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Brook Trout Movement during and after Recolonization of a 
Naturally Defaunated Stream Reach 

Department of Fisheries and Wildlife, Vir-gi~zia Tech, Blacksburg, Virgilzia 24061, USA 

U.S. Forest Service, Southern Research Station, 1650 Rarnble Road, 
Blacksburg, Virginia 24060, USA 

Abstract.-In June 1995 a debris AOW associated with a "lack of extensive movements" into an exDer- 
a massive streamwide flood completely eliminated brook imentally defaunated reach in a G~~~~ smoky 
trout Salvelinus fontinalis from the lower 1.9 km of the 
Staunton River in Shenandoah National Park, Virginia. Mountains National Park stream and further sug- 

Biannual diver counts revealed that brook trout moved gested fish may be necessary 
several hundred meters into the debris-flow-affected area 
each year, resulting in complete recolonization within 3 
years of the event. We initiated a postrecolonization, 
biannual mark-recapture survey in 1997 and a radio- 
telemetry study in 1999 to further examine the move- 
ment of brook trout within the Staunton River. Fish that 
moved less than 100 m upstream or downstream made 
up 9 1 % of brook trout recaptures; the maximum move- 
ment was over 800 m. Telemetered fish showed median 
seasonal movements of less than 70 m but a maximum 
movement of nearly 2 km. Despite the limitations in- 
herent in movement studies, we observed postrecolon- 
ization movements consistent with those that were the 
basis for recolonization of the defaunated reach. Un- 
derstanding the ability of movement to effect population 
changes is necessary for proper management in the wake 
of catastrophic events. 

In June 1995 a debris flow associated with a 
massive streamwide flood impacted the lower 1.9 
km of the Staunton River, a second-order stream 
in Shenandoah National Park (SNP), Virginia (Fig- 
ure 1). Postflood fish surveys revealed that brook 
trout Salvelinus fontinalis had been completely 
eliminated from the debris flow-affected area, and 
questions arose on whether brook trout had the 
ability to quickly recolonize the naturally defaun- 
ated reach (referred to here as the "affected area"; 
Roghair et al. 2002). Phinney (1975) reported that 
brook trout had recolonized a similar length of a 
Montana stream within 1 year of an experimental 
defamation. However, Moore et al. (1985) found 

quickly rehabilitate affected areas. Other studies 
suggested that salmonids could generally recolo- 
nize reaches that had been defaunated by floods 
and debris flows within 1-4 years (Lamberti et al. 
1991 ; Detenbeck et al. 1992; Propst and Stefferud 
1997; Swanson et al. 1998). 

Debate regarding the ability of brook trout to 
recolonize disturbed areas reflects a larger, more 
general debate on stream fish movement. From the 
1930s to the early 1990s, adult stream-resident fish 
were generally regarded as sedentary (Gerking 
1959). Gowan et al. (1 994) presented a challenge 
to this "restricted movement paradigm," describ- 
ing methodological limitations and flawed data in- 
terpretations associated with previous studies and 
providing new data from weir and radiotelemetry 
studies that suggested stream-resident salmonids 
were much more mobile than previously thought. 
Several subsequent studies provided corroborating 
evidence (Fausch and Young 1995; Gowan and 
Fausch 1996; Young et al. 1997). Others provided 
more of a middle ground explanation: that fish 
populations consist of mobile and sedentary in- 
dividuals, or alternatively, individuals that are 
mostly sedentary with occasional bouts of move- 
ment (Harcup et al. 1984; Hilderbrand and Ker- 
shner 2000; Rodriguez 2002). 

Beginning one month postdisturbance in June 
1996, we used biannual diver counts to monitor 
the recolonization of the defaunated reach by adult 
(all fish older than age 0) brook trout. Our objec- 
tive was to describe the recolonization pattern and 

" Corresponding author: croghair@fs.fed.us 
Present address: U.S. Forest Service, Southern Re- document the magnitude of of adult 

search Station, Center for Aquatic Technology Transfer, brook trout during recolonization. Movements de- 
1650 Ramble Road, Blacksburg, Virginia 24060, USA. tected during recolonization of the affected area 

Received February 26, 2004; accepted November 4, 2004 prompted us initiate movement studies on brook 
Published online June 22, 2005 trout in both the affected area and in a section of 



ROGHAIR AND DOLLOFF 

Mark-Recapture Area 

w*E 500 0 
500 1000 Meters 

C 

FIGIJRE 1 .-(a-c) Map of the Staunton River, Shenandoah National Park, Virginia, showing the debris flow- 
affected area (hatches) and mark-recapture study section (gray). The circles show the upstream and downstream 
extent of the brook trout radiotelemetry study; the triangle denotes the location of a bedrock cascade. 

the Staunton River immediately upstream of the 
recolonized reach that had not been impacted by 
the debris flow (referred to here as the "unaffected 
area"). The objective of our postrecolonization 
study was to determine whether brook trout move- 
ments of the magnitude detected during recolo- 
nization could be observed in the postrecoloni- 
zation population through the use of standard tech- 
niques. 

Study Area 

The Staunton River flows east from an elevation 
of 975 m thro~igh the central district of SNP to its 
confluence with the Rapidan River (Figure I). The 
coldwater stream is approximately 6.3 km long, 
has an average width of 3.5 m, and an average 
channel gradient of 10%. The channel consists of 
pooIs separated by step pool cascades, small (less 
than 2 m in height) waterfalls, and bedrock slides. 

For most of its length, the Staunton River contains 
mainly two species of fish: brook trout and eastern 
blacknose dace Rhinichthys atmtulus. American 
eels Anguilla rostrata are found throughout the 
stream at very low densities, and a warmwater fish 
assemblage occupies the Staunton River from its 
confluence with the Rapidan River (river meter 
[rm] 0) to the base of a steep bedrock cascade 
approximately I50 m upstream of the confluence. 
Most of the Staunton River watershed was cleared 6 

before it became part of SNP in the 1930s. The 
watershed is now completely forested; chestnut 
oak Quercus prinus forests occupy the higher 
slopes and tulip poplar Liriodendron tulipifera is 
the dominant species near the stream (Karish et a1. 
1997). The stream has an acid-neutralizing capac- 
ity ranging from 50 to 100 peq/L and a pH typi- 
cally ranging from 6.3 to 7.0 and is considered 
moderately acid sensitive (Newman 1996). 

River 
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Methods 

Recolonization 

The distribution of brook trout before the June 
1995 debris flow was known from a previous study 
by Newman (1996), who used diver surveys to 

r sample the Staunton River each spring and fall 
from June 1993 through June 1995. During the 
surveys, a diver counted fish in every 5th pool and 
every 10th riffle from the confluence with the Rap- 
idan River to the upstream extent of fish distri- 
bution (typically 6 km). An approximation of the 
distribution of brook trout was obtained from these 
data. Post-debris flow surveys were performed in 
October 1995, May 1996, October 1996, June 
1997, October 1997, and May 1998 to describe 
recolonization patterns and movements of adult 
brook trout. 

Postrecolonization 

Mark-recapture.-The mark-recapture area 
spanned a continuous 965-m reach of the Staunton 
River: 575 m in the affected area and 390 m in 
the unaffected area of the stream (Figure 1). Brook 
trout were first marked for the study in May 1997. 
Subsequent mark-recapture surveys took place in 
October 1997, June 1998, October 1998, June 
1999, and October 1999. The entire reach was sam- 
pled during each survey. 

Before each survey, the mark-recapture reach 
was divided into riffle-pool complexes. Each com- 
plex consisted of a continuous 10- to 40-m reach 
of stream that encompassed several pools and rif- 
fles and terminated at major breaks, such as boul- 
der cascades or small waterfalls. Brook trout were 
captured by making a single pass through each 
complex with a backpack electrofishing unit. Cap- 
tured fish were checked for marks from previous 
surveys, and their length (mm), weight (g), and 
location of capture (m) were recorded. Fish longer 
than 100 mm without marks were anesthetiz- 
ed with tricaine methanesulfonate (MS-222; -200 
mg/L), given a passive integrated transponder 
(PIT) tag (1 1.5 mm X 2.0 mm; 0.06 g), and their 
adipose fin was clipped. The PIT tags were injected 
inside the body cavity by means of a 12-gauge 
hypodermic needle attached to a syringe. Each tag 
had a unique 10-digit alphanumeric code that al- 
lowed us to individually identify recaptured fish. 
Fish were returned to the pool-riffle complexes 
from which they were captured. 

Telemetry.-Telemetry equipment consisted of 
a scanning receiver, a three-element folding Yagi 
antenna, and radio transmitters. The entire trans- 

mitter, antenna included, was contained within an 
epoxy capsule (1.7 g; 9 X 7 X 20 mm) that was 
surgically implanted into each anesthetized fish's 
body cavity. Signals were transmitted in the 
149.000- 150.000 MHz range at 40 pulses/min. 
Battery life for the transmitters averaged 69 d 
(range, 55-89 d). 

Fifty-three transmitters were implanted between 
May and October 1999. Between May and July, 
15 fish were implanted with transmitters in the 
affected area of the stream and 17 were implanted 
in the unaffected area. Between September and 
October, 10 fish were implanted with transmitters 
in the affected area and 11 fish were implanted in 
the unaffected area. Two of the fish implanted dur- 
ing the summer were recaptured and their trans- 
mitters were replaced for continued tracking dur- 
ing the fall. All implanted fish were captured and 
released between rm 590 and rm 3,125 (Figure 1). 
Fish averaged 86 g (range, 59-1 63 g) and 21 5 mm 
(range, 183-283 rnm) at the time transmitters were 
implanted. 

Summer (May-August) and fall (September- 
December) ranges were determined by locating all 
fish once every 3-7 d. The location of each fish 
(stream meter) was determined from the stream- 
bank by triangulation. In most cases it was possible 
to determine the occupied unit (pool or riffle) with- 
out approaching the stream closely. The distance 
to the upstream end of each unit had been recorded 
during a stream habitat survey performed before 
the movement study (Roghair et al. 2002). Sea- 
sonal range is defined here as the distance between 
the upstream end of the most upstream unit and 
the upstream end of the most downstream unit oc- 
cupied by the fish during the entire season. 

A rank-based linear model was used to examine 
seasonal-range data. This nonparametric approach 
does not assume normality and is very robust to 
nonsyrnmetrical data distributions (Hettrnansper- 
ger and McISean 1998). The sole assumption of 
rank-based linear models is a continuous distri- 
bution of error terms. The approach was used to 
test for differences in range-size by location (af- 
fected area, unaffected area) and by season (sum- 
mer, fall). Eleven fish were excluded from the anal- 
ysis owing to a lack of observations. Interaction 
between season and location was not significant 
(F = 1.03; df = 41; P > 0.05) for the seasonal 
data; therefore, main effects (seasons and loca- 
tions) could be examined with the model. Fish 
weight and length were included as covariates. 
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FIGURE 2.-Recolonization of the debris flow-affected area of the Staunton River by adult brook trout, 1995- 
1998. The shaded areas indicate sections of the stream in which brook trout occupied the majority of inventoried 
habitat units. Fish were sporadically distributed outside the shaded areas in May and October 1996. Hatches mark 
the debris flow-affected area. 

Results 

Recolonization 

Adult brook trout were distributed throughout 
the Staunton River during all diver surveys before 
June 1995 (Figure 2). In October 1995, 4 months 
postdebris flow, only five adult brook trout were 
counted in the debris flow-affected area and all 
were within 150 m of the upstream end of the 
affected area. The distribution of brook trout up- 

stream of the debris flow was essentially un- 
changed. 

Recolonization progressed mostly from up- 
stream to downstream (Figure 2). Adult fish were 
observed in the majority of habitat units (pools 
and riffles) as far as 400 m from the upstream end 
of the affected area in May 1996 and 800 m in 
October 1996. In addition, two adult fish were 
found in pools 500-800 m from the upstream end 
of the affected area in May 1996, and three fish 
were observed in a single pool more than 1 km 
from the upstream end of the affected area by Oc- 
tober 1996. Less than three fish were observed in 
the downstream-most 200 m of the affected area 
in both May 1996 and October 1996. The June 
1997 and October 1997 surveys revealed that adult 
brook trout were only absent from a 200-250-111 
reach beginning approximately 200 m upstream 
from the confluence with the Rapidan River. Adult 
brook trout were common throughout the Staunton 
River by May 1998. In total it took 2.5-3.0 years 
for adult brook trout to recolonize the 1.9-km de- 
bris flow-affected area. 

D~stance Moved (m) 

FIGURE 3.-Distribution of the detected movements 
of recaptured brook trout during the 1997-1999 mark- 
recapture study in the Staunton River, Virginia, follow- 
ing a flood event. 

Postreco lonizntion 

Mark-recapture.-Fish that moved less than 
100 m upstream or downstream made up 9 1% of 
brook trout recaptures (Figure 3). The maximum 
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TABLE 1 .-Summary of brook trout mark-recapture data for postflood recolonization of a debris flow-affected area 
in the Staunton River in May 1997-June 1999. Total recaptures is recaptures from the first postmarking survey plus the 
sum of recaptures during subsequent surveys. Percent missed is the percentage of total recaptures not captured during 
the first postmarking survey but captured at a later date. Percent missed is reported as a minimum because it does not 
account for fish that either left the mark-recapture area, remained but were never captured, or lost their PIT tag. Missing 
tags is the number of fish with an adipose clip that did not contain a PIT tag. Postmarking surveys is the number of 
surveys a group of fish experienced after being marked. 

5 

Recaptures (N [%I) 
Date Minimum Missing Post marking 

marked Marked (N) First Total missed (%) tags (%) surveys (iV3 

May 1997 83 18 (22) 39 (47) 54 5 
Oct 1997 316 61 (19) 99 (31) 38 59 4 
Jun 1998 268 72 (27) 87 (33) 17 42 3 
Oct 1998 30 1 51 (17) 56 (19) 8 25 2 
Jun 1999 438 64(15) 64(15) 29 1 
Total 1,406 266 (19) 335 (24) 

detected upstream movement was 410 m and the 
maximum detected downstream movement was 
873 m. Recapture percentages during initial re- 
capture events ranged from 15% to 27% (Table 1). 
Total recaptures for each marking event increased 
as fish that initially eluded recapture were caught 
during subsequent mark-recapture surveys. For 
example, for fish marked in May 1997, the per- 
centage of fish recaptured increased from 22% dur- 
ing the first recapture event to 47% when all four 
mark-recapture surveys that followed the first 
were included (Table 1). The percentage of fish 
that had lost their PIT tags (captured with adipose 
fin clip but no PIT tag) ranged from 25% to 59% 
of recaptures in a given recapture event (Table 1). 

Telemetry.-The median seasonal range was 

S A S U  FA F U  

Season and Section 

FIGURE 4.-Seasonal-range sizes for adult brook trout 
in the Staunton River as observed with radiotelemetry 
during summer and fall 1999. Abbreviations are as fol- 
lows: SA = summer, affected area; SU = summer, un- 
affected area; FA = fall, affected area; and FU = fall, 
unaffected area. One fish that had a 1.9-km range span- 
ning the affected and unaffected areas during fall was 
omitted. 

0 m for the summer-affected area, 14 m for the 
summer-unaffected area, 39 m for the fall-affected 
area, and 68 m for the fall-unaffected area (Figure 
4). No significant difference was found between 
affected and unaffected areas ( F  = 3.80; df = 41 ; 
P = 0.058), whereas a highly significant difference 
was found between summer and fall ( F  = 15.55; 
df = 41; P = 0.0003). None of the covariates 
(weight, length) were found to be significant ( F  < 
0.05; df = 41; P > 0.400). The maximum range 
was 130 m for summer affected, 90 m for summer 
unaffected, 530 m for fall affected, and 340 m for 
fall unaffected. The largest range detected was 
1,950 m for one fish that moved during fall from 
the affected to the unaffected area. 

Discussion 

In the Staunton River, the proper conditions for 
recolonization existed, including a nearby source 
population, no insurmountable physical barriers, 
and suitable habitat in the affected area. Biannual 
postevent diver counts showed that brook trout 
recolonized the affected area at a rate of several 
hundred meters per year (Figure 2). Within 3 years, 
the reach was recolonized by adult brook trout and 
the population density increased above levels ob- 
served before the event (Roghair et al. 2002). Pre- 
(1993) and postevent (1995 and 1999) streamwide 
habitat surveys showed that by 1999 instream hab- 
itat conditions were similar to pre-event conditions 
(Roghair et al. 2002). 

The pattern observed during recolonization 
(mainly from upstream to downstream) was not 
surprising for three reasons: (1) the existence of a 
steep, 20-m-long bedrock cascade 200 m upstream 
from the confluence with the Rapidan River (Fig- 
ure 1); (2) the state of the Rapidan River brook 
trout population after the debris flow; and (3) the 
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relatively intact brook trout population in the up- 
stream unaffected area. Although a bedrock cas- 
cade is not necessarily a barrier to fish movement, 
it can at least be an impediment to movement (Ad- 
ams et al. 2000), especially at base flow. Portions 
of the Rapidan River both upstream and down- 
stream of the confluence with the Staunton River 
were affected by debris flows, and brook trout were 
certainly depleted, if not eliminated, from the Rap- 
idan River near the confluence. The population in 
the Staunton River upstream of the affected area 
was immediately available for recolonization, and 
by October 1995 had moved into the upper 150 m 
of the affected area. 

Movement of brook trout from the unaffected 
area into the defaunated reach allowed us to make 
inferences about individual fish movements. Since 
the debris flow occurred in June 1995 and brook 
trout spawn only once per year (in the autumn; 
Jenkins and Burkhead 1993), all fish classified as 
adults (older than age 0) found in the debris flow- 
affected area during the October 1995, May 1996, 
and October 1996 surveys had to have moved there 
from outside of the affected area. In situ repro- 
duction could not have accounted for any adult 
fish in the affected area until the June 1997 survey. 
Adult fish had moved into the majority of habitat 
units (pools and riffles) up to 400 m downstream 
from the unaffected area by May 1996 and 800 m 
by October 1996, and individuals were observed 
in pools more than 800 m downstream in May 1996 
and 1 km downstream in October 1996. This not 
only illustrated the ability of brook trout to move 
several hundred meters within a year, but also dem- 
onstrated the magnitude of movements needed to 
support the observed rate of recolonization. 

The majority of the fish in our postrecoloniza- 
tion mark-recapture study showed limited move- 
ments; over 90% of recaptured fish moved less 
than 100 m between surveys. In addition, the me- 
dian seasonal range of all telemetered fish was less 
than 70 m. The apparent disparity between our 
postrecolonization movement study and move- 
ments observed during recolonization could be ex- 
plained, in part, by well-known study design and 
technological limitations. We repeatedly marked 
and recaptured fish within the same continuous 
reach of stream, which biased our mark-recapture 
study toward detecting short-distance fish move- 
ments (Rodriguez 2002; Albanese et al. 2003). Tag 
loss and low recapture rates can further complicate 
interpretation (Cowan et a]. 1994). In addition, 
using radiotelemetry to monitor a small proportion 
of the largest individuals in a population during 

summer and fall may not accurately depict move- 
ments of smaller individuals (Clapp et al. 1990) 
or movements related to seasonal habitat shifts 
(Jakober et al. 1998). 

The ability to individually identify fish during 
repeated mark-recapture surveys provided us with 
unique information on the fate of nonrecaptured 
fish during the mark-recapture study. For example, 
in May 1997 we marked 83 fish, 18 of which we 
recaptured in October 1997. We recaptured another 
21 fish during subsequent surveys to bring our total 
recaptures to 39 fish (Table 1). Although we used 
single-pass electrofishing, it is unlikely that we 
missed 54% of the fish available for recapture dur- 
ing the October 1997 survey. Kruse et al. (1998) 
had an 83% first-pass capture rate in a high-gra- 
dient trout stream, and during two-pass depletion 
estimates performed on the Staunton River in June 
2000 we showed an average 73% first-pass recap- 
ture rate (Roghair 2000). If we assume that the 18 
fish we captured in October 1997 represented 73% 
(our first-pass capture efficiency) of the marked 
fish present in the reach, then 18 divided by 0.73, 
or 25 marked fish were present in the reach at that 
time. This means that 39 - 25, or 14 marked fish 
were outside the mark-recapture reach and un- 
available for recapture in October 1997. A closer 
examination of our May 1997 data revealed that 
14 fish were marked within 100 m of the upstream 
or downstream extent of the mark-recapture reach. 
It is plausible that a number of marked fish moved 
out of the reach before October 1997 and then 
returned at a later date. The major implication is 
that recapture efficiency and fish movement both 
played roles in low recapture rates during our 
study. Past studies typically blamed low recapture 
rates on high mortality and seldom considered 
movement as a factor (Gowan et al. 1994). 

Because of the limitations listed above, a classic 
interpretation of our mark-recapture data does not 
appear to accurately describe the movements as- 
sociated with the recolonization that we observed 
in our diver counts. Specifically, the observed re- 
colonization patterns seem to be better explained 
by focusing on the movements of singIe individ- 
uals rather than on population means or medians, 
which are inherently biased by the methodology. 
We detected movements of over 800 m during the 
mark-recapture study and nearly 2 km during the 
telemetry study, showing that at least some portion 
of the population continued to make movements 
consistent with those we observed during recol- 
onization in the postrecolonization period. As 
demonstrated during the recolonization of the de- 
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bris flow-affected area, such movements are nec- significant units and movement of resident stream 

essary to ensure persistence in a highly variable fishes: a cautionary tale. Pages 360-370 in J. L. 

and constantly changing stream environment. Neilsen, editor. Evolution and the aquatic ecosys- 
tem: defining unique units in population conser- 

fish to 'peed population recovery vation. American Fisheries Society, Symposium 1 7, 
D 

was considered a viable option after the 1995 de- Bethesda, Marvland. 
bris flow and would have probably taken place Gerking, S. D. 1959. The restricted movement of fish 
were it not for the identification of the Staunton populations. Biological Reviews of the Cambridge 

1 River population as genetically unique within SNP Society 34:221-242. 

(Poompuang et al. ]9g7). Transplanting would not Gowan. C., and K. D. Fausch. 1996. Mobile brook trout 
in two high-elevation Colorado streams: reevalu- 

have decreased population ating the concept of restricted movement. Canadian 
time, but have cost time and and Journal of Fisheries and Asuatic Sciences 53: 1370- 
possibly destroyed the genetic integrity of the pop- 1381. 
ulation. Clearly, understanding the ability of the Gowan, C., M. K. Young, K. D. Fausch, and S. C. Riley. 
mobile component to effect changes in populations 1994. Restricted movement in resident stream sal- 

is necessary before we can make sound manage- monids: a paradigm lost? Canadian Journal of Fish- 

ment decisions in the face of catastrophic events. eries and Aquatic Sciences 51:2626-2637. 
Harcup, M. E, R. Williams, and D. M. Ellis. 1984. 

Acknowledgments 

The U.S. Geological Survey, Biological Re- 
sources Division, and the University of Virginia 
through Grant Number 5-29372 provided partial 
funding for this project. We thank personnel from 
SNP and the U.S. Department of Agriculture, 
Southern Research Station, Center for Aquatic 
Technology Transfer, including Martin Under- 
wood, Kevin Leftwich, David Hewitt, Steve 
Quarles, John Moran, Keith Whalen, Kurt New- 
man, and dozens of technicians and volunteers. 
The Kalamazoo, Michigan, Chapter of Trout Un- 
limited provided funding for radio transmitters. 
Steve Manos, Virginia Tech Department of Fish- 
eries and Wildlife, constructed equipment vital to 
project success. Sundar Dorai-Raj of the Virginia 
Tech Statistical Consulting Center provided criti- 
cal help with data analysis. 

References 

Adams, S. B., C. A. Frissel, and B. E. Rieman. 2000. 
Movements of nonnative brook trout in relation to 
channel slope. Transactions of the American Fish- 
eries Society 129:623-638. 

Albanese, B., P. L. Angermeier, and C. Gowan. 2003. 
Designing mark-recapture studies to reduce effects 
of distance weighting on movement distance dis- 
tributions of stream fishes. Transactions of the 
American Fisheries Society 132:925-939. 

Clapp, D. E, R. D. Clark, Jr., and J. S. Diana. 1990. 
Range, activity, and habitat of large, free-ranging 
brown trout in a Michigan stream. Transactions of 
the Arnerican Fisheries Society 1 19: 1022-1 034. 

Detenbeck, N. E., P. W. DeVore, G. J. Niemi, and A. 
Lima. 1992. Recovery of temperate-stream fish 
communities from disturbance: a review of case 
studies and synthesis of theory. Environmental 
Management 16:33-53. 

Fausch, K. D., and M. K. Young. 1995. Evolutionarily 

Movements of brown trout, Salrno trutta L., in the 
River Gwyddon, South Wales. Journal of Fish Bi- 
ology 24:415-426. 

Hettmansperger, T. P., and J. W. McKean. 1998. Robust 
nonparametric statistical methods. Arnold, London. 

Hilderbrand, R. H., and J. L. Kershner. 2000. Movement 
patterns of stream-resident cutthroat trout in Beaver 
Creek, Idaho-Utah. Transactions of the American 
Fisheries Society 129: 1 160-1 170. 

Jakober, M. J., T. E. McMahon, R. F. Thurow, and C. 
G. Clancy. 1998. Role of stream ice on fall and 
winter movements and habitat use by bull trout and 
cutthroat trout in Montana headwater streams. 
Transactions of the American Fisheries Society 127: 
223-235. 

Jenkins, R. E., and N. M. Burkhead. 1993. Freshwater 
fishes of Virginia. American Fisheries Society, Be- 
thesda, Maryland. 

Karish, J., T. Blount, and B. Krumenaker. 1997. Re- 
source assessment of the June 27 and 28, 1995, 
floods and debris flows in Shenandoah National 
Park. National Park Service, Natural Resources Re- 
port NPSISHENINRR-97/00 1, Luray, Virginia. 

Kruse, C. G., W. A. Hubert, and E J. Rahel. 1998. Sin- 
gle-pass electrofishing predicts trout abundance in 
mountain streams with sparse habitat. North Amer- 
ican Journal of Fisheries Management 18:940-946. 

Lamberti, G. A., S. V. Gregory, L. R. Ashkenas, R. C. 
Wildman, and K. M. S. Moore. 1991. Stream eco- 
system recovery following a catastrophic debris 
flow. Canadian Journal of Fisheries and Aquatic 
Sciences 48: 196-208. 

Moore, S. E., G. L. Larson, and B. L. Ridley. 1985. 
Dispersal of brook trout in rehabilitated streams in 
Great Smoky Mountains National Park. Journal of 
the Tennessee Academy of Science 60: 1-4. 

Newman, K. R. 1996. Response of brook char (Salvel- 
inus fontirzalis) and blacknose dace (Rhitzichthys 
atratulus) to acidic episodes in three headwater 
streams within the Shenandoah National Park, Vir- 
ginia. Master's thesis. Virginia Polytechnic Institute 
and State University, Blacksburg. 

Phinney, D. E. 1975. Repopulation of an eradicated 



784 ROGHAIR AND DOLLOFF 

stream section by brook trout. Transactions of the 
American Fisheries Society 4:685-687. 

Poompuang, S., E. M. Hallerman, and C. A. Dolloff. 
1997. Genetic characterization of brook trout, Sal- 
velinus fontinnlis, in Shenandoah National Park area 
of Virginia, USA. U.S. Forest Service, Southern 
Research Station, Blacksburg, Virginia. 

Propst, D. L., and J. A. Stefferud. 1997. Population 
dynamics of Gila trout in the Gila River drainage 
of the southwestern United States. Journal of Fish 
Biology 5 1: 1137-1 154. 

Rodriguez, M. A. 2002. Restricted movement in stream 
fish: the paradigm is incomplete, not lost. Ecology 
83:l-13. 

Roghair, C. N. 2000. Recovery from and effects of a 
catastrophic flood and debris flow on the brook trout 

population and instream habitat of the Staunton Riv- 
er, Shenandoah National Park, Virginia. Master's 
thesis. Virginia Polytechnic Institute and State Uni- 
versity, Blacksburg. 

Roghair, C. N., C. A. Dolloff, and M. K. Underwood. 
2002. Response of a brook trout population and 
instream habitat to a catastrophic flood and debris 
flow. Transactions of the American Fisheries So- 
ciety 13 l :7 18-730. 

Swanson, F. J., S.  L. Johnson, S. V. Gregory, and S.  A. 
Acker. 1998. Flood disturbance in a forested moun- 
tain landscape. Bioscience 48:68 1-689. 

Young, M. I(., R. A. Wilkison, J. M. Phelps 111, and J. 
S. Griffith. 1997. Contrasting movement and activ- 
ity of large brown trout and rainbow trout in Silver 
Creek, Idaho. Great Basin Naturalist 57:238-244. 


