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GRAYLING SPAWNING REPORT

EXECUTIVE SUMMARY

Spawning Montana fArctic grayling (Invmallus arcticus
montanus [Milnerd} within the upper Big Hole River drainage wers
sampled using electrofishing from April  through June  1988.
Bample sites included the main stem 8ig Hole River from Wise
River up to Jackson and the lower portiens of 11 tributaries to
the river. Distribution of spawning grayling, habitat utilized
for spawning. and characteristics of the spawning population wers
described.

Four hundred grayling werse captured. The first ripe male
ard female were captured on April 20 and April 27, respectively,
im the Rig Hole River near the town of Wisdom. The numbers of

captured ripe femaless peaked during the period between April 29
and May 11 with the first spent female captursd on May 4.
Spawning apnpeared to be triggered by a combination of declining
river flows after the initisal spring sub—-peax flow caused by low
elevation run-—off and maximum dally water temperatures increasing
to 30 F. The sex ratio of all captursd fish identified as
mature, ripa, or spent was 2.0 maies:1.0 female. A large portion
of age II fish were sexually mature. The averages lengths and
weights of ripe males (n = 1538} and ripe females (n = 34} were
10.9 inches and 0.42 pounds and 11.75 inchas and 0.351 pounds,
respectively. Gravling spawned primarily within the main stem
Big Hole River fTrom  the mouth of the NMorth Fork Big Hole River
upstream to 3 miles above Hisdom, 1in a few scattersd side
channels below the North Fork, and in th2 lower portions of
Swamp, Big Lake, and Rock cresks.

Spawning sites were cheracterized as riffles wilth clean
surface gravel which appeared "bright" near pool oF run habitats,
generally within actively degrading or aggrading side channmels or
alluvial gravsel fans at the mqouth’'s of tributaries. Most
spawning grayling were captured in areas of hydrologic in-
stability.

The ags composition of the sampled population suggesied that
the 1987 and 1985 vear classes (age I and III fish, respectively)
were poor vyear classes. Converssly, the 1984 vear class (age II
fish) was a good year class. These relative year class strencths
may be controlled by water fTlows during the first year of life.

Gf e=ight fiszh tagged during the L1788 spawning run and
recaptured later during the summer of 1788, two staved in the
Upper river noar spawning argas and Tive moved down river &s Tar
as Divids Dam. One fish which was tagged in Deep Creek on
Ooctober 29, 1987 was recaptured near Wisdom on Pay 4, 15B8B
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GRAYLING SFAWNING REPORT

{where it moved to presuneably spawn), and then snoved bhack €0

Deep Oreek whers 1t was captured on August 4, 1988. OFf ten fish
tagaosd during 1787 sampling and recaptured doerirg  the 1988
spawning ssason, halft werg tagged in the river near Fishtrap

Cresk either during the previous May or November, four were
tégged in  the WHisdom area during the previous May. and the other
was the Desp Creek {fish mentioned above. This tag return
information lends support to observations by the authors that the
Big Hole River supoorits a population of grayling which appear to
use the esntire river above Divide on a2 seasonal bagsis. 3
portion of this grayling population normally moves to  the upper
river (near Wisdom) during the spring and remains in this area of
the river during the summer Dbefore emigrating down river to

winter habitats.

Fage - 1i1



TRELE OF CONTENTS

EXECUTIVE SUMMARY . .+« o & « « & 2 =
TARLE OF CONTENTS . -« &« & + & »
LIST OF TABLES . & « = & & =« & = = =
LIST OF FIGURES . & &+ = 2« « - =
ALOENOWL EDGEMENTE « .« « - & & « « .
INTRODUCTIONM . & & & » & o = = o = =
STUDY SITE BESUCRIPTION . o o & 4« »
METHODS .o 2o v v 4 o« w2 2 w 4 o =
FISH COLLECTION - . - « + + =« =«
SFPAWNNING SITE CHARGUTERIZATION
RESULTS .+ -« « « o & & o 4 o« u « u «
TIMING OF SPARNING . . . . . .
CHARACTERISTICS OF THE SPAWMNING
DISTRIBUTION OF SPARNING WITHIN

MOVEMENT ASSESSED USBING TAS RETU

RUNM
THE

RNG

CEHARACTERISTICS {F SPAWNING SITES .

Visual Characteristics . .

Streambed Composition. . .
DISCUSSIOM & o« & & s & = = = 2 « a =
TIMING OF SFARNING s s R s w o
CHABRACTERISTICES OF THE SPAENING

DISTRIBUTION OF SPAWNING WITHINM

Fage -~ iv

RUN
THE

GRAYLING SPAWNING

BRATMAGE
DRAINHAGBE

REPORT

Fage
- ii
- iv
. wi
- Vil
« wiiid
a 1
- =
. 8
. 8
“ iz
. iz
n 1=
. 1=
. 1=
- ig
- iz
. 18
a 22
- 249
- 24
. g
- 25



GRAYLING SPAWNING REPORT

TabBLe OF CONTENTS
{oontinueid}

BISCUSEION (continued)
MOVEMENT . . &4 ¢ & & a4 2 o o = & = = & =5 s = = = = =« = 27
SPAWNING SITE CHARAUTERISBTILS o « v 4 4 v s & 2 = & = = 29
STATUS OF POFULATION AND ENHANCEMEMT FEABIBILITY . . . 29

LITERATURE CITED . . .- s 4 & 2 s o 4« & = 2 = =& = = = s = = = 3=

FPage — w



GRAYLIMNG SPAWNING REPDORT

LIsT OF TABLES

Bummary of angling regulations for Arctic grayling in
the Hig Hole River from 1970 through 1990 . « v « - . .

Electrofishing sampling dates, location=, and appraxi—
mate length of sample sections for zlectrofishing
sampling of the 1988 spawning #rctisc  graviing popu—
lation in th2 Big Hole River. MOSNT dndicates no
other fish spscies netted during that sampling. . . . .

Mzan length, length range, and sex ratio information by
age Tor the portion of the Big Hole River Arctic

grayling spawning run sampled during 1988 . o . . . . .

Summary of tag return information for recaptured Gretic
grayling captured during the sprirg of 1988 . . . . . .

Page - vi

Fage

i5

17



GRAYLLING SPAWNING REPORT

LIBT OF FIGURES

Map of the Big Hole River drainage. « - o o o = » » n =

Laily discharge {cfs) and mean, minimum, and maximum
water temperatures in the Big Hole River near Wisdom,
Montana from April through June 1988. Preliminary data
colliected by the USB85. The time of grayling SRawning
15 shown in the cross—hatohed block above the X-—axis. .

Catch of grayiing 8.0 inches and longer in the Big Hole

River and its tributaries oy date during 1728.
Grayling were segregsated into ripe male, ripe female,
spent fzmale, and other ClassSes v v v = = « o o o o o .

Length frequency of Arctic grayling captured during the
1988 spawning run by half inch length group. Gravling
ware sagregated into ripe male, ripe female, and other
Classes. Ripe Tish included all fish identified as
2ithetr mature, ripe, or SpEnt = ¢ « & » « o = » 2 . - .

Growth of grayling in  the Rig Hole River drainage
estimated ‘rom mean lengths at ag2@. « &+ v 4 . 4 4 - .

Grayling wmovemant assessed from tag return data for
grayling tegged during 1987 and recaptured during the
spring of 1988 (A) and taggsd during thz spring of 1788
and recaptured later in 1988 (Bl. The origin of arrows
iz the tagging location and the arrow’'s heads indicate
recapture locations o . & . 2 a2 o e w = = w« 2 = & = = =

Lomposition of a typical riffle stroambed site where
grayling wers found spawning in the main stem Big Hole
River and in a similar site where no grayling spawning
was documented in ths North fork Big Hole River. @all
streambed compositions were determined from ten hollow
cora {(McNeil and Ahnell 1944) samples o o v ¢ & 2 o o .

Page ~ wvii

~d

ia

1s

17



GRAYLING SPAWNING REPORY

ACENOWLEDGEMENTS

The U.3, Forest Bervice, Montanas Natural Heritags Program of
the Nature Conservancy, and Montana Department of Fish, Wildlife
and Farks provided funding for this projesect. The authors would
eanecially like to  thank Dave Genter of the Montana Natural
Heritage Program; Don Bartschi of  the U.5. Foresst Service,
Regional OfTice; Hon Frichard, the Beaverhead National Forest s
Bupervisor; Joe Spehar and the entire Staff of the Wisdom Ranger
Bistrict; and Larry Feterman and Jerry Wells of the Pontana
Department of Fish, Wildlife and Parks for their support and
ancouragensnt., & sperial  thanks to Fisheries Bioclogist Harolid
Stevensen fTor his field work and experience and to Ken DeCock,
Greg Gibbons, and Tim Mosold for their wuntiring and cheerful help
in the field. Dave Genter, Don Skaar, and George Liknes reviewed
early dratts of this report and thelir comments were invaluabls
and, in most cases, incorporated into this report.

Any reference  teo product names are intended to document the

tvpe of sguipment used and do not repressnt a product sndorss—
ment.

FPage — wviii



GROYLING SPOWNING REPORT

INTRODUCTICN

The last riverine {(Tluvial} native oopulation of Montana
froctic gravliing {(fhymalilus arcticus montanus [Milreri) in the
contigucus 48 United Stategs exists in the uppse Big Hole River of
southwestern Montana (Liknes and Bould 1587). The histeoric range
of the Fluavial gravling in the lower 48 states includsd most of
the upper Missourl River basin  above Great Falls  and northern

Michigan. The Michigan populations wers extirpated arcund 19356
{(Holton 1971; Scoctt and Crossman 12733, The distribution of
fluvial grayling is PMontana has  progressively  besn reducesd

{Henshall 1906463 Vincent 1942) wuntil now  the Big Hols River
supports the only  frue  fTiluvial population in the ztate. &
poepulation inhabiting a8 canal system (Sunnyslope Canal within the
Bun River drainage} and a rempant population in the Madison River
above Ennis Lake exist, however, the status of these populations
are likely despendent upon reservelirs within their systems (Bill
Hill, MDFWP, Choteau and Dick Vincent, MDFWP, Bozeman, personal

communication). This dramatic reduction in range has led to the
designation of the fluvial graviing as a ‘“epeciss of special
concern” by  the Endangered Species Committee of the American

Fisheries Society (Johnzon 19875, the Natural Heritage Program,
and the Montana Department of Fish, Wildlife and Parks {(MDFWF),
as a "sensitive species” by the U.S5. Foarest Service, Northern
Region (files, USDA Forest Sarvics, Nerthern Region, Misspula,
Montana), and a Category 2 speciss undsr consideration  for ESA

lasting by the Fish and Wildlife Service (Federal Registar).

Electrophorstic analvses conductsd on seven Montana gravliing
populations (Grebe Lake, Lake Agnes, Rodgers Lake, Elizabeth
Lake, Fuse Lake, Bunnysliope Canal, and the Big Hole River) and
one Alaska population {Chena River) found  that the lake popula-—
tions wers not grzatly divergent from each other {(Everett and
Allendorf 1983}). These authors found the Big Hole River, Chena
River and Sunnysleope Canal populations were more different from
the lake populations than from sach cther. Both the Big Hole and
Chena populations are fluvial populations. The origin of the
Sunnyslope Canal population is unknown, however, the most
reasonable theory about their genetic make—up is that these fish
undergo intense selective pressures because they live in  a canal
where alil movement must be down stream and the canal is dewatered

every fall. The above authors implied that the Big Hole River
population has asaintained ite native fluvial genctypes sven
though adfluvial {lake} stocks may have been planted :in the Hig

Hole River during the smid-1900 =,
The MDFWF  has attempited to monitor the abundance of the Big
Hole River grayling poapulation since the mid-i9707s. Hesulting

data indicated a re=iative decline in abundance which prompted
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GRAYLING SPAWNING REPORT

progreassively resiricting sport angling harvest from a 10 fish
limit o a catoh  and relesse limit beiwesen 1973 and 1983 {(Table
i). In addition to reducing limits, MDFWP  initiated a graduate
study on  the population in conjunciion with the Montana Coopera-
tive Fisheries Reséarch Unit {(Montana State lUniversity, Boreman,
Montarnaj) which was the first in-depth attesmpt +to  decument
grayling population abundance and distribution {Liknes 19813).

A literature review of grayling spawning regquirements and
timing found that grayling are annual spawnsrs {(Draig and Foulin
I975), likely home {[(Harner 19553 Craig and FPoulin 197%; Tack
19803, migrate long distances to reach spawning grounds (Henshall
1907 Brown 1938; Nelson 19343 Reed 1%64; Bishop 19713 Craig and
Foulin 19753 Kratt and Bamith i977), initiate spawning migrations
imaediately prior to or during ice  breakup of main stem rivers
when water tempsratures are Z2 o 39 F {(Brown 1938: Nelson 1954:
Woldrik 19855 Warner 1%955; Resd 19643 Schallock 1956463 Williams
12683 Tack 1971; Bishop 1571; Tripp and McCart 19743 Craig and
Poulin 1975; Krueger 17Bi; Falk et s1. 1982), spawn a2t water
temperatures between 36 to 5C F {(Tryaon 19473 Hojorik 1954:; Rawson
1950; MWarner 193537 ¥Fruse 19593 Reed 19443 Williams 17468: Bishop
1971 ; MNetsch 19753 Wells 197&3 Falbk et al. 1982)., spawn over a o2
to 24 day period {(Kratt and Smith 1977}, and spawn in current
velocities ranging Froun 1.1 to 4.8 ft/s  (RKrusger 1981).
Selection of substrate Tor spawning varices widely. Epawning
usually occurs over gravel substrates (Henshall 1907: Rawson
1750 Melson 17%34: Bishop 1971),. but may occur over mud—-hottomed
pools with vegetation (Scott and Crossman 1973).

Liknes (17B81) surveyed ths Rig Hole River grayling popula—
tion during 1978 and 1979 by electrofishing and drift net
sampling. He fTound grayling in three sections of the main stem
Big Hole River and the lower resches of 11 tributary streams and
believed that the population was confined to the main stzm Eig
Hole River and the lowsr portions of its  tributaries above the
mouth of the North Fork Big Hole River. Shepard (1987 and files,
Beaverhead Maticnal Forest, Dilleon, MT7) found thres additional
streams, Fishtrap, 0'Dell and Wyman creeks, and Wise River also
contained grayling. The grayling in O0'0ell and Wyman creeks and
Wise River probably originated from grayling drifiing out of
mountain lakes within the upper Wyman creek drainage. Shepard’ s
findings supporied the contention of Liknes that grayvling were
confined mainly to the upper Big Hole River wvalley btottom,
howsver, Shspard (1986, 1987 and Tiles. Beaverh=zd Mationsl
Forest, Dillen, MT)} and Oswald {files, MOFWP, Diilon, MT1 have
documented grayling zn most of the Big Hole River from Jackson
downstream o 1is mouth.
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GRAYL ING SPAWNING REPORT

Graviing in the Big Hole River appesrs to  oe concentrate
Setween Divide and MWisdom and wuss  this porticn of the river
arga  during the spring

geasonally by moving up  into the Wisdom =
with a wsignificant portion of the population normally remaining
in this arsza through  the summer befores migrating  down river o
inter habitats. Shepard {1787 ragin tagged aduaili graviing
during the f2il of 1986 and found most radiosd grayliing moved
down river out of  the Wisdom area during October. Some y=ars
adult gravling do not  remain in the Wisdom area during the
summar, bui move down river imeediately afier spawning. it is
unclear what cues this sarily sovemsnt buil greliminary observa—
timns indicate that it is related to severe reductions in Tlow,
Liknes {1981) sampled age O grayling within the Big Hole
drainags ang conclugded that grayling spawned sometime during Iate
fAipril cor =arly May. Shepard {1987) attempited to trap Spawning
grayling from April 7 through June 23, 1584, as they moved into
several tributaries and a channel of the RBig Hole River with
little sSucCcess. Iin 1987 a committee was organized by the MDFWFP
that included representatives of HDFWP; Populabion Genetics
Laboratory, tniversity of bMontanas Montana Cooperative Fisheries
Research Unit, Montana State University) Montana Natural Haeitages

Frogram — Hdaturs Conservancy:; U.5. Forest Service; U.S5. Filsh andg
Wildlife Service:; Maticnal Park Service; and American Flsherias
Society. This OComplittee recommended and organiz=ed a study o

collect more dstailed inTormation to describe  the locations,
distribution, and site characteristics of gravling spawning sitas
within the Eig inle River drainage, and the tising and populstion
characteristics of the Spawning run. This report summarizes daita
collectad during the first year of that efforti.
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SRAYLING SPAWNING REFORT

Table 1. Buamary of angling regulations for Arctic gravliing in
the Hig Hole River from 1973 through 1990,

Regulation y2ars Grayling regulaticn

1970771 — 1977/7Y Ternr pounds and one fish or 10 fish in
conbination with brown, cutthroat, and
rainbow trout.

1978779 - 1980/81 Five fish with only one fish excesding 1B
inches 1n combination with brown, cutthroat,
and rainbow trout.

1781/82 —~ 19BZ/83 Five fish with only one fish zxoseding 18
inches in combination with brown, cutthroat,
and rainbow  trout sxcept Trom Divide Dam to
Meziroze Bridge where it was threse  fish under
13 inches and one TfTish over 22 inchss in
combination with Beown, cutthroat, and

rainbow frout.

12853/84 ne graviing either under 13 or over 22
inches.

ivg4/,85 - 1987/88 One graviing over 13 inches.

1988789 — 198%9/%0 Catch and release for grayling.
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i

STUDRY SITE DESCRIFPTION

The study area included the upper BHig Hole River drainage
above Divide, HMontana (Figure 1). Sampling was concenberated
within tha msein stem RBig Hols River besiwesn  Lhe fowns of dHise
Hiver and Jdackson and 1 Lhe lowsr poriions of itz tributariss
incliuging the MNMorth Fork Big Hole River, Big Lake Creebk, Deep
Cresi, Fishirap DLDreek, Governor  Cresik, Foch Cresk, Sandnollow
Creek, SBeymour Ureek, Steel Creek, Swamp Creek, and Harm Sorings
Creel. During sampling, Big Hole River flows and water tempera-
tures rangec from £18 to 3320 ofs and I3 to V5 F, respectively,
using preliminary data supplied by the USG5 from & gasuges located
at the Highway 43 bridge near Wisdom (Figure 2.
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DISCHARGE (CFS) AND WATER TEMP (C)
BIG HOLE RIVER, WISDOM
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Figure 2. Baily discharge (cfs) and mean, minimum, and

maximum water temperatures in  the Rig Hole River
near Wisdom, Montana from April through June 1983,
Freliminary data collectsd by the USES. The tims
oT grayling spawning 1s  shown  in the cross—
natoheg block above the X-axis.
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GRAYLING SPAWNING REPORT

METHODS
FISH COLLECTION

Gravling were captured using either boat mounted electro—
fishing gear {either a Buffaloc Drift bhoat or Coleman Crawdad
outfittad with a 240 watt gas powered generator connectesd to a
Harvey Leach constructed wvariable valtage pulsator with mobile
anodes) or a backpack electrofisher (Coeffelt BFP--i0) slectro-
fished in a downsiream direction. Sampliling began on April &, in
an arsa of the Big Hols River fres of ice, and continued through
dune 2% (Table ). Two crews operated during the peak of the
BPpAWNLING run. A total of approximately 54 miles of river and 20
miles of btributaries were surveved during the spawning season.

Stunned grayling, rainbow trout, and brook  trout  wers
captured, sxcept as noted on Table 2. For a1l captured fish,
i=ngth was measured to the nearest 0.1 inch and weights were
recorded to the nearest 0.01 pound.

Ser and state of maturity (immature; mature, but not Fipe;
ripe: or spent) was recorded for alil grayling. Sex dstermination
was kased on extrusion of gametes, the ability to feel eggs
within the body cavity, and the shape of the dorsal fins as
documentsd by Rawson {(1950). Ripeness of femals grayling was
difficult to determine until immediately prior to asd during
SOAWNT LN . It was difficult to determine if malss wer apent
because sparm  could still  be extruded from spent fieh. maller
grayling (fish less than 10.0 inches) were not  checlked Tor s
and  statsg of maturity durimg the sarly part of the sampling
{prior to April 27).

&
B

Scale samples were removed from grayling and scalg impres-—
BLONS were made in  acetate. Frale samples were later read for
age deiermination. Age interpretation from scale zamplas up o
age IV was believed relatively accurate, while sstimation beyond
age IV was suspect. Growth interpreted from scales should be
reliable because scale samples were obtained in +the Spring
tiuring annuius formation.

All grayling and rainbow trout longer than B.9 inches ware
tagged with a "“spaghetti-type” npumbered anchor tag. Recaptures
of previously tagged Tish wers noted. Foints of capture for
grayling were visually noted and recorded in the fis=id. Recordogd
information included the general habhitat type and streambed
condition wnere fish were capbtured asnd the location By river
iandmark. These capture lorations were laters convarted to
sivermile locations using USGS maps  {scale: 1:24,000) and a
Hivermile indesx.
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imate lmngih of sampls

the 1988 spawning Arctic
Raver. TNOBN" indicates

samopling -

GRAYLING SPAWNING REPORT

sampling dates. iocations, and appros—
sections Tor =lectrofishing ssapling of
graviing population  in  the DBig Hole
no other fish species nett=d during that

Saction

Date Location lengtn (mi; Comments

4-046—-88 Hig Hole R. — HMallon’'s 1.8 No grayling
scales to Stanchfiesld' s rOSN

4-12-88 Big Hole R. — Seymcur Ck 5.8 Mo grayiing
to Dickie Bridge Massive ice Tlows

NOSN

41258 Big Hole R. — Fool at O One grayling

Sportman’s FPark Maseive ice Tlows
NOSHN

&4~135-88 Fishtrap Ck. - Above 1. MND gravliing
Highway 435 t.ots of ice

4-14-88 N OFE Big Hole R. — b2low  O.1 Mo graviing
Eise’'s Ranch

4-20-£88 Big Hole R. — above P I grayiing
Highway 45 bridge by Wisdom

4-21-88 Big Hole R. - 3guaw Ck 2.1 Z ograyling
to Fishtrap access MNOSN

4-21-88 Sandhollow Ck ~ below G.2 Mo grayling
M Fk Big Hol= Rd

4-21-88 Big Hole R. ~ 40 Bar 4.3 Mo grayling
Ranch to Fred Hirschy's 1 rainbow

42288 Swamp Ck. -~ N Fk Eig 2.0 53 gravliing
Hole Rd to mouth

42288 Big Hols R. — Swamp Ok 0.2 1 grayliing
to Sandhollow Tk

4-245-88 Seymour Tk, ~ above and S A Mo grayiing
nelow HMighway 42 bridge

4-2H-BH Fishtrap Ch. - side S I § No grayling
channmel at Access site 19 rainbow

FPage — 7
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Table 2. {(continusdl.

Szotion
Date Location length {mi; Comments
42588 Sandholilow k. - above 0.9 Mo grayviing
M Fx Big Hole Rd
4--27-88 Big Hole R. ~ Btesl Ck 2.0 13 gravling
mouth ton above cemsisry
G277 35 Stesl Ck. — Stesl Tk Rd 1.2 b grayliing
to Big Hole R
4-27-88 2ig Hple R. — Sandhollow 9.4 40 gravyling
2k to Doolittie Ck NOSN
4-28-848 N Fr Big Hole R. — unpsr 4.0 Sampled about 2.0
to lower M Fk roads mi. Mo grayling
4-29-88 Big Holes R. ~ above 2.0 4% grayling

Highway 43 bridge at Wisdom

50288 Big Hole R. — balow 5.4 32 grayliing
Highway 435 bDridge at Wisdom

5—-03-28 Rock Ck. — lower snd .8 1% graviing
above mouith at Pig Lawe Ck

w0388 Big Lake Ck. — below 0.1 4 grayling
Rock Ck

S—05E88 Sandholliow Ck. — N Fk Creek dry
Big Hole Rd

20488 Big Hole K. - above .0 33 grayling
Highway 43 bridge at Wisdom

50488 Big Hole R. — below 5.4 I grayling
Highway 4353 bridaoe at Wisdom NOSN

5-05-58 Pig Hole R. — 40 Bar 4.3% Mo grayling
Ranch to Ffred Hirschy's & rainbow

20488 Big Hoie H. — Doolittle o 11 gravling
Ck to Sguaw Ch MNOSN

S-U9-88. Swamp Ck. — ® Fk BRig 2.0 2% gravliing

Rd to mouth
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Table 2. {(continuesd?.
Section

Date Location Tength {(mz} Commants

50988 Hig Hols R. — Swamp 0.2 3 grayling
Ck to Sandhollow Ck

5-09-88 Big riole H. ~ bBguaw Ck g.1 i4 gravling
toy Fishirap access NOSH

9—10-88 Big Hole R. — North Fork 1.0 3 grayling
Big Hole to Doolittlis Ok

5—10-88 M Fk Big Hole R. — lowsr 3.5 1 grayiing
N Fk Rd to mouth near mouth

S—11-88 Bovernor Lk. - T. Clemow 0.5 i gravling
Rd to Warm Springs Ck

9~i1-Bdg Warm Springs Ck - G.5 Mo grayiing
Hovernor Chk to mouth

5—11-88 Big Hole R. — Warm 2.5 Mo grayiing
Springs Ok to Twin Lks Rd Z rainbow

5-11-88 Fig Hole R. — Sandhollows 3.8 1% gravling
Ck to Doolittls Ok HOSN

5-16-88 Deep Ck. — Ski Rd bridge 2.0 2 grayling

5—17-88 te mouth at Big Hole R. 43 rainbow

&H-135-88 Big Hole R. - above 5.0 7 graviing
Highway 43 bridge at Wisdom

4—15-88 Big Hole R. - Fishtrap 3.0 12 gravyling
access to Sportsman’s Park

H—21-88 Big Hole R. — Wisdom 7.8 15 grayiing
Cemetery to Doolittle Ck

H£—2F-88 Big Hole F. - Dickie 2.4 1 graviing

bridge to Jerry Ck

Fage — 11



BRAYLING SFAWNING REPDRT

SEARNING SITE CHARACTERIZATION

Sites where ripse Grayiing were captured wers visually
characterizead including habitat type (riffle, pool, eteo.d,
substrate fvpe {(size category  ranked intoc one or more of the
following size classes: =1lt, sand, gravel, cobbls, or boulder),
and channel type (main channel, sides channel, braided channel),
In addition, ten streambed samples were taken from ons Enown
grayling spawning site in  the Big Hole River and a similar
habitat typs wunussed by spawning grayling in the North Fork of the
Big Hole River with a hollow—core sampler {(modified from MoMeil
and ahnell 19643, These core samples were oven dried  and sioved
through 2.0, 1.0, 0.5, 0.37, G.25, 0.0%, 0.90Z, and 0.0C3T inch
mesit sieves and the mater:ial retained on each siaeve was weighsed
to the nearest 0.01 pound. HMaterial left suspanded in the water
during sampiing was estimated according to methods presented in
Shepard =t al. (1984 . The percentage of vach size class of
material was calculated for sach core and averaged by site.

Fage -~ 12



BRAYLINDG SPORNING REFPORT

RESLLTS
TIMING GF SPAWNING

The first ripe male gravyiing was captured on Aprii 20 in
the Big Hole River above the Highway 43 bridge near Wisdom
(Figures 1 and I). The first female graviing identified as ripe
was captured in the Big Hole River on Opril 27 near the Wisdom
wemetery in the east chamnel. The numbsrs of ripe females oeaked
during the period between April Z9 and May 11. The numbers of
ripe males peaked during the period between April 22 to HMay 17,
The first spent fernale was captursd on May 4.

CHARACTERIBTICS OF THE SPAWNING RuUN

The sex ratioc of all fish identified as mature, ripe, or

spent was 2.0 sales:1.0 Female (Table 3I). Length and age
freguency information for mature ish illustrated that a large
portion of the age II fish were sexually mature {Table 3 and
Figure 4}. The fact that the sex ratios changs bhetwesn age

classes suggests that not  all female grayviing were maturing at
age II and that femals grayling may be suffering higher mortality
than males after age IV {Table 3). The average length and weight
of ripse males n = 1858} was 0.7 inches and .47 pounds,
respectively. The average length and weight of ripe females (n =
343 was 11.7 inches and .31 pounds, respectively. The majority
of growth in lengih was attainsed at by age 111 wiih the fastest
growth oocrurring during  the Tirst and  second vears of life
{Figure 3}.

DISTRIBUTION OF SPOUMING WITHIN THE DRAINAGE

The majority of grayling spawning during 1988 ococurred
within the main stem Big Hole River between the North Fork of the
Big Hole River upstrzam to approximately 3.0 miles above the
Highway 43 bridge near the town of Wisdom and in the lowsr
portions (generally from their mouth upsitream one to  two miles)
of Swamp, Big iake, and Rock creeks (Figure 1. Isclated
spawning areas ware observed in  side channels within  thes main
stem Big Hole River above the Highway 47 bridge ngar Bouaw Crosk
and between Sawlog and Fishirap cresks,

Fage — 13
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GRAYLING SPAWNING REFORT

Table 3. Mean length, length range; and sex ratic information by
age  for the osortion of  the 31g Holes River Arctic grayling

Spawning run sampled during 1788,
Ags Mumber Mean length iength range Fercent Sex ratio
class sampled {inches) (irnches) mature {(males:female)
1 &7 2.7 4.4 — 7.2 None
2 1469 Y.8 8.1 ~ 11.Z &6 Z.721.4
3 25 11.7 0.2 — 12.8 P2 1.9:21.0
4 &1 iz. il.é — 14.9 7 1.0:1.0
oo+ 24 15.4 12.6 - 14.6 100 2821,
Total 34& 2.031.0

Page — i3



zuads
40 fadia faunyew deyizra  se patT)IIvapT  ysti Tie
FPRT2UT Y4sTy adry - sasswid aaylo pue ‘atrway sdry
‘Erew adia ojur pajebaubas sae butyAw.ug *dnoab
urbuer your ey  Ag unu Burtumeds gpgt 2yl Gutanp
padsnyded DurtAeab  s13ouy 10 Axuanbaay  ujxbusn o auaniT g

(4UdUl G°0) SSVI1D HIODNIT

O'gl O'%L 0L 0% O 00l 08 0B 02 09 09 o'y

] I
| e e 0
I
L
=
= 101
1
"
Z
\\m\ 02
==
~
-1 0€
e I ) mmd‘_giﬁl
| SATVN AdIY [EFg
§  s3TVWIH adiH [ | 08
_ H10 E=
R Y wm< R H3IHLIO E
- 09

43IH1O 'S3TVNIL 3dIY ‘STTVIN 3diY
AON3NO3IHd HLIONIT ONITAVHD

L0=200uWnr

Fﬁy&~lb



BlIG HOLE GRAYLING
Mean Length (TL) by Age

5 LENGTH {inJ

14 -
12

10 1

{=
{'1
A

Y 1 2 3 4 6 6
AGE
Figur= 3, Srowth of grayling in the Big Hele River drainzge

zetlmated from mean lengths at age .,
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GRAYLING SFAWNING REPORT

MOVEMENT ASS5ESSED USING TALD RETURNS

& total of 30 grayiing were recaptursd during this sampling.
Twenty of these recaptures wers  tagged within the sams yvear
{1988 and ten were tagged in previous years {Tabls 4. OF the
ten grayling tagged during 1987 and recaptured during our
sampling, five were tagged in the river between Fishtran Cresk
and Sportsmen’s Park either during the previous May or Novembse,
four wers tagged in the Wisdom area during the previous May, and
one was tagged in Deep Ureek the previous October (Figure &6 — &).
#11 fish tagged during the winter (November) and recaptured
during our  spring sampling had moved uwup river. Subseguent
returns of seven fTish tagged during our spring electrofishing by
anglers found that over heslf the fish taggsd and recaptured (four
of seven) moved down river as Tfar as the Divide Dam  and the

longest recorded down river movement was 51 miles (Figure & — RBj.
The other three were captured in the Wisdom area from May to
aarly July. To =summarize this tag return data, during 1989 the

majority of mature-sized grayling (fish 8.0 inches and longer)
moved upstream in ths early spring to spawning areas (primarily
from the North Fork up to Wisdom) from wintering areas within the
lower river (from as far downstream as Divide Dam)., spawned, and
then moved down river or into tributaries after spawning (Table 4
and Figure &). During past years mature-sired grayiing spent the
entireg summer within the upper portion of the drainage in the
Wisdom area as docussnted by sumner and fall electrofishing
{Liknes 1978:; Oswald 1784: flswald 19843 .

CHARRCTERISTILS OF SFAWNING SITES
Visual Characteristics

Grayling usually were found spawning in riffle aresas over

gravel which appearsd "bright" due to the absence of periphyton
and/or silt and sand sized material on  the surfacrze of the
streambed. These riffle areas of "bright” gravel wesre ofton

associated with recently created side channels, below beaver dams
and irrigation diversion structures, and/or near mouths® of
tributaries where alluvial gravel fans had formed. Mature
grayling were colliected near each riffle of clean gravel below
gvery beaver dam in a recently formed side channel below Wizdeom
which containgd numsrous beaver dams. By the aiddls of the
SpaWning season  2lectrofishsrs became relatively efficisznit at

5]

H
identifying areas where ripe grayling were liksly to be captursd.
Tihase areas could b charactesrized as being in  arsas of Mrvdro-
lopgic instability. often in recently cub side channels where a
riftle with "brignt” gravel was situsted nsar a pool or run.

Fage — 1i8
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GRAYLING TAG RECAPTURES
TAG DURING 1987 AND RECAP 1988

BHR - Rivermlle
188

120 4

130

100 -

B0 -

8¢ -

7 -

8%

50 1 3 Fl

TAG DURING SPAWN AND RECAP AFTER

BHR - Rivarmiie
30‘.

120

110 -

80
Apr 20 May & Way 20 Jun4 Jun1® Juld4  Jui1® Aug 3 Aug 8

1988

Figure b. Grayling movement assessed from ftag return
3 g 1987 and recaptured

for grayliing tacoed

in
during the spring of 1988 {(#) and tagoed during
the spring o7 1988 and recaptursd  later in 1788

iB). The origin oF arrows is the tagging

iocation

and the arrow heads indicate recaptuws loccations.
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GRAYLINE SPAWNING REFPORT

Streambed Composition

ayliing spawning rifflz in
e gravel {(particlies betueen
{particies between 0.5 and
=

The strsambed within a  kKnowsn

the dig Hole River contained 0% 1
.0 and 0.3 inches), 30% fine grav
.09 inches), and 20% sand and = {particles lsss Chan 0.09
inohesi, while a similar site not used by orayling in  ths fNorth
Fork 3ig Hole River contained 30%, 40%, and 20% of the same sizs
classes,. respectively {(Figure 73. Thers were lowar percsntages
of fine material (Emaller than 2.2% inches in diamstsr) in the
Zig Hels spawning site (304) versus the mMorth Fork site not used
for spawiing {434 . Thsre were statistically signiticant
differences between the two sites for the cummulstive percentages
of material less than 0374 inchee {(p < 0.02), less than 0.25
inch {(p < O.002), less than ©.07 inchas fp <€ 0.004) bhased on
Mann-Whitney tests (Daniels 1978) cosnpuited using a STATGRAPHILS
computer package version 2.4 (87350 19BA). There were no
significant differences between cumnulative percentagess for the
ather size classes analyzed.

During the extraction of the sampls material we observed
that a real difference existed betweesn thse two sites. The main
steyn Big Hole River site {(where grayling were spawning) had very
little sand and silt material in the upper one to two inches of
the streambed, but did have en abundance of sand and silt below
that lswvel. The HNorth Fork Big Hole River site {whers no
grayling spawning was observed) had abundant sand  and silt
ocbserved on the surface.
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GRAYLING SPARNING REPORT

!
Pt
g
&
3]
{5
hary

"
-

TIMING OF SPAKNMING

Grayling spawning in the Big Hole appeared to be triggered
by a combination of water temperature and river discharge {(Figurs
M Daily maximum water temperatures at Wisdom rose above S0 F
on April 1& for the first time {(reaching 52 F) and remainesd
above 30 F Trom  then until April 18, however, river flows aiso
rose rapidly during this time period from 1,900 cfs to 2,140 cfs
and continued Lo rise o 2,350 ofs by April 22. Daily maximum
water temperatures again rose higher than 20 F on April 27 (52 Fj
ano yemained  over 0 F for the remainder of April. River fiows,
meanwhile, dropped from the esarly peak of 2,330 ofs down to 1,680
on April  Z5 and  stabllized at arcound 1,300 ocfs between Hpril 26
to May 13, This suggests that grayling initiatec spawning in
response to the combined cuss of daily maximum water temperature
rising above 30 F in conjuncition with the falling limb  of kA
anitial spring sub-peak flow event that is characteristic of th
upper 2ig Hole River hviderograph. Spawning then occurrsd during
& relatively sitable Tilow period between the initial spring sab-
pzak flow and the main higher spring peak flow that ocourred
during late—May and sarly-JdJune. Mesan daily water temperatures
during the peak of spawning activity (April 27 fo HMay 19
averaged 47 F, but during the last five days of April (whan
Spawning was initiated) mean daily water temperatures averogod
48 F.

Y]

H

]

A review of pw&vicue studies founo time of spawning was
variablie. Environmanial factorg that cued spawning aciivity
e e auggaﬁtem o be water temperature and Tlow changes.  Drosn
(17938) stated that “The sctual pericd of spawning for the Montana
grayliﬁg has peen found ©to vary greatly betws=en different yvears
and batween diffezrent localitiss in the same yveae . ® Frevious
studies of grayliing in Montana fTound that spawning occurred from
mid-—March through Jduly. Specifically spawning occcurred, mid-
March to April 24 in Odsll Creek, a Madison River iributary,
peaking around April 16 (Brown 1938); from mid-May to garly June
in Narrows Creek; a tributary to Elk Lake in  the Centesnnial
Valley of southwsst Montana (Lund 1974); from early May threough
May in an inlet of Rogers Lake in  the northeest portion of the
tate (Tryon 1947335 through early July with fthe time of initial
pawning unknown in three high smountain lake inlets within the
dime River drainage, i  fribut wary to the RBig Hole River {(Eribzen
J: from mid-Mav to late June in fributariss 1o Breabs  aks in
ipwstone National Fark (Kruse 195%); from May 19 to Ju :
Rock Urzek and from May 27 to June 1 in Hnitelope Crssk
ibutaries to Upper Red fRock Lake in the Centennial
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GRAYLIMNG SPAWNING REFPORT

southwest Wmntun {Melson 193%43; Ffrom early June  through 1ato
vune  in oan  iniet stream  to Lake Ognes in soubthwost Montana
{FPeigrman i%?ﬁ}; and from mid-Jduly through Iate July  in an inist
trx Hyalite FReservoir, nsar Fozoman, Montans (Kells 19743, 5

review of grayling studiss conducted in Alaska found the majority
o3f b grayling populations spawned from mid-—May to mid-Juns,
hawgverg zome populations wers  found o sSpawn as  egarly as latae
April and  others  as  lats  ss early JJuly {(Srostrong 198&). A
review of studiss conducted in Canada  found  that spawnanog
gpﬁmra;;b ocoourred Trom April through June {Rawson 19503 Biszhop
L1 Melart et al.  1972: de  Bruyn and MoCart 1974: Tripp and
ﬁrtart 1974: Fratt and Smith 1977: Falk st 231. L1952,

In past studies of gravliing in Montana spawning was Tound o
commence when water temperatures reached the 40-50 F  rangs and
the uppesr end of this range was thes suggested temperature where
moEt Epawning activity was  obssrved by the majority of the
suthers (Brown 1938: Tryon 19473 pelson 1954: Kruse 195%: Holton
1971 Peterman 1972:; Lund 19743 Wells 19764). Lund {(1974) also
documented that grayling began  their spawning runs on declining
stream Tlows in inlets to Elk Lake, Montana when daily stream and
lake temperatures averaged approximately 45 F. Water temosrature
and spring flooding wers belisved to be factors that stimulatsd
spawning in Arastrong’'s (1984 review af the Alaska studiss on
grayviing. Epscifically. Tack {1973) believed that a wator
temperaturs of around 32 F tFlggared grayling spawning in
interior streams of Alaska which was also the temperature 81t
{1974) suggested gravling spawned i wsstern Slaska. Warnor
P193558) aisp found grayiing spswning at arocund 39 F in some inlots
o Fielding Lake. fAlaska. Bishop (1971) noted that graviing
moved onto Spawning grounds alt water ftemperatures of 46 to 50 F
antd that spawning took place 2t 30 F. Canadian studiss bave
reported water temperatures betwesn 39 o 50 F to be an important
cue for the initiation of graviidng spawning {Rawson 1950 Tripp
angd Melart 1974: Stuart and Chislett 19793 .

CHARALTERISTICS OF THE SPAKWNING RUN

Thae sex ratioc for the Big Hole grayling spawning population
was 2.0 males:1.0 female. Fruse (1959 documented seyx ratios of
siawning runs intc Grebe Lakeo, Yell QﬂsLmﬂw Fark, Spawning grounds
to e Z2.0:1.9 in 1533 and O.%:41.90 ain 1% Ldﬂﬁ {19743 found

that femslss ocubtnumberssd mai%e ir SQ”WGMFQ popsiations of
grrayling entering Mare Lre2ek Trom Eilk Lake, Montana at a raticg
1:1.% and 1.7:1.0 3 respactively, {15 oo
Potound a sen ratisc of Spakitii cravling entering Providence
a Lributsry to ! Canaoda to oo 1.3

:1.0 femals. Ylearoi

ser ratio changed during




GRAYLING BPAKNING REFPORT

the rourse of The spawning run in an Hlosrits beibubar
males:l. ¢ Temals sarly in the run to 3.0 males:l.0 fema
in the run.

The gravling in the Big Hole River system becams sexually
mature at age IT. Hubert et al.’'s (1985) review of riverines
grayviing studies found That age at sexually maturity varied,
dependent upon latitude and population density. In general, ths
above authors reporied that grayvliing populations with low to
moderate densities at lowsr latitudes attained sexual maturity at
age 11 to I1I, while in northern latitudes o high population
densitiss fish matursd at age IV and older, not reaching s=sxual
maturity until ags VI in many Hlaskan waters. Tack (1974)
concluded that angler harvest may have been responsible Tor
graviing maturing at a smallier sire {garlier age) in the Chena
River than in other waters of Alaska.

The growth curve Tor graviing in ©he Big Hole system
iilustrates that the majoriity of growth is put on during their
Tirst two yvears (Figure 2). The prssence of Some Juveniles 1o
tributaries to the river and the interpretsation of early growth
from a few scales suggests that a2 small segment of the juven:ile
population may rear for up te two years in river tributaries. In
Hubert =2t al.’ = review (1985) of riverine populations they
reported that graviing in flontana and Wyoming reach 7.2 to 2.8
inches in 2 yvesrs and Trom 11.2 o 14.7 in 4 years. bBrowth for
the big Hole grayviing populaticon appears to be toward the vppor
ernd of fhis rangs through age 1 (9.4 inches),. while the averags
isngth of age IV graviing (12
range reported by Hubsrt st

.7 inches) lise in the middlc of the
al. {1985;).

DISTRIBUTION OF SPFAWNING WITHIN THE DROINAGE

The distribution of spawning grayiing within the Big Hole
drainage shows that areas above the dNorth Fork of the Big Hole
River were more intensively used for spawning. Fredlse reasons
for this distribution of spawning are unknown at this time,
howsver, the following speculation may entourage further
investigation. One possible explanation for the spawning
distribution could b= the high fine sesdimernt load contributed tpo
the Big Hole from the North Fork watershed. This drainags is
underlain by highly erpsive granitic batholithic material and has
recently supsrisencad more intensive land-use. Pravious
samplinng Dy he senlor author an 1987 found thal & mifile
within ths river near Wisdom contained only 16k fins asts;
{material less than 0.25 inchl, whils a viffle located at
Highway 43 bridge anear Sguaw Creek {(an area below the Rortl
contained 297 fine material, snd s riffle near Sporissmen’ s

Fage — 26
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contained Z1% fine materisl (files, S=avernead MNational Forsst,
Billon, MT}. Anocther potznitial sxplansiion for fhis spawning
gistribution iz that the porition of the river zbovse the MNorth
Fork mey be inherently lesz stable resuliing 1o more areas of
"hydrologic instability” which creates preferraec spawning
nabriat.

The movensnt patterns observed throuoh
fish and by ths asuthors during thsicr work on th
suggests that & ssgoeent of the riverine Sig Hols graviing
population spend the winter in deep pools in the portion of th
river pslow the Wisdom area a5 Tar as the Divide Dam and perhaps
in the lower portions of some tributariess which have desp pools
cr arzas of groundwater recharge. During the spring. the
majority gf the mature grayling move up river znd spawn in the
portion of the river from the mouth of the North Fork up to
immediately above wWisdom, and in the lower portions of Swamp,
Eterl, Big Lake, Rock, and Sand Hollow cresks.

captures of tagged
2 Big Hole

* "E’i

e

During years 0f average and above average river filows most
oT thoss grayling that moved up river during the soring -emain in
the upper porition of the river throughout the summner to f=ead
pefors moving back down river in the fall (usually somstime
during Ootober) to return Lo winter habitat areas. The exact
mecnanisn which frigogers this down rivar sovemsnt is not knoen,
but is suspectsd to be a combinatizn of rising river flows
{resuiting from 2ither Tall rains, incresased return flows from
irrigation, or a combination of the two) and declining water
temperatures. During yvears of extreme low flow ws have observed
that a large portion of the grayling which moved up river during
the spring migrate back down river Immediately after spawning.
This movenent pattern was observed in 1983, 1987, and 1988, ail
vears of low fTlow. What triggers this immediate down river
migration is unclear, but may be related to drastic reductions in
river flow during the late spring/early summsr period.

At the present time, we are unsure if juvenile grayling
foliow this same migration pattern in the Big Hole system. We
have not captured many juvenile grayling in the lower portions of
the Big Hole, but have freouently captured juveniles in the
Wisdom arsa. It may ba that juvenils grayvling in the Big Hole
2ither rear up thirough 2ge 11 in the upoer poartion of the
drainags, or follow similar mevemeni patterns as adults. During
slectrofishing sampling in the fall of 1984, juvenils {agse O}
rayling disappsared from the Wisdom arsa between the mark and
seapture Sampling. This would support the latisr of the abowe
two theories.
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Other authors have notsd this type of annual migration
patisrn in other rivering grayling populations. The following
discussion of graviing sovements in Alaska systems is taken Trom
Armastrong {19841 . He summarized the reasons for these “complex
migrations o overwintering, spawning, and feeding sites! to be
"adaptions to different systems or different parts of the same
syatem” which "enables the voung [which "emerge sarly and develop
rapidly”] to leave systems befors they become frozen and
uninhabitable in wintsr.” He further states that "entire
populations of grayviing migrate downstrean and out of ceebain
tributaries and enter” main stem rivers Tor the winter. These
populaticons leave sireams which dry up or freeze solid, but also
leave spring-fed strsans. In conversations with Steve Tack
{Fairbanks, Alaska)} Armstrong and Tack speculatsd that the reason
grayiing leave these spring-Tsd streams is that these streams
often have extensive Trazil ice in winter. &remstrong also states
that in larger unsilted rivers in flaska (the ZBig Hole would most
closely resemble these systems) most gravling inhabat the upper
reaches during the summer and migrate down stream to overwinter
in the deeper water of the main stem.

The majority of these Alaska populatinns begin this down
stream movement in September, similar to the time Big Hole
graviing population moved down river from the upper basin in
pravious normal flow yvears. BGraviing in Alaska were Tound o
migrate from a few miles up to 00 miles to r=ach overwintsring
habitat. In these unsilisd Alaska rivers graviing use difforent
portions of the system during the summer depending upon their age
and maturity. Young-of-the—vear tended to remalin near arcas
where they emerged, usually in the upper reaches of the system.
Juveniles {(ages I, 1I, and II1} used the lower portions of the
rivers and thelr tributariss. Adults either moved upstream to
Teed in the upper reachszs of the rivers, or 1T they spawned in
the upper reaches, repained there throughout the summer. The
grayling in Alaska were found to return annually to feeding arsas
and it was suggested that they probably show similar fidelity to
spawning sites. '

Hubert et al.’'s (1983) review documsntsd the same types of
migration patterns and clarified the following. Downstream
migration to wintering areas was found to occur when water
temperatures approached 32 F (Yoshibhara 1972). All ages of
grayling moved downsiream to overwintering areas in large streams
and rivers Jduring late summer and fail (Yoshihara 19723 Eratt and
Smith 1977:; Tack 1980:. Wintering areasz included pools of
intermittent and flowing stre2ams, as well as spring-tad bog
streams (Lraig and Foulin 1975) which did not freere to the
botiom during winter months (Hrueger 1981).
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SPOAWNING SITE CHARGCTERISTICS

We found Big Hole gravling spawning over gravel that was
vaery cigan on its surface. Spawning occurred in riffle areas in
close proximity to pool or deep run habitats. HMost previous
investigators have fTound that graviing spawned in riffles or in
transition zones between riffles and pools (Hershall 15073 Rawson
1930G: Nelson 19543 Bishop 1971). Eggs and spawning have
generally been found on gravel and not on mod, silt, sand, or
clay substrates {(Henshall 19073 Hewson 19530; felson 19543 Warner
1¥53; Bisheop 1971; Tack 19713 Tack 1973: Eratt and Smith 1977},
however, Brown (1938} found the Agnes Lake, Montana spawners
spawning over silt and sand at a ratio of Z:i in ths inlet,
Curtis {(1977) found grayling from Wyoming lakss in inlet and
outiet streams spawning over a sand/fine gravel substrate,
Bendock {1979} found a lake population of graviing spawning over
& wide variety of saterial from large rubble to vegetated silt
within the lake, Reed {(1964) found graviing spawning over mud in
a side siough, and Tack {(1980) found grayling spawning on zedges
in a stagnant pond. To summarizs, 1t appears that lake popula~

ions of graviing may have adapted to spawning over fine
matarial, while river and stream populations gensrally spawn over
gravel in riffle areas. There has been little work done to
svaluate spawning success in different substrate conditions.
This question should be addressed in future research.

HYATUS OF POPULATION ARND ENHANCEMENT FEASIBILITY

Wee wiil give & briet assesssent of our opinion on the
present status of the riverine gravling population in the Big
Hole Hiver system and bristfly explain recent attempis directsd at
gnhancement of this population. We will also briefly discuss the
problems which will likely be associated with attesmpting to re—
gzitablish riverine populations of graviing into other waters in
the state. The following is speculation based on observation and
a review of the literature.

The riverine population which exists in the upper Big Hole
Hivaer system above Divide, Montana appears to be a single
population and at least a portion of this population uses the
grtire upper river system on a seasonal basis. This population
is presently at a low isvel and the recent trend (from 1583 to
the present) has been a decline (Jswald in pre2p.). Yoar class
strengihs and weaknesses appear to be linked to river flows with
below average T1lows producing weak yvear classes and normal and
slightly above average flows producing strong vear clasces.
Ironicalliy, it agpears that flows which are way abpve averoge
may also produce weak year classes. Grayling are notoricusly
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vulnerable to angling (Falk and Gillman 1974; Tack 19747 Graback:
1981 and recent reguliation rasirictions have attempited bo remove
that component of mortality from the riverine Big Hole population
{Table 1). The othesr three potential avenues for preserving

and /or snhancing this population are: 1) habitat snhancemant,
g2ithsr through the snhancemnent of river flows or dirgct habitat
snhancement by creating more preferred habitats:; 2) population
ennancenent through releases of riverine siock grayling fry into
the system: and 3 control of competitors and predators, if
turither resserch Tinds these two types of interactions contribute
significantly to overall mortality. We will discuss each of
these options in detsail.

One of the most likely candigaies for preserving and/or
enhancing populations is to provide more staple river flows and
reduce potential loss of grayviing in irrigation ditches. By
providing more stable flows, particularly during the relative
short spawning and incubation periocd, survival from eggs through
the first suvaemer of life should be enhanced. More work is needed
to conflrm our ochservations from 1988 and further refine the
relationship betweesn the timing of spawning and river flows and
water tempsratures., I wme can accurately predict when spawning
will accur, we can ~ork with local irrigators to provide 5y more
=table river tlows from the initiation of spawning through the
time fTry emerge {a two to three week time period). The senior
author has already aspproached irrigators in the uppsr Big Hole
valley near Wisdom and received a very positive rasponse to this
concept. There appsars to be a very real possibility of
initiating this tvype of managemnsnit.

Anpther potentizl sowurce of mortality 1s the loss of
araviing, particularly fry and juveniles, into irrigation
ditrhes. One way to 1imit this loss would be to attempt to
return any grayling Try or juveniles back to the river from
irrigetion ditches before these ditches are shut down for haying
or at the end of the ssascn. Work dons in the Sallatin River
system Tound that an incremental shut—down of ditches over a two
te three day pericd triggered trout to move up the ditch and
return to the river {(Clothier 19353 19343 Kratt 1972). Orienta—
tion of irrigation diversions relative tg the river channel can
also reduce loss of fish into ditches (Spindler 1953). Again,
the senior author approached thes irrigators of the upper Big Hole
drainage and these irrigators agreed to begin implemsnting the
incremental shut-down of ditches i1mmediately, and were willing to
discuss orientation and operstion of diversion structuress to
minimize Tish loss. The loss of gravling migrating down river
during the fall to seek overwinter habitat inito irrigation
ditches does not appear to be a concern in the upper Big Hols
drainage {Tfrom Jackeon down to Sguaw Cresk). The irrigators in
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this porticn of the drainage indicated that their irrigation
diversions were shut o7f either in July orior to having {anmd not
turned back on again} or arcund Labor Day in September.,. prior to
the initistion of down river movement by grayiing.

Direct habitat snhancement would depend upon better defining
habitat requirsments of this population and determining if
physical habitat was limiting populations. IT this was tha
case, a habitat improvement program could be initiated. This
opption would rely on the collection of more information.

Direct enhancement of riverine grayling populations irm the
Big Hole Hiver could be accomplishsd by supplensnting the
sxzsting populaticon with other riverine stock or with frv hatched
from sggs taken from Big Hole gravliing. There is a ricsk in the
first option in that it could potentizlly introduce undesirables
cenetic material into the present population and alter the
genstic makeup of the existing native population. The sscond
option is the more preferable, however, one problem with this
option is that the availability of eqggs to supplement the
population is presently limited dus to the low numbers of mature
Temales in the population and the ditficulty in obtaining egags
during the extremely short spawning period. During ths 1968
Spawning season approximately 5,000 fertilirzed eggs were obtaired
from the Big Hole gravling population for fry behavior research
conducted by Dr. . Favae {Monitana State tniversity, Bozeman).
After Dr. Kaya had complsted his expsriments and these frv had
suffered some moritality due to dissase, approximately 3,000 frv
remained. These fry were released into a lake which wacs
previously barren of fish. This lake has an inlet which should
provide suitable spawning habitat for thess grayling. This
release should provide additional fry for the Big Hole systeom.
Our plan is to return to the laks when these fry mature (in two
to three vears) to obtain fertilized eggs by trapping the inlzt
stream. It ie hoped that during the courss of maturing thess
releassd fry do not ipse too much of the genestic component that
makes them riverine Big Hole River stock dus to adaption to ths
lake environment. The objectives of this release were two-fold.
Une was to provide a source of fry to steck back into the Big
Hole system so that we could enhance the Big Hole population
while we were investigating how to esnhance survival within the
Big Hole system. The other objective was to preserve some
genetic material from the Big Hoie grayling population in zn
isolated locaticon 50 that i the Big Hole population suffsrsd a
catastrophic decline to sxiinction we would have a sourcs For ro-
nhroduoing grayling back intoc the Big Hole. Since the S0 Try
which werse stock2d into the lake 10 19838 nere the prageny of only
Six temales, we plan to spawn some additional females during 1589
to increass the genetic variability within this lake population.,
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W oo not plan to allow these fTish more than twoe gensrations, anid
preferahly only wons, of lake residence pDricr to our returning Tor
goos to suppliement the 2ig Hole population. The excephtion bo
that wouid bg 17 the Hig Hole grayling population went sxitinct
due to s caiastrophic svent.

The issue of comnpeiition and predgation will have to be
addresssed by conduciting the ressarch to detsrmine 1T these two
factors contribute o significant mortalibty within the Big Hole
River gravliing populstion. It would bes gremature at the pressnt
time to suggest acting on this possibility without Turther
evidense.

The possibiiity of re-establishing riverine populations of
grayling into waters in Montena which do not presently support
them should be addressed. At the present time it appsars Lhat
re—astablishing grayling populations will be difficult, at oest.
The experience that U.5. Fish and Wildlite Dervice biologists
had in Yellowstone Mational Fark tryimg to re-establish a
grayling population into Canvon Creek, a tributary to the
Firehole River, suggests that riverine populations reguirs
relataveily large drainage systems that are accessible. In the
Canvon Craesk sxperiment, & falls on lowsr Canyon Cresk was
enhanced to provide a total barvisr to upstrszam migration so that
exotic species of fish couild nnit ascend Canvon COresk and compets
or prey on the grayling gopuration re-introduced into Canyaon
Dreek,. &n attempt was made to remnove &ll fish within Canven
Cresk pricr o bhe introduction of grayling which were obtained
Trom the Bilg hole River. Howsver, 1t appears that these
introduced graviing moved ouwt of Canvon Cresk, probably seeking
winter habitat, and could not return. This suwggests that 1t will
ot be possible to re-—establish populastions of riverine grayling
into small isolated tributaries, but will require medium to large
river drainages which can provide spawning. sumaer fesding, and
overwintering habitats., The sffort to accomplish this type of
re-—introduction would be immense and may mean that exizting fish
speciss could not be removed prior to grayling re-introduction.
The potential for re-establishing riverine grayling in Mentana
where they do not presently srist will reguire more research and
a strpng commitment to that tyvpe of effort.
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