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ichat:I . Bias, Big I Ink River ·oundac1on, PO Hox 18Q . Butte. \1unt,ma 59702 

In nJer to countcra t Arctic grayling (7hynw!lw· urctiw,) population declines in the Big 
Hole Ri er. rural stakeholder have partncn.!d with natural resource man,1gcrs on ·andidate 
'onsen.ation grcements ,vith Assurnnces ( 'CAA) ucti\ 111cs. Surwys dcs1gne<l to ,1ssess 

attitudes towards grayling management practices were sent to 300 watershed 1es1tknts in 
Febniary 2001. c received 83 resronses, mostly from men..> 50 years ,..,ho idcn11f1cd their 
occupation a ram1ing, ranching, go emment or retired. Respomknts 111dicatcd grayling 
numb r had declined (31%) r stayed about the same (25'¼}) in the lao.;t 10 yrs. and that it 
, ould be favorable for grayling number · to increase (60%). Rco.;pondcnt • chose drought. 
habitat los and birds a. factor· strongly associated with declining grayl1ng numbers . 

cti\ itie listed as strongly associated with increasing grayling numbers\ anc<l. but ofll'll 
included drought management. Demographic trends among nrea residents match those typ1c.il 
of rural western communitie ·; 62 percent are 45 years or older, 17 percent live bcl1m thl' 
poverty line. and 76 rercent lack a college degree. The benefit of 'AA ac:ti, 1t1cs to the loca l 
··restoration" economy included an influx or nearly 2 million since 2006 C A\ activities 
could be linked to future federal infrastructure, education and workforce training programs. 
with substantial benefit to the local populace. 

D1 ER 10 0 1\1 D F1 Hp GE - Do T C1 vE Ur T HE F1 ,,rr! 
ikc Backe . MonLana ish. Wildlife and Park,;, P.O. Box 1630, tiles C11y, \tontana 59l01 

The Tongue River, in southeastern ontana, i a major tributary to the Yello,\stone 
River. umerous Yellowstone River fish species utili/C the Tongue River f"or spa,\ning. 
1 lo~ever, diversion dams have limited fish migrations up this s_ stem. 1 hrough per. istcnt 
efforts, measured in careers not years, fish passage around the. c di,crs1011 dam · and complete 
removal of other dam: is occurring. T&Y Diversion dam, constructed 111 the 1 ', Os, is the 
first dam migrating fish encounter. and it is a complete fish b,mier. Dunng foll 2007. a fish 
ypass (named Muggli Bypa ·s) was complcte<l to allow tish passage around 1 c''' Diversion 

Dam. Fish sampling was conducted in 2008 10 evaluate the success r this structure . tyke 
net was utili / ed to sample 1sh that successfully na, igated the complete length oCthe bypass 
channel. • lcctrofishing, us conducted upstream and downstream of the d1vcrs10n dam tll 
compare relative abundances or fish in the river to those c )llectcd 111 the bypa. s '1nctccn 
fi h . pecies were successful in passing through the bypass during the sampling perw<l 
and lour additional species were collected in the bypa:. channel \\>hen 1t \\as block nellcd 
und drained. omparativcly, 29 fish species were c llected dm, nstrcam ol the dl\crsion 
dam. f· lectrofishing upstream ofl Y Dam found !'our 1,pcc1es ( freslmatcr drum. goldcyc. 
smal I mouth buffalo and west cm si I\ cry min mm) \\ h1ch ha, e nc\ er bl'cn documented 
upstream or the dam . In summary, the Mugglt Bypass is a note\\ orthy succcs story. 
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Co 1 PET1TI0 ' 

TROUT BY 0 

A F A TOR I Di. PL 'EME T OF Tl E C TTIIRO 'J 

TIVE RA1 BOW D HYBRID TRO T 

I aum: Batlle. Department or Mathematical Sciences. Montana Tech. I JOO\ . Park • t.. Butte. 
Montana S970 I 

Robert Van Kiri-, I lumboldt State ni\'crsity, I I lurpst SI., Arcaw, California 95511 

81II Schrader. Idaho Dcpurtmcnl of Fish and Game. 1414 •. Locust Lane. 1ampa, Idaho 83686 

ati, e salmon1J fishes ha e been displaced\: orluwidc by nonnatives through 
compclttion and hybridi,ation, but dynamics of these fact r are p orly understood. We 
apply a Lotka- oltcrru population model Lo displacement of cutlhroat trout (011wrliynchus 
clarkii) by rambow (Oncorhyn ·l111s mykiss /hybrid trout in the nake River. A. ullhroat 
trout are susceptible to hybriuizalion in the river but are reproductively isolated in tributarie 
\.ta removal of migratory rainbow/hybrid spawncrs at weirs. ll ybriclization is the primary 
mechani. m for initial gro, th of the rainbow/hybrid trou t population, but a model with 
hybriuiLation alone docs not explain observed trends. Two 111 dels, in '" hich competition 
occurs I) among river-spawned fish only and 2) among all fi h, explain observed tr nd-, but 
arc indistinguishable from one another based on fit to data. \: hen tributary-spawned cutthroat 
trout out-migrate as fry. competition with rainbow/hybrid trout re ·ults in extinction of 
cutthroat trout, even though reproductive segregation is maintained. 

P ER PECTIVES ON OT L1 Tl G T HE F L V I L AR Tl CRA LI G 

Michael A. Bias, B1g. I lolc R1,cr Foundation, PO. Box Ji-:94. Butte. 1ontana 59701 

I . ummarize iews hekl by the Big Hole Ri,er foundation and prO\ ide insight into 
potential positive and negati,e outcomes of Ii ting the flmtal Arctic grayltng (Thyma/111 
arctic:11s) under the Fndangercd . pccic. Act. fhc perception that listing would lead to 
rcco cry of the gray ling, as evaluat d ba ·cd on past recO\ e,y or listed species. urrcntly. 
1.925 specie · are on the Enuangered . pccies List us either Threatened or Endangered. The 
number or spe ie: listed increa ed during the l 990s, but has decreased in recent years. To 
date, 48 species have been removed from the list; 22 have been "recO\ ereJ." I 7 have been 
rci.:lassified due to data errors, anti nine have gone e ·tin<.:t. For pecies in the contiguous 
... 15 have been re<.:o ered. seven have gone extinct. and 15 have been remO\ ed due to 

data error . TI1e rate or recovery is estimated at 1.1 perc nt for orth American pecies, 
and no fi h species ha,e been recovered to date. common perception that a listing would 
increase funding\ as evaluateu and ·hm ed that relatively little funds are a,ailable for pecies 
recovery under cction 6 or the . when compared to other ~ deral funding ·ource . . 
Although the Foundation thinks evidence ugge t • a listing i • warranted, they are UJ porting 
the CAA is an appropria te means of addressing specie · recovery in Lhe Big 1-1 le. 

To · Ic ITv OF R OTE o TO L R AL AMPHIBIA 

Hilary G. Billman. ophic I. Hilaire, and harks R. Peterson. Department of81olog.ical c1ences, 
Idaho talc ni, crsity, Pocatello. lduho 83209 

artcr G. Kruse. Turner Enterpri cs, lnc .. I 123 Research Ori c. Bozeman, 1o111ana -97 I ' 

Pi cicide use in fisherie. managemen t i becoming increasing! common. Rotenone. 
specifically. is being used to remove non-native fish pecie • fr m aquatic. ystems. While 
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the eti ct. f this chemical on fish are w 11-. tud1ed, the impacts of role none on non-target 
spc ·ie ' , :uch a: amphibian . are not w II knO\ n. Thi· stud} \\ as condu ·tl:d to determine the 

to icily of r tenone on t, nati e specie. or tadpoles in 1 ntana Rww lutei1·u111 ,, and 
811{0 horeas - under lab ralory ·onditions. For each species, tadp lcs al thr e dt:\ elopm ntal 
stages were exposed to either a control or TT Legumtnl! (5°/o a ti\e rot none) at one 
llf four doses (0.1 mgtL, 0. - m 1 L, I 111g1L. 2 mg L). Total e po. urc time \\as 96 hour . 
Parameters measured included mortality at 96 hrs po::,,t treatment, and 111 the . uni, or , 
weight, nout- ro ·t le ength, and time t metamorph s1::,, . In adtltt1on to the rotcnonc 
exposure trials, a re overy trial \.\a::,, conducted with early stage spoiled frog t.idpole. to 

dctennine survivability of tadpoles exposed to rolenonc at I mg Land then placed in clean 
v,ater. polled frog tadp !cs e p sed to rotcnonc al Im~, L typical field application dose 
1.!\perienced significantly greater mortality than control tadp ks. lthough all stages of frog 
tadp les e posed to rotenoni:, ere negathcly aflcctcd b} the chemical. the eHect ,,as \\or:-c 
at earlier life stages. Early , tage t ad tadpoles \.\ere s1gn1ficantly more resistant t rotcnonc 
e. p ure at I m L than early stage spoil d frog tadp lcs; b(rnc t:1 the \',ere still ncgat i, cly 
affected by the chemical. ub-lethal eff cts, though ·tati tically different bet\\ <.!en control 
and e po 'ed survivors in two instance., were not c nsistcnt and thcrcli.ne thought not to be 
biol gicall ignificant. polled frog tadpoles e. posed to rotenone and then 1ranslc1rcd to 
clean\ at1:r experienced ignificantly lower mortality than those exposed for the full% hrs 

v rail, rot en ne expo ure , as found t be lethal to tadpoles r both spcucs at all th11.:c 
de el pmental ·tage though mortality was not uniform acnss dosages or a •c gwup . 

B LL TRo T Mo 1TOR11 ; LooK D EEP 0 WID E 

Chris Clancy, Montana Fish. Wildlife and Park . . I O I orth J-ir-,t l.. llamilwn. \1ont:ma 59 40 

ikc Jakobcr. DA Fore t crvicc. Bittcrr ot ati nal Forest. \Vc-,1 fork Rm1gcr D1stnc1 . 63J 'i 
West Fork Road. Darby, ontana 59829 

In mo t of the Billerroot drainage flu ial we t lope cutthroat (011corhynd111.\ clarkii 
lewisi) trout ar fairly common and nu ial bull tr ut ( ah·dim,s co1?fl11e11h1s) are rare. 
Monitoring th flu ial cutthroat is not difficult b cau m, inst mp pulation est11nate<, are 
po ' ible. However, du to the mall number of flu\ ial bull trout, population estimates an: not 
obtainable and redd counts are inconclu i e. M nitoring f ju enile and re:1dent p pu la tion . 
al o present challenge . Populati n e timates ( int en i\ e f bull tr ut that ha, e the 
potential of providing quantitati e data can be difficult t collect and ba in-wide distribution 
(ex ten i e) generally does not pr vide quantitative information. On the B1tterr, t 'at, na l 
Fore t we have monit red bull trout and we tslope cutthroat trout using mark-recaptun: 
population e timate • for nearly 20 year ·. While the. e data allo\\ u to folio\\ trends \\llh111 

the reache of a Lream , here populations arc dense t. it is not designed t 1dentif) trends 
in distribution. We have<.: llectec.l more e ·tensi,e data but n I in a S) . ternat1c manner We 
propose formalizing the c llection f ingle pass electr fi ·hing n sh rt reaL11es throughout 
elected ·treams to augment th monitoring reache'.-1 establi hed man) years ago 
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Por L no C11 R TER I Tl OF L KE TRo TI Sw , L K •, MT 
Bcnjumin S. Cox and Christopher S. Guy. . . Geological urvcy, Mont:.ma ·1)(lperat1ve Fishery 
Research Un 11, Montana State mvers11y, Bo7crnan. Montana 597 I 7 

Wade A. l·n:denberg, U DI Fish and Wikllilc crvice. 780 rest on l latche,y Rd., Kalispell, 
Montana 59901 

Len R. Rosenthal. Montana F,sh, Wildlife and Parks, 490 onh cridian Rd., Kalispell. Montana 
59901 

rhe recent establishment of lak trout (Safreli1111s 11u111ayc11sh) in wan Lake, Montana 
threatens one of the most productive bull trout (Sah-elinus confl11e11t11s) fi heri e. r maining 
in the U. A. Management of invasive lake trout in other systems has been focused on 
suppression often without establishing a thorough baseline from which toe aluate the impact · 
of suppres ion efforts. Describing the population dynamics of lak trout in wan Lake prior 
to suppression efforts will provide a baseline for evaluating the effect of exploitation in the 
future. In 2007 and 2008 exten ive gill net sampling provided data to estimate size tructur . 
density. condition, maturity, fecundity. age tructure and mortality of lake trout. ize ·tructure 
indice · in 2007 and 2008 were lo\ wi th proportional size distributions (PSD) values of 7 and 
8 rc 'pectively. Lake trout density was stimatcd at 8, 00 (7300-10.500 95% Cl) fish> 160 
mm. ondition oflake trout in v.an Lake i • among the highest recorded for populations in 
the northwestern SA. Relative weight (W,) values aried from 92 for fish between 300 and 
499 mm to > 120 for fi h bet"een 800 and 999 mm. Fifty percent of male lake trout mature 
at 584 mm and 50 percent of fomale at 726 mm. ishing mortality was estimaled between 
36 pl:rcent and 52 percent ba. ed on the population estimate in 2008 and tho e fi h rem ved. 
The thorough basdine established by this study pro ides managers with a reference point for 
evaluating the e/Tect. of exploitation on the lake trout population in wan Lake, Montana. 

C TTHROAT TR T STR GGLE FOR PER I TE CE I THE F CE OF A J 

E 'P 'DI G LAKE TR T p p TIO I ' YELLOW TO E LAKE 

Philip D. Doepke. Patricia E. Bigclm,. Brian D. · nel and Todd M. Koci, Center for Rcsm1rccs. 
Fisheri<-'~ and Aquatic cicncc Program. P.O. Box 168, Yellowstone ational Park.\ yoming 
82190 

Lake troul Safi,e/i111111s namayrn h \ er di O\ered in Yellow-tone Lake in 1994. The 
ecological threat of this non-nati\e fish was immediately recogni zed and effort to control 
lake trout were initiated the following year. The objccti , of the remo al program is to redu e 
lake trout to the point where their eff ct n native Yellow tone cu11hroat trout (Oncorhynclws 
clarkii bo111·ieri) is minimilcd. Lake trout captur techniques have focused on mechanical 
meth ds. mostly gill netting, and more recently electrofishing. De pite remo al of a Imo t 
350,000 lake trout since l 995. \ ith 76. 140 rem ved in 2008 alone. all indicators point toward 
continued populati n growth. Catch per effort f juvenil lake trout ha teadily increa ed 
since 2002 with 2008 being the high ton record (5.0 lake trout/I 00 m gi II net et p r night) 
since 1998. 1 lov,c, er. cutthroat trout hav not hown a positi\e response 10 lake trout removal 
efforts. Number, of spawning cutthroat trout in lear r ek. a tributary 10 Yellow ·tone Lake. 
are at the lowest levels ever rec rded and the lakewidc utthroat trout a· ·essment catches arc 
a,craging 40 percent fewer cutthroat trout o er the pa -t yrs when compared to pre-lake trout 
year.. In 2008 a panel of xpert convened t as e. the urrent ·tat us of cutthroat tr ut and 
rc:view lake trout remo al efforts in~ llowst nc Lake. The panel concluded that\ hi le current 
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le\.els f suppression ha c slowed lake Ir ut population growth, more is requirl'd Ir ,1 he,llthy 
cutlhr at trout p pulation is exp cled to persi ·tin Yellm.,ston akc. The concluded 11 \\,1. · 

1mpcrati c that, immediately increase supprcs:ion eff irts. and de, clop. implement lake 
trout m mitoring. 
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a1io11al Park, l'll'ncc Ccnh.:r, Wc,t (,lacier. \1unlana 59936 

Rob Jakubowski, vista orpora11011, P Bo 1469. ox n. Montana ,985 

Rob Ryan. Idaho D ·partmcnt of Fi~h ,rnd Game. 2885 \ Kalhlccn A\c. ·o ·ur <l'Akm:. ID ·J;,.; 15 

total of 921 age- I and older juvenile bull trout (Safre/11111s w11J/11en111,) \\.CII.' nrnrl,;cd 
cmigrating from Trestle reek Idaho, from 2000 through 2002. lmliv1dual .1menilc hull trout 
\.Vere marked with abdominal! implant d PIT tag·, and adult rch1rn, ,, ere mon11on:d at an 
automat d PIT tag detection weir. as well as at fish traps th, 1ugh 2008. All markcdjll\enilcs 
return d a· adult· by the end of the 2007 field season. Minimum cst1matc<; or survi,al from 
outmigratingju enile to returning adult were , imilar across study years, aml ranged from 
'. percent to ! 5.5 percent. hort-term tag retention and :,urvival or marked _jun~niles ,,as 
high, but long-tenn tag lo s estimated by examination or double-marl..ed returning adult hull 
trout indicated substantial tag lo over tirn . Generally. outmigratingjmcmks reared in the 
lake envir nment for between 3 and 5 grO\, ing sea. ons before returning as adul s. with most 
spending four gr wing season· in the lake (not including their ·•return year" a-. a :,.car .it-large 
in the lake). In general, r tum rate f r larger oulrnigranls were higher thun those for smaller 
outmigrant . dditi nal tudie quantifying lake/ri er ur i al of migratory bull trout 111 other 
·ystem are needed t put these result into an appropriate e ological conte:--.t. and to better 
under tand the c mp lex and likely interacting effects f non-native fi h. land use. and fish 
mane ement n bull tr ul recruitment. 

B L TRo T E 1TR I ME T T Lrns D l\ l , T H K o TE, 1 R1vER 

Mo T 

Jim Dunnigan. Montana. ish, Wildlife and Parks. J 5 f-i~h Hatchery Road. Libby, \hmt.inu 549~1 

Montana Fi. h. Wildlife and Parks has used nighttime jet boat ckctro11sh111g to con<luct 
annual mark-recapture population estimales or adult bull tr ut (Sofrel111m co11/f11e11tll\) 111 
the Libby Dam tail race since 2004. estimates arc conducted during pnl or ta) \\ ith1n this 
3.5-mi section of the Kootenai River. and have ranged from 176 bull trout 111 2006 to 10 9 
bull tr ut in "'005. e collected tissue and scale sample Imm all bull tr ut \\c handled. and 
marked all fi. h v ith PIT tag·. which all \ ed us to bta111 capture histom:s across )ear. for 
many fi h. \ ere aplured 53 bull trout that were pre"i u. ly marked ranging bct\\cen 2 •: to 
1469 day· prior. The recaptured bull tr ut gre\., an a\cragc of' l 01.4 mm (0.2 mm da) ). and 
gained an average of 1869 g ( . I g1da ). Ju enile bull trout were rnlk ·tcd from 15 tnbulane. 
within the K otenai River Ba in in Briti h olumbia and Montana to de,clt1p a 1cnetic 
meth idology using micro a1elli1c I ct t asse. s ,, hether fi h ong:rnated al O\C 1r helm\ Lihby 
Dam. Results indicated that there is a high degree of 1cnettc ,anation among dilfrrent bull 
trout populations within the Kc otenai Ri\er ba in. Jackk.mfe analysis of our ba ·eline data 
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set indicated that , e had a high degree of power ( > 95%) to correctly a ·sign unknown fish 
captured in the Kootenai River as originating either upstream or downstream of Libby Dc~m. 
We applied this methodology Lo the tissue and scale sc1mr,les collected each year b low Libby 
Dam during the population estimates to predict origin, and estimated that the proportion of 
the fish originating above Libby Dam ranged from 49.1 percent in 2004 to 62.7 percent in 
2006. Th maj irity or the adults assigned lo populations above th dam were a ·signed to the 
\: igwam R1,er, British olumbia. which represented the tributary with the highest number of 
bull trout redds in recent years. 

PATTER ' Or, TRO TS R I AL 1 0 MOVEMENT BEFORE A 'DAFTER 

LOGGI G O ) D TRIAL FORE T LA D 

Robert E. Grcsswcll, U . . Geological urvcy, onhcm Rocky Mountain Science enter, ontana 
talc Umvcrs1ty. Bozeman, Montana 9717 

J\aron M. Berger. Department of Fi~herics and Wildlife. Oregon State nivcrsity. orvallis. Oregon 
973341 

Douglas S. Bateman, Department of Forest ciencc, Oregon tate nivcrsity, Corvallis, Oregon 
97331 

David Hocknrnn-Wcr1, U . . Gcologic,11 urvcy Fore t and Rangeland Ecosystem cicnce enter, 
3W0 W Jct1crson Way, orvalli , Oregon 97331 

Clear-cut timber harvest continues to ea common practice that frequently results 
in a r,atchwork of disturbance across the landscape. Although har est technique have 
greatly improved over the past hal (-century, effects of contemporary harve ·t methods on 
adjacent (point) and downstream (cumulative) portions of the aquatic network are not well 
documented. Therefore, we sought to quantify spatial and temporal pattern · of ·urvival and 
movement of coastal cutthroat trout (011corl1y11ch11s clarkii darkii) in two, experimentally
paired watersheds in the ascade Mountains of Oregon. before and recently after logging. 
All harvest units were located along non-fi ·h hearing channel upstream from the end offish 
distribution. A total of 4406 trout(> I 00 mm, fork length) were implanted with half-duplex 
passi\e integrated transponder (PIT) tags and monitored seasonally during a 5-yr period (3 yrs 
before and 2 after harvest) using a combination of electrofishing and mobile and stationary 
PIT-tag antennas. Appar nt :urvival aried widely among seasons and years, and ariation 
among subcatchmenls was small in comparison. easonal apparent survi\.al, regard le of year 
or subcatchment, \.\a always lowest during the fall ( ep 15-Dec 15). her wa no significant 
ellect of thi logging treatment on sur ival of coastal cutthroat trout in thi . headwater stream 
network. and although there was some increase in the probability for movement following 
logging. it remained low. In general. these data suggest that contemporary forest harvest 
practices regulation provided adequate short-tern, protection for coastal cutthroat trout from 
potentially negati e c nsequcnces of timber harvest in the non-ti h bearing portions of the 
Hinkle reek drainage. 

70 L l1m!'rmu11111"i11 J,mmal o/Sciences. lh /. 15. ,Vn . ./, ~11()9 



A \'I Pi.. IVORE V E TOR I II E GRE TER Y ELLO\\.'TO C 

E o. Y, T 1\1 

Todd M. Koci. cnlcr for Re. ourccs. r1shenes and Aquatic c1cnc's Program. P.O. Bo lo ·. 
Yellow tone ..i11onal Park. W nmmg 2190 

A1ll1e L. Kerans, Dcpanmcnl of L:cology, lont:rna. talc m-.crs1I), PO Bo, 173460, Bo1cman, 
0111.rna 59717 

coll C. Barra and Katie . Hanson. SDA,APIII 'v . atwnal \\ildlifc Re. ean:h enter. 
Mississippi ield tat1on, P. . Box 6099, M1s,1s,1pp1 State. 1ss1ss1pp1 .W762 

John . \ ood, Piscc lob:ular LL :. 220 cntral A\l~nuc. ullc r, Boulder. uloradu U30 I 

!though often blam don mo\.ement of trnut, the dispersal -.cc tor of \~1 •rnho/11, 
£ erehralis among aquatic habitats often remains unknown. ccurrcnce of\\. hirling disease in 
native Yello\ stone cutthroat trout (011corhy11ch11 • clarkii ho11l'icn) w1th1n the highly prntcctcd 
cm ironment of Yellm stone Lake is one e ample. i\.cn their loc.:al abunc.lanc.:cs, \.H: sought 
to clarify the potential role of highly m bile pisc1vorous birds in the d1ssemin.11ion or\/ 
cerebra/is to othen i. c isolated habitats. i • each or Americ.:an White Pelicans (Pelirn1111., 

erythrorhyncho. ), Double-crested ormorants (Plwlacmcorar: mm111,), and C,n.:at Blue 
Heron (Arc/ea lterodius) \ ere held in an a iary and led known-111fectcd or uninfected 
rainbow trout ( 0 . c. mykiss). Fecal materia l produced during I 0-day periods hcfi11c and altn 
feeding was collected lo determine it' M. cerebral is could be detected and. 11 o rcrna111ed 
\ iable a Ii.er passage through the ga. troinlestinal tract of these birds. Fecal samples I rom all 
( l 00%) of the nine birds fed known-infected trout and collected during days l -<l follcrn ing 
feeding tested positi c for the pre ·ence of A/. cerehralis by P R. In addition. Tuhi/e, llfht/c>~ 

fed fecal material from kno, n-infc ted heron produced triactinomyxons in laboratory 
culture , confirmin the persistent iability of the parasite. Given the infection pre\alencc 
of cutthroat trout within Yellow tone Lake. pelican , cormorants, and herons can mme 
an e ti mated I .'27 billion M. cerehralis myxospores in the eco -ystem dunng a I 00-day 
br eding . ea - n each year. Pisci orou bi rd ha the potential to concentrate and release / 
cerebra/is myx pores with feca l material into habitat highly ·uitable for T 111h1/f!\. forming 
the ba i or a po itiv fe dback loop , here the pr literation of ,\/. c.:erehralis i • supponcd. 

L PE Co ' RV T IO D TH E B, HOLE cc A PR RA I 

athan Korb. uihwcst Montana Director for , ciencc and tcwardship. The , aturc on. en ancy. 
32 . h\ ing trcct, I lclcna. Montana 5%0 I 

Beyond the tangible re uh. acr • riparian and aquatic habitat: of the upper Big 
I lolc ba. in, the C A restorati n program creates new opporlun11ies fr ran a1rny of 
lanclscape·scalc conservation activities. The public and pnvatc; pa11ner-!11ps forged 
through the C program and th local\ atcrshed groups pro\ 1dc a rnluablc -.y:tem 
for advancmg collaboration con ervation in luding: pn\atc land conscnation, mva,l\·e 
sp cics management, wetland restoration. bird und plant monitoring. fire management. and 
preservation o other spe,ies of concern or lcc.lcrally listed. pec.:ic .. Propc scd and c n-going 
projects in the Big 11 le. as well as lessons that can be applied to other b1ologicall_ important 
landscapes. will be presented. 
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REDU ED CE ETI V RIATIO I UPPER M1sso RI R, ~R DR 11 E 

WE. l SLOPE C TTIIROAT TRO T POP L TIO 'S APPE R • TO BE: D E 

TO H1sTon.1 AL A o Co T ~M POR RY FA ·ToRs 

R 1bh F Leary. Montana fish, Wildlife and Parks, D1, 1sion uf"Biological 'cirnces, nivcrsity of 
Montana, Missoula, Montana 59812 

ally Painter. tc,c /\1111sh, Angela odmcll, and Fred\ . /\lkndurf. Division ofBiolog1cal 
cicnccs, Univcr:,,11y of"Montana, Missoula, lonl,ma 59812 

John 11. Powell, I lorkins Marine Station., tan ford n1vi:rs11y, 1 ::W Ocean View B ulcvard Pacific 
Grove, California 

The number or wests lope cutthroat trout (011corl1ynch11s clarkii /ell'i i) local populations 
has decreased over the past 100 years. In Montana, this decrease ha· been most severe in 
the upper Mi ·souri River drainage. The remaining populations in the drainage tend to be 
. mall and confined to headwater streams i olated above man made or natura l barriers. Data 
from 14 nuclear loci indicate that mean a erage expected heterozygosity ( olumbia - 0.155. 
Mi . ouri = 0.064 ). mean proportion of polymorphic loci (0.321, 0.179), and mean a erage 
number of allele per locus (2.040, 1.313) were all significantly smaller within 16 Mis ouri 
populations than within 34 upper Columbia River population .. Tota l heterozygosity among 
the Mi.souri populations (0.106) wa only about half of that ob·ervecl among 16 randomly 
cho en Columbia populations (0.194). The a,erage number of allele per locus wa also 
lower among the Missouri {2.714) than olumbia (3.643) population. Thee latter two 
ob ervations suggest that the reduced genetic variation 111 the i ·souri population · is partially 
the re ·ult of a significant founder effect when the fi ·h coloni7e<l the drainage. The relative 
amount of genetic divergence among the i. souri populations (Fs1 = 39.4%) wa about 
l\\ ice that observed among the Columbia population· (:!0. -%) uggesting that subsequent 
to colonitation the former have experienced more genetic drit1 and i olation than !he Jailer. 
Because of their reduced genetic variation, genetic rescue i· more likely to be required in 
Missouri than olumbia populations. Furthermore. the reduced genetic variation in the 
Missouri populations may retard their response to other conservation actions. 

A F1 H H T HERY' Rou: 1 

fork G. Maskill. USDI Fi, h and Wildlife Cf\1cc, re~t n ational Fi h Hatchery, Kalispell. 
Montana 5990 I 

Demographic change i weeping acros Montana like a racing wi!d fir , rapidly 
changing the mix of rural and urban dwell rs and the face of Montana politic . A good 
percentage of thee new re ident · ha e relocated to 1 ntana p cifically 10 partake in the 
time honored lontana tradition of hunting and fi ·hing. Interest in fi hand wildlife is al an 
all time high. A the natural resources of our late are pursued more inten.ely by re ident and 
nonresident • . as well as con umptive and non-consumptive user , the management of these 
resources must adjust in order lo protect fragile nati,c p pulations. How will fish managers 
respond to this growth? What role ·hould fish hatchcrie • play in Montana today? re ti h 
managers utilizing this conservation tool in the right manner? How much effort . hould be put 
into restoring threatened native population:? What attempts should be made trying lo increa ·c 
recreational opportunities throughout the state? The r ston NFH has served a unique rolt: in 
Montana fish production, constantly changing and e\ol, ing, for o er seventy years. rcslon 
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ha. played a support role in s era! restorati n and recreati nal fisher projects ome of" 
these ha\e faileJ and 'Ome ha e r at d world clas: fH1er ies. This talk \\111 focu. on the 
le·· m-; v e ha\e learn d and h we can put tho:e !es ons to use in playing a fi.11un-! role in 
c ns r ing. protecting, and enhancing ont,rna • • fish ry res urce. 

HYBRID IZ T IO RA PIDL R ED 

TRO T I T HE WI LD 

E Frr OF ATl\'E C TTHRO,\T 

'lin t . uhlfcld "', . . c logical urvcy, orthcm R cky Mountam c1cn1..c C-:nter. larn:r 
nal Park, est , lacier. 1 ntana 599 '6 

tcvcn T. Kal111owsk1. Thoma..,~- Mc ahon, and Mark L. Tapcr. Mllntana ~lllte 111\l!r:Jty, Depart-
ment of · co logy, Bozeman, ntana 59717 

ally Painter and ·red W. llendorf. niH:rsity of 1ontana. lonscrvat111n Cicnct11.:s Lahorntnry 
is oula. ontana 59 12 

Robb F. eary. ontana Fish. Wildlife and Parks, nJ\cr-,,ty of Montana. \1,s..,oula. Monl,ma 
59 12 

Human-mediated hybridization between nati ve and inva. ivc species is a lending cause 111' 

biodi er. ity lo s worldwide. 11 w hybridization affects fitn ss and\\ hat le\el or hyh1itl1 ✓atmn 
ic· perrnis. iblc pose difficult con. er at ion que tions with lillle supportl\e cmpim:al 
inforniation to infonn policy and management. This i. particularly true for :-.almonids. \'vhcn: 
widespread introgrcssion among nonnative and nati eta, a often create hybnd s\\ arms m c.:1 
extensi\·e geographic area , threat ning natives with gen mice tinction . I lcrc. \\C used 
parentage analysis with multi I cus micro atellite markers t measure ho\, varying lc\cls or 
genetic introgre sion with nonnative ra inbow trout (011corl1_rnd111s 111yk1ss) anect reproducti\l~ 
uc e ( number f off pring per adult) of nati ,e we ts lope cutthroat trout ( 0. clorkii le1n.11 I 

in the wild. mall amounts ofhybridizati n markedly reduced reproductiv succe .. or male 
and female trout. with fitness harply declining by - -o percent v. ith only 20 percent nonnati\L' 
admixture. De pite heavy fitne . cost , ur data ugge t that h_·bridization may spread 
due to relatively high fitne · f fir t-generati n hybrid and inordinately high reproducti,e 
succe • of a few male with high level of nonnative admixtur . Thi out breed mg depression 
sugge t that e en l -. le I· of n nnative gen tic admixtur may ha,e negati,e effect. on 
reproductiv su ces in the wild and that policie • protecting h bridi1ed populations may need 
reconsiderati n. 

EFFE T 

A 1 DAQ 

oF L R E Wooo PL 
T l ff 81 T H LLO\ 

R1 ER DR 11 GE Mo T 'A 

l CH 1 , 'EL MORPH L ' 

' N RTII FORK FLA II .AD 

John uhlfcld* and J na than Ferree. River De 1gn ,roup. Inc .. 5fN Highway 93 . outh. White
fish. Montana 59937 

Montana Fish. Wildlife and Parks (MF\: P) d cumcntcd a sub ·tantia! rc<lu 11011 in hull 
trout(, ah-cli1111s co11ft11el1!us), spawning rcdds in I lal]o\\ at reek, a tributal) l Big ·re ·k of 
the 011h l·ork lathcml Ri\er. The Big re k \\ atcrsh ·d is an important sp.nrnmg trihutaf') 
for nu ial bull trout. a federally-Ii. ted threatened .ptcies ( DI Ft hand \\tldltfr en ice 
199-8). ' D F rest crvice fire ·uppre ston efforts undertaken during th· 2001 to se reek 
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Fire influcnc1.:d channel hyJraulics and spawning habitat distribution in I lallowat reek. 
Fire suppression activities included culling large woody debris within the active char~ncl and 
riparian wne. table large wood loss resulted in a more :imp_lificd cha~ncl_ charactenzcd by 
roars1.: substrate, few pools, and infrequent large woody debns. In 200), River Dc:-.1gn Group. 
Inc. (RDG). MFWP and F F implemented an in-channel treatment plan for I lal lowat 'reek. 
Large \\ood was imported to the active channel and arranged in stable wood complexes 
to promote pool dcvclopm 111. Reach-specific treatments were developed to either meet or 
exceed lnrgc woody debris count. that were enumerated in a pre- ire, 1998 R l R4 survey 
conducted by the F F. Channel monitoring urveys and annual bull trout redd counts were 
completed in 2005. 2006 and '.!008 to assess spawning and gcomorphic response to the 
structures. Results suggest augmenting exi ting table large wood structures with additional 
wood, and building tructure 1hat are anchored to stable floodplain fi atur s provide the 
best opportunity for increa ing complex pool habitat in I lallowat reek. This pres ntalion 
summarizes 1he monitoring data and pro ides recommendations to practitioners engaged in 
similar habitat restoration project , in forest d, mountain st reams. 

CRE Tl G WILDLIF H BITAT DE P DI1 G F1 HERI E WITH 

B10HA\'E FLO Tl G TR TME D 

Tim Mulholland P.E. and Christine Pierce. I lcadwatcr Floating Island, IO 18 2nd /\ve. orth 
Billings, Montann 59101 

Biol la en' floating islands are an environmentally low impact and economical way 
to create nt::w wetland, while augmenting the vitality and biodiver ity of a waterway. They 
arc mmk: using non-toxic recycled material. and are hand · off and non-mechanical. The 
biomimctic Jesign gi\' our fish, wildlife and wat rs th1.: least carbon footprint and them 
natural ·upport for the systems they depend up n for healthy and pr cluctive lifecycles. The 
benefits are many: habitat creation and re !oration for a myriad of fauna, from microbiological 
systems to aquatic and wetland\! ildlife; reduced turbidity and polluti n mitigation (with 
resource recovery of nutrients such a - nitrate and phosphate); and ae ' thetic and unique living 
water features of uny size or shape for any water body. Floating L lands u. ed in landscaped 
water features and pools offt:r a chemical free approach to managing water quality. Placed in 
a stream or pond. Biol la,ens and their suspended ro t complex gi,e secure habitat for fish, 
offering fo1de and protection from currents and predators. The living island allract u range of 
insects that abo become a food source for fish aml ~, ildlite and urther promote biodi er ily. 

nique configuratiuns can be de.signed for nesting sites, spawning platform. and load bearing 
hanging banks to increase protective fi . h habitat. everal projects have d veloped successful. 
protective bird habitat specifknlly for Duck, Loon and , an and a 22,000 f a pian ~ rn 
Habitat l slant!. 

A 
As 
Riv 

OVERVIEW OF T HE C DID T 

RA PROGR M, \ 1T H SP 

R MoN 

Co ER ATIO A REE 1 T , 1TH 

I L R EFEREN E TO THE B1 H OLE 

Douglas P. Peterson*, U DI Fi . hand Wildlife ervicc. Di, i 10n of Ecological crvices, 5 5 
h~purd Way. lfclcna. Montana 5960 I 

In 1999 the andidate onservation Agreement with Assurance ( AA) program, a. 
initiated by the U DI Fi ·h and \: ildli fe Servi e to engage pri\'ate landowner in pecie· 
conservation befi re a potential listing under the ndangered pecie · Act E A). For their 
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parti ·ipa tion, pri ate land wners recei,e as.urance: that they will not be subjected to 
additional rcguhtory burden 'houlJ the sp ci s be Ii , ted. I lundreJs or thousands of specie. 
arc potentially eligible for thi • program, but only a fc,1. doz n 'AA's litl\e bci:n ·omplcteJ 
and th scope and com pie 1ty ,aries widely among indi1, idual agreements. Bccau c the 
program is r latively new, there arc little data to evaluate th biological el cctiv1.:11css of 
C • s. 1 lowe er a fc agreements can be consid1::red a success in t nn • f land m ner 
parti-ipati n. Issuing permits under th f: has led to litigation for other consena11on 
program· like I la bi tat onser at ion Plans (I I P: . but th validity of the AA policy and 
inJi idual C AA agreements have not ct been subjected t formal legal challenge. I briell} 
summariie the basic premise or the AA program, the different organiLational frame,\ orb 
to structure the. e agreem nts. and some or the institutional and social challenges to cffccti\c 
implementation, highlighting the c. ample of the AA r r f!uvial An:t1c grayhnn in the 
upper Big 11 le Ri er, Montana. 

GE ETI V RI TIO 'A E 1 R D Por LATIO TR 'T RE I 

GRA LI TH E UPPER Mi ' 0 RI RI VlR 

Douglas P. Peterson, DI Fish and \ ildlifc Service, Division of b.:olog1cal C!Y ice~. 585 Shcpuru 
\ ay. Helena, Montana 5960 1 

\ illiam R. rdrcn, DI Fish and \ ildli e erv1ce, akc harnpla111 Fish and \Vddlifc Resource 
fficc, 11 Li111;oln trcct. • ex Junction, cnnont 05452 

Arctic grayling (Thymal!us ar •ficus) were thought to be hi torically widespread in the 
Mi ' ouri River ·ystem in Montana and Wyoming, but have been reduc d to a handful of 
remnant populations ince uro- merican colonization. on ervation effort have focusl'd 
primarily on protecting 1he flu ial population in 1he Big Hole River, and re-e. tablt hing 
flu vial popula1ion • elsewhere. Widespread hi ·torical t eking f exogenous grnyling has 
created ome uncertain ly about the origin of xtant populations and the composition of 
nati e gene pool'. Additionally, declines in native populations may have reduced the gcm:tH: 
template or adaptation and reco ery. ffective conser ation would ben fit from ah Iler 
under ·tanding of genetic ancestries. and whether bottlenecks ha c sub-1antially altered 
genetic diversity of remnant populations. ons qu nil , we conducted a population-le\el 
genetic analysis ofnati e and introduced grayling from 18 l cations.\ c genotypcd 7 0 
gray ling at IO micro ·atellite loci and used the e data to ic.lentif population groupmgs, genetic 
variation within and among groups. and evaluate evidence~ r population bolllened .. \ve 
found. ignificant divergence among native populations from the Big 11 le Ri\cr. adi. on 
River. and Red Rock lakes. The Big I lole population had greater hctenuygo. ity and allelic 
diversity than the Madison and RcJ Rock populati ns, both of,, hich showcJ some C\ i<lcncc 
of recent bottlenecks. Most introduced populations traced their ancestry to the atl!lu, ia! Red 
Rock lakes population, and we did not find str ng evidence that stocking of hatchery grn}ling 
hornogeniL.ed native gene pools. Geographic pallcrn: or genetic\ imatmn among nati,·c 

1iss uri River grnyling were con. i. tent wi1h differentiated local populations h1:toncall • 
connected by occasional gene now. 
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TIIE EAST FORK SPE IM ' CREE.K WESTSLOPE C TTIIROAT TROUT 

RE. TOR Tio PRo.rncr: TltE Gooo TIIE BAD, A o TH, SMOKE 

Michael l:. . Ruhl, Todd M . Koci. Jeffery L. Amokl . and Brian D. l:.rtcl, Yellowstone enter for 
Rcsourl'cs, Fisheries and A4uatic cicnccs Section. P.O. Bo 168, Yellowstone ational Park, WY 

81 190 

Initiation of the · a t Fork. pecimen Creek (Er ) west slope cutthroat trout 
(011rnrh1·11ch11s clarkii lewisi: WCT) rc ·torution project in 2005 marked the beginning ofa 
renewed etTrn1 to actively restore native fish in Y llowstone ational Park. That summer an 
intcrdisciplinary team was assembled to begin a EPA compliance process and within 12 
months an EA and FON I were complete. Project implementation begun immediately with 
chemical removal of nonnative fish in I ligh Lake, a 7-ac isolated headwater lake. in August 
2006. nfortunately, the construction of a fish barrier on • FSC, planned for completion 
in 2007, was delayed by a natural wildfire that destroyed all pre ious work and !ell an 
unsafe worksite. Rotenone treatment of High Lake\ a. successful and we began effort to 
restock the lake with genetically-pure W T (from multiple sources) that year. In 2008 we 
again stocked High Lake with W T and undertook a vigorous effort to complete the EF C 
fish barrier. Becau e of it. remotenesa, 93 mule loads and five helicopter sling load wer 
required to move upplies and tools to the ·ite. ontracted log crafting pecialist , Montana 
Conservation Corp ' crews, and park staff collaborated to bring the barrier to succes ful 
completion. Immediately afterwards two piscicide treatment were conducted on EFS from 
High Lake downstream to the fish barrier ( 12 km). Additional treatments of Lhi • reach are 
planned for 2009 and WCT reintroJuction c!Torts \ ill begin ass on as complete removal of 
non-native fish is verified . 

Cu tATE CHA GE MEDIATE THE SP Tl LP RT1T10N1 G OF Sc LPI , 

A 'D Lo 1G, o ED c LEADI G TO TROPHIC CA CADE 1 1 R1 RI E 

Eco v TE 1 OF WK TER , Mo 'T A 

David /1.. chmcttcrling and Rohen Clark, Montana Fi. h, Wildlife and Park . 3201 purgin Road, 
Missoula, Montana 59 '0-t 

usan B. Adams. USDA Forest crv1cc, outhcm Research lation, I 000 hunt 1rcct. Oxford, 
Miss1ss1ppi 38655 

Michael K. Young, Rucky ountain Research tation, 800 East Beckwith \cmIc, issoula, 
l\1ontana 5980 I 

cul pin ( Colf11s spp. ) and longno e dace (Rhi11ichthy. • coluractue), perform diver. e roles 
in trophic interactions. Both are abundant inhabitant of the bent hos. and longnose dace are 
present in nearly every Montana drainag . The ecological importanc of both genera ari es, 
in part. from their tendency to occur in high abundance , often dominating fish a:semblage • 
in number anJ biomass. !though both are numerous, small-bodied, and largely ·onnned to 
the benthos, they occupy difTerent trophic positions, e press different life history tactics, and 
perfom1 different ecological role . 0 er the last fc, decade .. west-central Montana rivers 
ha\ e warn_1ed affecting the distribution of, among other species, longnose Jace. and . culpin. 
B~th species have undergone dramatic hifls in occupancy of habitats leading to ecotonal 
shifts on a broad geographical scale and this change has occurred rapidly and quietly. In 
general. as waters have warmed, longno 'e dace have replaced ·ctilpin I ading to the retreat 
and i_sola_tion of many cul pin metapopulations. Both pecies are ympatric with endangered 
species ltke the bull trout (Sali •e/im,s co1!fl11e11t11s), who -e populations are target for 
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prote tion. mitigation, and enhancement. It i • unclear the tTect, of the n.::placement of sculpm 
by longnosc dace, though they ar likely larg and measurable. and since they represent the 
basis f the food chain for higher trophic rdcr organisms. this chang could ult1matcl} could 
affect the re ' torati c potential or the systems for target species. Furthennore, wanning and 
specie replncement may lead lo a further hom genizat ion or regional di 'tinct i \ e ccotones <ind 

fauna. 

,v T R HED-S LE: APPRO 

C TTHRO T TRO TAB D 

H ·o A E , 1c CoLORJ oo R1vER 

D H BIT TI THE UPPER 

COLORADO Rt ER H ' OW TER 

cd R. cdcll, ontana talc nivcrsity, PO Bo 173460, Bozcm:m. Mimt:.ma ·9717 

Robert •. re . wcl I, . . Geological urvcy, oROCK, Montillli.1 tiltC nivcr-,ity. 229 Johnson 
II , II, Bo7eman, untana 59717 

Infom1a1i n concerning the cfkcts or physical habitat on the distnbut1on, abundance. 
and p pulation , tructure f almonid fi bes has been r utinely gathered al the site and 
reach scale . . but data llected at the e scales has provided lillk insight into spatial and 
t mporal tructure f fi h a.semblages within the stream network. This is especially n:lc\:anr 
\: here periodic di . turbance across the landscape ar ex ten ive and effects arc not uniform 
( ' patially or temporally). To gain new in ight into th relation ·hip. between trout abundanc1.: 
and population structure and the physical habitat al multiple spatial scales. we surveyed si. 
watershed in the upper olorado River basin and assessed Colorado River cutthroat trout 
(Oncorhynchus clurki ple11riticus) abundance and habitat variables continuously throughout 
the stream network. The watershed were selected randomly from a sampling frame haseu 
on pr s nee of olorado Ri r cutthroat tr 1.11 p p1.ilations, pcrcenr beetle infcs1at1on of the 
water. hed area. and era ion pot ntial of the up lope geology. Although similar physical 
habitat conditions exi ted within and among several water heds, fish di . tribution \ as patchy 
al the channel-unit scale, and physical habitat was n t strongly related to di. tribution. 
llowever, at the reach .cale, patterns of fish distribution explained a sub."tanlial amount of the 
variation in abundance. Further refining r the ·e relation hip. will provide critical 111lonm1tion 
necessary to asse s future changes related to re toration acti\ itie , wildfire, and climate 
change. 

RE o ER OF W T LOP , C TTH RO T TRo T Por L Tl l • 

FOLLOWI REMOV L OF No 1 TIVE BROOK RO T 

Brndley B. Shepard, 1ontana oopcra1ivc Fishery Research Unit. l:col gy Dcpanmen1, 'v!ontana 
tate Univcr ity, Bo7cman, ontana 59717-3460 and Montana Department or r1,;h. \ ildl1fc and 

Parks, 1420 East ixth /\venue, Helena. onlana 59620-0701 

ark L. Taper. Ecology Department, Montana t.itc University. Bo7cm:rn. Montana 5'>717 

Alexander V. Zaic, 'v1ontana ·oopcra11vc Fishery Research nit. S. G1:olog1cal urvey. Montana 
~late n iversity, Bozeman, ontana 59717-3460 

We investigated whether 75-mm and longer"' stslope cutthroat trout (0/11.:or/11 nd111s 

c /ork1i lell'isi) and brook trout (Sah-eli1111s (011ti1wli\' ccupied similar niches hy comparing 
hi om asses, population dens ii ics. anti condit,on fact )I'<. pnor lo and folio\\ mg total rcmm al of 
brook trout in 2. - to 3.0-km reaches or three hca<lwatcr stream. in 1ontana B10111a:se .... and 
their associated errors were est11nated using depkt1on estimators. Total trout bioma. s did not 
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change significantly after brook trout removal imlicating that these lwo species have similar 
rnchcs in these streams. Densities of ju enile wests lope cutthroat trou t were significantly and 
ncgati\l:ly allct:t ·d by densities ofju.venile brooJ.. trout and positively related lo densities or 
adult.,,, estslopc cullhroat I rout (R ' - 0.482; F-ralio = 15.4 15; P < 0.00 I). Including dcnsities 
of we. tslopt.:: cutthroat trout or brook trout from lhc previous year did not measurably 
imprm ed model perfonrn:mcc. Densities of juvenile brook trout were negatively associute<.l 
with body con<.lition of juvenile west.slope cutthroat trout. We found evidence for size
asymmetric compctit1011 111 one stream, but not in the ot her where it was assessed. l nterspecific 
compcl1tIon between brook trout and westslopc cutthroat trout\ as nearly as strong as 
mtraspecific competition\ tthin westslopc cullhrout trout, especia l ly among juveni le , 
prm idmg 1nsigh1 111to one mechani. m by \\ hich brook trout displace we tslope cullhroat trout. 

SP TIAL A DTE 1PORAL F 1 H E 1TR I 

RE. ERVOIR, Mo TA A 

T FROM H ER 

Justin P Spinelli , Montana Cooperative Fishery Research nit, Department of Ecology, ontana 
talc U111vcrs1ty, P.O. Box 173460. Bozeman. Montana 59717-3460 

Alexander V Zaic, L .. Gcolog1cal ·ur\cy, Montana Cooperative Fishery Research nit, 
Department of Ecology. lontana talc mvcrsity, P.O. Box 173460, Bozeman, Montana 59717 

Management sport fish populations of Hauser Reservoir, Montana, is hindered by 
undesirable anJ unpredictable downstream entrainment of fi ·h through Hauser Dam. v c 
quantified fi:h entrainment through Hauser Dam u ·ing hydroacou tic technology at lllrbine 
intakes from July 2007 to November 200 and over the pillway from 21 May to 18 July 
2008. ·pccies composition of entrainment was characterized using multiple netting gears. 
Annual estimated turbme entramment was higher in 2007 (N - 99,148 ± 5582) than in 
2008 ( - 53,456 ± 5,118). p1II\\ ay entrainment (N = 29,931 ± 3173) was 36 percent of 
Iota! annual entramment in _()08. l::ntruinrnent \\,as higher in full than in summer in both 
years, likely in rcspom,c lo fall turnover and the annual release of hatchery rainbow trout. 

1ost entrained fish{ ~ 60°,o) wen.: < 220 mm total length in both turbine discharge and 
:pill. The most common fish captured \\ere rainbow trout (43~o),, hite sucker (27%), and 
v.alleye ( 15°·0). The least common were common carp and yellow perch. We applied species 
composition by size to the hydr acoustic data to identify fish specie entrained, but mo t 
fish (N = 74,062 ± 483-1) could not be reliably as, ignc<l to asp cies becau. e concurrent 
net cat hes did not include indi, i<.luals of imtlar size. M st identified ntrained fi. h were 
rainbow trout (N - 3,472 3014) and walleye ( = 3 ,439 2953). Identification of patterns 
in spatial and temporal fi:sh losses afford. fishery managers the ability to make more infonned 
decision. about operation or this dam. 
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MER R Co T M IN T IO THE Fl HE OF GL 

TIO L p RK 

Craig !afford, P.O. Box 1472, Missoula. MT 59806 

hri 00\ ns, cience Center - Glacier ational Park, We 1 .lacier, Montana 59936 

Hciko angncr, Dc.:partm-:nt ofGcosciencc • - niven,ity of Montana, 32 Campus Ori Mi,;soula, 
Montana 59812 

1::li7.ibeth McGarry, Departmc!ll or Biology - t. Thomas niversity, 211 - urnmit Ave. l. Paul, 
lllllC ota 55105 

\: c in estigated mercury contamination in fishes from four lakes in Glacier ational 
Park. Three of these lakes (Bowman, I larrison, McDonald) are on the west side of the pari... 
and one is on the ast sid (St Marys). We focused our ·ampling on lake trout (Sah ·elinus 
nwnaycush) but als coll cted lake whit fi ·h ( ·oregonus c/11pec!frmnis), burbot (Lota Iota), 
and incidentally killed bull trout ( alvelinus confi11e11111s). Mercury contamination generally 
increas d with fish size but not ah: ays. ake trout and burbot were the most contammated 
·pecies and I ls exceeding 0.5 ppm I lg wet occurred in the larger fish. We r und that 
lake whit fish and bull trout generally had lower mercury le els than lake trout on a si.t:c 
nonnalized basis. Examination of the lak trout and lake whitefish data re ea led that maks 
and female· had imilar level. of mercury. Mercury I vcls in lak trout from the west 
. ide lakes ·h \J ed similar trend with fish . ize, and were comparable lo other lake trout 
populations in the region. 

ADJ T l G L KE TRO UT A GES V ER US O TOLITH M 
RELATIO HIP FOR VARIABLE GROWTH 

Craig Stafford, Division of Biological cience - nivcrsity of ontana. 32 Campu. Drh c 1is
oula, MT 59 12 

Dale I lanson, Green Ba ational Fi h & Wildlife Conservation Ince - 01 ish and\ ildl1fc 
er,ice, '.2661 colt~ \ er Drive, cw Franken, Wi con in 54229 

Otolith weight ho lds c n iderable pr mi e for increasing speed and consistency or age 
e timates relative to otolith thin ections. e pecially for peci s such as lake trout (Safre/11111, 
namaycusl,) where age and ot lith weight are highly r lat d. Using knO\ n age lake trout from 
Lake Michigan we demonstrate that th age versu t lith ma · relationship i dependent 
body growth rate, reducing the utility of ot lith mas alone for e. timating age when growth 
rate vary betw en samples. o compensate for this growth bia we dcvcl ped a correction 
procedure. This procedure use otol ith weight ver. us total length relation. hips to cstim,He the 
body growth rat diff rence between samples. and then estimat1::s the bias in the age\ rsus 
otolith mass relationship. sing the correction procedure we sue ·essfully adjusted the Lake 

lichigan age er us otolith mass relationship to the more slO\,\ I grov, ing Flathead Lake 
fish, revealing a pattern of declining body grov th rates through time in the Flathead Lake 
population. 
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ARF LAKE TROUT I FLATIIE I) L KE MORPIIOLOGI 'ALL D 

GE ETICALLY SE 'REGATED BY OEPTII? 

Craig Stafford, L 1sa r by. and I-red tdh:ndurf. n1vcr!>ity of M ntana, 32 l'ampu Om c Missoula, 

Montana 59812 

Megan McPhcc, flathead Lake Bwlog1cal tat, n, 111vcrs1ty of Montana, 32125 810 talion Lane. 
Polson. 1ont.mll 59860 

\i c compared nwsclc lipid content. muscle stable i ol pe raLio. , body morphology, and 
microsatelhte allele frequencic. between ·hall w (0-25 m) and deep caught (>50 m) lake 
trout (Sah-eli1111\· 110111ayc11sh) from lathead Lake. Montana. We found that lipid content 
was similar between depth group . table i,otopcs of and C varied between depth group·. 
demonstrating that individual fish exhibit long Lenn depth preferences. Depth group varied 
in their morphology. Relative to. hallow fi h. deep fish had a head more in line with the rest 
of the body, bigger eye. d eper body, wider skull, longer pectoral fin, and a deeper and ·horter 
l.'.audal peduncle. 1icrosatellite allele frequencies were similar between depth groups, strongly 
uggesting gene flow between shall wand deep fish. 

WESTER I PEARL H LL M · L D1 TRIB 101 & ST T I 

Mo T : Tw YEAR L TER, IT' WoR TH WE THO GH ! 
David ~- Laglianu. 1on1ana 1\atural Ht:ntage Program, 1515 ·ast 6th Avenue. I lclcna, MT 59620 

Montana's only trout stream mussel. the western pearlshell (Alargaritifera /alcota). has 
disappeared from many ol our watersheJs 111 rdativcly recent times. During 2006 and 2007, 
we reviewed \\C ·tern pcarlshell ccurrence record and sy ·tematically re urveyed ite of 
current and historic occupation in v al r heds throughout the state. Twenty-five of the original 
40 itc reconls rro,t:d to be either absent or had non-viable mu sel populations; only seven 
of the 15, iable population d cumented in :!007 v ere clas ified a having e ·cellent integrity. 
Extcnsi,e field sur\eys and biologist training workshop · continued in 2008, but only four 
additional viable populations \\ere rep rted. or the -8~0 stream reaches (avg. length -1-0 m) 
sur\'eyed over the course of3 r . western pearlshell population , ere absent from 660 (76 
0 'u) or the reaches and non-, iablc to . everely declining from another 139 sites ( 16°'0). ite. 
with excellent population viability (9) were rare and represented disjunct metapopulations 
with little ability to coloni7e other tream reache • in the watershed. Becau ·e of thi fact. 
the evaluation of current vs. pre, iou ·ly ccupied river miles and the severity of the decline. 
we ofncially placed this specie· on the p cie of ncern fo,t in November ranked an 

2 ( vulnerable to extirpation in the state). Introduction of non-native Ii ·he · reduction of 
west ·lope cullhroat populations. reduced in-stream flow and wanner water temperature have 
all been implicated in the decline of population of the v e·tern pearlshell. Reintr duction or 
western pearlshells into we:tslope cullhroat trout restored stream reaches i • currently being 
in\'cstigated. 
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PRoPo ED C o L M1 1 c o Co L-BEo M ETH E D EvtLOP 1E ,,, 

Tl-IRE TE A Q T l R E. 0 R E. I T H E TR BOU D RY FLAl HE D 

EcosYs M 

Amber . teed, ontana Fish, ildlifc and Parks. 490 orth Meridian Road. Kal ispell, Montana 
59901 

lint . Muhltcld, .. Geo! gical u1 ey, orthern Rocky Mountain cicncc Center. Glacier 
f icld Office, lacier a1ional Park, West Glacier. Montana 59936 

Frrn K. ex ton, Resec1rch cicntist. Flathead Lake Biological . ta11on, Un1vcrsiry of Montam1, 
32125 Bio talion ,me, Pol ·on, Montana 59 60-6815 

The Tran, b undary Flathead River ba -in in M mana ( A) anti British olumbia 
anatla) ho ts one of the most di erse and unique aquatic ecosystems through ut rth 

Am rica. Migrat r bull trout (Sah·elin11s conjl11e11t11s) and non-hybritliLed westslope 
cutthroat trout (Oncorh_rnchus darkii lewisi) migrate from Flath ad Lake up:tre·1m to the 
Canadian headwater Lo pawn and rear, representing ome of the la t remaining ·trongholds 
in the ba in. Howe er, proposed open-pit coal mining and coalbecl methane ( ' BM) clrillrng 
in th anaclian headwaters threaten water quality, invert brate communities, and migratory 
fish populations downstream to Glacier ational Park (G P) and Flathead Lake. In response 
to the·e threats, a multi-agency. long-term research and monitoring program wa • initiated 
in :2005 toe 'amine water and ·edim nt chemi try. contaminant levels, aquatic habitat, and 
the di ·tributi n and gen tic diver· ity f native fi h . Comparati e data collected in the 
neighboring lk River drainage. a y tem impacted by coal mining and CB tie elopment, 
show increa ed nutrien t and heavy meta l on entration, in the, ater and lower imertebrate 
·pecie rjchnes than the Flathead. In 2008, basin-wide fisheries survey were initiated and 
data were collected at 119 site in anada and G P. 1ativ fishes wer found throughout 
much of the system, including proposed mining locations. Additionally, the highest quantity 
of bull trout redds in the system was detected immediately downstream of proposed mine 
sites. Continuation of these collaborati in c ligations, ill pro ide necessary baseline 
data to infonn conservation and manag ment decisions impacting this diverse and '>ensitive 
transboundary syst m. 

A L OF POP L TIO M ETRI ' TO A. E ' T H ;' EFFI A y OF 

L Kl<: TRO T s PPRE ' Y E.LLO\ , TO E L K E, Y • LLO\ TO1 'E 

ATI O L p Rh: 

John . yslo und ChrL tophcr . Guy, . . Gcok gical urvcy, 
Research nit, Lewis! fall , Montana late 111 er. ity, 801cnu111, 

l nrnna oopcrall\ c fishery 
Olllallll 5tl717 

Patricia E. Bigelow, Philip D. Doepke, and Todd . Koc!, enter for Rcsmrn.:cs, Fi~h ·ries and 
Aquatic cicnccs Program, P .. Bo'( 16. Yellowstone aticnal Park. \\' 0111111g :?190 

Introduced lake trout ( ah'eli1111s 11wna_1·rnsh) threaten to extirpate native ellowstonc 
cutthroat trout 011corhy11c/111s dork.ii bou,·icri fr m Yellow, tone Lake, Yellowstone ationa! 
Park. The U ' DI ati nal Park ervice removed nearly 2c0,000 laJ..e trout from Yell \\stom: 
Lake between 1997 and 2007. Lake tr ut population :.iLe ha, not been est11natcd: therel<.)re. 11 

i. d11licult 10 determine what proportion ha,· been remo ed. We c\aluated sc\eral populat1 n 
metrics to determine if the removal program cau eel the lake trout population to e.,h ih1t 
characteristics typical of o erhar es led p pulations. Biomass or lake trout han ested has 
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increased through the <luration or the suppression program and was 0. 74 kg/ha in 2007. 
'atch-pcr-unit-cffort of lake 1rou1 has increased in both targc1cd-remnval and survey netting. 

Mean length ut age de ·lined from 2000 through 2006 for lake troul older than 8 years. oial 
annual mortality in 2007 was 37 percent fbr lake trout or ages 3 through 5 and 12 percent 
for lal..c trout over agc-5. Population metrics do not indicate that lake trout suppressi n has 
been effective at re<lucing abundance in Yellowstone Lake, however, th qualily of existing 
data limit the certainty or conclusions. Yield-per-recruit modeling indicate · that growth 
overfishing may begin to occur when conditional Ii hing mortality exceeds IO percent for lake 
trout of all ages. pa\ ning potential ratio compuled with rates of mortality from 2007 was 
0.14. and could be reduced to 0.04 with a conditiona l fishing mortality rate of20 percent for 
lal..e trout over age-5. An increase in fishing mortality of lnke trout over age-5 may increase 

effoctiveness of lake trout . uppression. 

DETERMI I G MORPHOLOGI L A D 810 H Ml AL PARAMETER 

As oc1 TED WITHE RL O ARI FoLLIC L R ATRE IA I WHIT 

ST RGEO FEM LE 

Marwh J. Talboll and Christopher . Guy, ontana Cooperative Fishery Re earch Unit, Montana 
late Umvcrs11y, Bozeman, ontana 59717 

Joel P Van Ecncnnaam. J,l\ 1cr Lmares- ascna\ c, and erge I. Doroshov, Department of Animal 
cicncc, nivcr.,1ty of California, Oa\, . allfornia 95616 

Molly A.H . Webb, Bozeman Fish Technology Center, 4050 Bridger ·anyon Road, Bozeman, on
tuna 59715 

In order to impro\e quality and yield of caviar in farmed white sturgeon (Acipe11ser 

11w1s111011w111,s), it 1s essential to correctly as es ' stage of ovarian maturity and avoid 
hanesting females with atretic ovarian follicles. To detect atresia by changes in blood plasma 
parameter ·, 111di\ idual females (N - I l) in the late phase of oogenesis were repeatedly bled 
and their ovaries biopsied before and after onset of O\arian atresia. ollicular atresia was 
induced by transfernng females at tcrling aviar, LL , alifomia from cold ( I 0- l 3 ° ') to 
warm water (20 ° ). Follicle diameter increased and oocytc polarization indices decreas d 
over time. Plasma testosterone nnd est radio! concentrations in fish with normal follicles 
were higher, compared to fish e:xhibiting early histol gical signs of follicular atresi;i, such 
as structural changes in the egg coat. Total plasma protein and calcium concentrations did 
not differ between fish with no1mal and regre sing O\arics. In the future, our study may 
benefit sturgeon conservation propagation programs in Montana by impro ing technique for 
detection or ovarian atresia in the late phase of oogene is. 
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D1. TRIB TIO AB O I E, o Ac STR T RE OF J VE 11LE B LL 

TRO TI TRIBUT RY TO Q RTZ L KE GL IER TIO1 1 L p RK 

Mo 1TA 

Lora B. Tennant and hri ·topher . ,uy, L. . col g.ical urvcy. Montana Coorcrat1\c ishcry 
Research Unit, Montana late ni ersity, PO Box 173640, Bo7cman, Moniana 59717-3460 

Robert E. Grc . well, .. Geological urvey, rthcm Rocky Mountain cicncc enter. 'Vlontana 
talc nivcrsity. P.O. Bo"X 173492. B zeman. Montana 59717 

Lacu trine-adlluvial bull tr ut (Suli·eli1111s cm1/l11e11t11s) ccupy lakes we t or the 
ontinental Di ide in lacier ational Park ( P), M ntana. Research 111 G P has focused 

primarily on the rel a ti e abundance or bull trout within lake . pallerns of c nne l1\ity 
among bull trout p pulation • and interactions between adult bull trout and nonnati,c lake 
trout (S. 1w11w_1·rnsh). on equently, there is little knO\ n about the ecology. abundance. 
and di tribution fjuvenile bull trout within headwater drainages in G P. The l!Xpanding 
di. tribution and potential n gative effects of lake trout on bull trout within G P has made 
und rstanding the ecol gy of juvenile bull trout a high priority. 1 his study documented 
the distribution, relati e abundance, and age structure of ju cnile bull trout in the Quart; 
Drainag upstr am of Quartz Lake. The study area included QuartL Creek and Rainbo~ 

reek; a tributary that enter Quartz re k about 1.25 km upstream of QuartL Lake. Ju\enilc 
bull trout were sampled using a backpack lectrofi hing unit; bull trout were enumerated and 
measured for length. Juvenile bull trout wer distributed throughout the study area . Rclat iH: 
abundance of juvenile bull trout , as greater downstream of the confluence of Quart/ and 
Rainbm creek than up tream . A bim dal length-frequency di tribution suggested that the 
bull trout pre nt \ re age-I and age-2+. These data provide ba. eline info,rnation needed for 
futur reco ery effort aimed at mitigating potential n gati e effect a . ociatcd with lake trout 
colonization. 

Mo T u UTHORIZED FJSH I TROD TIO 

Jim Va hro, Regional Fi . hcric anagcr. F\: P, 490 . cridian, Kali pell. 1\10111.:ina 59901 

Montana Fish Wildlife and Parks has maintained an unauthorized fi . h introduction 
database for more than 15 years that document unwanted fish introduction acros the state 
that have per isted long enough to be d tected. The databa. e currently cc\ ers 49 pecie of 
fi ·h in 536 introduction in 298 waterboclie . nauthorized introduction cover ever) dra1nag 
in the late and ha e cau ·ed im pact on nati e and recreationally important fi h sp cies, 
increa, ed manag ment co ts, decreased r creational opportunity, and pread di. ca e. Type. 
and ·pread of introductions arc discussed. The moti\ations behind illegal introductions are 
examined and linked to possible means of pre ntion and control. 

LIFETIME Mo E 1E T P TTER . o C T HROA TRo A 'l R "Al\1 

Michael K. Young, Rocky Mountain Re carch tali n. 00 Fast Beckwith Avenue. M 1<; · l ula. 
lontana 59X0 I 

A Ith ugh recent research has emphasiLcd the ubiquity or mO\ements 111 freshwater fish 
li re _historic . . the timing. prevalence. and extent of the e mo, emcnts remain content1ou . . I 
used JU enilc-adull distributi n. , Pl r tagging. and turno, er rates f unmarked fish lo assess 
lifet1Jne movement patterns of olorado Ri\er cullhroat tr ut throughout the 40-km 'orth 
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Fork Little Snake R iver watershed in southern Wyoming from 1996 to 200 I. Turnover rates 

ind icated that abou t 30 percent o f fish moved an average o f at least I 00 m annually. Juveni le 

and adult fish exh
i

b ited l itt le spatial overlap in about half of the stream segments in this 

basin, and length-frequency discrepancies between tr
i

butary and main-stem fish implied 

widespread movement of fish age-2 and younger. About 40 percent of recaptured PIT-tagged 

fish were mobile. The probability o f movement was related to the length of time between first 

and last capture and to specific growth rate, but not to fish length or condition. Fish marked 

in tributaries were less likely to move and moved shorter distances than did fish marked 
in the main stem, but fish from both sources were most likely to move upstream between 

captures. Median movement was 300 m and many fish moved several ki lometers and between 

tributaries and the main stem, but migration barriers appeared to influence movement in some 

areas. These complex movement patterns support the conclusion that even slow-growing 

salmonids in small streams regularly alter their positions Lo feed, grow, reproduce, and seek 

refuge from unf avorable environments. 

Aquatic Poster Session 

RESPONSE OF NoN-T ARGET ORGA ISMS FROM ROTENONE 

TREATMENTS WITHIN THE EAST FORK SPECIME CREEK DRAI 1 AGE, 

YELLOWSTO E NATIONAL PARK 

Jeffrey L. Arnold, Todd M. Koci, Brian D. Ertel, and Michael E. Ruhl, Yellowstone Center for 

Resources, Fisheries and Aquatic Sciences Section, P.O. Box 168, Yellowstone National Park, 

Wyoming 8� 190 

Fish removal by rotenone applications is a highly effective fish management tool. 

However, rotenone is nondiscriminatory and can have negative impacts on non-target aquatic 
organisms. In 2004 Yellowstone ational Park staff began planning a native fish restoration 
project within East Fork Specimen Creek. We conducted pre- and post- treatment monitoring 
on invertebrate communities throughout the drainage and on amphibian populations in the 

vicinity of I Iigh Lake, a 7-ac headwater lake where initial rotenone treatments took place. In 

August 2006 fish in I ligh Lake were chemically removed using rotenone (CFT-Legumine). 

CFT Legumine is a relatively new fomrnlation of rotenone in the United States that doesn't 

contain petroleum hydrocarbon solvents that are used in traditional rotenone formulas. As 
a result CFT Legumine is likely less ham1ful to the environment but affects on non-target 

organisms, such as invertebrates and amphibians, are poorly understood. Among invertebrate 
populations, both pre- and post- treatment studies indicated that midge larvae were the 
most common invertebrate groups in the stream and lake benthos with increasing densities 

after rotenone treatment. Results from the stream invertebrate samples indicate that mayfly, 

stonefly, and caddisfly larvae were most susceptible to rotenone with some taxa experiencing 

JOO-percent mortality. One year after treatment, however, most taxa had recovered with 

densities exceeding pre-treatment conditions. Higher invertebrate densities could be a result 

of the absence offish predation the year following treatment. Similarly, larval amphibians 
appeared to experience I 00-percent mortality from the initial rotenone application but 

tadpoles were observed in greater numbers I yr post-treatment. 
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IM PACTS O F Two SM ALL D AMS ON MIGRATORY B uLL TROUT I THE 

CLEARWATE R RI VER, MONTANA 

Aubree Benson, and Lisa Eby, University of Montana, Wildlife Biology Program, 32 Campus 
Drive, Missoula, Montana 59812 

Ladd Knotek and John Thabcs, Montana Fish, Wildlife and Parks, 320 I Spurgin Road, Missoula. 
Montana 59804 

Dams are well known for their negative impacts on fish populations, and darn removal 
decisions are becoming increasingly common. In collaboration with Montana Fish, Wildlife 
and Parks and the USDA Forest Service, we used radio telemetry to explore the impacts of the 
small Emily-A and Rainy Dams on movement of migratory bull trout (Salve/in us confluent us) 
throughout the Clearwater River Drainage. We captured a total of 88 adfluvial bull trout or 
bull trout/brook trout (S.fontinalis) hybrids below the two small dams, primarily by angling. 
We implanted radio tags in 31 fish and released them above the dams, passing a total of 75 
fish in 2007-2008. We monitored their movements and those of 27 other bull trout tagged in 
the surrounding lakes. The Emily-A is a complete upstream migration barrier, whereas Rainy 
is a partial barrier. Ninety-seven percent of the radio tagged fish we moved over the dams 
swam into one of three previously unknown spawning tributaries and presumably spawned. 
Although we passed a relatively large number of bull trout, redd counts were low, and we 
estimated only ] 3 percent detection probability at the dams. In one tributary, approximately 
40-47 percent of the spawning adults were fish we passed over the Emily-A Dam. Post
spawning mortality rates were high and attributed primarily to predation. Our data suggests 
that the darns have large impacts on population sustainability. and will contribute to the 
decision-making process involving dam modifications or removal to balance the benefits of 
upstream passage for native fish with the risk of expansion by undesirable non-native fish . 

MANAGEM ENT OF A NTHROPOCENICA LLY D ERI VE D H YBRID 

POPULATIONS: E X PLICIT R ECOGN ITION O F A SSUM PT IONS 

Matthew P. Corsi, Wildlife Biology Program, University of Montana, 32 Campus Drive, Missoula, 
Montana, 5980 I 

Paul Spruell, Department of Biology, Southern Utah University, 351 W. University Boulevard. 
Cedar City, Utah 84720 

Charles E. Corsi. Idaho Department of Fish and Game, 2885 Kathleen Avenue, Coeur d'Alene, 
Idaho 83815 

Hybridization and introgression between native and introduced species is one of the 
most challenging issues currently facing fisheries managers. While recognizing we are 
simplifying arguments, we suggest two hybrid management paradigms have emerged. The 
first posits that as long as introgression is at moderate to low level. and the resulting hybrids 
are morphologically and ecologically similar to the native taxon, they should be considered 
a member of the parental species. The alternative view suggests that conservation effo1ts 
should be focused on pure native genomes that have evolved in response to localized 
selective pressures and hybridized populations are a conservation threat. We suggest that both 
management approaches are based on a few key assumptions about the nature and ultimate 
outcome of hybrid fitness and ecology. Although these assumptions are implicit in the 
arguments presented by both sides of the debate, neither the assumptions nor the management 

<) /111er111u1111tain Jo11rna/ of Sciences, l o /. I 5, No . ./, 20()9 85 



implications of violations of those assumptions arc consistently clarified and discussed . 
In our poster, we present a framework that addresses various assumptions surrounding 
hybridization in cutthroat trout (011corh11cl111s clorkii) populations by introduced rainbow trout 
( O. mykiss) and the ecological outcornes each assurnption would predict. We further suggest 
hybridization management actions should have clearly defined goals and be explicit about 
their assumptions. Finally, we provide an example of our framework applied to a common 
management action used to manage hybrid invasions : the use of ban-iers. 

IDENTIFYING LAKE TROUT SPAWNING LOCATIONS IN SWAN LAKE, 

MONTANA 

Benjamin S. Cox and Christopher S. Guy, U.S. Geological Survey, Montana Cooperative Fishery 

Research Unit, Montana State University, Bozeman, Montana 59717 

Leo R. Rosenthal, Montana Fish, Wildlife and Parks, 490 North Meridian Road, Kalispell, Montana 

59901 

Knowledge of spawning locations is critical to the management of invasive lake trout 
(Salvelin11s namayc11sh) populations by providing areas to efficiently target sexually mature 
fish . In Swan Lake, Montana spawning locations were identified using acoustic telemetry, 
short-set gill nets, and in-situ egg nets. Telemetry locations were recorded manually after dark 
with a directional hydrophone from mid-October to mid-Novernber in 2007 and 2008 . Two 
primary sites were identified as potential pawning areas based on kernel-density analysis of 
2007 telemetry locations. In 2008, 30 in-situ egg nets were buried by SCUBA divers at each 
of the 2007 locations to confi1m egg deposition. One gill net (274.2 m long X 2.4 m deep 
with 5.08-cm bar mesh) was set at each primary spawning location once weekly through 
the tracking period in 2008 to confirm the presence of ripe lake trout and to explore the 
efficacy of targeting adult lake trout for removal at these locations. Kernel-density analysis of 
telemetry data identified the same primary spawning locations in 2008. Catch per unit effort 
of adult lake trout was > 4 times greater at these locations versus lake-wide gill netting. Egg 
density varied from 38 eggs/m2 to 114 eggs/m2 at the two spawning locations. Lake trout 
spawning locations were confiimed in Swan Lake, Montana. We recommend targeting these 
areas as an effective option for removing adult fish from the population. 

LAKE TROUT REMOVAL EFFORTS CONTINUE IN y ELLOWSTONE LAKE 

Philip D. Doepke. Patricia E. Bigelow, Brian D. Ertel, and Todd M. Koci, Aquatic Sciences Section. 
Yellowstone National Park, P.O. Box 168. Mammoth Hot Springs. WY 82190 

Lake trout (Salve/in11s namayc11sh) removal efforts in Yellowstone lake began in 1995, the 
year following documentation of this non-native fish in Yellowstone Lake. The objective of 
the removal program was to reduce lake trout to the point where they have a negligible effect 
on native Yellowstone cutthroat trout ( Oncorhynchus clarkii bouvieri). Lake trout capture 
techniques have focused on mechanical. mostly gill netting, and more recently electrical 
methods. The lake trout infestation in Yellowstone Lake continues while fishery managers 
remove greater numbers of lake trout every year, 76,140 lake trout were removed in 2008, and 
348,794 have been removed since 1995. Amount of gill net effort has increased every year 
with the exception of 2008, total effort is mainly dependent on ice-off dates, and seasonal 
crew staffing and experience. Removal strategies target both adult and juvenile components 
of the population. Catch per effort of juvenile lake trout has steadily increased since 2002 
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with 2008 being the highest on record (5.0 lake trout/I 00 m gill net set/night) since J 998. 
However, cutthroat trout have not shown a positive response to lake trout removal efforts. 

umbers of spawning cutthroat trout in Clear Creek. a tributary to Yellowstone Lake, are at 
the lowest levels ever recorded with just 538 counted. Yellowstone cutthroat trout gill net 
assessment, which averaged over 15 fish/net in l 994, has averaged~ 9 fish/net over the past 
5 yrs. Continued suppression of lake trout is imperative for there to be a healthy Yellowstone 
Cutthroat trout population in Yellowstone Lake. 

RESTORI NG T HE B ALANCE : TH E FtSH & WI LDLIFE P ROGRAMS AT THE 

CRESTON FISH & WILDLI FE C ENTER 

Don Edsall, Rox Rogers, and Bob Lee, USDI Fish and Wildlife Service, Creston Fish and Wildlife 
Center, 780 Creston Hatchery Road , Kalispell, MT 5990 l 

The Creston Fish and Wildlife Center is a USDI Fish and Wildlife Service facility located 
in Creston, Montana. There are three FWS programs working from the Center; the Creston 
National Fish Hatchery, Ecological Services and Partners for Fish and Wildlife. These 
programs work with partners and stakeholders to protect and conserve wildlife habitat, and 
to restore and enhance the fish and wildlife species who occupy these healthy habitats . This 
poster provides an introduction to the programs at the Center and a sampling of the species 
they strive to preserve. 

A RCTIC GRAYLING EM ERG ENCE AN D D EVELOPMENT IN ODELL 

CREEK, R ED Roc K L AKES N ATIONAL WI LDLIFE R EFUGE, Mo TA A 

Rebekah Levine, Department of Earth and Planetary Sciences, University of ew Mexico, 
MSCO3 -2040, I University of New Mexico, Albuquerque, New Mexico 87131 

Jeffrey M. Warren, Red Rock Lakes National Wi ldlife Refuge, 27820 Southside Centennial Road, 

Lima, Montana 59739 

Glenn Boltz, USDI fish and Wildlife Service, 4052 Bridger Canyon Road , Bozeman, Montana 
59715 

Red Rock Lakes National Wildlife Refuge in southwest Montana supports the last 
endemic population of adfluvial Arctic grayling (Thymallus arctic11s) in the contiguous 
United States. The population has been dec lining for the last several decades and there is 
concern about its persistence on the Refuge. The goal of this study was to understand how 
Odell Creek is contributing to the maintenance of this critical population by investigating its 
use as a spawning stream and rearing ground for grayling fry as well as inventorying overall 
habitat. Surveys were conducted in 2006 and 2007 to dete1mine the timing of spawning and 
emergence. to track fry movement in the creek and to make determinations about fry habitat 
selection. In 2006, 1868 fry were observed throughout the survey period with fry showing 
apparent movement downstream. During the same period in 2007 only 311 fry were observed. 
The majority were concentrated at the creek mouth. An a priori suite of models detem1ined 
that there was little correlation between fry abundance and habitat. The most important 
parameter for fry abundance in 2006 was water velocity. Fry > 30 mm were rarely observed; 
at this life stage they have improved swimming ability and are able to select different habitat 
types. Odell Creek's habitat was surveyed and dete1mined to be a suitable grayling stream. 
The difference in fry abundance between years appears attributable to timing and intensity of 

c) lnrl'r111uw11ain Journal of Sci<'l1C<'S. ViJI. 15, .Vo . ./, ]()(/9 8 7 



spring runoff which affects spawning and incubation periods. This indicated the importance of 
climate as a factor affecting this population. 

ARE RESERVOIRS ECOLOGICAL SINKS FOR RECRUITMENT OF PALLID 

STURGEON? 

Steven 11. Ranney and Christopher S. Guy, U.S. Geological Survey, Montana Cooperative Fishery 
Research Unit, Montana State University, P.O. Box 173460, Bozeman, Montana 59717 

Molly/\. H . Webb and Kevin M. Kappenman, USDL Fish and Wildlife Service, Bozeman Fish 
Technology Center, 4050 Bridger Canyon Road, Bozeman, Montana 59715 

William M. Gardner, Montana Fish, Wildlife and Parks, 215 W. Aztec Drive, PO Box 938, Lewis

town, Montana 59457 

Natural recruitment of pallid sturgeon (Scaphirhynchus a/bus) in the Missouri River 
upstream of Fort Peck Reservoir has been nonexistent for at least four decades. Deviations 
from the natural river morphology are likely driving the lack of natural recruitment. An 
obligate riverine species, pallid sturgeon require large drift distances(> 245 km) before 
transitioning to benthic habitats. Insufficient lotic habitat downstream from hatch locations 
because of river impoundment is one hypothesis for the lack of pallid sturgeon recruitment. 
During 2008, we sampled the aquatic habitat in the headwaters of Fort Peck Reservoir. 
The headwaters were described as separate habitat units based on visible characteristics. 
i.e., "river," "transition zone," "side channel." ''lake," and "reference." Velocity decreased 
longitudinally through the headwaters of Fo11 Peck Reservoir suggesting that there is 
insufficient drift distance for pallid sturgeon to transition through the larval stage. Water
quality data examined at the die! scale indicated abrupt changes in temperature, dissolved 
oxygen, and pl I that may negatively influence larval pallid sturgeon. These diel fluctuations in 
water quality parameters correlate with an increase in discharge from Canyon Ferry Reservoir. 
Further research includes spatial analysis of larval drift dynamics, evaluating larval sturgeon 
survival under fluctuating water-quality conditions, and experimentally evaluating larval 
pallid sturgeon surv ival in the headwaters environment. 

MOVEMENT AND SPAWNING LOCATIONS OF SHOVELNOSE STURGEON 

AND PALLID STURGEON IN THE MISSOURI RIVER ABOVE FORT PECK 

RESERVOIR 

Ryan R. Richards and Christopher S. Guy, U.S. Geological Survey, Montana Cooperative Fishery 
Research Unit, Montana State University, Bozeman, MT 59717 

Susan L. Camp. USDI Bureau of Reclamation, Montana Area Office, P.O. Box 30 I 37, Billings, 
Montana 59107 

William M. Gardner. Montana Department of Fish. Wildlife and Parks, P.O. Box 938, 2358 Airport 
Road. Lewistown, MT 59457 

The lack of recruitment by pallid sturgeon (Scaphirhvnchus a/bus) over that last 40 yrs 
in the Missouri River above Fort Peck Reservoir has caused their abundance to decrease to 
less than 150 individuals. Interestingly, shovelnose sturgeon (Scaphirhynchus platyrhynchus) 
exhibit recruitment in the same area and their abundance is higher than most other rivers in 
the U.S. Understanding the dichotomy between the two species with respect to recruitment is 
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receiving much attention throughout the Mississippi River basin. The objectives of this study 
are to identify spawning locations and the effects of varying discharge on spawning locations 
and spawning movements for pallid sturgeon and shovelnose sturgeon. Two pallid sturgeon 
and 39 shovelnose sturgeon were radio tagged and tracked from I May 2008 to 5 July 2008. 
Unfortunately, no data is available for pallid sturgeon movement due to small sample size 
and loss of one of the radio-tagged fish mid-study. Seventy-four percent of the shovelnose 
sturgeon moved downstream during the spawning period. Of those that moved downstream 
the average movement was 39 km. One fish moved 123 km downstream and this was the 
largest movement of any fish tracked. Only 26 percent of the shovel nose sturgeon moved 
upstream and their average movement was 51.5 km. Shovelnose st urgeon concentrated in two 
areas during the spawning period; river kilometer 3090 to 3 190 and 3235 to 3270. These data 
will provide a greater understanding of sturgeon (Scaphirhynchus spp). spawning movements 
and spawning locations in the upper Missouri River and will help guide management 
decisions aimed at recovery of pallid sturgeon. 

LARGE WOODY D EBRIS D EPLETION RATES IN WESTER MONTANA 

STREAMS 

Brian Sugden. Plum Creek Timber Company, Inc., P.O. Box 1990, Columbia Falls, Montana 59912 

Ron Steiner, Plum Creek Timber Company, I ne., P.O. Box 1990 , Columbi a Fall s, Montana 59912 

Maintenance of in-stream habitat diversity through recruitment of large woody 
debris (LWD) is a principal goal of Plum Creek Timber Company's Native Fish Habitat 
Conservation Plan (NFHCP). Because LWD loads are governed by long-term processes such 
as riparian tree growth and mortality, direct measurement of LWD to judge effectiveness of 
management actions is unlikely to provide timely feedback for adaptive management. Instead. 
trends must be forecast using models . For the NFHCP, the Riparian Aquatic Jnteraction 
Simulator (RAIS, Welty et al. 2002) was used to support development of riparian management 
options. To help validate this model, several key assumptions are being field-tested as part 
of the NFHCP's adaptive management program. This study examines the effects of channel 
size and gradient on annual in-stream LWD depletion rates. Thirty-one sample sites were 
randomly selected from among a pool of stream segments that represent combinations of 
channel types and sizes for perennial streams on Plum Creek lands. At each I 00-m site, all 
pieces of LWD with minimum qualifying dimensions of I 0-cm diameter and 2-m length in 
zones 1-3 (Robison and Beschta 1990) were tallied and marked with numbered aluminum 
tags. Resurveys of these sites were completed in 2007. This poster summarizes five-year 
LW D depletion rates, and the factors most associated with LWD movement. 

Mo 1TANA U AUT HORIZED F1sH I NTRODUCT10 s 
Jim Vashro, Regional Fisheries Manager, Montana Fish, Wildlife & Parks, 490 . Meridian. 
Kalispell. MT 5990 I 

Poster display will consist of a map of Montana with illegal fish introduction locations 
marked by symbols. Display would include a I isl of species and distribution by region. A copy 
of the database would be available with an invitation for fisheries personnel to revie\.v their 
area and report any fish introductions not yet documented. Report fonns would be available. 
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