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Strains evaluated were Ennis (EN, domestic), Fish Lake 

{FL, wild), Mcconaughy (MC, wild), FGL Standard Winter (SW, 

domestic), and Sand Creek (SC, semiwild). Ir. 1981, four 

Virginia put-and-take streams were stocked with 150 and 50 

of each strain in March and May, respectively. Creel and 

electrofishing surveys were conducted to determine harvest, 

movement and survival after fishing. A reference (unfished) 

stream was also selected and stocked with 50 of each strain, 

and electrofishing surveys were conducted to determine 

survival, growth and movement. 

SW and EN strains were caught by anglers primarily 

during opening weekend (April 4-5, 1981), while the FL and 

SC strains were caught throughout the creel survey period. 

The MC strain was consistently lowest for total estimated 

harvest, while the SC and SW strains were equally high in 

total estimated harvest. Significant differences occurred 

in the proportional relationships of strain harvests among 

streams. May harvest results generally corroborated April 

results, except that significant differences among streams 

were not found. 



Greater survival for strains with low harvests during 

April was not evident in fished streams. Natural mortality 

rates in the reference stream did not differ significantly 

among strains between May 20 and October 22, 1981. Change 

in average length of the s~rair.s over four months in Spring 

Branch ranged from -4.3 mm for EN to +18.9 mm for SW. 

Percentage of stocked biomass of the SW strain remaining 

after five months (20.8%) in the reference stream was more 

than twice that remaining for the EN (9.6%) and SC (9.4%) 

strains. 

No significant differences in downstream movement, and 

no significant upstream movements, were observed for strains 

in the fished and reference streams. 
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A. iNTROuUCTIJN 

A.l Background: 

The world geographical distribution of the rainbow 

trout (Salmo gairdneri) has changed considerably since the 

inception of its artificial propagation over 100 years ago 

(Needham and Behnke 1962; MacCrimmon 1971, 1972). In the 

late nineteenth century, eggs from rainbow trout in the 

Mccloud River, California, were collected and distributed to 

hatcheries, lakes, and streams throughout the United States 

and Canada (Needham and Behnke 1962), New Zealand (Scott et 

al. 1978), and many other foreign countries (MacCrimmon 

1971). McCloud River rainbow trout are probably a major 

ancestral component of many of the present day hatchery and 

natural rainbow trout populations (Needham and Behnke 1962; 

Dollar and Katz 1964; MacCrimmon 1971, 1972; Kinunen and 

Moring 1978; Busack and Gall 1980). Hybridization with 

cutthroat trout, the addition of anadromous steelhead forms, 

years of natural and artificial selection, and inconsistent 

and incomplete records of such activities, have confused the 

original characteristics and ancestral breeding history of 

present day natural and hatchery populations of rainbow 

trout (Needham and Behnke 1962; MacCrimmon 1971; Scott et 

al. 1978; Kincaid 1981). As a result, natural and hatchery 

populations of rainbow trout today exhibit wide variety in 

perfor~ance under hatchery, laboratory, and field conditions 
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(Hudy and Berry 1979). 

One management tool to sort through the present day 

"strain complex" of rainbow trout, still in its 

developmental stages, is the production, selection and 

evaluation of specific trout strains for specific 

environments or management situations (Kincaid 1981). Use 

of this approach should permit fishery managers to select 

strains offering the highest probability of success in 

meeting management objectives. Additionally, cultural and 

stocking operations may be optimized economically as a 

result of this approach (Hudy and Berry 1979). 

Strain evaluations in hatchery environments, involving 

characteristics such as growth, feed conversion, egg 

production, reproductive viability, fry crippling rate, 

disease resistance, spawning season and age of maturity, 

show wide differences in performance. These differences 

occur between strains in one hatchery environment and also 

for one strain in different hatchery environments (Hudy and 

Berry 1979) . 

Strains that perform well in hatcheries may respond 

comparatively poorly in natural environments. Evaluation 

parameters used in past field studies include catchability, 

return to the creel, survival, growth, movement and 

emigration tendencies. The assessed quality of field 

performance of a strain will depend on the specific 
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management objectives and outputs desired from a stocking 

program (Hudy 1980; Kincaid 1981). 

In Virginia, stocking catchable size rainbow trout is 

the most intensive coldwater fishery management technique 

utilized, with 70% of the total seasonal fishing pressure on 

Virginia trout waters occurring on put-and-take streams 

(Wollitz 1975). Presently, nearly all fish stocked as 

catchables in Virginia are from highly domesticated 

Wytheville and Manchester strains. Their long history of 

domestic confinement and breeding is reflected in their 

behavior after stocking. These strains may not be the best 

of those available for many put-and-take streams in Virginia 

because high initial fishing pressure, ccmmon on these 

streams, quickly depletes available fish. Up to 90% of the 

total harvest occurs within the first nine days of the 

season (Wollitz 1975). Multiple stocking trips are 

necessary at frequent intervals to maintain fishing quality. 

A potential method for improving the economic viability of 

the state's trout stocking program is through the strain 

selection process. If a strain or strains could be 

identified that would return a high percentage of fish to 

the creel and simultaneously spread that return over a 

longer period of fishing, then multiple stccking trips could 

be reduced or possibly eliminated. At the same time, an 

increasing level of angler satisfaction with the quality of 
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fishing in Virginia would be achieved. 

The primary objectives of this study were 1) to 

evaluate and compare harvest, survival, growth, and movement 

of five test strains of rainbow trout in put-and-take trout 

streams in Virginia, and 2) to evaluate and compare 

survival, growth, and movement of these five strains in 

streams subject to minimal fishing pressure (reference 

streams). The second objective was included to assure that 

sufficient data were collected on growth and survival 

characteristics of the strains in a natural environment. 

Discussion among colleagues prior to beginning this study 

suggested that, because of the high amount of initial 

fishing effort and harvest on most put-and-take streams, 

insufficient numbers of fish would remain for determination 

of survival and growth differences. 

A secondary objective of this study was to evaluate and 

compare the retention qualities of freeze brands and latex 

injections, used to mark the strains, under both hatchery 

and field conditions. 

A.2 Literature Review: 

Few strain evaluations have been conducted in the 

Southeast. Most rainbow trout strain evaluations have 

occurred in the upper Midwest, Rocky Mountain and far 

Western states, particula~ly California. Lakes and ponds 

are used far more frequer.tly than streams, but Virginia 
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stocks virtually all of its catchable trout in streams, so 

an evaluation in stream environments is most appropriate and 

applicable. 

Trout strain evaluations can be subdivided into three 

basic categories; hatchery performance (Piper and Osborne 

1976; Leppink 1977), field performance, and electrophoretic/ 

biochemical characterization (Utter and Hodgins 1972; 

Allendorf 1975; Allendorf and Utter 1976; Milner et al. 

1979). Other than rainbow trout, salmonids such as the 

brook trout (Salvelinus fontinalis), brown trout (Salmo 

trutta), Atlantic salmon (Salmo salar), and Pacific salmons 

(Onchyrynchus spp. ), have also been involved in comparative 

strain evaluations (Johnson, 1977). My review will focus on 

rainbow trout field performance studies. 

Dolan and Piper (1979) investigated the hatchery and 

field performance of four rainbow trout strains, stocked in 

two Montana ponds. Two strains were highly domesticated 

(Standard growth and Wintrop), and two were the second 

generation offspring reared from wild parents (Fish Lake and 

Mcconaughy). Domestic strains had higher growth rates and 

better feed conversions under hatchery conditions, and a 

higher return to the creel during the first fishing season. 

Wild strains performed comparatively poorly in the hatchery 

but exhibited higher overwinter survival after stocking and 

higher return to the creel during the second fishing season. 
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Condition factors deteriorated for all four strains after 

stocking. Dwyer et al. (1980) replicated the Dolan and 

Piper study, and their results were highly corroborative. 

Leppink (1977) evaluated return of three strains of 

catchable size rainbow trout stocked in a large Utah spring. 

The Ten Sleep strain exhibited the highest return (62.8%), 

followed by Sand Creek (54.8%), and New Zealand (45.0%) 

strains. The Ten Sleep strain also had a significantly 

higher harvest than five other strains when stocked as 

fingerlings in a Utah reservoir (Hudy 1980). For the 1978 

stocking, percent return for Ten Sleep strain (33.7%) was 

higher than combined returns of Shepherd of the Hills, 

Beitey, Sand Creek, New Zealand, and Fish Lake - Desmet 

strains. However, when the study was repeated in 1979 with 

only three strains, Shepherd of the Hills strain was 

statistically equal in harvest (7.6%) to Sand Creek (7.3%) 

and Ten Sleep (6.5%) strains. Differences in stocking time, 

strain combination and coexisting kokanee salmon population 

size were postulated as factors causing variation in results 

between years (Hudy 1980). 

Four rainbow trout strai~s stocked as f ingerlings in 

two South Dakota reservoirs were evaluated for harvest and 

growth rate (Ford 1978). The Growth strain (32.5%) 

exhibited higher return than Kamloops (27.4%), Washington 

(23.6%) and Manchester (15.7%) strains. Growth strain had 
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the highest growth rate in the hatchery, but the Kamloops 

and Washington strains were superior in growth in reservoir 

environments (Ford 1978). 

Rawstron (1972) found that Coleman Kamloops strain had 

higher survival, lower cost to the creel and was equal in 

annual harvest, when compared to the Mt. Whitney strain. 

Fish were stocked as catchables in a large California 

impoundent. Rawstron (1973) expanded the evaluation to 

include a third strain (Shasta), and repeated the study in 

three additional impoundments. Coleman Kamloops strain 

consistently outperformed Shasta and Mt. Whitney strains 

for survival, ratio of weight returned to weight planted, 

and economic efficiency. No differences in growth rate were 

observed. Emigration rate was highest for the Whitney 

strain, with 45.1% of the harvest occurring in the outlet of 

Pine Flat Lake, compared to 23.8% and 15.6% of the Coleman 

Kamloops and Shasta strains, respectively. Utilizing the 

same three strains, Rawstron (1977a) investigated effects of 

later planting dates and reduced bag limits on return, 

survival, and cost to the creel of those stra:ns. Strain 

performance rankings were the same as for his 1972 and 1973 

studies, but all three strains had higher, more cost 

efficient returns tha~ the previous stockings. Rawstron 

(1977a) attributes this to a reduced bag limit, allowing 

more fish to survive and grow to a larger size before being 
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harvested, thereby increasing the weight returned for each 

strain. 

Rawstron (1977b} compared Eagle Lake rainbow trout with 

Coleman Kamloops strain, in Lake Berryessa, one of the 

impoundments used in his previous studies. Eagle Lake trout 

exhibited higher weight returned and equal growth rate 

compared to Coleman Kamloops. Rawstron (1977b} concluded 

that the Eagle Lake strain would also outperform Shasta and 

Whitney strains, since previous evaluations showed that 

Coleman Kamloops consistently outperformed these strains. 

Harvest rates and economics of four rainbow trout 

strains stocked as fingerlings in Beardsley Reservoir, 

California were compared in another study. The Kamloops 

(wild} and Shasta (domestic} strains consistently 

outperformed Whitney and Virginia strains (domestic) in 

total harvest and had a lower average cost per pound to the 

creel. Shasta was the most cost-efficient strain. Kamloops 

strain emigrated at the highest rate and was more limnetic 

in distribution than the other strains (Cordone and Nicola 

1970). 

Rogers (1980} evaluated two domestic strains (Shasta 

and Coleman) stocked as fingerlings in Jackson Meadows 

Reservoir, California, and also compared a wild strain 

(Kamloops} with a hybrid (first generation progeny of 

Kamloops x Lahontan cutthroat), stocked at a size 
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intermediate to fingerlings and catchables (subcatchables). 

The fingerling stocking program was economically 

unsuccessful, but subcatchable stockings provided 

satisfactory returns. Kamloops outperformed the hybrid in 

total harvest and cost to the creel. Comparisons between 

other strains/size combinations were not given. 

Strain performance differences measured in a series of 

Canadian pothole lakes, ranging widely in size but only 

slightly in other physical and water chemistry parameters, 

were investigated by Ayles (1975). Ayles (1975) found that 

individual strain performance varied from one natural 

environment to another, even when the environments were 

superficially similar. Ayles concluded, from analysis of 

covariance procedures, that not only was the strain 

(genotype) of trout related to qualities of growth and 

harvest, but that specific lake (environment) effects and 

lake-strain (genotype-environment) interactions occurred. 

This is an important finding, since many strain evaluations 

are designed to provide information on predicted performance 

over fairly wide geographical areas and environmentally 

similar situations. 

Moring and Buchanan (1978) compared downstream movement 

and harvest of two strains of rainbow trout stocked as 

catchables in a small Oregon stream. The Roaring River 

strain showed a significantly higher tendency to move 



10 

downstream compared to the Cape Cod strain. Minimum 

emigration losses were estimated (by trap counts) at 37.2% 

and 18.2% for Roaring River and Cape Cod strains, 

respectively. The trap used to obtain these percentages was 

located 13.3 kilometers downstrea~ from the release point. 

The authors found significant numbers of both strains, which 

apparently passed the weir during an overflow period, moving 

29 to 34 kilometers downstream to the next largest stream. 

One fish of the Roaring River strain moved 84 kilometers 

downstream in 4 days. Results of creel surveys indicated 

that apparent differences in harvest may have been 

reflections of differential emigration rates. Strains with 

higher emigration rates would have less fish and lower 

densities available to anglers in designated stocked 

sections, and consequently lower returns, even if 

catchability were equal. The association between emigration 

loss and apparent differential catchability is very 

important, applicable to many stocking evaluations, and may 

explain many of the unaccountable losses often observed in 

stream plantings of catchable trout. 

Survival and growth of four rainbow trout strains, 

stocked in a one hectare pond, was investigated by Brauhn 

and Kincaid (1982). There were significant differences but 

no single strain was consistently superior. For intense 

harvest put-and-take programs, they suggested using the 
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Wytheville strain, but ncte that frequent restocking would 

be necessary. The Fish Lake strain was suggested for a put-

grow-and take program, where establishment of a natural 

fishery is desired. They also concluded that trophy 

fisheries programs would not benefit by adding a growth 

strain (those selected for fast growth), since the growth 

strain tested was harvested so rapidly that there was little 

opportunity for it to reach a large size. 

Clearly, wide differences exist in strain performance, 

depending not only on genotype of a strain, but also on 

environmental type (artificial or natural), variation within 

type (stream vs. lake), time of stocking, size at stocking, 

harvest pattern, and fishing intensity. The quality of 

field performance of a strain may depend on many external 

factors, interacting directly with the genetic composition 

and breeding history. Most importantly, the resultant 

performance must satisfy management objectives and economic 

constraints of a stocking program. 



B. DESCRIPTION OF STUDY AREAS/STRAINS 

B.l Fished Streams: 

After consultation with Virginia district fishery 

biologists and cursory field examination of potential 

streams, four streams were selected for the evaluation of 

harvest, survival, growth, and movement of five strains of 

rainbow trout. Streams were selected on the basis of: 

1) Locatior. (partially or completely within National 

Forest lands). 

2) Single point access (at least in terms of the 

majority of the traffic flow). 

3) Representative of put-and-take trout streams in 

Southwestern Virginia. 

4) Within 1.5 hours travelling time from Blacksburg, 

Virginia (V.P.I. ). 

The four streams selected were Dismal Creek (Giles 

County), Nobusiness Creek (Bland County), Jennings and North 

Creeks (Botetourt County) (Figure 1). Quantitative 

descriptive information on these streams was obtained from 

the coldwater stream survey information contained in the 

Virginia Stream Retrieval System program, developed at 

V.P.I. (Mohn and Bugas 1980; Coyle et al. 1981). Species 

composition was determined through electroshocking samples. 

Descriptive information for the stocked section on each 

stream was condensed from qualitative observations made 

12 
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Fyura 1: State of Virginia showing counties of location 
for four selected put-and-t.U atreau (wb1.te counties 
bordered by black).· Prom left to right these counties 
are Bl.and, Giles, and Botetourt. 
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during the course of the study. 

B.1.1 Dismal Creek- Dismal Creek is a second order, 

softwater stream located almost entirely in the Jefferson 

National Forest area of Giles and Bland Counties. It is a 

tributary to Kimberling Creek and part of the New River 

drainage. From source to confluence with Kimberling Creek, 

Dismal Creek measures 16.7 stream k.~, the lower 9.2 km of 

which are within or downstream from areas normally stocked 

with rainbow trout. 

Dismal Creek has an average gradient of 14.2 m/km and 

an average width of 4.9 m. It is managed primarily for a 

put-and-take trout fishery, but sustains small populations 

of wil.d rainbow and brook trout in its upper reaches. 

Naturally occurring fish fauna include brook trout, rainbow 

trout, white sucker (Catostomus commersoni), bluehead chub 

(Nocomis leptocephalus), blacknose dace (Rhinichthys 

atratulus), mountain redbelly dace (Phoxinus oreas), 

rosyside dace (Clinostomus funduloides). creek chub 

(Semotilus atromaculatus), and banded sculpin (Cottus 

carolinae). 

Figure 2 depicts the stream section used in this 

research, with relevant land marks and research locations. 

The stocked sections of Dismal Creek have limited, single 

road access from the main Route 606 and the secondary Route 

608. The 1.3 km stream section stocked in this study is 
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located between stream km 7.5 and 8.8, as measured from the 

stream source. The stocked sec~ion is highly sinuous, with 

many deep pools and flats, undercut banks, few riffles, and 

primarily silt, gravel, and rubble substrates. 

B.1.2 Nobusiness Creek- Nobusiness Creek is a second 

order, softwater stream located in Bland and Giles Counties. 

It is a tributary to Kimberling Creek and part of the New 

River drainage. Nobusiness Creek is 20.7 stream km long 

with an average gradient of 23.9 m/km and an average width 

of 4.0 m. Nobusiness Creek is managed under a combined 

program, with a put-and-take fishery on the lower 7.0 km 

(but only a 3.7 km section, between km 13.7 and 17.4, is 

normally stocked}, and a wild trout fishery above km 13.7. 

Naturally occurring fish fauna include brook trout, 

brown trout, white sucker, bluehead chub, blacknose dace, 

longnose dace (Rhinichthys cataractae), fallfish (Semotilus 

corporalis}, torrent sucker (Moxostoma rhothoecum), and in 

the lower reaches of the stream, rock bass (Arnbloplites 

rupestris}, and smallmouth bass (Micropterus dolomieui). 

Seventy percent of the stream length is contained within the 

Jefferson National Forest; however, a significant portion of 

the normally stocked section is located below the National 

Forest boundary. Fishing access in this area is provided 

through state road right of way (Route 677) and landowner 

permission. 
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Figure 3 depicts the stocked section and relevant 

landmarks and reserch locations. The 1.6 km section stocked 

in this study was located between stream km 13.7 and 15.3, 

as measured from the stream source. The stocked section is 

characterized by few pools, extensive riffles, with 

primarily boulder, rubble and gravel substrates, and 

roadside access. 

~·1·~ Jennings Creek- Jennings Creek is a second order, 

moderately softwater stream located in the Jefferson 

National Forest area of Botetourt County, Virginia. It is a 

tributary to the James River. Jennings Creek is 13.8 stream 

km long, with an average gradient of 42.8 m/km and an 

average width of 5.5 m in the stocked section. The lower 10 

km is managed for a put-and-take trout fishery, while the 

upper 3.8 km is managed as a wild trout fishery. 

Naturally occurring fish fauna include rainbow trout, 

rosyside dace, blacknose dace, mountain redbelly dace, 

bluehead chub, torrent sucker, white sucker, and mottled 

sculpin (Cottus bairdi). About 60 percent of the put-and-

take section of Jennings Creek is contained within Jefferson 

National Forest; however, all of the stream areas used in 

this study were within the boundary of the National Forest. 

Figure 4 depicts the stocked section on Jennings Creek 

with relevant landmarks and re·search locations. The 1.7 km 

section stocked in this study is located between stream km 
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8.5 and 10.2, as measured from the stream source. The 

stocked section is characterized by an approximately equal 

distribution of pools and riffles, substrates composed 

primarily of bedrock, boulder and rubble, and roadside 

access. 

B.1.4 North Creek- North Creek is a second order, 

moderately softwater stream located in the Jefferson 

National Forest area of Botetourt County, Virginia. It is a 

tributary to Jennings Creek and part of the James River 

drainage. North Creek is 10.6 stream km long with an 

average gradient of 38.4 m/km and an average width of 4.3 m. 

The lower 5 km is managed for a put-and-take trout fishery, 

while the upper 5.6 km is managed as a wild trout fishery. 

North Creek supports a large population of wild rainbow 

trout throughout the stream, with highest densities 

occurring in the #ild trout management section (above sixth 

road bridge). Within the wild trout management section is a 

subordinate but significant population of wild brook trout. 

By qualitative observation and results of electroshocking 

samples, I consider North Creek to be the "best'' of the four 

fished streams in terms of overall trout habitat and water 

quality. Other fish fauna include blacknose dace, mountain 

redbelly dace, rosyside dace, central stoneroller 

(Campostoma anomalum), margined madtom (Noturus insignis), 

torrent sucker, white sucker, and mot~led sculpin. 
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All of the North Creek drainage is within National 

Forest land. Figure 5 depicts ~he stocked section used in 

this study, with relevant landmarks and research locations. 

North Creek enters Jennings Creek approximately 2 km above 

the confluence of Jennings Creek and the James River. The 

1.6 km stream section used in this study is located between 

stream km 5.8 and 7.4, as measured from the stream source. 

The stocked section is characterized by an approximately 

equal distribution of pools and riffles, substrates composed 

primarily of boulder, rubble and gravel, and roadside 

access. 

B.2 Reference Streams: 

~·~·1 Spring Branch- Spring Branch is a first order, 

hardwater stream located in Montgomery County, Virginia. It 

is a tributary to the South Fork Roanoke River and the 

Roanoke River drainage. The 5.3 km stream is located 

entirely on private land, and the lower 1.3 km are owned by 

Mr. and Mrs. Waldren of Shawsville, Virginia. The lower 

two-thirds of the Waldren ownership was selected as the 

study area. The area is heavily posted and fenced, and 

angling is prohibited by the owners. 

Spr:ng Branch is not stocked regularly, but has 

received small stockings of rainbow trout at least twice in 

the past. It presently sustains a substantial population of 

wild rainbow trout, and although most of the stream is 
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privately owned, it is classified as a wild trout fishery. 

Spring Branch has an average gradient of 6.8 m/km and 

an average width of 2.1 m. Naturally occurring fish fauna, 

determined from elec~rcshocking surveys, are listed in 

Appendix Table 1. An impassable barrier (waterfall), 

preventing upstream movement of fish, is present just below 

the study area. 

Spring Branch was considered an excellent natural 

environment for rainbow trout survival and growth, based on 

observations of abundance and growth rate of wild rainbow 

trout in Spring Branch. Wild trout reached 12-15 cm by their 

second summer (age l+) and 18-21 cm by their third summer 

(age 2+). Qualitative observations indicated a high 

availability of small fish and terrestrial insects as food 

sources. Benthic food sources were less abundant because of 

the highly silted stream bed in the study area. Habitat and 

cover also appeared adequate for wild rainbow trout, however 

these factors may have been limiting for the size and 

density of stocked trout. Because of its groundwater 

origin, Spring Branch maintained a summer flow level near 

the seasonal average, and a small seasonal temperature 

variation (range of water temperatures ll-15°C from May to 

Nev.) compared with other Virginia streams. High water 

periods were moderated due to the nearness of the study area 

to the groundwater source. Temperature, alkalinity, and 
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hardness data collected from Spr:~g Branch through the study 

period is presented in Appendix Table 2. 

Figure 6 depicts the stream section selected for this 

study, with relevant landmarks and research locations. The 

0.4 km section stocked in this study is located between 

stream km 4.6 and 5.0, as measured from the stream source. 

The study area is characterized by a combination of long, 

shallow riffle areas and large, deep pools, with primarily 

gravel, sand and silt substrates layered on a packed clay 

stream bed. 

~·~·~ Spring Creek- A second reference (unfished) 

stream, Spring Creek in Bland County, Virginia, was also 

selected and stocked with test strains. In mid-June, prior 

to the first scheduled sample, the entire stream flooded 

over !ts banks and virtually all of the stocked fish escaped 

to larger waters downstream. Though attempts were made, 

insignificant numbers of fish were retrieved, and it was 

necessary to drop Spring Creek as a reference stream. 

Descriptive information on the stream is not included, 

however, the significance of the observed loss is discussed 

later in this thesis. 

B.3 Strain Description: 

Rainbow trcut strains evaluated in this study were the 

Ennis (EN), Fish Lake (FL), Fish Genetics Laboratory 

Standard Winter (SW), Sand Creek (SC), and Mcconaughy (MC) 
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strains. Prior to the 1979 transfer of 21 rainbow trout 

strains from the Fish Genetics Laboratory (FGL) in Beulah, 

Wyoming to the new Fish Genetics Station (FGS) in 

Kearneysville, West Virginia, these five strains were 

evaluated for comparative performance under standardized 

hatchery conditions (Kincaid, 1981). All five strains are 

currently maintained by the Leetown National Fish Hatchery 

in West Virginia, and strain lots used for this study were 

grown between February, 1980 and February, 1981. 

Table 1 summarizes strain development and transfer 

information for the five research strains (Kincaid 1981). 

All five strains exhibit hatchery spawning periods from 

January through February, and are considered domestic 

strains. However, for relative comparisons of the test 

strains, it is useful to label them according to the time 

since removal from a natural or native source. A labelling 

system was developed as follows: 

a) Two strains (FL and MC) were labelled "wild", since 

both were removed from native or natural broodstock sources 

less than 10 years prior this evaluation. 

b) Two strains (EN and SW) were labelled "domestic", 

with hatchery breeding histories either over 20 years (EN) 

or shorter breeding histories but with original strain 

development i~volving the crossing of h:ghly domestic 

strains (SW) . 
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Table 1: Strain development and transfer information for 
five strains of rainbow trout, brought originally to FGL in 
Beulah, Wyoming, and transferred to the FGL at Leetown, West 
Virginia (Kincaid, 1981). 

Strain Common Source of Eggs/ Date Introduced 
Number* Name Broodstock to FGL, Beulah, WY 

23 ENNIS Ennis NFH February, 1977 
(EN) Ennis, Montana 

10 FISH Fish Lake, June, 1973 
LAKE ( FL) Utah 

16 FGL STANDARD Developed at FGL 1971 

14 

18 

WINTER (SW) 1971-1973 

SAND 
CREEK (SC) 

MCCONAUGHY 
(MC) 

McKenny NFH, 
South Dakota 

Wyoming, via 
Mcconaughy Res., 
Nebraska 

January, 1965 

January, 1974 

*As listed in Strain Registry (Kincaid, 1981). 
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c) One strain (SC) was labelled "semiwild", 

intermediate between the two other classes, and 15 years 

removed from the original natural or native broodstock. 



C. METHODS 

C.l Fish Marking: 

On February 14 and 15, 1981, five thousand and eighty 

rainbow trout of five strains were marked with freeze brands 

and submandibular latex inJections for individual strain 

identification. Adipose fin clips were used on all fish to 

distinguish test strains from other stocked trout, and to 

monitor the loss of strain distinction marks. Fish were 

anesthetized with tricaine methane sulfonate (MS-222) prior 

to marking. Each strain was branded in a distinct body 

quadrant relative to the dorsal fin, and received a 

submandibular latex injection which through position and 

color also identified individual strains. Table 2 

summarizes the freeze brand-latex injection combinations 

used for each of the five strains. 

Branding tools consisted of a 7 cm long, 0.5 cm 

diameter copper rod with a 0.95 cm square stainless steel 

symbol plate soldered on one end. A "T" shaped symbol 1.5 

mm wide and 2 mm high was milled on the stainless steel 

symbol plate (Figure 7). Tool dimensions were taken from 

studies by Raymond (1974) and Raleigh et al. (1973). Liquid 

nitrogen, placed inside an insulated thermal cylinder with 

tool receptacles (Figure 7), provided the tool coolant. A 

contact time of 2 seconds was used (Park and E~el 1974; 

Raymond 1974). Posi~icn of the brand Syt'l"~ol was the key for 

29 
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TABLE 2: Freeze brand ar..d submandibular latex injection 
designations used for distinguishing five strains of rainbow 
trout. 

NUMBER FREEZE BRAND LATEX INJECTION 
STRAIN MARKED BODY QUADRANT COLOR/MANDIBLE(S) 

EN 984 LEFT RED LEFT 
PREDORSAL MANDIBLE 

FL 1052 LEFT BLUE LEFT 
POSTDORSAL MANDIBLE 

MC 1017 RIGHT RED RIGHT 
PREDORSAL MANDIBLE 

SW 1007 RIGHT BLUE RIGHT 
POSTDORSAL MANDIBLE 

SC 1020 RIGHT BLUE BOTH 
CENTERDORSAL MANDIBLES 
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Figure 7: Freeze branding equipment used to mark five strains 
of rainbow trout; l) Thermal cylinder (approximately ~ actual 
size). 2a) Branding tool, side view, 2b) Branding tool, front 
view. 
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strain identification. rather than the symbol itself, since 

other studies ha~e determined that the "branded area" may 

remain recognizable after the actual symbol becomes obscured 

(Raymond 1974). 

Submandibular latex injections distinguished strains 

according to color {red or blue) and side of the mandible 

(left, right, or both). A minimum of one bead of the 

appropriate color was injected between the mandible and 

dermal tissue of the fish, using a 3 cc syringe and a 25 

gauge needle. The bead of latex material was injected by 

slowly drawing out the implanted needle while applying 

slight pressure to the syringe plunger. Latex in tissue 

hardened rapidly into a plug. Care was taken that the 

needle not emerge through the skin at the far end of the 

injection track. 

All fish were placed in a salt bath after handling for 

1-2 minutes as they were transported back to raceways. The 

salt bath controlled infections and caused sloughing of 

infected mucus from handling. 

On May 19, 1981, 500 fish (100 of each strain) were 

rebranded in the appropriate quadrant in preparation for 

stocking in reference streams. This was done to assure that 

each fish had at least one clear, distinct mark prior to 

initiating the reference stream segment of the study. 

Three major sources of information on hatchery 
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retention of brands ar.d latex injections were available; 

opening weekend creel surveys, reopening weekend creel 

surveys, and an evaluation conducted at Leetown Hatchery on 

May 19, 1981, one day prior to reference stream stocking. 

Mark retention information was also collected for fish 

sampled in electroshocking surveys, and during creel surveys 

other than those on opening and reopening weekends. 

Retention of freeze brands under field conditions was 

evaluated from fish obtained in monthly electroshocking 

surveys on reference streams. Since fish used in reference 

streams were not reinjected with latex prior to stocking, 

evaluation of latex injection retention under field 

conditions alone was not possible. 

Retention quality of freeze brands and latex injections 

was rated as follows: + if the mark was sharp, clear and 

recognizable by a minimally trained observer; - if the mark 

was visible but faded, unclear, or otherwise in the process 

of being lost; and 0 if no mark was visible. 

C.2 Stocking of Fished Streams: 

Or. March 24, 1981, Jennings and North Creeks were each 

stocked with 750 marked fish (150 of each strain), and on 

March 26, Dismal and Nobusiness Creeks were similarly 

stocked. Experimental fish were in addition to those 

normally stocked in each stream in preseason (Appendix Table 

3). The Leetown Hatchery truck made two trips to complete 
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the stocking. The driver met research personnel at the 

streams and stocking sites were selected according to 

district warden recommendations and available access. 

Three sites, approximately 0.5 km apart, were selected 

on 3 of the 4 streams, while only two sites, approximately 

1.5 km apart, were available on Dismal Creek (sites noted on 

Figures 2 through 5). Fish were distributed evenly among 

sites. No immediate transportation related mortality was 

observed and temperatures in hauling tanks and streams were 

similar. 

C.3 Installation of Box Weirs: 

In an attempt to determine differential movement and 

emigration tendencies, 1.0 m cubical wire box weirs, with 

padlocked covers and front funnel openings, were installed 

on March 25, 1981, on Jennings and North Creeks. Jennings 

and North Creek weirs were located 900 and 1700 m, 

respectively, downstream from the lowest stocking sites. 

Wings constructed of 1.25 cm chicken wire were angled 

upstream 30 degrees and extended to the stream banks. The 

box and wings were anchored with rocks, posts, and wire. 

Wings extended a minimum of 0.5 m above the stream surface 

at ins~allation to allow for some stream fluctuation. 

Similar weirs were placed in Dismal Creek on March 27 and 

Nobusiness Creek on March 28. Limited access on Dismal 

Creek forced site selection for the weir to be 2800 m below 
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the lower stocking site. The weir on Nobusiness Creek was 

installed 500 m below the stocked section. 

All four weirs were monitored and cleaned daily until 

April 3, 1981. One day prior to opening of trout season, 

all weirs were removed at the request of district wardens. 

C.4 Angler Awareness Program: 

Brightly colored signs were posted near stocking sites 

along the banks of each stream. The signs briefly described 

the ongoing research and asked anglers to stop at creel 

survey checkpoints. Some of these signs were also displayed 

in local stores near each of the fished streams. 

An article was published in a major local newspaper on 

March 29, 1981. This was the same day the sports section of 

that newspaper ran a four page special on the upcoming trout 

fishing season. The article summarized basic research 

intent, identified streams involved with the research, and 

emphasized angler cooperation at creel survey time (Figure 

8). 

C.5 April Creel Surveys: 

On April 4 and 5, 1981, stationary creel checkpoints 

were established 0.8 to 1.6 km below the lowest stocking 

site used on each stream. A large sign was placed along the 

road upstream from the survey station, asking anglers to 

voluntarily stop for a creel examination. These checkpoints 

were manned at all times from 12:00 P.M. (opening hour) to 
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7:00 P.M. on April 4, and from 8:00 A.M. to 7:00 P.M. on 

April 5 (only until 3:00 P.M. on Jennings and North Creeks, 

April 5, because of heavy rains and lack of fishermen on 

streams after rain began). One crew of two workers manned 

the creel survey checkpoints on Dismal and Nobusiness 

Creeks, while two crews of two workers each were necessary 

on Jennings and North Creeks due to higher fishing pressure. 

For those fishing parties with marked fish, the 

following information was recorded on creel survey forms 

(Appendix Figure l); time began fishing, time of interview, 

number of anglers in the party, total number of fish 

creeled, number of ~arked fish creeled, fishing method, mark 

designations, and retention quality of each mark. Comments 

by anglers were recorded if time permitted, and specific 

locations of capture of marked fish were recorded only when 

the creel clerk was sure about the accuracy of such 

information (e.g. a major pool, waterfall, or landmarked 

area). 

Parties without marked fish were recorded in a standard 

field notebook (information on party size, fishing time, and 

number of fish creeled). A separate tally sheet was kept 

for recording number and sizes of parties refusing to stop 

at the creel survey checkpoint, to estimate the number of 

marked fish missed in those fishing parties. 

For the remainder of the April creel survey period 
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(April 6-26), each work week (Mon. - Fri.) was divided into 

10 equal survey periods (7 AM to l PM and 1 PM to 7 PM, for 

each day), and at least one randomly chosen time period was 

surveyed on each stream each week. The geographic "pairing" 

of the streams facilitated surveying two streams within each 

chosen survey period, without losing survey efficiency or 

missing any anglers. Prior commitments at Virginia Tech 

precluded selection of certain time periods and days 

throughout the survey. When random selection produced a 

time conflict, selection was continued until an available 

time slot was found. Each weekend was divided into four 

equal survey periods (same time format) and at least one 

randomly selected time period was surveyed on each stream 

pair. This temporal system surveyed a minimum of 10% of 

weekday time and 25% of weekend time. A summary of time 

slots and dates surveyed in April on each stream is 

presented in Table 3. 

A streamside roving survey technique was used after 

opening weekend. All anglers encountered were interviewed, 

either as they fished or upon trip completion. Anglers 

possessing marked fish, who were going to continue fishing, 

were asked to keep any additional fish they creeled 

separated, so that in a later interview only previously 

unrecorded marked fish would be examined. In most cases of 

repeated interviews, it was easy to locate the survey form 
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Table 3: Dates and time slots for creel surveys conducted on 
four fished streams during April. Ti~e slot 1 was 7AM-1PM, 
time slot 2 was 1PM-7PM. 

Stream Dismal Nobusiness Jennings North 

TIME SLOT 

Date 1 2 1 2 1 2 1 2 

4/4# X* X* X* X* 

4/5# x x x x x X** x X** 

4/6 x x 
4/8 x x 
4/10 x x x x 
4/11# x x x x 
4/12# x x 
4/13 x x 
4/15 x x x x 
4/16 x x 
4/18# x x 
4/19# x x 
4/21 x x 
4/24 x x 
4/26# x x x x 

* Creel survey began at 12 PM (opening hour) on April 4. 
** Creel survey terminated at 2:30 PM due to heavy rains and 
lack of anglers after the rain began. 
# Indicates weekend days. 
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from the prior interview, and the form was simply updated to 

include additional marked fish. Usually at least three 

survey cycles could be made on each stream during a 6 hr 

time period. After each completed cycle on both streams in 

a pair, a short waiting period was allowed for anglers to 

creel additional fish, then the cycle was repeated. 

C.6 May Restocking and Creel Surveys: 

On May 7, 1981, the four fished streams were each 

supposed to receive additional stockings of 250 fish (50 of 

each strain) in the same locations as the March stocking. 

Two weeks after stocking, an error in the number of SC 

strain fish stocked was discovered (see section E.1.3). 

Something less than 50 SC fish were stocked in each fished 

stream. Additionally, the EN strain stocking density was 

also unknown, since it was involved in the strain mixing at 

the hatchery which caused the stocking error. The correct 

number (50) of MC, FL, and SW fish were stocked. The 

Leetown hatchery truck again met research personnel at the 

streams, and the fish were stocked with no immediate 

transport-related mortality. 

The season reopened Saturday, May 9, 1981 at dawn, and 

roving creel surveys were conducted on all four streams 

Saturday and Sunday. Crews cf 2 on each stream began 

interviewing at 8 AM, one member beginning at the downstream 

end of the stocked section, the other at the upstream end. 
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When the crew members met at some midpoint, they turned 

around and began working back to the respective starting 

points. Anglers encountered with ~arked fish were assigned 

a numbered sticker, which was placed on their creel or 

tackle box. Recording this number on the survey form allowed 

later interviews of the same anglers while keeping 

information on previously creeled fish separated. 

When time allowed between cycles, one crew member went 

downstream at least 500 meters from the original lower 

starting point to record marked fish that were caught 

outside the stocked section. The same information was 

collected from interviewed anglers in this May survey as in 

the April survey. From May 11 to May 24, the same system of 

time period selection and survey procedure was used as for 

the April survey. Table 4 summarizes the dates and time 

slots surveyed in May on each stream. Data collection for 

this segment of the research was completed on May 24, 1981. 

C.7 Electrofishing Surveys: 

In late April and early July, the four fished streams 

were surveyed with backpack electrofishing gear to determine 

the relative proportions of each strain remaining in streams 

from March and May stockings. Sections were chosen within 

the stocked section and upstream and downstream from the 

stocked section on each stream. A minimum of 750 m was 

sampled on each stream, at least 450 m of which were within 
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Table 4: Dates and time ~lots for ~~eel surveys conducted on 
four fished streams during May. Time slot 1 was 7AM-1PM, 
time slot 2 was 1PM-7PM. 

Stream Dismal Nobusiness Jennings North 

TIME SLOT 

Date 1 2 1 2 1 2 1 2 

5/9# x x x x 
5/10# x x x x 
5/12 x x 
5/13 x x 
5/14 x x 
5/15 x x 
5/16# x x 
5/17# x x 
5/18 x x 
5/21 x x 
5/22 x x x x 
5/23# x x 
5/24# x x 

~ Indicates weekend days 
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the stocked section. Table 5 summarizes the sampling dates 

and section lengths used for each stream during the April 

and July electrofishing surveys. Unmarked trout were 

recorded and released. Marked trout were weighed, measured, 

identified to strain, evaluated for mark retention and 

qualitatively for external body condition, and released. 

Stream section and specific habitat type where captured were 

recorded for each marked fish. 

Water temperatures were measured at two stations on 

each fished stream on dates of electrofishing surveys. 

Water samples were also taken from two stations for 

determination of total hardness. Temperature and total 

hardness data are presented in Appendix Table 4. 

Electrofishing surveys continued once every other month on 

Dismal Creek through November. The other three streams did 

not maintain large enough populations of marked fish to 

warrant sampling beyond July. 

C.8 Mark Retention Evaluation and Rebranding: 

On May 19, 1981, research personnel travelled to the 

Leetown hatchery to evaluate mark retention on remaining 

fish and to prepare 100 of each strain for stocking in two 

reference (unfished) streams. After examination of brands 

and latex injections, the first ~00 fish of each strain were 

rebranded. Rebranding was done to assure ~hat each fish had 

at least one good mark prior to initiation of the reference 
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Table 5: Sample dates, section lengths and number of 
subsections for April and July electrofishing surveys on 
four fished streams. 

STREAM 
Dismal* Nobusiness Jennings North 

Sample Dates 4/22 7/10 5/5 7/17 4/27 7/2 4/27 7/2 

Meters sampled 
Stocked Section 500 600 500 650 450 550 450 550 

(No. subsections) ( 2 ) ( 2) ( 2 ) ( 1) ( 3 ) ( 2 ) ( 3 ) ( 2 ) 

Meters sampled 
Downstream 250 250 250 100 250 200 300 200 

(No. subsections) ( 2) ( 2 ) ( 2 ) ( 1) ( 2 ) ( 2 ) ( 3 ) ( 2) 

Meters sampled 
Upstream 100 50 100 50 100 50 100 50 

(No. subsections) ( 1) ( 1) ( 1) ( 1 ) ( 1 ) ( 1) ( 1 ) ( 1) 

* Dismal Creek was sampled on 9/18 and 11/23, using the same 
sample sections and lengths as for 7/10/81. 
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stream segment of this study. Branding was chosen over 

latex injections because it was a faster method. From fish 

remaining in raceways after rebranding, 22-27 of each strain 

were randomly selected, weighed and measured, for 

calculation of mean initial length, weight, and condition 

factor. 

C.9 Reference Stream Stocking: 

On May 20, 1981, 500 fish (100 of each strain) were 

transported from the hatchery to the reference streams in a 

300 gallon live tank. Ice blocks and aereators were used to 

maintain a suitable tank environment during the 4.5 hour 

trip. Two hundred and fifty fish (50 of each strain) were 

stocked at a single location on Spring Branch, Shawsville, 

Virginia. A temporary screen was installed 300 meters 

downstream to keep fish from emigrating until a box weir 

could be installed. The remaining 250 fish were transported 

another 1.5 ho~rs (total time in tank - 7 hours) to Spring 

Creek in Mechanicsburg, Virginia, and stocked at the head of 

the stream (near its point of emergence from the ground). A 

temporary screen was installed 600 meters downstream. 

C.10 Reference Stream Weirs: 

Weirs similar to those used on fished streams were 

installed on reference streams on May 20 and 21. Spring 

Branch and Spring Creek weirs were placed 300 and 600 m 

downstream from the stocking site, respectively. 
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For the first 10 days, both weirs were monitored daily. 

Captured fish were identified to strain and transported to 

the beginning of the stocked section on each stream. Prior 

to release, a 3 rnm diameter hole punch was used to mark the 

upper caudal lobe of each fish. This was done to determine 

if specific individuals (rather than specific strains) were 

particularly prone to emigrate. From June 1 to June 21, the 

weirs were monitored every 1 to 3 days, depending on weather 

and water conditions. Through the dry summer months, once 

every 3 days was sufficient for monitoring and cleaning the 

weirs. 

C.11 Electrofishing Surveys-Reference Streams: 

Beginning June 21, 1981 and at approximate monthly 

periods thereafter, Spring Branch was surveyed with backpack 

electrofishing gear to determine relative rates of survival 

and growth of the five strains. The entire section from 

weir to uppermost stocking site (420 m) was sampled in 70 m 

subsections. Sampling included shocking once through with 

the electrofishing gear. A downstr~am section (70 m) (below 

the weir and wa~erfall) and an upstream section (70 m) were 

also surveyed each month. Fish obtained in each subsection 

were identified to strain, weighed to the nearest gram, 

measured to the nearest mm, evaluated for mark retention 

(brands on~y) a~d released. Fish obtained in downstream 

sections were transported back to the beginning of the 
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stocked stream section. Starting with the August 24 sample, 

remarking with appropriate latex injections was used, when 

necessary, to assure strain identification in future 

samples. Monthly surveys continued through November, at 

which time test strain densities were reduced below the 

level feasible for statistical comparison. 

Water temperatures were measured at the upper and lower 

boundaries of the stocked section on each survey date, and 

water samples were taken from the same stations and used to 

determine total hardness and total alkalinity (Appendix 

Table 3). 

The same sampling design was planned for Spring Creek 

(the other reference stream stocked), but in mid-June the 

stream flooded over its banks, and approximately one meter 

over the weir. Electroshocking surveys determined that less 

than 5% of the initial number stocked remained in the stream 

after the flood. Although attempts were made, significant 

numbers of marked fish could not be retrieved, and so this 

stream was dropped from the reference stream segment. 

C.12 Data Analysis: 

Actual data was expanded algebraically, to account for 

unsurveyed fishing time and fishing parties missed on 

opening weekend, and to generate estimates of total percent 

harvest for each ~train and time period. Data for each week 

and weekend were expanded separately then summed to obtain 
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total harvest estimates. 

April percentage harvest figures are presented in the 

following order, for each stream; 1) opening weekend (April 

4-5, 1981) harvest (actual data), 2) total estimated opening 

weekend harvest (expanded data), 3) additional harvest after 

opening weekend (April 6-26, actual data), 4) total 

estimated harvest after opening weekend (expanded data), and 

S) total estimated harvest for the entire April survey 

period (April 4-26, data sets 2 and 4 combined). Within 

each stream, data sets 1, 4, and 5 were each independently 

tested for equality of strain proportions, using the chi-

square K-sample binomial test for equal proportions and 

associated multiple comparison procedures (Marascuilo and 

Mcsweeney 1977). In addition, data set 1 was compared to 

data set 3 in each stream with a chi-square test for 

proportional homogeneity of strain harvest over the time 

variable (opening weekend vs. after opening weekend) 

(Marascuilo and Mcsweeney 1977). To determine if 

significant differences in vulnerability to angling method 

(bait vs. lures) among strains occurred, a chi-square 2 by K 

(K = 5) test for independence was used. The number of each 

strain captured with bait during April was compared to the 

number of each strain captured with lures. Strain harvests 

for the May stocking were treated and tested like the April 

data, except 1) data for reopening weekend (May 9-10, 1981) 



49 

was not expanded, since a relatively complete creel survey 

(qualitative assessment) was ccnducted on reopening weekend, 

and 2) differences in vulnerability to angling method were 

not analyzed, because sample sizes for lures were too small. 

To test for significant differences in the proportional 

relationships among strains for opening weekend harvest in 

different streams, a chi-square test of proportional 

homogeneity across all streams was used. When significant 

differences were indicated, pairwise comparisons of streams 

were conducted to specify stream differences (Marascuilo and 

Mcsweeney 1977). 

Differences in movement tendency, using data from creel 

surveys, electroshocking surveys, and weirs, were analyzed 

for significance with the chi-square goodness of fit test 

(weir data) or the a chi-square 2 by K (K = 5) test for 

independence (all other movement data) (Marascuilo and 

Mcsweeney 1977). 

Growth of trout stocked in Spring Branch was calculated 

as the percentage change in mean length and weight relative 

to initial mean lengths and weights (Ricker 1975). Initial 

mean lengths and weights were derived from the June 21 

sample values, rather than those obtained on May 19, from 

fish remaining at the Leetown Hatchery. This was done 

because I felt that the May 19 values were not 

representative of the true values of the populations stocked 
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in Spring Branch, since the May 19 values were determined 

from fish remaining in the raceways after selection of 100 

of each strain for stocking. Significance of change in mean 

length, mean weight, and condition factor for each strain 

over time was tested with a two sample t-test. 

Instantaneous natural mortality rates were calculated 

using least squares linear regression procedures, plotting 

the natural log of the number of each strain remaining over 

time. Survival data points from June, July, August, 

September, and October were used in the regression 

calculations. Regression slopes and elevations (y-

intercepts) were tested for significant differences among 

strains using F-tests (Zar 1974). To determine if 

significant differences existed in the number of each strain 

surviving to the first electrofishing survey on Spring 

Branch (period May 20 to June 21), a chi-square goodness of 

fit test was used. This was done because survival 

regressions apply only to the period June 21 to October 22, 

and it was necessary to determine if all five strains were 

equally represented (statistically) on the date of the first 

electrofishing sample. 

Decision level for all tests performed in statistical 

analyses was set "a priori" at an alpha of 0.05. Observed 

levels of significance (p-values) for each test are given in 

the text (Rohlf and Sokal 1969). 



D. RESULTS 

D.l Harvest 

Q-1·1 March Stocking and Aoril Creel Survey: 

Q-1·1·1 Dismal Creek- Opening weekend harvest on Dismal 

Creek was highest for the SW strain (28.7%), followed by SC 

(27.3%), EN (19.3%), FL (14.0%), and MC (8.7%) strains 

(Table 6). Differences among strains were significant 

(p<0.001). Multiple comparisons indicated 1) harvest of the 

SW strain was significantly higher than harvests of FL and 

MC strains, 2) harvest of the SC strain was significantly 

higher than harvest of the MC strain, and 3) the SW, SC, and 

EN strains were statistically similar in harvest. 

Total estimated harvest during opening weekend for each 

strain at Dismal Creek was: SW, 36.7%; SC, 34.0%; EN, 28.7%; 

FL, 18.7%; and MC, 10.7%. Of 750 marked fish stocked in 

Dismal Creek, an estimated 193 (25.7%) were captured on 

opening weekend. Total effort on the five strains during 

opening weekend was estimated at 574.7 angler hours, with a 

mean catch per unit effort for all strains cf 0.34 

fish/angler hour. Stationary creel surveys were 81.0% and 

89.4% efficient (calculated as the percentage of the total 

estimated fishing effort surveyed) on April 4 and 5, 

respectively. These were the highest efficiency values 

obtained on any of the four streams. 

Additional return to the creel after opening weekend 

51 
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Table 6: Numbers and percentages of each strain of rainbow 
trout harvested from each stream during opening weekend 
(April 4-5), and multiple ~omparisons*. 

DISMAL CREEK 

STRAIN MC FL EN SC SW 

NO. ( % ) RETURNED 13 ( 8. 7) 21 ( 14. 0) 2 9 ( 19 . 3 ) 41 ( 2 7 .,3 ) 43 ( 2 8. 7) 
MULTIPLE <--------------------> 

COMPARISON <--------------------> 

STRAIN 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

STRAIN 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

STRAIN 

<---------------------> 
NOBUSINESS CREEK 

MC FL SC SW EN 

3(2.0) 16(10.7) 18(12.0) 23(15.3) 37(24.7) 
<--------------------> <---------------------> 

JENNINGS CREEK 

MC SC SW FL EN 

9(6.0) 27(18.0) 35(23.3) 36(24.0) 39(26.0) 
<------------------------------> 

?JORTH CREEK 

MC FL EN SC SW 

NO.(%) RETURNED 14(9.3) 15(10.0) 23(15.3) 27(18.0) 41(27.3) 
MULTIPLE <-------------------------------> 

COMPARISON <--------------------> 
* Values connected by dashes are not significantly different 
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(April 6 - 26) was highest for the SC strain (5.3%}, 

followed by FL (4.7%), MC (4.0%), SW (2.7%), and EN (0.7%) 

strains. The proportional relationships among strains for 

harvest after opening weekend were 3ignificantly different 

(p<0.05} from proportional relationships among strains for 

opening weekend harvest. 

Total estimated additional harvest after opening 

weekend for each strain was: SC, 25.0%; FL, 22.0%; MC, 

17.3%; SW, 12.7%; and EN, 3.3% (Table 7). Differences among 

strains were significant (p<0.005). I determined from 

multiple comparisons that harvests of the EN and SW strains 

were similar, and significantly lower than harvest of the 

other three strains. 

Total estimated percent harvest for the entire April 

survey period at Dismal Creek was highest for the SC strain 

(58.0%), followed by the SW (49.4%}, FL (40.7%), EN (32.0%), 

and MC (28.0%) strains (Table 8). Differences among strains 

were significant (p<0.005). Based on multiple comparisons, 

harvests of the SC, SW, and FL strains were significantly 

higher than harvests of the EN and MC strains. 

Q.!·!·2 Nobusiness Creek- Opening weekend harvest on 

Nobusiness Creek was highest for the EN strain (24.7%), 

followed by the SW (15.3%), SC (12.0%), FL (l0.7%), and MC 

(2.0%) strains (Table 6). Differences among strains were 

significant (p<0.001). Multiple comparisons :ndicated 1) 
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Table 2: Estimated numbers and percentages of each strain of 
rainbow trout harvested from each stream after opening 
weekend (April 6-26), and multiple comparisons*. 

STRAIN 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

STRAIN 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

STRAIN 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

STRAIN 

NO.(%) RETURNED 
MULTIPLE 

COMPARISON 

DISMAL CREEK 

EN SW MC FL SC 

5(3.3) 19(12.7) 26(17.3) 33(22.0) 36(24.0) 
<-----------> <------------------------------> 

NOBUSINESS CREEK 

EN SW MC FL SC 

2(1.3) 7(4.7) 11(7.3) 15(10.0) 24(16.0) 
<-------------------> <--------------------> <--------------------> 

JENNINGS CREEK 

EN SW FL MC SC 

0(0.0) 10(6.7) 18(12.0) 27(18.0) 37(24.7) 
<--------------------> <---------------------> 

NORTH CREEK 

SC SW EN MC FL 

4(2.7) 4(2.7) 9(6.0) 23(15.3) 41(27.3) 
<---------------------> <----------> <----------> 

* Values connected with dashed line not significantly different 
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Table ~: Total estimated numbers and percentages of each 
strain of rainbow trout harvested from each stream during 
the April survey period (April 4-26), and multiple 
comparisons*. 

DISMAL CK. 

STRAIN MC EN FL SW SC 

NO.(%) RETURNED 42(28.0) 48(32.0) 61(40.7) 74(49.4) 87(58.0) 
MULTIPLE <--------------------> 

COMPARISON <---------------------> 
NOBUSINESS CK. 

STRAIN MC FL SW SC EN 

NO.(%) RETURNED 16(10.6) 40(26.7) 42(28.0) 52(34.7) 59(39.3) 
MULTIPLE <------------------------------> 

COMPARISON 

JENNINGS CK. 

STRAIN MC EN SW FL SC 
NO.(%) RETURNED 44(29.3) 74(49.3) 77(51.4) 85(56.7) 88(58.7) 

MULTIPLE <------------------------------> 
COMPARISON 

NORTH CK. 

STRAIN MC EN SC FL SW 

NO.(%) RETURNED 52(33.8) 56(37.3) 59(39.4) 71(47.3) 87(58.0) 
MULTIPLE <-----------------------------> 

COMPARISON <-----------> 
* Values connected by dashes are r.ot significantly different 
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harvest of the EN strain was significantly higher than 

harvest of the FL and MC strains, and 2) harvest of the MC 

strain was significantly lower t~an harvest of the other 

four strains. 

Total estimated harvest during opening weekend for each 

strain at Nobusiness Creek was: EN, 38.0%; SW, 23.3%; SC, 

18.7%; FL, 16.7%; and MC, 3.3%. Of 750 marked fish stocked 

in Nobusiness Creek, an estimated 150 (20.0%) were captured 

on opening weekend. Total effort on the five strains during 

opening weekend was estimated at 511.9 angler hours, with a 

mean catch per unit effort for all strains of 0.29 

fish/angler hour. Stationary creel surveys were 65.5% and 

59.8% efficient for April 4 and 5, respectively. 

Additional return to the creel after opening weekend 

was highest for the SC strain (4.7%), followed by the FL 

(3.3%), MC (2.0%), SW (1.3%), and EN (0.7%) strains. The 

proportional relationships among strains for harvest after 

opening weekend were significantly different (p<0.05) from 

proportional relationships among strains for opening weekend 

harvest. 

Total estimated additional harvest after opening 

weekend for each strain was: SC, 16.0%; FL, 10.0%; MC, 

7.3%; SW, 4.7%; and EN, 1.3% (Table 7). Differences among 

strains were significant (p<0.005). I deter~ined from 

multiple comparisons that harvests of the SC, FL, and MC 
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strains were statistically similar and significantly higher 

than harvests of the SW and EN strains. 

Total estimated percent harvest for the entire April 

survey period at Nobusiness Creek was highest for the EN 

strain (39.3%), followed by SC (34.7%), SW (28.0%), FL 

(26.7%), and MC (10.6%) st~ains (Table 8). Differences 

among strains were significant (p<0.005). Based on multiple 

comparisons, harvests of EN, SC, SW, and FL strains were 

similar significantly higher than harvest of MC strain. 

~-1·1·~ Jennings Creek - Opening weekend harvest on 

Jennings Creek was highest for the EN strain (26.0%), 

followed by the FL (24.0%), SW (23.3%), SC (18.0%) and MC 

(6.0%) strains (Table 6). Differences among strains were 

significant (p<0.001). Multiple comparisons indicated that 

harvests of EN, FL, SW, and SC strains were similar and 

significantly higher than harvest of the MC strain. 

Total estimated harvest during opening weekend for each 

strain at Jennings Creek was: EN, 49.3%; FL and SW, 44.7%; 

SC, 34.0%; and MC, il.3%. Of 750 marked fish stocked, an 

estimated 276 (36.8%) were captured on opening weekend. 

Total effort en the five strains during opening weekend was 

estimated at 925.9 angler hours, with a mean catch per unit 

effort for all strains of 0.30 fish/angler hour. Stationary 

creel surveys were 52.6% and 55.4% efficient, for April 4 

and 5, respectively. 



58 

Additional return to the creel after opening weekend 

was highest for SC strain (5.3%), followed by MC (4.0%), FL 

(2.7%), SW (1.3%), and EN (0.0%) strains. The proportional 

relationships among strains for harvest after opening 

weekend were significantly different (p<0.05) from 

proportional relationships among strains for opening weekend 

harvest. 

Total estimated additional harvest after opening 

weekend for each strain was: SC, 24.7%; MC, 18.0%; FL, 

12.0%; SW, 6.7%; and EN, 0.0% (Table 7). Differences among 

stains were significant (p<0.005). I determined from 

multiple comparisons that 1) harvest of the SC strain was 

significantly higher than harvests of the SW and EN strains, 

and 2) harvest of the EN strain was significantly lower than 

harvests of the other four strains. 

Total estimated percent harvest for the entire April 

survey period at Jennings Creek was highest for SC (58.7%), 

followed by FL (56.7%), SW (51.4%), EN (49.3%), and MC 

(29.3%) strains (Table 8). Differences among strains were 

significant (p<0.005). Based on multiple comparisons, 

harvests of SC, FL, SW, and EN strains were similar and 

significantly higher than harvest of the MC strain. 

Q·l·l·~ North Creek - Opening weekend harvest on North 

Creek was h:ghest for the SW s~rain (27.3%), followed by the 

SC (18.0%), EN (15.3%), FL (10.0%). and MC (9.3%) strains 



59 

(Table 6). Differences among strains were significant 

(p<0.001). Multiple comparisons indicated that harvest of 

the SW strain was significantly higher than harvests of the 

MC and FL strains and similar to harvests of the EN and SC 

strains. 

Total estimated harvest during opening weekend for each 

strain at North Creek was: SW, 55.3%; SC, 36.7%; EN, 31.3%; 

FL, 20.0%; and MC, 19.3%. Of 750 marked fish stocked in 

North Creek, an estimated 244 (32.5%) were captured on 

opening weekend. Total effort on the five strains during 

opening weekend was estimated at 930.0 angler hours, with a 

mean catch per unit effort for all strains of 0.26 

fish/angler hour. Stationary creel surveys were 50.3% and 

41.8% efficient, for April 4 and 5, respectively. 

Additional return to the creel after opening weekend 

was highest for FL (6.0%), followed by MC (3.3%), EN (l.3%), 

SC (0.7%), and SW (0.7%) strains. The proportional 

relationships among strains for harvest after opening 

weekend were significantly different (p<0.05) from 

proportional relationships among strains for opening weekend 

harvest. 

Total estimated additional harvest after opening 

weekend for each strain was: FL, 27.3%; MC, 15.3%; EN, 

6.0%; SC, 2.7%, and SW, 2.7% (Table 7). Differences among 

strains were significant (p<0.005). I determined from 
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multiple comparisons that harvests of the FL and MC strains 

were similar and significantly higher than harvests of the 

SC and SW strains. 

Total estimated percent harvest for the entire April 

survey period at North Creek was highest for SW (58.0%), 

followed by FL (47.3%), SC (39.4%), EN (37.3%), and MC 

(33.8%) strains (Table 8). Differences among strains were 

significant (p=0.016). Based on multiple comparisons, 

harvest of the SW strain was significantly higher than 

harvests of the SC, EN and MC strains. 

Q·l·l·~ Summary of April Harvest - The following 

summarizes the most consistent and significant results 

obtained during the April survey period. 

1) For opening weekend harvest, one of the two 

"domestic strains" (EN or SW) consistently had the highest 

harvests. The MC strain, conversely, was consistently last 

in opening weekend harvest, and this lowest ranking was 

significant in two of the four streams. 

2) For harvest after opening weekend, the SC strain 

ranked first in three of four streams. The FL and MC 

strains c~nsistently ranked higher than the EN and SW 

strains. The EN strain was ranked last in three of four 

streams, the SW stra:n next to last in all four streams. 

3) For total estimated harvest, the MC strain was 

ranked last :n all four streams, and t~is ranking was 
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significant in two of four streams. Clearcut superiorities 

in total harvest, on the other hand, were not as evident. 

The SC strain was ranked first ln two of the four streams, 

and had the highest average rank (ranking in each stream 

from 1 - highest to 5 - iowest) over all streams at 1.75, 

followed by SW at 2.25, FL at 2.75, EN at 3.25, and MC at 

5.0. Though individual strain rankings among streams 

conflicted, average ranking helped in selecting the best 

overall strain in terms of harvest in put-and-take streams. 

4) The temporal pattern of harvest differed among 

strains. This is illustrated in Table 9, which gives the 

total percent harvest for each strain on all four streams 

combined and indicates the percentages of harvest of each 

strain which occurred during opening weekend and after 

opening weekend. Though the SW and SC strains were very 

close in total harvest, the temporal pattern of harvest was 

different, with the SC strain harvest more evenly 

distributed over the April fishing period. In general, 

harvests of the "wild" and "semiwild" strains were more 

evenly distributed over time than harvests of the two 

"domestic" strains. 

D.1.2 Stream Differences: 

A chi-square test of proportional homogenei~y of 

opening weekend harvests for all strains in ali streams 

indicated significant stream differences (p<0.025). Pairwise 
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Table 9: Total harvest for each of five strains of rainbow 
trout from all four fished streams combined during April, 
1981, and temporal distr:bution of total harvest. 

STRAIN 
MC EN FL SW SC 

Total number stocked 600 600 600 600 600 
Total number captured 154 237 257 280 286 
Total % harvested 25.7 39.5 42.8 46.7 47.7 
Percent of total catch 
on opening weekend 43.5 93.2 58.4 85.7 64.7 
Percent of total catch 
after opening weekend 56.5 6.8 41. 6 14.3 35.3 
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comparisons of streams were conducted. Relative magnitudes 

of the p-values for each pairwise comparison indicate the 

degree of difference between two streams in a comparison. 

Four of the possible six pairwise comparisons were 

statistically significant. Differences among streams in 

opening weekend strain harvest were highest for the 

Nobusiness vs. North Creek comparison (p = 0.005), followed 

by Nobusiness vs. Dismal Creek (geographic pair) (p = 0.01), 

then Jennings vs. North Creek (geographic pair) (p = 0.02) 

and Jennings vs. Dismal Creeks (p = 0.04). Strain 

proportions for the Nobusiness vs. Jennings Creek (p = 
0.30), and Dismal vs. North Creek (p = 0.75) comparisons 

were not significantly different. 

Q-1·~ May Stocking and Creel Survey: 

For May data, only harvests of the FL, MC and SW 

strains were tested statistically, because of unexpected 

stocking errors involving the SC and EN strains. Total 

estimated harvests during May are presented for the EN and 

SC strains, but are meaningful only under the special 

assumptions discussed in section E.1.3. 

Differences among streams in the proportional 

relationships of FL, MC, and SW strain harvests were not 

significant (p>O.l), and so results from all four streams 

are presented together. The SW strain was highest in 

reopening weekend harvest (May 9-10) for all four streams, 
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and this distinction was significant in one of four streams 

(Jennings Creek) (Table 10). The MC strain was the lowest 

of the three strains in reopen:r.g weekend harvest on all 

four streams, but this distinction was not significant in 

any stream (Table 10). Reopening weekend harvests of the 

MC, FL, and SW strains, summed over all four streams, were 

significantly different (p<0.005), The SW strain was 

significantly higher in harvest compared to the MC and FL 

strains (Table 10). 

In Dismal Creek, estimated harvest after reopening 

weekend (May 11-24) was highest for FL (40.0%), followed by 

MC (36.0%), and SW (24.0%) strains. In Nobusiness Creek, 

the MC strain had a 14% harvest after reopening weekend, 

followed by FL and SW (8.0% each) (Table 11). Differences 

among strains were not significant in either stream. Only 

one marked fish was caught at Jennings Creek after reopening 

weekend, and no fish were recorded on North Creek. 

Total estimated harvest for the three strains over the 

entire May survey period was lowest for the MC strain in all 

four streams, while FL and SW strain harvests were higher 

and relatively close to one another (Table 12). Differences 

in total harvest among the three strains were not 

significant in Dismal and North Creeks, but were significant 

in Nobusiness and Jennings Creeks. Multiple comparisons 

indicated 1) harvests of FL and SW strains were 
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Table 10: Numbers and percentages of the MC, FL and SW 
strains of rainbow trout harvested from each stream during 
reopening weekend (May 9-10), and multiple comparisons*, 
where appropriate. 

STRAIN 

NO . ( % ) RETURNED 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

NO . ( % ) RETURNED 

DISMAL CREEK 

MC FL SW 

5(10.0) 8(16.0) 12(24.0) 

NOBUSINESS CREEK 

2(4.0) 8(16.0) 17(34.0) 
<-----------------> <-----------------> 

JENNINGS CREEK 

5(10.0) 8(16.0) 19(38.0) 
<----------------> 

NORTH CREEK 

9(18.0) 14(28.0) 19(38.0) 

TOTAL NO. AND AVERAGE % - ALL FOUR STREAMS 

NO . ( % ) RETURNED 
MULTIPLE 

COMPARISON 

21(10.5) 38(19.0) 
<------------------> 

67(33.5) 

* Val~es connected by dashes are not significantly different 
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Table 11.: Estimated numbers and percentages of the MC, FL 
and SW strains of rainbow trout harvested from two streams 
after reopening weekend (May 11-24). 

DISMAL CREEK 

STRAIN SW MC FL 

NO . ( % ) RETURNED 12(24.0) 18(36.0) 20(40.0) 

NOBUSINESS CREEK 

STRAIN SW FL MC 

NO . ( % ) RETURNED 4(8.0) 4(8.0) 7(14.0) 
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Table 12: Total estimated numbers and percentages of each 
strain-Of rainbow trout harvested from each stream during 
the May survey period (May 9-24), and multiple comparisons*, 
where appropriate. 

Chi-square 
STRAIN --> EN SC MC FL SW and p-value** 

STREAM 

DISMAL NO. 17 30 23 28 24 1.12 
CREEK % 34.0 60.0 46.0 56.0 48.0 p > 0.5 

NOBUSINESS NO. 21 13 9 12 21 7.73 
CREEK % 42.0 26.0 18.0 24.0 42.0 p < 0.025 

<-------> 
<-------> 

JENNINGS NO. 16 15 14 27 27 9.09 
CREEK % 32.0 30.0 28.0 54.0 54.0 p < 0.025 

<-------> 

NORTH NO. 15 18 18 28 27 4.85 
CREEK % 30.0 36.0 36.0 56.0 54.0 p > 0.05 

* Values connected by dashes are not significantly different 
** Only values for FL, MC and SW strains (3 rightmost 
strains in table) compared statistically, two of four p-
values significant at the 0.05 level. 
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statistically similar in both streams, 2) harvest of the SW 

strain was significantly higher than harvest of the MC 

strain in both streams, and 3) harvest of the FL strain was 

significantly higher than harvest of the MC strain in 

Jennings Creek (Table 12). 

Average total percent harvest of the SW strain from all 

four streams was 49.5%, followed by FL at 47.5%, and MC at 

32.0%. Differences among strains were significant (p<0.025) 

(Table 13). Average total harvests of SW and FL were 

statistically similar and significantly higher than harvest 

of the MC strain. 

Harvests of the SC and EN strains in each stream are 

presented in Table 12, under the assumptions discussed in 

section E.1.3. Average harvest across all four streams, 

under the assumptions, was 38.0% for the SC strain and 34.5% 

for the EN strain. 

Q·1·! Vulnerability to Angling Method: 

Differences in vulnerability of strains to angling 

method (bait vs. lures) were significant (p<0.005). 

Examination of observed and expected proportions (Table 14) 

indicated that EN, SW, and SC strains were higher than 

expected in vulnerability to bait, while the FL and MC 

strains were more vulnerable to lures and flies than 

expected. Determination of differences in vulnerability 

assumed that anglers who used lures were similar in angling 
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Table 13: Total estimated numbers and percentages of the MC, 
FL and-SW strains of rainbow trout harvested from all four 
streams combined during the May survey period (May 9-24). 

STRAIN MC FL SW 

NO . RETUR.\lED 64 95 99 

% RETUR.\lED 32.0 47.5 49.5 

MULTIPLE COMPARISON <------------> 
* Values connected by dashes are not significantly different 
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Table 14: Observed and expected (if vulnerability to angling 
method~s equal among strains) proportions of each strain of 
rainbow trout captured by anglers with bait and lures during 
April, from all four fished streams. 

STRAIN 
EN FL MC SW SC Total % 

OBSERVED PROPORTIONS 

Bait 116 90 41 131 117 495 90.0 
Lures 6 15 13 12 9 55 10.0 
Totals 122 105 54 143 126 550 100.0 

EXPECTED PROPORTIONS 

Bait 109.8 94.5 48.6 128.7 113.4 495 90.0 
Lures 12.2 10.5 5.4 14.3 12.6 55 10.0 
Totals 122 105 54 143 126 550 100.0 
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expertise to those who used bait. Of 391 EN, SW and SC fish 

captured in April (for which data was available), 364 

(93.1%) were caught on bait. Of 159 FL and MC fish captured, 

131 (82.4%) were caught on bait. For all strains combined, 

90% were captured with bait. 

D.2 Survival 

D.2.1 Survival-Fished Streams: 

A total of 15 fish were collected in electroshocking 

surveys conducted on the four fished streams in late April 

and early May (after first fishing period and prior to 

restocking). Table 15 summarizes the numbers of each strain 

captured and estimates of minimum percent survival after an 

extended period of fishing. All fish collected were of the 

FL (6 fish, 40% of sample), MC (5 fish, 33.3% of sample), 

and SC (4 fish, 26.7 % of sample) ~ . 
s~rains. 

Only Dismal Creek maintained a large enough population 

of the strains to produce a sample in the July 

electrofishing survey; no marked fish were obtained in the 

other three streams. Of 9 fish captured in Dismal Creek on 

July 10, 4 (44.4% of sample) were MC, 3 (33.3%) SC, 1 

(11.1%) FL, and 1 (11.1%) EN. On September 18, 2 (28.6% of 

sample) FL fish, 3 (42.8%) MC fish, 1 (14.3%) SW fish and 1 

(14.3%) SC fish were captured with electrofishing gear. One 

FL fish was captured approximately 35CO m downstream from 

the lowest stoc~ing site. On ~ovember 23, the number 
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Table 15: Number and m1n1mum percent survival of each strain 
of rainbow trout captured in electrofishing surveys on four 
fished streams, after 18 to 32 days of fishing. Percents 
based on initial plant of 150 fish per strain per stream. 

STREAM--> DISMAL NOBUSINESS JENNINGS NORTH TOTAL AVG. 
STRAIN NO. % NO. % NO. % NO. % NO. % 

EN 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

FL 3 2.0 0 0.0 2 1. 3 1 0.7 6 1. 0 

MC 3 2.0 1 0.7 0 0.0 1 0.7 5 0.8 

SW 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

SC 1 0.7 1 0.7 1 0.7 1 0.7 4 0.7 

SAMPLE 
DATE 4/22/81 5/5/81 4/27/81 4/27/81 AVERAGE 

RESIDENCE 
TIME (DAYS) 27 41 34 34 34 
DAYS SUBJECT 
TO FISHING 16 32 23 23 24 
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obtained and percentage composition were the same as 

September for FL and MC strains, but 2 (28.6%) SC fish and 

no SW fish were captured. Again, one of the FL fish was 

captured approximately 3500 m downstream. Minimum survival 

percentage, for the period May 7 (second stocking) to 

November 23 (201 days) in Dismal Creek, was highest for the 

MC strain (1.5 %), followed by FL and SC strains (1.0% 

each), then the SW and EN strains (essentially 0%). Some of 

the fish captured in the November electrofishing sample may 

have survived from the first stocking (March 26, 243 days in 

stream). It was not possible to distinguish fish from the 

two stockings. 

D.2.2 Survival-Reference Stream: 

A chi-square goodness-of-fit test on the number of each 

strain captured in the first electrofishing survey on Spring 

Branch (June 21) indicated no significant difference among 

strains (p>0.4), and therefore no significant difference in 

mortality between May 20 and June 21 (Table 16). Least 

squares regression analysis was used to plot survival of the 

five strains in Spring Branch for the period June 21 to 

October 22. A natural log transformation of the numbers of 

each strain remaining at each sample date was plotted 

against time since stocking in days (Figure 9). Original 

data points and log transformations are given in Appendix 

Table 4. Slopes represent estimates of minimum 
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Table 16: Number of each of five strains of rainbow trout 
remaining on the first electrofishing sample date (June 21) 
in Spring Branch, Montgomery County, Virginia, tested for 
equality of strain representation. 

STRAIN 
EN FL MC SW SC Total 

OBSERVED PROPORTIONS 18 16 17 23 12 86 
EXPECTED PROPORTIONS 17.2 17.2 17.2 17.2 17.2 86 

Chi-square = 3.65 d. f. = 4 p>0.40 
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instantaneous natural mortality ra~es per day, for the 

period June 21 to October 22, 1981. An F-test of regression 

slopes (Zar 1974) indicated that nat~ral mortality rates 

were not significantly different among strains over the 

study period. An F-test of regression elevations 

(intercepts) indicated significan~ differences among strai~s 

(p<0.005). Multiple comparison showed that elevation of the 

SW regression line was signif i=antly higher than the other 

four regression line elevations (Zar 1974). 

D. 3 Growth 

D.3.1 Growth-Fished Streams: 

Electroshocking samples on fished streams were too 

small for growth determination of the strains. It was 

anticipated "a priori" that this might occur, and was one 

reason why reference streams were also included in the 

strain evaluation. 

D.3.2 Growth-Reference Stream: 

Change in average length of the strains in Spring 

Branch between June 21 and October 22 was highest for SW 

(18.9 mm), followed by FL (14.1 mm), MC (13.7 mm), SC (11.4 

mm), and EN (-4.3 mm) (Table 17). Only SW ~train change in 

length was statistically significant at the 0.05 level. 

Change in average weight of the strains over the same period 

was highest for SW (26.5 g), followed by SC (9.9 g), MC (9.1 

g), FL (4.6 g), and EN (-49.l g). No values for change in 
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Table 17: Change in average length (L in mm) and weight (W 
in g) for five strains of rainbow trout stocked in Spring 
Branch, Montgomery County, Virginia, for the intervals June 
21 to October 22, August 24 to Septe~ber 21, and September 
21 to October ~2, Also giver- is percentage change in average 
length (%L) and wieght (%W) for for each strain between June 
21 and October 22. Sample sizes given in Appendix Table 5. 

SAMPLING 
INTERVAL** 1-5 3-4 4-5 1-5 

STRAIN L w L w L w %L %W 

EN 18.9* 26.5 -7.2 -25.9 6.5 13.3 7.0 11. 6 
FL 14.l 4.6 -7.8 -40.8 -1. 7 -17.8 5.4 2.4 
SC 11. 4 9.9 -9.1 -23.6 13.5 6.9 4.5 5.4 
MC 13.7 9.1 -4.0 -14.8 7.4 15.0 5.3 4.7 
EN -4.3 -49.l -25.3 -70.4 7.0 9.3 -1. 5 -16.l 

** 
1-5 is June 21 to October 22, 3-4 is August 24 to 

September 21, and 4-5 is September 21 to October 22. 
* Statistically significant change at the 0.05 level. 
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average weight were significant at the 0.05 level (EN weight 

values not tested). Percentage change in length was highest 

for SW (7.0%), followed by FL (5.4%), MC (5.3%), SC (4.5%), 

and EN (-1.5%). Percentage change in weight was highest for 

SW (11.6%) followed by SC (5.4%), ~c (4.7%), FL (2.4%), and 

EN (-16.1%). Change in average length and weight of the 

strains between August 24 and September 21 was included in 

Table 17 to demonstrate an apparent size selective mortality 

(against larger fish) which occurred for all five strains, 

and in particular for the EN strain, between August and 

September samples. 

Percentage biomass remaining for the strains in Spring 

Branch on October 22, five months after stocking, was 

highest for SW (20.8%), followed by MC (16.4%), FL (11.5%), 

EN (9.6%), and SC (9.4%) (Table 18). Comparison of relative 

ranks of strain biomass (numbers in parentheses in Table 18) 

on May 20 (stocking) and October 22 indicated two important 

changes. Rank of SC strain biomass dropped from third in 

May to fifth in October. Rank of MC strain biomass 

increased from fifth in May to second by October. In 

addition, changes in rank of biomass co=respcnded well to 

magnitude of percentage biomass remaining in October for the 

strains. The SW strain maintained its highest ranking for 

both actual biomass and percentage biomass remaining on 

October 22. The MC strain was second in both actual and 
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Table 18: Biomass of each of five strains of rainbow trout 
in Spring Branch, Montgomery County, Virginia, on the date 
of stocking (May 20) and five months later (October 22), 
with relative ranks (in parentheses) of strain biomass on 
those dates, and percentage of original stocked biomass 
remaining on October 22. Sample sizes given in Appendix 
Table 5. 

BIOMASS(g) % OF BIOMASS 
STRAIN MAY 20 OCTOBER 22 REMAINING ON OCT. 22 

SW 13510(1) 2814(1) 20.8 
FL 10265(4) 1176(4) 11. 5 
SC 12360(3) 1162(5) 9.4 
MC 9790(5) 1606(2) 16.4 
EN 13355(2) 1278(3) 9.6 

TOTAL 59280 8036 
AVERAGE 11856 1607.2 13.6 
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percentage biomass remaining in October, while the SC strain 

was last in both actual ar.d percentage biomass remaining on 

October 22. 

Condition Factor- All strains showed significant 

deterioration in condition factor (K = w/13 x 105 ) between 

May 20 (stocking) and October 22 (p<0.01 for all five 

strains) (Table 19). Relative loss of condition factor, 

expressed as the percent reduction from initial condition 

factor for a strain, was highest for the FL strain (19.4% 

loss), followed by MC (15.3%), EN (13.3%), SW (12.6%), and 

SC (10.8%) strains. No significant difference in the 

magnitude of reduction of condition factor among strains was 

indicated (p>0.05). 

D.4 Movement 

D.4.1 Movement-Fished Streams: 

Few fish were captured in downstream weirs installed on 

the fished streams. For all four streams combined, two EN 

and two SW fish were captured between stocking and opening 

day, a sample too small to test statistically. However, I 

felt that weirs were not effective in trapping fish during 

periods of high water, when most movement and emigration 

would be expected (Cresswell 1981). 

Table 20 summarizes movement data from April creel 

surveys on the four fished s~reams. Of 510 fish recorded on 

all four streams on opening weekend, 43 (8.4%) were captured 
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Table 19: Mean condition factor for five strains of rainbow 
trout in Spring Branch, Montgomery County, Virginia, at 
initial stocking (May 20, 1981), and five months later 
(October 22, 1981), with sample standard deviations (SD(K)), 
sample sizes (n), and relative percentage reduction of K 
over the study period. 

May 20 October 22 % Reduction in 
STRAIN mean K SD(K) n mean K SD(K) n K (May-Oct) 

SW 1. 214 0.076 27 1. 061 0.108 11 12. 6 
FL 1.158 0.061 27 0.934 0.076 6 19.4 
MC 1.147 0.080 22 0.972 0.030 9 15.3 
SC 1.142 0.077 25 1. 018 0.084 6 10.8 
EN 1.139 0.092 22 0.987 0.076 5 13.3 
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Table 20: Downstream movement data collected durinq creel 
surveys on fished streams during April, 1981. Data is 
observed numbers of each strain captured in stocked and 
downstream* sections, and total percentages for all strains 
combined. Data sets appear in the same order as discussed in 
the text. 

STRAIN 
EN FL MC SW SC Total % 

Dismal Creek--April 

Stocked section 26 21 16 40 40 143 82.7 
Downstream* 4 7 3 7 9 30 17.3 

Totals 30 28 19 47 49 173 100.0 

Jennings Creek--April 

Stocked section 32 33 12 33 31 141 84.9 
Downstream* 7 7 3 4 4 25 15.1 

Totals 39 40 15 37 35 166 100.0 

All Four Streams--Opening Weekend 

Stocked sections 115 81 37 130 104 467 91.6 
Downstream* 13 7 2 12 9 43 8.4 

Totals 128 88 39 142 113 510 100.0 

All Four Streams--After Opening Weekend 

Stocked sections 4 16 16 7 12 55 67.l 
Downstream* 0 9 4 2 12 27 32.9 

Totals 4 25 20 9 24 82 100.0 

All Four Streams--April 

Stocked sections 119 97 53 137 116 522 88.2 
Downstream* 13 16 6 14 21 70 11. 8 

Totals 132 113 59 151 137 592 100.0 

* Fish captured by anglers greater than 1.0 km downstream 
from lowest stocking sites on fished streams. 
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in downstream sections (greater than 1.0 km below lowest 

stocking site). Of 82 total fish recorded after opening 

weekend, 27 (32.9%) were captured in downstream sections. 

For all of the April survey period, 70 fish out of 592 

(11.8%) were captured in downstream sections. 

Five data sets from creel surveys were tested 

statistically to determine if significant differences in 

downstream movement tendency had occurred. Numbers of each 

strain captured by anglers outside of the study area(s) 

(greater than 1.0 km downstream) were compared to 

proportions captured within the study area(s) (assumes equal 

catchability of a strain within and outside study area). 

Data sets tested included 1) Dismal Creek, all of April, 2) 

Jennings Creek, all of April, 3) all four streams, opening 

weekend, 4) all four streams, after opening weekend, and 5) 

all streams and time periods combined (Table 20). No 

significant differences in downstream movement tendency 

among strains were indicated for any of the five data sets 

tested. No evidence was found in creel surveys for 

significant upstream movement of the strains. 

Electrofishing surveys on downstream areas of the 

fished streams in April and July yielded few fish, two FL 

strain fish and one SC strain fish in both samples combined. 

Sample sizes were too small to test statistically. No 

evidence was found in electrofishing surveys for significant 
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upstream movement of the strains. 

D.4.2 Movement-Reference Streams: 

Reference stream weirs and electrofishing surveys 

provided some further information on movement. Between May 

21 and May 31, 40 fish were captured in Spring Branch and 

Spring Creek weirs (prior to loss of Spring Creek fish due 

to flood). A chi-square goodness-of-fit test indicated that 

proportions of each strain captured in weirs were not 

significantly different (p>0.3). 

In early June, both Spring Branch and Spring Creek 

inundated the weirs. After the high water period, two large 

pools below the weir on Spring Branch were sampled with 

electrofishing gear (June 21). Of 86 total fish collected 

in the June sample, 24 (27.9%) had moved below the weir and 

established residence in one of the downstream pools. 

Proportions of each strain captured above and below the weir 

were compared statistically. No significant differences in 

proportions were indicated (p>0.7). An estimated 6 m high 

waterfall between the weir and these pools prevented fish 

from moving back upstream once they had passed the weir, 

even during flood conditions. Because Spring Branch flows 

only another 300 m below these pools, before joining the 

Roanoke River, there is little doubt that some fish which 

escaped past the weir on the day of the flood moved all the 

way down into the larger, downstream watershed, and were 
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lost permanently. Significant upstream movement was not 

evident from reference stream electrofishing surveys. 

D.5 Mark Retention 

Q.~.± Hatchery Retention: 

Retention percentages of freeze brands and blue latex 

injections were similar through the first 13.5 weeks after 

marking. Total retention of brands was 96.1%, compared to 

91.6% for blue latex injections. Red latex injections were 

significantly lower (p<0.05) in total retention after 13.5 

weeks, at 75.4% (Table 21). The percentage of each mark 

type rated "-" or "O" increased progressively over time, but 

the rate of deterioration to poor quality marks was highest 

for the red latex injections. 

D.5.2 Field Retention: 

Retention of freeze brands in the reference stream was 

comparable to values for hatchery retention. After 13.5 

weeks in the stream, total retention of brands was 98.1%. 

This figure dropped to 91.9% at 22 weeks, the longest 

evaluation period available for brands. At 22 weeks, 59.5% 

of the brands had deteriorated to poor quality ("-" rating) 

marks (Table 22). 

D.5.3 Combined Environment Retention: 

Latex injections were evaluated after 27 weeks of 

combined environment residence, 13.5 weeks in the hatchery 

and 13.5 weeks in the reference stream. Blue latex 



Table 2h Comparative retention of freeze brands and submandibular 
latex injections on rainbow trout in a batchery environment (sample 
sizes in parentheses). Retention ratings were: +equals clear, sharp 
mark; - equals faded, blurred mark but still visible and usable for 
strain distinction; 0 equals no mark present. 

BRANDS BLUE LATEX RED LATEX 
-RETENTION %+ %- %0 TOT. %+ %- %0 TOT. %+ % .. %Q TOT. 

TIME Int f nl Int RET. fnl In I 1n1 RET. tnt tnt Int RET. 

7 91.8 6.2 1.9 98.0 94.8 3.9 1.3 98.7 66.2 23.4 10.4 89.6 

Weeks11 @71) (32) (10) % :295) (12) (4) % . :102) (36) (16) % 

8.5 e-1.2 17.6 1.2 9&8 84.6 15.4 0.0 100 60.9 30A 8.7 91.3 

Weeksv (69) (15) (1) % (44) (8) (0) % (14) ( 7) (2) % 

12 68.2 24.a 7.0 93.0 72.6 26.1 1.3 98.7 36.4 50.0 13.6 ·as.4 

Weelcs ~165) (60) (1~ % :111) ~40) ( 2) % (32) (44) (12) % 

13.5 69.4 267 3.9 96.1 70.3 21.3 8.4 91.6 50.0 25.4 24.6 75.4 

Weeks ~50~ 196) (28) % "344) :104) (41) % :122) (62) (60) % 

V • Includes a short period 11·2weeksl of stream residence. 

C#J 

°' 
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Table 22 : Retention of freeze brands on rainbow trout 
stocked in Spring Branch. Montgomery County, Virginia 
(sample sizes in parentheses). Retention ratings were: 
+ equals clear, sharp mark; - equals faded, blurred 
mark, but still visible and usable for strain distinction; 
0 equals no mark present. 

BRANDS . 
RETENTION %+ %- %0 TOTAL 

TIME In I I n I In J nc 1 r::.1:-.'TtO~ 

4.5 91.8 8.2 o.o 100.0 
WEEKS (79) (7) (Q) Ocl 

/0 

9 77.6 20.9 1.5 98.5 

WEEKS (52) (14) (1) % 

13.5 82.7 15.4 I 1.9 98.1 
WEEKS (43) (8) (1) % 

18 59.0 38.5 2 .. 5 97.5 
WEEKS (23) (15) (1) % 

22 32.4 59 .. 5 8.1 91.9 
WEEKS (12) (22) (3) 01 

/0 
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injections were retained at 91.2% (plus and minus ratings 

combined), compared to only 33.3% for red latex injections. 

Q-~·1 Comparative Marking E!ficiencies: 

Six markers plus one "fish transporter" worked fourteen 

hours (98 total man hours) to brand, inject, clip the 

adipose fin, immerse in a salt bath, and transport back to 

the raceways 5080 catchable size rainbow trout. The three 

marking procedures were conducted simultaneously, with one 

or two workers branding, and 4 or 5 workers injecting latex 

and fin clipping. 

Freeze branding was a faster process than latex 

injection. Average marking rates were 360 fish per man hour 

for freeze branding and 80 fish per man hour for latex 

injection. Max:mum rates were 600 fish per man hour for 

freeze branding and 120 fish per man hour for latex 

injection. Rates for latex injection also included time 

necessary to clip the adipose fin, but this was a minor 

component relative to the injection process. 

Q.~.~ Adipose Fin Regeneration: 

During monthly electroshocking samples on Spring 

Branch, three different fish were captured with regenerated 

adipose fins. Two of these fish were obtained in the 

September 21 sample, and one in the October 22 sample. 

These fish were origir.ally fir. clipped on February 14-15, 

thus the regeneration appeared approximately 7 to 8 months 
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after clipping. On the date of observation, these 

regenerated adipose fins were smaller than the original 

structures and deformed. It is unknown whether the small 

size and deformed appearence would change given more time 

(reclipping was necessary to maintain the marking system). 

Nor is it known if the regeneration was caused by incomplete 

clipping on some fish during the original marking session. 

It was observed that a small percentage cf fish passing 

through creel survey stations on fished streams during 

opening weekend had incompletely clipped (but not yet 

regenerated) adipose fins. 



E. DISCUSSION 

E.l Harvest 

~·l·l March Stocking and Aoril Creel Survey: 

Strains of rainbow trout evaluated in this study 

exhibited differences in magni~ude and temporal pattern of 

harvest when stocked as catchables in Virginia put-and-take 

streams. The SW and SC strains were equally high in 

estimated harvest across all four fished streams, but SW 

contributed most of its harvest during opening weekend, 

while SC strain harvest was more evenly distributed through 

creel survey periods. The MC strain was consistently lowest 

in harvest in the put-ar.d-take streams. One important 

aspect to consider when interpreting and comparing the 

strain harvests is the potential errors that may occur in 

the expanded harvest data sets. For example, since most of 

the SW 5train harvest occurred during opening weekend, 

determination of total estimated harvest involved less 

expansion than estimation for strains that were harvested in 

higher numbers after opening weekend (SC, MC, FL). This may 

have introduced a larger amount of error in the estimated 

harvest of less catchable strains (SC, MC, and FL) compared 

to highly catchable strains (EN, SW). Such errors of 

expansion are common in studies using creel surveys, and 

their magnitude is difficult to estimate accurately. 

However, these poten~ial errors should be considered when 

90 
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interpreting and comparing estimated strain harvests from 

this study. 

Past studies have attributed differences in strain 

harvest to differences in strain catchability. Expressed 

qualitatively, strain catchability is a behavioral 

expression of genotype and degree of domestication. 

Expressed quantitatively, catchability is the ratio of fish 

harvested to fish present at the time when fishing began. 

Determination of differential catchabilities among several 

strains involves a major assumption; that equal numbers of 

each strain are present at the inception of fishing (not at 

the time of stocking, unless coincidental) and that fishing 

effort is evenly distributed over all strains. Examined 

with this assumption in mind, percent harvest of the strains 

during opening weekend and temporal patterns of strain 

harvest after opening weekend suggested that SW and EN were 

relatively high in catchability, MC relatively low, and FL 

and SC intermediate in catchability. I have no evidence to 

validate or invalidate the first part of the above 

assumption, but the second part (equal effort on all 

strains) is probably valid given that the first part is 

valid (qualitative observation of distribution of fishing 

effort on the put-and-take streams). Several times through 

this discussion I will refer to differences in catchability 

in relation to some other aspect of strain performance. 
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Statements made and conclusions drawn based on these 

differences in catchability are to be interpreted cautiously 

and with the above assumption in mind. 

Catchability appeared to vary directly with the degree 

of domestication of a strain. Strains classified as "wild 

and semiwild" (FL,MC,SC) were lower in catchability than 

strains classified as "domestic'' (EN,SW). The strains also 

differed in average length at stocking (MC, 233 mm; FL, 239 

mm; SC, 247 mm; SW, 253 mm; EN, 259 mm), but the range 

between smallest and largest strains was only 26 mm (about 1 

inch). Still, this may have affected observed harvest 

patterns and also led in part to apparent differences in 

catchability, since larger stocked trout are generally 

considered easier to catch and more likely to be kept by 

anglers than smaller trout. 

The genotype of a trout strain strongly influences its 

adaptability to a particular "environmental type" (Ayles 

1975). Of the five strains in ~his study, original 

broodstock was collected from a stream-resident population 

for only one strain (SC). The wild MC strain spawns in 

streams, and the juveniles remain approximately 1 year in 

nursery streams, but the majority of the life cycle occurs 

in Mcconaughy Reservoir. The fact that wild SC strain is a 

year-round stream resident may have been a factor associated 

with high harvest. Even though the SC strain appeared to be 
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lower in catchability than SW and EN strains, the fact that 

it was stocked in streams (vs. ponds or reservoirs) may have 

given it a better opportunity to yield a high harvest, 

compared with wild strains from a lake environment (MC, FL) 

or domestic strains from a hatchery environment (SW, EN). 

In a review by Cresswell (1981), estimated percentage 

harvests of spring stocked catchable rainbow trout in 

fluvial systems ranged from 18.5% to 58.9%. Average harvest 

for spring stocked catchable rainbow trout in f luvial 

systems was reported at 31.8%. The range of all total 

estimated strain harvests in this study (10.6%-58.0%) was 

similar to the range reported by Cresswell (1981). In this 

study, average percent harvest fer all strains in all 

streams was 40.5%, which is somewhat higher than the average 

value from Cresswell (1981). Possibly the high initial 

fishing effort that occurred or. the put-and-take streams 

accounted for the somewhat higher average harvest. 

Direct compar:son of strain harvests with the Dolan and 

Piper (1979) study is possible for SW (called Spring 

Standard Growth in Dolan and Piper 1979), FL, and MC 

strains. In the Montana pond study, the SW strain returned 

68% and 70%, MC 40% and 54%, and FL 34% and 35% (two ponds). 

Harvests of FL strain in this study were generally higher 

(26.7% to 56.7%, mean 42.9%), but harvests of SW (28.0% to 

58.0%, mean 46.7%) and MC (10.6% to 33.8%, mean 25.4%) 
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strains were lower. Most likely, the difference in 

environment (ponds vs. streams) was the reason for the 

differences in percent harvest of these three strains 

between studies. Comparison with the Dolan and Piper (1979) 

study also indicated that the FL strain may be more adaptive 

to a variety of environments, compared to MC and SW, since 

FL was the most consistent of the three strains for percent 

harvest ·in both pond and stream environments. 

Finally, the most important result of this harvest 

evaluation to the fish manager should be; which strain(s) 

performed the best overall in terms of harvest and should 

therefore be considered in future multi-strain comparisons 

in Virginia put-and-take streams. Both SW and SC had the 

highest harvests in different streams. Over all four 

streams, total estimated harvest was very close for these 

two strains (SW, 280 fish; SC, 286 fish), but their 

temporal pattern of harvest was different. I therefore 

recommend that both strains be included in future 

evaluations or larger scale trial stockings in Virginia put-

and-take streams. Closer examination of the temporal 

distribution and intensity of fishing effort on individual 

streams should allow "tailoring" of the strain or even 

combination of strains stocked to the stream, to produce the 

highest possible total percent harvest. 

E.1.2 Stream differences: 
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In general, factors causing differences in strain 

harvest among streams could range from purely environmental 

(relevant only to the stream environment) to almost any 

conceivable interaction of genetic and environmental 

factors. Stream factors, such as availability of suitable 

amounts and types of habitat and food resources, number of 

periods of high water or temperature change between stocking 

and fishing, physicochemical characteristics of the stream, 

intensity and distribution of fishing effort received, 

accessibility of the stream to anglers, and differing levels 

of angler expertise on different streams, may have acted 

independently or interacted with genetic characteristics 

(such as catchability or adaptability to natural 

environments) to cause observed stream differences. 

I observed different intensities and temporal 

distributions of fishing effort on the fished streams; such 

differences may have influenced observed rates of harvest. 

Jennings Creek experienced heavy initial fishing effort and 

moderate effort thereafter. Both the SW strain and SC 

strain had high harvests, but each contributed significant 

portions of their harvest at different times during April. 

Dismal Creek experienced moderate initial effort and light 

to moderate effort thereafter, and the SC strain had the 

highest harvest. In contrast, Nobusiness and North Creeks 

experienced moderate to heavy initial fishing pressure, but 
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little fishing pressure thereafter. In this situation, EN 

and SW strains, contributing most of their harvest early, 

exhibited the highest returns. It would appear that 

sufficient effort must be applied for several weeks after 

opening of the season for some strains (such as SC) to 

achieve full harvest potential in put-and-take streams. 

This may also held true for other strains evaluated in 

future studies on Virginia put-and-take streams. The 

expected temporal distribution of fishing effort on 

individual streams should be an important consideration in 

future evaluations of rainbow trout strains stocked in put-

and-take streams, to determine which strain will be most 

cost effective. 

My observations on strain differences among streams 

agree with results of a study by Ayles (1975) on a series of 

Canadian pothole lakes. Fish may be more susceptible to 

environmental influences than terrestrial organisms (Gall 

1969). The existence of strong environmental and 

environment-genotype interactions indicated in this and 

other strain evaluations should be considered in selective 

fish breeding, stocking, and evaluation programs. I 

recomr:lend that future strain evaluations attempt to identify 

characteristics of ~he receiving environment or trout 

fishery that are important in influencing observed harvest 

rates of stocked rainbow trout. 
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~-±·~ May Stocking and Creel Survey: 

Soecial Assumptions- There was an error in the number 

EN and SC strain fish stocked in May. There should have 

been 50 of each strain stocked per stream. However, when a 

mark retention evaluation was conducted May 19, 1981, at the 

Leetown hatchery, there were 64 excess fish of the SC 

strain, assuming that the strain counts on the date of 

marking were accurate. By subtracting the sum of the April 

stockings and SC fish left in the raceways from the number 

initially marked, I determined that the maximum total number 

of SC fish stocked in May in the fished streams was 132 

(rather than 200). This assumes no hatchery mortality for 

10 weeks between marking and the May stocking. The probable 

cause of the error was a malfunctioning separation screen 

between the SC and EN strains in a common raceway, allowing 

fish of the two strains to mix. They were not resorted 

prior to loading on the hatchery truck, and the error was 

not discovered until after stocking. The EN strain stocking 

density is a:so unknown, since it was also involved in the 

mixing. However, a discrepency in the number of EN fish 

remaining at the hatchery was not observed. 

This error in stocking placed constraints on the 

analysis of May harvest data. First, only the FL, MC, and 

SW strain harvests for May were compared statistically. 

Second. the only value reported for the SC and EN strains in 
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May was total es~imated harvest. Two major assumptions were 

necessary for calculating those values. The first 

assumption was that 50 (the correct number) of the EN strain 

were stocked in each fished stream. The second assumption 

was that 120 total (allowing for some hatchery mortality 

between marking and stocking) fish of the SC strain were 

stocked in all four streams, and they were distributed 

evenly among the four streams (30 per stream). 

Harvest- For strains common to the April and May 

statistical analyses of harvest (SW, FL, MC), the relative 

ranks for opening weekend and reopening weekend harvests 

among strains were similar. Total estimated percent harvest 

of these three strains was slightly higher in May compared 

to April. Differences in proportional relationships of 

strain harvests among streams were not significant for the 

May survey. Most likely, the shorter residence time in the 

stream prior to fishing activity (2 days, compared to 10-12 

days in March-April) and the lack of high water periods in 

early May were factors responsible for slightly higher 

harvests and insignificant stream influences. This 

indicates that shorter intervals between stocking and 

fishing or later planting dates may help increase harvests 

of spring stocked catchable size rainbow trout in put-and-

take streams. Additionally, electrofishing surveys on 

fished streams just prior to restocking in May indicated 
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that a few fish (mostly SC, FL, and MC) remained from the 

March stocking. These fish may have contributed to the May 

harvest, causing slightly higher harvests. 

The stocking density ratio of March to May stockings (3 

to 1) appeared to be sufficient to accomodate the observed 

fishing effort that occurred on the fished streams in May. 

In fact, so little fishing pressure was observed on two of 

the four streams after reopening weekend that in-season 

stockings in Virginia put-and-take streams may be most 

efficient using a highly catchable strain (such as SW), even 

if a less catchable strain (such as SC) is used in the 

preseason stocking on the same stream. It is important from 

an economic standpoint to match not only the stocking 

densities but also the specific strain stocked to the 

intensity and distribution of effort expected after each 

individual stocking. 

~-l·~ Vulnerability to Angling Method: 

Two (FL, MC) of the three (FL, MC, SC) strains that 

were low or intermediate in catchability were also less 

vulnerable to bait (or, more vulnerable to lures) than 

highly catchable (EN, SW) strains. Regardless, the majority 

(>90%) of all strains were captured on bait. This was not 

unexpected, since greater than 90% of the anglers surveyed 

used bait. Similarly, Dolan and Piper (1979) reported that 

the vulnerability of the FL and MC strains to bait was lower 



100 

than for SW and another domestic strain stocked as 

catchables in two Montana ponds. Evidence from my study and 

the Dolan and Piper (1979) study indicates that 

vulnerability to fishing method and catchability are 

probably related. One mechanism for such a relation was 

reported by Trojnar and Behnke (1974), who found that two 

strains of cutthroat trout stocked in a Colorado lake had 

different food habits. The Snake River strain fed more on 

the surface than the Pikes Peak strain and was more 

vulnerable to fly fishing. Flick and Webster (1969) found 

that domestic strains of brook trout were significantly more 

active than wild strains after stocking, and therefore more 

vulnerable to angling. If this is the case with wild and 

domestic strains of rainbow trout, then the more active 

domestic strains (EN, SW) would be more vulnerable to the 

major method of angling on put-and-take streams, namely bait 

fishing. 

E.2 Survival 

E.2.1 Survival-:ished Streams: 

Electroshocking surveys on fished streams were 

conducted in part to collect information that would either 

corroborate or contradict the hypothesis that observed 

differences in total estimated return among strains were 

solely a result of differential catchabilities of strains. 

Significant disparities in total harvest among two or more 
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strains should have been offset by higher survival of 

strains harvested in low numbers during the first period of 

fishing, if catchability were the only factor influencing 

harvest. Although absolute population estimates were not 

calculated, evidence I collected did not support this 

hypothesis. 

Two (MC, FL) of the three (MC, FL, EN) strains that 

exhibited relatively low total harvests during April 

comprised the majority of any electrofishing sample. 

However, the magnitude of differences in survival rate after 

fishing was one tenth or less the magnitude of differences 

in total harvest. For example, disparities in total 

estimated harvest for April between the MC strain (lowest in 

harvest in all four streams) and the strain with the highest 

harvest in each stream ranged from 25% to 30%. In contrast, 

differences in survival between MC and other strains ranged 

only from -0.7% to 1.3%. The negative percentage indicates 

that in at least one stream, the MC strain was lower in 

survival after fishing than the strain with the highest 

total harvest. In addition, SC represented a significant 

portion of all electrofishing samples, yet was the strain 

with the highest average total harvest acrcss all streams. 

This relationship would not be expected if difference in 

catchability was the only factor influencing harvest. The 

evidence does add support to the apparent overall 
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suitability of the SC strain for further evaluation in 

Virginia put-and-take streams. 

The observed survival of a few MC, FL, and SC fish 

through November 23 (201 to 243 days after stocking, 

depending on whether fish were from first or second 

stocking) in Dismal Creek was significant, because it 

demonstrated that regardless of percent harvest (which was 

relatively high for all strains on Dismal Creek) and 

temporal distribution of fishing effort (Dismal Creek 

experienced the most uniform distribution of fishing effort 

among study streams), individuals of three strains survived 

at least 6 months in the stream long, and were not captured 

by anglers. Perhaps angler accessibility to Dismal Creek 

allowed this to occur. Dismal Creek was the only stream 

with point access (vs. roadside access) throughout the 

study section. The strains were stocked at two of these 

access points, and fishermen concentrated their efforts at 

such access points. Apparently, the fact that fishermen 

generally concentrated at stocking points, together with 

long reaches of stream that few fishermen accessed (escape 

wat~rs), allowed both high harvest as well as survival after 

a period of fishing. Thus, in addition to genetic 

differences among strains, observed strain performance may 

vary due to the most basic characteristics of the receiving 

environment, such as stream accessibility. 
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Finally, results of my study indicated that survival 

after fishing in put-and-take streams may not be a priority 

performance quality, considering the nature of the 

evaluation environment (put-and-take streams) and effort 

distribution on these streams (high initially, but 

decreasing rapidly after season opening). High fishing 

mortality and probably high natural mortality of the strains 

rapidly depleted stocked trout in the put-and-take streams, 

allowing little chance for a strain to demonstrate superior 

survival. If more than one strain of very low catchability 

and high survival (in the natural environment) were being 

evaluated for performance in terms of their potential for 

development of a naturally sustained fishery, then survival 

evaluation after fishing may be more meaningful and 

pertinent to the management strategy. 

E.2.2 Survival-Reference Streams: 

Survival of the strains in Spring Branch between 

stocking (May 20) and the first electrofishing survey (June 

21) did not differ significantly. Based on comparisons of 

survival regression slopes, strains also did not differ 

significantly in natural mortality rate between June 21 and 

October 22. In the absence of fishing, apparently all 

strains were equally able to adapt to the stream 

environment. One might have suspected "a priori" that the 

SC strain would adapt most readily to a stream, since 
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original broodstock for that strain was collected from a 

stream-resident population. This was not the case. One 

might also suspect that less domesticated strains (such as 

FL and MC) would survive better in a natural environment 

than highly domesticated strains (EN and SW). This was also 

not evident. Survival of these strains in Spring Branch was 

apparently not a significant function of genotype. The 

effect of abiotic and biotic factors probably was severe 

enough to override any differences among strains in 

adaptability to Spring Branch. Since it was determined that 

natural mortality rates among the five strains were not 

significantly different, the manager's decision on which 

strain(s) is(are) best for Virginia streams can be based on 

differential catchabilities, percent harvests, and temporal 

distribution of harvest. For these five strains, 

performance in Virginia streams cannot be further separated 

by differences in survival rate. 

The fact that differences in survival regression y-

intercepts were statistically significant does not mean that 

the differences were also ecologically significant. Because 

no sampling error was included in the estimates of survival 

over time (electrofishing surveys were once through), and 

sample sizes were small, the statistically higher SW 

regression y-intercept probably does not indicate 

significantly higher survival from the manager's standpoint. 
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This survival evaluation, conducted in the absence of 

fishing (at least through October) demonstrated that despite 

the apparent suitability of the natural environment for the 

test strains, their survival was poor. Through October 22 

(156 days), minimum survival estimates were only 10%, 12%, 

12%, 18%, and 22% for EN, SC, FL, MC, and SW strains, 

respectively. Nearly all fish stunned by the electrofishing 

gear were captured in the October sample, and so these 

percentages are probably close to the true survival rate 

over the study period. The most obvious (and justifiable) 

reasons for generally poor survival is the absence or 

extreme modification of natural selection processes and loss 

of genetic variation in the hatchery environment. Instead 

of 1% or 2% of the eggs from a female rainbow trout 

surviving to catchable size (e.g. in a natural environment), 

up to 60% survival to catchable size is observed in hatchery 

environments (Kincaid 1981). Also, loss of genetic 

variability in hatchery trout populations may be both rapid 

and high (Ryman and Stahl 1980; Allendorf and Phelps 1980), 

and is dependent on the initial total number of mating pairs 

taken from the wild broodstock source, the effective 

population size (Falconer 1969), and the effects of genetic 

drift. Loss of genetic variability decreases the ability of 

a strain to adapt to a variety of natural systems (Allendorf 

1975; Allendorf and Phelps 1980). Therefore, adaptability 
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of a hatchery raised fish population to a natural 

environment may be well below the mean adaptability of a 

wild population in the same environment, or the wild 

population from which the hatchery broodstock was first 

collected. 

Bailey (1957) concluded that high stocking density of 

catchable size trout was a major factor leading to poor 

survival of such stockings in streams. I felt that stocking 

density in Spring Branch combined with the large size of the 

fish may have aff~cted survival of strains in Spring Branch. 

Though resources appeared adequate for the wild trout 

population, density and size of stocked trout exceeded 

density and size range of wild rainbow trout in Spring 

Branch (qualitative observation). 

The last item I would like to discuss concerning 

survival of the strains in Spring Branch is the heavy loss 

of all strains that occurred between October 22 and November 

24, 1981. I obtained 37 total fish (all strains combined) 

in October but cnly 4 total fish in November (the November 

sample was not included in any survival or growth 

calculations). Subsequent sampling in early January 

produced no marked fish. Probably, most of this loss was to 

fishing, because: 

1) Although the stocked section of Spring Branch was on 

private land, heavily fenced, and posted, it was not visible 
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from the owner's residence, and control of trespassers was 

not effective (personal observation). 

2) As the study progressed, interested neighbors and 

others occasionally saw me working with the large trout. 

3) Once an angler caught or saw one of these large 

trout, he may have returned and/or told others, and the 

relatively confined and "easy to catch" stocked trout could 

have been rapidly depleted. 

4) The weir was operating effectively between October 

22 and November 24, so emigration loss did not occur. 

E.3 Growth 

E.3.1 Growth-Reference Stream: 

Despite the apparent suitability of Spring Branch for 

rainbow trout (based on the abundance of wild rainbow 

trout), strain populations did not show statistically 

detectable growth in Spring Branch, except for change in 

average length of the SW strain. Higher growth in length 

for the SW strain may have been a result of larger size at 

stocking, compared to the MC and FL strains, however this 

was not reflected in growth of EN and SC strains, comparable 

in size to SW at stocking. Three of the four other strain 

populations (EN excepted) exhibited positive change in mean 

length and weight, but values were net statistically 

significant. 

Observed growth rates were probably influenced by a 
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size selective (against larger fish) mortality that occurred 

for all five strains between August 24 and September 21. 

This size selective mortality was a major cause of negative 

growth values (for length) for the EN strain over the entire 

study period. Examination of the individual data showed 

that the percentage of EN strain fish over 300 mm dropped 

from 50% in the August sample to 14.3% in September. One of 

the EN fish lost between August and September was 

approaching 390 mm and 570 g, and was the largest fish of 

any strain captured in Spring Branch. As indicated in Table 

17, all five strains had negative values for change in 

average length and weight between August 24 and September 

21. This was the only monthly interval when negative growth 

occurred for all strains. The mortality may have been the 

end result of adaptability limitations and physiological 

stress associated with stocking of hatchery raised fish in a 

natural environment. Despite the effect that the size 

selective mortality had on observed growth rates of the 

strains, the most important result to the fish manager is 

the quantity of original biomass stocked remaining over 

time. Though differences in the percentage of biomass of 

each strain remaining on October 22 were not statistically 

testable (Table 18), it appeared that SW and MC strains were 

the highest in terms of providing trout biomass after five 

months in Spring Branch. Also, the MC strain increased in 
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its relative ranking of biomass among the five strains from 

May to Oc~ober. In contrast, SC strain dropped in rank for 

biomass among the strains. Therefore, although total 

estimated harvests and natural mortality rates for SW and SC 

strains were not significantly different, SW may be better 

for providing trout biomass over time (in the absence of 

fishing mortality) relative to biomass stocked. 

Growth of the strains in Spring Branch was probably 

influenced by physiological changes associated with the 

transfer of hatchery strains from a "protected" hatchery 

environment to a natural environment as well as inherent 

behavioral and adaptability limitations of hatchery strains 

to the stream environment. Miller (1958) discussed 

behavioral and physiological characteristics of hatchery 

strains that may lead to poor growth in stocked streams. 

These included 1) excessive, random, surface oriented 

swimming activity, 2) failure to seek out and maintain 

concealment, 3) aggressive behavior among individuals, and 

4) elevated blood lactic acid levels. These 

characteristics, Miller (1958) stated, led to general 

depletion of some essential metabolite(s) (not identified), 

depressed survival, inability to establish and defend a 

territory, and poor growth fer an extended period after 

stocking. The three behavioral characteristics (aggressive 

behavior among :ndividuals, randcm surface-orien~ed swimming 
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behavior, and failure to seek concealment) were observed for 

the strains in Spring Branch for up to 3 months after 

initial stocking. These characteristics probably led to 

depressed growth of the strains in Spring Branch. 

Vincent (1960) and Fenderson et al. (1968) found that 

behavioral inadequacies and high levels of social aggression 

in hatchery salmonids interfered with development of the 

feeding behavior necessary to adapt to natural food 

supplies. In my study, a qualitative, cursory examination 

of stomach contents of five marked fish (one of each strain) 

from Spring Branch (stomachs pumped during August sample, 3 

months after stocking) indicated few natural foods. Plant 

debris (both woody and herbaceous), pebbles and a few insect 

parts were the only items found. It appears that behavioral 

and adaptability limitations of these strains may have 

precluded full development of the proper feeding behavior 

necessary to survive and grow in a natural environment, at 

least through the August sample date. 

Fish remaining in the stream through September, after 

the size selective mortality, appeared to begin adapting to 

available natural food sources during September and October 

(4-5 months after stocking). This may have been a result of 

mortality of the most "poorly adap-ced" individuals (to the 

strea~ environment) of each strain, prior to September. 

Four of the five strains (FL excepted) compensated for 
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previously lost weight and exhibited the major portion of 

their positive growth between September and October (Table 

17). 

Growth rates similar to those I obtained were reported 

for Anaconda and Hamilton strain rainbow trout in a Montana 

stream (Bailey 1957). In that study, growth in length 

(transformed from values in inches) during the period June 

to September (similar to my study period), 1955 and 1956, 

ranged from 0 to 15.2 mm for all experiments. ~his is 

comparable to the range of growth I observed in Spring 

Branch. Bailey (1957) cited overstocked densities of large 

fish (relative to the size of the stream) as the major 

factor resulting in poor observed growth. I believe that 

density and size of the trout I stocked in Spring Branch may 

have affected growth of the strains, particularly over the 

first few months of the study. Though cover and habitat was 

observed to be adequate for the wild rainbow trout in the 

stream, few wild trout were as large nor were densities as 

high as for the stocked trout. 

Condition Factor- Dolan and Piper (1979) and Dwyer et 

al. (1980) both reported significant reduction in condition 

factor (K) between stocking and harvest for four rainbow 

trout strains stocked in two Montana ponds. Mean condition 

f~ctors for all four strains ranged from 1.118 to 1.122 in 

May, but dropped to the range 0.907 to l.C02 by September. 



112 

I found that condition factors of the strains dropped from 

the range 1.139 to 1.214 to the range 0.934 to 1.061 over 

five months. Three strains common to the Dolan and Piper 

(1979) study and this study were SW, MC, and FL, and 

reduction in condition for these three strains was 

comparable in both studies. The SW, MC, and FL strain mean 

K dropped 12.6%, 14.4%, and 13.5%, respectively, in my 

study, compared to 20.0%, 14.8%, and 10.6%, respectively, in 

the Dolan and Piper (1979) study. 

Significant changes in condition factor were probably a 

result of both changes in living environment and changes in 

diet. Ability of a strain to maintain condition factor when 

transferred from one environment to another reflects the 

strains overall rate and extent of adaptability to the food 

resources and competitive interactions encountered in the 

new environment. Among the five strains I evaluated, 

statistically significant differences in the magnitude of 

change in condition factor were not found. However, simple 

comparison of the values for percentage reduction of K 

(Table 19) suggested that FL (19.4%) was less able to 

maintain condition than SC (10.8%) and SW (12.6%) strains. 

E.4 Movement 

E.4.1 Movement vs. Emigration 

Movement was defined in this study as displacement, 

either voluntary or :arced, from the original point of 
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stocking, with subsequent establishment of residence within 

the intended environment. "Significant movement" was 

defined as displacement up or downstream greater than 1.0 km 

from the stocked section. Emigration, on the other hand, 

was defined as displacement from the stocking point far 

enough that loss from the intended system (the stocked 

stream) occurs. For the fished streams, downstream movement 

greater than 7.9 km in Dismal Creek, 5.4 km in Nobusiness 

Creek, 3.6 km in Jennings Creek, and 6.2 km in North Creek 

would be considered emigration by my definition, since these 

distances represent complete loss from the intended system. 

E.4.2 Movement-Fished Streams: 

Individuals of all five strains exhibited significant 

downstream movement in the fished streams between stocking 

in late March and creel surveys in April. Assuming that 

catchability is similar for fish of a strain that have moved 

up or downstream versus those that remained in the study 

area, then my figures indicated that 8.4% of fish from all 

strains combined showed significant downstream movement 

(greater than 1.0 km) by opening day. A higher percentage 

(32.9%) of all strains combined were captured downstream 

during the creel survey period after opening weekend (April 

6-26). This indicated that 1) further movement occurred 

between opening day and subsequent creel surveys (possibly a 

result of angler induced stress) or 2) movement occurred 
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before opening day but different catchabilities of strains 

influenced the rate of harvest of fish that had moved 

downstream. The percentage movement value for all of April 

(11.8%) is comparable to other studies, and agrees with 

Cresswell's (1981) general statement that 80-90% of rainbow 

trout catchables remain in or near areas stocked. Kendall 

and Helfrich (1980) found that approximately 5% of the 

rainbow trout stocked in a Virginia put-and-take stream were 

captured greater than 960 m downstream from the stocking 

site. The higher percentage obtained ~n this study (11.8%) 

may be a function of two unusually large holding pools (one 

each on Dismal and Jennings Creeks), which were heavily 

fished and from which most of the movement data was 

collected. Unusually large holding pools were not present 

on the stream studied by Kendall and Helfrich (1980) 

(personal observation). The higher percentage may also be 

due to longer periods between stocking and fishing in my 

study (allowing more time for movement to occur), and to 

differences in stream factors influencing movement (such as 

high water periods or temperature changes) between fished 

streams in this study and the stream studied by Kendall and 

Helfrich (1980). 

Differential strain movement, at least as evidenced by 

creel and electrofishing data, did not occur. It is 

generally accep~ed that a small percentage of all fluvial 
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plants of catchable trout (particularly spring season 

plants) will move significantly up or downstream (Cresswell 

1981). However, the fact that movement tendency was strain 

independent in this study is important from a manager's 

perspective. The manager is concerned with maintaining the 

maximum possible biomass of stocked trout in the streams 

until the fishing season begins. The fact that differences 

in movement tendency among strains did not occur precludes 

use of this performance quality to help decide which strain 

is "best" for Virginia put-and-take streams. 

Significant upstream movement of the strains was not 

observed. In my study, upstream boundary stocking sites 

were used on three of the four fished streams (Jennings 

Creek excepted). Two corroborative studies (Ratledge and 

Cornell 1953; Cresswell and Williams 1979) concluded that 

primarily downstream movement occurred for stockings in 

smaller, upper reaches of streams, whereas stockings in 

larger, downstream waters almost always showed movement in 

both directions, with little net (mean) movement. Kendall 

and Helfrich (1980) reported that rainbow trout stocked in a 

Virginia put-and-take stream moved up and downstream in 

similar proport:ons, and the median distance moved was only 

30 m downstream. However, the stream studied by Kendall and 

Helfrich (1980) was larger than any of the streams in my 

study (personal observation). These studies, together with 
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my study, suggest that the pattern and intensity of movement 

may be associated with insufficient cover and holding pools 

(in combination with stocking density) in the upstream areas 

of a stocked watercourse (Cresswell 1981). 

E.4.3 Movement-Reference Streams: 

The distances considered movement in Spring Branch and 

Spring Creek were less than those labelled movement in the 

fished streams (because of limited stream length to work 

with). Nevertheless, lack of significant upstream movement 

or differential downstream movement among strains in the 

fished s~reams was corroborated by reference stream weir 

data and electrofishing surveys. Fish of each strain were 

captured equally (statistically) in the weirs over the first 

two weeks after stocking. Also, after the weir was 

inundated in June, proportions of each strain captured with 

electrofishing gear, within and downstream from the study 

area on Spring Branch, were statistically similar. 

~·1·1 Emigration: 

It seems logical that the closer a plant of hatchery 

trout is to an exit from the intended system, the higher the 

expected loss to emigration, as I have defined it, would be. 

Though little direct evidence for or against the occurrence 

of emigration was collected on fished streams (due to weir 

failure dur~ng high water periods) information from studies 

by Shetter and Hazzard (1941), Trembley (1945), Shetter 
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(1947), Moring and Buchanan (1979), and Cresswell (1981), 

indicates that some emigration probably occurred on all of 

the fished streams. Kendall and Helfrich (1980) reported 

that the maximum distance of recapture of stocked rainbow 

trout on a put-and-take stream in Virginia was 3960 m 

downstream. However, that study did not evaluate 

emigration, and creel surveys were not conducted farther up 

or downstream than 3960 m. Total percent harvest was only 

28.0%, and the disposition of the remaining 72.0% was not 

explained. 

Many factors are probably involved in determining rates 

of emigration (Moring and Buchanan 1978). Factors such as 

genotype, degree of strain domestication, periods of high 

water and rapid temperature change between stocking and 

fishing, distance up or downstream to an exit from the 

intended system, angler induced stress, stocking location, 

and residence time in the stocked environment, have all been 

demonstrated as important in determining the occurrence and 

magnitude of both movement and emigration of rainbow trout 

(Moring and Buchanan 1978; Kendall and Helfrich 1980; 

Cresswell 1981). There is really no accurate way to 

estimate the emigration that may have occurred in this 

study. However, the distances downstream that a stocked 

trout would have to move to be lost from the intended system 

were relatively short (range 3.6 km en Jennings Creek to 7.9 
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km on Dismal Creek) in comparison to some other studies 

(Moring and Buchanan 1978, for example). 

Emigration rates may have not only been high on the 

fished streams but also may have been different among 

strains and among streams (since distances to an exit varied 

among streams). Future strain evaluations should attempt to 

investigate emigration rates of different strains or the 

same strain in different streams, in an effort to quantify 

the loss and perhaps discover better stocking techniques 

that would minimize loss to emigration. 

In Spring Creek (the second reference stream), I 

observed that a swollen stream may trigger emigration of 

stocked trout, particularly if the receiving natural 

environment is highly stressful to the trout for one or more 

reasons. A massive emigration occurred on Spring Creek 

during a stream swell period, when the weir was ineffective. 

An estimated 95% (by electrofishing) of the fish originally 

stocked in Spring Creek were lost to emigration and 

mortality (most:y emigration) between May 20 and the date of 

the flood in June. Factors probably responsible for 

emigration from Spring Creek were insu~ficient cover, stream 

size and food availability for the size and density of trout 

stocked (qualitative observation). 

A possible explanation for lower percentage harvests of 

the MC strain across i all s~reams is emigration loss. Van 
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Nelson (1974) described the general life history patterns of 

wild MC strain rainbow trout in Mcconaughy Reservoir, 

Nebraska. Eggs from wild MC strain fish were collected and 

brought to the FGL in 1974, eventually leading to the 

production of the 1980 generation used for this evaluation. 

When I combined life history patterns of the wild MC strain 

fish from Van Nelson (1974) with my observations of 

consistently low return and poor survival after fishing 

(supported by electrofishing surveys) of the MC strain, I 

formed one hypot~esis to explain my observations, based on 

hereditary factors. 

The following account was taken from Van Nelson (1974); 

"Juvenile rainbow [trout] of 175-250 mm migrated 

[downstream] to the reservoir [from spawning streams] during 

spring. Marked juveni~es averaged 236 mm when first 

captured in the reservoir." Apparently all juveniles remain 

approximately one year in the stream prior to migration to 

the reservoir. Eggs from the predominantly fall spawning 

stock hatch in the streams in February, with juveniles 

migrating downstream to the reservoir in March ar.d April of 

the following year. Fingerling MC fish, raised from eggs in 

a hatchery and stocked in streams used as spawning grounds 

by wild MC adults, also exhibited the same timing and 

behavior of emigration to the reservoir as wild MC 

juveniles. 
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My scenario is as follows; because the March stocking 

of the MC strain in my streams corresponded to fish 

approximately 1 year, 2 months of age, with a mean length of 

233 mm, I propose that a possible mechanism responsible for 

the observed poor return of the MC strain was natural and 

instinctive emigratory behavior. Stocking in fluvial 

environments after 14 months in the hatchery may have 

triggered the emigratory behavior, if this hypothesis is 

true. Personal correspondence with Dr. David Notter, an 

animal genetics expert from the VPI Animal Sciences 

Department, acknowledged the feasibility of this hypothesis 

in terms of genetic and hereditary principles. 

Though Van Nelson (1974) does not report what triggered 

annual juvenile migrations of wild MC strain fish from 

Mcconaughy Reservoir, water temperatures and flow rate 

patterns during the second spring of stream residence 

probably directly or indirectly influenced the timing of 

emigration. If sc, both factors could have been associated 

with a possibly high emigratory loss of MC strain fish from 

my study streams, since; 1) weirs were ineffective (because 

of spring freshets) for at least two 24 hour periods on 

Jennings and North Creeks and one 24 hour period on Dismal 

and Nobusiness Creeks, 2) weirs were not installed until one 

day after stocking ar.d were removed one day prior to season 

opening, and 3) stream temperatures remained cold (<12°C) 
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between stocking and opening day. Ample opportunity for a 

trout strain emigration was available, if such a tendency 

was environmentally cued within behavior patterns determined 

by heredity. If such an emigration occurred, it might not 

be evidenced by the movement information collected (which 

showed no difference in movement tendency), since the 

driving mechanisms for movement (as previously defined) 

compared to hereditary emigration may not be the same. 

Granted that this hypothesis is a behavioral extrapolation 

and that I have no direct supportive evidence, I still 

believe it is a viable explanation for consistently low MC 

strain harvests. 

E.5 Mark Retention 

E.5.1 Freeze Brands: 

Freeze brands were retained adequately for the needs of 

this study; total retention was greater than 90% for the 

longest evaluation period available. Little difference in 

brand retention quality in stream vs. hatchery environment 

was indicated. Apparently, the environment of residence 

does not significantly affect the quality or deterioration 

rate of freeze brands. 

Freeze bra~ds were observed to be remarkably 

antiseptic, infection free marks. A brand was never 

directly responsible for any external lesion, fungus, or 

infection. Additionally, the 48 hour hatchery mortality 
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from all marking and handling activities was only 0.04% (2 

fish of 5080 marked). Observations regarding the minimal 

effects of brands on trout agree with published literature 

(Mighell 1969; Laird et al. 1975). 

Anglers encountered in creel surveys rarely recognized 

freeze brands, despite newspaper, streamside, and vocal 

publicity. A study dependent on anglers recognizing freeze 

brands on rainbow trout is not recommended. A few anglers 

had already scaled their trout prior to a creel survey, 

making brand recognition more difficult, but not impossible. 

The branding process was fast and efficient, 4 to 5 

times as fast as latex injection. Average and maximum rates 

of branding were similar to those reported by Piggins 

(1972). The only significant procedural problem encountered 

was frequent caking of frozen mucus on the brand symbol, 

necessitating frequent cleaning of tools for effective 

branding. 

A new branding symbol material was tested in this 

study. Most documented freeze brand studies have used solid 

silver branding symbols; none have used stainless steel 

brands as in this study. I decided to try stainless steel 

because it was less expensive than silver. A preliminary 

marking study indicated that marks produced by the stainless 

brands were as high in quality after five weeks as marks 

produced by silver brands. Even though the stainless steel 
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brands produced marks with adequate retention through the 

April and May creel surveys, remarking was necessary to 

assure sharp marks on fish stocked in reference streams. 

Significant deterioration of brands began occurring within 8 

weeks. 

The marking system I used relied on brand position 

rather than specific brand symbol. As such, the total 

retention values in the results represent the plus and minus 

rating categories combined, since either quality of mark was 

sufficient to determine the body quadrant marked and 

therefore the strain. If a branding system were designed 

that required recognition of specific symbols, then the 

''plus rated" totals represent the best estimate of brand 

symbol retention. Examined with this constraint in mind, 

the symbol retention qualities of the stainless produced 

brands are considerably lower than values obtained by 

Mighell (1969, > 95% at 8 weeks) and Raleigh (1973, > 90% at 

14 weeks), studies which used silver brands on salmonids. 

The inferiority of brands from stainless branding tools over 

the long term may outweigh the advantage of lower initial 

expense, especially if symbol recognition is needed. 

E.5.2 Submandibular Latex Injections: 

Disparity in retention between blue and red latex 

inJections was probably caused by ciifferen~ fading patterns 

of the two colors. I observed that red latex injections 
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faded to pink and then white (translucent), at which point 

they were no longer visible. In contrast, blue latex turned 

dark, nearly black over time, did not blend into jaw tissue 

and was highly visible. 

Latex injections were easier for creel clerks to 

recognize than brands. No anglers with marked fish 

indicated having noticed the injections. A significant 

percentage (average 10.3% across all streams) of fish 

passing through creel stations during opening weekend had 

been decapitated, precluding the use of latex injections for 

strain identification. This was an unforeseen problem and 

should be noted for future studies using submandibular latex 

injections with creel activities. 

E.5.3 Brands vs. injections: 

Though total retention of blue latex injections and 

freeze brands was similar, the deterioration rate of brands 

to poor quality (-) rating was faster. This was indicated 

by comparison of co~.bined environment blue latex injections 

at 27 weeks to freeze brands at 22 weeks (stream). The 

percentage of blue latex injections rated ''-" at 27 weeks 

(32.4%) was considerably lower than the 59.5% value observed 

for brands for a shorter evaluation period. Assuming that 

environment of residence did not affect retention of blue 

latex injections, the data suggested that blue latex 

injections were superior to brands for maintaining high 
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quality marks (+ rated) over a longer period. 

Drawbacks of submandibular latex injections compared to 

brands were limited permutations (3) using only mandibular 

locations, slower marking rates (20-25% the rate of 

branding), and clogging of the injection needle, which 

contributed to the slower marking rate. Cost for marking 

supplies were similar for both methods, but initial cost for 

branding equipment can be high. 

~·~·~ Adipose fin regeneration: 

Mears (1976) found a regeneration rate of 0.6% after 6 

months for adipose fin clips on brook trout. Mears (1976) 

reported that regenerated adipose fins were only 25-75% of 

original size at examination. Three occurrences of 

regeneration were observed in this study, 7-8 months after 

original clipping. It is difficult to obtain a percentage 

regeneration val~e, because the 5080 originally marked fish 

were distributed from the hatchery to streams at three 

different times. All that can be reported is that adipose 

regeneration did occur, at a very low rate, on these strains 

of rainbow trout. Probably incomplete clipping on some fish 

and extended time periods after clipping both led to the 

occurrences of adipose fin regeneration. 



F. CONCLUSIONS AND RECOMMENDATIONS 

F.l Conclusions: 

1) Five rainbow trout strains differed significantly in 

estimated percent harvest, temporal distribution of harvest, 

and vulnerability to angling method. Over all four fished 

streams combined, SW and SC strains were nearly equal in 

total estimated harvest, while MC strain was consistently 

lowest in harvest over all four streams. SW and EN strains 

contributed most of their harvest on opening weekend, while 

SC, FL, and MC strains were harvested at a more uniform rate 

over creel survey periods. Due to data expansion 

procedures, estimated harvest values for strains caught 

mostly during opening weekend (SW, EN) may contain less 

percent error than harvest values for strains harvested more 

uni~ormly over creel survey periods (SC, FL, MC). 

2) Survival of apparently uncaptured MC strain fish in 

fished streams did not compensate proportionally for 

significantly lower harvests of the MC strain during April 

and May. 

3) Strains did not differ significantly in natural 

mortality rate between May and October. in a reference 

(unfished) stream. 

4) Except for SW strain change in average length, 

statistically significant growth was not evident for the 

strains in the reference stream. Observed growth values 

126 
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were probably affected by a size selective (against larger 

fish) mortality that occurred for all strains, and in 

particular for the EN strain, between the August and 

September samples. After five months in Spring Branch, 

percentage of original stocked biomass remaining for the SW 

strain was more than two times the percentage biomass 

remaining for the SC and EN strains. All five strains 

exhibited significant deterioration in condition factor over 

the five month study period in Spring Branch. 

5) Strains did not differ significantly in downstream 

movement tendency; an average of 11.8% of the April harvest 

of all strains came from stream sections at least 1.0 km 

downstream from stocking sites. Significant upstream 

movement was not observed for any strain. 

6) Weirs with wire wings were ineffective during 

periods of high water. The emigration rates of the strains 

were therefore indeterminable, but may have been 

considerable within strains and different among strains, 

based on ether studies of stream stocked rainbow trout. 

7) Freeze brands and blue submandibular latex 

injections had similar and satisfactory total retention 

rates over 22 weeks. Red latex injections were consistently 

inferior in retention. Blue latex injections deteriorated 

to poor-rated marks at a slower rate than freeze brands. 

8) Stainless steel branding tools may be less effective 
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for brand symbol retention over long time periods compared 

to silver branding tools used in other marking studies, but 

were adequate for the shorter term (< 6 months) needs of 

this study. 

F.2 Recommendations: 

1) A future evaluation or trial stocking in Virginia 

put-and-take streams should include the SC and SW strains 

compared to one, two, or three different strains. 

Evaluation of SC and SW with one or both of the strains 

normally stocked in Virginia put-and-take streams 

(Wytheville and Manchester) should be considered. 

2) I suggest that future evaluations with catchable 

trout in put-and-take streams avoid use of the MC strain, 

due to its consistently poor harvest in this study. 

3) As further evalutaions are completed in Virginia, 

the state should consider stocking a combination of strains 

of different catchabilities in put-and-take streams like 

Dismal Creek and Jennings Creek, which receive significant 

fishing pressure both on opening weekend and after opening 

weekend. Stocking densities of each strain in the 

combination could be based on strain catchability and 

expected temporal pattern and intensity of fishing pressure 

expected on a given put-and-take stream. 

4) Future evaluations should be designed to better 

define and determine the importance of factors such as 
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emigration rate and strain-environment interactions 

influencing observed patterns of harvest, survival, growth 

and movement of hatchery strains of rainbow trout. 
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Appendix Table 1= Fish fauna of Spring Branch, Montgomery 
County, Virginia, and relative abundance, as determined from 
electrofishing samples in June and September, 1981. 

Common name 

Northern hog sucker 
Torrent sucker 
White sucker 
Blacknose dace 
Mountain redbelly dace 
Bluehead chub 
Fallfish 
Central stoneroller 
Crescent shiner 
Fantail darter 
Mottled sculpin 
Rock bass 
Redbreast sunfish 
Brook trout 
Rainbow trout 

Scientific name 

HYPentelium nigricans 
Moxostoma rhothoecum 
Catostomus commersoni 
Rhinichthys atratulus 
Phoxinus oreas 
Nocomis leotocephalus 
Semotilus corporalis 
Campostoma anomalum 
Notropis cerasinus 
Etheostoma f labellare 
Cottus bairdi 
Ambloplites ruoestris 
Lepomis auritus 
Salvelinus fontinalis 
Salmo gairdneri 

Status* 

u 
c 
c 
c 
u 
c 
R 
c 
u 
u 
R 
R 
R 
c 

* Status (relative abundance by qualitative observation); 
C = common, U = uncommon, R = rare. 
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Appendix Table ~: Total hardness, total alkalinity, and 
temperature data collected from two stations (U = upper 
boundary of study area, L = lower boundary of study area) on 
Spring Branch, Montgomery County, Virginia, on dates of 
electrofishing surveys. Total hardness and alkalinity 
measured with model DR-EL/l Hach Kit. 

Spring Branch 

Total Total 
Date Station Hardness ( mg/l) Alkalinity ( mg/1) Temp. ( ° C) 

5/20/81 u 350 330 11. 0 
5/20/81 L 360 355 11. 0 
6/21/81 u 385 350 12.0 
6/21/81 L 370 350 12.0 
7/21/81 u 380 360 13.0 
7/21/81 L 380 365 13.0 
8/24/81 u 365 360 14.0 
8/24/81 L 380 365 14.0 
9/21/81 u 355 340 13.0 
9/21/81 L 370 355 13.0 
10/22/81 u 360 350 13.0 
10/22/81 L 360 350 13.5 
11/24/81 u 350 340 11. 0 
11/24/81 L 360 335 11. 0 

AVERAGE 366.1 348.9 12.3 
STANDARD DEVIATION 11. 6 11. 5 
RANGE 350-385 330-365 11.0-14.0 
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Apoendix Table ~: Number of catchable size trout and stream 
length stocked on each of four put-and-take streams, from 
normal state and federal stocking operations and this study. 

NO. CATCHABLE TROUT 
STREAM LENGTH STOCKED (km) STATE/FEDERAL THIS STUDY 

STREAM STATE/FEDERAL THIS STUDY MARCH MAY MARCH 

DISMAL 3.5* 1. 3 4000 2500 750 
NOBUSINESS 3.7** 1.6 1700 600 750 
JENNINGS 10.0 1. 7 8150 4300 750 
NORTH 5.0 1. 6 4000 3000 750 

* Plus approximately 5. 7 km available to anglers below 
lowest stocking site. 

MAY 

250 
250 
250 
250 

* * Plus approximately 6. 5 km available to anglers below 
lowest stocking site. 
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Appendix Table 1:: Total hardness and temperature data 
collected from two stations (U = upper boundary of stocked 
section, L = lower boundary of stocked section) on dates of 
electrofishing surveys on four fished streams. Hardness 
determined with model DR-EL/l Hach Kit. 

Date Station Total Hardness ( mg/l) Temperature ( oc) 

Dismal Creek 

4/22/81 u 10 12.5 
4/22/81 L 10 12.5 
5/10/81 u 10 14.0 
5/10/81 L 15 14.5 
7/10/81 u 15 19.5 
7/10/81 L 15 20.0 
9/18/81 u 10 17.0 
9/18/91 L 10 17.0 
11/23/81 u 10 12.5 
11/23/81 L 10 12.5 

Nobusiness Creek 

5/5/81 u 10 16.5 
5/5/81 L 10 17.0 
7/17/81 u 10 20.0 
7/17/81 L 10 20.5 

Jennings Creek 

4/27/81 u 35 15.5 
4/27/81 L 35 16.0 
7/2/81 u 35 21. 0 
7/2/81 L 35 22.0 

North Creek 

4/27/81 u 15 15.5 
4/27/81 L 20 15.5 
7/2/81 u 20 19.0 
7/2/81 r 20 19.0 .... 
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Appendix Table ~: Original survival data collected for five 
strains of rainbow trout stocked in Spring Branch, 
Montgomery County, Virginia, and natural log transformations 
(in parentheses) used for regression analysis. Minimum 
percent survival can be obtained by multiplying the number 
of each strain remaining at time t by 2. 

Date(Days Since STRAIN 
Stocking) EN SC FL MC SW 

May 20(0)* so so so 50 50 
June 21(33) 18(2.89) 12(2.48) 16(2.77) 17(2.83) 23(3.14) 
July 21(63) 10(2.30) 12(2.48) 12(2.48) 12(2.48) 21(3.04) 
Aug. 24(97) 6(1.79) 7(1.94) 12(2.48) 12(2.48) 1S(2.71) 
Sept. 21(12S) 7(1.94) 6 ( 1. 79) 8(2.08) 9(2.20) 9(2.20) 
Oct. 22(1S6) S(l.61) 6(1.79) 6 ( 1. 79) 9(2.20) 11(2.40) 

* May 20 numbers not used in regression calculations. 
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