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Abstract:

This study was conducted to assess the survival, movement and growth of fluvial Arctic grayling
reintroduced into the upper Ruby River as part of a program to reestablish populations within their
native range in Montana. Numbers and ages of fish planted were 29,808 age 0 in 1997, 9,804 age 1 in
1998, and 7,349 age 1 in 1999, distributed among three areas over a 20.2 km reach. Of the 9,804 age 1
fish planted in 1998, 3,750 were given wire tags while all age 1 fish reintroduced in 1999 were given
wire tags. Wire tagging locations were varied by planting section to assess post-stocking movement.
Electrofishing mark-recapture surveys were conducted at four primary sites and one pass
catch-per-unit-effort (CPUE) surveys at six secondary sites in September and October each year and at
three primary sites the following April. Recaptured grayling were tested for the presence of wire tags,
counted, measured, and weighed, and normative brown and rainbow trout were counted. Movements of
recaptured fish were assessed by comparing capture and release sites through wire tag recaptures, by
operating a weir trap located about 13 km below the lowest planting site, and by a survey of angler
catches. Habitat parameters were measured at seven of the same primary and secondary survey sites in
1998 and 1999, including length, wetted width, and average depth of pools, runs, and riffles. From
these data, pool-and-run volume, pool-and-run to riffle ratio, width to depth ratio, and sinuosity were
estimated for each reach. Age 0 fish planted in 1997 had no apparent survival by the following spring.
Age 1 fish planted in 1998 and 1999 showed good survival for the initial three months, averaging 206
and 370 fish per lon in October, in two principle monitoring sections. However, comparisons of CPUE
estimates indicated reductions of about 80% between October and the following April.

Downstream movement appeared low; wire tag data indicate that by three months after release, average
downstream movements were 0.7 km in 1998 and 4.6 Ion in 1999, and only eight were captured at the
weir trap each year. After the initial three months of both years, fish increased significantly (p<0.001)
in both mean length and weight but Fulton's condition factor decreased significantly (p<0.001) during
this period and also over the following winter. Regression analyses found only pool-and-run to riffle
ratio to be a significant habitat predictor of grayling abundance. Other habitat parameters and also
densities of brown and rainbow trout densities were not significantly correlated with densities of age I
or 2 grayling. However, small sample size (n=14) due to a limited number of sample sections and only
two years of data collection and similarity of brown trout abundance among sections substantially
limited this analysis. Reintroduction of Arctic grayling into the upper Ruby River thus appeared
initially successful, although future monitoring is necessary to determine the extent to which low
winter survival will affect their long-term persistence in this stream and also to further monitor the
natural reproduction.
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ABSTRACT.

This study was conducted to assess the survival, movement and growth of fluvial Arctic
grayling reintroduced into the upper Ruby River as part of a program to reestablish
populations within their native range in Montana. Numbers and ages of fish planted were
29,808 age 01n 1997, 9,804 age 1 in 1998, and 7,349 age 1 in 1999, distributed among
three areas over a 20.2 km reach. Of the 9,804 age 1 fish planted in 1998, 3,750 were
given wire tags while all age 1 fish reintroduced in 1999 were given wire tags. Wire
tagging locations were varied by planting section to assess post-stocking movement.
Electrofishing mark-recapture surveys were conducted at four primary sites and one pass
catch-per-unit-effort (CPUE) surveys at six secondary sites in September and October
each year and at three primary sites the following April. Recaptured grayling were tested
for the presence of wire tags, counted, measured, and weighed, and nonnative brown and
rainbow trout were counted. Movements of recaptured fish were assessed by comparing
capture and release sites through wire tag recaptures, by operating a weir trap located
about 13 km below the lowest planting site, and by a survey of angler catches. Habitat
parameters were measured at seven of the same primary and secondary survey sites in
1998 and 1999, including length, wetted width, and average depth of pools, runs, and
riffles. From these data, pool-and-run volume, pool-and-run to riffle ratio, width to depth
ratio, and sinuosity were estimated for each reach. Age 0 fish planted in 1997 had no
apparent survival by the following spring. Age 1 fish planted in 1998 and 1999 showed
good survival for the initial three months, averaging 206 and 370 fish per km in October,
in two principle monitoring sections. However, comparisons of CPUE estimates
indicated reductions of about 80% between October and the following April.

» Downstream movement appeared low; wire tag data indicate that by three months after
release, average downstream movements were 0.7 km in 1998 and 4.6 km in 1999, and
only eight were captured at the weir trap each year. After the initial three months of both
years, fish increased significantly (p<0.001) in both mean length and weight but Fulton’ s
condition factor decreased significantly (p<<0.001) during this period and also over the
following winter. Regression analyses found only pool-and-run to riffle ratio to be a
significant habitat predictor of grayling abundance. Other habitat parameters and also
densities of brown and rainbow trout densities were not significantly correlated with
densities of age 1 or 2 grayling. However, small sample size (n=14) due to a limited
number of sample sections and only two years of data collection and similarity of brown
trout abundance among sections substantially limited this analysis. Reintroduction of
Axrctic grayling into the upper Ruby River thus appeared initially successful, although
future monitoring is necessary to determine the extent to which low winter survival will
affect their long-term persistence in this stream and also to further monitor the natural
reproduction.
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INTRODUCTION
Arctic grayling (Thymallus arcticus) are widely distributed throughout northern
latitudes, with populations found in northern Asia and North America. Although Arctic
.grayling populations are common in northern North America, only two glacially isolated
populations were native to areas south of Alaska‘ and Canad;a. One population. was
previously fqund in Michigan and the other still exists in the upper Missouri River
drainage of Montana (Vincent 1962). Arctic grayling popul‘atibps display two specific
life hisfory typ‘es throughout this historical distribution, ﬂﬁvial and adfluvial. Populations
which exhibit fluvial life histories both live and spawn in river or stream environments
while adfluvial populations live in lakes or reservoirs and spawn in rivers or streams’
(Varley and Gresswell 1988).
In Monta.na; fluvial Arctic g.raylin;g were once widely distributed throughout the

- upper Missouri River d;ainage above the Great Falls (Figure 1, Kaya 1992a). Currently,
many populations of Arctic grayling still exist in Montana, however most are introduced
adfluvial populations (the only native adfluvial population being found in Red Rocks
Lake). The only truly fluvial population still pfesent in Montana is found in the upper
Big Hole River in southwestern Montana. It is estimated that this population inhabits
approximately 4% of the historical range of fluvial Arctic grayling in Montana (Kaya
1992a). This decline in fluvial Arctic grayling throughout its range in Montana has been
attributéd to establishment of nonnative speciés,,habitat alteration, overharvest, and
climatic change (Vincent 1962). Due to their limited range and threat of extinction,

fluvial Arctic grayling in Montana are now considered a species of special concern by the
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Montana Department of Fish, Wildlife and Parks (MFWP) and a candidate species under
the Endangered Species Act by the U.S. Fish and Wildlife Service (Holton and Johnson
1996; USFWS 1996). The current restoration goal for fluvial Arctic grayling in Montana
is to establish “at least five stable, viable populations distributed among at least three

major river drainages” of the upper Missouri River (Montana Fluvial Arctic Grayling

Workgroup 1995).

100 0 100 200 Kilometers 3 * 4

s

Figure 1. Historical and current distribution of fluvial Arctic grayling in Montana. The
approximate historical distribution is represented by all the streams shown, while the
current distribution (upper Big Hole River) is highlighted in bold. Kaya (1992a)
estimates that fluvial Arctic grayling occupy approximately 4 % of their historic range in

Montana
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All past attempts to reestablish Arctic grayling populations within stream
environments in Montana have failed (Kaya 1992b). One possible reason for the failure
of these past attempts is the use of adfluvial parental stocks, such as from Red Rocks
Lake, instead of more appropn'ately adapted fluvial parental stocké. Kaya (1990) lists
many unpublishéd reintroduction attempts from the 1930’s and 40°s which used adfluvial .
stocks to reintroduce Arctic grayling into stream environments in Montana, all of which
failed. This list includes reintroductions into the Madison, Gallatin, and Smith Rivers, all
streams which historically were inhabited by Arctic grayling. -Jones et al. (1977)
attempted to establish Arctic grayling in Canyon Cfeek, Yellowstone National Park using
a cémbination of fish from fluvial stocks and adfluvial stocks. Although a population
was not established, Jones et al. (1977) observed that individﬁals from lacustrine stocks
appeared to be absent from plant locations only weeks after the reintroduction while
fluvial grayling were still present several months after. The observation that fluvial
Arctic grayling seemed better adapted to holding position in stream environments than
Arcﬁc grayling from adfluvial stocks was later confirmed in both laboratory and field
experiments (Kaya 1991; Kaya and Jeanes 1995).

More recently, Arctic grayling reintroductions using progeny of a fluvial
population have been attémpted. In 1992 and 1993, 5,400 and 10,120 yearling Arctic
grayling were planted iﬁto the West Gallatin River. These Arctic grayling were progeny
of the Big Hole River fluvial populatioﬁ (Lere 1995). Post-reintroduction monitoring,
which relied primaﬁly on angler surveys, found that reintroduced fluvial Arctic gfayling

disp'ersed large distances downstream after release with the average fish having moved 77
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km downstream two months after planting. Also, angler catch rates dwindled in the
subsequent years suggesting a lack of survival (Lere 1995). In 1993 and 1994, 10,000

and 10,500 Arctic _grayling of fluvial ancestry were also planted into the East Gallatin

River. Because of limited angler access, the East Gallatin plant was evaluated primarily

by mopitoring one electrofishing section. During the fall of 1993 and 1994, only 58 and
163 grayling were recaptured with only two individﬁals planted in 1993 recaptured in
1994 (Lere 1995). Although the East Gallatin was believed to have adequate habitat to
sustain Arctic grayliné, the high densities of nonnative species was cited as the main
reason for the failure of this reintroduction (Kaya 1992b; Lere 1995). Similarly, a lack of
adequate pool habitat and excessive stream gradieﬁt in the upper West Gallatin coupled
with high densities of nonnative rainbow and brown trout in the lower West Gallatin are
factors which were belie\_/ed to have l_imited this fluvial Arctic grayling reintroduction
(Kaya 1992b; Lere 1995).

As was observe;d in the Gallatin River reintroductions, high densities of nonnative

species and a lack of suitable habitat (Kaya 1992b, Lere 1995) are two additional factors

~which can limit fluvial Arctic grayling reintroduction attempts. Kaya (1992a) cites the

introduction of n;)ﬁnative fish as perhaps the most critical factor leading to the decline of
Mctic grayling throughout its range in Montana. For example, the decline of Arctic
grayling in the Madison River appears to have been associated with the invasion of
nonnative brown trout (Salmo trutta) and rainbo.w trout (Oncorhynchus mykiss) planted in
Yellowstone National Park in the late 1800’s. Also, Arctic grayling densities in the Big

Hole River are presently much lower below the Divide Dam where densities of rainbow
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and brown trout are greatest (Kaya 1992a). Lack of suitable habitat is another factor
which may limit reintroduction efforts. Historically, fluvial Arctic grayling in Montana
were found in larger, low gradient rivers with abundant pools. (Vincent 1962) and several
studies have found that lower velocity pool habitats are an important component of
quality Arctic grayling habitat (Vascotto and Marrow 1973; Chislett and Stuart 1979;
Liknes 1981; Hubert et al. 1985 ; Reynolds 1989). Thus, Arctic grayling reintroduction
attempts in streams lacking these habitat characteristics may be futile. Hairig et al. (2000)
report that 43% of failures in Greenback cutthroat trout remtrodﬁctions are due to
unsuitable habitat in the streams in which reintroductions are attempted.

A reintroduction of Arctic grayling using fluvial progeny was also recently
attempted in Cougar Creek (Madison River drainage)lin Yellowstone National Park. No
nonnative species were present in Cougar Creek and the habitat was believed to be
suitable for fluvial Arctic grayling (Kaya 1992b). About 800 age 0 or age 1 fish were
planted in each .of three years: 1993, 1994 ana 1995. Electrofishing surveys yielded few
or no survivors in subsequent years (Kaya 2000). In 1996, biologists broadcast fertilized
Arctic grayling eggs by hand onto suitable spawning gravels (J. Magee, MEWP, personal |
communication). Although young of the year were observed in Cougar Creek later that
season, it is believed that there was no subsequent survival past the juvenile stage (D.
Mahoney, U. S. National Park Service, personal communication). The small size of the

stream and its low biological productivity are possible reasons for this failure (Kaya

2000).
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Based on the failure of past reintroduction efforts and fﬁrther knowledge of Arctic
grayling ecology, several criteria are currently used to assess reintroduction sites for
fluvial Arctic grayling. Sﬁeams considered for reintroductions should have: 1) relatively
low densities of non-native salmonids, 2) habitat suitable for the existence of Arctic
grayling which includes having an average gradient of less than 1% and ébundant pool
habitat, and 3) long sections of unimpeded stream (Kaya 1992b; Byorth 1997). The third
criterion was selected because fluvial Arctic grayling have been found to undergo
extensive seasonal migrations (Craig and Poulin 1975; Shebard and Osvs./ald 1989; West
et al. 1992; others reviewed in Armstrong 1986). Afrctic grayling in the Big Hole River
migrate up to 80 kilometers downstream to ovérwintering habitat and return upstream to
spawn in the spring and over-summer in years of adequate flow (Shepard and Oswald
1989). Thus, it is believed that impassable structures such as dams or excessive
dewateﬁng which fragment a stream may reduce the possibility for a successful Arctic
grayling reintroduction (Byorth 1997).

Based on the above criteria, several streams in Montana were identified as
possible Arctic graylling reintroduction sites i‘ncluding: upper Ruby River, Firehole River
above Kepler Cascades, Gibbon River upstream from Gibbon Falls, Canyon Creek
(Gibbon River drainage), Cougar Creek (upper Madison River drainage), Cherry Creek
(lower Madison drainage), Elk Creek (Smith River drainagé), and the North and South
Forks of the Sun River (Kaya 1992b). The upper Ruby River was chosen specifically

among these candidate streams because it provides the largest contiguous section of river

suitable for fluvial Arctic grayling (Kaya 1992a; Byorth 1997). -




7

In addition to large sections of contiguous habitat, the upper Ruby River also
meets the criteria of low densities of nonnative speéies and suitable habitat. In 1995 and
1996, densities of rainbow trout (including rainbow cutthroat hybrids) at thé two highest
monitoring sections on the upper Ruby River‘weré estimated at less than 125 fish/km '
‘with very few brown trout captured (Byorth 1997). It has been suggested that
reproduction of nonnative brown and rainbow trout may be limited by the abundance of
fine sediments in this section of the upper Ruby River (Haugen 1977, cited in MEWP
1989). In-sections of the i?:ig Hole River, Arctic grayling maintain densities of 15-45 fish ,
pe;r km in the presence of 80-160 rainbow trout per km (Magee and Opitz-ZOOO).
Therefore, rainbow trout densities appear to be lqw enough to allow for the existence of
Arctic grayling in this section of river. However, densities do increase to approximately
1000 (>100 mm) rainbow per km and up to 80 brown trout per km in lower sections of
the upper Ruby River. Approximately 32 km of the Ruby River with low densities of
nonnatives are still available as potential habitat for Arctic grayling (Byortﬁ 1997).
The upper Ruby River also appears to have habitat suitable for sustaining-a fluvial

Arctic grayling population. The physical habitat of the upper Ruby River is believed to
better mimic the physical habitat of the upper Big Holé River (where fluvial Arctic |
grayliﬁg still persist) than all (;ther .candidate stréams (Kaya 1992b). The mean gradient
of the upper Ruby River is estimated at 0.7% wh_iéh meets the criterion of less ’Fhan 1%
set by Kaya (1992b), although somf; sections do exceed 1% (Byorth 1997). Also, the

abundance of pool and run habitat appears to be suitable (Byorth 1997; Kaya 1992b). It is
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estimated that the upper Ruby River provides approxirﬂately 65 kilometers of unimpeded
stream with suitable fluvial Arctic grayling habitat (Byorth 1997).
| The goal of this sfudy was to evaluate the reintroduction of fluvial Arctic
grayling into the upper Ruby River. The following objectives were carried out to meet
this goal. |
1. Estimate the persistence and growth of reintroduced Arctic grayling. This
objective was carried .out to assess the initial success or failure of the
reintroducﬁon and to evaluate whether the upper Ruby River can sustain a fluvial
Arctic grayling population.
2. Monitor dispersal and movement of stocked Arctic grayling both between
study reaches and downstream of study reaches. This objective was carried out to
determine if rapid downstream dispersal of reintroduced grayling occurs as
observed.in other reintroductions, and if seasonal movements of Arctic grayling
occur as described by other studies.
3. Determine if correlations exist betwéen physical habitat or abundance of
nonnative species and Arctic grayling abundance. This objective was included to
provide insight into poteﬁtial reasons for the failure or success of the project as

well as possible factors which may limit future reintroductions.
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STUDY AREA
The headwaters of the Ruby River begin at Centennial Divide near the border of
Madison and Beaverhead Counties in southwestern Montana. The upper Ruby River
drainage was first settled in the late 1800’s by homesteaders who utilized the land as
summer range for cattle and sheep. Currently, land ownership in the upper Ruby River
consists of a combination of private land holdings, federal land managed by the
Beaverhead National Forest and a few sections of land owned by the State of Montana.
Private lands in the upper Ruby watershed are managed primarily for agricultural
purposes including hay production and pasture for domes‘;ic cattle, sheep, and bisén. The
35,600 hectares of Beaverhead National Forest surrounding the upper Ruby River are
managed for multiple use including recreation, wildlife habitat, and grazing allotments.
~Forest Servicé grazing allotments for cattle and sheep are issued for approximately.
17,4600 hectares of this land (USFS 1992).
The primary study reach for this project was located from the upper Middle Fork
Bridge to the Ruby Reservoir (Figure. 2), a distance of about 65 river kilometers. The
Ruby River in this section is a low gradient stream with base flows of approximately 2.5
| m’/s (Figure 3). The upper Ruby yalléy is subject to high natual erosion rates due to the
surface geology being dominated by soft, easily erodable soils, however land uses are
believed to have exacerbated this érosion (Pége 1978). As aresult, the upper Ruby River
is primarily a highly sinuous “C” channel. type (Rosgen 1994) which commonly migrates
laterally and forms new channels (Page 1978). The upper Ruby River takes on the

characteristics of a well-armored “B” channel in some areas (Rosgen 1994).
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Figure 2. Study area delineation map of the upper Ruby River watershed. The study
area encompasses from the Middle Fork Bridge, approximately 1 kilometer upstream of
the Three Forks of the Ruby River downstream to Ruby Reservoir.
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Figure 3. Discharge of the upper Ruby River at a USGS gauging station in 1998 and
1999. Discharge varied during the time of study from approximately 2.5 m®/sec in fall
1998 to approximately 35 m?/sec in June of 1998. Annual base flows in the upper Ruby
River occurred either during early March or were similar (within 0.2 m’/sec) to the
discharges observed in early March in both years (http://www.montana.usgs.gov).

The upper Ruby River supports a depauperate fish community with only 8 species
present. In addition to reintroduced Arctic grayling, fishes native to the upper Ruby River
include westslope cutthroat trout (O. clarki lewisi), mountain whitefish (Prosopium
williamsoni), longnose suckers (Catostomus catostomus), white suckers (Catostomus
commersoni), longnose dace (Rhinicthys cataractae) and mottled sculpin (Cottus bairdi).
Nonnative species are rainbow trout and brown trout. Westslope cutthroat trout in the

upper Ruby River are highly introgressed with rainbow trout due to hybridization. Due to

this extensive hybridization, rainbow-cutthroat trout hybrids are managed simply as

rainbow trout (Byorth 1997).
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METHODS

Arctic grayling were planted into the upper Ruby River in 1997, 1998, and 1999.
These fish were progeny of the ﬂuvial Arctic grayling broodstock located at Axolotl Lake
(Madison County) Which are F progeny of the Big Hole Rive;r populatipn.- Arctic
grayling do not spawn in Axolotl Lake due to a lack of suitable habitat, thus no long term
adaptatioh of this population to the lacustrine environment is possible (J. Magee, MFWP,
personal communication). All Arctic grayling stocked in the upper Ruby River were
raised at the Bluewater State Fish Hatchery near Bridger, MT.

In 1997, 29,808 age 0 Arctic grayiing were planted in the u;;per Ruby River.
These fish were planted throughout the upper portion of the study area with 7,104 being
planted at Three Forks, 6,512 at Jug Creek Bridge, and 6,512 near Vigilante Bridge on
Sei)tgmber 9 (Figure 4). Age0 plants.were again conducted on September 24, with
another 4,840 Arctic grayling being planted near Vigilante Bridge and 4,840 near the
Broken Arrow Lodge (Figure 4). A majority of the fish were planted upstream of Warm
Spﬁngs Creek due to the lower densities of nonnative rainbow and br;)wn trout in this
~ section.
A total 0f 9,804 and 7,349 age 1 Arctic grayling were planted into the upper Ruby
. River in 1998 and 1999 at three primary sites and three secondary sites (Figun:a 4). On
July 13 and 15, 1998, 3,320 Arctic grayling were pl’antéd at Three Forks (river km. 66 |
upstream from Ruby Reservoir), 3,120 at Jug Creek Bridge (river km 56) and 3,364 at

Vigilante Bridge (river km 49) (Figure 4). On July 12 and 14 of 1999, 2,520 grayling
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Figure 4. Locations of age 0 and age 1 plant sites for 1997-1999. Circles indicate
primary plant sites and triangles indicate secondary plant sites used for age 1 Arctic
grayling reintroductions in 1998 and 1999. The secondary plant site located at the mouth
of Warm Springs Creek was planted only in 1998 and the triangle just north of the

Vigilante Bridge site was the secondary plant site used in 1999.
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were planted at Three Forks, 2,326 at Jug Creek Bridge, and 2,503 at Vigilante Bridge.
ﬁuring both years, apﬁroximately one third of the totals from each primary site were
planted at the corresponding secondafy site. These secondary sites were used to more
widely distribl.lte Arctic grayling in attempt to limit “crowding” effects. The three
~ secondary sites included the upper Middle Fork Bridge (0.5 river km above Three F'orks),
the mouth of Bear Creek (2.7 river km above Jﬁg Creek Bridge) and the mouth of Warm
Springs Creek (2.4 river km below Vigilante Bridge) (Figure 4). In 1999, fish were not
planted at the mouth of Warm Springs Creek .and a site ﬁe;lr Vigilante Guard Station, |
approximately 0.3 river kilometers downstream of Vigilante Bridge, was used as the
secondary site (Figure 4).

At each primary plant site, approximately 200 age 1 Arctic grayling were kept for
3 to 7 days in holding pens to better acclimatize Arctic grayling to the upper Ruby River. .
Kaya and Jeanes (1995) found that age 0 fluvial Arctic grayling held in pens for 7-14 days
were less likely to disperse downstl_ream after release. Only 206 fish were held at each site
due to space limitation in the holding pens.

Relative Abundance

Relative abundance of reintroduced Arctic grayling in different river segments
'. was assessed' by electroﬁshi'ng. A 3000 watt generator and a rectifying unit (converting
AC electricity to DC) mounted on a Coleman “crawdad” boat were used in the upper
sections of the study area. In lower sections where increased discharge prevented the use
of this unit, a mobile anode drift boat electrofishing unit was used. Electrofishing efforts

were coordinated by MFWP biologists (J. Magee and D. Oswald).
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Four MFWP monitoring sections were sampled each fall to estimate population
sizes of Arctic grayling, rainbow (includes rainbow-cutthroat hybrids), and brown trout
using mark-recapture estimation methods. These sections included the Three F orI;S,
Vigilante, Section One, and Greenhorn monitoring sections (Figure 5). A more detailed
description of the locations of électroﬁslﬁng sections and their length i$ provided in
Appendix A. The modified Petersen’s équation and corresponding variance suggested by

Chapman (1951) were used to estimate population size: -

N=M+D) (C+])-1
(R+1)

o = (M+1) (C+1) (M-R) (C-R)
R+1)? (R+2)

Where: N = estimated population size -

M = number of fish marked on first (marking) pass

C = total number of fish captured on second (recapture) pass

R = number of marked fish captured on second pass
Population estimates for Arctic grayling were calculated for each 25 mm length class
while population estimates for rainbow and brown trout were calculated as a combined
group of all fish 200 mm and larger. The 200 mm minimum length for rainbow and
brown trout estimates was selected because electrofishing efficiency based on recapture to
capture ratios (R/C) tended to be similar for length classes larger than 200 mm.

Marking rﬁns for each of these sections were typically carried out between

September 15 and October 1, with the latest marking date being October 15. Marking

and recapture runs were separated by at least ten days. One pass catch per unit effort

(CPUE) estimates were also attempted for the Three-Forks, Vigilante, and Greenhormn
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Figure 5. Locations of mark-recapture population estimate sections (represented by
crosses), one-pass catch per unit effort (CPUE) estimate sections (triangles, A-F), and
weir trap (square) in relation to the primary plant sites (circles) in the upper Ruby River.
Values in parentheses represent river kilometers above Ruby Reservoir.
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population estimate sections each spring between April _10 and April 30 to assess
overwinter survival of Arctic grayling. |

Six shorter (Appendix A) monitoring sections, previously established by MEWP,
were also sampled with electrofishing to obtain one pass CPUE (fish captured per 100 m)
estimates for Arctic grayling, rainbow, and brown trout (Figure 5). Each of these sections
was sampled in the fall each year between September 15 and October 15. These sites
were evenly distributed thioughout the upper Ruby River (Figure 5). Mark—recapture
estimates were also converted to CPUE estimates by calculating the number of fish

.captured per 100 m on the first pass of the estimaté to allow for comparison with one pass
CPUE estimates.

From July 29 through November 25, 19§9, a volunteer angler creel survey was
also used to assess relative abundancc; and dispersal through angler catch rates of
reintroduced Arctic grayling.' Six creel survey boxes were placed throughout the upper
Ruby River in locations which both afforded heavy angler use and were evenly di’spersed
throughout the drainage. Forms avaﬂable at each site surveyed anglers about the number
of each species caught, the location of these catches, the length of time fished in each
section. The forms delineated the upper Ruby River into four distinct sections: two
sections between the plant sites, one upstream and one downstream of the plant sites
(Figure 6). Angler catch per hour for Arctic grayling was then calculated for each .
section. A one-way analysis of variance (ANOVA) and a Tukey’s multiple comparison
test were used to test for signiﬁéént differences in catch rates between ‘sectic')ns.

Statistical significance was based on an alpha value of 0.05 for all statistical tests in this
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Figure 6. Delineation of the four locations outlined on the angler creel survey form in
relation to the primary plant sites for age 1 Arctic grayling in the upper Ruby River.
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study. F or. all parametﬁc tests, the assumption of normality was tested using a normal
probability plot and the assumption of homogeneity of variance was tested using a
residuals versus predicted yalues plot.
Movement

Downsﬁeam dispersal pf reintroduced Arctic grayling was assessed in 1998 and
1999 using a weir trap installed near the mouth of ice Creek, appfoximately 13 river .
kilometers downstream of the Vigilante Bridge plant site (Figure 5). During both‘years,
the £rap was installed before planting (July 15, 1998 and July 14, 1999) and operated
continuously for three weeks aﬁerlplanting to assess initial downstream dispersal..

' Theréafter, the trap was operated continuously on 5-to 10 day intervals through August.
From July 15 through August in 1998 the trap was operated for a total 35 days and from
July 14 through August in 1999 the trap was operated for 34 days. To assess whether
large downstream fall movement occurred, fall trapping was also carried out from
September 12 until November 21 in 1998 and September 1 until December 2 in 1999.
During this period, the trap was typicallsr operated fof two days and nights for two out of
every three weeks. The trap was operated for a total of 16 days during this fall period in
1998 and for 20 days in 1999.

The weir trap consisted of two trap boxes and a “picket fence” style weir which
spanned the entire width of the Ruby 'River (18.9 m). The weir was constructed of 13 mm
- diameter aluminum electrical conduit, evenly spaced by 13 mm plastic PVC spacers and
strung together with 5 mm steel cable. Several conduit panels ranging from 1.8 m to 6.1

m in length were combined to form the weir. The weir was supported by 5 mm steel
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cable strung across the channel from two steel fence posts located on the right and léft
banks. Ealc;h fence post on the bank was then cabled to two additional fence posts .
approximately lﬂm behind the oriéinal post for a(iditionai support. Several steel fence
posts were also driven into the éubstrate across the channel to provide additioﬁal stability
for the weir.

Two trap boxes were placed in the middle of the weir. One trap box was
positioned to face downstream while the other was positioned to face upstream to assess '
both downstream and upstreém movement of Arctic grayling and to provide unimpeded
movement through the reach for other species. The frame of each ﬁap box was a cube
constructed of 1.1 m sections of steel reinforcing rods welded together. Plastic mesh (8
mm square) was stretched across each side of the trap and a top door cor;sfructed of
plywood provided access to trapped fish. Each trap had a 30 ca by 30 cm opening
through which fish entered With an attached funnel which led fish into the main cavity of
the trap. This funnel prevented fish from 'escaping. Each year, trap escapement was
estimated by fin clipping mountain Whitéﬁsh and checking the trap jn the subsequent days
for clipped fish. Mountain whitefish were used because they were the most abundant
salmonid captured at the trap. If substantial escapement was detected, maintenance was
performed on the trap and subsequent tests were conducted to confirm that repairs
prevented further es~capement.'

Age 1 Arctic grayling were tagged prio.r to planting at the Bluewater State Fish
Hatchery with non-coded binary wire tags (wire tags) to assess upstrleam and downstream

movement after planting. Wire _tags were implanted into one of three locations: the snout,
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base of the dorsal fin (referred to as dorsal tags), or the base of the anal fin (referred to as
anal tags). These tag locations were used to distinguish fish released at each of thé three
primary and corresponding secondary plagting locations. Arctic grayling planted at Three
Forks were implaﬁted with snout tégs, Jug Creek Bridge fish with dorsal tagé, and
V.igila.nte Bridge fish with anal tégs (Figure 4). In 1998, 3,750 of the 9,804 planted Arctic
grayling were tagged, 1,250 for each i)lanting location. Arctic grayling planted at primary
and sécondary were not kept separate after tagging thus, an equal portion of Arctic
grayling planted at botﬁ the primary and secondary sites in 1998 had been wire tagged. In
1999, all 7,349 Arctic grayling planted were tagged. In addition to the wire tag, all fish
planted in 1999 were given an adipose clip to distinguisﬁ the;m from fish planted in 1998.

Wire tag detectors were carried along on each electrofishing survey and the
number of fish captured from each planting location recorded. The per:cent composition
of fish from each plant site was determined for each electrofishing section and compared-
with other sections. Also, a total up- or downstream dispersai distance was calculated for
each wire tagged Arctic grayling recaptured. From these data, a mean overall dispersal
distance was calculated using all wire tagged Arctic grayliné recaptured during fall
surveys each year. The river km at which each fish was pianted was calculated as one .
third the distance between the primary and secondary plant sites, based on approximately
one-third of the Arctic grayling with each tag type being planted at the secondary site.
Arctic grayling captured between the primary and seconda& sites were considered to

have moved zero km.
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Retention of wire tags has been found to be exceptionally good (Tipping and
Heinricher 1993; Hale and Gray 1998), however past st‘udies have found that the limited
tag loss that does occur is most prevalent relaﬁvely close to the time of inj éction
(Blankenship 1990). Thus, wire tag retention was tested on Arctic gra-yling
approximately 24 hours after implantation in 1998 and 1999. Wire tag reteﬁtion wés also
tested three weeks after. implantation in 1999. Tag retention three weeks after
implantation could not be assessed for Arctic .grayling planted in 1998 because tagged
fish were mixed in with non—taggea fish.

Growth and Condition

Growth and condition factor of reintroduced Arctic grayling were also asses‘sed.
On the day of reintroduction, lengths and weights we.re recorded for 50 Arctic grayling
raﬁdomly selected from each batch planted to provide a base_line for growth comparisons.
Lengths and weights of each Arctic grayling captured during electrofishing were also
recorded. Weights were taken using a HOMS brand spring scale. Mean length, weight
.and Fulton’s cc;ndition factor were celllculated for Arctic grayling for each sampling
section and sampling period (spring and fall). Fulton’s condition factor was calculated
usiﬁg the following equation (Anderson and Nuemann 1996):

K = (W/L? x 100,000 | | ,

One-way ANOVA and Tukey’s multiple comparison testé were used to test for significant

differences in growth indices between both the period sampled and the sections sampled.
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Habitat Use

Habitat use of reintroduced Arctic grayling was assessed by correlating
ele.ctroﬁsh.ing CPUE estimates with physical habitat parameters measured in each secti;)n.
Recent salmonid habitat studies have relied on measuring habitat use and preference at
the habitat unit (pdols or riffles) scale (Hankin and Reeves 1988). This technique can be
effective in low order streams, however, in higher order streams such as the Ruby River
(base flows of 2.5 m®/s), the type of equipment (boat mounted mobile electrofishing unit)
required to properly sample the stream does not lend itself to measuring abundance in
specific habitat units. Moreover, streams this size often consist of multiple habitat units
in a single channel cross-section. Arctic grayling abundance and habitat pérameters were
therefore measured for entire sections (CPUE monitoring sections (A-F) and mark-
recapture population estimate momtoﬁng sections). Also, habitat parameters that
characterize reach scale habitat features (e.g. sinuosity, width to depth ratio) were selected
to assess habitat use of Arctic grayling.

Habitat surveys were conducted in August of 1998 and 1999. Habitat surveying
consisted of delineating each electrofishing section into habitat types such as pools, runs,
~ orriffles (Bisson et al. 1982). Next, the length, wetted width, and average depth were
measured'for each reach, as described by Platts et al. (1983). From these data, reach scale
habitat characteristics were calculated and described for each section. These included
pooi—and-run to riffle ratio, width to depth ratio, volume of pools and @s per 100 m, and -
the sinuosity of each section. Pool-and-run to riffle ratio was calculated as the length of

stream classified as either a pool or a run in the entire section versus the length of stream
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classified as a riffle in the entire section. Width to depth ratio was simply calculated for
each habitat type and avgraged for the entire se(;tion. The volume of both pools or runs
were calculated for each habitat unit and summed for the entire se.ction. The volume of
pools and runs for the entire section was then staﬁdardized to 100 m to allow for
comparisons _bet\iveen sections of differentlengths (Appendix A). S;inuosity-was
calculated by dividing the total stream length as measured thrbugh habitat éurveys by the
linear distance from each end of the reach as determined from USGS 1:24,000
topographicymaps. Pools and runs Were combined in several of these indices to make the
data comparable to other studies (e.g. Liknes and Gould 1987) and because runs were
much more prevalent in the upper Ruby River than pools (both of which afe deep water
hab.itats).'

Simple linear regression was used to test for correlations between these habitat
variables and Arctic grayling.abuhdance. One pass CI;UE estimates and mar.k-recapture
estimates converted to CPUE data from fall 1998 and 1999 were used to estimate Arctic
grayling abundance for this analysis. Converted mark-recapture estimates were used to
standardize these data witil oné pass CPUE data. Regression analysis was performed
separately oﬁ age 1 apd z;lge 2 (1999 only) Arctic grayling year classes. |

Effects of Nonnative Species

The numbers of non-native rainbow (including rainbow-cutthroat hybrids) and
_brown trout were recorded in all electrofishing surveys and CPUE (fish per 100 m)
estimates were used to estimate their abundance. Mark-recapture estimates were again

converted to CPUE estimates to standardize these data with one pass CPUE data. Simple
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linear regression was used to test whether correlations exist between the CPUE of Arctic
grayling and non-native salmonids. Regression analysis was performed separately on age

1 and age 2 (1999 only) Arctic grayling year classes.
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RESULTS

Relative Abundance

Survivail of the 29,308 age 0 Arctic grayling sto‘cked in September 1997 was very
* low. In electrofishing surveys conducted in Oc.tober, only 16 were caﬁtured in the one
pass CPUE sections including three in section A and 13 in section D. Similarly, only 31
age 0 fish were captured in the Three Forks section in two pésses and none wefe captured
in the Vigilante aﬁd Section One monitoring sections in two passes during October. A
mark-recapture estimate éould not be (;btained in the Three quks section because no age
0 Arctic grayling Wefe recaptured on the second pass of the estimate. While
electrofishing efficiency is typically better for larger fish (Reynolds 1996), the low
numbers of age 0 Arctic grayling captured is likely not a product.of low electrofishing -
e_fﬁciency. Electrofishing efficiency was high enough in the Three Forks and Vigilante
‘estimate sections to ‘a.lttain estimates for rainbow trout of slightly larger size than age 0
Arctic grayling (mean length, 63 mm; Table 1).

Table 1. Mark—recaptﬁre estimates for.100 and 125 Iﬂm,rainbow trout length classes to

‘demonstrate electrofishing efficiencies for small salmonid size classes in the Three Forks
and Vigilante estimate sections.

Mark-Recapturé Estimate Statistics

Standard
, Length Class Marks  Captures Recaptures. Estimate Deviation
~ Three Forks ~ 100-124 mm 7 7 4 6 141
| - 125-149mm 12 11 1 40 27.2
Vigilante 100-124 mm - 7 2 1 3 1.9

125-149mm 20 8 6 8 2.0
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In spring of 1998, electrofishing sﬁrveys wefe only attémpted on sections A and B
due to early high water conditions. No age 0 grayling Weré captured in either of the\:se
sections. This age 0 year class could not be monitored beyond the spring of 1998 because
if these fish grew at rates similar to the Big Hole River population, their size would make
them indistinguishable from the age 1 Arctic grayling reintroduced in July of 1998
(Magee 1999). However, fall and limited spring sampling suggested that few remained or
survived in the study area.

Despite poor survi‘val of age 0 Arctic grayling, mark-recapture estimates obtained
in fall (October) 1998 suggest that age 1 Arctic grayling stocked in July 1998
demonstrated much better short-term survivai (Table 2). Arctic grayling densities were
Table 2. Mark-recapture estimates for Arctic grayling (AG), rainbow trout (RB), and
brown trout (BT) in the upper Ruby River during fall (October) 1998. Each estimate and
corresponding standard deviation is based on number per km. N/a indicates sections

where estimates could not be obtained due to low numbers of fish. Estimates for rainbow
and brown trout include all fish 200 mm and larger.

Mark-Recapture Estimate Statistics

Standard
Section Species Marks Captures Recaptures Estimate Deviation
Three Forks AG 360 299 223 252 6.2
RB 73 51 23 83 13.9
Vigilante AG 166 56 3 485 259.1
‘RB 101 67 15 128 45.9
‘SectionOne  AG 1 3 0 n/a ‘
RB 84 120 17 454 95.8
BT 7 15 1 50 26.7
Greenhorn AG 0 2 0 n/a
RB 50 96 14 93 33.9
BT 73 156 17 182 64.4
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estimated at 252 fish per km in the Three Forks section and 485 fish per km in thé
Vigilante section in fall 1998 (Table 2). Estimates of Arctic grayling densities were not
obtained in Section One and the Greenhorn section due to a lack of recaptures. These
results were due to very few Arctic grayling being present within estimate sections rather
than low electrofishing efficiency. This is supported by the fact that electrofishing
efficiency was high enough to obtain estimates oﬁ rainbow and brown trout in both of
these sections (Table 2).

Similar to 1998, relatively high densities of ;ge 1 Arctic grayling stocked in July
1999 were present in fall 1999 with estimates of 161 fish per km in the Three.Forks |
section and 255 fish.per km in the Vigilante section (Table 3). Also-similar to 1998,
densities of age 1 Arctic grayling were much lower in S’ection' One and the Greenhorn
section v;/ith only of 12 grayling per km présent in Section One and too few grayling
present in the Greenhorn section to estimate abundance (Table 3).

Fall 1999 population estirﬂates also confirmed the presence of moderate densit1;es
of age 2 Arctic grayling with estimates of 22 and 16 age 2 fish per km in the Three Forks
and Vigilante sections (Table 3). However, during the second pass of the 1999 |
population est_imgte in the Three Forks section, the age of recaptured individuals was not
recorded due to miscommunication with staff assisting with samplipg. Therefore, the
number of recaptured age 1 and age 2 fish had to be estimated. Since the number of agel
and age 2 fish captured on the first pass and the number of non-marked age 1 and age 2

fish caught on the second pass were known, only the number of recaptured fish from both
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Table 3. Mark-recapture estimates for age 1 and age 2 Arctic grayling (AG), rainbow
trout (RB) and brown trout (BT) in the upper Ruby River during fall (October) 1999
electrofishing surveys. Each estimate and corresponding standard deviation is based on
number per km. Statistics which were estimated are denoted by an *. N/a stands for
sections where estimates could not be obtained due to low Arctic grayling abundance.
Estimates for rainbow and brown trout include all fish 200 mm and larger which includes
several age classes (all).

Mark-Recapture Estimate Statistics

' : Standard
Section Species Age Marks Captures Recaptures Estimate Deviation
Three AG 1 - 184 161 95% 161 10.1
Forks
AG 2 25 41 24% 22 - 08
RB all- 93 33 -9 165 55.1
Vigilante . AG 1 212 181 44 255 53.2
- AG 2 20 7. 2 16 11.2
RB all 192 128 46 156 28.8
Section AG 1 3 8 1 12 3.3
One _
AG 2 0 0 0 n/a
RB all 278 . 299 103 640 44.9
BT all 21 23 9 41 8.0
Greenhorn AG 1 3 4 0 n/a
AG 2 0 0 0 n/a
RB all 73 . 98 , 14 138 53.4
BT - all 153 172 21 342 116.1

age classes had to be estimated to attain a separate estimate for each E-Lge class. This was
accomplished by calculating the ratio of mgrked to unmarked fish for both age classes
combiﬁed and extrapolating this ratio to the age 1 and age 2 year classes sci)arately. This
extrapolation assumes that there was equal sampling efficiency during electrofishing
surveys for both age classes. A comparison of lengths between the two age classes of fish
showed no significant difference (f=0.20, t-test), suggesting that variation in length

8

would not have affected the electrofishing efficiency.
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Mark-recapture estimates in the upper Rub.y River varied markedly betwéen ,
 sections and years. The Three Forks and Vigilante sections had estimates of between 183
and 485 grayling per km during fall 1998 and 1999. Section One and the G'reenhorn.
section, on the other hand, had very low densities of Arctic grayling during fall surveys in
both years. These results are likely due to the Three Forks and Vigilante sections being
located between the primary plant sites while Section One and the Greenhorn sections are
located well downstream of these sites (Figure 5). Similar results were obtained for one
pass CPUE electrofishing lc.lata collected in 1998 and 1999 (Figure 7). Sections B, C, and
D, located between primary plant sites, provided consistently higher CPUE estimates than
sections A, E, and F (Figure 7), which are located either upstream or downstream primary
plant sites (Figure 5): : B

While Arctic grayling densities were relatively high three months after the
reintroduction in both years (from 183-485 per km), the densities of age 2 Arctic grayling
in the fall of 1999 suggest a substantial decline in this cohort over a one year period.
Densities of age 1‘Arctic graylihg averaged 369 per km in the fall of 1998 (Téble 2)
between the Three Forks and Vigilante population estimate sections in comparison to an
average of 19 age 2 Arctic grayling per km in fall of 1999 (Table 3), approximately a year
and three months after their reintroduction. This is a 94.9% reduction from the fall of
1998 to the fall of 1999, alth‘ough low efficiency in the 1998 Vigilante section estimate
* may have overestimated this reduction (Table 2). Similar re(iuctions were observed

between fall 1998 and fall 1999 surveys in the one pass CPUE monitoring sections with
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CPUE dropping from an average of 16.4 fish per 100 m in the fall of 1998 to 0.2 fish per

100 m in the fall of 1999, a reduction of approximately 98.8% (Figure 7).
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Figure 7. Comparison of catch per unit effort (CPUE, grayling per 100 m) for mark-
recapture and one pass CPUE electrofishing estimate sections for fall 1998 and 1999.
Electrofishing sections are listed in order from upstream to downstream. Data labels
indicate CPUE of age 2 Arctic grayling in the fall of 1999.

One pass CPUE estimates obtained in the spring of 1999 and 2000 suggest that
these declines in the age 2 year class may be occurring during the winter months. A
comparison of the number of fish captured on the first pass of the 1998 and 1999 fall
electrofishing population estimates and the spring 1999 and 2000 one pass CPUE
estimates for the Three Forks and Vigilante estimate sections show a clear downward
trend from fall to spring (Figure 8). This was an 84.6% reduction in CPUE for Arctic

grayling. However, the single pass CPUE estimate for the Three Forks section during the

spring of 2000 likely underestimated Arctic grayling abundance because high water
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Figure 8. Comparison of Arctic grayling densities for fall (1998 and 1999) and spring
(1999 and 2000) one pass electrofishing surveys in the Three Forks and Vigilante
estimate sections. Arctic grayling densities were likely highly underestimated in the
Three Forks section in spring of 2000 due to high water conditions during sampling.
conditions lowered electrofishing effectiveness. Nonetheless, if the Three Forks section
data from spring 1999 to fall 2000 is discounted from the analysis, CPUE of Arctic
grayling still declined by 80.1% from fall to spring. A comparison of CPUE for age 2
fish from fall 1999 to spring 2000 reveals that CPUE declined by only 61.0% in the

Vigilante section. Again, the Three Forks section could not be compared due to high

water conditions during spring 2000 sampling.
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Angler Catch |

A total of 176 complete survey forms were returned by a.nglers for the voluntary
creel survey conducted from July 29 through November 25 in 1999. Complete survey
forms were returned for all four_ stream sections used to delineate angler location for the
survey (Figure 6). Mean catch rates of Arctic grayling Variéd throughout the upper Ruby
~River from a low of 1.6 fish per hour in section 4 to a high of 5.5 fish per hour in séction
3 (Table 4). Catch rates among sections were significantly differeﬁt (P<0.001, ANOVA)
Table 4. Catch rates of Arctic gra'yling in the upper Ruby River from a voluntary angler
creel survey conducted from late July through November 1999. Letters in parentheses

indicate the results of a Tukey’s multiple comparison test with any sections sharing a
letter having catch rates which were not significantly different.

Survey Sections
Catch statistics 1 2 3 4
Fish caught per hour 2.4 (zy) 4.4 (yx) 5.5 (xx) 1.6 (zz)
Standard Deviation 4.9 3.3 4.4 3.5
Surveys returned . 36 67 ‘ 44 29

with catch rates in section 1 being significantly lower than section 3 and catch rates in
section 4 being significantly lower than both sect.ions 2 and 3 (Table 4). Again, sections
2 and 3 in the angler creel survey encompass the stream section adjacent to and
downstream of the primary Arctic grayling plant sites while sections 1 and 4 are located
upstream and downstream_of these plént sites. Thus, similar to the mark-recapture @d
CPUE electrofishing estimatés, the creel surveyl suggests that grayling aﬁundance was

highest near the primary plant sites.
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Movement

During 1998, 660 fish representing six species were captured moving downstream
at the weir trap (Table 5), of which eight were Arctic grayling. From July through late
September, the trap boxes were stationed in a section of lower velocity water near the
stream margin of the chahnel cross-section. Decreased flows in the fall resulted i_n the
incomplete submergence of the entrance to the box traps, limiting the ability of fish to
enter the trap.. Thus, on September 25, the box traps were shifted to the thalweg of the _
channel where there was adequate depth. The catch per unit effort subsequently increased
from 4.0 fish per trap day to 5.1 fish per trap déy for all salmonids and from 0.05 fish pef
trap day to 1.7 fish per trap day for rainbow and brown trout.
Table 5. Number captured and catch per unit ‘effort (fish caught per trap day) for all

species captured in a weir trap on the upper Ruby River located approximately 13 river
km downstream of the Vigilante Bridge plant site.

1998 1999
Species # Captured CPUE # Captured CPUE
Arctic grayling 8 014 | 8 . 0.15
Rainbow trout 8 016 16 0.30
Brown trout .18 0.35 35 0.65
Mountain whitefish 166 3.25 467 865
Longnose sucker 455 8.92 ' 280 5.19
White sucker ' 6 0.12 6 0.11

In 1999, the weir trap was installed at the same location as 1998, however the box

traps were installed in the thalweg of the channel based on the increase in catch rates
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observed after its placement there in 1998. During 1999, 812 fish representing the same
six species were captured moving downstream, of which eight were Arctic grayling
. (Table 5). A ;:omp'arison of the 1998 and 1999 catch per unit effort data shows a
substantial increase.in CPUE for all salmonids and a decline in CPUE for longnose
suckers in 1999.'

Escapement from the box traps was found to be minimal in both years. On July
21, 1998, a trap escapement test was conducted on the box traﬁ wﬂich measured
downstream movement using 16 mountain whitefish. The next day, 13 (81%) m(;untain
whitéﬁsh were recovered from the trap, suggesting some escapement. Maintenance was
performed on the trap and another test using 10 mountain whitefish found no further
escapemenf. In 1999, one test usihg 20 mountain whitefish was conducted and all fish
were recovered the following day suggesting n\o escapement from the trap.

Captures at the weir indicate minimal downstream dispersal of reintroduced
Arctic grayling in both 1958 and 1999. Eight Arctic grayling: were captured in the trap in
both 1998 and 1999, although at somewhat different time periods (Table 6).' Catch per

Table 6. Number captured and catch per unit effort (fish caught per trap day) at the weir
during each trapping month for Arctic grayling reintroduced into the upper Ruby River.

Sampling Month
Year July August  September  October  November December
1998  5(0.31) 2 (0.11) 0(0) 0 (0) 1 (0.25) N/A

1999  4(024):  1(0.06) 0 (0) 3 (0.43) 0 (0) 0 (0)
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unit effort was highest for reintrdducgd Arctic grayling in July of 1998, directly after the
reintroduction. In 1999 however, CPUE for grayling was highest in Oqtober followed by
July (Table 6). All grayling captured at the trap in 1999 were age 1 fish planted in July of
1999.
All Arctic grayling captured at the weir trap ‘were either dead or ip poor condition.

Only two Arctic gra.yling were captured aﬁve in 1998 and both were found on or holding
in front of the lead of the trap rather than in the box trap. Both fish were released
downstream of the trap, but were presumed to have died based on their poor condition
including missing scales and lethargic behavior. The six remaining Arctic gfayling |
captured in 1998 were found dead on the leads of the trap. Similar resuits were' observed
during 1999 with six of the eight Arctic gréyling captured being found dead, one of which
" was fbund in the box trap and the refnainder on the trap leads. Two Arctic grayling were
captured alive at the trap, one in the box trap and the other holding in front of the trap
lead, although, these were again in quite poor condition including missing scales and
lethargic behavior. Almost all other 1,456 fish of other species sampled at the trap were
.captured in the box traps and most appeared to be in good condition. Thus, it is believed
that grayling found on the leads were fish which\had died upstream of the trap and were
inter‘cepted by the trap when floating downstream. An Arctic grayling which had been
irhplanted with a ra&io transmitter and subsequently died, floated approximately 10 km

downstreém overnight before being intercepted by a lead on the weir trap.
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Similar to the weir trapping and electrofishing results, movement of wire tagged
individuals was found to be minimal for reintroduced Arctic grayling within the initial
three months after reintroduction. During fall electrofishing surveys in 1998, 245 Arctic
grayling with wire tags were recaptured, with only 6 recaptured individuals having

dispersed more than 3 km downstream (Figure 9). Smaller downstream dispersal (1-3
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Figure 9. Dispersal distances by categories for age 1 Arctic grayling during fall (October)
electrofishing surveys, approximately three months after stocking in 1998 and 1999. Data
represent the percent of the total recaptured fish which had dispersed a given distance.
Recaptured Arctic grayling which had moved 0 km from plant sites were included in the
<1 kilometer category which includes any fish captured between primary and secondary
plant sites.

km) was more common leading to an estimated mean dispersal of 0.7 (SD 1.8) km
downstream by the fall of 1998, three months after the reintroduction. Some upstream

dispersal also occurred in 1998 with 10.6% of the recaptured fish having moved 1-3 km

upstream and 3.3% having moved over 3 km upstream (Figure 9). Increased downstream
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dispersal appears to have occurred between fall of 1998 and spring of 1999 with five bf
the 20 (25%) recaptufed tagged individuals having moved greater than 3 km downstream.
A mean dispersal rate could not be calculated for these fish because the one pass CPUE
sections were nbt sampled during the spring and estirhation of fish movement based on
tag recaptures in only a few sections can underestimate movement (Gowan et al. 1994).
A total of 726 Axctic gayling with wire tags were recaptured in the fall of 1999,

compared to the 245 recaptﬁred in the fall of 1998. This difference was due mainly to the
number of Arctic grayling tagged each year (see methods). Asin 1998, downstream
dispersal of age 1 Arctic grayling appeared to be rrﬁnimal, wi‘;h recaptured fish having
moved an average of 4.6 (SD 5.9) km downstream within three months after
reintroduction. Despite this minifnal observed downstream dispersal, Arctic grayling
reintroduced in 1999 dispersed significantly farther downstream thap Arctic grayling
reintroduced in 1998 (P<0.001, Mann—Whitney U;test). The Mann-Whitney U-test
procedure was used to’ test for this difference due to a violation of the normality
assumption of é parametric t-test. In 1999, 45% of the tagged Arctic grayling recaptured
had dispersed over 3 km downstream versus 2.4% in 1‘998 (Figure 9). This increase in
dd@sﬁeam dispersal is also evident when comparing the tag composition of Arctic
grayling recaptured in electrofishing s;ect.ions (Table 7). Less upstream dispersal of Arctic
grayling reintroducea in 1999 aiso caused ‘this decline in the mean dispersal V.alu'e with
only 6.9% of the tagged grayling moving 1-3 km upstream in 1999 versus 10.6% in 1998

and only 0.1% moving over 3 km upstream in 1999 versus 3.3% in 1998 (Figure 9).
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Table 7. Number and percentage of age 1 Arctic grayling with each wire tag type
recaptured in electrofishing sections in the upper Ruby River during the fall of 1998 and
1999. Electrofishing sections are listed in order of location with the sites farthest
upstream listed first. Underlined values indicate recaptures of tagged fish in sections
located between primary and secondary plant sites planted with that specific tag type.

Wire Tag Recaptures

Year Section Snout Tags (Percent) Dorsal Tags (Percenf)  Anal Tags (Percent)

1998 Section A 0 (0) 0(0) 0 (0)
Three Forks 111 (100) 0 (0) - 0 (0)
SectionB - 0(0) 12 (100) 0 (0)
Section C 0(0) 22 (100) 0(0)
Vigilante 0 (0) 1(5) 20 (95) -
Section D 0O 305 55 (95)

. Section One 0(0) 0(0) 1 (100)

1999  Section A 6 (100) 0(0) 0 (0)
Three Forks 242 (100) 0 (0) 0 (0)
Section B 1a7n 5(83) 0 (0)
Section C 4 (225 . 13 (72) 1(6)
Vigilante 75 (23) 157 (48) ' 93 (29)
Section D 19 (23) 24 (29) : 41 (49)
Section E 5(12) 6(15) 30 (73)
Section F 2 (22) 3(33) 4 (45)
SectionOne 1 (13) 3 (38) ' 4 (50)
Greenhorn 1(25) 0(0) 3 (75)

'Retentioﬁ of wire tags was excellent for all three tagging locations during both
years. This effectively minimized any bias in estimated distance moved caused by
differential tag loss. Tag retention 24 hours after implantation was estimated at 98% for
snout tags, 96% for dorsal tags, and 97.5% for anal tags in 1998 from a random sample of

200 fish with each tag typé. Similarly, 24 hour tag retention was estimated at 98.4%,
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97.4%, and 99.5% for the respective tag locations from 200 randomly sampled fish with
each tag type in 1999. In 1999, all reintroducc;,d Arctic. grayling were wire tagged,
allowing for the estimation of tag retention three weeks after implantation. It was found
that tag retention 3 Weeks after implantation was similar to 24 hour retention with 94.5%
of Arctic grayling tagged with snout tags, 97.6% tagged -with dorsal tags, and 98.9%
tagged with anal tags (n=50 for each tag type) still poséessing their tag. Slight increases
in tag retention from 24 hours to 3 wegks for grayling tagged at the base of the dorsal fin
1n 1999 is due to random variation in samples taken.

Growth and Condition

* Arctic grayling recaptured in the Three Forks and Vigilante sections after the 1998
and 1999 reintroductions increased in length and weight in both years (Tables 8 and 9).
Arctic grayling stocked in 1998 increased significantly in length by 14 mm and weight by

15¢g from J uly stocking until fall sampling (Table 8). Growth rates declined for age 1

Table 8. Comparison of growth and condition indices for age 1 Arctjc grayling
reintroduced into the upper Ruby River in 1998. Mean values (standard deviations) are
given for Arctic grayling when planted and at indicated sampling periods in the Three
Forks and Vigilante sections. P-values indicate results of the one-way ANOVA
comparing means from each sampling period. Within a given row (e.g. total length),
values sharing a letter (%, y, or z) are not significantly different (Tukey’s multiple |
comparison test).

Growth Index  Plant Fall 1998 Spring 1999  Fall 1999 Spring 2000 P-value
@m=150) (=655 (n=81) (= 64) @=7

m; Length  236(169)z 250 (18.9)y 255(17.3)y 269 (15.1)x 282 (10.6)x <0.001

Weight (5) - 113(259)z 128(289)y 121(23.1)y 16497 x 174 (27.9)x <0.001

Condition 085 081 - 072 0.83 077

Factor 0085z (0.09)y  (0.074)x (007w __ (0.072)w 00
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fish through the 1998-99 winter with average length increasing by only 5 mm and weight
decreasing by 7 g (Table 8). Similar results were observed for this cohort the

next year with their average length and weight increasing significantly by 14 mm and

43 g from spring 1999 to fall 1999 (Table 8). Unlike the first winter, growth ratés of
Arctic grayling did not decline thr.ough the winter of 1999-2000, with the average length
increasing by 13 mm anci weight increasing by 10 g.- However, these results were based
on a small sample size for spring 2000 sampling and subsequently were not statistically
significant (Table 8).

Despite the increases in length and weight of reintroduced Arctic grayling,
comparisons of Fulton’s condition factor indicated that their condition initially .declined
after planting (Table 8). Despite this initial decline, condition factor did increase -
significantly by the following fall.. Condition factor declined again over the 1999-2000
winter, however this decline was not significant.

‘Sir.nilar to the 1998 results, Arctic grayling stocked in 1999 increased significantly
in length by 15 mm and weight by 21 g from J qu stocking until fall sampling (Table 9).
Also similﬁ was the decline in the rate of increase in length and the significant decline in
weight ffom fall to spring sampling. Condition factor of Arétic grayling stocked in 1999
again declined significantly throughout all periods, with the largest decline occurring
between the fall 1999 and spring 2000 sampling periods (Table 9).. Age 1 Arctic grayling
stocked in 1999 were on average larger than age 1 Arctic grayling stocked in 1998

(Tables 8 and 9). However, due to growth after stocking, age 2 Arctic grayling were on





























































































































































