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ABSTRACT 

The range of the brook trout ( Salvelinus fontinal i s) in the Great 

Smoky Mountains Nat ional Park has cont inued to recede s ince the 1 9 30's  

in  the face of expanding rainbow trout ( 
�---

gairdner i) and, more 

recently,  brown trout ( Sa lmo trutta) populat ions . Exotic salmonid 

populations have been controlled with relat ively intense electrof i shing 

efforts in s treams having barr iers to prevent reinvasion by these f ish. 

Two years of moderately intense exotic salmonid removal ef forts 

were evaluated for a group of nine Park streams , e i ght o f  which had no 

effective downstream barr ier . Food habits of adult sympatr ic brook and 

rainbow trout collected from three of the streams both before and after 

the removal efforts were also examined . 

Rainbow trout total catch decreased for seven of the removal 

streams over the study per iod whi le brook trout total catch increased . 

Mean dens ity and standing crop of rainbow trout in these streams 

decreased s igni f icant ly relative to three contro l  streams . Mean dens i ty 

and standing crop of brook trout increased concurrently . 

The total catch of rainbow trout for the other two removal streams 

increased 2527. over the two years . Mean density and standing crop of 

rainbow trout in these two s treams also increased markedly . These 

increases were attr i buted to excess ive mean stream widths , deep pools , 

large numbers of pre- removal rainbow trout , and the lack of barrier s . 

Food habits of adult brook and rainbow trout were very s imi lar both 

before and after removal efforts . No apparent shift in the diet of 

adult brook trou t ,  due to an attenuat ion o f  compet it ion , was noted . 

i i i  
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CHAPTER I 

INTRODUCTION 

The Great Smoky Mountains Nat ional Park ( GSMNP ) contains over 1 1 7 3  

k i lometers o f  co ldwater streams ( Kelly et al . 1 9 80 ) . These streams are 

inhab ited by 42 species of f i sh ,  according to surveys by the U . S .  F i sh 

and W i ldl ife Service in the 1 9 7 0 ' s  and ear ly 1 98 0 ' s  ( S teve Moore, pers . 

commun . ) .  The only salmon id nat ive to the GSMNP , as well as the ent ire 

southern Appalachian Mountain reg ion , is  the brook trout ( Salvel inus 

fontinal is ) .  Changes in brook trout distribut ion in the GSMNP during 

thi s  century have been suggested by Jones ( 1 975 ) as be ing indi cat ive of 

trends that have occurred throughout the southern Appalachian Mountain 

reg ion . 

Brook trout once occurred in nearly every stream above the 

e levat ion of  6 0 0  m in what is  now the GSMNP , but reproduc ing populat ions 

are now relegated mainly to headwater streams above 900 m in elevation 

(King 1 9 37 , 1 94 2; Lennon 1 9 6 7; Bivens 1 984 ) . These streams have an 

average grad ient of more than 15% , although brook trout formerly 

occup ied streams having gradients of 57. and les s ( Larson and Moore 

1 9 85 ) . S ince the early 1 9 00 ' s , 

range in the GSMNP ( Kelly et al . 

brook trout have lost 7 0% of their 

1 980 ) .  According to Jones (1975 ) ,  a 

45% decrease in total stream length occup ied by brook trout in the Park 

took p lace between the 1 95 0' s and 1 9 7 0 ' s . In the state of Tennessee , 

brook trout now inhab it only about 20 - 3 0% of their histor ic range 

( Bivens et al . 1 9 85 )  and populat i ons have decl ined s imi larly throughout 

the southern Appalachian Mountain reg ion ( Larson and Moore 1 9 85 ) . 

1 
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< Brook trout populat ion dec lines and distribution changes in the 

GSMNP have been attr ibuted to extens ive logg ing , f ires , exploitative 

f i shing practices and the introduct ion of exotic ra inbow trout ( Salmo 

gairdner i )  which occurred during the f irst three decades of this  century 

( King 1 9 37; Kelly et al . 1 98 0 ) . A lthough deforestat ion and other 

di sturbances whi ch caused reductions in brook trout di stribut ion have 

been control led and water quality has improved , brook trout have fai led 

to reoccupy much of their former range , primari ly because of the 

presence of ra inbow trout ( King 1 9 3 7; Kelly et al . 1 9 80 ) . 

After 1 9 1 0 ,  every maj or watershed in the GSMNP area was being 

frequently and heav i ly stocked with rainbow trout ( Jones 1 9 75 ) . By 

1 942 , the ra inbow trout had become the dominant salmonid spec ies in the 

GSMNP ( King 1 94 2 ) and s ince then , rainbow trout have cont inued to 

dominate trout habi tat and encroach upon rema ining brook trout 

populat ions . Larson and Moore ( 1 9 85 )  indicated that the potent ial now 

ex ists for sympatry of brook and rainbow trout throughout the headwater s 

o f  the southern Appalachians . 

Brown trout ( Salmo trutta) have also become a threat to brook trout 

populat ions in recent years . This  species , which had invaded the GSMNP 

from adj acent State water s by 1 95 0 , was establi shed in over 80 stream km 

by 1 9 7 7  (Kelly et al . 1 9 80 ) . Initially , brown trout disp laced only 

rainbow trout at lower elevat ions ( Jones 1 9 75; Kelly et al . 1 9 80 ) .  Now 

however , they have reached higher elevations ( up to 1 3 0 0  m in one 

water shed according to Jones 1 9 75 ) and have become sympatr ic with brook 

and rainbow trout in several GSMNP streams . Brown trout will  surely 

have a negat ive impact on brook trout populat ions in these areas . 
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Interspecific competition between brook and rainbow trout has been 

cited as being a significant factor in the ability of rainbow trout to 

expand their range within a stream (King 1937; Lennon 1967; Whitworth 

1980; Larson and Moore 1985), but the actual mechanism through which 

this competition acts remains unclear. It has been shown that brook 

trout can compete successfully in agonistic encounters with rainbow 

trout of the same size (Newman 1956; Helfrich et al. 1982). However, 

under the conditions found in the GSMNP and elsewhere in the southern 

Appalachians, rainbow trout hold a potential competitive advantage over 

native brook trout since the latter species tends to be smaller (King 

1937; Lennon 1967; Larson and Moore 1985). Whitworth and Strange (1983) 

observed that rainbow trout in a southern Appalachian stream outgrew 

sympatric brook trout at age I+ and then continued to maintain a size­

at-age advantage. Few individuals of either species, however, tend to 

survive past age II+ in these headwater areas (Whitworth and Strange 

1983; Durniak and England 1986). Stream infertility (Lennon 1967), 

inbreeding (Bivens 1984), and decades of selective angling pressure 

(Power 1980) have also been implicated as factors contributing to the 

small size of brook trout. 

King (1937) suggested that competition for food organisms between 

brook and rainbow trout seemed to be more important than antagonistic 

interactions. Tebo and Hassler (1963) noted that brook and rainbow 

trout are opportunistic feeders having similar food habits in western 

North Carolina streams. Other studies (Lohr 1985; Rose 1986) have also 

demonstrated significant dietary overlap between these two species, 

particularly in the young-of-the-year (YOY) age class. The overlap of 
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salmon id diets can be quite important in small streams where hab itat 

segregat ion is  l imited ( Nyman 1 9 7 0 ) . Under these condi t ions , food 

segregat ion is  less  l ikely , thus creat ing the potent ial for 

interspec ific  compet it ion . 

Brook trout have become increas ing ly susceptible to environmental 

extremes with their iso lation into headwater refug ia by the upstream 

advance of exotic salmonids . F loods ( King 1 9 4 2 ;  Hanson and Waters 1 9 7 4 ; 

Hoopes 1 9 75 ) ,  harsh winters ( Lennon 1 9 6 7 ; LaRoche and Pardue 1 98 0 ) , and 

pH depress ions due to acid prec ip itation ( Schofield 1 9 8 0 ) are all 

potent ially more devastating to brook trout inhab it ing these areas . 

t Additionally , it is  quite likely that restricted gene f low and 

severe inbreed ing are occur ing in these small , disjunct brook trout 

populat ions . Unless gene f low between populat ions can be enhanced , the 

danger exists that the genet i c  var iab i lity of GSMNP brook trout may be 

lost . According to Beardmore ( 1 9 8 3 ) ,  inbreeding and the loss of genetic 

var iat ion often leads to the eventual ext inct ion of a populat ion . 

Moreover , electrophoretic research by Stoneking et al . ( 1 9 8 1 )  supported 

Lennon' s (1967 ) content ion , based on morphological characteristics , that 

southern populat ions of brook trout ( espec ially those from the GSMNP ) 

may be deserving of subspec ific  taxonomi c  status . Certainly , southern 

Appalachian brook trout compr ise a distinct and valuable gene pool 

( B ivens 1 9 84 ) , the loss of which would be most unfortunate . 

I f  brook trout are to regain any of the hab itat that has been lost 

to rainbow trout , then not only will  the displacement of brook trout by 

these exotic salmon ids have to be controlled , but the process will  have 

to be reversed . The removal of rainbow trout by electrof ishing i s  the 
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management techn ique currently being used to expand brook trout range in 

the GSMNP . Efforts to erad icate rainbow trout from mixed zones in 

selected GSMNP brook trout streams us ing thi s method began in 1 9 7 6  

( Moore et al . 1 9 85 ) . 

Moore et al . ( 1 98 1 , 1 9 8 3 ) observed increases in brook trout 

abundance and standing crop concurrent with the removal of rainbow trout 

from mixed populat ions . Even though rainbow trout were not ent irely 

e l iminated in a g iven sect ion of stream , a sharp reduction in the ir 

numbers seemed to allow brook trout standing crop in that area to 

increase ( Moore et al . 1 9 83 ) .  Therefore , at thi s t ime , the removal of 

rainbow trout from selected streams where they occur sympatr i cally with 

brook trout and the prevent ion or suppress ion of their return seems to 

be the key to contro lling the loss of brook trout range in the GSMNP . 

Ri ley ( 1 9 8 6 ) evaluated rainbow trout removal efforts of one , two , 

and three electrof i shing passes in nine GSMNP streams . The obj ect ive 

was to determine the most eff icient removal effort necessary to achieve 

a reduction in rainbow trout dens ity suffic ient to enhance sympatric 

brook trout populations . Electro f i shing ef forts of one and three passes 

were found to cause significant decreases in rainbow trout numbers . 

Ri ley ( 1 9 8 6 ) concluded that one-pass removal ef forts were most ef f ic ient 

s ince three-pass efforts required 6 0% more t ime than one-pass efforts 

and may have led to the brook trout population decreases that occurred 

in 50% of the study sect ions in that group . 

Thi s  study was undertaken , pr imar i ly ,  to determine the effects of 

two consecut ive years of rainbow trout removal on populat ions of both 

rainbow and brook trout in these same nine streams . Eight of the 
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streams had no ef fect ive downstream barr ier to rainbow trout movement of 

the type des cr ibed by Kel ly et al . ( 1 9 8 0 ) and two streams had phys i cal 

character istics capable of hinder ing electrof ishing eff ic iency . It may , 

therefore , be poss ible to beg in to evaluate the degree to which these 

condit ions affect the recovery of rainbow trout populat ions in areas 

where removal efforts have been conducted . 

If adult brook trout and rainbow trout are competing for a l imited 

food supp ly , the removal of rainbow trout should serve to decrease this  

compet it ion and poss ibly cause a shift in brook trout food habits . The 

secondary obj ect ive of this  study was to determine if  the food habits of 

adult brook trout changed concurrently with the removal of rainbow trout 

over the two - year per iod in three of the nine GSMNP study streams . 



CHAPTER II 

METHODS 

Study Streams 

For comparative purposes , the three control and nine treatment 

(removal ) streams that were used by Riley ( 1 9 8 6 ) were also ut i lized in 

this  study . The names of these f irst , second , and third order streams 

and their locat ions within the GSMNP are g iven in F igure 1 .  

The lower ( Sect ion I )  and upper ( Sect ion II ) 1 0 0  m populat ion 

est imate sections in each stream were located us ing the descr ipt ions 

g iven in Ri ley ( 1 9 86 ) . Enhanced and revised descriptions of the stream 

and populat ion est imate sect ion locations are g iven in Appendix A. 

Dur ing th is  study , three of the removal streams - -Coll ins Creek , 

Indian F lats Prong, and Cosby Creek- -were selected to receive the one-

pass rainbow trout removals recommended by Ri ley ( 1 9 86 ) . These streams 

were chosen on the bas i s  of their relative chemical and physical 

s imilarities . 

Water Quality and Stream Channe l Measurement 

Se lected water quality parameters were measured in each populat ion 

est imate sect ion . These inc luded conduct ivity , pH, and water 

temperature . Dissolved oxygen was not measured because all streams were 

as sumed to be at or near saturat ion based on data col lected in other 

streams ( Steve Moore , pers. commun . ). Conduct ivity and pH measurements 

were obtained with a YSI -Model 33 SCT meter , a Lakewood portable 

7 
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conduct ivity/ pH meter , or an Orion Model 2 1 1  dig ital pH meter . Water 

temperature was recorded prior to f ish samp l ing . Equipment failure 

prevented the acquis i t ion of conduct ivity and pH measurements on several 

occasions . 

Stream channel character ist ics measured for each populat ion sect ion 

inc luded mean stream width (m ) , mean depth ( em) and gradient . Section 

lengths were a lso rechecked . Water quality and stream channel data for 

several study streams were obtained by workers collect ing data for a 

concurrent GSMNP brook trout study . 

Mean w idth in each sect ion was determined by averag ing stream 

widths measured at 1 0  m intervals or at 1 0  randomly chosen transects . 

Mean depth was determined by averag ing depth measurements taken every 30  

em along each of the 1 0  randomly chosen transects in sect ions where 

these transects were used . Percent grad ient was measured with a 

cl inometer at 1 0  m intervals throughout each sect ion , then an average 

was calculated . On several occas ions , a cl inometer was not availab le; 

therefore , grad ients were later estimated from 7 . 5' quadrangle maps 

wherever pos s ible . 

1 9 8 6 . 

Sampling and Rainbow Trout Removal 

The samp ling period extended from mid- June through ear ly November 

Samp l ing in all streams except Cosby Creek was conducted dur ing 

low or normal stream flow cond it ions . Ra infall on the day prior to 

samp l ing in Cosby Creek caused somewhat higher than normal f low 

conditions in this stream .  Sect ion I was samp led at this  time , however , 

because it was dec ided that the f low cond it ions were not severe enough 
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t o  adversely af fect electrof ishing success. In most cases , each stream 

was samp led dur ing the same port ion of the f i eld season as in 1984  and 

1 9 8 5 . Both sect ions of each stream were sampled on the same day or on 

consecut ive days . 

F i sh populat ion sampling equipment and technique consi s ted of one 

70 0-vo lt AC backpack e lectroshocker of the des ign described by Moore et 

al . ( 1 9 8 1 )  and a three-pass removal dep letion ( Bohl in 1 9 8 2; Bohl in et 

al . 1 982; Moore et al. 1 9 83; Van Deventer and P latts 1 9 8 3 ) . After each 

electrof ishing pas s , all f ish collected were anesthe t ized with tricaine 

methanesulfonate ( MS - 222) . Salmonids were then ind ividually weighed to 

the nearest gram ( g) with hand-held spr ing scales and maximum total 

lengths to the nearest mill imeter ( mm) were recorded . Trout from the 

GSMNP with maximum total lengths greater than 90 mm are considered to be 

adults whi le those less than or equal to 90 mm are cons idered to be 

YOY ( Moore et al . 1 9 8 3 ) .  

Non-salmonids , consist ing o f  longno se dace ( Rhinichthys cataractae) 

from Section I of Pretty Ho l low , Chasteen , and Cosby creeks , and mott led 

sculp ins ( Cottus bairdi) from Sect ion I of Collins and Chasteen creeks , 

were not individual ly we ighed and measured . Only total numbers , total 

weights , and maximum and min imum lengths were recorded for these spec ies 

after each electrof ishing pas s .  

After data col lect ion , all f i sh were placed in ho lding nets outside 

o f  the population est imate sect ion . Upon the comp let ion of the third 

electro f ishing pass, all f ish were released into the sect ion from which 

they were captured . 
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Following populat ion estimat ion samp l ing in Sect ion I of Collins 

Creek , Indian F lats Prong , and Cosby Creek , one-pass ra inbow trout 

removals were conducted between the downstream boundary of the renovated 

area as des cr ibed in Ri ley ( 1 9 8 6 ) and the downstream end of Sect ion I I . 

Electrof i shing was halted at some natural obstruction to f i sh movement 

at intervals of approximately 1 0 0  to 150  m so that we ights and lengths 

could be recorded for all f i sh col lected . Brook trout were returned to 

the stream and ra inbow trout were either immediately taken downstream 

and released well below the lower end of the renovated area or they were 

p laced in ho lding nets . Hold ing nets were col lected after the 

comp let ion of the day ' s removal effort and taken downstream out of the 

study area , whereupon the ra inbow trout were released . After Section I I  

was samp led , ra inbow trout removal was completea f o r  any of the 

renovation area rema in ing above the upstream end of this  sect ion . 

Populat ion Est imation 

Salmon id populat ion est imates used in calculating density and 

standing crop est imates were obtained us ing the MICROFISH 2 . 2  Software 

Package for Process ing Electrof i shing Data Obtained by the Removal 

Method (Van Deventer and Platts 1 9 85 ) .  Th is software uses the Burnham 

max imum likelihood model ( P latts et al . 1 9 8 3; Van Deventer and Platts 

1 9 8 3 ) for populat ion estimation and also provides capture probabi l ities . 

Annual populat ion estimates and 957. conf idence limits for each spec ies 

in each stream are g iven in Table 1 in Append ix B .  

The capture probab i l ity of larger salmonids ( adults )  has been 

reported to be higher than that of smal ler ones ( YOY ) when collected 
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from small streams by electrofishing (Bohlin and Sundstrom 1977; Armour 

et al. 1983). Fausch and Whits (1986), on the other hand, observed that 

electrofishing was largely unbiased when used to sample juvenile stream 

salmonids. In any case, a certain degree of unequal catchability may 

not seriously affect population estimates other than to cause slight 

underestimations with three-pass depletions (Bohlin and Sundstrom 1977). 

Separate population estimates for YOY trout were not obtained for this 

reason and because the number of YOY captured in each section was 

frequently quite small and removal patterns were often non-descending. 

Instead, the number of YOY captured during each pass was added to the 

number of adults captured of the same species, then one population 

estimate was generated. 

No population estimates were calculated for Collins Creek Section 

II, since the rainbow trout removal pass was erroneously extended well 

into this section and the fish collected there could not be separated 

from those captured downstream. Since no population estimates were 

calculated for this section during this study, density and standing crop 

estimates were not possible. 

Calculation of Salmonid Densities and Standing Crops 

Fish population data were standardized on the basis of density and 

standing crop for comparisons between years, between removal and control 

streams, and between species. Before densities and standing crops could 

be derived, it was necessary to obtain data in addition to population 

estimates, such as area and salmonid biomasses, for each section in each 

year. 
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Areas for  each populat ion est imate section in 1 9 86 , with the 

except ion of Coll ins Creek Sect i on I I , were calculated us ing mean 

sect ion width and total sect ion length . Area calculat i ons were made for 

all sections in 1 9 84 and 1 9 8 5  us ing data from Riley ( 1986 ) . S ince 

spec i f ic mean w idths were not g iven for 1 9 8 5 , areas were calculated 

us ing the mean widths for 19 84 . 

Biomass for each salmon id spec ies in each sect ion ( except Co l l ins 

Creek Section I I )  was determined by multiplying the populat ion estimate 

for a particular species by the mean wei ght per f i sh in that sect ion 

( Armour et al . 198 3 ) . When the populat ion est imate equalled the total 

catch for a g i ven species in a particular section, as it  did in many 

cases , b iomass was set equal t o  the total weight o f  all  f ish of that 

spec i es col lected there. 

No weights were recorded for YOY salmon ids in 1 984 or 19 8 5. 

However , weight estimates f or these f ish were generated by calculating 

least squares regression equat ions based on the lengths and we ights of 

a l l  YOY brook trout ( n=260 ) ,  rainbow trout (n=27 1 ), and brown trout 

( n=25 ) collected in 1 986 . 

g iven below: 

Brook trout: 

Ra inbow trout : 

Brown trout: 

The regress ion equat ion for each spec ies is  

w . 1 3 7  L - 6 . 18 7  
2 

( r  = . 84 )  

3 . 6 94 
2 w = . 09 7  L - ( r  = . 76 )  

2 w = . 0 7 3  L - 2 . 8 1 8  ( r  = . 7 4 )  

where : W = weight ( g )  
L = maximum total length (mm ) 
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Densities o f  brook and r ainbow trout were calculated using the 

estimated area of each section and the corresponding population 

estimates . Densities were expres sed as the number o f  fish per hectare 

(n/ha ) .  Standing crops, in t erms o f  kilograms per hectare (kg/ha) ,  were 

ca lculated for each species using the salmonid biomasses and area 

es timates for each section in each year . 

Statistical Analyses 

All  s tatistical analyses were performed using the Statistical 

Ana lysis System (SAS ) on the mainframe Converstional Monitoring Sys tem 

(CMS ) at the University of Tennessee . Ana lyses o f  variance (ANOVA's ) 

emp loying a 2x3 unbalanced f actorial design were used . SAS's REGWQ 

procedure (SAS User's Guide: Statistics 1 9 85 ) ,  which uti lizes the Ryan­

Einot -Gabrie l-We lsch multiple- range test (Ryan 1 960; Einot and Gabrie l 

1 9 7 5; Welsch 1 9 7 7 ) was applied to the main ef fects means when the 

overal l F-test indicated significance at the 0 . 05 leve l .  The Ryan-

Einot- Gabrie l-We lsch multip le-range test strictly controls the TYPE I 

experimental error rate (the possibility that two means wil l  be declared 

significant ly dif ferent when they are not ) and is considered to be more 

power ful than Tukey's Honest Significant Dif ference test o r  Duncan's 

mul tip le-range test (Einot and Gabriel 1 9 75 ;  Ramsey 1 9 7 8 ) .  A 0 . 05 level 

of significance was used for comparisons in all post - tests . 

Riley ( 1 9 86 ) suggested that streams with mean widths greater than 

6.1 m (20 feet ) might be unsuitab le for renovation efforts emp loying 

only one electrofishing unit . Two o f  the removal streams - -Buck Fork and 

Indian F lats Prong--had mean widths exceeding 6 . 1  m in 1 984 (Riley 1 986 ) 
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and in 1986 . Therefore , mean widths for the populat ion est imate 

sect ions in Buck Fork and Indian F lats Prong were compared to mean 

sect ion w idths for the other streams collect ively in both 1 9 8 4  and 1 9 86 

us ing a 2x2 ANOVA . 

Brook and rainbow trout mean dens it ies and standing crops were 

compared between years and between contro l and removal streams for each 

year . Mean dens ities and standing crops were also compared between 

spec ies for both control and removal stream populations in each year . 

Mean adult lengths and weights were calculated for each species 

from each populat ion est imate section in 1986 and for f i sh col lected in 

1 984  and 1 9 85 us ing data from Ri ley ( 1 9 86 ) . Length and weight data for 

adults of each species were compared between years and between 

populations from control and removal streams in each year . Compar isons 

were a lso made between spec ies for both contro l and removal stream 

populat ions in each year . 

It was hypothesized that different electrofishing crews and lower 

stream f low conditions might have inf luenced capture probab i lities 

dur ing thi s  study . Therefore , overall mean capture probab i l ities for 

brook and rainbow trout dur ing each year were compared in order to 

determine whether or not s ignif icant differences exi sted between year s 

( i . e .  electrof ishing crews ) or between spec ies . 

Food Habit Analyses 

F ifteen adult brook trout and 15 adult rainbow trout were col lected 

from the sympatr i c  zones in Co llins Creek , Indian F lats Prong , and Cosby 

Creek , ventrally inc i sed , and preserved in 1 0% forma lin for food hab it 
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ana lyses . F i fteen adult trout o f  each species were also col lected and 

s imilar ly preserved from the ir respect ive alloparti c  zones in each 

stream to s erve as contro ls . In Cosby Creek , i t  was necessary to 

co llect allopatric  rainbow trout several hundred meters downstream o f  

the lower end o f  the renovated area because o f  the absence o f  a llopatri c  

f ish within this area . Upon r eturn to the laboratory , all spec imens 

were removed from the f orma l in and r insed with tapwater for 

approximately 3 0  minutes . 

(Haedrich 1983 ) .  

They were then stored in 5 07. isopropano l 

F ifteen brook and rainbow trout (not all of which were adults ) were 

collected and preserved from the s ame areas of the same three streams 

(wi th the exception of allopatr ic rainbow trout from Cosby Creek ) by 

Riley in 198 4 , but were no t analyzed . These f ish were acquired from 

storage at GSMNP for food habit ana lys i s  and compari son with f ish 

co llected dur ing thi s  study . Co l lection of the 1986 samples co incided 

with the summer collect ion dates of the 1984 samp les in each stream . 

Stomachs were removed from all  f ish in the laboratory and 

ind ividual food items were ident i f ied to the lowest pract ical taxon . 

Immature aquat i c  insects were keyed using Br igham et al . ( 1 98 2 ) . All 

food items wer e  b lotted dry on absor bent paper , then we ights were 

obtained for individual i tems or groups of simi lar items w i th an 

Amer ican Sc ient i f i c  Products Z-6000DR e lectronic balance . Weights could 

not be obta ined for many individual food items and g roups of items , 

particular ly larval and nymphal instars , because the bal ance was not 

sens it ive below 0 . 0 1  g .  
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Food items were categor ized into three maj or food groups : 

Terrestr ial Invertebrates (ter rest r ial insects, arthropods, and adults 

insects o f  the aquat i c  order s ) ;  Aquatic Insects (aquatic nymphs and 

larvae of Ephemeroptera, Tr i choptera, Plecoptera, Diptera, Odonata, 

Co leoptera, and Heteroptera ) ;  and Other (prima r i ly crustaceans and 

salamanders, but also includes mo l luscs, f ish, and uni dent i f ied items ) .  

Data from corresponding populat i ons in a l l  three streams were 

comb ined for each year . Frequenc ies of occur rence, per centages by 

number, and percentages by we ight were calculated f or each of the three 

maj or food group s  f rom the d iets of allopatric (n=2 1 ,  1984; n=45, 1 986 ) 

and sympatr i c  (n=30, 1984; n=44, 1986 ) brook trout and a llopatr ic (n= 1 5, 

1984; n=45, 1986 ) and sympatr i c  (n=28, 1984; n=35, 1 986 ) rainbow trout . 



CHAPTER III 

RESULTS 

Water Quality and Stream Channel Characteristics 

Study stream conductivities were relatively low, averaging 24 . 7  

�has/em with a range o f  from 1 2 . 5  to 36 . 2  �has/em . S tream pH averaged 

6 . 3  and varied f rom 5 . 6  to 6 . 7 .  Water temperature averaged 1 5 . 8  C and 

ranged from 1 2  to 1 8  C .  Mean stream width for the population estimate 

sections was 5 . 0  m, with a range of from 2 . 1 to 7 . 5 m .  Population 

estimate section widths in Buck Fork and Indian F lats Prong, however, 

averaged 6 . 8  m and were significantly wider (P < . 0006 ) than those o f  

the other streams as a group (Figure 2) . In 1 984, population estimate 

sec tion widths in Buck Fork and Indian F lats Prong were also 

significant ly wider (P < . 00 0 1 )  than thos e  o f  the other streams (Figure 

2) . Mean depth in the poplation estimate sectons was 1 1 . 7  em, ranging 

from 4 . 1 to 21 . 9  em and gradient averaged 1 0% with a range of from 4 to 

15 % .  Water quality and stream channel data f o r  a l l  streams appear in 

Tables 2 and 3 in Appendix C .  

Total Catch and Percent YOY 

Controls and all  Removal Streams 

Actua l total catch of brook and rainbow trout and the number of YOY 

o f  each species are compared for each year in contro l streams (Figure 

3) and removal streams (Figure 4 ) .  Total estimated populations were not 

used for comparison because no separate estimates were obtained for YOY . 

1 8  
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The total catch of rainbow trout in control streams increased 25 . 8% 

between 1 984 and 1 9 8 6 . The total catch of control brook trout increased 

1 1 0 . 4% over the same per iod; however , brook trout total catch as a 

percentage of the comb ined total catch for both spec ies in control 

streams increased from 2 1 . 9% to only 3 1 . 1% .  The percentage of YOY in 

the rainbow trout total catch from control streams increased a net 1 6 . 4% 

between 1984  and 1 9 8 6  whi le the percentage of YOY in the brook trout 

total catch increase only 3 . 3% over the same per iod ( F igure 5 ) . 

The total catch of rainbow trout in removal streams increased 39 . 8% 

between 1 984 and 1 9 8 6 . Although brook trout total catch increased 4 3 . 0% 

over the same per iod in these streams , brook trout total catch as 

percentage of the combined total catch for both spec ies increased from 

5 1 . 5% to only 52 . 1% .  The percentage of YOY in the ra inbow trout total 

catch from removal streams increased by 40 . 4% between 1 984 and 1 98 6  

whi le the percentage of YOY brook trout i n  the total catch increased 

only 4 . 1 % dur ing the same period ( F igure 5 ) . 

Removal Streams Exc luding Buck Fork and Indian F lats Prong 

The total catch of rainbow trout in Buck Fork and Indian Flats 

Prong increased from 80 to 282 f i sh ( 25 2 . 5% )  between 1 9 8 4  and 1 9 8 6  and 

the number of YOY captured in these two streams increased from 1 in 1 9 8 4  

to 1 25 in 1 9 8 6  ( F igure 6 ) . No other streams exhib ited such large 

increases in rainbow trout total catch ( Tab le 1 ,  Appendix B )  or YOY 

( Table 4 ,  Appendix D ) . Brook trout total catch increased from 1 3  to 5 7 , 

but only increased from 1 4 . 0% to 1 6 . 8% of the combined total catch for 

both species ( F igure 6 ) .  
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In 1984 , the rainbow trout total catch in Buck Fork and Indian 

F lats made up 26 . 3  i. of the total ra inbow trout catch in all removal 

streams . In 1 9 8 6 , the total catch of ra inbow trout in these two streams 

represented 6 6 . 4% of the total rainbow trout catch in all removal 

streams . 

When data from Buck Fork and Indian F lats were exc luded from 

cons iderat ion because of their uncharacter istic nature , rainbow trout 

total catch in the remaining removal streams no longer tended to 

increase , but decl ined instead ( F igure 7 ) .  Rainbow trout total catch 

decreased 36 . 2% between 1 9 8 4  and 1 9 8 6  whi le brook trout total catch 

increased 3 1 . 3% over the same per iod . Ra inbow trout total catch as a 

percentage of the combined total catch for both spec ies decreased from 

4 1 . 9% in 1 9 84 to 26 . 0% in 1 9 8 6 . 

Mean Dens ities 

Controls and all Removal Streams 

Mean brook and rainbow trout densities in control and removal 

streams in each study year are compared in F igure 8 .  Mean densit ies 

did not di ffer s ignif i cantly ( P  > . 05 )  between years in any population 

or between contro l and removal populat ions of the same spec ies in any 

given year . Brook and rainbow trout mean dens it ies did  not differ 

s ign ificantly in control streams in 1 984  and 1 9 85 , but in 1986 , mean 

rainbow trout density was s i gn i f icantly higher ( P  < . 0 1 44 )  than mean 

brook trout dens ity . In removal streams , brook and ra inbow trout mean 
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densities did not differ  significantly in any year when compared 

interspecifica l ly .  

Mean rainbow trout density as a percentage o f  total salmonid 

density in contro l streams decreased f rom 76 . 57. to 66 . 47. between 1 984 

and 1986 while the portion of total sa lmonid density represented by 

brook trout increased from 22 . 7 7. to 27 . 57. over the same period . In 

removal streams, mean r ainbow trout density as a percentage of total 

sa lmonid density decreased f rom 42 . 07. in 1984 to 40 . 57. in 1 986 while the 

percentage of total sa lmonid density made up by brook trout increased 

only 1 . 07.--from 57 . 7 7. to 58 . 7 7.- -over the two years. 

Remova l Streams Exc luding Buck Fork and Indian F lats Prong 

Mean rainbow trout density in Buck Fork and Indian F lats Prong 

increased more than threefold between 1984 and 1 986 (Figure 9 ) . 

Increases in rainbow trout density of this magnitude were not documented 

in any of the other study streams (Table 5 ,  Appendix E ) .  Although mean 

brook trout density also increased steadily over the s ame period, it was 

low initial ly (Figure 9) and brook trout density as a percentage of the 

combined density for both species in these two streams increased from 

1 3.57. to only 16.2% over the two years . 

Mean densities for a l l  populations were recompared after the 

exc lusion o f  data f rom Buck Fork and Indian F lats Prong (Figure 10 ) .  

Dif ferences between years for both species in control and removal 

streams remained non- significant . Mean brook trout density in removal 

stream populations was not significant ly higher than in control s tream 

populations in any year; however , mean rainbow trout densities in 
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removal stream populations were s igni f i cantly lower than in control 

stream populat ions in 1985 ( P  < . 00 12 )  and in 1986  ( P  < . 00 01 ) . When 

brook and rainbow trout mean dens it ies were again compared 

interspecif ically , brook trout mean dens ity was found to be 

s igni f icant ly greater than that of rainbow trout in 1 9 85 ( P  < . 00 7 2 )  and 

in 1986 ( P  < . 00 05 ) .  

Mean Standing Crops 

Controls and all  Removal Streams 

Annual mean stand ing crops of brook and rainbow trout from control 

and removal streams are compared in F i gure 1 1 .  Mean stand ing crops of 

both brook and rainbow trout did not di f fer s ignificant ly between years 

in either contro l or removal streams . Addit ionally , mean standing crops 

did not dif fer s igni f i cant ly between control and removal populat ions in 

any year for brook trout and did not s igni f icant ly differ in 1 984 or 

1985 for ra inbow trout . The mean standing crop of removal populat ions 

of rainbow trout was s ignificant ly lower ( P  < . 00 9 )  than that of 

contro l populat ions in 1 9 8 6 . Rainbow trout mean standing crop was 

s i gnif icant ly greater than brook trout mean standing crop in contro l 

streams in 1984  ( P  < . 00 0 1 ) , in 1985  ( P  < . 00 6 1 ) ,  and in 1986  ( P  < 

. 0 0 0 5 ) . Rainbow trout and brook trout mean standing crops did not 

di ffer s igni f icantly in removal streams in any year . 

Mean rainbow trout standing crop in control streams decreased 6 . 67. 

between 1984  and 1 986 . Mean rainbow trout standing crop as a percentage 

of total salmonid standing crop ( including brown trout ) decreased from 

84 . 47. to 7 8 . 47. .  In removal streams , mean rainbow trout standing crop 
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decreased 31 . 1% by 1986 and represented 48 . 1% of the total salmonid 

stand ing crop - - a  decrease of 11 . 6% from 19 84 . 

Mean brook trout standing crop as a percentage of total salmonid 

stand ing crop increased from 15 . 2% to 18 . 2% in control streams between 

19 84 and 19 8 6; however , in removal streams , brook trout made up 49 . 7 % of 

the total salmonid standing crop in 19 8 6 , an increase of 14 . 0% over 

1984 . 

Removal Streams Exc luding Buck Fork and Indian F lats Prong 

Mean rainbow trout standing crop in Buck Fork and Indian Flats 

Prong increased 54 . 5% between 1984 and 1986 ( F igure 12 ) .  No other 

streams , control or removal ,  had ra inbow trout stand ing crop increases 

of this degree over the two years ( Tab le 6 ,  Appendix F ) . Although brook 

trout mean standing crop also increased between 1984 and 198 6 , it 

compri sed 10 . 5 %  of the total salmonid standing crop in these two streams 

in 1984 and only 16 . 2% in 19 8 6 . 

Buck Fork and Indian Flats were exc luded from the removal stream 

group and the data recompared ( F igure 13 ) .  Mean stand ing crops still 

did not differ s igni f i cant ly between years in control or removal stream 

populations of either species . Differences in mean stand ing crop 

between contro l and removal stream populations of brook trout remained 

non - s ignificant in each year; however , rainbow trout mean standing crop 

in removal streams was s ignif icantly lower than that in control streams 

in 1985 ( P  < . 0129 ) and in 1986 ( P  < . 00 02 ) . When compared 

interspec if ically , dif ferences between brook and rainbow trout mean 

standing crops remained non - s ign i f i cant in all years . 
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When Buck Fork and Indian Flats Prong data were exc luded , rainbow 

trout mean standing crop in the remaining streams decreased 6 3 . 2% 

between 1 984 and 1 9 8 6 . In 1986 , rainbow trout repres ented only 28 . 9% of 

the total salmonid standing crop - - a  decrease of 25 . 0% over the two 

years . Brook trout standing crop as a percentage of total salmonid 

stand ing crop increased from 4 1 . 8% in 1984  to 68 . 6% in 1986 in these 

streams . 

Mean Lengths and Weights 

Mean adult lengths and weights are compared in Figures 14 and 15 

respect ively for each species from control and removal stream 

populat ions in each year . Mean adult lengths and weights did not differ 

sign i f icant ly between years or between control and removal stream 

populations in any g iven year for either species . When compared 

interspec if i cally , adult rainbow trout were s i gn i f i cant ly longer than 

adult brook trout in control streams in 1 9 8 4  ( P  < . 0023 ) and in 1 9 85 ( P  

< . 00 0 1 ) ,  but there was no s igni f i cant difference in mean adult length 

between the two species in 1986 . In removal streams , adult ra inbow 

trout were s igni f i cantly longer than adult brook trout in 1984 ( P  < 

. 00 0 3 )  and in 1 9 85 ( p  < . 00 0 1 ) .  Again , there was no s igni f i cant 

dif ference in mean length between the two species in 1 9 8 6 . Adult 

rainbow trout were significant ly heavier than adult brook trout in 

contro l streams in 1 985 ( P  < . 00 04 ) , whi le mean weights for the two 

species did not d iffer s ignificant ly in 1 984 or 1986 . Adult rainbow 

trout were s igni f icantly heavier than adult brook trout in removal 
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streams in 1984 ( P < . 0001) and in 1985 ( P < . 0001) . Mean weights for 

the two spec ies were not s igni f icantly different in 1986 . 

Capture Probab i l it ies 

The mean capture probab i l ity of each species for all study s treams 

co l lect ively was within the expected 0 . 5 to 0 . 7  range reported by Bohlin 

( 1982 ) in each year . When capture probab i l it ies were tested 

statisti cally , no s ign i f icant dif ferences were found between years for 

either spec ies or between spec ies in any g iven year ( F igure 16 ) .  

Capture probab i l i t ies for brook and rainbow trout from Buck Fork and 

Indian F lats Prong were compared respectively to capture probab i l ities 

for each species from the remaining streams and agai n ,  the differences 

were non - s igni f i cant . 

Other Spec ies 

Numbers of longnose dace and mottled sculpin in streams in which 

they occurred did not change apprec iably over the two year study period . 

However , brown trout populat ions , found in the lower reaches of 

Chasteen , Sahlee , and Co llins creeks , seemed to be on the increas e ,  

part icular ly i n  Chasteen and Coll ins creeks . Brown trout populat ion 

est imates for these streams are given for each year in Table 1 in 

Appendix B .  

The total catch of brown trout in Sect ion I of Chasteen Creek in 

1984 and 1985 was two and one f i sh respect ively , but in 19 8 6 , 13 brown 

trout were captured in this  sect ion and 22 were estimated to be present . 
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One YOY was captured in both 1 9 84 and 1 9 85 , but in 1 9 86 , eight o f  the 

total catch of 1 3  brown trout were YOY . 

S ince exotic salmonid removals were conducted in Collins Creek 

again during this study , it was poss ible to compare the total catch of 

brown trout from throughout thi s  stream in 1 9 8 6  to data obtained by 

Ri ley . The total catch of brown trout in Collins Creek increased from 

1 4  in 1 9 8 4  to 1 7  in 1 9 85 ( J .  Riley ,  pers . commun . ) ,  then to 48 in 1 9 8 6 . 

The percentage of the total catch made up of YOY increased from 0% in 

1 98 4  to 35 . 3% in 1 9 85 , then to 64 . 6% in 1 9 8 6 . In addit ion , one large 

brown trout ( - 4 6 0  mm) was stunned but ult imately evaded capture j ust 

downstream of the trail  cross ing on Collins Creek . Another brown trout 

( -220 mm) was captured but escaped dur ing net transfer j ust beyond the 

upper end of Sect ion II at an e levation of approximately 85 0 m .  Both 

f ish were upstream of any previous ly documented occurrence of brown 

trout in this  creek . 

Mean brown trout standing crop in contro l streams increased from 

0 . 1  kg / ha in 1 9 8 4  to 1 . 0  kg/ha in 1 9 86 whi le it decreased from 1 . 0  kg / ha 

to 0 . 4  kg / ha in removal streams over the same per iod . Between 1 9 84 and 

1 9 86 , brown trout increased from 0 . 4% to 3 . 4% of the total salmonid 

standing crop in control streams while this  species decreased from 4 . 6% 

to 2 . 2% of the total salmon id s tanding crop in removal streams over the 

same per iod . Mean brown trout dens ity in contro l  streams increased from 

0 . 8% to 6 . 1 % of total salmonid dens ity between 1 98 4  and 1 986 . In 

removal streams , mean brown trout dens ity as a percentage of total 

salmonid dens ity increased from 0 . 3% to 0 . 8% over the two years . 
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Food Hab its 

Frequencies of occur rence , percentages by number , and percentages 

by weight of the three maj or food groups in the diet s  of al lopatri c  and 

sympatr i c  populat i ons of each spec ies are compared for 1 9 8 4  ( F igure 1 7 ) 

and 1 9 8 6  ( F i gure 1 8 ) . All food items i denti f ied from trout stomachs are 

listed in Table 7 in Appendix G along with the s treams in which they 

were found and the number of each item that occurred in each population . 

Brook Trout 

Terrestrial invertebrates occurred mos t  frequent ly and were most 

numerous in the diets o f  both sympatric and al lopatr i c  brook trout in 

1 984 . These terrestrial f ood i tems made up the larges t  percentage of the 

d iet of allopatric brook trout by weight ( 99 . 3% ) , but s alamanders and 

crustaceans constituted the maj ority of the diet of sympatric brook 

trout in terms of weight . Aquatic insects occurred least frequently and 

represented the smal lest percentage of the d iet of a llopatric brook 

trout by number and weight in 1 9 8 4 . In sympatri c  brook trout 

populat ions in 1 984 , the Other food category ( mostly crustaceans and 

salamanders ) occurred less frequently and in fewer numbers than the 

other two maj or groups; however ,  by weight , this group represented the 

largest percentage of the diet of sympatri c  brook trout in the three 

streams . 

By 1 9 8 6 , aquat ic insects , found in 9 3 . 27. of the stomachs examined , 

had replaced terrestrial invertebrates as the mos t  frequently occurr ing 

food items in the diet of sympatr ic brook trout . While  terrestrial 

invertebrates s t i l l  occurred mos t  f requently in the d iet of allopatri c  
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brook trout in 1 9 86 , the frequency of occurrence of aquat i c  insects had 

increased from 23 . 8% to 84 . 4% .  The Aquat i c  Insect group represented the 

largest port ion ( 5 0% ) of the diet of sympatr ic brook trout by number in 

1 9 8 6 . However , aquatic insects were also the most numerous food items 

in the diet of al lopatr ic brook trout in thi s  year , having increased 

from 9 . 4% to 47 . 4% .  Crustaceans and salamanders made up the largest 

percentage of the diets of both populat ions by weight in 1 9 8 6 , although 

this  group occurred least frequently and in the fewest numbers . By 

we ight , aquati c  insects contributed the least to the diets of allopatr ic 

( 8 . 8% )  and sympatr i c  ( 3 . 4% )  brook trout in 1 986 . Thi s  was also true in 

1 984 , when aquat i c  insects represented only trace amounts ( < 1 % )  of the 

d iets of each populat ion by weight . 

Ra inbow Trout 

Aquati c  insects occurred most frequent ly ( 9 3 . 3% )  in the diet of 

allopatr i c  rainbow trout and were also most prevalent in terms of number 

in 1 984 . Terrestrial invertebrates occurred least frequently ( 66 . 7 % )  in 

this  populat ion . Aquatic insects and terrestrial invertebrates occurred 

equal ly often ( 7 5 . 0% )  in the diet of sympatric rainbow trout in 1 9 84 , 

but aquat i c  insects made up the largest percentage by number . 

Crustaceans were least numerous in the d iets of both populations in 

1 984 , but represented the largest port ion of the diet of allopatric 

rainbow trout by weight . Sa lamanders were not found in any rainbow 

trout stomachs examined from 1 984 . Terrestr ial invertebrates made up 

the greatest percentage of sympatr ic rainbow trout diets by weight in 

thi s  year . 
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In the 1 9 8 6  sample , aquat i c  insects occurred mos t  frequently in the 

diets of both populations of rainbow trout and also remained mo st 

numerous . The percentage by number of food items in the Other category 

( pr imar ily crustaceans in this  case ) decreased somewhat relat ive to 1 9 84 

levels in both populations . Only one salamander was recovered from a 

rainbow trout stomach in 1 9 86 . Terrestrial invertebrates made up the 

largest port ion of the diet of sympatr ic rainbow trout by weight again 

in 1 9 8 6 , but also represented the largest percentage of the diet of 

allopatric rainbow trout by we ight in thi s  year - - increas ing from 2 1 . 0% 

in 1 9 8 4  to 6 8 . 0% in 1 9 8 6 . 



CHAPTER IV 

DISCUSSION 

Evaluat ion of Rainbow Trout Removals 

The total catch of rainbow trout unexpectedly increased during the 

two years of removal efforts in the n ine treatment streams . The 

structure of the rainbow trout populat ions in these streams shifted 

strongly toward YOY . Brook trout populat ion structures remained quite 

stable , although total catch for both populat ions of thi s  spec ies 

increased dur ing the study . Total catch and percent YOY of ra inbow 

trout in control streams also increased , but not to the same degree as 

in the removal streams . 

The relat ively low percentage of YOY rainbow trout in both contro l 

( 1 3 . 5% )  and removal ( 7 . 6% )  streams in 1 984  ( F igure 5 ,  page 23 ) may have 

been the result of severe f looding that occurred in March and Apr i l  of 

that year . Rainbow trout fry would have j ust begun to emerge from the 

substrate dur ing this  per iod ( Steve Moore , pers . cornrnun . ) .  Trout fry 

and unhatched eggs are known to be highly susceptible to f looding 

( Elwood and Waters 1 96 9 ; Seegr ist and Gard 1 9 7 2 ) . Young brook trout , 

having emerged ear l i er ,  would have been larger and thus better ab le to 

f ind. shelter from the high waters . This  seems to be substant iated by 

the higher percentages of YOY brook trout present in control ( 3 1 . 3% )  and 

remova l ( 44 . 6% )  streams in 1 9 84 . 

Mean ra inbow trout dens ity in both control and removal populat ions 

remained relat ively constant between 1 9 84 and 1 9 85 , but increased 

4 7  
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substant ial ly in 1 9 86 ( F igure 8, page 27 ) .  This sudden increase in 

ra inbow trout mean dens i ties in 1 9 86 was a lmost certa inly due to the 

reduced stream areas caused by severe drought conditions in the spr ing 

and summer of that year . Th is same trend can also be seen for brook 

trout from remova l  streams and , to a lesser extent , for control brook 

trout . 

A lthough mean rainbow trout standing crop in the removal streams 

decreased dur ing the study and was signif i cantly lower than that in the 

control  streams in 1 9 86 ,  this  decrease was not due to a reduction in 

rainbow trout numbers . I t  can , however , be directly attributed to the 

increas ingly greater proportion of YOY rainbow trout in removal stream 

populations in each s tudy year . Thi s effec t  was also apparent in the 

contro l streams in 1 9 8 5 . A large increase in the percentage of YOY 

rainbow trout was accompanied by a decrease in mean stand ing crop 

relat ive to the previous year . Brook trout mean standing crop increased 

nominally over the study period in contro l and removal streams . S ince 

the per centage of YOY brook trout remained relat ively constant , the 

increase was l ikely due to the increase in numbers of brook trout . 

The increas ing total catch, re lat ively stable mean dens ity , and 

sma ll reduct ion in mean s tand ing crop would seem to suggest that the two 

years of removal e f forts had l i ttle  ef fect on rainbow trout populations 

other than to a lter their structure in favor of YOY . Thi s  evaluation 

is further supported by the lack of any distinct increases in brook 

trout mean dens ity or standing crop . Moore et a l . (1983 ) achieved much 

sharper decreases in mean rainbow trout stand ing crop ( from 22 . 9  to 5 . 7  

kg/ ha ) and much greater increases in mean brook trout standing crop 
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( from 6 . 2 to 1 4 . 5  kg/ha ) after the f irst two years o f  remova l  efforts in 

a group of four GSMNP streams . However , Moore et al . ( 1 9 8 3 ) used an 

effort o f  three removal passes per stream per year . Additionally , all  

four streams apparent ly had effect ive downstream barr ier s ,  s ince no 

f incl ipped rainbow trout released below the barr iers were recaptured 

above them . 

Only three o f  the treatment s treams in thi s  study were g iven three 

removal pass es in 1 9 8 4 ; the other s i x  were g iven either one or two 

passes . In 1 985 ,  each treatment stream received only one removal pass , 

s ince Riley ( 1 9 8 6 ) determined that thi s  effort was the most effic ient , 

all  things cons idered . Also , rainbow trout marked in 1 984  were 

recaptured in Grouse Creek in 1 9 85 ( Ri ley 1 98 6 ) and rainbow trout 

marked by Ri ley in 1 985 were recaptured in Grouse Creek in 1 98 6 . It i s  

certainly pos s ible that reinvas ion occurred i n  other streams a s  wel l .  

In light of the present data and the observations of Moore et al . 

( 1 9 8 3 ) and Moore et al . ( 1 9 86 ) ,  one removal pas s , on all  but the 

smallest streams , would not be a suf f icient amount of effort to 

effect ively reduce rainbow trout populations in itially . The streams 

g iven one pass removals by Ri ley in 1 9 8 4  were f irst or second order 

s treams with very small pre- removal rainbow trout populat ions . I f  

larger streams or s treams with larger pre- removal populat ions of r ainbow 

trout had been included in this group , one removal pass may have been 

deemed inadequate . 

It would appear that insuf f icient effort and a lack of downstream 

barr iers led to the overall ineffectiveness o f  the two years o f  rainbow 

trout removal , but other factors were also involved . S ince rainbow 
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trout capture probab i lit ies were near ly ident ical i n  each study year , 

the increas ing total catch of this spec ies could not be the result of 

greater ef f i c i ency by electrof ishing crews in 1985 and 1 9 8 6 . However , 

the excess ive mean w idths of Buck Fork and Indian F lats Prong and the 

abundance of deep pools ( �1 m ) in these streams have undoubtedly had a 

negat ive ef fect on the eff i ciency of rainbow trout removals during thi s 

study . Ri ley ( 1 9 8 6 ) suggested that streams with mean widths exceeding 

6 . 1  m (20  ft ) would not be suitable for renovat ion with one electro-

f i shing unit . Moore et al . ( 1 986 ) reported that the physical features 

of S i lers Creek , inc luding its numerous deep pools ( �1 m ) , decreased 

electrof i shing eff iciency by making it eas ier for rainbow trout to evade 

capture and more difficult to recover all  stunned fish.  

It is poss ible that , in streams with channel character istics such 

as those in Buck Fork and Ind ian F lats Prong , a segment o f  the rainbow 

trout populat ion would likely have a very low or no catchab i l ity . 

Bohlin ( 1 9 7 7 )  rout inely captured brown trout , introduced into a section 

of natural stream ,  after 1 5  o r  more electro f ishings and was never able 

to recapture the entire populat ion . The presence of "non- catchable" 

f ish , however , does not lower the overall capture probab i l ity for the 

ent ire populat ion . Thi s seems to have been the case for Buck Fork and 

Indian F lats Prong . Rainbow trout in these streams had a mean capture 

probab i l ity for the study period ( 0 . 6 1 )  near ly ident ical to that of the 

other study streams as a group ( 0 . 62 ) , even though a number of f i sh 

obvious ly remained uncaught . 

The large increases in total catch , percentage of YOY , mean 

dens ity , and mean standing crop , seemingly suggest a st imulat ion of the 
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rainbow trout populat ions in Buck Fork and Ind ian F lats Prong . 

Accord ing to Everhart and Youngs ( 1 9 8 1 ) ,  increased mortality in a f i sh 

populat ion will  cause the populat ion to attempt to compensate by 

increas ing b iomass through higher growth , reproduct ion , and surv ival 

rates . The large increase in the number of YOY rainbow trout in Buck 

Fork and Indian F lats Prong ( F igure 6 ,  page 24 ) was most l ikely due to 

an increase in their survival in 1 9 8 5  and 1 9 8 6 , not necessar i ly to a 

general increase in the reproduct ive rate of rainbow trout . The 

s imultaneous increases in mean rainbow trout standing crop and the 

number of adults captured , however , are more diff icult to exp lain . For 

examp le , as suming that the one YOY and 7 9  adult rainbow trout col lected 

in these two streams in 1 9 84 fairly represented the actual populat ion 

structures , it seems unl ikely that recruitment of uncaptured YOY could 

have accounted for more than a small port ion of the 1 1 2  adult rainbows 

that were removed in 1 9 85 . 

Although Whitworth and Strange ( 1 9 8 3 )  determined that rainbow trout 

general ly exhib ited little net movement in a southern Appalachian 

stream , they also noted that a few individuals moved more than 300 m 

upstream over the course of a year . These fish,  however , had not been 

disp laced . In this  study , large numbers of rainbow trout from Buck Fork 

and Indian F lats Prong were " dumped" on top of dense , establ ished 

populations downstream . Thi s  would have almost certainly hei ghtened 

any propens ity for movement , part i cularly by the disp laced f ish.  Many 

of these f i sh would l ikely move back upstream , since net movement by 

rainbow trout seems to be in this  direction ( Whitworth and Strange 

1 9 8 3 ) . Numerous marked rainbow trout from Grouse Creek were released 
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into dense downstream populat ions in 1 9 8 4  and 1 985 and some of these 

f ish are known to have returned in both 1 9 8 5  and 1 9 8 6 . 

It is  quite l ikely that reinvas ion also occurred in Buck Fork and 

Indian F lat s Prong , perhap s on a larger scale . Reinvad ing trout , in 

addit ion to adults that had escaped capture , might exp lain the lack of 

reductions in mean rainbow trout stand ing crop and the number of adults 

between 1 9 8 4  and 1 9 85 . Recr iutment of YOY was potent ially of greater 

importance in these streams in 1 9 85 and 1 9 8 6 , s ince many more were 

present . 

Streams with phys ical character ist ics l ike those of Buck Fork and 

Indian F lats Prong are undoubtedly i l l - suited to rec lamation for brook 

trout by means of one electrofi shing unit . This  unsuitab i l ity is  

apparent ly compounded by the presence of large rainbow trout populations 

and the absence of downstream barriers to sa lmonid migrat ion . Although 

Grouse Creek had substant ial numbers of rainbow trout and lacked a 

barrier , no adverse stream channel features were present . Rainbow trout 

total catch , dens ity , and standing crop were reduced somewhat over the 

study per iod . It i s  unlikely , however , that brook trout populat ions in 

thi s  stream could ever be meaningfully bolstered by the cont inued use o f  

the present techniques . 

When the seven remaining treatment streams were cons idered 

separately , rainbow trout total catch decreased over the study period . 

The dec line in mean standing crop was much more s imi lar to that noted by 

Moore et al . ( 1 9 8 3 ) and , for these streams , was due not only to the 

increas ing percentage of YOY rainbow trout but also to the decreas ing 

numbers of rainbow trout present in each year . Four of these seven 



5 3  

streams had obstruct ions that would have hindered ( but not prevented ) 
rainbow trout immigrat ion . In addit ion , most had smaller rainbow trout 

populat ions and none had phys ical features that would have negatively 

affected electro f i shing ef f iciency . 

The enhancement of brook trout populations in the removal streams 

when Buck Fork and Indian F lats Prong were excluded was much more 

evident . Mean dens ity of brook trout in these streams became 

s igni f i cant ly higher than that of rainbow trout in 1 9 85 and 1 9 8 6 . 

Although mean brook trout standing crop did not s igni f i cantly exceed 

that of rainbow trout in any year , the dif ference was near ly s ignif icant 

in 1 9 8 6 .  S ignif icance would probably be achieved with another year of 

rainbow trout removals . Furthermore , al lopatr i c  populat ions of brook 

trout appear to have been re- estab lished in Section II of Sahlee Creek 

and Sect ion I of Hyatt Creek , as no rainbow trout were collected in 

tho se areas in 1 985 or 1 9 8 6 . No rainbow trout were captured or seen in 

Section II of Cosby Creek in 1 9 8 6 , suggest ing a return to al lopatry 

there also . 

The difference between the mean lengths and weights of adult brook 

and rainbow trout in removal streams was apparently reduced dur ing the 

study . Adult rainbow trout , which were sign i f i cantly longer and heavier 

than adult brook trout in removal streams in 1 9 84 and 1 9 85 , had lost 

this advantage by 1 9 8 6 . The mean lengths and weights of removal stream 

rainbow trout closely paral leled those of control f ish; therefore , the 

decreases in mean lengths and we ights of removal stream rainbows could 

have been due to natural var iat ion . 
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The small non- salmonid populations that occurred in two of the 

removal streams did not appear to have any ef fect upon co-occurring 

brook trout populat ions . Flick and Webster ( 1 9 7 5 ) removed non- salmonids 

from a small Adirondak stream over a 1 3 -year period and observed no 

concurrent increases in brook trout dens ity or standing crop . The 

presence of dace and sculp ins in conj unct ion with populations of brook 

trout in southern Appalachian streams was deemed inconsequent ial  by Gray 

and Pardue ( 1 9 7 8 ) .  Wilson and Harned ( 1 9 8 3 ) ,  however , found that 

blacknose dace ( Rhinichthys atratulus ) and brook trout had s imi lar 

diets in a GSMNP stream and suggested that interspeci f ic competition was 

poss ible . In any case , as Kel ly et al . ( 1 980 ) noted , range over lap of 

brook trout and dace ( and sculp ins ) occurs on a very l imited bas i s  in 

the GSMNP and any impacts on overall brook trout growth or survival 

would be neg l i g ible . 

Brown trout , which seem to be cont inuous ly increas ing in abundance 

and extending the ir range throughout the GSMNP , can and do negat ively 

impact brook trout populations . In streams where they occur together , 

brown trout compete with brook trout for food ( Nyman 1 9 7 0 ;  Johnson 

1 9 8 1 ) ,  rest ing cover ( Fausch and White 1 9 8 1 ) ,  and spawning areas 

( Kaeding 1 9 80 ) .  Addit ionally , Faush and White ( 1 9 8 1 )  suggested that the 

predation of brown trout on young brook trout is part ially respons ible 

for brook trout populat ion dec l ines where the two species occur 

sympatrically . Brown trout can l ive longer and attain greater s i zes 

than brook or rainbow trout in the GSMNP and may present the greatest 

future threat to brook trout populat ions in streams open to invas ion by 

this spec ies . 
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Brook and Rainbow Trout Food Hab its 

The food hab its of trout in this study were comparable to those of 

w i ld adult brook and ra inbow trout collected dur ing the summer as 

reported by Lord ( 1 9 3 3 ) ,  Johnson ( 1 9 8 1 ) ,  and Lohr ( 1 9 8 5 ) . The def inite 

s imi lar ity between the diets of adult brook and rainbow trout in 

southern Appalachian streams described by Tebo and Hass ler ( 1 963 ) and 

Lohr ( 1 9 85 )  was also evident . 

Sympatr ic brook and ra inbow trout diets closely resembled each other 

in 1 984 . Essent ially , the only difference was that rainbow trout seemed 

to feed more extens ively on aquat ic insects . The occurrence and 

quant ity of these food items was not iceab ly greater in the diet of 

rainbow trout than in the diet of brook trout . The diets of allopatr i c  

brook and rainbow trout exhibited the same trait in 1 984 . Nearly all of 

the aquatic insect nymphs and larvae that had been consumed by the trout 

were early instars ; therefore , they contributed only trace amounts to 

the diets of both spec ies in terms of weight . 

Lohr ( 1 9 85 ) observed that terrestr ial invertebrates contributed the 

most to the summer diets of adult sympatr ic brook and ra inbow trout in a 

GSMNP stream . Terrestrial invertebrates were also the mainstay of the 

diets of both species during the f irst year of thi s  study , as they 

const ituted the largest percentage by we ight . Thi s measure is  usually 

cons idered to be of greater importance than either occurrence or 

percentage by number ( Wallace 1 98 1 ; Bowen 1983 ) .  Although crustaceans 

and salamanders actually represented the largest percentage by we ight of 

the diets of sympatri c  brook trout and al lopatric rainbow trout in 1 984 , 

this is  mis leading . Only three of these food items were found in a 
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sample of 3 0  sympatr i c  brook trout and only two were found in a samp le 

of 15 allopatr ic rainbow trout . As Wal lace ( 1 9 8 1 )  po inted out , the 

pr imary shortcoming of the percentage by weight analysis  is that it can 

overemphasize the stomach contents of a few individuals . 

In 1 9 8 6 , the diets of sympatr ic brook and rainbow trout were once 

again very s imi lar . The occurrence and percentage by number of aquatic 

insects in the diet of sympatr ic brook trout increased substant ially 

relative to 1 9 8 4 , surpas s ing terrestr ial invertebrates in both areas . 

Lohr ( 1 9 85 )  also reported that the number of aquat ic insects in the diet 

of adult brook trout from a mixed population increased dramatically 

( >40% ) after ra inbow trout dens ity was decreased by electrof ishing . It 

would appear that the sympatr ic brook trout in this study had begun to 

exp lo it a food resource that they were previous ly not able to fully 

uti l ize because of the presence of rainbow trout . However , the 

occurrence and percentage by number of aquatic insects also increased 

substantially in the diets of al lopatric brook trout and , to a lesser 

extent , allopatr ic and sympatri c  rainbow trout . Therefore , the 

increased use of aquatic insects by sympatric brook trout , as wel l  as by 

the other populat ions , was probably little more than a response to an 

increase in the abundance of aquatic insects in the three study streams 

in 1 98 6 . Even with the greater ut i l i zat ion of aquat ic insects by all 

trout populations in the stunmer of 1986 , this  group sti l l  contributed 

very litt le to trout diets in terms percentage by weight . 

Crustaceans and salamanders were the most important food group in 

terms of weight in the diets of both populations of brook trout in 1 9 8 6 . 

Terrestr ial invertebrates cont inued to contribute the largest percentage 
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Gr iff ith 

( 1 9 7 4 )  reported that brook trout showed an aff inity for benthic food 

items and Lohr ( 1 9 85 ) found that brook trout fed much more extens ively 

on decapods and vertebrates than did rainbow trout . The greater 

ut i l i zat ion of crustaceans and salamanders by brook trout was the only 

not iceable dif ference between the diets of the two spec ies in 1 98 6 . 

Under sympatric conditions , brook and rainbow trout show a certain 

degree of hab itat segregation in GSMNP streams (Kelly et a l .  1 9 8 0 ; 

Larson and Moore 1 9 85 ) . Cunj ak and Green ( 1 983 ) reported s imi lar 

f indings for sympatric brook and rainbow trout in Newfoundland streams . 

Spatial separat ion of two salmonid species can serve to lessen direct 

compet it ion for food ( N i lsson 1 955 ; Glova 1 9 84 ) . Chapman ( 1 966 ) stated , 

however , that compet ition by stream salmonids for food is  not eliminated 

merely by spat ial differentiat ion . In any case , the ab i lity of 

sympatric salmonid species to part ition food supp lies through habitat 

segregat ion and thus limit compet ition seems to be poss ible chiefly for 

spec ies which have coevolved . In this  study , it  did not appear that two 

years of rainbow trout removals led to any noteworthy shifts in the food 

hab its of sympatr ic brook trout . 

Hynes ( 1 9 7 0 ) indicated that there is  no unequivocal evidence that 

food supply l imits any species of stream f i sh .  I t  is  not known whether 

or not food was a limited resource dur ing this  study . If food was a 

limit ing factor in either year , it should have served to heighten any 

direct compet ition between the two spec ies for this  resource . Also , 

s ince rainbow trout dens ity was not reduced at all in Ind ian F lats 

Prong , the food hab its of sympatr i c  brook trout from thi s stream would 



5 8  

not b e  expected to change . These condit ions could have decreased the 

l ikel ihood of detect ing any overall dietary shifts by sympatric brook 

trout . 

The mo st detr imental compet it ion between brook and rainbow trout in 

the GSMNP probably does not occur after the f i sh reach adulthood .  

Rather , it most l ikely occurs between YOY brook and rainbow trout j ust 

after the emergence of the latter . Rose ( 1 986 ) observed that no spat ial 

s egregat ion ex isted between young brook and rainbow trout for two months 

fol lowing the emergence of rainbow trout in a tributary of Lake 

Superior . He showed that both the quantity of food in brook trout 

stomachs as a percentage of body weight and their growth rate dec l ined 

s i gn i f i cant ly dur ing this period , then increased after the dispersal of 

YOY rainbow trout . Rose ( 1 986 ) also analyzed the data of Whitworth and 

Strange ( 1 98 3 )  from a southern Appalachian stream and was able to f ind 

the same sort of brook trout growth decl ine . Poor f irst year growth in 

brook trout has been correlated with higher winter mortal ity ( Hunt 1969 ) 

and can lead to lower numbers of yearl ing brook trout . 



CHAPTER V 

SUMMARY 

Two consecut ive years of rainbow trout removals of moderate ef fort 

resulted in s ign i f icant reduct ions in mean rainbow trout density and 

standing crop relat ive to control populat ions in seven of nine treatment 

streams . Brook trout populat ions in these seven streams responded with 

concurrent ( non - s ignif icant ) increases in both mean dens ity and standing 

crop . Brook trout even rep laced rainbow trout as the maj or component of 

total salmonid standing crop in 1 9 8 6 . 

If removal ef forts had been more intense and downstream barr iers 

had been present on a l l  streams , the reduct ion of rainbow trout 

populat ions might have been even greater and potent ially longer last ing . 

When study areas in S i lers and Taywa Creeks- - two of the streams used by 

Moore et al . ( 1 9 8 3 ) - -were resampled in 1 9 8 6 , brook trout populat ions in 

both had ev ident ly returned to allopatry ( unpubl i shed data ) . No ra inbow 

trout were captured above the barr iers in either stream , although they 

were s t i l l  present when the streams were last samp led in 1 9 7 9 . 

The absence of barr iers did not seem to markedly enhance the 

recovery of ra inbow trout populat ions in these seven treatment streams 

whi le annual removals were being conducted . However , now that rainbow 

trout removals have ceased , it would be of interest to observe how the 

absence of barriers affects the length of t ime required by rainbow trout 

populat ions in these streams to return to pre-removal levels . 

This  study was not des igned to test the effects of phys ical stream 

character istics on the effect ivenes s  of rainbow trout removals with one 
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It became apparent , however , that exces s ive mean 

stream width ( > 6 m ) and deep pools (�1 m) can have a substantial 

inf luence . These physical conditions , in combinat ion with large pre-

removal rainbow trout populat ions , the absence of barriers , and the 

pract i ce of releas ing large number s of rainbow trout into dense 

populat ions downstream undoubtedly prevented the reduct ion of ra inbow 

trout populations in Buck Fork and Indian F lats Prong . All of these 

factors should be g iven careful cons iderat ion before renovat ion efforts 

are attempted in other GSMNP brook trout streams . If barriers are 

present , though , streams with the other features might st i l l  be 

rec laimed by alternate methods . 

The food hab its of adult sympatric brook and rainbow trout were 

quite s imi lar both before and after two years of rainbow trout removal 

efforts in three streams . The use of aquatic insects by sympatri c  brook 

trout increased substant ially after rainbow trout removals , but s imi lar 

increases in the use of these food items occurred in al lopatric brook 

trout populat ions . This  suggests that no compet it ion- based dietary 

shift actual ly took place . It was not known if  food was l imiting in 

either 1984  or 1 9 8 6  and rainbow trout numbers actually increased in one 

of the streams ( Indian Flats Prong ) .  These conditions could have made 

the detect ion of a shift in the food hab its of sympatr i c  brook trout 

more d i f f i cult . Compet it ion for food between adult brook and rainbow 

trout has certainly not been disproven here , but it would not seem to be 

of maj or importance . As Rose ( 1 986 ) demonstrated , compet ition for food 

is  most intense between YOY brook and rainbow trout and apparent ly has 

the mo st ser ious consequences for brook trout at this  age . 
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APPENDIX A 

STREAM AND POPULATION ESTIMATE SECTION LOCATIONS 



Chasteen Creek 

Watershed: 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag lh 
Upstream Tag It :  
Elevat ion : 
Landmarks : 

Sect ion I I  
Downstream Tag II : 
Upstream Tag // :  
Elevation : 
Landmarks : 

Pretty Ho llow Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Secti on I 
Downstream Tag /! :  
Upstream Tag # :  
Elevation : 
Landmarks : 

CONTROL STREAMS 

Ocono luftee R iver 
Swa in 
NC 
Smokemont 

3 1 8  
3 1 9  
7 3 1 . 5  m ( 2400 f t )  
Thi s  section beg ins about 6 0  m upstream o f  
the f i rst br idge on the Chasteen Creek j eep 
trai l .  Tag f1 3 1 8  is on a hemlock on the 
r i ght upstream s ide . Tag If 3 1 9  is on the 
r i ght upstream s ide . 

2D 
1 U  
9 1 4 . 4  m ( 3000  f t )  
Tag II 1U is  located o n  the r ight upstream 
s ide , about 3 5 0  m below the conf luence of 
the left and r i ght f orks o f  Chasteen Creek . 
A tag on the r i ght s ide of the j eep t ra i l  
( /f 14 7U )  also marks the upper end o f  this 
section . Tag If 2D is  on a large dead tree 
that has fallen across the creek from the 
r i ght upstream side .  

Cataloochee Creek 
Haywood 
NC 
Luftee Knob 

1 1 0D 
1 09U 
9 2 1 . 2  m ( 30 40 f t )  
Thi s  sect ion begins about 30 m upstream o f  
the horse corral at Camp s ite 39  on the 
Pretty Hollow Gap Trail .  Tag II l lOD is on a 
map le on the left upstream s ide and tag !f 
1 090 is  on the r i ght upstream s ide . 

69 



Pretty Hollow Creek 
Section II 

Downstream Tag It :  
Upstream Tag It :  
Elevation : 
Landmarks : 

Marks Creek 

Watershed : 
County :  
State : 
Quadrangle : 

Section I 
Downstream Tag It :  
Upstream Tag It :  
Elevat ion : 
Landmarks : 

Sect ion II 
Downstream Tag It :  
Upstream Tag It :  
Elevat ion : 
Landmarks : 

Woody Branch 

Watershed : 
County : 
State : 
Quadrangle : 

( Continued ) 

122D 
121U  
1 12 1 . 7  m ( 3 680  ft ) 

7 0  

This  sect ion begins about 25 m upstream of 
the f irst foot bridge trai l  cross ing . Tag It 
122D is  on a map le on the r i ght upstream 
s ide and tag It 121U  is on a b irch on the 
left upstream side .  

Middle Prong Litt le River 
Sev ier 
TN 
Thunderhead Mtn . 

l20D 
1 1 9U 
688 . 9  m (2260 f t )  
Thi s  section is  located about 200  m upstream 
of the conf luence with Lynn Camp Prong . Tag 
It 120D is on a birch on the right upstream 
side and tag It 1 1 9U is on a b irch on the 
left upstream s ide . 

1 1 4D 
1 1 3U 
7 8 0 . 3  m (2560  ft ) 
This  sect ion beg ins where the f irst large 
tributary ( not in a culvert ) f lows across 
the trail from the left and enters Marks 
Creek . Tag It 1 14D i s  on a birch on the left 
upstream s ide and tag If 1 1 3U is on the left 
upstream s ide . 

REMOVAL STREAMS 

Cataloochee Creek 
Haywood 
NC 
Cove Creek Gap 



Woody Branch ( Continued ) 
Section I 

Downstream Tag II :  
Upstream Tag II :  
Elevat ion : 
Landmarks :  

Section II  
Downstream Tag II : 
Upstream Tag II :  
Elevat ion : 
Landmarks : 

Cosby Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Section I 
Downstream Tag II :  
Upstream Tag It :  
Elevat ion : 
Landmarks : 

Section I I  
Downstream Tag II :  
Upstream Tag /1 :  
Elevation : 
Landmarks : 

1 82D 
1 8 3U 
9 3 8 . 8  m ( 30 8 0  f t )  
Thi s  sect ion begins about 5 0  m 
conf luence with Andy Branch . Tag 
on a b irch on the r i ght upstream 
tag II 1 8 3U is on a rhododendron on 
upstream side .  

1 8 6D 
1 85U 
1 0 0 6 . 1  m ( 3 320 f t )  

7 1  

above the 
II 1 82D is  
s ide and 
the right 

This  sect ion is located at the base of a 
very large is land , near the f irst old home­
place on the right s ide of the tra i l .  Tag II 
1 8 6D is  on a birch on the r i ght upstream 
s ide and tag II 1 85U is on a birch on the 
left upstream s ide . 

Pigeon River 
Cocke 
TN 
Hartford 

1 12D 
1 05U 
7 0 7 . 1  m (2320 ft ) 
Thi s  sect ion beg ins about 75 m up stream of 
the road cross ing to Bryants Horse Barns at 
Cosby Campground . Tag It 1 12D is  on a pop lar 
on the right upstream s ide and tag II 1 05U is 
on a buckeye on the left upstream side .  

124D 
123U 
7 80 . 3  m (25 6 0  f t )  
This  section is  located about 75 m upstream 
of the f irst foot br idge . Tag II 124D is on 
a hemlock on the right upstream s ide and tag 
II 123U is on a hemlock on the right upstream 
s ide . 



Co sby Creek ( Cont inued ) 
Renovated Area 

Downstream Tag II : 
Elevat ion : 
Upstream Tag /1 :  
Elevat ion : 
Landmark s :  

Hyatt Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag /1 :  
Upstream Tag II : 
Elevat ion : 
Landmarks : 

Section II 
Downstream Tag II :  
Upstream Tag /1 :  
Elevat ion : 
Landmarks : 

McG inty Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag II : 
Up stream Tag II : 
Elevat ion : 

1 0 6  
7 0 7 . 1  m ( 2320 ft ) 
123U 
7 92 . 5 m (2600 ft ) 
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Tag II 1 0 6  is  on a pop lar on the r ight 
upstream s ide at the road cro ss ing and tag 
II 123U is at the upper end of Sect ion I I . 

Straight Fork 
Swain 
NC 
Bunches Bald 

1 34D 
1 39U 
848 . 5  m (2800 f t )  
Thi s  section begins about 1 0 0  m upstream of 
the Big Cove ( Round Bottom) Road br idge 
cross ing . Tag II 1 34D is  on a map le on the 
left upstream s ide and tag II 1 39U is on a 
pop lar on the r ight upstream side .  

1 0 8D 
1 1 1U 
1 1 0 9 . 5  m ( 3640 ft ) 
This  sect ion beg ins at the f irst Low Gap 
Trail  cros s ing . Tag II 1 0 8D is  on a map le on 
the left up stream side at the cross ing ( on 
the back or upstream s ide of  the tree ) . Tag 
II 1 1 1U is also on a map le on the left 
upstream s ide . 

Big Creek 
Haywood 
NC 
Luftee Knob 

4D 
3U 
1036 . 3  m ( 3400 ft ) 



McGinty Creek ( Continued) 
Landmarks : 

Section I I  
Downstream Tag 1/ :  
Upstream Tag II :  
Elevat ion : 
Landmarks : 

Ind ian F lats Prong 

Watershed : 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag II :  
Upstream Tag II : 
Elevat ion : 
Landmarks : 

Sect ion I I  
Downstream Tag II : 
Upstream Tag II : 
Elevat ion : 
Landmarks : 

Renovated Area 
Downstream Tag II : 
Elevat ion : 
Upstream Tag II : 
Elevat ion : 

7 3  

Thi s  section beg ins about 2 0  m upstream of 
the Swallow Fork Trai l cross ing . Tag II 4D 
is on a birch on the r ight upstream s i de and 
tag II 3U is on a b irch on the right upstream 
s ide . 

8D 
7U 
1 0 9 7 . 3  m ( 36 0 0  f t )  
This  sect ion is  located about 300  m above 
the upper end of Sect ion I .  Tag II 8D is on 
a birch on the left upstream s ide and tag II 
7U is  on a b irch on the right upstream side .  

Middle Prong Little River 
Sevier 
TN 
Thunderhead Mtn . 

1 02D 
1 1 7 
865 . 6  m (2840 f t )  
This  sect ion beg ins at the conf luence with 
Lynn Camp Prong . Tag II 1 02D is  on a b irch 
on the r ight upstream s ide and tag II 1 1 7  is  
on a b irch on the left upstream s ide . 

1 04D 
15U 
8 7 7 . 8  m (2880  ft ) 
This  section begins about 7 0  m be low Double 
Trestle Branch . Tag II 1 04D is  on a b irch on 
the right upstream side and tag II 15U is  on 
a b irch on the right upstream side .  This  
sect ion ends about 1 0 0  m below the f irst 
br idge cross ing . 

1 02D 
865 . 6  m (2840 ft ) 
No tag - marked by f lagg ing 
963 . 2  m ( 3 1 6 0  f t )  



74  

Ind ian F lats Prong ( Cont inued ) 
Landmarks : The renovated area begins at 

ends at the pool at the base 
a ser ies of large waterfalls . 

Sect ion I and 
of the f irst of 

Buck Fork 

Watershed : 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag /f :  
Upstream Tag /1 :  
Elevat ion : 
Landmarks : 

Sect ion I I  
Downstream Tag 1/ :  
Upstream Tag I/ : 
Elevat ion :  
Landmarks : 

Co llins Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Sect ion I 
Downstream Tag I/ : 
Upstream Tag 1/ : 
Elevat ion : 
Landmarks : 

Middle Prong Little Pigeon River 
Sevier 
TN 
Mt . Guyot 

12D�( 
1 7U 
883 . 9  m (2920 f t )  
This  sect ion begins about 1 0 0  m up stream o f  
the conf luence with Chapman Prong . Tag II 
12D is  on a bi�ch on the r i ght upstream side 
of the creek . 

"
Tag If 1 7U could not be lo­

cated in 1 9 8 6 ; the sect ion ends about 20 m 
below a small is land and about 3 0  m below a 
small waterf all . 

1 4D 
1 3U 
1 0 3 6 . 3  m ( 3400 f t )  
This  section beg ins about 7 0 0  m upstream o f  
the end o f  Sect ion I and about 25 m upstream 
of the base of an is land . Tag 1/ 1 4D i s  on a 
hemlock on the right upstream s ide and tag II 
1 3U is  on a pop lar on the right upstream 
s ide . 

Ocono luftee River 
Swain 
NC 
Smokemont 

3 1 6D 
3 1 7U 
7 43 . 7  m (2440 ft)  
This  
pump 
Tag 

sect ion 
stat ion 

II 3 1 6D 

beg ins about 30 m above the 
on the Co llins Creek Trai l .  

is  on a pop lar on the right 



Co l l ins Creek ( Cont inued ) 

Section I I  
Downstream Tag II :  
Upstream Tag II :  
Elevat ion : 
Landmarks : 

Renovated Area 
Downstream Tag II : 
Elevat ion : 
Upstream Tag II : 
Elevat ion : 
Landmarks : 

Renovated Tributary 
Landmarks : 

Sahlee Creek 

Water shed : 
County : 
S tat e :  
Quadrangle : 

Section I 
Downstream Tag II :  
Upstream Tag II :  
Elevat ion : 
Landmarks : 

7 5 

upstream s ide and tag II 3 1 7U is  on a hemlock 
on the r ight upstream s ide . 

268 
143U 
85 3 . 4  m (2800  ft ) 
This section begins about 300  m upstream of 
the f irst trail  cross ing . Tag II 268 i s  on a 
poplar on the r ight upstream s ide . Tag II 
1 43U i s  located on the right about 1 0  m 
below where the renovated tributary enters 
from the right upstream s i de .  The location 
of thi s  section is  incorrectly described in 
Ri ley ( 1 986 ) . 

399 
7 3 1 . 5  m (2400 ft ) 
1 02 
853 . 4  m (2800  ft ) 
The renovated area begins at the Collins 
Creek br idge on Hwy . 44 1 .  Tag II 399 is  on 
the left upstream s i de .  The area ends 1 7 0  m 
above where the renovated tributary enters . 
Tag II 1 02 is  on a buckeye on the left . 

Renovat ion ended at the large 
1 0 0  m above the conf luence 
Creek in 1 98 6 . 

Deep Creek 
Swain 
NC 
C l imgmans Dome 

128D 
127U 
1 1 0 9 . 5  m ( 3640 ft ) 

cascade about 
with Collins 

Thi s  sect ion beg ins about 3 0  m above the 
conf luence with Deep Creek . Tag II 128D is  
on a hemlock on the right upstream s ide and 
tag II 127U i s  on a b irch on the left . 



Sahlee Creek ( Cont inued ) 
Section I I  

Downstream Tag II :  
Upstream Tag 1/ : 
Elevat ion : 
Landmarks : 

Grouse Creek 

Watershed : 
County : 
State : 
Quadrangle : 

Section I 
Downstream Tag II :  
Upstream Tag II :  
Elevat ion : 
Landmarks : 

Section I I  
Downstream Tag II :  
Up stream Tag If :  
Elevat ion : 
Landmarks : 

1 3 2D 
1 3 1U 
1 15 6 . 2  m ( 3850 f t )  

7 6  

ridges 
natural 

is on the 

Th is sect ion is located where two 
s lope down to the creek near a 
open ing on the left . Tag II 1 3 2D 
left upstream s ide and tag II 1 3 1U is 
birch on the left upstream s ide . 

Little River 
Sevier 
TN 
S i lers Bald 

1 36D 
1 35U 
1 048 . 5  m ( 3440 ft ) 

on a 

Thi s  section beg ins at the conf luence of 
Spud Town Branch and Grouse Creek . The 
conf luence can be located by following the 
tra i l  about 200 m past Camps ite 30 , and 
then descending down to the creek on the 
right . Tag II 1 36D is on a birch on the 
right upstream s ide at the conf luence . Tag 
If 1 35U is on a large hemlock on the left 
upstream side .  

154D 
3 23U 
1 09 7 . 3  m ( 3600  f t )  
This  sect ion beg ins about 4 0 0  t o  5 0 0  m up ­
stream of the upper end of Sect ion I or 
about 1 0 0  m above where a dry tributary 
enters from the right . Tag If 154D is on a 
b irch on the left upstream s ide about 6 m 
back from the edge of the creek and tag 
II 323U is on a b irch on the right upstream 
s ide . 



APPENDIX B 

SALMONID POPULATION ESTIMATES 



T a b l e  1 .  Annua l p o p u l a t ion e s t imates and 957. conf i dence l im i t s  f o r  r a i n bow t r o u t  ( RBT ) , 
b r o o k  t r ou t  ( BKT ) , and b r own t r o u t  ( BNT ) in each sec t i on of each s tudy s t ream .

a 

1984 1 9 8 5  1 9 8 6  

S t ream SEec i e s  I I I  I I I  I I I  

Con t r o l  S t reams 
RBT 1 4 ( 1 3 - 1 9 )  1 3 ( 1 3 - 1 5 )  3 1 ( 3 1 - 3 3 )  2 7 ( 26 - 3 1 )  3 8 ( 1 8 - 1 1 4 )  2 1 ( 20 - 2 5 )  

Chas teen BKT �. 14 ( 1 0 - 3 2 ) * 3 3 ( 29 - 4 2 )  -:c 44 ( 42 - 49 ) 

BNT 2 * �: 22 ( 1 3 - 5 6 )  * 

RBT 5 4 ( 49 - 6 3 )  30( 3 0 - 3 2 )  47 ( 45 - 5 2 ) 29 ( 25 - 39 )  7 1 ( 69 - 7 5 ) 2 1 (  1 9 - 2 7 ) 

P r e t ty H o l low BKT 4 ( 4 - 5 )  26 ( 25 - 30 ) 5 ( 5 - 7 )  44 ( 2 7 - 8 7 ) 1 4 ( 1 3 - 1 8 )  4 2 ( 4 1 - 46 ) 

RBT 4 1  ( 3 8 - 4  7 )  4 1 ( 35 - 5 3 )  3 9 ( 3 7 - 4 4 )  3 0 ( 3 0 - 3 2 ) 5 1 ( 5 1 - 5 3 )  5 0 ( 4 7 - 5 6 )  

M a r k s  BKT 1< 9 1< 9 ( 9 - 1 0 )  * 5 ( 5 - 5 )  

Removal S t reams 
RBT 1 3 ( 1 3 - 1 5 ) 6 ( 6 - 9 )  1 5 ( 1 5 - 1 6 )  * 2 2 ( 20 - 28 ) 5 ( 5 - 7 )  

Woody B r anch BKT 1 7  2 5 (  2 2 - 3 3 )  3 6 ( 29 - 5 1 ) 44 ( 42 - 49 ) 2 2 ( 22 - 2 4 )  3 4 ( 3 4 - 3 5 ) 

RBT 20 ( 20 - 2 2 )  6 ( 6 - 6 ) 4 ( 4 - 6 )  3 ( 3 - 6 )  1 6 ( 1 2 - 3 0 )  ,., 
C o s b y  BKT 1 2 ( 1 2 - 1 2 )  8 2 ( 6 7 - 1 0 2 )  8 ( 8 - 1 0 )  7 9 (  7 7 - 8 4 )  8 ( 7 - 1 4 )  69 ( 67 - 7 3 )  

RBT 1 4 ( 1 0 - 32 ) 1< * �. * * 
Hyatt BKT 34 ( 29 - 4 5 )  1 7 ( 1 7 - 1 8 )  2 3 ( 2 3 - 24 ) 1 6 ( 1 6 - 1 6 )  3 9 ( 3 7 -44 ) 2 1 ( 2 1 - 2 1 )  

RBT 6 ( 6 - 9 )  24 ( 22 - 3 0 )  5 9 ( 9 - 1 0 )  1 6 (  6 - 7 ) 

McG i n t y  BKT 4 ( 4 - 7 )  1 6 ( 1 6 - 1 8 )  3 3 ( 3 3 - 3 5 )  20 ( 20 -2 1 ) 4 1 ( 40 - 4 4 )  47 ( 4 7 - 4 9 )  

RBT 30 ( 29 - 3 4 )  4 ( 4 - 5 )  7 2 ( 4 5 - 1 2 3 )  3 6 (  2 4 - 6  7 )  9 4 ( 9 1 - 9 9 )  3 7 ( 3 7 - 39 ) 

Buck Fork BKT 6 ( 5 - 1 5 )  3 ( 3 - 6 )  5 ( 5 - 5 )  1 2 ( 1 0- 2 1 ) 1 7 ( 1 6 - 2 1 )  1 6 ( 1 6 - 1 8 )  

RBT 2 1 ( 20 - 2 5 ) 3 7 ( 2 7 -60 ) 6 8 ( 6 6 - 7 2 )  4 9 ( 4 9 - 5 1 ) 89 ( 88 - 9 2 )  6 6 ( 66 - 6 8 ) 

I nd i an F l a t s  BKT 1 4 ( 4 - 5 )  1 0 ( 1 0 - 1 1 )  1 7 ( 1 4 - 28 ) 7 ( 7 - 8 )  1 6 ( 1 6 - 1 7 )  

RBT 1 7 ( 1 4 - 2 8 )  24( 24-26 ) 1 8 ( 1 6 - 2 5 )  9 ( 9 - 1 0 )  1 4 ( 1 0 - 3 0 ) 

Co l l i n s  BKT 7 3 1 ( 27 - 4 1 ) 1 6 ( 1 5 - 2 1 )  6 0 ( 4 3 -90 ) 20 ( 20 - 2 1 ) 

BNT 1 * * * 3 ( 3 - 4 )  

RBT 66 ( 65 - 69 ) 5 5 ( 5 2 - 6 1 ) 5 2 ( 5 1 - 5 6 )  3 3 (  32-37 ) 4 1 ( 4 1 - 4 2 )  4 1 ( 37 -49 ) 

G r ouse BKT 29 ( 29 - 3 0 ) 1 5 ( 1 5 - 1 6 )  7 ( 7 - 9 ) 1 6 ( 1 5 - 2 1 ) 1 4 ( 1 4 - 1 6 )  1 5 ( 1 5 - 1 7 )  

RBT 6( 6- 7 )  4 8 ( 8 - 8 )  * 1 1 ( 1 1 - 1 1 )  * 
S a hlee BKT 3 3 ( 24 - 5 5 )  54 ( 5 1 - 60 )  1 4 ( 1 4 - 1 5 )  29( 29 - 3 1 ) 5 1 ( 49 - 5 6 ) 3 4 ( 34 - 5 6 ) 

BNT * 1 2 * 4 * 

a 
I n  a l l  c a s e s , the lower l im i t  was s e t  equal to the t o t a l  ca tch . When no f i s h we r e  

cap tured on the second and / o r  third runs , no conf idence l i m i t s  could b e  calcula ted . 

;, 
None cap tured . 

7 8  



APPENDIX C 

WATER QUALITY AND STREAM CHANNEL CHARACTERISTICS 



Table 2 .  Se lected water qua l ity parameters of each population est imate 
sect ion in each study st ream . 

Conduct ivity Temperature 
pH ( ).UI1ho s / cm )  c 

Stream I I I  I I I  I I I  

Contro l Streams 
Chasteen Creek 6 . 3  6 . 2  20 . 0  22 . 0  1 7  1 6  

Pretty Hollow Creek 5 . 8  6 . 6  26 . 1  27 . 5  1 6  1 6  

Marks Creek 6 . 1 6 . 3  1 7 . 3  25 . 3  1 8  1 7  

Removal Streams 
Woody Branch 6 . 7  6 . 6  36 . 2  3 3 . 8  1 6  1 7  

Cosby Creek 5 . 7  6 . 2  3 0 . 8  24 . 9  1 6  1 5  

Hyatt Creek 6 . 7  6 . 7  * ':,'( 1 3  1 2  

McG inty C reek 6 . 6  6 . 4 3 1 . 1  24 . 8  1 6  1 5  

Buck Fork 6 . 4 5 . 9  26 . 5  28 . 0  1 3  1 3  

Ind ian F lats Prong 6 . 2  * 24 . 9  ";� :1< .. ;:. 

Co l l ins Creek '{: * 1 5 . 0  i< 1 6  '",'( 

Grouse Creek 6 . 1  5 . 6 1 6 . 3  1 6 . 8  1 8  1 7  

Sahlee Creek 6 . 1  6 . 5  34 . 9  1 2 . 5 16  1 8  

-�� 
Measurement not obta ined . 
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Table 3 .  Se lected channel characterist ics  o f  each populat ion estimate 
section in each study stream . 

Mean Mean Grad ient Stream 
W idth (m) Depth (em) (% ) Order 

Stream I I I  I I I  I I I  I I I  

Contr ol Str eams 
Chasteen Creek 5 . 0  4 . 9  1< 21 . 9  4 9 3 2 

t>retty Ho llow Creek 5 . 7  5 . 1  1 1 . 7  9 . 2  7 9 2 2 

Marks Creek 4 . 6  4 . 6  * 8 . 9  6 8 2 2 

Removal Streams 
Woody Branch 4 . 9  3 . 5  4 . 3  4 . 1  1 0  1 1  2 2 

Cosby Creek 7 . 3
a 

6 . 4
a * )� 8 1 5  3 2 

Hyatt Creek 4 . 5  2 . 1 1 1 . 5  8 . 5  1 1  1 4  2 1 

McGinty Creek 4 . 2  3 . 4  1 2 . 9  8 . 8  1 0  1 5  2 2 

Buck Fork 7 . 2  7 . 5  1 9 . 5  1 6 . 8  1 1  1 3  2 2 

Indian F lats Prong 6 . 5  6 . 0  * 1:. 6 ;•, 2 2 

Co l l ins Creek 5 . 5  1< �( "'< 'i'< 1.: 3 3 

Grouse Creek 5 . 1  4 . 6  1 2 . 4  1 2 . 7  1 0  8 2 2 

Sahlee C reek 2 . 8  2 . 5 1 2 . 4  1 2 . 0  1 1  1 1  1 1 

�easured dur ing somewhat higher than normal f low cond i tions . 

* 
Measurement not obtained . 

8 1  



APPENDIX D 

YOUNG-OF -THE-YEAR SALMONIDS 



Table 4. Annual catch of YOY rainbow trout ( RBT) , brook trout ( BKT ) ,  
and brown trout ( BNT ) i n  each section o f  each study stream . 

1984 1985 1986 
Stream Species I II I II I II 

Control Streams 
RBT 6 1 27 11 6 0 

Chasteen BKT * 1 l't: 7 * 13 
BNT 1 )'(. 1 ')� 8 ,·,: 

RBT 6 2 2 2  3 22 8 
Pretty Hol low BKT 0 6 1 11 7 15 

RBT 4 5 18 11 14 17 
Marks BKT ,., 8 i< 0 -,•: 0 

Removal Streams 
RBT 2 0 5 0 13 5 

Woody Branch BKT 11 11 10 10 4 24 

RBT 5 2 0 0 9 •lt 

Cosby BKT 2 24 3 41 3 19 

RBT 2 i< * ·l: ")( ic 

Hyatt BKT 12 9 15 5 10 1 

RBT 0 1 2 2 0 3 
McGinty BKT 0 l 16 10 33 29 

RBT 1 0 25 17 52 10 
Buck Fork BKT 0 1 2 4 10 12 

RBT 0 0 14 16 39 24 
Indian F lats BKT 0 0 2 5 2 4 

RBT 2 0 5 0 6 
Col lins BKT 7 8 4 23 8 

BNT 0 ·k. ic ic 0 

RBT 2 4 25 16 19 24 
Grouse BKT 14 8 0 7 8 3 

RBT 1 1 4 )'( 0 ');( 

Sahlee BKT 17 28 3 10 37 14 
BNT ";'( 0 l ')·:: 0 •k 

I'( 

No YOY or adults captured . 
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APPENDIX E 

SALMONID DENS ITIES 



Table 5 .  Annual dens ities ( n/ ha )  of rainbow trout ( RBT ) , brook trout 
( BKT ) , and brown trout ( BNT ) in each section of each study 
stream .  

1 9 8 4  1 985 1 98 6  
Stream Spec ies I I I  I I I  I I I  

Control Streams 
RBT 296  250 655 5 1 8  835 4 6 1  

Chasteen BKT 0 269 0 634  0 966  
BNT 42  0 2 1  0 484 0 

RBT 982  769  85 0 7 44 1 246 420 
Pretty Ho llow BKT 7 3  6 6 7  9 1  1 1 28  246 840 

RBT 893  820 850 600  1 1 8 1  1 1 09 
Marks BKT 0 1 80 0 1 8 0  0 1 1 1  

Removal Streams 
RBT 260  1 3 2  300  2 2  449 1 39 

Woody Branch BKT 340 552 7 2 0  9 7 1  449 943 

RBT 305 1 30 6 1  65 2 24 0 
Cosby BKT 1 8 3  1 7 83 1 2 2  1 7 1 7  1 1 2 1 1 7 2  

RBT 2 3 0  0 0 0 0 0 
Hyatt BKT 558 895 3 7 7  842 682 1 0 0 0  

RBT 1 0 9  444 9 1  1 6 7  24 1 7 6  
McGinty BKT 7 3  296 600 3 7 0  9 7 6  1 3 8 2  

RBT 323 55 7 7 4  494 1 306 548  
Buck Fork BKT 65 4 1  5 4  1 65 236 237 

RBT 299 598 967  7 9 1  1 4 4 1  1 2 7 9  
Indian F lats BKT 1 4  65 1 42 275 1 1 3  3 1 0  

RBT 309 444 327 1 6 7  255 
Collins BKT l 2 7  5 7 4  29 1 1 1 1  364 

BNT 1 8  0 0 0 5 5  

RBT 1 0 15 1 1 46 800  6 8 8  8 2 0  89 1 
Grouse BKT 446 3 1 3  1 0 8  333  280  326  

RBT 1 3 0  9 1  1 7 4  0 3 1 4  0 
Sahlee BKT 7 1 7 1 22 7  3 0 4  659 1 45 7  1 36 0  

BNT 0 2 3  43  0 1 1 4 0 
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APPENDIX F 

SALMONID STANDING CROPS 



Table 6 .  Annual standing crops ( kg/ha )  of rainbow trout ( RBT ) , brook 
trout ( BKT ) , and brown trout ( BNT ) in each sect ion of each 
study stream .  

1 98 4  1 985  1986  
Stream Species I II I I I  I II 

Contro l S treams 
RBT 9 . 4 1 6 . 6  6 . 5  1 4 . 1  2 1 . 9  1 2 . 4  

Chasteen BKT 0 . 0  1 1 . 3  0 . 0  1 0 . 0  0 . 0  1 3 . 2  
BNT 0 . 6  0 . 0  0 . 0  0 . 0  5 . 9  0 . 0  

RBT 28 . 7  2 1 . 3  1 8 . 5  2 1 . 3  26 . 2  9 . 2  
Pretty Ho llow BKT 2 . 2  1 2 . 4  1 . 7  1 2 . 2  4 . 9  1 2 . 0  

RBT 3 5 . 6  3 5 . 0  22 . 8  22 . 7  3 5 . 3  32 . 1  
Marks BKT 0 . 0  0 . 8  0 . 0  3 . 2  0 . 0  1 . 8  

Removal Streams 
RBT 7 . 1  6 . 4  9 . 9  1 . 2 5 . 0  0 . 3  

Woody Branch BKT 3 . 4  5 . 6  1 0 . 1  1 4 . 9  9 . 6  7 . 7  

RBT 1 3 . 4  7 . 8  2 . 1  3 . 4  5 . 3  0 . 0  
Cosby BKT 5 . 6  42 . 3  4 . 0  2 1 . 9  2 . 4  20 . 5  

RBT 9 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Hyatt BKT 7 . 2  1 1 . 8  4 . 4  1 6 . 5  9 . 9  1 8 . 1  

RBT 2 . 7  1 3 . 2  2 . 4  7 . 6  0 . 4  3 . 5  
McGinty BKT 1 . 2  1 0 . 4  8 . 0  6 . 5  7 . 5  1 9 . 7  

RBT 1 4 . 3  2 . 2  1 9 . 6  8 . 5  1 7 . 5  1 2 . 3  
Buck Fork BKT 2 . 3  0 . 9 2 . 0  2 . 7  3 . 6  3 .  1 

RBT 1 5 . 8  29 . 4  3 3 . 9  29 . 8  34 . 8  30 . 6  
Indian F lats BKT 0 . 3  3 . 5  4 . 2  7 . 5  2 . 5  9 . 0  

RBT 9 . 5  1 7 . 2  6 . 8  7 . 9 4 . 6  
Co l l ins BKT 0 . 1  9 . 7  4 . 7  8 . 0  3 . 7  

BNT 9 . 5  0 . 0  0 . 0  0 . 0  2 . 8  

RBT 37 . 8  4 1 . 4  2 1 . 3  20 . 9  20 . 0  1 4 . 4  
Grouse BKT 6 . 3  3 . 8  4 . 1  5 . 7  4 . 5  7 . 3  

RBT 6 . 0  2 . 8  3 . 5  0 . 0  5 . 7  0 . 0  
Sahlee BKT 9 . 2  1 9 . 1  6 . 7  9 . 0  1 2 . 8  1 7 . 8  

BNT 0 . 0  8 . 8  1 . 0 0 . 0  3 . 7  0 . 0  
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APPENDIX G 

FOOD ITEMS 



00 
10 

Table 7 .  Food items recovered from trout stomachs from each of the 
streams and the number of each item that occurred in each 
brook trout ( BKT ) and ra inbow trout ( RBT ) . 

three samp le 
population of 

Food Item Stream Occurrence 
Allopatric Sympatr ic 

Cosby Co llins Ind ian F lats BKT RBT BKT RBT 

TERRESTRIAL INVERTEBRATES 
Arachn ida X X X 1 1  9 14  16  
Coleoptera X X X 2 1  3 3  1 6  2 3  
Diptera X X X 5 6  1 0  25 1 3  
Hemiptera X X X 2 1  1 2  3 1  24 
Hymenoptera X X X 1 2  1 9  2 6  2 8  
Lep idoptera X X X 47  3 5  4 1  29 
Orthoptera X X X 4 5 2 5 
Mi l l ipedes X X 20  
Adult Ephemeroptera X X X 7 1 9 6 
Adult Odonata ( Zygoptera ) X X 3 3 
Adult Plecoptera X X X 4 4 9 3 
Adult Trichoptera X X X 1 9  1 1  1 7  1 9  

AQUATIC INSECTS 
Ephemeroptera 

Baet idae X X X 3 1 1  6 1 6  
Ephemere l l idae X X X 5 5 2 14  

Dannella sp . X 1 1 3 
Drune lla sp . X X X 4 4 1 4 

Heptageni idae X X X l 3  1 0  1 0  20  
Epeorus sp X X X 2 5 3 4 



Table 7 .  ( Cont inued ) 

Food Item 

Pe ltoper lidae 
PP.ltoper 1a sp . 

Perlidae 
Acroneur ia sp . 
Paragnetina sp . 

Perlod idae 
Pteronarcyidae 

Pteronarcys sp . 

D iptera 
Ceratopogonidae 
Ch ironomidae 
Dixidae 

D ixa sp . 
S imulidae 
Tipulidae 

Odonata 
Gomphidae 

Lanthus sp . 

Co leoptera 
Eubr i idae 

Ectopr ia sp . 

Heteroptera 

Stream 

Co sby Collins 

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 

Oc currence 
Allopatr ic Sympatr ic 

Indian F lats BKT RBT BKT RBT 

X 2 3 2 
X 2 3 2 
X 2 1 2 
X 1 1 

1 
X 3 4 2 7 
X 3 1 2 
X 3 1 2 

X 2 1 1 
X 1 0  1 7  9 1 1  
X 3 5 
X 3 5 
X 1 2 3 5 
X 6 6 7 

1 1 1 
1 1 1 

X 2 1 1 2 
1 
1 

X 3 3 1 \0 
0 



Tab le 7 .  ( Cont inued ) 

Food Item 

Leptophlebiidae 
S iphloneur idae 

Tri choptera 
Glossosomatidae 

Glossosoma sp . 
Hydropsychidae 

D iplectrona modesta 
Parapsyche cardis 
Symphitopsyche sp . 

L imnephi lidae 
Pycnopsyche sp . 

Odontocer idae 
Psi lotreta sp . 

Phi lopotamidae 
Do lophi lodes sp . 

Po lycentropodidae 
Po lycentropus sp . 

Rhyacophil idae 
Rhyacophila fuscula 

Sericostomatidae 
Fatt igia pele 

Plecoptera 
Chloroperl idae 

Stream 

Cosby Co l l ins Ind ian F lats 

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 

Occurrence 
Al lopatr ic Sympatr ic 

BK'l' RBT BKT RBT 

2 8 3 
8 1 

38 1 12 
38 1 12 

1 1  29 7 1 4  
2 1 3  5 
5 3 14  

8 1 
1 3 
1 2 

1 8  1 0  27 1 3  
1 8  1 0  2 7  1 3  
1 4  1 4  24 24 
14 1 4  24 24 

1 1 
1 

1 3 2 
1 1 

1 1 
1 1 

1 1 
\0 
....... 



Table 7 .  ( Cont inued ) 

Food Item S tr eam 

Cosby Co l l ins 

OTHER 
Crustacea 

Decapoda X X 
Isopoda X 

Mo l lusca X X 

Vertebrata 
Salamanders X 
F ish ( S almon i dae ) X 

I nd ian F lats 

X 
X 

Occurrence 
Al lopat r i c  Symp at r i c  

BKT RBT BKT RBT 

1 3  7 2 3  1 3  
3 

2 

1 5 1 
1 

"' 
N 
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