn Warch 1882,  only t h e  l o w ~ r  

aratahala Alver  s i t e  (NR1) was roartTne’8y stocked w i t h  hatchery-reared 

t r o u t ,  Approxlraately 1280-1500 t r o u t  j-tacked t ~ l c e  ~ ~ ~ t h l y  f ~ ~ f f i  

#arch t h r o u g b  August in b s t h  1982 and 1983 (MCWRC 1983) -  I n s  f i s h  ues-e 
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reach o f  the lver  from Whlte Oak 

trearn t o  the p ~ w ~ r ~ ~ u s e  ( F i g .  2-93). Se arate estdmates 

starsdlng crop o f  stocked trout were c ~ ~ p ~ ~ ~ d  

) @  sance most hatcher ~ t s ~ i ~ ~ u i ~ ~ e ~  

tocks by d l s t l n c t  ~ ~ ~ ~ ~ r ~ ~ ~ e ~  i n  the s l z e  and shape o f  the 

orsal flns. In the case o f  a few 

~~o~~ t r o u t ,  such a ~ ~ t ~ ~ ~ i ~ a t ~ o ~  was sometlmes 

spent several months (or years) in t 

no  vi^^^^^ o f  natura l  re 

11 brown t r o u t  were consldered t o  be o f  hatchery 

r rationale was applied t o  brown trout a 

s site was not stocke in eqthes year .  

1 were collected ~~r~~~ the enttre study, 

and the larger a l  was e n ~ ~ ~ ~ ~ ~ r e ~  on every sarnpllng date 

Evldence o f  stocklng a t  R3 was first observed In early June 1983 

when several ffngerling rainbow trout (< = 11.1. n = 11)  wlth abnormal 

dorsa7 fdns were observed, These flsh, which constttuted 

32 and 24% of the t o t a l  ralnbow trout collected at this site I n  June 

3 ,  respectlvely, were probably steelhead trout (5almo 

Adult  and fingerling steelhead were recently introduced galrdnerl). 

into the Nantahala River dralnage by the North Carolina Wlldlife 

Resources Comission. In February 1983, both ripe and spent female 

steelhead were found in Curtls Creek, and Little Indian and Big Indlan 

creeks (NCWRC 19833, a l l  of which are trlbutarqes o f  the Nantahala 

lver and located J u s t  above NR3 (Fig. 2-11}. In early Aprll 1983,  
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Table 4-27. Population est imates (G), densities (number/lQO m*), and 
standing crops (g/m2) o f  stocked t r o u t  a t  t h e  three 
Nantahala River s i t e s .  

NR? 
7-22-82 
9-22-82 
3-31 -83 
7-1 9-82 

WR2 
7-22-82 
9-23-82 

7-21 -83 

6 -8 ._ 83 
3-22-83 

3 
58 

1 52b 
24 

12 
22 

0.26 
2.24 
4.70 
0.82 

0.13 
Q . 2 6  
0 .12  
0.13 

0.57 
1 .34  

0 . 2 0  
2.11 
5 . 2 6  
1 . 4 8  

0 . 7 4  
0.85 
0*73 
0.96 

0.08 
0*26 

0 :100:0 
Q:1OQ:O 
0:lOCI:Q 
0: 180:O 

10Q:O:Q 
1oa:o:o 

Eq, (1) i n  S e c t .  3 . 5 . 3 . 1 .  

bSeason i s  closed dur ing 

o stocked t r o u t  (steelhead) were i d e n t i f i e d  i n  19 
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eared steelhead were stocked 'r 

f these Blsh xpected t o  rnQY€! 

a f t e r  re lease,  some ma 

for the4r presence i n  

nd J u l y  samples collected tat 

a t  any o f  the F?ve  s l t e s  out. 

f h a ~ ~ h ~ r y - ~ e a r ~ d  t rout  fol?owtng 

elease In a nat ra l  stream ~~~~~~~~ t (see review by 

n t  s ~ ~ c ~ ~ n g  i s  require t u  nallartaln a catcha 

t o f  these two factors ( 

e B ~ u c ~ u ~ t i o ~ s  @ere observed t n  the denslity 

and ~~~~~~~~ crop o f  the  s t ~ ~ k e d  t r o u t  ~~~~~a~~~~ a t  #R1 (Table 4-27). 

approach zero a f t e r  

only several months o f  ~ e ~ t d ~ ~ ~ ~  i n  t h  

s t r e s s  i n  wi ld  t rou t  f c e ~ c o u ~ t ~ r s  wj th  

~ ~ c ~ e r ~  t r o u t *  such e f f ec t s  waul occur over r e l a t tve l  short  perlads 

ed t h a t  such a transitory ~ h e n ~ ~ e n o n  woul 

$ ~ ~ n ~ f ~ c ~ n ~  adverse e f f e c t  Qn t he  Ut1 t rou t  ~ o ~ ~ ~ a t ~ o n  as a whole. 

 we^^^^ because flahing pressure t s  usually on stocked streams, 

p ~ ~ u ? a ~ i o n  1s also exposed t o  short  b u t  intense 

5 of angling tmmedlately fa'llowlng stockjng. 

rout  are  creeled dur lng these periods even though hatchery t rout  

are ~ r ~ ~ ~ ~ l y  much mre vulnerable t o  ang l tng  than a r e  wtld stocks. On 

the  otber hand, anglers were never observed a t  A C ,  MC, or NR2 and were 

5 w I y  rarely encountered a t  the other s t t e s  ( i n c l u d l n g  N R I )  dur ing the 

#ndoubtedly same 



cour5e of the study. Thus, e assumed that fIsshlng pressure uas not a 

significant factor i n  controlling w8ld trout abundance at 

the other seven s i t e s .  

uently, t h e  wlld ralnbou t r o u t  popula t ion  a t  N R l  was 

Included i n  our analysls, b u t  the stscke populatlow, includjn 

brown t rou t ,  was o i t t ed  f r o m  the co putations of density, standing 

crop, and productlon (Sect. 4.3.1) and the analysis of  habitat vs trout 

( S e c t .  4 . 5 ) .  Brown t r o u t  a t  N 2 were a l s o  exclude because these f i s h  

are presumably o f  hatchery o r i g i n  and are  present in ver 

(Tab le  4-27). The flngerling steelhead t rout  a t  NW3, on the  sther 

hand, were Included l n  all analyses except product ion,  where separate 

e s t l m a t e s  for  the two populat ions vere made. 

low dei-is*itfe% 

4.3.1 Density and Standing. C r o ~  

A s  noted earlier, one way I n  whlch f i s h  populatlons may reflect 

the adequacy of  theas envlronment i s  by t h e l r  abundance~ 

relatively lo carrylng capac i ty  ( e - g . ,  due to Sack of suitable  habitat 

A strea 

or  adequate food base) would be expected t o  have ca~respondlngly 10 

densities o f  res ident  flsher;. On both a seasonal and longer-term basis ,  

t h e  dual 

f i s h  per u n i t  area t o  that w ?cR can be supported by the available 

processes o f  m i g r a t i o n  and mortality a d j u s t  the nu 

r&s~k l rces .  

4.3.1.1 Salmonids 

The numbers and stan I n g  crops of  

brown trout  were esti ated a t  all sf the study s i t e s  for the Sam 

een June 1982 and July 19 ates of ralsabo 
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abundance, expressed as number per k l lometer  and number per 1 

meters, a re  presented in Tables 4-28 through 4-3 

(no.1’100 rn ) o f  o lde r  (Age 1+) ralnbow t r o u t  wer 

a t  a g lven s l t e ,  b u t  vasled by as much as two orders o f  ma 

between s i t e s .  Also,  ~ o n s l ~ e r a b ~ e  war ia t l on  I n  ge 0 d e n s l t l e s  was 

2 

served among tven s l t e  (Table 4-2 

ralnbaw t r o u t  were lowest a t  NR2 an NR1 and h lghes t  a t  MC, 

o f  Age 1 and Age 24. ralnbow t r o u t  were genera l l y  lowe 

d h ighes t  a t  MC (Tables 4-29 an To ta l  ralnbow t r o u t  

elensl t les ( a l l  ages comblned) ran  a I O U  o f  0.5 f j S h k F 7  

2 i n  Ju l y  1982 t o  a hlgh o f  71.1 a t  HC i n  ~ u 3 y  

S t a t l s t i c a l  comparlsons o f  mean dens l t l es  ad: r a S ~ ~ o w  t r o  

the e l g h t  study s l t e s  a r e  presented I n  Table 4-31. 

Age 1 t r o u t  were s i g n l f l c a n t l y  hlgher a t  M i l l  Creek than a t  the 

other seven s l t e s .  Few s i g n i f i c a n t  l f fe rences  were noted between the  

m e ~ n  d e n s l t  es o f  ratnbow t r o u t  a t  t h e  o ther  s l t e s ,  despt te  an 

approxlmate order  o f  magnitude range between t h e  smal lest  and t 

l a r g e s t  e s t  mates. I t  i s  l l k e l y  t h a t  t h e  wide conf~elence 7 1 m l t s  

many o f  t h e  popu la t ion  est imates (Tables 4-2 

de tec t l on  o f  s l g n l f l c a n t  s i t e  d i f fe rences  i n  age-class-speclf-lc rainbow 

t r o u t  dens i t i es .  

Brown t r o u t  dens l t les ,  l l k e  those o f  ralnbow t r o u t ,  were s l m l l a r  

among d i f f e r e n t  dates a t  a g iven s i t e  bu t  var%ed by as much as an 

order  o f  magnitude between s i t e s  (Tables 4-32 t ~ r o u ~ h  4-34). DensitSes 

o f  a l l  age classes were r e l a t l v e l y  low (genera l l y  l ess  than 7.0  

f i sh /100 m ) a t  BCI, B C 2 ,  and NR3, b u t  r e l a t i v e l y  h%gh a t  L C C ,  2 
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Table 4-28. Papealation est'imates sf  Age Q raB~?iQw trout  a t  t h e  
s t u d y  s i t e s .  

7-1 4-32 

10-28-82 
7-1 4 -83 
6-23-92 
8 -~ 2 5 - 8 2c 

1 1  -1 2-82' 
6-22-83C 

6 - 2 3 - 8 F  
8 - 2 6 - 8 2 
11-11-82 

9-8-82C 

6-22-83@ 

6-25-82C 
8-27-82 

1 1  -1 0-82 
6-24-83C 

7-1 -82 
9-9- 82@ 

10-29-82 
7-1 4-83 

7-22-82C 
3-22-82 

7-23-82 

6 -8-83C 
7-22-83C 

64 ( 3 8 ,  b)  
33 
41 (25,  584: 

124 ( 7 7 ,  1122) 
-_  
24 
99 
3 

2 
177 (96, b)  

12  (44, 780) 
1 1  

8 
34 (24,  75) 
19 (9, h) 

2 
254 (l%* b )  
145 
157 (85, b) 
322 (1501 $1 

7 

27 
68 (37, Dp) 

78 
255 

1 
38 

432.2 
221.5 
273.2 
830.1 

222.2 
655.6 
19.9 

21.1 
790.3 
319.6 
49.1 

74 .8  
315.5 
175.2 
18.7 

1410.3 
5342.7 
2154.7 

38.7 
314.5 
549.2 

9.2 

-. I 

2173.7 

1- 

-- 

481.5 
1574.1 

6.2 
481.5 

6 - 4  
2.8 
4 .0  

12.3 

2 * 4  
7.5 
0.2 

0.2 
9.0 
3 -  7 
0.5 

1.3 
7 . 5  
3 - 9  
0.3 

313.5 
12.9 
17.6 
4.3 ~ 2 

0 , 4  
2.7 
1 .o  

0.1 

-- 

-- 

-I 

4.3 
14.4 
0,l 
5.0 

-__I___ ~ ........ _. 

%ashes I n d i c a t e  
t a  deriver a pop 

bupper conf idexce 1 Im8  t 1 s undeflned. 

CPopulation est imate  i s  based 017 Eq.  ( 1 )  ( S e c t .  3 . 6 - 3 ) .  
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Table 4-29. Population estlrnates of  Age 1 rainbow trout a t  the 
study s l t e s .  

Number ~ U ~ b ~ r  
Extlmated numbera Per 

S I  ee Date (95% confldence I l m j t s )  k l  lometer 

AC 

BCl 

8C2 

LCC 

MC 

NR1 

NR2 

NR3 

7-1 4-82 
9-8-82c 

3-1 7-83 
9-1 4-83 

6-23- 02c 
8-25-82C 

3-30-93c 
1 1  -1 2-82 

6-22-83 

6-23-82c 
8-26-8ZC 

11  -1 1 -82 
6-22-83 

6-25-82 
8-21 -82 

1 1  -1 0-82 
4-29 - 83 
6-24-83 

7-1 -82 
9 -9 -82 

10-29-82 
3-1 7-83 
7-1 4-83 

7-22-82C 
9-22-82 
3-31 -83 
7-1 9-83 

7-23-82 
9-23-82c 
3-31 -83c 
7-21 -83 

7-21 -82C 
9--24-02c 

7-22-83c 
6-8-83 

24 ('85, 260) 
15 
24 (13, b) 
27 (13, b) 
65 (40, 798) 

3 

24 
3 ( 3 ,  3) 

8 (4, b) 

8 
45 
7 ( 3 ,  b >  
78 (43, b) 
1 1  ( 3 ,  58) 
24 (16, 420) 
28 (13. b) 
10 (6, 322) 
79 (13, 43) 

63 (42, 194) 
2 (45, b) 
49 (31, 327) 
133 (93, 292) 
172 (719, 412) 

88 
45 (27, b )  
109 (51, b)  
114 (66, b) 
2 (1. b) 
10 
3 
18 (1 1 ,  88) 

6 
30 
49 (29, b )  
78 

160.2 
100.7 
161.8 
178.3 
436.2 

53.0 
2 7 " 8  
19.9 
158.9 
52.2 

84.2 
200 0 9 
29.3 
348.0 

98.4 
226.5 
262.8 
94.5 
176.2 
539.8 
697.3 
423.0 
1136.8 
1468.5 

486.2 
251 . I  
601.6 
627.7 

10.1 
45.9 
13.8 
80.8 

37.0 
185.2 
299.5 
481 * 5 

2.4 
1.3 
2.4 
2.3 
6 . 5  

.6 

. 3  

.2 

.5 

.5 

1 .o 
.3 
.3 

3.7 
1.7 
5. 
5. 
1. 
2.6 

7. 
6.4 
5 .  

10. 
23. 

5. 
1. 
3. 
4.3 

.-I 
0.5 
0.1 
0.9 

0.3 
1.7 
2.4 
5.0 

"Dashes l n d l c a t e  t h a t  an l n s u f f l c l e n t  number o f  f l s h  were collected 

bUpper confldence 1 l m l  t I s  undef lned.  

cpopulatlon est lmate 1 s  based on Eq. (1) (Sect .  3.6.3). 

t o  d e r l v e  a populat lon est lmate.  



Tab?e 4 30. Populatlon estlmates o f  Age 2 t  r a l n b o r  t r o u t  a t  ehe 
s t u d y  s l t e r ,  

s i t e  Date 

AC 

BC 2 

LCC 

W @  

MR1 

NR2 

R3 

7 - 1  4-82 
9-8-02 

10-28-82 
3-1 7-83 
7 - 1 4  83 

6-23-82 
8-25-82 

1 1  -1 2-82 
3 -30 -83 
6-22-83 

6-23-8Zc 
8 -25-82C 

11-11 -82 
5 -22.-8$ 

6-25-02 
8-27-82 

1 1  -1 0-  82 
4 -29-83 
6-24 83 

-1-1 -82 
9-9-82 

10-29-82 
3-1 7-83 
1-1 4-83 

7 -2 2 --8F 
3-22-82C 
3-31 -83 
1-1 9-83 

7 23-82 
9 -23-82 
3-31 -83 
7-21 -83 
7-21.82 
9-24-82 

7-22- 83 
6-8-83c 

32 (15, b)  
5 (5, 5 ;  

14 (8 ,  b )  
20 (12, b )  
28 (20 ,  59: 

3 ( 2 ,  b )  
4 ( 3 ,  1 7 )  
4 ( 4 ,  4 )  
3 ( 3 ,  3 )  
8 ( 4 ,  b )  

20 
100 

4 2  
9 ( 5 ,  40)  

18 (11 ,  b )  
9 ( 7 ,  1 7 )  

19 ( 1 4 *  30; 
42  (25,  b)  

9 ( 4 ,  b )  
22 ( 1 4 ,  1 7 )  
66 (40, 9994)  
36 (27, 65)  

35 
12 

82 (38, &)  

10 ( 7 ,  1 7 )  
17 ( 7 ,  376) 

28 ( 1 3 ,  b)  

7 ( 3 ,  b)  

8 ( 5 ,  b)  
8 (5, 34)  
7 ( 3 ,  b )  

33 (16, b )  
1 5  
1 4  ( 9 ,  1 2 0 )  

- 

2 1 4 . 0  
33.5 
9 5 . 5  

135.6 
1 8 2 . 9  

20.9 
37.2 
26.5 
13.9 
55.9 

210.5 
446.4 

41.8 
181.5 

177.2 
8 4 . 1  
8 9 . 7  
110.3 
174.5 

356.2 
74.9 

184.7 
566.7 
311.3 

193.4 
66.3 

1 5 5 . 4  
451.2 

30.2 

37.3 
36.8 

42.4 
202.5 

92.6 
8 6 . 8  

- 

3.2 
0 . 4  
1.4 
1 . 8  
9 . 8  

0.2 
0 . 4  
0 . 3  
0.2 
0.6 

2.4 
5 . 1  
0.5 
2.0 

3 . 0  

2 . 0  
1 . 4  
2 . 6  

5.0 
Q.7 
2.4 
5 . 4  
4 .9  

2.2 
6 . 5  
0.9 
3"1  

0"3 

0.4 
0.4 
0 . 4  
1.9  
0.8 
0.9 

?.a 

"Dashes l n d l c a t e  t h a t  an Insufflclent number o f  f l s h  were c o l l e c t e d  

h p p e r  confqdcnce l l rn j t  I S  undrf~ned.  

CPopulatlon estlrna're I s  based on Eq, ( 1 )  ( s e c t .  3 .6 .3) .  

t o  d e r l v e  a p o p u l a t l s n  ~st ' inaa te .  



Table 4-31. Canparisan b e t e n  si tes o f  the mean densities a f  three a* classes of 

length of stream. 
trout, expressed both as nwnber per uni t  area and n W r  

Stocked trout at  NRl excluded, 

Age class S i  tesa 

(NQ./lm dl 

F#: AC NR3 5c 1 562 ccc NR1 NR2 
(26.06) (6.38) __ (5.96) (3.38) (3.3511 (3.28) (1.38) (0.101 

w 
(10.69) 

Hc BC2 LCC AC #R 1 NR3 Nfz2 
(3,691 (2.49) (2.20) (1.91) (1.67) (0.91) (0.36) ( 

F(c AC NR3 LCC BC2 e3R 1 BC 1 NR2 
(35.22) (9.982 (9.30) (8.19) (7.65) (6.49) (2.99) (0.10) 

w: NR3 AC 1 5C2 NR 1 LCC NR2 
(1920.3) (635.8) (439.3) (299.2) (295.0) (187.4) (146.1) (9.2) 

K NR 1 NRJ AC LCC BC2 BC 1 NR2 
1853.12 (49’1.7) (250,8) (207.4) (171.7)  (165.6) (62,4) (37.6) 

nc 5C2 NR 1 AC LCG NR3 NR2 EH: 1 
j298.8) (221.6) (216,6) (133.5) (130.0) (106.1) (34.8) (32.1) 

NR3 NR 1 AC e2 ccc Bc1 R2 
(2688.1) (992.7) ($48.8) (692.41 (682.4) (414.5) (234.0) (66.0) 

“Values connected by the same l ine  are not significantly di f ferent  (a =I 0.051, 
based on Duncan‘s multiple range test .  

bN = 4 (LCC, BCZ, WR3, AC, K),  N = 3 (BC1, NRI), and N = 1 CNR2). where RI = no. of  
siPmples (i.eea population estimates) used ta canpute mean density. 
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Table 4-32. Populat ion e s t ?  
study sites. 

tes  a f  Age 0 brown t r o u t  a t  the 

S I  t e  Date (95% confldcncc limits) k i  1 amieter 

8@1 
8-25-82 

1 1  -1 2-82 
6-22-83b 

w3 7-21 
9-24-82b 
7-22-83b 

1 
9 
20 
2 

4 
45 (28, 385)  
22 ( 1 2 ,  c )  
1 

2 
2 
2 

13.2 
40.6 
4 4 . 5  

6 . 6  

10.5 
48.2 
89.3 
8.9 

37.4 
421.5 
202.3 

9 . 3  

12.3 
12.3 
1 2 . 3  

6.2 
0 * 4  
0*9 
0.1 

Q.7 
10.2 

4 . 5  
0-1  

0 - 1  
6.1 
0 . 1  
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l e  4-33. ~ o ~ u ~ ~ t ~ o n  estimates o f  Age 7 brown t r o u t  a t  t h e  
study s i t e s .  

6-23-89 
8-25-82 

11 -1 2-82 
3-30-83 
6-22-83 

6-23-82 

6-22-83 

6-25-82 
8-27-82 

11 -9  0-82 
4-29-83 
6-24-83 

NR3 7-27 -82 
9-24-82 

7 -22-83b 
6-8-83 

53.0 
5 5 . 6  
70.4 

100*0 
13.2 

31 - 6  
17.9 
35.7 
18.2 

362.7 
238.3 
212.6 

70.2 
133.1 

50.3 
29.2 

0 ,6  
. 6  
.1 

0.9 
0.1 

. 4  

.2 
- 4  
. 2  

5.3 
5 . 7  
4.  
0, 
2. 

ashes Ind'lcate that  an Insufficient number f f l s h  were collected 
o deslve a ~ ~ ~ ~ 1 a ~ j ~ n  est'lanate. 

u l ~ ~ l a ~  e5t;Innate t s  based an Eg. (1) (Sect .  3.6.3). 

e r  confldence lImdt t s  undefdned. 
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Table  4 - 3 4 .  Populatlon e s t ? m t e s  o f  Age 2+ brown t r o u t  a t  the 
study s l t e s .  

8C1 5-23-8Sb 
8-25-82 

1 1  -1 2-82 
3-28-83$. 
6-22-83b 

sc 2 
8-26-82 

1 1  -1 1-82 
6-22-83 

LCG 6-25-82 
8-27-82 

1 1  -1 9-82 
4-29-83 
6-24 -83 

NR3 7-27 -82b 
9 -2 4-82 

6-8-83 
7-22-83 

2 
4 ( 2 ,  c )  
5 (3, 23) 
14 (8, c) 

13 (8, 45) 
1 1  (8, 20) 
13 ( 8 ,  45) 
29 ( 1 4 ,  43) 
19 (17, 26) 

6 " 6  
14.6 
44.6 
13*2 
26.5 

21.1 
18.2 
23.8 
63.6 

117.8 
99.? 
117.8 
190.9 
188.2 

38.8 
89 .o 
106.1 
191 .Q 

0.1 
Q.2 
8 . 5  
0.1 
0 . 3  

0.2 
0.2 
0.3 
0.7 

2.1 
2.4 
2.6 
2.4 
2.7 

0.9 
0.8 
0.9 
2.0 

Cupper confidence llrnlt 1s  undef ined.  
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Densltles of Age 1 and Age 2+ brown trout at LCC were signlficantly 

higher (a = 0.05) than those at the other three sites; a l t h ~ u g ~  Age 0 

densities were also higher at LCC, the difference was not statlst3cally 

slgniflcant (Table 4-35). Total densities (all ages combined) ranged 

f rom 0.5 fish/l00 in2 (BC1 in July 1983) to 18.3 fish/l00 m2 ( L C C  In 

August 1932). Mean total densltles were slgnlficantly hlgher at LCC 

compared to those at the other sites, which were not slgnlficantly 

lfferent from one another. Brown trout densltles were slrnflar to 

those of rainbow trout in LCC, but were generally lower than ralnbow 

denslties at the other slkes wlth sympatric populations ( B C 1 ,  BC2, 

NR3) ,  primarily because OB the substantially lower abundance of Age 0 

brown trout compared wlth the abundance of Age 0 ralnbow trout 

(Tables 4-28 and 4-32). 

Poor sampling efficiency (i.e., collection o f  inadequate numbers 

of fish on the marklng and/or recapture run) can result In potentially 

biased population estimates or undefined confidence intervals. Sampling 

efficlency was especlally problematical for Age 0 trout for two reasons. 

Farst ,  newly emerged trout fry are approximately 3 cm in length, and 

their small size makes them less susceptible to electroshocklng than 

larger fish (Bagenal 1978). Second, Age 0 fish tended to occupy 

shallow riffles. When stunned by the electric field, they would 

frequently be swept by the current lnto inaccesslble areas between 

rocks and cobbles. A s  the season progressed an Age 0 fish grew 

larger, they became more susceptible ta both stunning by the electric 

field and subsequent collectlon in the shallower, slower water, and the 

Age 0 population estlmates Improved accordingly. 



Table 4-35. Cqar iso ia  b c t w n  si tes  of  the mm densities of t h l - e  
age classes of  brwa trout, expressed both as awber 
per uni t  area an3 number per length of  s t rea~. ,  S a w  
si tes  ~ J P W  not ii?clu&d because of very 1w densities 
( K ,  XI or absence OF as: Fd populations (MR1, HR23 

Age class s i  tasa 

Age Cb 

Age l e  

Age 2+= 

'Totalc 

Age 1c 

Age ?.ac 

Total 

LCC BC2 BC 1 MR3 
(3.821 .......... ( 0.42) (0.31 (0.123 

LCC 8@ B 5.9313 BC2 
(3.94) AQ&Q ......... (0.476 ~ (0.2% 

LCC NR3 BC2 E1 
(2.439 LI.9- (0.359 (0.23) 

LCC NR3 BC2 BC 1 
(9.47) (1.703 ......... (1.06) -- 

bC@ WR?; aci BC2 
1203.4) (50.9) (45& ......... S?2& 

LCC $483 ac2 EC 1 
LUL3.l .............. .--.AL&a 0 .......... m 
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Mathews (1978) repor ted the  r e s u l t s  o f  fSsh surveys i n  Abrams Creek 

i n  1973-1974 and i n  1977. Rainbow t r o u t  dens i t i es  a t  sampling s ta t i ons  

loca ted  Immediately downstream from our study s9te were lower i n  

1973-1974 (approximately 0.5 t o  0.7 rainbow t rou t /100 m ) .  However, 2 

t he  1977 survey y ie lded ralnbow t r o u t  dens i t l es  a t  these s l t e s  ranglng 

from 2.5 t o  4,0/100 m , c lose r  t o  the  dens i t l es  est imated Sn our 2 

study (Tables 4-28 through 4-30). Mathews (1978) a t t r l b u t e d  the  

Increase i n  t r o u t  dens i t i es  between 1973 and 1977 t o  improved water 

q u a l i t y ,  reduced summer water temperatures, and reduced f i s h i n g  

pressure. 

Standlng crops o f  rainbow t r o u t  ( a l l  ages combined) on particular 
2 dates ranged from a low o f  24.2 g/lOO m a t  8C1 t o  a h lgh  o f  

7021.4 g/lOO m2 a t  HC (Tables 4-36 through 4-38) e 

standlng crops were r e l a t i v e l y  low a t  N R 2 ,  MR3,  and BCI (mean t o t a l  

standing c rop  l ess  than 200 g/100 rn ) and r e l a t i v e l y  h igh  a t  HC (mean 
2 t o t a l  s tanding crop o f  565 g/100 m ) .  Although t h i s  d i f f e r e n c e  

On t h e  average, 

2 

between PIC and these th ree  s i t e s  was s t a t i s t i c a l l y  s i g n i f i c a n t  

(a. = 0.05),  I n  most cases (e .g . ,  d l f f e rences  between s i t e s  by age 

c lass) ,  mean rainbow t r o u t  s tanding crops i n  H i l l  Creek were no t  

s l g n i f i c a n t l y  h igher  than those a t  severa l  o ther  s l t e s  (Table 4-39). 

Th ls  observat ion 1s cans ls ten t  w i t h  t h e  r e l a t i v e l y  low condlt ' ion 

f a c t o r s  among t r o u t  i n  M i l l  Creek (Sect.  4.3.2.2); t h a t  i s ,  t h i s  s i t e  

i s  populated by r e l a t l v e l y  fa rge  numbers o f  rainbow t r o u t  i n  r e l a t i v e l y  

poor cond i t lon .  Thus, o ther  s l t e s  w i t h  s i g n i f i c a n t l y  lower d e n s i t i e s  

become more comparable I n  terms o f  s tanding crops. Overa l l  ranklngs 

among s'ltes by dens i ty  and s tanding crop were s ' lmi lar  [4 .e. ,  s i t e s  w i th  
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Table 4-36 .  Stan $rag crops o f  Age 0 ra‘inbow 
t r o u t  a t  the study site.,. 

3-1 4-82 
9-8-82 

10-28-82 
7-1 4-83 

6-23-82 
8-25-92 

1 1  -1 2--82 
6-20-83 

6-23-82 
8-26-82 

1 1  -1 1-82 
6-22-83 

6-25-82 
8-27-82 

1 1  -1 0-82 
6-24-83 

7-3 -82 
9-9-82 

10-29-821 
7-1 4-83 

7 -- 2 2 - % 2 
9-22-82 
3-1 9-83 

7-23-82 
9-23-82 
7- 21 -83 

7-21 -82 
9-24-82 
6-8-83 

7 - 2 2-83 

2001 -3 
1115.3 
2088 F 9 
2718-6 

P- 

733 r)  5 
2885.5 

-- 

33.7 
2464 e 6, 
2266 I 4  
48.5 

119.6 
1220.6 
1158.2 

28.5 

4IQ4.l 
4057.2 
3976.6 
7736 * 0 

228.7 
4362.6 

963” 0 

-_ 
137.8 

-- 

2423.5 
10089- a 

5.6 
1037.6 

29-6 
14.0 
29.8 
4 0 - 3  

8.0 
33.3 

-- 

0 . 4  
28.6 
26.0 

0 - 4  

2.1 
29.4 
26,O 
8.4 

5 7 - 6  
37.6 
94.2 
12i . 4  

2 ” 6  
37 - 8  
5.3 

-- 
1.5 
- .” 

21 - 9  
92.6 
8.1 
10:I 

I--_- ........ .-_- 
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Table 4-37. ~ t ~ ~ d i ~ ~  craps o f  Age 1 r a ~ ~ ~ ~ w  
t r o u t  a t  the  study s i t e s .  

A6 

ca 

BC2 

LCG 

c 

NR1 

NR2 

NR3 

7-1 4-82 
2 

1 2 
3 

7-1 4-83 

3-30-83 
5-22-83 

6-25-82 
8-27-82 

6-24-83 

7-1 -82 

10-29-82 
3-1 7-83 
7 -1 4-83 
7-22-82 
9-22-82 
3-31 -83 
1-1 9-83 
7-23-82 
9-23-82 
3-31 -83 

7-21 -82 
9-24-82 

6-8-83 
7-22-83 

7-21 -a3 

1 6446 * 2 

3776.5 
7827 5 

1446.0 

14292.8 
1951 5.2 
11631 .Q 
1 1  062.7 
33430.4 
23936.6 
’3 41 40.8 
17847.9 
22733.4 

262.4 
1483.9 
254.1 
2369.2 

773.0 
5377.1 
4816.9 
8595 - 2 

9887 .Q 

4890.7 

243.6 
1 

9.4 
14.0 

6.9 
117.2 

66.1 
188.7 
221.6 

18.1 
72.2 

152.5 
105.3 
524.4 

276.8 
100.4 
100.7 
156.6 

2.8 
15.7 
2.5 
25.0 

7.0 
49.3 
39.3 
9Q.0 
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Table  4-38. Stand'ing crops o f  Age 2+ 
rainbow t r o u t  at the  study 
s l t e s .  

AC 

86 1 

BC 2 

LCC 

c 

1 

WR3 

7-1 4-82 
9-8-82 

10-28-82 
3-11 7-83 
7 -1 4 -83 
6-23-82 

9 1-1 2-82 
3-30-83 
6-22-83 

5-22-83 

6-25-82 
8-27-82 

1 1  -1 0-82 

6-24-83 

7-1 -82 
9-9-02 

10-29-82 
3-1 7-53 
7-1 4-83 
7 -" 2 2 - 8 2 
9-22-82 
3-31 -83 
7-1 9-83 
1-23-82 
9 -23-82 
3-31 -83 
7-21 -83 
7-21 -82 
9-24-82 
6-8-83 

7 -22-83 

4 1  252 -0 
4577.2 
9728.9 

1 1  55% - 8  
22677.3 

1865.6 
3480 " 9 
2218.5 
1552.9 
577'4.0 
19923.7 
421321 * 9  
3837 1 

21 890.8 

19755.2 
8738.4 
9420 0 8 
7311 .s 
15945 * 2 

26808.6 
6404 5 
14519.5 
36823 e 4 
23944. 7 
24508.8 
6743 D 6 

1 1  353 .Q 
3497'7.2 

- 
2294 e 4 
2497 I 9 

3529 9 2 

9420.6 
7170.3 

611.1 
57.6 
144.1 
149.8 
335 n 8 

21 " 4  
3 7 , 9  
25.4 
14.6 
57"3 

228.6 

23's .5 

345 - 5 
210.7 
211.1 
91.7 
235 - 3 

190.5 
353.8 
375*6 

283.4 
47.9 
64-1 
248.9 

30-2 

23-5 
2 6 - 4  
31 -9 
234-9 

7 6 * 9  
74.3 

- 

%ash Indicates t h a t  an insufficient nu 
of  f l s h  were collected t o  der Ive  a blomass; 
estimate, 



risan betveen sites of the mean standing c f three age classes 
and k i  lagrams trout, expressed both as gr 

of stream. Stacked trout a 
II 

Age class s i  otesa 
__ .l____l_̂  

MR t NR2 
0 )  (12.95) ( 1.45) 

BC 1 NR2 
(31.38) (25.69) 

3 BC 1 NR2 
.23) (50.11) (31.91) 

poc MR3 AC NR 1 BCl 8C2 LCC NR2 
q5.768) (3.389) (1.961) 1.7851 (1.219) (1.201) (0.632) (0.138) 

K 2  )IC NU 1 AC LCC 3 5c 1 NU2 
(22.118) (21,700) (19.396) (17.960) (12.234) (11.4301 (2.981) (2.531) 

Hc mi t3cz Ac NR3 LCC Be7 NR2 
(44.301) (40.399) (27.829) ( 26.841) (19.7341 (18.305) (4,712) (3,0253 

%slues connected by the same line are mot significantly different (a = O.SS1, 

bw = 4 (LCC, BC2, NR3, AC, #cl, N = 3 CBC1, NRI), and N = 1 (NR21, where N = no. of 

based on Duncan's multiple ran* test. 

swples [ i .e . *  popu'lation estimates) used ta carpute man standing crop. 

"N = 5 CLCC, BCl,  AC, W),  N = 4 (BC2, NR1, W2, Nft31, and = 3 (N@, adult an3y3, 
where ti i s  as defined i n  footnote ' b . '  
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low densities ( e . g . ,  R2, BC1) genera?ly a l s o  had lou standing craps]. 

As v l t h  densi t ies ,  feu sdgnlftcawt d t f f e r e n c e s  were noted a 

trout standlng crops a t  t h e  s t u d y  sites, 

p r l s e d  a small percentage o f  t h e  overall rainbow 

t r o u t  blornass, rang'rng from an average o f  3.8% a t  NRZ t o  33.1% a t  BC1. 

Age 0 f i sh  accounted f o r  l e s s  than 5% of  the ralnbow t rout  stamling 

crop a t  four o f  the  e lght  s l t e s  (8C2? LCC,  WRI, N E ) .  On t he  a t h w  

hand, Age 2+ :Ish compr-lsed between 45 and 80% o f  the average rainbow 

t r o u t  standing crop a t  t h e  e i g h t  s t u d y  s l t e s  ( l a b l e  4-38) .  

t r o u t  stancltarg crops ( a l l  ages comb?wed) on particular dates 
2 2 28.1 g/108 m a t  861 t o  7 4 5 - 8  g6'160 to1 a t  1.W 

(Tables 4-40 through 4-42) -  On the average, brown t r o u t  bfomaiss was 

lowest a t  861 and BCZ and highest a t  LCC* W i t h  the exception s f  Age 0 

Flsh, mean to ta l  standing crops were slgnlflcawtly hqgher a t  LCC 

ared t o  those a t  the ather s l t c a  (Table 4-43) ,  a t rend very  s i  

t o  t h a t  observe for mean "Lata1 dens"lt%es (Tab le  4-35) .  A s  w l t h  

t rout ,  youwg-of-the-year brown t rout  contributed very l i t t l e  t o  

the overal? standing crap of t h l s  s p ~ c d e s .  A e 0 brown t r o u t  averaged 

between 0.2 and -4.6% of the  t o t a l  htornass, wheipcas, on the average, A 

2+ F i s h  made up 65 t o  94.4% o f  t h e  to ta l  $10 ass of  brbauw t r o u t .  

Although total densities were lower, overall standlng craps o f  bro  

t rout  tended t o  be ~ ~ ~ ~ ~ r ~ ~ l ~  or s l ight ly  greater thaw ra inbo 

standlng crops a t  the sltes,  here both species coexisted, primarily 

because of t h e  relatively large mean welghts o f  Age 26- 

er  (1'37%) reported avera e standlng craps o f  t r o u t  I n  

Bradley and Lost Cove creeks f a r  t h e  years 1973 through 1976. eo 



Table 4-40. Standln  crops o f  Age 0 brown 
e study r l t e s ,  

BC2 

6-22-83 

LCC 

NR3 7-21 -82 

7 -22-83 

1 7 . 4  
189.6 
7SO.  

33. 

61.7 
2299.0 
1882.5 
35.5 

61.7  
75.3 
24.1 

3.2 
0.1 

Q. 2 
2.2 

. 6  

. 4  

1 .1  
55 .4  
42.2 

.5 

0. 
0.7 
0.2 
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Table 4 - 4 1 .  StandSng crops o f  Age 1 brown 
t rout  a t  the study  s t t e s .  

BC1 6-23-82 
8-25-82 

1 1  -1 2-82 
3-30-83 
6-22-83 

BC2 6-23-82 
8-26-82 

11-1 1-82 
6-22-83 

L C C  6-25-82 
8-27-82 

1 1  -1 0-82 
4-29-83 
6-24 -83 

wf93 7-21 -82 
9 ~~ 2 4 .- 8 2 
6-59-83 

7-22-83 

1151 .$ 
1249 . O  
472.7 
712.3 
2'51.7 

18449.9 
9748 * 2 
10431 - 7  
1296,5 
3447.3 

2158.0 
1153.8 
1143.9 
2514.8 

13.2 
13*b 
5.4 
6 - 7  
2.5 

10.9 
5.4 

18,O 
6,2 

287.7 
235.0 
233 r 8 
16.3 
5c.9 

19.5 
lO"6 
9.3 
26.83 
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Table 4-42. $ t a ~ ~ ~ ~ ~  crops of  Age 24 brown 
t r o u t  a t  the study s l t e s .  

S I  t e  Date 

ca 5-23-82 

6-22-83 

BC 2 6-23-82 
8-24-82 

11 -1 1-82 
6-22-83 

LCC 6-25-82 

1 1-1 0-82 
4-29-83 
d - 24 -83 

7-21 -82 
9-24-82 
6-8-83 

7-22-83 

1499.3 
2088.5 

9800. Q 
7853.3 
8270.6 

15270.5 
20963 .1 
21 582.3 
19799.1 

281 89 I 1  
24522.1 
22036.4 
46445 .6 

17.2 
22.7 

141.3  
21.4 
46.5 

358.2 

277.1 

254. 
226.0 

79. 
81. 
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LCC 
11.070) 

LCC 
(8.2 751 

NW3 
(30.323) 

Total MR3 LCC 6C2 Be: 1 

"Values connected by the same l i n e  are not significantly different 
(a = 0.05), based on Duncan's mailtiple range test.. 

= 4 (LCC, BC1, ~C26 arid W = 3 ( N W 3 ,  where N =z no. of samples 
(i .e. , population pf%.tiut-ates) used to cbpute maw standing crop. 

'34 = 5 (LCC, SCI) and W = 4 CBC2, NR3) , bahsre N ' s  as defined in 
f O O t R Q b  ' b . '  
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2 

L o s t  Cove Creek during 

e ralnbow and brown trout biomass 

i n  Bradley Creek and from 4.22 t o  6.52 

e years. These values are  SI 5e f o r  the tr5ut ~ t ~ ~ ~ l ~ ~  

i n  our study,  whlch a t  B C 1 ,  
2 C2, and 8.66 g/m a t  L o s t  Cove Creek. 

a i ~ ~ ~ w  trout standdn crops i n  Abrams Creek were reported by 

athews (1978). Standlng crops a t  t ee s l t e s  downstream from s i t e  AC 

t e ly  0 , l  t o  0 - 4  /m2 In 1973-1 

te ly  2 t o  3.5 /m2 in I W L  T R ~  l a t t e r  btomass estimates 

are slm’llar t o  those observed I n  ~ ~ r a ~ s  Greek i n  the present s tu  

from 1.20 tQ 7 . 4 2  g/ (Tables 4-36 through 4-38>. 

lcate that  the e lght  study s’ltes have greatly 

different capacities t o  support t r o u t  biomass. 

sf t rout  (both specaes c o ~ b ~ n e d ~  ran ed from 31.9 g/lQO m2 a t  N R 2  t a  

Average standin 

2 m a t  ellist Cove Creek, over an order of  ~ ~ n l ~ u ~ ~  

dtfference.  A l t h ~ u ~ ~  the c o n f l  ence Intervals f o r  many of the 

ulatlon e 5 t i ~ a t e ~  are  wide, the estimates for %OR2 and LCC are 

~ ~ l a ~ ~ v ~ l ~  good. ture  ra t ios  [ i . e . ,  r/a f ro  

sect .  3 . ~ ~ 3 1  a t  the two s i t e s  were 36 and 48 , respectfvely, wl th  

a l l  s i z e s  and species o f  trout comblne . Both s l t e s  are  located on 

third-order streams, and the  lower streamflows probably enhanced 

ture efflclency. Consequently, the  differences I n  population 

s l t l e s  and standin crops, a t  least  betwee these two sites, 

are real .  

basger (1975) also noted t he  great ariiablllty of trout 

ss between streams (even wtthln  a localized area) and between 
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years.  

a l s o  be a t t r i b u t e d ,  I n  par t ,  t a  t he  presegace QY absence of other 

The v a r d a b + l i t y  I n  rainbow t r o u t  b l o  

i d s ,  namely Brswn t r o u t .  For  example, b o t h  the dens i ty  and 

standlng crop o f  ralrrbiau t r o u t  were slgnlficawt3y l o w e r  a t  s l t e s  w l t h  

wild brown trout populatlans than a t  those s i t e s  where ralnbcbw t r o u t  

was t he  o n l y  salmonld ( T a b l e  4 -44 ) .  T h l s  trend was esperjally evident 

wdth the younger age c l a s s e s .  

4 . 3 . 1 . 2  

Exclud'lng t r o u t ,  a t  l e a s t  18 species o f  f i shes  were cellrscted f rom 

the sampling s i t e s  (Table 4-45 ) ,  Include were th ree  specles o f  

suckers, two o f  surlflshes, one or two OF sculp?rps, ten o f  mlnnows, and 

tu0 o f  darters, The low dlvers"ly o f  nansalmonld specles a t  so 

( e . g , ,  only  ~ U O  spec les  a t  LCC and N R 3 )  my be r e l a t e d ,  I n  p a s t ,  t o  the 

presence o f  natural or a r t t f l c i a l  barklet-s t o  f l s h  mouemesat. For 

example, a ser tes  o f  small cascades a r e  located on a short reach o f  

Lost Cove Creek belab t he  s t u d y  s t t e .  I n  a d d l t l a n ,  l a r g e  l o g  

s t ruc tures  have been constructed on selected s t reams by the 

3"dortk Carollna # i l I d l l f e  Resources Ca I s s i o w  t o  prevent t h e  upstream 

eslt of  nonsalmon?ds, A barr lcr  o f  t h l s  type  3 s  located 

approxlrnately 1 . 5  km below !4 3 ;  I t  UdS partlally modified t o  permit 

the upstream rn lgra%lon o f  spawnlng steelhead i n  11883 (NC 

Anather b a r r i e r  i s  l oca ted  on S ~ t h  Fork Wills River, apprsxlmaately 

below the  conf luence  w!fh Bradley Creek ( F i g .  2-61. 

Mean t o t a l  densltlecs o f  nsnsalmsnlds ranged f rom about 4 Plsh 

100 m2 a t  N ' R ~  t o  52 f i sh / iOa  2 a t  AC (Table 4-45] 

h lghest  density was observed a t  W 2 ,  followed i n  order of decreasing 

 he second 



Table 4-44. Mean standtn crop and denslty est! t e s  f o r  three a 
Snbow t r o u t  a t  s i t e s  wlth and wlthaut  brown 

t r o u t  (BR), Standard devlat.lan i n  parentheses; P 3 s  the  
~ ~ ~ ~ . l $ i c a n c ~  level for rejecting the  n u l l  ~ ~ ~ ~ t ~ ~ s i ~  t h a t  

ans are equal, 

Standing crop 
( g / ~  00 m2) P 

e o  
wPO BR ( N  = 12)a 38.4(36.5) 0.06 11.20(13.50) 0.01 

18.6( 24.1 ) 

W/O BR ( N  = 18) 135( 7 27) <o. 01 4.79(  5.42) dl e 01 
w/BR ( N  = 18) 54.41(61.3) 2.00(1.95) 

e 2+ 

w/BR ( N  = 18) 149( 133) 1.48(1.29) 
W/O 8R ( N  = 17) 194( 166) 0.32 2.09(1.75) 0.15 

= number of s i t e  and sampling date  combinations used i n  the analysis. 



Table 4-45.  co on and s c l e w t l f l c  na 5 o f  wsnsalmonld f:§hes collected 
in 1982. 

-,__- ....... ~ 

Genus and species 

Cyprlnldae anomalum (Raflnesque) 
----- fuoduloldes Glrard 

(Jordan and Gdlbeirt) 
wocoml s m l c r o D Q p Q  (Cope) 
Matropas csccoq?penis (Cope) 
Nstr-oQls rubricrsceus (Cope) 
NotraD? s- SJectrenPrcuI us (C 
lli Rhlnlchthys atratulus (He 

ca ta rac t ae  ( V  
tramwaculatus ( 

Percidae 
I___- Etheostama sdmoteronm, (Cope) 

Mhlte sucker 

Rock bass 
Redbreast sannFS sh 

Stoneroller 

Saffron shlner 
Wirros shiner 
Blacknose dace 
Longnnse dace 
Creek chub 

Fantad 1 darter 
Tenns5see snubnose 

dar te r  
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abundance By M R 1 ,  MC, 861, L K ,  and 8C2. Both t h e  BC and W R  ser ies  

exhlblted Increardng d e n s i t l e s  ulth 'rncreasiing dis'canie downstream- 

The blacknoso dace was the msst akx;wd;ant nonsalmm'rd a t  A C ,  BC1, 

L C C ,  and MC; s c u l p i n s  ucre the mort  niim~llg~ous a t  BC2 ard WR3; and t h e  

stonerol ler  w2s the rn abundant species a t  N R l  and NR2 Other 

e r l c a l l y  Importa~t spec9es Included s a f f r o n  s h 1 n e r ~  a t  8@1 and BC2; 

s tonerol lers  and l?orthern hogsuckers a t  a l l  sites except LCC 2nd MW3; 

rosyslde dace a t  AC and MC; creek chubs a t  A C ,  HCp and NW2; whlie 

suckers a t  AC; longnose dace a t  NR1; and rock bass a t  N E .  
2 Mean standing crops o f  wonsalmsnlds ranged from f.2 gPm a t  

2 t o  9,9 g/m a t  AC (Tab le  4 - 4 7 ) .  Other s t a t l o n s  i n  order of 

decreasing b%ora\ass w8i-e YR'r , N R Z ,  HC, B C Z ,  B C 1 ,  a ~ d  L C C *  Mbl te  suckers 

constituted t h e  mzjorlty s f  nawsa?mmId biomass a i  AC ( 7 1 % ) ,  whereas 

northern hogsuckers were mait ?%par t an t  a t  B C i ,  EC2,  and WC. T h i s  

speeles was a l s o  Important a t  MRi l  and NR2 and, targether with the 

s tonero l le r ,  contributed 92 and 59% of the to ta l  nonsalmofild blomass a t  

these s l t e s ,  r e s g e c t l v e l y .  Other species c o n t r l S u t i n g  s i g n i f i c a n t l y  t o  

biomass d e n s l t l e z  @eve blacknose dace a t  A @ ,  R C e  B C l ,  and LCC; 

s tanero l le rs  a t  A C ,  BCT , BC2, and Rr?; t?tlr'ckei-n hogsuckers sf A C ,  RC1, 

and BC2; creek chubs a t  AC and MCp sculp?i-ss a+ B C 1 ,  8C2, and a l l  th ree  

Nantdhafa R i v e r  s i t e s ;  black r - e d h a r s ~  ah LCC; r ? v e r  chrnhr a t  NC and 

BC2; longnose dace a t  MI; and rock  bass a t  W W 2  ( T d b l e  4 - 4 7 ) .  

The percantage O f  total Plsh biomass earsstst*lng o f  nonsalmonids 

ranged f r o m  a low near 5% a4 LCC and UR3 t o  as ntwh a s  87% 3 t  ~u"R2 

(Table  4-49) .  Monsa'mon?d biomass was n l s n  r s : a t l v e l y  h ? y h  a t  AC (73%) 

and W R B  ( 6 5 % )  b u t  comprised o n l y  about 40% af t n e  t o t a l  f l a b  b9 imss  a t  



Tab le  4-47. Mean s t a n d l n g  c rops  (g/m2) o f  nonsalmon3d f l s h e s  a t  t h e  e l g h t  s t u d y  s i t e s .  
November 1982 ( N  = 3 a t  a l l  s l t e s  except  NR1-3 u h e r e  N = 2). Standard  d e v l a t j o n  'in paren theses .  

Sampl ing conducted f r o m  June t o  
T = t 0 . 0 1  g/m2. 

AC BC1 BC 2 LCC MC NR1 NR2 NR3 

Cypr ' ln ldae 
S a f f r o n  s h l n e r  
Ma rpa  1 n t s h 1 n e r  
Blacknose dace 
iongnose dace 
Rosys lde dace 
Creek chub 
R i v e r  chub 
Flame chub 
S t o n e r o l l e r  
M t r r o r  s h l n e r  

Perc idae 
F a n t a l l  d a r t e r  
Tennessee 

snubnose d a r t e r  

Cot t 1 dae 
C o t t u s  s p p . F  

Catostomldae 
B l a c k  redhorse  
N o r t h e r n  hogsucker 
Whl te  sucker  

C e n t r a r c h l d a e  
Rock bass 
Redbreast sunflsh 

T o t a l  

- 
T 
0.75( 0.23) 

0.02( 0.01 } 
0.70(0.43) 

T 
0.44( 0.53) 

- 

- 

- 
0.01 (0.01 1 

- 

- 
0.92(0.67) 
7.054 5.92) 

- 
- 
g.gO(5.34) 

0.01 (0.01 } 
- 
0.1 4( 0.10) 
- 
- 
- 
0.02(0.02) 
- 
0.1 5( 0. 05) 
- 

T 
- 

0.14(0.07) 

- 
O.SS(0.19) 
- 

- 
- 

0.85(0.35) 

0.03(0.02) 
T 
0.08(0.03) 
0.01 (0.01 ) 

0.1 3( 0.09) 

0.13(0.13) 

- 
- 

- 

- 

T 
- 

0.1 b( 0.06) 

- 
0.63(0.61) 
- 

- 
- 

l.lE(0.70) 

- 
-0.01 ( 0  .Ol 1 

0.01(0.02) 

0. IO( 0.1 1 ) 

0.26( 0.12) 
O.OZ(0.03) 

0.30( 0.40) 

- 
0.45( 0.58) 
- 

- - 
- 0.01 (0.01 ) 

0.28(0.26) - 
- 1.28(0.95) 
- 0.36(0.11) 

- 
- 
0.01 (0.00) 

0.02( 0.01 ) 
0.02( 0.01) 

0.18(0.04) 

- 
- 
4.44(1 .OO) 
- 

- 
- 

0.44( 0.10) 

0.03( 0.04) 
4.06( 0.12) 

- 
- 

9.2C(l.22) 

- 
- 0.02( 0.01 

- 
0.12(0.04) - 
- 
- - 
2.21(1.03) - 
0.06(0.03) - 

0.4b( 0.0E) 0.22(0.15) 

- 
2.57(0.65) - 

2.54(0.49) - 
0.07(0.00) - 

a rn 
B.(34( 0.81 ) O.29( 0.1 6 )  z 

F- a 
--I 

ro 
W 
(u 
cd 

a c o t t u s  b a l r d l  G i r a r d  ( m o t t l e d  s c u l p l n )  and C. c a r o l l n a e  ( E l l l )  (banded s c u l p l n ) :  e l t h e r  one o r  b o t h  may occur  a t  t h e  s tudy  s l t e s .  7 
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T a b l e  4-48. E s t !  a te$ mean percentage o f  total f i s h  nu 
and b'iomass as  nonsalmsnids and salmon'lds, 
June-November 1982. 

AB: 

BC 1 

c 2  

Lee: 

C 

N R J  

2 

NRJ 

8 4 - 6  

'71 .& 

49.8  

32.6 

38.6 

72.9 

98.1 

21 .9  

1 3 - 4  

2 8 . 2  

50.2 

6 7 - 4  

6 1 . 4  

27.1a 

1.9b 

78.1 

72,6 

40.7 

22 .4  

4 . 1  

314,s 

65,3 

233.3 

4.8 

27.4 

59.3 

7 5 . 5  

93.9 

61.5 

34.7a 

12.1b 

95.2 

"ICncludes stocked t r o u t  whlch ces prliaed 1 5 . 9  and Z3.8%, based 
bers and b l o m s s ,  r e s g e c t l v e l y ,  s f  the  to ta l  sa! 

gapulatPon i n  1982, 

bIncludes stocked trout w h j e h  eo 2 6 - 7  and 68.4X, based 
hers and blomass, respectlvely, of the to ta l  sal 

population I n  1982. 
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and only 22% at BC2,  Alt~ough the e of nonsalmonlds 

mbers was hlgher than the percentages based on blomass, the 

1 ~ a ~ t ~ ~ ~ ~  were evident between sttes (Table 4-48), 

4.3.2 B o u t  Growth 

An e x ~ ~ i n a t i o ~  of routh rates and less h-weight relationshtps can 

have ~ o n ~ i ~ e r a ~ l ~  value in fls, aticpns. For exa 

growth rates wlll vary I n  response t o  season, food base, temperature, 

ulation density, and nu erous other e n ~ i r ~ ~ r n e ~ ~ a l  factors, and the 

r ~ s ~ ~ ~ ~ ~  f ~ ~ ~ u e ~ t l y  differs a ~ ~ n g  cohorts a f  the sa e population, 

e-class-speelfle gro be used to ~rarn~a~e 

utilization by trout ~ o ~ u l a t ~ ~ n ~  o f  the e ~ v i r ~ ~ ~ ~ ~ t a l  resources o f  

t streams. The co nly calculated con Itton factor ( K )  Is a 

c ~ ~ v e n i e ~ t  ~ e a ~ s  of expresslng the relatlve well--belng of  a f l s h  

~ o ~ ~ l a t i o ~ ,  because the larger the condition fact r the heavler the 

lven length (Everhart et al. 1975). There are numerous 

fac tors  (e.¶.*  food supply, age, sex, season) t h a t  can .influence the 

~ ~ n d i t i ~ ~  o f  fish, and dlfferences I n  the value o f  K have bee 

gain inslght into t ese clrcumstances. This sectlran compares growth 

length-weight relatlonshlps (condltion factors and 

l~ngth-weight regressions) o f  trout populatlons living under different 

conditlons of  food, denslty, and physical habitat at the eight study 

s l tes ,  

4.3.2.1 Length-Welaht Regressions 

Length-weight regressions f o r  ralnbaw and brawn trout are presented 

les 4-49 and 4-50, respectjvely. Because separate regression 



Table 4-49. Len th-we'ight regressions f o r  rainbow t r o u t  a t  the e t g h t  
y sites. General Form o f  t h e  equat'lorr 1 s  log10 

= log10 a 3. b l o g l o  L ,  kiahere w = weight s w  grams 
and L = t o t a l  length ?n c e n t l  

A@ 

Bel 

8C2 

L@ 6 

HC 

W K I  

NR2 

NR3 

252 

18 

184 

5 $2 

503 

278 

46 

189 

0. QQ3 

0 * 008 

8 005 

0.003 

0.007 

8.003 

0.001 

0.004 

th-welght regress%ons for  bra t r o u t  a t  four 
steady s i t e s .  General form s f  the equa t lon  I s  log10 
kd = log10 a 
and b = tstnl length I n  centimeters. 

b l a g l ~ ]  L ,  w ere M = u e j g h t  I n  grams 

2 
Number sf  Length-welght 

S i t e  observatlons reg res s 1 on i-2 S Y Q X  

wc 1 5 4  -2.21 + 3.16 l o g r 0  1. 0.98 0. a m  

LCC 190 loglo bd f -2.02 4= 3.01 loglo a 0.99 0.002 

3 1 2  log10 w -2.03 3. 3.02 l a g l o  b 0.99 a. 002 

62 58 loglo w = -2.12 + 3.0 l "qo  L 0 .  0.006 
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Ions ~ a l c u ~ ~ t e ~  for 19 2 and 9983 wer ntica'l, length 

t data f o r  the entlre s t u d y  perdo 

ch s l t e  and speeles 

2 es., Csefflctents o f  ~ e t ~ ~ ~ ~ ~ a t ~ o ~  ( r  1 were close t o  u n i t y  

at all sltes, in st af the ~~~~~~~0~ in trout we1 

est dlffesent rowth stanzas i n  these F 1  

that growth i s  'Isarwetr3c (i.e*, bo y ~ ~ ~ p ~ ~ t i ~ ~ ~  and 

savdty  do not c h ~ n ~ @  with llen 

43 ralnbow and brown trout were 

used to calculate condition factors. A l t ~ o u ~ h  ~ n d i ~ ~ ~ u a l  values of K 

nged From 0.32 to 1 . 5 7 ,  0% o f  the rainbow trout and 97% o f  the brown 

trout exhlblted K's In the range of 8.75 to 1.25. Extreme values were 

nearly always for Age 0 55sh and were the result of we1 

t o  body surface water or w l n d y  cond l t l ans .  

Mean candStlon factors, calculated for each species, site, an 

e 0, Age 1 ,  and Age 2 +  tro t are presernted in Tables 4 - 5 1  

~ ~ ~ o u ~ h  4-53. No consistent seasonal trends in mean K at the e l  

tes were apparent ( i . e * ,  at so sites mean K s  decline 

whereas at athers mean K ' s   re^^^^^ t e same or Increased). There was 

ecllned over $he wtnter;  o Indicatton that condition In these fishes 
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Table 4-51.  Mean csndl'cion factors  (K) for Age 0 t r o u t  a t  the  
study s l t e s .  

N O "  O f  Mean 0. of  sa n 
s1 t e  Date f i s h  K f i s h  K 

BC i 

BC 2 

LCC 

AC 7-1 2-82 
8-31 -82 

6-21 -82 
8-23-82 

6-22-82 
8-24-82 
11 -8-82 
4-28-83 
6-21 -83 

I: 6-29-92 

NR1 7 -2 0 - 8 2 
9-20-82 

MR2 

7-1 8-83 

9-21 -82 
6-7-83 

7-20-83 

NW3 

30 
14  
23 

44 

9 
18 

6 

53 
33 

4 
1 

27 
1 0  

4 
40 
26 
41 

48 
9 

24 

20 

2 

- 

- 

- 

- 

- 

- 
- 

16 
41 
1 

20 

0.99 
0*92 
0 - 9 6  

0.9% 

1 .Q4 
0.79 

1.09 

1.04 
1.00 
0.99 
1.36 
1.02 
8.9 

0,87 

0.635 
O"8-3 
1.10 

Q,90 

1.12 
0.90 

0.99 

0.93 

- 

- 

- 

.- 

- 

I 

- 

- 

- 
- 

1.17 
1 .0a 
1.13 
0.96 

"Dashes I n d l c a t e  t h a t  no Age 0 t r o u t  o f  t h e  taxon were c o l l e c t e d  on 
t h a t  t r i p ,  
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Table 4-52. Mean eondltlon factors ( K )  f o r  Age 1 trout at t h e  
study s l t e s .  

Rainbow t r o u t a  

No. of nean Q. O f  ean 
S i t e  Date f l s h  K f l s h  K 

Cl 

BC 2 

LCC 

NW1 

AC 7-1 2-82 

3-1 5-83 
7-1 2-83 
6-21 -82 
8-23-82 
11  -9-82 
3-28-83 
6 - 2 8- 83 
45-21 -82 
8-23-82 

6-22-82 
8-24-82 
1 1  -8-82 
4-28-83 
6-21 -83 

6-29-82 

3-1 5-83 

7-20-82 

7-1 2-83 

9-20-82 
3-29-83 
7-1 8-83 

NW2 7-20-82 
9-20-82 
3-29-83 
9-1 8-83 

R3 7-1 9-82 
9-21 -82 

6-7-83 
7-20-83 

2 
7 
13 
12 
34 

5 
2 
3 
18 
6 

6 
14 
5 

25 

17 
12 
9 
16 

35 
28 
27 
69 
76 
14 
23 
25 
54 
2 
6 
3 

13 
7 

11 
25 
27 

ia 

0.95 
0.83 
0.83 

1 .ll 
1 .Q 

1.04 
0-97 
1.01 
0.93 
0.94 

0.9 

1 .a 

0.99 

a.9 
0.90 
1.02 
0.97 
0.89 

0.82 
1.04 
0.86 
8.93 
0.94 
0.95 
0.89 
0.87 
0.84 
0.88 
0.88 

1.03 
0.88 
0.93 
0.87 

- 
I 

I 

- 
I 

1.05 
1 .oo 
0.92 
0.93 
0.89 

1.01 
8.82 
8.9% 

1.15 
0.97 
0.95 
0.98 
Q.99 
- 
- 
- 
- 
- 
- 
- 
.- 
- 
- 
- 
- 
- 

1.08 
0.94 
0.98 
0.95 

anashes Indlcate that no Age 1 trout o f  the taxon were collected 
that t r l p .  



164 

sc 1 

8C2 

LCC 

c 

N R l  

AC 7-1 2-82 
8-32 -82 

3-3 5-83 
7-1 2-83 

6-21 -82 
8 - 2 3 - 8 2 
11 .. 9-82 
3-28-83 
6-  ZQ -8 3 
6-21 -82 
8-23-82 
1 1-9 - 4 2  
6-20-83 
6-92-82 
8-21-82 
1 1-8 -82 
4-28-83 
6-21 - 4 3  
6-29-82 
9-7-82 

18-26-82 
3-1 5-83 
7-1 2-83 
7-20-82 
9-20--812 
3-29 -83 
7-1 8-83 

7 -_ 261 -0 2 
9-28-82 
3-28 -83 
7-1 8-433 

#W3 7-1 9-82 
9-21 - 82 

6-7--83 
9-20-83 

1 a-26-82 

NR2 

13 
5 

13 
24 

3 
4 
4 
3 
5 

‘I 
19 

10 
1 2  
10 
9 
9 

16 
22 

6 
16 
38 

1 5  
6 

12 
26 
5 

7 
8 

7 
15 

7 
11 

i o  

a 

3a 

- 

0.90 
0.89 
8 - 9 2  
0.88 
Q.91 
0.91 
0 - 9 4  
1.07 
0 - 9 4  
6 . 9 3  
0.94 
0 . 9 9  
1 .ou 
0,99 

0.87 
0-86 
0 .81  
8 - 9 8  
0 , 9 7  
0*89 
0.84 
0.89 
0.96 
0.89 

0.95 
0,90 
0.90 
Q*93 

8.94 

0.88 
0.88 

1 .oo 
0.93 
0.87 
0.88 

-. 
- 
- 

1.07 

1 .10  
1.04 
1 .Q5 
0.88 
9.89  
1.05 
1 - 0 9  
1.04 
1.02 

1.02 
1 .ao 
1 .02  
0.97 
0,98 

- 

I 

- 
- 
... 
- 
- 
- 
- 
I 

- 
- 
- 
T 

1.02 
0,535 
8 ,94  
0.9’1 

-I.- I-----4--m_xII--I._ ...... __ . ......- 

”Dashes i n d l c a t e  t h a t  no Age 2-1. trout o f  the taxon were collected on 
t h a t  t r i p .  
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e number of instances in which mean K o f  a cohost either decreased or 

creased between the fall sample In 19 the sprlng sam 

were equal. Statlstlcal co~parisons of m a n  K s  showed few ~ i ~ n l f i ~ a ~ t  

dlfferences, and no s t t e  exhlblted ~ ~ n s I s t e ~ ~ ~ y  high or low mean K D s  

across specles, dates, or age groups. 

Mean condltlon factors of ~ y m p a t r l ~  and allopatric populatt 

rainbow trout were  omp pare^ by analysds o f  vaslance. W ~ e n  e f  

season and age were remove allopatric ~ o p u ~ a ~ l o n $  o f  ralnbow trout 

(sites A C ,  MC, and NRl; NR2 was not used In the analysls due t o  'Bow 

umbers of trout collected there) exhlbited slgnlficantly lower m a n  

K 8 s  (a = 0.05) than rainbow trout l n  sympatry wlth brown trout (sites 

1, 8C2, NR3, and LCC). The observatlon that ralnbow trout 

relatlvely better condltlon when i n  competlt3an with ~ r o w n  trout runs 

contrary to expectatlons; its explanatlon may l l e  more in the nature o f  

the streams we sampled than In the nature o f  competltlon between these 

congeners. Two of the three sites wlth wild ~ o ~ ~ ~ a ~ l o n s  o f  ratnbow 

trout alone ( A C  and N R 1 )  are relatdvely dlsturbed (Sects. 2.1 and 2.4, 

respectively). Abrams Creek i s  affected by ~ e d l ~ e n t a t ~ o ~  fro 

erosion (due to cattle grazlng), and the lower ~antahala Rlver (NRl and 

NR2) I s  subJect to extreme fluctuations In flow due to hydropower 

operations. Consequently, anthropogenic stresses may be responslble 

for the lower mean K ' s  of the allopatrlc ralnbow trout populatlons 

compared to the sympatric populations that lnhablt the other 

undisturbed sltes. 

To conclude, the calculation of condltlon factors and length-welght 

regressions are convenlent ways to summarize body size Informatton from 



F l s R  papulatlans, Although varlatlons I n  these  parameters R E I Q ~  heen 

reported I n  studles o f  other  f l s h  gapulatlons, due t o  differences lw 

such f a c t o r s  as age, sex, stage o f  sexual maturltty, season, 

ewvlronmental condltlans, and even s ta te  eP ful l i lcss  o f  t h e  alimentary 

canal (Weatherley 19121, felw: s l g n l f l c a n t  dlff2rences were noted among 

the  t r o u t  populations a t  Q U ~  s tudy  sdtes.  I t  appears t h a t  envlrswmental 

c o n d l t l o n s  a t  t h e  e l g h t  s l t e s  are  n o t  dlffercnt enough t o  prodescn 

demonstrable d i f f e r e n c e s  I n  t he  Iewgth-we7gkt relatlewshlps among t h e  

trout populatSons Inhats l t tnag thee. Alternatlvely, It. I s  posslble that  

condlt-lon f a c t o r s  are not  suf f icqent ly  sens’ i t lve t o  detect r e a %  

dlfferewces I n  the  nutrltjsnal s t a t u s  o f  these f l s b ,  For  example, 

Gasdlner and Geddes (1980) noted t h a t  young seln-lon lost“ both f a t  an 

grsteSn over t h e  w?reter= Because t h t s  l o s s  WEIS balanced by a wet 

uptake of Maker, howewr, f i sh  welghts remalnsd reasonably canstant ,  

Thus, c o n d l t l ~ n  fac tors  M Q U ~ ~  not  have been adequate t o  detect  

decl l rslng energy cantent  (nutrtt3onal sta tus)  during gerlods of 

i-elatlve starvatton, 

16.3.2.3 

Instantaneous rates o f  growth (Wlcker 7 9 9 5 )  were calculated for 

the 1980-1982 c ~ h ~ r t s  OF b o t h  r a ’ i n b ~ ~  and ~ ~ Q W Q  t rou t .  The V~IWS, 

presented ’in Tables 4-54 and 4-55,  represent the ra te  o f  chan 

wedght. o f  each cohort  f r o  the f f rs t  sampling d a t e  i n  19 2 t o  the l a s t  

llng d a t e  in 1983, one year l a t e r .  Growth rates o f  the youngest 

f l s h  (1982 c o h o s t )  were hlghest  a t  L o s t  cove Creek and, fer rainbow 

e s t  a t  the Nantahala Rlver  s l t e s  (Table 4 - 5 4 ) .  W a l n b ~  
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Table 4-54. I ~ ~ t a n ~ a n e o ~ §  growth rates (G in 
geg-1 ayear-11 f ralnbow trout  
at the study s l t e s  between 
June 1982 and J u l y  19 

s i  t e  Cohort (6 )  

AC 

5C1 

BC2 

LCC 

MC 

N R 1  

N R 2  

NR3 

1980 
1987 
1982 

1980 
1981 
1982 

198 
1981 
1982 

1980 
1981 
1982 

1980 
1901 
1982 

1980 
1981 
1982 

1988 
1981 
1982 

198 

1982 
1981 

0.51 
0.79 
2.10 

8 .45  
1.19 
2 . 5 5  

0 .31  
1.14 
3.07 

0.29 
0.74 
3 .29  

0 * 5 3  
0.78 
2.40 

0 .04  
0.15 
1 .96  

0.18 
0 .74  
0 .88  

0 . 5 5  
0 .9  
1.54 



168 

Table 4-55. Instantaneous g r a ' t h  ra tes  ( 6  i n  
9.9-1 *year-1) sf  ~~rown  t r o u t  
a t  the s t u d y  s j t e s  bet~ecn 
June 1982 and July 1983- 

1981 
1982 

1980 
1981 
1982 

1 Fsm 
1981 
1982 

1986 
1981 
1982 

I 

1.35 
2.16 

I 

2-61 

8 . 3 3  
0.48 
2.58 

8.84 
0 .47  
2 -50 
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e classes had relatlvely low mean growth rates at WRI and NR2, 

and relatively h growth rates at Cl. At A b r a ~ ~  Creek and 

rowth rates were relatively hlgh among 198 yeas class trout, but low 

younger f l s h  (Tables 4-54 an 

rences in seasonal rowth rates were not o b s e r v ~ ~  a t  

most sites, although growth rates were generally lowest d u r i n  

wlnter f o r  the 1982 cohort and during the summer for older f l s h .  A 

o t a b l e  exception to these patterns I s  Abrans Creek, where 

tended to be h l  h among all age classes durlng the winter. 

~ r o b a ~ l ~  the result o f  the relatively war wlnter water temperatures in 

A ~ r a m ~  Creek (see Sect. 4.1 and Table -l), which might have permjtted 

continued growth. S u m r  water temperatures at R1 and NR2 tend t o  be 

h s  w l t h  a hlgh djel fluctuatton compared to, for example, Lost Cove 

Creek and Bradley Creek (Sect. 4-1). treater-tha 

t e ~ p e r a ~ u r ~ ~  y at least p a r t ~ a ~ ~ y  explaln the differences I n  ~ r ~ w t h  

rates a m n g  these sites. 

the optimum growth temperature o f  13°C (for brown trout on ~ x ~ ~ u ~  

ratlon, Elliott 1975) were greater at the two lower Nantahala Rlver 

sites than either LCC or BC (F1 s. 4-2 and 4-4) .  

From June t h o u  h September, ~ ~ w ~ a t ~ ~ ~ s  from 

4.3.3 Trout  Productton 

~ n ~ u ~ ~  ~ ~ Q d u c ~ l ~ ~  was estimated for the period from June 19 

June 1983 in Lost Cove and Bradley creeks, and July 1982 ta July 1983 

I n  Mill and Abrarns creeks and the antahala Rlver. Annual r ~ l ~ ~ o w  
2 2 trout ~ r o d ~ ~ t i ~ ~  ran ed from 0.13 g/m at IMR2 to 4.72 g/m i n  

Creek (Table 4-56) and was s j m l l a r  to other esttmates o f  trout 



Table 4 - 5 6 .  Annual p roduc t ton  ( P )  I n  g/m2, m a n  blomass (8) 
~n g/m*, a n d  turnover r a t j o s  ( P / B ) ,  by year  
c l a s s ,  for ralnbsu t r o u t  at the  e j g h t  study 
s l t e s ,  June / Ju ly  1982-June/Ju lp  1983. 

~ Year class 

S I  t e  1 9 8 P  1982 1981 1980 I <1979a Ta%a? 

AC 
P 
B 
P/B 

RC 1 
P 
B 
P/B 

BC2 
P 
B 
P/B 

LCC 
P 
B 
P/B 

HC 
P 
i3 
P/B 

NR1 
? 
B 
P/8 

NR 2 
P 
B 
P/B 

NR3 
P 
B 
PI43 

0.85  
O"19 
4.47 

0.014 
0.03 
3.00 

0.28 
0.08 
3.50 

0 - 2 0  
0 .05  
4 .00  

1 .75  
0.41 
4.27 

0.67 
0.14 
4 . 7 8  

-- 
_ -  
_ _  

0.39 
0.10 
3.90 

1.09  
0.69 
1 .58  

0.42 
0.11 
3.82 

1.21  
8.35 
3.36 

0.65 
0.26 
2.50 

3.29 
1 .55  
2 .12  

1 .18  
0.84  
1 .40  

0.07 
0.07 
1 .oc 

1 .27 
0.47 
2.10 

0 . 4 0  
0.81 
0 .74  

9.10 
0.12 
0.83 

6,28 
0.30 
0.93 

9.51 
0 . 7 3  
6 .54  

0.92 
1.68 
0.55  

0.32 
1 .oo 
0.32 

0 .05  
0 .14  
0.36 

0.21 
0.17 
1 .24  

0.57 
0.68 
0.81 

0.07 
0.19 
0.31 

0,11 
0.86 
0.20 

0 - 2 6  
0.51  
0.48 

0 , & 3  
1.09 
0.63 

t o .  01 
0 .39  

<o .81 

0.01 
0.0'1 
0.14 

0.12 
0.21 
0 - 5 7  

0 .28  
0.91 
0 - 3 1  

0.03 
0.89 
0 . 3 3  

0.06 
0.63 
0.10 

0.16 
1 . 3 0  
0.12 

0.07 
0 ,66  
0.71 

0.05 
0.09 
0.67 

_ _  
I __ 
_ _  

8 . 1 3  
0 . 4 5  
0.29 

3 . 3  
3.2% 
1 .Q3 

0.75 
O"54 
1 . 3 1  

2.00 
2.23 
ID-90 

1.88 
2.88 
0.55 

8.72 
5.39 
1.25 

2.23 
2.46 
6.91 

0.13 
0.28 
0.46 

2.12b 
1.68 
1.51  

allash l n d l c a t e s  t h a t  yeas c l a s s  was n o t  represented i n  samples. 

~ E X C I U C I I ~  
0.05 g/m 

s t e e l h e a d  p r o d u c t ~ o n  ~ p r ~ c h  was estimated t o  be 
for t h e  p e r l s d  from early June t o  l a s t  J u l y  1983,  !! 



171 ORNL/T#-9323 

product ion i n  streams w i th  s i m i l a r  water chemist r ies (Table 4-57). 

est imated produc t ion  f o r  M i l l  Creek i s  among the  h lghes t  values 

repor ted f o r  res iden t  t r o u t  populat ions o f  sof t -water  streams i n  

Nor th America (Table 4-57). Despi te a favorab le  thermal r e  

(Sect.  4.1) and h igh  macrobenthos product ion (Sect.  4.4), t r o u t  

p roduc t ion  i n  Abrams Creek (Table 4-58) was lower than t h a t  expected 

From water chemistry p r o f i l e s  (Table 4-1). Water q u a l i t y  degradat ion 

(e,g., h igh  sediment loadlng)  and the presence o f  a l a r g e  nonsalmonld 

populat ion,  which cons ls ts  p r i m a r i l y  o f  species t h a t  u t i l i z e  

i nve r teb ra te  food resources, may l i m i t  t r o u t  product ion a t  t h l s  s l t e .  

The h igh  produc t ion  a t  HC r e s u l t s  p r i m a r i l y  f rom the  s i g n i f l c a n t l y  

h igher  d e n s i t i e s  o f  t r o u t ,  e s p e c i a l l y  Age 0 and Age 1, a t  t h l s  s l t e  

compared t o  the  dens i t i es  a t  o ther  s i t e s  (Table 4-31), r a t h e r  than from 

h igher  growth ra tes  (Table 4-54). 

by Hunt (1966) and O'Connor and Power (1976) t o  account f a r  d i f f e rences  

i n  brook t r o u t  product ion among s i t e s .  I n  add l t lon ,  t he  r e l a t l o n s h l p  

between rainbow t r o u t  annual p roduc t ion  and mean annual biomass among 

s i t e s  i s  l i n e a r  w i t h  a s lope (P /B)  near 1.0 and r2 = 0.90 (F ig.  4-7). 

The 

A s i m i l a r  explanat ion has been used 

The youngest t r o u t  ( i . e . ,  t he  1982 and 1983 year c lasses) 

accounted f o r  most o f  the  produc t ion  (mean = 67%; range = 45 t o  83%), 

a r e s u l t  cons is ten t  w i th  those from s tud ies  o f  brook t r o u t  populat lons 

( e , g . ,  Hunt 1966: mean = 38%; Cooper and Sherer 1967: 65%; O'Connor 

and Power 1976: 71%). S i tes  w i t h  r e l a t i v e l y  low con t r l bu t l ons  t o  

t o t a l  p roduc t ion  f rom t h e  younger age classes o f  rainbow t r o u t  inc luded 

NR2, where dens i t i es  o f  Age 0 t r o u t  were very low (Sect. 4.3.1), and AC 
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Table 4-58. Estlmates of annual salmonld Product!on ( P )  In g /s2  for relatlvely f e r t l l e  streams. 

Index of stream fertllltv 

Conductivity alkallnlty 
Total 

St te ( W c m )  (CaC03, mg/L) Species" P Reference 

Abrams Creek, Tennessee 

England { 5  streams) 

Horoklwl, New Zealand 

B l g  Sprlngs Creek. Idaho 

Lemhl Rlver. Idaho 

Lawrence Creek. Wlsconsln 

B l g  Sprlngs Creek, 

Valley Creek, Mlnnesota 

Pennsylvanla 

Granslev a, Denmark 

Bere Stream, England 

110 

- 

- 

- 

- 

273 

374 

- 

362 

51 0 

44 

28. ob 

30. 0c 

134 

160 

162 

130 

220 

- 

94b 

RB 

BR 

BR 

SH 
BK 

SH 
CH 

BK 

BK 

BK 
BR 
RB 

TOTAL 

BR 

BR 
AS 

England (2 streams) 51 0-520 94-95b BR 

3 . 4  Thts  study 

6.3(3.0-10.0) Le Cren (1969) 

54.3 Allen (1951) 

10.4 
O.b 

2.3 
3 . 3  

Goodnlght 6 Bjornn (1971) 

Goodnlght & Bjornn (1971 ) 

11.7(10.b-12.9) Hunt (1974) 

30.0 Cooper 6 Scherer (1967) 

9.0(2.5-16.7) Waters (1983) 
2.7( <O .’1-13.2) 
2 . 6 ( 0 . 3 - 4 . 5 )  

14.3(10.2-17.3) 

19.2(12.6-25.7) Mortensen (1982) 

6.1(2.6-12.9) Mann (1971) 
2.4(<0.1-7.2) 

4.8-1 2.0 Mann (1971) 

aRB = ralnbow trout, BR = brown t r o u t .  BK = brook trout, SH = steelhead, CH = Chlnook salmon, 

bcalclurn. mg/L. 

CTotal hardness, mg/L 

AS = Atlantlc salmon. 

--I 
4 
w 

r 



1 T i  

ORNL-DWG 84 14863 

0 2 4 5 
MEAN ANNUAL BIOMASS (g/m2) 

F l g ,  4-7.  Welatlonshlp between annual pro  un t lon  ( P )  and mean annual 
btamass (6) f a r  ralnbou t r o u t  (WW) and brown t r o u t  ( B R ] ,  a l l  
year classes combined. 



175 QRNt/PM-9323 

and LCC, where the? 5198 year classes (conslstln 

lndlviduals) a ~ c o u ~ ~ e ~  for almost 25 of the ~ r o ~ ~ ~ ~ ~ ~ 1 8  918 an ~~~~~1 

basis (Table  4-56).  

rown trout pr~ductlow was si ilar tn that of  r a l ~ ~ o w  trout at Bel 

and LCC, b u t  was ~ u b s ~ a n t i ~ l 1 y  lower at 862 and 3 (Tab le  4-59) 

A ~ ~ ~ o ~ ~ ~  we are not. aware of any publds t l l a n  ora brawn trout 

ction In relatively lnfertlle, soft-water strea 

ates are substa lally lower than 

ly lnfertlle, strea tland and Eargla d (Table 4-57). The 

and 1983 year classes accounted for 69% o f  the total annual 

ction at fsC1, but the ~ r o p o r t l ~ ~ ~ l  c o ~ t ~ i b ~ ~ i ~ ~  at the other sites 

was 58% or lower. In Lost Cove Creek, the dlstrlbution of productton 

owg year classes was very s i m i l a r  t o  that for rainbow trout, with 

older brown trout (Age 2.t.) accountlng for 21% o f  the total production. 

gling mortality y be negllglble at thls s l t e ,  because regulations 

In effect during this study llrndted ffshermen to one fish over 41 cm, 

we collected no trout larger than 34 crn 3n total length. Although 

er trout accounted for an equally high proportion of the total 

~ r o d ~ c t i o w  at R3 and 862, the low production o f  the twa youngest year 

classes (only 13% of that at LCC) accounts for the lower total 

p ~ ~ ~ u ~ t i o n  at these sites compared to LCC or BC1. The low production 

o f  the 1982 and 1983 year classes I s ,  I n  turn, related to the low 

densities (thus low mean annual biomass) o f  Age 0 trout at NR3 and 

SC2, rather than lower Instantaneous growth sates. 

Ratlos o f  annual production (P) to mean annual biomass ( B ) ,  or 

turnover ratlos, were highest in the youngest year classes and 
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Table 4-59. Annual prcaductlon ( P )  I n  g /  
i n  g/rn2, and turnsver  t-atlos ( P / $ ) ) ,  by year class, 
f o r  brown t r o u t  a t  four  study s i t e s ,  June/July 
1982--June/Jul y 1993. 

Year c l a s s  .._” 

S I  t e  1983 1982 198.8 1980 - c1 9-99 Tota  1 

BCI 
P 
B 
Pia3 

0.11 
0.04 
2.75 

0.09 
0.08 
1.12 

0.82 
0.03 
0.67 

0.58 
Q,$8 
0.85 

Q,29 
0.07 
4.14 

BC2 
P 
B 
P i 5  

6 * 1 2  
0.05 
3 .60  

0.05 
0.08 
0 . 4 2  

0.03 

0.75 
0.114 

0 .26  
1.16 
0 .22  

LCC 
P 
B 
P/B 

a m  
Q.04 
4.25 

0*84 
0.34 
2,43 

0.58 
1 .49  
a . 3 9  

0.18 
0.66 
0 .27  

2-01 
4.23 
0.48 

WR3 
P 

P/B 

to. 01 
to. 81 

4.00 

0 - 1 3  
0.08 
1.62 

0+Q3 
Q.10 
0.36 

0.07 
0.30 
0.23 

0.16 
1.35 
0.12 

0.39 
1.83 
O”Z1 



for  both ra ln  ow t r o u t  (Table 4-56) and  ow^ trout 

ese trends are l l a r  t a  those 

~ r ~ p ~ r t ~ ~ ~ ~ t ~ l ~  less to  ~ r ~ ~ u ~ ~ ~  

s discussed previous1 

ear c l a s s  was absent and 

ant la l ly  lower t h  

other s i t e s .  The r l l y  because o f  the 

F t h e  7979 and 01 er year classes (45% o f  the  maw 

s s ) ,  W’ith the ~ x ~ e ~ t i o ~  o f  these two s i t e s ,  annual 

a l ~ ~ ~ ~  trout were a 9  es reported For other 

t r o u t  ~ o ~ ~ ~ ~ t ~ o n ~  an str Bowers 1976: 

= 1.12  and ran - 3 . 6 5 ;  Haters 1973: mean = 1 . 2 ;  

Waters 1983: an = 1 . 3 5 ) .  Unlike , P/B ratios are 

streams w l t h  different ~ ~ ~ ~ i ~ ~ ~ h ~ ~ a ~ a l  

rofiiles (Waters 1979; 

An age s t ruc ture  ~ o ~ i ~ a t ~ d  by older (Age 3+) ~ ~ ~ ~ ~ ~ ~ ~ a l s  was 

characterastic of t e broun trout  populations a t  three of four s tudy  

sites (Table 4-595. 

the 51979 year classes  a ~ c a u n t e ~  for  68 t o  85% of the mean annual 

blomass. ~ ~ ~ 5 ~ q u e n t ~ ~ ,  annual P/ r a t j o s  were low, w i t h  the except lon 

A t  both Bradley Creek s i tes  and NR3, for  example, 

ere a translent population of  large rown t r o u t  in spawnlng 
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condI tSon was encountered I n  the  f a l l  0% 1982 .  Waters (1983) a l so  

a t t r i b u t e d  a low r a t l o  o f  (8.78 i n  one year (mean = 1 . 1 4 ,  

n = 8 years) t o  i grants  i n  the  fa ‘ l l .  A l s o  csnt r ibu t3ng t o  the l a  

r a t i o s  a t  BC2 and NW3 was the  wery low groduct ian aaf the  19 

pared Po t h a t  a t  the  o ther  two s i t e s .  (I’Connor- and Power 

(1976)  reported annual P/B ratless o f  0.70 and 0.73 for  brook t r o u t  

populatlons where t h e  youngest age c lass was absent. The low Age 0 

abundance t o g e t h e r  w i t h  the  r e l a t i v e l y  high Age 3-6 biomass o f  brown 

t r o u t  compared wdth ralwbow t r o u t  probably account f o r  t h e  d i f f e rences  

I n  the  P vs 8 relatlsnshlp o f  the  two species (Fig, 4-7 ) .  

Younger llfe stages of brawn trout could be 11 l t e d  by p h y s i c a l  

hab9tat ( e . g a p  spawning, incubat lon ,  o r  fry-rearlng hab’ i tat) .  The h9gh 

brown t r o u t  product ion a t  LCC, r e l a t i v e  t o  the  tu0 Bradley  Creek s i t e s  

3, could be r e l a t e d  t o  t he  s i g n i f i c a n t l y  glreate 

spawning hab’ l tat ,  ated as wedghte usable area ( 

(Table 4-22). I f  

surface area (I.@,, percent usable area 8% PUB as discusse 

Sect .  4 . 2 . 3 ) ,  then s l g n i f f c a n t l y  more h a b i t a t  (PUA) i s  avarllab’le a t  LCC 

than the  o ther  th ree  s i t e s  f o r  a l l  l l f e  stages (Table  4 - 2 4 ] .  

A d d l t l o n a l  a n a l y s e s  using l i n e a r  re resslon techn?ques shs 

s i g n i f i c a n t  r e l a t l o n s h l p  ( P  < 0.05) betwee brown t r o u t  fry abundance 

and average PUA f o r  spawning, al though mur of the v a r l a t i o n  t n  

abundance was no t  expladned by t h i s  s i n g l e  varjalble, (Sect .  4 . 5 ) .  

Another v a r i a b l e  t h a t  might a l s o  account f o r  differences I n  

i s  expressed as a perce tage o f  the  t o t a l  

ong s l t e s  i s  t he  food  resource c r t l l i z e d  by t r o u t .  E t %  

Ba benthlc  b i o  ass and annual 



179 ORNL 323 

benthlc production (Sect. 4 . 4 ) ,  was used as the lndependent varlable in 

a simple linear regression analysis. Simdlarly, the d e ~ e n d e n ~  variable 

was elther mean trout biomass [estimated aver the period that 

~robenthos were sampled ( l e e a ,  only data f rom 1982 were used; see 

Table A - l ) ]  or annual trout p r o d u ~ t i ~ n ~  No significant r e l ~ t ~ o n s ~ ~ p  

was found (r < 0,10 in a l l  four cases; P > 2 

Salmonlds, however, were the ~ o m l ~ ~ n ~  ~ ~ ~ ~ o l a $ n ~  of the f t s h  

unlty at some sites (e.g,, LCC, R3) but Only a llllnQI" C 

others (e .g , ,  MR2); their percent contribution t o  total f l s  

ranged from 13 to 95% amon the eight sites (Table 4-48). 

all nonsalmonid species at these sites, except stonerollers, utilize 

the macrobenthic resource to some extent (Carlander 19 

Pflieger 1975). Information an food hablts was avallable far all but 

three species (flame chub, mdrror s h i n e r ,  'Tennessee snubnose darter), 

but we assumed, based on data f o r  closely related species, that at 

least a portion of thelr diet also consisted o f  benthjc invertebrates. 

Because of the importance o f  nonsa~moni s ,  the analysls was 

expanded to include the total fish cammulaity* The dependent varqables 

were mean total biomass (including stocked trout) wlth and wlthout 

stonerollers. Again, no slgnlficant relationships were found 
2 (as = 0.05) ,  although values of r were higher. With mean benthic 

biomass as the Independent variable, an r2 = Q,27 and r2  = 0.41 

were observed for mean total fish btomass with and without 

stonerollers, respectively. The latter regression approached 

statistical signiftcance ( P  = 0.09), but almost 50% of  the variabtlity 

in f i s h  biomass was not explained by the macrobenthlc blomass In these 



streams. Using benth ic  prdk:tdnrp rather than b?owass as the 

Independent varlablc, or app ly lny  d l i f f e r e n t  ti-annformafions o f  the 

d a t a ,  fa5i”id t o  sjgniftcantly improve the  r2 values o f  these 

reCJreSSlC9nS. Aa-$hobgh d’rrect COmpaklSoQS O f  proddJCt$On ( f i s h  JS 

macrobenthos] a t g h t  bc desirable i n  such an m n l y s l s ,  nsnsalmonid 

annilal g r o d u t t ? e n  was n o t  es t ima ted  from t he  31 Ped data  s e t  ( J u n e  

thrsq jh November 1982) because adcgwatc Iw fo rma t fon  V B S  no2 a v a l l a b l e  

on turnover ra t ’ f os  for MSe;b, o f  t h e  npecaes. 

Although t h e  r e su l t s  o f  t h i s  a n a l y s i s  a r e  cons ls tesJ t  w i t h  the  

hypothesized importance o f  physlcnl biabttat as a determlnant o f  

t r o d t  production, other  p o s s i b l e  rxplanatlons For the  observed low 

correaationr s h o u l d  be noted. F l r s t ,  the estima2es O f  t i -oi i t  prodwct?cn 

and salmonld/nonsalmsn?d b l o m s s  a re  based on pPpUlatlon estIrRates 

uhlch are  sub jec t  t o  samp1”iwg e r r o r - .  Secoi-d, several sources o f  er ror ,  

including sarnpllrsg e r r o r ,  may be zsrrrclated wJth our  rws i i re  o f  t h e  

trout food reSBUrCe, FOP exapple, only aqasatlc inver tebra tes  

Included when, i n  f a c t ,  much O f  the  t r o u t  d i e t  consisti; O f  B e r r e s t r ? a l  

specles and thear can t r i bu t l an  var’ies seasonally and across sltees 

( S e c t .  4 . 3 . 4 ) .  Because benthtc spfrc?es have w l d e l y  d t f f e r e n t  d r l f t  

rates ,  t h e i r  wulnesabtlity t o  prediatlan by species l i k e  brown t r o u t  

that feed prlmar’bly on organ’isms I n  the water CslUmn rather than 017 the 

an 1982) w i l l  a l s o  vary. F i n a l l y ,  a l l  benth ic  h a b i t a t s  

( e . g . ,  p o o l s ,  lltter/de%rltus) were  no4 sa p l e d ,  whereas Fish sampling 

was conducted over a wlde range o f  h a b i t a t s  t h a t  Inclksdeil both rtffles, 

p o o l s ,  and the transltlon mane between the ( runs) .  I n  recogwitIan o f  

these p o t e n t l a 1  sources o f  error  and t h e  htgher co i=re la t lons  obtafned 



uhen n o n ~ a ~ ~ n ~ ~  species were Included I n  the analysls, a reasonable 

concluslon is that whlle pro uction at the next-lower tr 

(Invertebrate productlon) may ultimately limit fish p r ~ ~ u c t ~ o ~  in 

streams, other resources, such as s ace ( l e e e 9  h a ~ ~ t ~ t ) ,  MY 

~ r ~ d u ~ t i o ~  at some lower level (Krueger and Waters 1983). 

4.3.4 

The stomach contents of  171 rainbow t r o u t  and 120 brow 

examlned I n  1982. f these, 38 rainbow and 35 

stomachs, Tables 4-60 and 4-51 su r?ze aquatic and terrestrial 

components of the d l e t  at each s-lte. Specific faod Ite  

lowest Identifiable taxonomlc category, are in Table 0-1. 

Based on both ~ ~ m b e r ~  a d welght o f  food Items, more than one-half 

o f  the rainbow trout dlet came from aquatdc ~rganisms at f l v e  o f  %Re 

elght sltes (Table 4-50). 

a greater percentage ( I n  terms o f  numbers) of the ra 

The exceptions were AC, 

e from drlftlng terrestrial Insects. At most ol tes ,  percentages 

calculated by numbers or by weights followed the same patterns; the two 

exreptlons were A C ,  where aquatic organlsms contrlbuted a r ~ l ~ t ~ v ~ l y  

low percentage of the dlet by number but a h3gh percentage by w e ~ ~ ~ t ~  

and MC, where aquatic arganSsms constltuted a hlgh percentage o f  the 

dlet by number but low percentage by weIght (Table 4-50]. 

Mayflles were the most common food Item a m n  ralnbou trout, 

compriislng over 25% of the total dlet by number (Table 0-1). 

mayf l ies ,  members of the family Heptagenlldae were consumed 1 

particularly large numbers and by large numbers o f  trout. Ca 
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Table 4-60. Percent o f  ra9nbow t r o u t  diet (by  nu ber and weight) made 
up o f  a q u a t i c  and t e r r e s t r i a l  food i t e m s ,  all dates pooled. 

hC 

BC2 

LCC 

N R 2  

NR3 

24 

7 

15 

19 

43 

15 

1 

1 1  

39.7 

1 1  .Q 

54.7 

64.6 

70.1 

87.1  

9 3 . 9  

43.9 

5 8 . 5  

6 8 . 3  

8 8 . 6  

43.3 

35.4 

29 - 9  

12.3 

6 " 3  

56,l 

411.5 

8 3 . 6  

3 8 , 4  

6 3 . 0  

59.3 

4 8 * 2  

$9.2 

99.i  

14.6 

61.9 

16.4 

51.6 

37.0 

40.7 

53 .a  
10.8 

0.9 

85.4 

38.1 

a#ild t r o u t  only. 
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Table 4-61. Percent o f  brawn t r o u t  d l e t  (by number and weight) 
conslst lng o f  aquat ic and t e r r e s t r l a l  food items, a l l  
dates pooled. 

~ ~ ~ b @ r  Percent by number Percent by weight 
o f  

S’lte” stomachs Aquatlc T e r r e s t r i a l  Aquatlc T e s r e s t r j a l  

BCI 5 1.1 44.6 55.4 

62 14 81 - 4  95.9 4.1 

LCC 37 82.6 17 .4  98.4 1.6 

15 85.7 14.3 91.6 

14 27 - 3  72.7 48.2 

Mean 55.5 44.4 7 5 . 7  24.3 

Que t o  low abundance o f  brown t r o u t ,  stomachs were not sampled a t  

bFlsh probably o f  hatchery or lg ln;  no evldence o f  n a t u r a l  

AC, WC, or HR2. 

reproduction observed. 
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were a l s o  r e l a t ’ l v e l y  t omon  I n  t h e  d l e t ,  C Q  

Among terrestrlal l n s c r t s ,  an t s  and adialt dlpterarrs each contribute 

over- 18% t o  t h e  d ’ ie t ,  ~~~~~~~s other aquatlc and P e r r e s t r l a l  taxa 

found i n  ralnbow t r o u t  stonachs, maay camprlslng 1% or less o f  t h e  

t o t a l  dtet by number (Tab le  D - I ) .  

n t rout  were slrntlar t o  raqnbow t r o u t  l n  terms sf  the 

lnance of aquatjc OF t e r r e o t r l a l  food I t e m s  a t  part leular  sttes 

( T a b l e  4-67) .  On the average, aquat ic  organlsmao conrtltuted s l i g h t l y  

more than one-half o f  the brawn t r o u t  d l e t  by nu ber and about 76 

welght .  A s  w l t h  ralnbov t r o u t ,  aquatqc t a x a  contrlbuted r e l a t i v e l y  

less t o  t h e  Brown t r o u t  dlet a t  BC? and NR3. In terms o f  u e l g h t ,  

aquat lc  srganlsms were p a r t i c u l a r l y  Important t o  brown t r o u t  ( l .e . ,  

pr lsed  more tha  90% of the d l i ~ f t )  at BC2,  LCC, and NWl. 

The ~r~~~~~~~ sT brown trout  69et by t a x a  indicates t h a t  ma 

caddisflleo, t e r r e s t r t a l  dlgte?ra, and ants were a l s o  numerically 

Important  components a t  these s l t e s  (Tab le  0-1).  b l k e  ralnbou t r o u t ,  

n t r o u t  tended to be selattvely nsnspeciflc, sppor tu I s t l c  feeders ,  

a s  evidenced by t h e  large number o f  both a q ~ i a t t c  an t e r r e s t r l a l  taxa 

that appeared I n  the stomach samples. 

T r o u t  are known t o  take muck o f  t h e l r  food  f ro  t he  d r l f t  ( E l l l o t t  

1970, 1973; Allan 1 9 8 1 ) .  A s  a means o f  detervinlng t he  relatdonshqp 

betasseen t rout  d l e t  and food a v a l l a b l l l t y  a t  the e i g h t  s t i idy  s i t e s ,  

sampling. Results o f  the d r ‘ i f t  sa p l l n g ,  summarlzed by taxon, are  

presented l n  Table 1-7. 



~ ~ ~ ~ ~ ~ ~ ~ t ~ l y  65% o f  the 

s.  However, there w a s  ~ ~ n 5 i ~ ~ r a b l ~  v a r i a ~ i l ~ ~  

bout t h l s  mean, bath a ng sl tes (Table 4-62) a 

r s l t e  (Table 4-63), For example, the r im1  ~ ~ ~ ~ r ~ ~ u ~ i o n  

a t i c  o ~ ~ a ~ i ~ ~ ~  t o  the d r i f t  ran from an average of  37% a t  

t o  96% a t  8C2. Even greater v a r ~ a t l ~ n s  between sites uere observed 

t h e  percentages were expresse In terms o f  weight (Table 4-62]. 

s t  cases, re lat ive C ~ ~ t r I b ~ t i Q n ~  o f  aquatic and t e r r e s t r l a l  

~ r ~ a ~ i s r n ~  t o  the d r l f t  were slmdlar whether expresse 

hts ;  a notable ~ x c e ~ ~ ~ o n  was Cl, where aquat lc  organls 

a relatively small ~ e r c e n t ~ ~ e  o f  the drlft by number (37 

b u t  f a r  surpasse t e r r e s t r i a l s  i n  terms o f  blamass (92 vs 8%). 7 

~ ~ ~ ~ t e ~ ~ y  was due t o  l a r  e ~~~b~~~ o f  ants I n  the 

les a t  B C l ,  w h i c h  dominated the numerlcal contributlon o f  

t w r e s t r l a l s  at t h l s  s i t e  but adde l i t t l e  t o  the w ~ l g h ~  (Table 4-63). 

~ a ~ ~ a ~ i l ~ t y  i n  d r i f t  among dates a t  a I ven  s i t e  can be i l l u s t ~ a t ~ ~  by 

A C ,  which on two dates was ~ o ~ ~ r ~ ~ ~ d  solely o f  aquatic ~ r ~ a ~ i ~ ~ ~  b u t  on 

~ ~ ~ t ~ e ~  date was ~ ~ ~ i n ~ t e ~  by t e r r e s t r i a l  h ~ m o ~ i ~ r a n s .  Two s l t e s  ( 

N R I )  exh ib i ted  a ~ ~ e ~ o n ~ ~ ~ a ~ c ~  o f  aquat lc o r ~ a n ~ s ~ s  regardless o f  

l i n g  date or basds for  c o ~ ~ a ~ i s o n  (I.@., numbers vs wei 

l e  4-64 dlsplays the  relatdve c o ~ t r ~ ~ u t ~ o ~  ( a l l  samples 

bine$) of various taxa t o  the d r i f t  and to the 

t. A t  thls  level of ~ ~ ~ ~ a ~ l ~ o ~  (order rather than farn4ly or 

enus), there  i s  a very ~~~~ correspa tween the aval labi l i ty  o f  

particular taxa  i n  t e d r i f t  and t h e i r  

r e a t e s t  disparl t les  b e ~ ~ ~ e ~  d r i f t  a d d i e t  occur f o r  aquat'le ~ i ~ ~ ~ r ~ ~ ~  
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Table 4-52. Percent o f  d r i f t  cramposed o f  aquatic and terrestrial 
Q~~NIISRE a171 dates co 

~ 

Site  

AC 

BC1 

flc 2 

LCC 

PIC 

NR2 

w3 

Mean 

44 

37 

96 

7 4  

5 s  

94 

58 

40 

53 

1.4 

92 

95 

6’0 

41 

96 

58 

51 

65 
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Table 4-63. Percent of  drlft composed o f  aquatlc and terrestrial 
organisms. 

Percent by number Percent by weight 

S1 te Date Aquatlc Terrestrial Aquatlc Terrestrial 

AC 

BC1 

BC2 

LCC 

MC 

NRl 

NR2 

NR3 

5-7-82 
7-1 4-82 
9-8-82 

10-28-82 

8-25-82 
1 1  -1 2-82 

4-28-82 
6-23-82 
8-26-82 

1 1  -1 1 -a2 

4-26-82 
6-25-82 

1 1  -1 0-82 

5-5-82 
7-1 -82 
9-9-82 

10-29-82 

8-27-82 

7-22-82 
9-22-82 

7-23-82 
9-23-82 

7-21 -82 
9-24-82 

100 
67 
100 
32 

23 
82 

98 
100 
100 
81 

95 
93 
96 
41 

61 
80 
95 
30 

100 
93 

100 
58 

100 
35 

0 
33 
0 
68 

77 
18 

2 
0 
0 
19 

5 
7 
4 

59 

33 
20 
5 
70 

0 
7 

0 
42 

0 
65 

100 
8 

100 
18 

59 
95 

99 
100 
100 

54 

96 
15 
00 
29 

35 
95 
92 
28 

100 
96 

100 
15 

100 
49 

0 
92 
0 
82 

31 
5 

1 
0 
0 

46 

4 
85 
1 

71 

65 
5 
8 
72 

0 
4 

0 
85 

0 
51 



188 

T a b l e  4-64. Percent contr?butdon (based on numbers) o f  partlcu1ar taxa 
Po d r l f t ,  ralnbsw trout d i e t ,  and b~r3w-i “ifout d i e t ,  a l l  
samples pooled * 

Taxon 

Ephemeroptera 

PI ecoptera 

TrSchoptera 

ColeCIptE?ra 

Dlptera  

Hem1 p t e r a  

Other aquatle 

Terrcotrlal s 

18.5 

9 . 4  

1 2 . 4  

1 . 9  

1 7 . 6  

0 . 9  

3 . 3  

3 5 . 9  

2 5 . 1  

4 . 9  

12.1 

1 . 4  

6.2 

Q.3 

4 . 5  

4 4 . 9  

15.6 

5 . 5  

14.0  

1.1 

4 . 5  

0.1 

9.2 

52.6 
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and terrestrlal organisms. Both ralnbow and brown trout appear to 

consume fewer aquatlc dlpterans than would be expected, based on thelr 

abundance in the drift, probably due to the relatively small size o f  

most larvae. On the other hand, both specles tended to consume 

relatively more terrestrial organisms than would have been expected, 

based on the drift samples. The close correspondence of a taxon's 

presence In both the drift and trout diet, coupled with the wide range 

of food Items consumed (Table D-l), suggests that trout are 

nonspeclflc, opportunistic feeders in these streams. 

Tebo and Hassler (1963) reported the results o f  diet studies of 

trout l n  western North Carollna streams, includlng samples from the 

Nantahala Rlver. Drlftlng terrestrlal Insects were also relatively 

Important components of trout dlets l n  thelr survey (33 and 50% of the 

total number of food items In rainbow and brown trout stomachs, 

respectlvely). 

orders In the diet, and hymenopterans, coleopterans, and ants were the 

most c o m n  terrestrlal taxa. Their results also indicated that trout 

were opportunistic feeders, avallablllty being the most Important 

factor determining what foods were eaten. Hence, aquatic insects 

predominated i n  the dlet o f  trout during the wlnter months, while 

durlng the summer terrestrlal drift assumed greater importance 

(Tebo and Hassler 1963). 

Caddisflies and mayflles were the most common aquatic 

4.4 MACROBENTHOS ANALYSES 

Mean wet weight of  macrobenthic fauna at the eight study sites 

ranged from 3.0 (NR3) to 16.9 (AC)  g/m2, while mean abundance ranged 



2) t o  724 ( L C C )  

t h e  s I t e s ,  biomass pes un‘it 

( F i g .  4-81, w h i l e  no obvious pattern characterlmed abundance ( F i g .  4 - 9 ) .  

A d e c l i n e  I n  i n v e r t e b r a t e  b i o  early sprtwg through l a t e  su 

would be csraslstewt w i t h  the  Pyplcal stream pat tern  illustrated bgs 

Mynes ( 1 9 7 0 ) .  Taken as a whole, t h e  (elelght and abundance data  for the  

e i g h t  s i t e s  appear t o  be i n  line r l t k  comparainle a t a  reported For 

1 1 1  creeks and o t h e r  streams I n  t he  Great Smoky 

Nat lona l  Park (6s @stern Worth C a r o l i n a  (Table 4-65 ) .  

Table 4-67 l i s t s  t he  most abundant macrobenthic fauna collected a t  

each o f  the elght s t u d y  s i t e s ,  A e o m p ~ e t e  l i s t  of t h e  t a x a  c o l l e c t e d  

at: each s i t e  i s  p r e ~ m t e i d  i n  Table? C-1. For CB par‘issn, Table  4--59) 

arlzes  t h e  do ’Inant taxa (based on abundance or co  

abundance and weight) recorded fo r  Abrarris and i l l  creeks and other  

s i n  the reg ion .  There i s  a noticeable difference among 

t h e  s tudy  s i t e s  111 t h e  mlat’ive abundance a f  taxa ;  t h i s  d i f f e r e n c e  i s  

even a t  separate s l t e s  within a given stream ( l .e . ,  Bradley 

Mantahala R i v e r ) .  Never the less ,  the abundant fauna a t  the 

study s i t e s  are ,  I n  g e n e r a l ,  s i m i l a r  t o  those reported t o  be do 

i n  area s t rea  s ( e . g $ ,  midge f l y  larvae o f  the  Fa i l y  Chirnwamldae and 

m y f l y  nymphs o f  the genus .S_ ere each dominant I n  a t  leas4 

f i v e  o f  t h e  s i x  stream systems shown I n  Table 4-58 and were a l s o  a 

t h e  ten m o s t  abundant taxa sa p l e d  from a t  l e a s t  seven o f  our e ight  

study s t t e s ) .  

Estimated annual product”lsn of  benthie: marro?nvertebrates 

( e x c l u s i v e  o f  large vertebrates and crayfish) ranged f rom 8 t o  42: g 



Table 4-65. Wet weight and abundance s f  macrobenthlc 
fauna at the  e i g h t  study s i t e s ,  1982, 

Wet wefght ~ ~ ~ r n 2 ~  

S i t e  Mea S.E.a Mean S.E. 

AC 16.9 3.5 655 128 33 

4.6, 0.8 51 4 5 5  47 

BC2 3.1 1 .o 34 33 5 

LC 6: 4 .7 0.9 724 84 44 

MC 4 . 1  0.7 429 38 51 

N 4 .3  0.8 68 54 

NR2 5.6 1 .2  241 27 44  

3 . 0  1 .o 356 30 54 

%.E. = standard e r r ~ r  o f  t h e  mean. 

= numb@r o f  samples. 
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APRIL-  MAY JUME- JULY 

SEASON 

AUG --SEQT 

F lg .  4-8, Mean macrobenthlc wet welght  a t  the e l g h t  s t u d y  s l t e s  f o r  
the three sampling seasons, 1982. 
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PT 

SEASON 

. Mean macrobenthlc abundance a t  the e lght  study s l t e s  for the 
three sampllng seasons, 1982. 



Table 4 66. Net  we igh t  and abundance o f  rnacrobenthlc fauna in se lec ted  
streams o f  the  Great Smoky Mountains National Park (6s 
and western Nor th  Caro l i na .a  

... _.. ._. . . . . _._. . . . . . . . . . . . . .. . . .. . ._. I___^___ - 

Wet welghtb Abundanceb 
Strealsss ( q/”m2 1 (no.  / m q  Reference 

0.802-0.08El~ 

0 .001-0 01 gd 

1 .70e 

Huskey Branch, GS 4.01e 

Four logged streams, GS 2 “02e 

Four unlogged s t r e a m s ,  GSR 1 .2!je 

Four streams, Coweeta 
Hydro log l c  Lab, NC 

Ball and Shope creeks,  Coweeita 1.58-9.1291 
Hydrologic Lab, N C ~  

Elghteen streams, upper 0.23-1 4.01 
L i t t l e  Tennessee Rjver 
basin, NC/GA 

3.94-4 6 .  3Zf 

Cullowhee Creek, nCh9.l 13 .Q1-16 a 62“ 

151 -1 572 

258-908 

576 

938 

7 61 

47 5 

716-1214 

207--1002 

65-91 5 

721 -81 8 

Hathews 1978 

Mathews 1978 

S l l s b e e  and 
Larsun 1883 

S i l s b e e  and 
Larson 1983 

Sllsbee and 
Larson 1983 

S i l s b e e  and 
Larson 1983 

Wallace 1972 
woocsa11 and 

o and Hassler 
1 sa1 

T V A  1971 

Lemly 1982 

on Surber o r  bless sa 

ean va lue  o r  range o f  mean values.  

C S t a t i o n  1 5  I n  c i t e d  r e p o r t .  

dunits ’in c i t e d  r e p o r t  p robab ly  i n  e r r o r ;  these da ta  W I I I  n o t  bie 
cons ldered f u r t h e r  i n  thjs  r e p o r t .  

l t e d  r e p o r t  m u l t i p l i e d  by 6 t o  approx i  a t e  we t  welght 

fAsh-dree dry welghts i n  c i t e d  r e p o r t  m u l t i p l l e d  by 6.7 t o  approx lmate wet 
wejght; ( a f t e r  Waters 1977). 

%hlurnetrtc da ta  ( c  3, i n  c l t e d  paper m u l t i p l i e d  by 1.05 t o  approx imate 
wet welght i n  rng ( a f t e r  Wynes 1861). 

h lnsec ts .  

ICrustaceans and mol lusks  n o t  i nc luded .  

jZone 1 I n  c i t e d  r e p o r t .  



Table 4-67. Most abundant macrobenthlc taxa collected at the elght study sltes, 1982, llsted In decreaslng rank 

Rank AC BC1 BC2 ccc MC N R I  NR2 NR3 

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

Cheumatopsyche 

01 lgochaeta 

Stenonema 

Gonlobasls 

Antocha 

Cht ronomldaea 

lsooychla 

Ephemerella 

HYdropsYche 

Ac roneurl a 

Chl ronomtdaea 

Hexatomlnae 

Ceuc t ra 

Ollgochaeta 

Tanypodlnae 

Rhyacophlla 

Cheumatopsyche 

Ferrlssla 

Antocha 

Ac roneurla 

b 

b 

Le tic t ra 

Ollgochaeta 

Chl ronomldae’ 

Tanypodlnae 

Acroneuria 

Hexatomlnae 

Stenonema 

Cheumatopsyche 

Brachvcentrus 

B a e t l 5  

b 

b 

Olqgochaeta 

Leuctra 

Tanypodlnae 

Chl ronorn!daea 

Uhemerella 

Pseudocloeon 

Optloservus 

b 

&n t u  

Acroneuria 

Stenonema 

Ollgochaeta 

Leuctra 

Psephenus 

Clnyurnula 

Ecthernerelia 

Stenonema 

C P ~ \  ronornldaea 

Iroperla 

Isonvchia 

~ h ~ u m a ~ o R s y ~ h e  

Cheumatoosyche 

Chl ronomldae‘ 

Ephemerella 

Baetl s 

Ollgochaeta 

Antocha 

Hvd rops yc he 

Pseudoc loeon 

Gonlobasts 

pp___. Stenonema 

Gon’iobasls 

Ollgochaeta 

Chlronomldaea 

S t  en on ema 

Cheumatopsyche 

Ferrlss’la 

Antocha 

M 1 c rns ema 

I sonrch 1 a 

Leuctra 

Qhemerella 

Ollgochaeta 

Chlronomldaea 

Stenonema 

Brachvcentrus d 

Chloroperla 

Paraleptoghlebta 

CheumatoDsyche 

Pseadocloeon 

-- Leuctra ___ 

M 

aUnldentlf l e d  subfarnl lles. 

bl ln ldent l f . l  ed genera. 



Table 4-68. Dom?iianE: masrobenthlc taxa  I n  se lec tcd  s ~ a 1 7  streams sF the  
Great Smoky #obntalns Natlenal Park (GSHPSP) and w e s t e r n  
Nor th Carnl1na.a 

S t r e a m  Dnnlnant taxa Reference 
_.. . . . . . . . . . . . . . . . . .. .. .. . . . . . ............. ~ 

Abrass Creek, GSMsRPbc 

Camel Hump Creek, 
GSHNPd 

Four streams, 
Coweeta H y d r o l o g l c  
Lab, wc" 

PSilthev; 1978 

Sllsbee and 
Larson 1983 

Sl l sbee  and 
Larson 1983 

Hoodall and 
%a1 l ace  
1932 

d Based on Surber samples. 

' S ta t ton  1 5  I n  c t t e d  r epor t .  

CBaned on the su 
( n o t  ranked In t h l s  t a b l e ) .  

dThe ten  most abundant taxa,  i n  derrea%lng rank, 

of percent  r e l a t i v e  c o n t r l b u t l o n  i n  abundance aad ve lgh t  

Qased on the product o f  p e r c e p t  relative contribution i n  abundance and 
weight, I n  decreasing rank 
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wet wtem-2eyear-1, with the hlghest value found at Abrarns Creek 

(Table 4-69). Although the mean turnover ratlo at Abrams Creek was 

significantly lower than that at the other sltes ( 3 . 8  versus 4.2-4. 

e mean biomass was significantly higher (11. 

e calculated annual productlon at the eight stu y sites falls at t 

wer end of  the range of production values reported for other streams 

(Table 4-70]. 

streams or stream segments (e.g*, rock outcrop or r 

Some of the reported values are far 

iss plus our exclusion of  a p o r t 4 ~ ~  o f  the samples for the ~ ~ o ~ u ~ ~ ~ ~ n  

estimates, may explain our somewhat lower p r o d u ~ t l Q ~  estimates. 

4.5 HABITAT VERSUS TROUT E ~ A T ~ O ~ S ~ I ~ S  

The relationship between habttat values ( W  

resources was examined, using fish numbers and td 

of stream as dependent varqaables. These estimates, expressed on a 

per-kllometer basisI were used as an index of the trout resource 

because they were Judged to be a better measure o f  fishery resource 

value than either standlng crop (g/lQO m or density (no./l 

variables. For example, If a stream reach 1s dewatered and total 

surface area Is reduced, areal-based varlables may remain the same or 

even lncrease even though total ftsh population numbers are reduced, 

Total numbers and biomass of  f i s h  per unit length o f  stream, however, 

would not be subject to this artifact o f  measurement. Nevertheless, 

per-unlt-area and per-unit-length values were highly correlated across 

study sites for all age classes (Table 4-71). 

2 
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Tab le  4-69. ean blnmass, estlmated mm turnover r a t i o ,  
amel estlmatcd annbxal p r o d u c t i o n  (wet weight) o f  
henthtc  maciero%nvertetarates a t  the e i g h t  study 
s i t e s  ( e x c l u s i v e  o f  large vertebrates and 
c r a y f i s h ) .  

.... ~ .... ~ .,..- _._ 

Es%?mated annual 
Mean blsmass Est’rmated mearl prodtactton 

s i t e  ( g/m2 1 turnover  r a t i o  ( g * d * y e a r - l  j 
- ~ ....... y___ II_ 

AC 

BC1 

BC2 

LCC 

NR3 

ea n 

ea n 
turnover 
rat 10 

11 .o 
3.8 

2.0 

3 A  

4 . 1  

4 . 3  

5 , s  

1 . 9  

AG - 

3 . 8  

4 . 5  

4 . 4  

4 . 5  

4 . 5  

4 . 5  

4 . 2  

4 . 4  

4 2  

17 

3. 

15 

18 

20 

23 

8 

ads l i n e  connect ing t he  s l t e  designat lons IrPddcates t h a t  
those s3tes were n o t  s t a t l s t l c a l l y  dlfferent from one 
another ( P  > 8 .95 ) .  
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Table 4-70. Publ lshed est lmates o f  t o t a l  annual p roduc t i on  o f  ben th i c  
i n v e r t e b r a t e s  In streams. 

Stream 
Product I o n  

( g  wet wtern-2eyear-1) Reference 

isballe Baek, Denmark 151a Mortensen and Slrnonsen 1983 

N f v e l l e  R iver ,  France Lapchln and Neveu 1980 

Bear Brook, New Hampshire 25-334 Flsher  and Likens 1913 

Fac tory  Brook, Massachusetts 26-29dse eves 1979 

5 5 - 5 8b 9 c 

Speed Rlver ,  On ta r lo  

R lve r  Thames, England 

1200d Waters 1977, c l t i n g  

1 sod Waters 1977, e l t l n g  

pub l lshed data  

pub1 1 shed da ta  

Mldd le  Qconee River ,  Georgia 311f $ 9  Nelson and S c o t t  ’8962 

aAsh-free d r y  welght m u l t i p l l e d  by 6.7 t o  approxlmate wet weight 

& l 3  specles . 
( a f t e r  Waters 1977). 

d5ry weight m u l t l p l i e d  by 6 t o  approxlmate wet weight ( a f t e r  Haters  1977). 

“Cobble a 

fRock outcrop. 

orles r n u l t l p l i e d  by 0.0012 t o  approxlmate wet we igh t  I n  g 
( a f t e r  Waters 1977). 
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Table 4-71 ,  Carrelation c a e f f l c 9 m h s  ( r )  between ger-unlt-area and 
5 2 s  o f  t r o u t  numbers at7 

(a31 correlat ions are s t a t i s t i c a l l y  s l g n t f l c a n t ,  a = 0.01). 

Brown trout 

T o t a l  population 

Radnbow t r o u t  

Age 0 
Age 1 
Age 2+ 

T o t a l  population 

0.99 
0-97 
0.813 

0.98 

0.97 
0-93 
0.91 

0.96 

0.99 
0 .9% 
0 .82  

0.83 

0.89 
0.90 
0.92 

0.90 



e t t e r  'Index 0% the t rout  resource 

ecause I t  i ~ ~ ~ r p o r ~ ~ e s  both abu ance (I.@.* ~~n bIornass 

w t h  i n t o  a stn l e  measure, s l  

m e n  over ~ ~ ~ ~ u c t l ~ ~  (P) as de e n ~ ~ ~ t  v a r ~ a b ~ ~ s  i n  

a s ~ ~ ~ ~ ~ t e ~  wlth the s l n g l e  ~ r o ~ ~ ~ t l o n  e s t i  

t a l n  such data would  requlre ~ e a s u r e ~ e n t  

, calculatlow o f  production By year class l n c  udes several 116.e 

stages. For example, the 1982 year class 1 cludes both fry and 

~ u ~ e ~ ~ l ~ ~  wlt th  no d l r e c t  method f o r  ~ ~ r n ~ ~ n i ~ ~  the hnb3tat values (WU 

f the two l i f e  stages. The pro i s  even greater for  older year 

classes because another 11fe sta  u l t s )  i s  Inclu 

3 year c lass  consists only  of f r y  (Age 0 t rou t ) ,  ~ r ~ ~ ~ ~ t i ~ ~ ~  I n  th l s  

case, had t o  be l n ~ ~ r ~ ~ ~ l ~  estlmated ( w i t h  the ~ x ~ ~ ~ ~ i ~ ~  o f  s i t e s  AC 

; see Sect, 3 .  . 3 . 3 ) .  Finally, lumass may be a slattab 

s ~ ~ r o g a t ~  f a r  p ~ ~ ~ ~ c ~ l o ~  because af the strong ~ e l ~ ~ i o n s ~ i ~  between 

f o r  the to t33  ~ ~ u ~ ~ t i o ~  ( F i g .  4-7) and for i ~ ~ i ~ i d ~ ~ l  year 

classes (e .g . ,  small v ~ ~ i a b i ~ ~ t y  i ra t ios  across sqten, 

Tables 4-56 and 4-59}.  

4 . 5 , l  ~ ~ ~ ~ a n t a n e ~ ~ s  ~ ~ ~ r ~ l ~ t i ~ ~ $  

The flrst ~ p ~ r o ~ ~ h  was t o  exarnlne the s i  ple re la t lons 

es for  a l i f e  s t  ecies; (e .9 . .  adult 

n t rou t )  and the observed stan  a t  l i f e  ~~~~~ a t  t h e  

e observatlon. Th4s so-cal 



approach I s  slrnllar t o  t h a t  used l o  previous valldatlon stuQIes 

(Stalnaker 1979; Weschc 1980; Orth and ~~~~~~~ 1982).  

6.5.1.1 Brown Trout 

e results of  a s l  ple c o r r e l a t l o n  a n a l y s l s  (CORR procedure i n  

S )  between bro n t r o u t  abundance and h l a  ass  and habitat values are  

presented I n  Table 4-72 .  Several s l g n I f i c a n t  ( a  = 0.05) 

relatlsnshlps were Found, especially when PUA was used as the habtttat 

vai.lable, The strongeat  correlatlons were: 

5 5  v s  lncubatiol l  PUA ( r  = 0.72 

e Age 1 abundance and ( r  = 0.86 an 
r = Q.%34* respect1 

PUA ( r  = 0.69),  
: r  2 -8.64), 
PUA ( r  = 6 . 8 6 ) ,  and 

e Tatal blamass vzi F r y  MUA ( r  = 0-67 ) .  

Although numerous, slgnlflcant psslt”ie cosselatlons were 

observed, none o f  the  relatlenshlps explained more than 75 

varlablllty I n  brown t r o u t  ahundawce or  b’rornass. In a d d l t l o n ,  several 

negat ive  csrrelatlons @e!*@ observed wdth  both streamflow and tota l  

surface a r m .  These l a t t e r  results are ,  t n  part ,  an a r t i f a c t  o f  

sampling, a t  l eas t  fe r  Age 0 t r o u t .  Weduetlan I n  streamflo 

therefore,  surface area)  f rom June throblgh Nave ber c o l n c l d e d  wl$h t h e  

Increased abundance s f  Age 8 trout resulting from ”icreased sampling 

e f f I c l e n c y  ( l . e . ?  Age Q t r o u t  I n  June were generally less t h a n  6.0 c 

i n  tota l  l eng th  and could not be sa p l e d  e f f e c t l v c l y  by 

e lec t roshock ing) .  f i n a l l y ,  t o t a l  brawn trout $?omass i s  plotted 

agadnst a d u l t  brown t r o u t  WUA i n  F’lg, 4--:0 as afi example o f  the data  
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Table 4-72. Correlatlon coefflclents (r) far brown trout abundance and 
biomass vs observed habitat values. All values are 
slgniflcant at a = 0.05; NS = not statlstlcally slgnlflcant 
at Q = 0.05. 

Abundance (no./km) Biomass (q/km) 
Habltat 
varlabl es Age 0 Age 1 Age 2+ Total Age 0 Age 1 Age 2t Total 

Adult 
Juvenl le 
F rY 
Pneubatlon 
Spawnl ng 

Adu? t 
Juvenl l e  
f rY 
Incubatton 
Spawnl ng 

FIOW, m3/s 
Area, m2/km 

Welqhted usable area 

NS NS 0.53 NS NS NS NS 
NS NS NS NS NS NS -0.51 
NS NS -0.47 NS NS NS -0.64 
NS NS NS NS NS NS -0 .54  
NS 0.71 0.61 0.66 NS 0.65 NS 

Percent usable area 

NS 0.46 0.69 NS NS NS NS 
0.55 0.79 NS 0.92 0.57 0.92 NS 
0.51 0.68 NS 0.56 0.52 0.60 NS 
0.72 0.76 NS 0.79 0.72 0 . 7 6  NS 
0 . 5 5  0.86 0.53 0.86 0.58 0.84 NS 

-0.65 NS NS -0.48 -0.65 -0.50 NS 
-0.72 -0.75 NS -0.02 -0.73 -0.77 NS 

NS 
NS 
-0.69 
NS 
NS 

NS 
NS 
FIS 
NS 
NS 

NS 
NS 
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set used by Stalnaker (1979) and Wesche (1980) to support the valldlty 

of the fnstream Flow Incremental Methodology (IFIM) in western 

streams. 

Included In thls study, the correlation between these two variables was 

not statistically slgnlflcant at a = 0.05 (Table 4-72). 

In the four streams with wild brown trout populatlons 

4A.1.2 Rainbow Trout 

Although some significant "Instantaneous" correlatlons were 

observed between abundance and blomass vs habltat for brown trout, none 

were found for rainbow trout. 

slgnlflcance was between biomass of Age 1 ralnbow trout and juvenlile 

WUA (r = -0.30; P = 0.07).  Moreover, the negatlve correlations that 

occurred between the abundance and blomass of brown trout and 

streamflow or surface area were not observed for ralnbow trout, 

possibly because of the two sltes ( A C  and MC) wlth relatlvely hlgh 

populatlons o f  Age 0 rainbow trout and no brown trout. 

Age 8 populatlons could be sampled effectlvely I n  early July 

(Table 4-28), so no bias due to sampling efflclency was Included. 

Also, sampling was conducted In early September at hlgher flows than 

occurred on the July or October sampling dates. Finally, total ralnbow 

trout biomass was plotted agalnst adult rainbow trout WUA ( F l g .  4-11) 

a5 an example of the rainbow data set and for comparison wlth a similar 

plot for brown trout. This flgure shows the large varlatlon in blomass 

over a relatlvely narrow range of habltat values and the absence o f  any 

correlation between the two variables. 

The only correlatlon that approached 

A t  these sltes, 
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4.5.2 ~lnimum Habitat Correlations 

The second approach to the analysis of habttat-trout relationships 

Involved a modlfication of t e i n d e ~ e n d e ~ t  habitat varlables by using 

abltat valves derived from historical mant 

(I.e.* a mean value for each month). A record of long-term habltat 

values was calculated for each site and month o f  the yeas by findin 

va ue that corresponded to each mean monthly flow value [see 

also Sect. 4 .2 .3 ) .  In thts analysts, a h a b l t a t  val e for s ~ a ~ # ~ ~ ~ ~  

atton fry, juvenile, and adult life stages was compute 

month the life stage was present (see fable 4-21). IndIvldual years 

were not analyzed, 

which each study site received one value for the I n d ~ ~ ~ n d e n ~  habltat 

variable for each life stage (e.g,, ~ ~ ~ I m u ~  WUA for spawning), and the 

trout abundance and biomass est1 ates became essentially replicate 

values for the dependent varqabae, 

Thls procedure produced a modlfled data set i n  

4.5.2*1 Brown Trout 

Results of t h i s  analysis are shown as correlation coefficients ( r )  

for the pairwlse correlatlans between the brown trout abundance and 

blomass estimates and the minlmum habitat values for each life stage 

(Table 4-73). In comparison to the "Instantaneous" correlations 

(Table 4-72), regresslons wlth mlnlmum habitat values produced more 

slgniflcant relationships (a = 0.05) ,  which, In general, explalned 

more of the variablllty in trout abundance or biomass. 

combinations of flsh and habitat variables, 41% were significant using 

observed or HInstantaneousH habltat variables, whereas 56% were 

O f  all possible 
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21 0 

. . ___ . 

) = -6 ,95  +- 43.0 PUhSpakBn 0.32 0.026 

Fry (g ikm)  =: -95 ,4  + 293.4 PUAspavn 0.35  0.826 

JUV@wlle (no./km) = -101 .S  4-41.1 PUA,dU1t 

= -5337 + 1832 PUAQdUlt  8*53 8.08696 

=. -16.3 + 30,4 mlnPUAad,,, 0 .64  0.0ciOl 

UlP (g/km) = - 0960 - 4 3 . 5  mlnPUA 8 . 7 4  0 D 0007 

0.58 0 .. 0002 

Pry 

ORNL/TM-9323 

4.5.2.2 Walnbow TFOUS 

21 2 
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~~~m~~ Rab-ltat varlables. Fewer Inverse 

r ~ l a ~ l ~ n 5 ~ ~ ~ ~  were o b ~ e r v ~ d  when aislng m l n l  a b l t a t  values, an 

ore f ~ @ ~ ~ ~ ~ t l ~  relate 

a l y s l s ,  the relatlonshtp ~ ~ t w e ~ n  

was lwvestlgated 

le-varlable linear regresslo 1 for each age 

’is given i n  T le 4-74. For ~~~~a~~~~~ with the 

habatat and trout (Fl 

l o t  o f  total brown trout btomass; vs  m l ~ ~ m u ~  adult UA l o  shown in 

FSg, 4-12, Thls s.ln le-vaslable ~o~~~ exp la lne  more than 70% of  the 

tlon i n  b ~ o w ~  trout $ l o  ss a t  the four st 3” sltes ( a c l ,  B C 2 ,  

~ a t ~ a ~ h a ~ y ~ ~  (1981) use 

r o ~ e d u ~ e  t o  examlne the relatlonshlp between cover and 

s (brook, brown, and ralnbow trout emblned) ,  by age class, 

ley Creek and four other streams In thls reglon. Thelr analysts 

es of cover, many o f  whlch are not directly lnflue 

w ,  as the lnde~@nd~nt varlables (total o f  9 ) .  Their best 

ode1 had an R2 I 0.31, whlle the best slx-varlable 
2 el had an R = 0.56. These results and our own analyses, 

sts of the relatlonshlp between caver and trout resources 

(see Sect. 4 . 5 . 4 1 ,  Indicate not only that WUA-based variables are 

jflcantly correlated wlth brown trout abundance and biomass, but 

also that these variables may be better predictors o f  trout resources 

i n  southern A ~ ~ a l a c ~ i a ~  streams than n o ~ b y ~ ~ a u l i c  cover varlables. 
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Table 4 - 7 4 ,  B e s t  slngle-var odels fo r  p r e d i c t i n g  brown trout 

Equat i  asla w2 Prob > F 

0.32 

0.35 

8.58 

O"53 

O ? b 4  

0.74 

0.68 

0.71 

0 026 

a. a m  
0 * 0002 

0.0006 

0 * 0001 

0. QQOl  

0.0081 

aVarliible d e f i n i t i o n s :  
PUA = average percent  usable area for months I n  

subscripted l i f e  stage I s  present.  

percent  usable area over a l l  months I n  v 
pted llfe stage Is present. 

ted usable area grn2~krn) over a l l  months 
cr'ipted l l f e  stage I s  present .  
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0 50 100 150 m 250 300 3% 400 

M I N I M U M  ADULT W U A  (SQ.  M / K M )  

F l g .  4-12. Llnear regresslon o f  estlmated total brown trout blomass 
vs mlnlmum welghted usable area for adult brawn trout. 
X = BC1,  Y = 0C2, * = L C C ,  and A = NR3. 
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F l g .  4-13. Linear regresslon of estlmated t o t a l  raSnbow t r o u t  blomass 
vs minimum welghted usable area for  adult ralnbow trout. 

0 = PJR2, and A = NR3. 
+ = A C ,  X = BC1,  Y = BC2, * LCC, # = HC, = N R 1 ,  
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2 )  and symepatrlc s i t e s  ~ l t h  both rainbov and b r o w  trotit pspulat'ions 

(BC'D, BC2, L C C ,  and WW3j. ?&en t h e s e  da ta  s e t a  brier@ subjected t o  the 

- h a $ l t a t  carre:at9on analysis, some lrngortant d?f fe rences  uerc 

found. Although 176 s l g n i f l c a n t  hab'8taf vs t r o u t  relat?anshlps V@T@ found 

i n  t h e  sympatric data set ,  several sSgw%flcank (a = 0.85) r e l a t i a n s h i p s  

ere observed among the allopatrlc s t t a  (Tab le  4-75) .  ~~~~~~~c~ o f  a l l  

age elasse?s was relateed to  incubatlon WJA, and, less  StFBng1y, t o  fry 

U4. The b e s t  single-variable linear regression mdels  f o r  allopatric 

radnbow t r o u t  a r e  shown I n  Table 4-76,  and the model w l t h  total abundance 

(ns./km) as the dependent variaable I s  shown i n  Flg .  4-56.. 

4 .5 .3  f-l 

Aw evaluation of the biological response o f  t r o u t  t o  the perjods 

of flow-related h a b l t a t  degradntlon predicted ? n  Sect .  4 . 2 + 3  was 

w h a t  l l m l t e d  due t o  t h e  reso1utIon o f  our data set .  S p e c l f i c a l l y ,  

because f l s h  sampllng was only conducted QVN two f j e ld  seasons, data 

plete for several cohorts or year c lasses .  Nevertheless, 

risan o f  relative year-c lass  strength can b2 made for  

re1at"ing high-  or low-flow events t o  t r o u t  populations. For m a  

the persistant low f l o w s  t h a t  csccurred In Wbrarns Creek f r o  

ber 1986 (Event 'i I n  Sect .  4 , 2 . 3 )  r%educed f r y  and juvenlle 

MUAS and should have resulte I n  reduced survlval  o f  fry (1980 year 

class)  and juveniles (1979 year class)  present dur ing t h a t  t ime .  70 

assess relattve strengths o f  year classes a f f e c t e d  by the ~ O W - ~ ~ O W  

perdod, the papulation numbers of Age 2 t rout  din 1982 and 1983 (19 
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Table 4-75. Correlation caefflclents ( r )  for abu dance and b i o  
allopatric ralnbow trout vs minimum habitat values. A11 
values o f  r are slgnlfqcant at a = 
statlstlcally signiflcant at a = 0. 

A ~ u n d a n ~ e  (no./kn) s (g/km% 
Habitat 
va r 1 ab7 es Age 1 Age 2+ Total Age 0 Age 1 Age 2+ Total 

Welghted usable area 

dult 
Juveni 1 e 
F rY 
Incubation 
Spawn l ng 

NS 
NS 
0.82 
0.86 
NS 

NS 
NS 
NS 
0.73 
NS 

NS 
NS 
0.54 
0.62 
NS 

NS 
NS 
NS 
0 . 5 2  
NS 

NS NS s 
NS NS S 
5 0.65 8.71 
0.42 0.99 0.75 
NS NS NS 

Percent usable area 

NS NS NS 
NS NS NS 
NS 0.62 NS 
NS 0.72 6.62 
s NS FIS 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 

NS FIS 
NS NS 
NS NS 
NS NS 
NS NS 

NS 
s 

PIS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

Table 4-76, Best single-varlable models far ~ r ~ d ~ c t ~ n ~  r a ~ ~ ~ o w  
trout bqomass and abundance at sites without brown 
trout ( A C ,  PIC, N R 1 ,  NR2).  

Equa t i ona R *  Frob > F 

Fry (no,/km) = -478.2 + 3-13 0.74 

F r y  (g/km) = -184.1 + 7.65 f f l ~ ~ W ~ A ~ ~ c  8.56 O.OQ51 

Juvenile (no./km) = 92.08 c1.0 0.3% 

Total (no./km) = -104.89 + 3.9 0.62 0.0001 

“Vaslable deflnitlons: 
m l ~ W ~ ~  = ~ i n ~ m u m  welghted usable rea ~ m 2 ~ ~ m ~  over all months 

In which subscrlpted llf e is present. 
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100 Gm 3m m 6rn 700 8rn 

MINIMUM INCUBATION MUA ( S Q .  M/KM) 

Flg.  4-14.  Llnear regression o f  estlrnatssd t o t a l  ralnbsw trout  
abundance (allopatrtc populatlsns only) M S  mlalrnea 
welghted usable area for  ra lnbo  t r o u t  lncubat lon,  

@, 0 = W R I ,  and 0 : .  NR2. 
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year classes) were  par^^^ The 1 

s ~ ~ ~ ~ c t ~ d  to low flows as fry w a s  e 1981 year c lass ,  

s represented b 

uent n u ~ ~ ~ r ~  OS Age 3 t r o u t  I n  1982 an 1983, respectlvely, were 

robably slrnilar, 

l l a r  procedure t o  evaluate the!  effects  oF other 

I ta t - s t ress  perlods (Sect,  4.2.3) resulted t n  a lxed response t o  

s ical  habltat condlttons, For example, ~ ~ ~ s ~ a l l y  hlgh f l  

ruary, March, an Aprll 1983 1 Lost Cove and rad7ey creeks reduced 

r~~~~~ trout s ~ ~ w ~ ~ ~ ~  WUA, yet the 1983 and 1 82 year classes were 

l l a s  ( c ~ m ~ a r ~ s o n s  o f  the ~ o ~ u l ~ ~ l ~ n  n ~ m ~ e ~ s  o f  Age 0 trout I n  

etober o f  1982 and 1983). T e weak brown t rout  year class l 3 a t  

LCC and fTC2 may be assoctated w I t  the hlgh flows t h a t  occurred I n  the 

during i ~ ~ u b a t l 5 n  an emergence, A t  these s i t e s ,  po 

75% lower t h a n  the 

early ~ ~ v ~ ~ ~ e r  7982, a year w d t h  no unusual 

mean ~ o ~ ~ ~ l ~  f low;  fable 4-26). The 

opulatlons a t  BC1,  however, d l d  n o t  exhI l s  same p a t t e r n ;  

low flows that occurred ~~r~~~ 19 

resulted i n  reductdons I n  habitat o f  ~ a r ~ ~ u s  l l f e  s t a  

~ ~ ~ ~ ~ ~ c e  of  ~ ~ b ~ e ~ u ~ n ~  effects  on year-class s ~ ~ ~ n ~ ~ ~ .  A t  a l l  sites, 

82: year class o f  rainbow trout  was ~ u ~ s ~ a ~ ~ I ~ 1 ~ y  stson 

1981 year class (based on corn ge 3. t rout  I n  

similar t o  the 1 3 year c lass ,  w l t h  the exceptloo 
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( lover  I n  1983) and AC (higher I n  1$83).  No unusual low-810% events 

onthly Flow) were recorded I n  1982, and high Flo 

occurred a t  a l l  s l t e s  o n l y  I n  December (Table 4 - 2 6 ) .  Elrown trout, on 

the  other  hand ,  e x h l b l t e d  a stranger year c l a s s  I n  I981 than I n  1982 a t  

I-CC and p I C 1 .  A t  BCZ and R3, densities o f  Age 1 bra 

l l a r  betwee~i the  two years. A s  noted prevlously, the  1983 year 

c l a s s  was, In t u r n ,  lower than the 1982 year c l a s s  a t  LCC, 8G2, an 

s i n  year-clans stren 

ewhlblted by brawn (1981 2 1982 > 1983) and raliwbou trout (1987 

3) may be related t o  ( 1 )  seasonal differences i n  

spavndng and lncubat.%on perlods, w l t h  dl f f erent ia l  e f f e c t s  from unusual 

i c  events (1.e.. very low Or very h l g h  f l o  

brown and ra inbo t r o u t ,  respect tve ly ]  and/or (2) specles Interactlens 

t h a t  resul t  In s t r o n g  year c las ses  of ra l  bou t r o u t  only when brawn 

trout  abundance I s  low. Results o f  QUF analysts  sf the  ef fects o f  

e hydrologlc events (h lgh  or low flows) on year-class strength I n  

t r o u t  populat-lans, as predlcted  by reduct”iow5 I n  UU far s p e c f f i c  l i f e  

stages, are Inconc lua lve ,  The s lgnl fdcance o f  such events can only be 

uately evaluated by follovlng several year elasses thrste 

complete l i f e  cycle .  Mowever, the  Inference re arding opposite trends 

I n  year-class strength 1s consistent w i t h  the hypothesis t h a t  

lnterspeclfdc l n t e r a c t l a n s  between brown and ralnbaw t r o u t  a f f e c t  

habltat utlllzatlon p a t t e r n s  o f  t h e  latter specles ( S e c t .  4 .2 ,2 ) .  

4 . 5 . 4  Cover W ~ . l l t d o n s h l p s  

To evaluate the I m  r tance o f  cover  t o  t r o u t  populatjons I n  

southern Wppalchian streams, strnple rank correlatlon a aly$e!S o f  the 
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relationships between various cover types (Table 4 - 9 9 )  and trout 

blomass and productlon (Tables 4-56 and 4-59) were performed. Because 

both blomass and production are per-unit-area expressions, only 

variables expressing cover per u n l t  area (e.g., percent s tu  

conslstlng of  undercut banks) were analyzed. 

simple varlables l is ted I n  Table 4-77, several combinations of these 

varlables were consjdered: (1) percent undercut cover I: percent 

undercut banks plus percent undercut objects; ( 2 )  percent instream 

cover = percent undercut cover plus percent object cover; (3) percent 

overhead cover = percent undercut cover plus percent vegetation <l rn 

above the water; and ( 4 )  percent to ta l  cover = percent overhead cover 

plus percent object cover. 

In addltion t o  the four 

For a l l  seven s i t e s ,  the o n l y  slgnlficant values of Spearman's 

coefficient of rank correlation ( r s )  were between total  t rout  

production and percent vegetatlon <1 m above the water or percent 

overhead cover or percent total  cover ( a l l  rs  = -0.893, P < 0.01) .  

Considerjng only the three al lopatr ic  s l t e s  (rainbow trout  alone), both 

blomass and productlon of rainbow trout showed r S  = -1 for  f lve  o f  

the cover variables: percent vegetation <1 m above the water, 

percent object cover, percent instream cover, percent overhead cover, 

and percent to ta l  cover. A t  only  the four sympatric s i t e s  (both 

species present), no signlflcant correlations were observed between any 

of the cover variables and el ther  brown trout biomass or production, 

to ta l  trout biomass or productlan, or ralnbow trout blomass. T 

slgnlftcant correlation was rs = -1 for rainbow trout production and 

percent undercut banks and may well be spurlous. 
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Table  4-75.  Estlmmates o f  varJous cover  types f o r  seven study sites 
( c o v e r  was n o t  measured a t  N R I ) .  All values expreosed I n  
ib? and as  percent t o t a l  sur face  area b i n  parentheses).  
Cover types a re  def tned  i n  S e c t .  3.2.3. 

Surface Underci1t Undercut Vegetation <1 m otsgsct 
s i  t e  a red: banks ob jec ts  above water cover 

AC 7 29 23*9 
( 3 - 3 )  

BC1 1046 9.5 
(0.9) 

3 . 3  
( 0 . 3 )  

253 
(24.2) 

2.7 
(0.39 

0 . 4  
(0.1) 

141 
( 4 6 . 4 )  

1 . 4  
( 0 . 3 )  

18 
( 3 . 6 1  

9 . ?  
( 2 - 0 )  

MC 461 8 . 9  
( 1  

0 
(0,O) 

2 . 5  
(0.5) 

12.6 
(2 .2 )  

141 
(24.6) 

5.3 
( 0 . 9 )  

NR3 41 2 2.8 
( 0 * 7 )  

0.4 
( 8 . 1 )  

66 
(16 .8 )  

1 4 . 3  
( 3 . 5 j  
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The baslc pattern seen I n  all nine slgniflcant relatlonshlps was a 

negatlve correlatlon between the measure of cover and trout b’lomass and 

productlon, Thls pattern, along wlth the preponderance of 

nonslgnlflcant correlatlons (82 of 96).  i s  contrary to what on 

expect on the basis of the extenslve work with brook trout ( e .  

1976) whlch showed that lncreaslng cover tends t o  Increase trout 

numbers or biomass. 

Interpreted to lndlcate that the amount of lnstream cover (simple and 

compound varlables) i s  unlmportant at the low levels of varlatlon 5een 

among the study sltes (Table 4-77). 

vegetatlon (1 m above the water may, In fact, be important; it 5 s  

elther the varlable of Interest or a component of  the compound varlable 

In 64% of the slgnlflcant correlatqons Identified. The negative 

assoclatlon found 9 s  l n  accord with earlier literature. Both Murphy et 

al. (1981) and Hawklns et al. (1983) reported that removal of rlparian 

vegetatlon increased trout populatlons I n  streams In the northwestern 

Unlted States, and attrlbuted this result to Increases In prt3dUCtlQR 

throughout the trophic pyramid. Whether th’is same explanation applies 

to our study streams 1s unknown because no data are available on 

mlcroblal respl ratlon and primary productlo 

The many nonsSgnlflcant correlatlons are 

On the other hand, percent 

Overall, using measures of cover, elther lnstream or overhea 

predlct trout abundance would not be successful in streams strnlliar to 

those I n  QUT study. Instream cover I s  already adequate at these sltes, 

glven other llrnltatlons on the systems; Martzler (1983) reached a 

similar concluslon for a stream In Pennsylvania. 
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CLUSI13NS AND REG0 

The adequacy, or  valldlty, o f  any assessment m.,nde’8 m u s t  be 

evaluated i n  c o n t e x t  u lkh  the  problem fear ~ h l c h  the model uas lnttlally 

developed (Shannon 1975). The habitat  eva1uat“xn mcdel% consldered in 

thls study were developed t o  assess the w a t e r  requirements of a%g%sa$lc 

b l o t a  and their response t o  changlng flow patterns I n  lotic ecosystems, 

speclfically below dams and other dlver-slasa structures. The ratfenale 

for s e t t i n g  min”rmum f i o w  requirements usually involves e i t h e r  the 

conservatdon or  ~ n ~ a ~ ~ ~ ~ ~ ~ ~  OF one or mor$ downstream fishery 

~*csources. The n e g o t i a t i o n  of mlnlm m flows I s  usuaily acsompanled 

by t h e  expectatlon t h a t  a poslt!ve relatlonshfp e x l s t s  between physical 

habttat lndlces and some measure of  the fishery resource,  such as 

hlornass, abundance, or product lsn (Sect .  1.2). Translated further,  

the expectatlon I s  t h a t  moire, or b e t t e r ,  h a b l t a t  d l l  lead directly t o  

ore, or l a r g e r ,  fish. An dcceptable I n s t r e a m  flow assessment ?ode1 

shoiilld therefore be capable  o f  predletiny one or both o f  the following: 

(1) relat’rve strength o f  fishery re5Qklrces a m Q g  streams ultk different 

physlcal characteristics, and ( 9 )  relat?ve v a l u e  or capaclty o f  

alternative f l aw reg’8mes t o  support f l s h  populatlons a t  a spest f led 

locatlan. In t h e  abrence o f  flow-regulating st ructures  and a82 

experlmental study deslgn,  the second pcslnt can be Interpreted a s  

d l s t l n g u l s h i q  between arrnual hydrographs f o r  thear ability t o  produce 

strong year classes w i t h l n  a target  f l s h  papulatfon. 
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Several speclfic conclusions can be drawn fro this study wlth 

t impli~a~ion~ t o  i n ~ ~ r e a ~  fl w a s s e s ~ ~ ~ t .  T ese ~ ~ n ~ i ~ g ~  and 

~ a ~ i ~ n ~  are o ~ t l i n e ~  below. 

~ ~ ~ r a ~ ~ i c  ~ o ~ ~ ~ i n ~ .  The IF64 ~ ~ ~ r a u ~ i ~  simulation madel i s  no% 

rellable for P ~ A ~ ~ ~ ~  a p ~ ~ l ~ a ~ i ~ n s  in hlgher 

oblle bed matertal ( S e c t .  4 .2 .1 ) .  Therefore 

requlsed a priori in reglo a7 or state-wide instream flow assessments 

as it now is by some regulatory agencles. The guldance that exists 

he Instream Flow Group regarding the a ~ p ~ i c a t i Q ~  o f  IFG4 t o  

moblle bed forms ( 

reted with respect t o  sand-bed streams (e .g . ,  Wilgert 1 

problems caused by scour a d fill are a l so  significant in steeper 

l e n t  streams w l t h  cobble or larger substrates. The IFG4 model i s  

often used in these streams due to the presence of n ~ ~ ~ n i f o ~ ~  flow, 

However, calibration o f  th'ts model becomes very difficult, if not 

poss i ble , whe cross sections are changing even by a relatively small 

amount. A flexlble approach to hydraullc modeling must be malntained 

the emphasis on derno~~trat~o~ of callbratlon accuracy rather than 

he requirement a f  a speclfic model. 

Habitat preference of trout. The concept of habitat preference in 

trout populations is valid. Rainbow and brown trout are Found in 

locations w l t h  depth, veloclty, and substrate characteristlcs in 

~ ~ $ ~ r o p o r t l o ~  t o  what I s  available I n  their environment (Sect. 4 . 2 . 2 ) .  

This behavlor appears to be repllcable and, therefore, can be 

resented in weightlng factors such as the sudtablllty curves o f  the 
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Instream Flov incremental Methodology (IF1 ) .  Habi ta t  preference i s  

b o t h  specles- and life-stage-specific a 
2 Marlablllty I n  t r a u l  paDulatlows. The d e n s i t y  (no./m j i  stand-lng 

-1 crop ( g / m 2 ) i  and production ( g m - 2 + y e a r  

streams wlthaiut major  a t e r  q i r a l l t y  pertusbattows o r  f i s h i n g  pressure 

can vary by more than an order  of magnttude (Sect..  4 . 3 ) .  When sStes 

are selected t o  c o n t r o l  Cor water quallty and food base, this 

varlablllty can be r e l a t e d  t o  differences t n  p h y s - l ~ a l  habl ta4  

avallabllity. Habi ta t  I s  1 portant even w en other r&sO%1PteS appear t o  

) o f  t r o u t  t n  

* Therefore ,  i t  Is realistic t o  expect a biologtcal response t o  

changes I n  h a b i t a t ,  a t  least 'in streams s i  llar t o  those examined i n  

th'is s t u d y .  

S h i f t s  I n  h a b l t a t  U S @ ,  The h a b f t a t  ut9llzatlon pat te rns  t h a t  do 

e x l s t  among t r o u t  are Influenced by a t  l east  two site-speclfic factors: 

habitat availability and interspecific Interactions ( S e c t .  4.2.29, 

Iherefore, observed utilizatlsn and the sultab?lity c r l t e r l a  derived 

Prom utlllzaklon data  udlll vary a ng sites, Because no true 

preference index has yet been developed wh9ch caw factor  a u t  the  

influence o f  h a b l t a t  avnllablllty o r  the effects o f  interspeclflc 

I n t e r a c t i o n s ,  suitability crSterla are  subject t o  error  unless they a r e  

verified QD a site-speclfic basis 

_I__ Mabl ta t / t raut  resource relationships. The weighted usable area 

(WUA) habi ta t  index calculated from lrblished sultablllty c r i t e r i a  i s  

t o  several measures o f  t he  trout resource (Sect, 4 . 5 ) .  

Therefore, the general null hypothesis that h a b i t a t  was not related t o  

trout biornass/abundance can be rejected. H a b i t a t - v s - t r o u t  carre?aPions 
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across si tes  by t~tia 

ced over an a naual cyc le  by each 

qnant specles ( $ . e . ,  

~ ~ ~ ~ ~ ~ l n a ~ ~  rpeclea  when they are not  1 

t l t o r  {I.@., rainbow t r o u t  ^Bn t 

enced by major ~o~petltors. A l s o ,  p r e d l c t l  

r e ~ ~ ~ n ~ ~  to h a b l t a t  c 

F the t a r g e t  specles to identlfy senslt3ve 

llFe stagers, For exa , a t  the slkes ex l n a  this study, 1t can 

eslneb that brown trout (all age classes corn 

ly influenced by adult ~ a ~ ~ t a t ~  whlle a110 

~ a I ~ ~ ~ ~  t r o u t  were y l ~ ~ l ~ e ~ ~ e d  by h bltat for y Q u ~ ~ ~ r  life 

stages ( f ry an l ~ c ~ ~ a t l ~ n ~ .  The ~ ~ ~ s ~ t t v l t y  and i ~ ~ o r t a n ~ e  of younger 

l i f e  stages In ~ ~ ~ r ~ l n ~ n ~  ~ a ~ n ~ Q w  trout s t a ~ d ~ ~ ~  crop were also 

~ t l f i e d  I n  f l e l d  s tud les  by e h r t n g  and ~ ~ ~ e r s o n  (1983). 

~ ~ ~ ~ ~ ~ a ~ t o ~  o f  senslt iwe 7Jfe stages, base elther an Ion 

i r lca’ l  studles or OR Inferences from t h e  s c i e n t l f l c  llter 

slmtlar  sltes, should be part o f  an l stream flow assessment, 

5 . 2  ROLE OF HABITAT I N  F ISHERIES ~ A ~ ~ G E ~ E ~ ?  

Proper application o f  hab1tat Wdels in lnstream f l o w  management 

e consistent  w l t h  a more comprehenslve theory for fishery 

~ a ~ e ~ e ~ t  and i lo t lc  ecology. In an early c r l t l q u e  o f  the I F N ,  Patten 



e t  a l .  (1979) o u t l i n e d  the  necessary and s u f f l c l e n t  coPtd?t’sons f a r  

p r e d l c t l n g  f i s h  d I s t r i b u t t a n .  Although d e p t h ,  ve loc?$y ,  substrate,  and 

cover are necessary to support f i s h  in a s t r e a ~ ,  t h e s e  physlcal h a b i t a t  

variables are n o t  a l w a y s  sufffcient t o  expliain e l t h e s  macro- or  

mlcradistr?bution p a t t e r n s .  For exa pera ture ,  water quality, 

food i-esource§, or Interspectflc co etitlon can a c t  40 suppress t r o u t  

populatlons even i n  t he  presence o f  adequate physical habitat. The 

conceptual model Implied by Patten e t  ti l .  (1979) can be called a 

‘I 1 1 m’s t l ng -va g. i ab 1 e It ode1 where f l s h  $lamass and ahban 

ined by a s i n g l e ,  l i m i t ’ r n g  envlranrnental resource, ‘Trout 

papulatians i n  soft-water streams are o f t e n  hypothesSned as bedng food 

l i r w l t e d ,  Praductlon, howewr,  can be h t g h l y  vartable i n  these systems 

(Table 4-57). Stladles on brook trout In streams w i t h  slml lar  water 

q u a l l t y  I n  Georgla (Michaels 1978) and Quebec (O’Connor and Po 

reported v a r l a t l o n s  o f  t w o  and f l v e  t lmes ,  r e s p e c t i v e l y ,  whlch were 

related t o  h a b i t a t  differences. T h i s  study shows a slma’P1ar trend w i t h  

and brown t r o u t ;  t h a t  ?Is,  a t  sl tes  w i t h  s i m t l a r ,  apparently 

l t l n g  water q u a l i t y  and Instream food resources, t h e  variability i n  

abundance and b l o  as5 can be related t o  h a b l t a t  differences. 

An a l t e r n a t l v e  t o  the l i  I t l n g - v a r l a b l e  model i s  a potenttation 

era1 potentiation model for  predlctlng t r o u t  b t o  

be hypothesized as: 
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where B i s  total bismass of a target population measured as weight per 

unit length of stream, a and 0, are regression coefficdenta, an 

XI are varlables such as habitat condltlon, water quality, 

temperature, fQQd resources, or lnterspeclftc competltion. 

I s  analytlcal structure was used successfully by Blnns an 

Elserman (1979) to redlct trout standlng crop in Wyom~ng and earli 

Huet (1964) and Kofbing (1978) for European flshery m a ~ ~ g e ~ e ~ ~ .  

With such an empirical approach, i t  would be u n ~ e ~ s ~ ~ a ~ l ~  to expect an 

absolute predictton of €3 uslng only h y s l c a l  habitat varlablea u 

all other jnfluences are held constant (all other Xl and 

. However, It I s  still reasonable to flnd 5 proportional t o  

habitat variables ( H )  wlth a slte lnteractIon term (the slope o f  t 

vs H relationshlp). 

The difference between ~ i m l t l ~ ~ - v ~ r i a b l e  models and pote 

models is crltlcal to the use of  habltat variables ’In ln5tream Flow 

nagement. If the llmlting-varlable model holds, t en flsh will show 

no response to flow-related hab’Itat changes when habitat is not 

limltlng. In this case, mlnlmum flow requirements based on indleea 

such as WUA would be o f  questionable val’idity. 

potentiation model holds, then habltat variables would still 

Important deterrnlnants of  fishery resources. The results o f  thSs st 

argue for the latter model and suggest that habltat-based assessments 

o f  instream flow needs are approprlate In stream types such as were 

studied here. 

owever, if the 



OWM%/TH-9323 228 

6 .  LITEWAVUQE C T Y E D  



Baldes, 8.  J . ,  and . E. Vincent. 1959. Ph sical parameters of 

rnlcrohabitats occupied by brown trout in an ~ x ~ e r d m e n t a ~  f1 

Trans. Am. F f s h .  Soc.  98(2):230-23 

artschi, D .  K. 1976. A b a b l t a t - d l ~ ~ h a r ~ ~  

instreaim flows for aquatlc habttat. pp, 285-294. I J ,  F.  Orsborn 

and C. H. Allman (eds.), Instream Flow Needs, V 7 .  % I .  Amerlcan 

Flsherles Soclety, ~ e t ~ ~ s ~ a ~  ~ a r ~ l ~ n ~ .  

A . ,  and F. #. Eisermarr. 1 79, ~ u a n t l f l c a ~ i o ~  sf  flamvta 

trout habltat In Wyornlng. Trans. 

w e e ,  K. 0. 1978. ? r o ~ a ~ f l d ~ ~ - ~ f - u s e  crlterda f o r  the fanally 

Salmonldae. Instream Flow Informtlon Paper No. 4. FWS/O 

Western Energy and Land Use Team, U.S. Fish and ~ ~ l ~ ~ i ~ e  Servdce, 

F t .  Collins, Colorado. 8 

ovee, K. 0. 1982. A gulde to stream habltat analysts uslng the 

Instream flow Incremental methodology. Instream Flow I n f o r ~ ~ ~ o ~  

Paper No. 12. FWS/O$S-82/26. Western Ener y and Land Use Team, 

U.Se Fish and Wlldlife Servfce, Ft. Colllns, Colorado. 248 p 

Bovee, K .  D., and f. Cochnauer. 1978. Developme t and evaluation o f  

wedghted crlterla, probablllty-of-use curves for dnstream Plow 

assessments: Ftsher’les. Instream Flow Informatdon Paper 

FWS/OkS-77/63. Western Energy and Land Use Team, U.S. Fish and 

Wlldlife Servlce, F t .  Collins, Colorado. 

Bovee, K .  D., and R. T.  Milbous. 1978. Hydraulic slmulatlen In 

lnstream f l o w  studies: Theory and techniques, Instream Flow 

Information Paper No. 5 ,  FWS/OBS-78/33. Western Energy and land 

Use Team, U.S. F l s h  and Wlldlife Servlce, Ft. Collins, Colorado. 

125 pp. 



230 

Bratton, 5 .  P . ,  R. C. Matheus, J r . ,  arid P. 5 .  MhSke. 1988. 

Agricultural area Impacts w i t h ? n  a rsat 31 area.; Cadcs C o w ,  a 

case hlstary. Envlrsn. Nanagt?* 4:433--44Fa. 

Bucharean, T. J . ,  and U, B. Samers. 19669. D I s c k t ~ g e  measuremestr a t  

gagang s t a t i o n s .  TechnSques o f  Mati?r-Wesources Investlgatlans O F  

t h e  U.S .G*S .  8006: 3 ,  Chapter A8. U.S. Department of t h e  

I n t e r l o r ,  Mashlngtsw, 0°C. 6 5  pp. 

Cada, G. F . ,  H. J .  S a l e ,  R. H. Cidsb an, and J .  E. Loar .  7984, F i e l d  

t e s t  o f  a blo og%eal assumptlaw o f  Instream flow 

pp. 1305-1393 IN Proceedings, ~~~~r~~~~~ '83: Intesnatjonal 

Conference on ~~~~~~~~~~, Volume I i I .  7ennessee Valley A u t h o r i t y ,  

Knoxv*ille, Tennessee, 

Carlander K, 8). 1969. L l f e  Hlstory Data on Freshwater Elshes 0f  the  

Unlteed S t a t e s  and Canada, E x c l u s i v e  of the  Perelfar 

of Freshwater Flshery  Bdalogy. Volume 1 .  Iowa Sta te  &rnlwarrs9ty 

Press, Ames, I o m ,  752 pp.  

Carlander, K .  D ,  1973.  b l f e  Hdstory Data on Centrarchid FSshes of the 

Unl ted  States  and Canada* Handbook o f  Freshgrater Fishery  BSolep 

e Sa. Iowa S t a t e  l h 9 w e r n l P y  Press, Amea, Iowa, 431 pp. 

Car le ,  F .  L . ,  and M. R .  S t r u b .  1978. A new ethhad for estfrnatlng 

psptalatlan s i z e  f r o  ova l  data.  BSonaehr?cs 34:621-b36, 

Carline, R .  F .  1971. Productlan by three populatlsns of wild brook 

t r o u t  w l t h  em 

Bull. 75:758-765. 



231 NL/TM-8323 

n, 0. U, 1965. Net productlon of juvenile coho salmon i 

Oregon streams. Trans. Am. FSsh, Soc. 94:4 

Chapman, D. W. 197 uction. pp.  202-217. 

( e d . ) ,  Methods for Assessment o f  FIsh P r o d u c ~ i ~ n  in Fres 

3 Internatianal iologlcal Pro ramme (IBP)  andb book No. 

(3rd Edition). Blackwell Scientlfic P w ~ l i ~ ~ t i o n s  L td  

England. 365 pp.  

Coble, D .  W .  1961, Influence of water exchange and d i s s o  ved oxygen 

In redds an survlval of steelhead trout embryos. Trans. Am. F i s h .  

sac. 90(4):469-474. 

Cooper, E. L., and R .  C. Scherer. 1967. Annual ~ r o ~ u c t i o n  o f  brook 

trout (Salwellnus fontinalls) i n  fertlle and infertile streams o f  

Pennsylvanla. Pa. Acad. S c l .  41:65-70. 

Cushman, R .  M. 1984. Blotlc effects o f  rapldly varying flows from 

hydroelectrlc facllities. p (. i m - 1 2 8 3 .  r Proceedings, 

Waterpower '83: ~ n t ~ r n a ~ l o n a ~  Conference on Hydropower, Val, 3 ,  

Tennessee Valley Authority, Knoxvtlle, Tennessee. 

uchananne, 6 .  O . ,  and R .  M. Richardson, 1956. Groundwater Resources 

o f  East Tennessee. Bull. 58, Part I. Tennessee Department of 

~ a n s ~ r ~ a t ? o n ,  Divlslon of Geology, Nashvllle, Tennessee. 

Edwards, R .  W . ,  3. W. Densem, and P. A .  Russell. 1979. An assessment 

of the importance o f  temperature as a factor controlling the 

growth rate of brown trout ? n  streams. J. AnIm. Ecol. 4825 

H.  J. 1970. ~ r ~ d u c ~ ~ o n  o f  salmon and trout in a stream in 

Scotland. 3 .  Fish B'iol. 2:117-736, 



232 

E l d e r ,  J ,  A . ,  S .  W. 

psona, 0. A .  Tucker, and . J .  ~dual-is9~. 1 9 ~ .  soia 

Survey o f  Blelaslt County ,  Tennessee. Sot1 Conservation Service, 

U . S -  ~~~a~~~~~~ o f  A g r i c u l t u r e ,  MashPngton, 0.C. 119 pp. p l u s  

plates  (maps).  

Elliott, J .  9Ed. 1970. D9el changes in l nve r teb ra te  d r t f t  and the food 

o f  t rout  Salmo trentta L .  J .  F i s h  8101. 2:161-165,  

Eillatt, J .  #. 1973. The food  o f  brown and ralnbow t r o u t  ( 

t r u t t a  and S _ .  g a l r d n e r l )  I n  r e l a t l o n  t o  the abam rice o f  d r ? f t ? n g  

i n v e r t e b r a t e s  I n  a wpountaln stream. Oecologla 12:329-347. 

Ellistt, J .  PI. 1975.  The growth rate o f  brown t r o u t  Q trrutta L. )  

fed on ~ ~ x t ~ ~ ~  ra t tans .  J .  Anlm.  E c o l .  44:805-821. 

. Prsduct lon and food consu p t l o n  rates In a stream 

pulatlon. Ph.0.. thes is .  I l n l v e r s l t y  of  

esota.  143 p p .  

Everhart ,  W .  H . ,  A .  W e  ESpper, and &. 8.  Youngs. 1975.  P r i n c i p l e s  o f  

F i s h e r y  Sctence, C o r n e l l  Universilty Press, Ithaca, Ne 

288 pya. 

Extence,  c .  A .  1981. The e f f e c t  sf  drought on benthlc Invertebrate 

unities l n  a lawlan river. Hydrobilalogla 83:217-224. 

Pausch, K. D . ,  and 8. d .  IPBhlte. 1981.  Competition between brook. t r o u t  

(Salve13.fly>- fontPnalis) and $TOWS t r o u t  4 t r u t t a )  for  

pos3tionr I n  a Hlichilgan stream, Can, J .  F S s h .  Aquat. S c l .  



233 

Fisher, S *  G., an E .  E .  LSkens. 1 73. ~n~~~~ flow in 



234 

Shloarger, W. J . ,  and H .  Bhattarharyya. 1981. An apg l i ca t9an  o f  

f a c t o r  analysls i n  an aquatic habdtat s t u d y ,  pp. 180-1 

0. E .  Capera ( e d . ) o  The Use o f  # u l t i v a r ’ i a t e  s t a t i s t i c s  131 Studies 

i l d l i f e  H a b i t a t .  Gen. Tech. Rep. RH-87, USDA Forest Service, 

ounta ln  Forest and Range Exper lmmt  S t a t i o n ,  F t .  C o l l i n s ,  

Colorado. 245 pp. 

Hanssn, 0.  L . ,  and T .  F .  Maters. 1934. Recovery of standing crop and 

proc l~~t10o- i  rate o f  a brook trout population i n  a flood-dama 

stream. Trans. Am. F ish .  SOC. 1033431-439. 

Hartman, G. F . ,  and D .  PI. Ga lbra i th .  1970.  The reproduct ive  

envdronment o f  the e r r a r d  Stock ralnbav t r o u t ,  FSsh 

P u b l .  1 5 .  B r l t i s h  ColumHabla FSsh and ildlife Branch, 

Hairt~lier, J .  8 .  1983. The effects  o f  half-l~g C O W ~ ~ S  BPI angler 

haswesf and standing crop o f  brown t r o  .t: i n  McMichaels Creek, 

Pennsylvania.  #. Am. J .  FSsh, Hanage. 3:228-238. 

Wauklws, I;, P . ,  r p h y ,  H .  AFild&iTSOTs, and 

1983. Density of  f l s h  and sala anders ’in r e l a t i o n  t o  ripariaan 

canopy and physica l  h a M t a t  i n  streams I n  ~ ~ ~ ~ ~ w ~ ~ t ~ ~ ~  Uni ted 

States. Can. J .  F i s h .  Aqmat. %I, 48:1143-1185. 

Wendersonville Water epartment. 1983. Personal CQ nlcatian from 

John Miles, Director, t o  G e  K. Eddle 

Laboratory,  January 7, ’1983. 

Wtlyert, P .  1981. Evaluation o f  instream fleau ~ ~ ~ ~ ~ $ ~ l ~ ~ i ~ ~  and 

determination o f  water q u a l i t y  needs far stream fisheries I n  the 

S t a t e  o f  Nebraska. ~~~~~~~~ Game and Parks ComSssian, L”incoln, 

Nebraska. 119 pp. 



235 ORNL/TM-9323 

Hooper, D. R .  1973, Evaluat lon o f  t h e  e f f e c t s  o f  f lows on t r o u t  

stream ecology. P a c i f l c  Gas and E l e c t r l c  Company, Emeryv l l le ,  

C a l l f o r n l a .  97 pp. 

Huet, M. 1964. The eva lua t lon  o f  f l s h  p r a d u c t l v i t y  i n  f resh  waters. 

Verh. I n t .  Weraln. Llmnol. 15:524-528. 

Hunt, R. L. 1966. Product ion and angler  harvest  o f  w l l d  brook t r o u t  

in Lawrence Creek, Wlsconsln. Tech. B u l l .  No. 35. Wisconsin 

Conservation Department, Madison, Wisconsin. 52 pp.  

Hunt, R. L. 1974. Annual p roduc t ion  by brook t r o u t  i n  Lawrence Creek 

du r ing  eleven successlve years. Tech. B u l l .  No. 82. 

o f  Natura l  Resources, Madlson, Wisconsin. 29 pp.  

Hunt, R. L. 1976. A long-term eva lua t lon  o f  t r o u t  h a b l t a t  and 

development and I t s  r e l a t l o n  t o  Improvlng management-related 

research. Trans. Am. Fish. Soc. 105:361-364. 

Hutchlnson, G. E. 1957. A T rea t i se  on Llmnology, Volume 1, Geography, 

Physlcs and Chemlstry. John Wlley and Sons, Inc . ,  New York. 

1015 pp. 

Hynes, H. 8. N. 1961. The inve r teb ra te  fauna o f  a Welsh mountain 

stream. Arch. Hydroblol .  57:344-388. 

Nynes, ti. B. N. 1970. The Ecology o f  Runnlng Waters. U n i v e r s l t y  of 

Toronto Press, Toronto. 555 pp.  

I n t e r n a t i o n a l  Englneer lng Company, Inc .  ( I E C ) .  1981. Study o f  t he  

i n t e r r e l a t l o n s h l p s  between minimum f l o w  re lease p o l i c i e s  and 

h y d r o e l e c t r i c  power development i n  New England. F i n a l  Report t o  

New England River  Basqns Commlsslon, Boston, Massachusetts. 



236 

Johnson, P .  L. ,  and W .  1. Swank. 1973.  Studies o f  cat"isn b u d g t s  i n  

t h e  southern Appalachians 08 f o u r  expe: - imnta l  watersheds u'r th 

contrast4ng vege ta t i on ,  Ecology 54:90-80. 

Kalleberg, M .  1958, Qbservat-lons in a stream tasak o f  terrStsrlality 

and campet l t ian  i n  j u v e r r ~ i l e  salmon and trout (Salmy s - a h a  L.  and 

- -  S .  t ru t ta  L-1. Rep. Ins t .  Freshwater Res, Dsottnlnghslm 33:55-88. 

., 3r. 1980. SO11 SUffVey O f  HendeI-SQw C O U n t y ,  North 

Carolina- Sol l  Conservation ServSce and Farest S e r v i c e ,  U.S, 

e n t  o f  Agriculture, Washington, D?C. 89 p p ,  p lus  pla tes  

(maps 9 * 

King,  J .  M., J .  biJ. iu rp"a,  and D .  D, Bacon. 1374. S o i l  Survey of 

Transylvanla County, Nor th  C a r ~ I l n a ~  Sol l  Conservation Service 

and Forest ServJce,  U,S. Bepar"ck?nJi o f  Agricu l ture ,  

Washlngton, B . C .  I1 p p .  p l u s  plates (maps) .  

KolD?wg, A .  1978. The European metho o f  f i s h  harvest pre 

I n  f l u ~ l a l  S ~ S ~ ~ Q I S .  E n v i r o n .  Er'e01. FfshEs 3(3):249-251. 

Krcaeger, e .  C., and T. F.  Haters. 1983. Annual production o f  

acrslnvertebrates I F 3  three streams o f  d i f f e r e n t  vater q u a l i t y .  

Ecology 64:840-850. 

Lapchin, L - ,  and A .  Weveu. 1980.  The p s ~ d w e t ? o n  o f  benthic 

Inver tebrates :  Compar-Jsm of d i f f e r e n t  methods. 11. Appldcation 

t o  t he  benthos o f  t h e  @Iv@lle Rlves (Pyrenees - AtlantSques, 

France). Acta QecoB./Berol. Gen. 1:359-372. 

L a t t a ,  W .  C .  1962. P e r j a d l c l t y  38 morta l i ty  of  ~ T O S %  t r o u t  drkrlng 

f i r s t  summer af  l i f e .  Trians. Am* f l s h .  S O C .  91:408-411. 



237 ORNL/TM-9323 

LeCren, E. D .  1969. Estlrnates o f  f i s h  populat lons and product ion i n  

smal l  streams i n  England. pp.  269-280. IN T. G. Northcote ( ed . ) ,  

H. R. MacMillan Lectures i n  F lsher les :  Symposlum on Salmon and 

Trout  I n  Streams. U n l v e r s l t y  o f  B r t t l s h  Columbla, Vancouver, 

B r i t i s h  Columbia. 388 pp. 

Lemly, A. 0 .  1982. M o d l f l c a t l o n  o f  benth ic  I n s e c t  communit%es i n  

p o l l u t e d  streams: Combined e f f e c t s  o f  sedimentat ion and n u t r i e n t  

enrichment. Hydrobio log la 87:229-245. 

Loar, J .  M., and M. J .  Sale. 1981. Analysis o f  envlronrnental issues 

r e l a t e d  t o  smal l -scale hyd roe lec t r i c  development. V: Ins t ream 

f l o w  needs f o r  f i s h e r y  resources. ORNL/TM-7861. Oak Rtdge 

Nat iona l  Laboratory,  Oak Ridge, Tennessee. 123 pp. 

Lowry, Ge R. 1966. Product lon and food o f  c u t t h r o a t  t r o u t  i n  th ree  

Oregon coas ta l  streams. 3 .  W l l d l .  Manage. 30:754-767. 

Mahon, R. 1980. Accuracy o f  c a t c h - e f f o r t  methods f o r  es t ima t ing  f i s h  

dens i ty  and biomass I n  streams. Envtron. B i o l .  Fishes 5:343-360. 

#ann, R. ti. K. 1971. The populat ions,  growth, and produc t ion  o f  f i s h  

i n  f o u r  smal l  streams i n  southern England. 3 .  h i m .  Ecal.  

40: 155-1 90. 

Matheus, R. C . ,  Jr .  1979. Eco log lca l  survey o f  Abrams Creek I n  the  
<& 

Great Smoky Mountains Nat iona l  Park. Research/Resources Management 

Report No, 28. U.S. Department o f  I n t e r i o r ,  Nat iona l  Park 

Service,  Uplands F i e l d  Research Laboratory, Great Smoky Hountajns 

Nat iona l  Park, Twin Creeks Area, Gat l lnburg,  Tennessee. 195 pp. 

Michaels, R .  A. 1978. Brook t r o u t  p roduc t ion  i n  renovated headwater 

streams o f  n o r t h  Georgla. M.S. t h e s i s .  U n i v e r s i t y  o f  

Athens, Georgia. 40 pp. 



238 

Ilhous, R .  T . ,  0 .  I-. Megner, and 5 .  Maaldle. 1981. User's guide t o  

the  physical h a b i t a t  simulation system. I n s t r e m  F l w  Iwform,P.Eon 

Paper No. 11. F&S/OBS-88/43. Mestern Energy and Land Use Teamp 

U . S .  F l s h  and Wildlife Servlce, F t .  Csllins, Caiiaradtr. 

Morlng, J. R . ,  K .  J ,  Anderson, and R .  L ,  Youker. 1981. High ?nridence 

o f  scale regenera t ion  by gatamsdrnmous coastal cutthroat t r o u t :  

Analytlca! implicatlons. Trans. Am. F i s h .  SOC. 110:521-526- 

~~~~~~~~~* E .  1982. P r o d u c t i o n  of t r o u t ,  Saanslo tr-idtta, in a Danish 

stream. Envi ron .  8"ial. Fishes 7:349-355- 

#ortensew, E . ,  and J .  L. 51 sen. 1983. Productlorl estlmtes nf the 

benthic invertebrate c u n l t y  In a small Danish stream. 

Mydrobialog%a 102: 155-1 62. 

u r p h y ,  W .  L., C. P .  H a ~ k i n s ,  and M e  H. Anderson. 1981. E f f e c t s  o f  

o d l f i c a t l a n  and accumnulated sedt i i~ent  ow stream 

comuwities. Trans. Am- Fplsh. Sos.  110:469-478. 

er and L ight  Corsspany (WPLC). 1983. Personal CFr 

Junlor Johnson, Superfntendent, Nan-tahala Dana, t o  6. K. 

Eddlemon, Oak Ridge National kaboraPi)ry, January 13, 1983. 

Nat30nal Climatic Center ( N C C ) .  1973a, 6;inthhliy Averages o f  

errathire aod Pretipitatlon for Sta te  Cfimt?c Divls'Sosss 

1941-70: North Carolina. Natlorsal Oceanju and 1!9ewapher3c 

Inlstratlon, Ashevdlle, N ~ r t h  Carolina. 

tdatlonal Cllmtlc Center ( M C C ) .  1993b. Wonthly Averages 0f 

Temperature and Precipitatlsn for State C l l m t l c  D l v i s i s n s  

1941-363: Tennessee. National O c m n ~ c  and Atmospheric 

Adrntn?strahlon, Ashevllle, N o r t h  Carolina. 



239 

ehr lng,  W .  $., and R. A n d e ~ ~ o ~ .  1983. S t r e  

I n v e s t l g a t l o o s :  Job 1, F l sh  f l a w  inves t i ga t i ons .  Federal A i d  

l i f e ,  Flsh Research 

Sect ion,  F t .  C a l l l n s ,  Colorado. 

Nelson, D. J . ,  an * c .  Scot t .  1962. Role o f  d e t r l t u s  an t he  

~ r ~ d u ~ t I v i t y  o f  a rock-outcro u n l t y  i n  a Ple 

r e  7:396-413. 

evesp R. J ,  1979. Secondary ~ ~ ~ ~ u c t I o ~  o f  i t h i c  fauna 1 

~ o ~ ~ l a n d  s t r e  

eves, R. J . ,  a . Pardue. 1983. Abun 

f i shes  i n  a small ~ p ~ a l a c h i a ~  s t rea  Trans. Am. Fish. S Q C .  

11 2: 2'9 -26. 

A. 19b3. I n t e r a c t i o n  between t r o u t  an 

Scandlnavla. Trans. Am. F I s h .  SOC. 92:276-285. 

North Casol jna W i f d l l f e  Resources C ~ ~ i s s ~ o n  ( RC). 1983. Personal 

c ~ ~ u n l ~ a t l o n  From Wayne Jones, Dis tr i c t  l a g i s t ,  t o  J. #. Laar, 

Oak Rldge Nat iona l  Laboratory,  A p r l l  6, 1983. 

osth Caro l ina  W t l  l i f e  Resources Cornisston (NC R C ) .  1984. Personal 

c o m u n i c a t l o n  f rom Wayne Jones, D l s t r i c t  B i ~ l o g l s t ,  t o  J .  M. Loar, 

Oak Ridge Nat iona l  Laboratory, September 13, 1984. 

O'Connor, J .  F., and G. Power. 1976. Product ion by brook t r o u t  

(Sa lve l l nus  f o n t l n a l l s )  I n  four  streams I n  t h e  Matamek watershed, 

Quebec. 3. Fish .  Res. Board Can. 33:6-18. 

Q r t h ,  D. J . ,  and 0, E. Maughan. 1982. Eva lua t ion  o f  t h e  Incremental  

Methodology f o r  recommendtng inst ream f lows f o r  f i shes .  Trans. 

Am. Flsh. Sot.  111:413-445, 



Patten, 8. C,, R. Bo l l ng ,  C. F. Cole, e t  a7.  1939. Nodule 1 1 1 :  

f i s h e r y  ecosystems*  p p .  139-146. I N  r;, L .  SmIth ( e d . ) ,  

Proceedings, Worksbop I n  Instream $ 1 0 ~  Habltat  C r i t e r l a  and 

o d e l l n g ,  Infsrrnatlon S e r i e s  No. 40,  Colorado Water Resources 

Research Instltute, Colorado S t a t e  U w l v e r s l t y ,  F t .  C o ’ i l l n s ,  

Colorado, 244 pp. 

Petersen, C .  6. J .  1886. The y e a r l y  l m ? g r a t l o n  a5 young p l a l c e  Snto 

t h e  L lmf jord  f rom t h e  Ger Sea. Rep. Dan. 8’ io l .  S t n .  6:1-.4 

Peterson, M. f a . ,  and C. J .  Cederholm. 1984. A csa par’rson of  the  

removal and mark-recapture cthods o f  population c s t l m t t a n  

f o r  j u v e n l l e  coho salmon l n  a small st rea  

anrage I 4:gg-a 02. 

PflSeger, W .  L. 1975. The FSshes a f  # ? s s o u r l .  Mlssourl nepart 

Conservat lon,  Je f fe rson C i t y ,  Wlssourb. 343 pp. 

Relser,  D ,  W . ,  and P. A. Wesche, 1977. Determlnatlon o f  physica l  and 

h y d r a u l i c  preferences o f  brown and brook t r o u t  I n  t h e  se lec t ton  o f  

spawmlng loca t ions .  Water Resources Serles  Ha.64. Mater  

Resources Research Instltute, U n l v e r s t t y  o f  Myomqng, Laramle, 

yarnlng, 100 pp. 

Rlcker ,  W., E. 1946- Produc t ion  and u t l l l z a t l o n  o f  f l s h  popula t ions .  

onogr. 163373-391, 

E. 1975, Corn a l ta t l on  and l n t e r p r e t a t l o n  o f  b i o l o g l c a l  

s t a t l s t l c s  o f  f l s h  p o p u l a t l o n s .  B u l l .  Fish.  Res. Board Can. 

191 :1-382. 

SAS I n s t l t u t e ,  I n c .  ($6). 1982. SAS Users’ Guldle, 1982 M I .  

SAS Instltute, I n e . ,  Raleigh, N o r t h  C a r s l l n a .  473 pp.  



Seaburg, K. Cia 1 56. A stomach sa les for  19ve f l s h .  Prog. Fish 

. 1967. E s t 1  pul at l on 

hes large relatlve t o  t h e  p ~ ~ ~ ~ a ~ ~ ~ ~ .  J .  

ntm. E c o l  . 36: 631 -643 e 

e E .  1975. S y s t e  uia%lan, the Art a 

+ 1  and G. L .  La chem’ical, and 

b ~ ~ ~ ~ r l ~ l ~ ~ i ~ ~ l  character1 

No, 47. u,s. m a l  Park Servlce, 

, Tennessee. 85 pp.  

G., and G, L.  Larson. ’1982. Wate 

the Great ~~~~y ountains ~ a t l o ~ a l  Park, 

Sdlsbee, 0,  G . ,  an G. L. Larssn. 19 

ed areas of Great S ~ o k y  Mountains atlonal Park e 

oblologta 182:99-111. 

s, C. E., and R, C .  eath. 1982. Water-quallty characteristics 

o f  streams In forested and rural areas of ~ o r t ~  Carolina. 

pp. 81-833. I Water QualIty of North Carolina Streams. U.S. 

Geo’l. Surw. Water-Supply Pap. 21 

Ith, F .  E .  1976. Water d ~ ~ e l o ~ ~ e ~ t  Impact on f i s h  resource5 and 

assoclated values o f  t h e  Trinity Rlver,  Caljfornla. pp.  98-111. 

TM J .  F .  Orsborn and C. H .  A11 r~ (eds . ) ,  Instream Flow Needs, 

Vol. IT. AmerIcan Flsher les  Society, Bethesda, Maryland. 557 pp. 



242 

S t a l l ,  J .  'E%., and Y .  Fok. 1966. Hydrau l ic  Geometry o f  Illinois 

R€?sOUrCe;bs s. Report No.  15. Unlverrity of Illinois M 

Research Center, Urbana, IllinaSs. 

Stalnaker, C, B., and J .  L. A r n e t t e  { e d s . ) .  1976. Heth~do 

the  deterrnlnatian o f  stream resource f l o w  requirements 

ogSes far 

An 

assessment, F %/QBS-?5/03. Utah S t a t e  Univers i ty ,  Lagan, Utah. 

199 pp.  

Stalnaker, C. B .  1979. The me o f  habltat structure preferen 

establishing f l o w  requlremewts necessary f o r  maintenance o f  f l s h  

habitat. pp. 321-337. I J ,  V. Nard and J .  A .  Stanford ( e d s . ) ,  

The Ecology o f  Regulated Streams. Plenum Press, We 

a r t ,  P. A .  1970, Physical f a c t o r s  tnfluencing t r o u t  dewslty i n  a 

small stream. Ph.0. thesbs.  Colorado S t a t e  h9n1 

Ft. Colllns, Colorado. 18 pp.  

S u l l i v a n ,  C .  R .  1956. The i partance o f  s i z e  grouplng I n  populatjon 

playing electr9c shsckin Prag, FSsh C u l t .  

18: 181 -190. 

. T . ,  and J. F .  Douglass. 1977. Nutrr ient  budgets f o r  

undisturbed and manjpulated hardwo d forest  ecosyste 

mobnntalns o f  o r t h  Carol ina.  pp. 343-364. IN 8 ,  L. Correll 

atershed Research in Eastern North Amwerlca. Chesapeake 

Bay Center for Envd ronme t a l  Studies, Smithsonlan Instltution, 



Jebo, L.  B . ,  J r , ,  and W .  W .  Maasler. 1941. Seasonal abuiradance of 

aquat ic  i n s e c t s  i n  western o r t h  Carolina t r o u t  strea 

Itchell S c i .  sac< 75:249-259. 

Tebo, t ,  B . ,  J r . ,  and M. W .  Hassler. 1953. Food of brook,  brown, and 

rainbow t r o u t  f ro  streams In western North  Carolina. J ,  E14sha 

itchell S c i .  SOC" 79:44--53. 

Terhune, h .  D .  8. 1958. The ark  V I  grounduater standpipe for 

measuring seepage through salmon spawntnng g r a v e l .  J ,  FSsR. Res. 

Board Can. 1 t r g  5) : '1027-1 063 + 

I D .  1965. Regloanal Geomorphology of t h e  Uni ted States . ,  

Tennessee Valley Authority (TWA). 1971. 

the4r  f i s h ,  bottom fauna, and saquat 

Tennessee River- dradnagle basin  1969 

Valley streams, 

C h a b i t a t ,  M@9ei" Little 

JMW, Div s i m  o f  Forestry, 

Fishesles,  and Wlldllfe Development, Worris, Tennessee. 5 pp 4- 

19 tables .  

Tennessee Valley A u t h o r i t y  (TVA). 1983. Publ ished and unpublished 

rds o f  turbine and gate  releases from Nantahala Dam f o r  t h e  

p e r l ~ a l  1975-1981. Furnished January 28, 9'983, by 8 % .  A .  Sheltan, 

TWA Reservoir Operations Branch, Knoxvdlle, Tennessee. 

U . S .  Department o f  Energy (USDOE). 1981. Report of the  

In teragency Task Force on S 

Asststant Secretary for Resource A p p l i c a t i o n s ,  U.S. Department o f  

ashingtren, D . C ,  97 p p .  



244 

and Wildllfe Servlce (USFWS). 19 4.  Personal cb) 

from K .  Bovee, ~ ~ $ r o ~ a ~ l ~ t ~  Instream Flow an Aquatlc S y s t e  

e Niatloaral Lab 

September 3, 39 

U.S. Forest Service (USFS).  19 

1. J .  Harshberger, Aquatic Ecologist, to J. 64.  koas, Oak R i d  

atlonal Laboratory, ~ ~ ~ r ~ a r y  22, 1 

U.S. Forest Service (USFS).  19 4. Personal t o  

Larry Luckett, District Ran 

. Loar, Oak Ridge 

u.S. Geological Survey (USGS). 1981a. Water 

arollna, Water Year 1981. USGS Ma 

alelgh,  North Carolqna. 401 pp. 

U.S. Geological Survey (USGS). 1981b. Water Resources Data, Tennessee, 

Hater Year 1981. USGS Water-Data Report T 

Nashvqlle, Tennessee. 

U.S. Geological Survey (USGS), 19 2. Water Qua l i ty  of Worth Carol1 

Streams, ldater-Supply Paper 2185 A-D. USGS, W a ~ ~ ~ ~ ~ t ~ ~ ~  

Vltousek,  P. M. 1937. The regulation of e t e m n t  ~ o n c ~ ~ t r ~ t ~ o n ~  i n  

~ Q ~ ~ t ~ ~ n  streams I n  the northeastern Unlted States. Ecal .  C ~ ~ M K J ~ .  

47 : 65-87. 

Maters, T. F. 

freshwater 

Waters, P. F. 

Ecal. Res. 

969* The turnover ratlo n ~ r o ~ u c t l o ~  ecology of  

Invertebrates. Am. Wat. 103:173-185. 

977. Secondary p r ~ d ~ c t l o n  in Inland waters. V. 

10: 91 -1 64. 



245 

Waters, T. F. 1983. Replacement o f  brook t r o u t  by brown t r o u t  QYW 

15 years i n  a jnnesota stream: ~ r ~ ~ u c t I o  and a b ~ n d a n ~ ~ .  Trans. 

Am* Fish. SOC. 112:137-146. 

Weatherley, A. H. 1942. Growth and E C Q ~ Q  y of F l s h  P Q ~ ~ l a t i ~ ~ ~ ~  

cademlc Press, New Vsrk. 28 

1980. The WRRI t r o u t  cover r a t  ~ e t h ~ ~  -- Devel 

app l i ca t i on .  Water Res 

Research I n s t i t u t e ,  U n i v e r s l t y  o f  W ~ ~ m ~  

46 PP" 

Wesche, T. A . ,  and P. A. Rechard. 19 ry of i ~ ~ t ~ ~ a ~  f l o w  

~ e t ~ Q ~ s  f o r  f i s h e r l e s  and r e l a t e d  

B u l l e t i n  No, 9. Eisenhower ~ o ~ $ o ~ t ~ M m  for klestero 

€ s r w ~ ~ o ~ ~ ~ t a l  Fores t ry  ~ e ~ ~ a ~ c ~ ~  U.S, ~ ~ v e ~ n ~ ~ ~ t  ~ r i n t ~ ~ ~  

Washington, D.C. 122 pp.  

Wlser, E. H. 1981. Simulated Streamflow Data for o r t h  Caro l ina.  

Water Resources Research Instftute o f  t h e  ~ n I v ~ r ~ ~ ~ y  o f  

North Carolina, s ale^^^^ o r t h  Garo'llna. 

9183. Growth and p r o ~ ~ ~ t I ~ ~  o f  

I n  an A ~ P a l a c ~ ~ a n  stream. 

~ ~ ~ t w ~ r t h ,  W .  E,, and R .  3 .  Strange. 

sympatric brook and ralsrbow t r o u t  

Trans. Am. Fish.  SOC. 112:469-475 

Woodall, W .  R., J r . ,  and J .  5. Wallace. 1972. The benth ic  fauna I n  

four small southern Appalachian streams. Am. Widl. Nata 

80 : 393-404. 





247 

APPENDIX A 

Oates of  Hydraullc and 6 ~ o l o g l c a l  Sampling 

ORMLiTM-9323 





i d l e  A 1 .  Dates o f  hydraullc data coilectlon ( H ) ;  macrobenthos sampling [ e ) ,  1962; cover analyrfr (C). 19E3; and f i s h  populatlon sampllng (F), March 1982 
t h r o u g h  October 1983, Oates o f  hydraullc d a t a  collection refer to dlscharge measurements d t  a slngle t ravsec t ,  unless noted otherwlse Flsh  
populattcn sampltng j nd tca te ,  date, f l s h  were marked (numerator) and recaptured [denominator). A dash Indicate, no sampllng. 

Nantahala River Bradley Creek 

A b r m s  Creek H ! l l  Creek Ki BC2 L o s t  Cove Creek NR1 NU2 NR 3 

Date H Ic/C F H B/C F ii B/C F H 8/C F H 5/C F H B/C F ti B/C F d B/C F 

1982 

Harch 

Aprl? 

3dY 

June 

July 

-- 

August 

September 

October 

?io.rembe: 

1983 

March 
_- 

apri  1 

Hay 

June 

J U : y  

AsgUs t 

September 

October 

ba 

30 

-: 4 

31 

8 

26 

15 

12  

30 

. -  

. .  

6 -  

30 - 

- i 2/.14 

31 31 

- /8 

- 26/28 

. .  

- - _  _ _ _  
29d 28 - 30' 28b - 
- - _  - _ -  

29 24a 24 21/23 23' 24 21/23 

- - _  _ _ _  /1 

- 25 23/25 25 25 23/26 

_ _ -  7/9  - - - 
26/29 - - - - _ -  

- - 9/12 l l a  - 9/11 

- -  
27& 21 

- -  

24 24  

- -  

a -  

24' - - 

. - _  

2ba 26 - 

22/25 - - - 

21 21 20/22 

24/27 - - - 

22a 23 20/22 

_ _ _  
E/10 - - - 

226 - 

26 26 

21 21 

23a.d 23 

h) 
P 
rB 

'Hydraul7c aata (depth, v e l o c i t y ,  and substrate) collected at ail transects. 

hajority o f  the data {samples) were collected on this date; samplAng actudlly conducted over 2-d pertod.  

Cii:!.chargs measurements aiso taketi on September 7 and 9. 

dDIscharge measurements also taken on date of f l s h  p o p u l a t i o n  sarnpltriy. m r k l n g  run. 

eAoequate sample could not be obtalned due to hlgh flows. 
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Table A - 2 .  Dates and szmpllng des2gns utlllzed I n  the haballtat 
preference and h a b l t a t  a v a l l a b l l i t y  s t u d i e s ,  1983. 

l e  slmea a re  shown f o r  Age Q and Age l +  t r o u t .  

-I- Wabltat preference HabStat a v a l l a b l l i t y  

Brown ---- Ra i nbow 
Site Date Age 0 Age 1 +  Age 0 Age l +  Date Grid  Transect 

AC 

BC1 

86 2 

LCC 

#C 

WR3 

8-25 
9-20 

9.-@ 
10-26 

9 -43 

9-53 
10-27 

8-23 
9-20 

9-1 a 
11-3 

8 1 7  
29 28 

16 31 
2 

1 5  10 

20 38 
-. - 

13 16 
31 57 

48 17 
- 1 1  

TUTAL 174 225 38 115 

10-4 
10-30 

10-24 

10-26 

10-25 

1 a-2 
1 1 -9 

10-7 
11-8 

X 
x 
X 

x 
X 

x 
X 

X 
X 

a%arnpl i ng c o n t l  nued on the f o l  1 eswi ng day. 
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Table C-1. Checklist o f  macrobenthic taxa collected at the eight study 
sites, 1982. An ' X "  lndlcates that the taxon was taken at 
least once at that site. Number I n  parentheses 1 s  the 
estimated turnover ratio (see Sect. 3.6.2). 

AC BC1 862 LCC MC NR1 NR2 NR3 

Roll usca 
Gastropoda 

Ctenobranchiata 
Pleuroceridae (3.2) 

Gonlobasis (3.2) 
Pu 1 mona t a 

Ancyl Idae 

Planorbtdae (3.2) 
Ferrlssia (3.2) 

Pelecypoda 
Heterodonta 

Sphaeriidae 
Sphaerium (3.5) 

Nematoda 

Nematomorpha 

Platyhelmlnthes 
Turbellaria 

Tricladida 
Pianariidae 

Wnnel Ida 
Oligochaeta (3.4) 

x x x x x x x x  
x x x x x x x x  
X x x x  
X x x x  
X x x x  
x x x x x x x x  
x x x x 8 ( x x x  

x x x x x x x  
X 

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  

x x x x x x x x  

X X 

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  

x x x x x x x x  
x x x x x x x x  



Table G I  (contlnued) 

Chordaita 
Arnphl b l  a 

Ostelchthyes 
Ursdela 

T e l e o s t e l  

lnsecta 
Callembola 

PSOtOmldae 

I 5 o t  oma 
Blecoptera (5.0) 

Pteronareldae 
Bte ronarcys  (1.2) 

Pe1toperj.g (5.0) 
Peltopeslidae 

Leuct r ldae  
-I.” Leuctra ( 5.0) 

~ Acroneuria ...... - ( 1 . 2 )  
Per1 i d a e  

_I__- Perlesta (1 .2 )  

Parlodidae ( 4 . 4 )  

X X x x x  
X x x  
X x x  

x x x  
x x x  

x x w  
x x x  

x 

X X X X X X X K  
x x x x x x x x  
x x  
x x  
x x  
x x x x x x x x  

x x x x x  X 
x x x x x  X 
x x x x x  35 

x x x x x  x 
x 
x 

x x x x x x x x  
x x x x x x x x  
x x x x x x x x  
x x x x x x x x  

x x x x x x x  
x x x x x  X 
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Table C-1 (continued) 

x x x x x x x x  
x x x x x x x x  

Caienldae X 
Caeksls (s.oi X 

Leptaphlebl ldae ( 3 . 3 )  x x x x x x x x  
Mabraphlebla (3 .3 )  X x  
~ _ - _  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ @ ~ ~ a  ( 3 . 3 )  X X X X X X X X 

S iph lonur idae  X X K X X X X  

s (5.0) x x x  x 
I s o n y c h ? ~  ( 5 . 0 )  x x x x x x x  

aloptera x x x x x x x  
Csrydalidae (5.0) x x x x x x x  

Ntqron la  (5.0) x x x x x x x  
S i a ? l d a e  x x x x x x  

S l a l l s  ( 3 . 7 )  x x x x x x  

Cor ix ldae (5.0) 
Ger r i dae 

&?rr?s (5 .0 )  
Coleoptera 

Elrnidae (5 .0 )  
Optloservus ( 5 * 0 )  

MydrQphflidae ( 5 . 0 )  
Psephenldne 

Ectopria ( 5 . 0 )  
~~~~~~~~~ ( 5 .0 )  

Prfchoptera ( 5 . 0 )  
Phllopotamldae (5.0) 

X x 
X 

X 
X 

x x x x x x x x  
x x x x  x x x  
x x x x  x x x  
x x x x  x x x  

X 
x x x x x x x x  

x x x  x x x  
x x x x x  
x x x x x x x x  
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Table C-1 (contlnued) 

AC BC1 BC2 LCC MC NRI NR2 NR3 

Po lwedl lum (5 .9 )  
Tanypod I naea ( 4 . 5 )  

Athertx ( 5 . 0 )  

Tabanus ( 4 . 5 )  

Hemerodromla ( 2 . 5 )  

A ther l  cldae 

Tabanldae ( 4 . 5 )  

Empldidae ( 2 . 5 )  

Dollchapodldae (5.0)  

Arachnlda 

Arachnoldea 
Aranelda ( t e r r e s t r i a l )  

Parasltengona 

Crustacea 
Decapoda 

Artac ldae  
Camba r us 
Cambarl naea 

X 
x x x x x x x x  

x x x x x  X 
x x x x x  X 

X X X 
X X 
x x x x x x x x  
x x x x x x x x  
X 

X 
x 

X 
X 

x x x x x  
x x  x x  
x x x x x  

X 
x x x x x  

X 
X 

X 
X 
X 

X 

aun ldent l f  l e d  genera. 
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Table D - 1 .  T o t a l  number, percent  o f  t o t a l ,  and frequency o f  occurrence o f  aqua t l c  and 
t e r r e s t r l a l  organlsms found I n  the  stomachs of 171 ralnbow t r o u t  and 120 brown 
t r o u t  d u r l n g  1982. 

Ralnbow t r o u t  ~- 11_-- Brown t r o u t  

Per centb Percentb 
To ta la  o f  To ta la  o f  

Taxon number t o t a l  Frequencyc number t o t a l  Frequencyc 

Ephemeroptera 
Bae t i s  
Pseudocleon 
Baet 1 dae 
Bae t l  sca 
I Ephemerella 
€oh erne r a 
Epeorus 
St enonema 
Heptagenlldae 
Neoephemera 
I sonych la  
U n l d e n t l f l e d  

TOTAL 

T r l c h o p t e r a  
Brachycentrus 
Hlcrasema 
GI os so s oma 
&a pe”t u s 
Glossosornatlnae 
Hydropsyche 
Cheumatopsyche 
Hyd ropsyc h ldae 
Lepldostoma 
ADa t a n  1 a 

--- 

Goera 
L lmnephl l ldae 
P s t l o t r e t a  
Dolophllodes 
Polycentropus 
Psvchomyla 

Rhvacophlla 
Un!dent l f led 

- 

ype 

TOTAL 

Plecoptera 
Ch lo roper l l dae  
Leuc t ra 
Pe 1 t ope r1  a 
Ac roneur la  
Per1 l dae  

-~ 

I s o p e r l a  
Per lodtdae 
Pteronarcys 
U n l d e n t l f l e d  

TOTAL 

9 
4 

23 
3 

31 
1 
5 

12 
256 

1 
28 
25 

398 

13 
4 
9 
4 
0 

11 
3 
25 
1 
0 
1 

39 
1 

16  
1 
2 
1 
4 

52 
187 

3 
b 
6 
8 

18  
1 
3 
3 

28 
16  

0.58 
0.26 
1.48 
0.19 
2 .oo 
0.06 
0.32 
0.17 

16.52 
9.06 
1.81 
1.61 

25.68 

0.84 
0.26 
0.58 
0.26 
4.04 
0.71 
0.19 
1.61 
0.06 
0.40 
0.06 
2.52 
0.06 
1.03 
0.06 
0.13 
0.06 
0.26 
3.35 

12.06 

0.19 
0.39 
0.39 
0.52 
1.16 
0.06 
0.19 
0.19 
1 .%I  
4.90 

1 
4 

16  
3 

15 
1 
4 
7 
81 
1 

18 
9 

3 
3 
6 
1 
0 
9 
2 

1 7  
1 
0 
1 
4 
1 

12 
1 
2 
1 
4 

29 

3 
5 
5 
6 

16 
1 
3 
2 

21 

19 
1 

16 
1 
7 
0 
2 

10 
42 
0 
6 

14 
118 

11 
3 

19 
0 
4 
3 
0 

11 
8 
4 
4 
0 
4 
5 
0 
2 
0 
2 

26 
106 

2 
1 
0 
5 
9 
0 
1 
1 
9 

42 

2.50 
0.13 
2.11 
0.13 
0.92 
0.00 
0.26 
1.32 
5.53 
0.00 
0.79 
1.84 

1 5 . 5 5  

1.45 
0.39 
2.50 
0.00 
0.53 
0.39 
0.00 
1.45 
1.05 
0.53 
0.53 
0.00 
0.53 
0.66 
0.00 
0.26 
0.00 
0.26 
3.42 

13.97 

0.26 
0.92 
0.00 
0.66 
1 - 1 8  
1.05 
0.13 
0.13 
1.18 
5.53 

6 
1 
8 
1 
7 
0 
2 
5 

24 
0 
6 
4 

8 
1 

15 
0 
2 
3 
a 
6 
2 
2 
2 
8 
2 
3 

2 
0 
2 

1 4  

a 

2 
5 
0 
4 
2 
3 
1 
1 
1 



Table 0-1 ( con t lnued)  

258 

Percentb Percentb 
T o t a l 3  o f  T o t a l a  o f  

Taxon numbeu t o t a l  Frequencyc nimber to t31  Frequencyc 

D l p t e r a  
B l e p h a r l c c r a  
Pal ~omcsyl ca 
Tanypodinae 
Chlronomldae 
Heme rod  r m l a  
Empedldacr 
Si rnu l l  urn 
S l m u l t l d a e  
Tetanocer ldae 
Antoiha 
T l p u l l d a e  

TOTAl 

Coleoptera 
Elrnjdae 
Hydrnph l l l dae  
# y c e t o p h l l l d a e  
Ectoprla  
PSephWWS 
U n t d e n t t f l e d  

TOTAL 

Hem1 p t  e ra  
Rhasoveli 1-a- 
Mydrometridae 
U n t d e n t t f l e d  

TOTAL 

Other a q u a t l c  
Collembwia 
Gd on a t  a 
Lep ldop te ra  

Ol lgochaeta 
Paras l tenyona 
Cambarlnac 
As t a c  'Idae 
Urodela 

Nlgronle 

Gonloba.r!r 
Ferrlssla 
Planorb ldae 
Mematoda 
Semotl l u s  
Cypr ln ldae  
Cot tus 
T rou t  eggs 
U n l d e n t l f l e d  f l s h  
U n l d e n t l F l e d  i n s e c t  

TOTAL 

1 
3 
3 

51 
2 
3 
0 
7 
8 
6 

11 
9s 

7 
1 
1 
2 
1 
4 

22 

2 
1 
2 
5 

2 
3 
2 
1 
1 
1 
5 
6 
1 
1 
1 
0 

17 
1 
3 
2 

20 
1 
2 

70 

0.06 
0.19 
0.19 
3.29 
0.13 
0.19 
0.00 
0.45 
0.52 
0.39 
0.71 
6.19 

0.45 
0.05 
0.06 
0.13 
0.45 
0.26 
1.42 

0.13 
0.05 
0.13 
0.32 

0.13 
0.19 
0.13 
0.05 
0.05 
0.06 
0.32 
0.39 
0.05 
0.06 
0.06 
0.00 
1.10 
0.Q5 
0.19 
0.13 
1.29 
0.05 
0.13 
4.52 

1 
3 
3 

29 
2 
1 
0 
5 
3 
6 
7 

6 
1 
1 
2 
6 
4 

1 
1 
2 

2 
3 
2 
1 
1 
1 
4 
6 
1 
1 
1 
0 

11 
1 
2 
2 
1 
1 
1 

0 
0 
0 

11 
0 
a 
1 
2 

10  
5 
3 

34 

7 
1 
0 
0 
0 
0 
8 

0 
0 
1 
1 

1 
1 
0 
0 
0 
2 
4 
5 
1 
9 
0 
1 

31 
0 
5 
is 
0 
2 
0 
70 

0.00 
0.00 
0.00 
1.45 
0.00 
0.26 
0.13 
0.26 
1.32 
0.66 
0.39 
4.48 

0.92 
0.13 
0.00 
0.00 
0.00 
0.00 
1.05 

0.00 
0.00 
0.13 
0.13 

0.13 
0.13 
0.00 
0.00 
0.00 
0.26 
0.53 
0.66 
0.13 

0.00 
0.13 
4.87 
0.00 
0.66 
0.26 
0.00 
0.26 
0.00 
9.22 

1 . i a  

0 
0 
0 
8 
0 
1 
1 
2 
6 
5 
3 

3 
1 
0 
0 
0 
0 

0 
0 
1 

1 
1 
1 
1 
0 
2 
4 
5 
1 
7 
0 
1 

19 
0 
5 
2 
0 
2 
0 
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Table D - 1  (cont inued)  

Taxon 

Ralnbow t r o u t  

Percentb 
T o t a l a  O f  
number t o t  a 1 Frequencyc 

6 r awn t r au t 

Percen t b  
T o t a l a  O f  
number t o t a l  FrequencyC 

._-I- 

Ter r c s t r  tal s 
A s 1  1 ldae  
Phor 1 dae 
D l p t e r a  
Fornrlcidae 
Ichneumonldae 
Hymenoptera 
Aph I d 1 d ae 
Metnbractdae 
Homoptera 
T lng ldae  
Hem! p t e  r a 
Or thoptera 
Psocoptera 
Neuroptera 
Lepldoptera 
Curcu l l on ldae  
Mycetophl l ldae 
Rhysodldae 
E 1 a t e  r 1 dae 
PoD l l l l l a  
Scarabldae 
Coleoptera 
Chl lopoda 
Aranelda 
Arachnlda 
U n l d e n t l f l e d  

TOTAL 

1 
2 

166 
165 

2 
41 
7 
6 

73 
2 

14 
28 
32 
1 

19 
27 

3 
1 
3 

13  
1 

60 
3 

23 
2 
1 

696 

0.06 
0.13 

10.71 
10.65 

0.13 
2.65 
0.45 
0.39 
4 .?l 
0.13 
0.90 
1.81 
2.06 
0.06 
1.23 
1.74 
0.19 
0.06 
0.19 
0.84 
0.06 

0.19 
1.48 
0.13 
0.06 

44.90 

3.87 

1 
1 

42 
32 

2 
24 

5 
1 

27 
2 

10 
13 

7 
1 

13  
14 
1 
1 
3 
4 
1 

32 
3 

16 
1 
1 

0 
0 

102 
93 

2 
19 

7 
2 

35 
0 
6 

70 
0 
0 

10  
5 
2 
0 
0 
0 
0 

1 4  
0 

13 

Q 
380 

a 

0.00 
0.00 

13.42 
12.24 

0.26 
2.50 
0.92 
0.26 
4.61 
0.00 
0.79 
9.21 
0,oo 
0,00 
1.32 
0.66 
0.26 
0.00 
0.00 
0.00 
0.00 

0.00 
1.71 
0.00 

52.63 

1 .a4 

0.00 

0 
0 

14 
5 
2 
9 
3 
1 

10 
0 
3 

0 
0 
8 
5 
1 
a 
0 
0 
0 
9 
0 
7 
0 
0 

a 

GRAND TOTAL 1550 7 59 
I 

aTo ta l  number c o l l e c t e d  I n  a l l  ralnbow t r o u t  or brown t r o u t  stomachs. 

bpercent  o f  t h e  t o t a l  number o f  food Items (aqua t l c  and t e r r e s t r l a l  comblned) 

CTotal number o f  ralnbow t r o u t  o r  brown t r o u t  stomachs whlch conta lned t h a t  taxon. 

represented by t h a t  taxon. 
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APPENDIX E 

Habitat Suitability Curves f o r  Spawning and Incubatlon 
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F l g .  E-1. Habltat su7tabillty curves for incubation (top) and spawnlng 
(bottom) of ratnbow trout (from Bovee 1978). Curves for fry, 
j u v e n l l e ,  and adult life stages are shown i n  Flg.  4-5.  
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APPENDIX F 

Habltat Response Curves 

BRNL/TH-9323 
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Off NL- OW@ 84-43339 
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F l g .  F-5.  Welghted usable area vs f l o w  for rainbow and brown t r o u t  
adults  . 
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APPENBIX G 

Annual Hydrographs, 1980-1983 

RNL9TM-9323 
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. 6-1. Annual hydrographs a t  s l t e s  MC and AC, 1980-7983. 
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APPENDIX fl  

Annual Habitat Regimes, 1980-1983 
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F lg .  H - 1 .  Annual habltat regimes for ralnbow trout spawnqn 
average monthly f l o w s ,  1980-1983. 



4 200 

180 

880 

b-8 

E 

200 

0 

290 

G 84-13342 



29 1 Nl/TM-9323 

J F M A M J J A S O N D  
MONTH 

Flg.  H-3, Annual habitat regimes for rainbow trout fry based on 
average monthly f l o w s ,  1930-1983, 
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F l g ,  H-4. Annual habltat  reg1 &“s for  juvenlle i-alnbow t r o u t  based on 
average monthly flows, 19$0-?983, 
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Flg .  H-5. Annual habltat reglrnes f o r  adult ralnbow trout based on 
average monthly flows, 1980-1983. 
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F l g .  H-7. Annual h a b l t a t  regimes for brown t r o u t  incubation based on 
average monthly flows, 1980-1983. 
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F l g ,  H-8. Annual h a b l i a t  reglmes for bro 
monthly flows, 1980-1983. 
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Table 1-1. Total number, percent of total, mean density, and frequency 
o f  occurrence o f  aquatic and tesrestrlal organlsms found in 
54 drlft samples during 1982. All sites and dates pooled. 

Ta xo 

Mean 
Total Percent densltya 
number of (number 

collected total 0 m3) Frequencyb 

Baetis exuviae 
Pseudocleon 
Pseudocleon exuviae 
Baet idae 

Ephcmerella exuviae 
Epeorus 
EDeorus exuvaae 
St e nonema 
Stenonema exuvlae 
Ci nygmul a 
Cinyqmula adult 
Heptagenildae 
Heptagentidae exuviae 
Isonychia exuvlae 
Para1 eptophl ebl a 

15 
3 
14 
1 
2 
21 
1 
19 
15 
15 
4 
5 
2 
2 
1 
3 
7 
2 
4 

Paraleptophlebia exuviae 3 
Uni dent 1 f i ed 

Total 
Mean 

PI ec opt era 
Chloroperla 
Chloroperlidae 
Chloroperl ldae  exuviae 
Leuc t ra 
Leuctra exuvlae 
Peltoperla 
Peltoperla exuvlae 
Acroneuria 
Acroneuria exuvlae 
Perlldae exuvlae 
I s o m r  1 a 
Isoperla exuviae 

1 

140 

2 
5 
1 
9 
1 
6 
19 
3 
3 
1 
8 
3 

2 .o 
0.4  

0.1 
0.3 
2.8 
0.1 
2.5 
2.0 
2.0 
0.5 
0.7 
0.3 
0.3 
0.1 
0.4 
0.9 
0.3 
0.5 
0.4 
0.1 

18.5 

1 .a 

0.3 
0.7 
0.1 
1.2 
0.1 

2.5 
0.4 
0.4 
0.1 
1.1 
0.4 

0.8 

0.60 
0.12 
0.56 
0.04 
0.0% 
0.84 
0.04 
0.76 
0.60 
0.60 
0.16 
0.20 
0.08 
0.08 
0.04 
0.12 
0.28 
0.08 
0.16 
0.12 
0.04 

0.27 

0.08 
0.20 
0.04 
0.36 
0.04 
0.24 
0.76 
0.12 
0.12 
0.04 
0.32 
0.12 

1 1  
3 
10 
1 
2 
5 
1 
6 

1 1  
5 
4 
5 
2 
2 
a 
1 
5 
2 
2 
1 
1 

2 
4 
1 
7 
1 
5 
7 
3 
1 
1 
6 
2 
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Table 1-1 ( c o n t i n u e d )  

?axon 

T o t a l  Percent  
nurnbe r O f  

col  a eeted t o t a l  

Perlodldae 3 
Pteronarcys exuviae 1 

5 
1 

Taenlopteryx 
U n l d e n t l f l e d  

Total 
ean 

?richoptera 

1 c r a s ema 
Brachycentrus 

Glossosanrtil exuvlae 
Glossossrnatldae exuviae 

Cheumatopsyche exuv lae  
- Rlp lec t rona  
Hydropsychldae 
Mydropsychldae exuvlae 
P!/cnopsyche 
Limnephll ldae 
Dolophllodes 
Dolo~hilodes exuviae 
Psychomyla 
L!?!R!? 
WhyacoDhlla 
Lepidostama 
Leptoceridae 
Unldent 1 f l e d  
Un7dent l f led exuviae 
Unldentlfled adult 

Total 
Mean 

79 

7 
5 
1 
1 
3 
7 
1 
1 
2 
4 
4 
2 
7 
4 
1 
1 
9 
3 
1 
9 
20 
1 

94 

Coleoptera 
Optloservus 1 

3 
Elmldae 1 
Hydrsphllldae 1 
Mycetophllldae 3 

0 . 4  
0,l 
8 . 3  
8.1 

9.4 

0 . 9  
0.7 
0.1 
0.1 
0.4  
0.9 
0.1 
0.1 
0 . 3  
0.5 
0.5 
0.3 
0.9 
0.5 
Q.l 
0.1 
1.2 
0.4 
0.1 
1.2 
2 . 4  
0.1 

12.4 

0.1 
0.4 
Q.l 
0.1 
0.4 

0.12 
0.04 
0.20 
0.04 

0.18 

0.28 
0.20 
0.04 
0.84 
0.12 
(6.28 
0.64 
0.04 
8.08 
0.16 
8.15 
0.08 
0.28 
0.16 
0.04 
0.84 
0.36 
0.12 
0.84 
0.36 
0.80 
0.84 

0.17 

0.134 
0.12 
8.04 
0.84 
0.12 

6 
4 
1 
1 
2 
6 
1 
1 
2 
2 
2 
2 
7 
3 
1 
1 
9 
3 
1 
3 

11 
1 
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Table 1-1 (contlnued) 

Taxon 

Mean 
Tota 'I Percent densitya 
number o f  (number 

co l lected t o t a l  per 1000 m3) Frequencyb 

Psephenus 
Unldent l f ied 

Total  
Mean 

DIptera 
Pa 1 pomi a 
Tanypodlnae 
Tanypod 1 nae exuvl ae 
Chl ronomldae 
Chlronomidae exuvtae 
Emp f d i da e 
S l  mu 1 l um 
Simul i idae 
Tetanocertdae 
Ather lx 
Antac ha 
Antocha exuviae 
Tipula 
Erlocera 
Tlpu1 ldae 
Tlpul ldae exuviae 
Chaoborus 

Total  
Mean 

Hemlptera 
Rhaqovelfa 
Unjdent i f led 

Tota 1 
Mean 

Other Aquat ic  
Isotomurus 
Isotomldae 
Odonata 
M i  aronla 
Oljgochaeta 

1 
4 

14 

1 
12 
1 
53 
20 
2 
2 
4 
9 
1 

10 
2 
1 
2 

11 
1 
1 

133 

3 
4 

7 

6 
1 
1 
2 
7 

0.1 
0.5 

1.9 

0.1 
1.6 
0*1  
7.0 
2.6 
0.3 
0 . 3  
0.5 
1.2 
0.1 
1.3 
0.3 
0.1 
0.3 
1.5 
0.1 
0.1 

17.6 

0.4 
0 .5  

0.9 

0.8 
0.1 
0.1 
0.3 
0 .9  

0.04 
0.16 

0.48 
0.04 
2.12 
0.80 
0.08 

0.16 
0 . 3 6  
0.04 
0.40 
0,08 
0.04 
0.08 
0.44 
0.04 
0.04 

0.08 

0.31 

0.12 
0.15 

0.14 

0.24 
0.04 
0.04 
0.08 
0.28 

1 
4 

1 
10 
1 

1 
7 
2 
2 
3 
1 
1 
7 
1 
1 
1 
7 
1 
1 

2 
4 
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Table 1-1 (continued) 

Urodela 
Goniobiasls 
Ferrt s s 1 a 

Etheostomatlnae 

i o t a 7  
Rean 

T o t a l  
ean 

1 
1 
3 
1 
2 

25 

1 
1 2  
13 

3 
3 
1 

55 
6s 

8 
7 
1 
1 

33 
6 
1 
58 

21 2 

0.1 
o,a 
0.4 
0 - 1  
6,3 

3 , 3  

0.1 
1 . d  
1 . 7  
0 . 4  
0 .4  
8.1 
1 . 3  
9.1 
1.1 

O , T  

4 . 4  
0.8 
0 *1  
7.7 

3 5 - 9  

a,9 

a.1 

0*04 
O,Q4 
0.12 
0.04 
0.08 

0 , lO 

0*04 
8.48 
O " 5 2  
Q*12 
0.12 
0.04 
2.20 
2 .76  
Q .32 
8.28 
0.04 
0.94 
1 .a2 
0 * 2 4  
0.04 
2.32 

0.m 

1 
1 
3 
1 
2 

1 
4 
9 
3 
2 
1 
4 

14  
4 
3 
1 
1 
9 
3 
1 

1 1  

r collected dlrvlded by t o t a l  volu e of  water f l l t e r ed  ( a l l  

I f t  samples uh$ch contalsaed t h a t  taxon.  
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