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Assessment of Fish Migration in soldotna creek with an Emphasis
on rnvasive Northern pike, southcentral Alaska, 2009 and 2010

Kenneth S. Gates and James K. Boersma

Authors: Kenneth S. Gates i, u firh"

SirY;i;i:T#,YjIl*. *T::";4":",r'".i"""u" """t""i"-Jti'"'gi tr," r"nui Fish and wldrire Fierd

Abstract
A fish weir with an underwater video system was installed in Soldotna creek tocount northem pike Esox lucius emigrating from the creek into the Kenai River.The weir and video system was operated during 200g and.2010 betwern zt ap.itand 4 November and_ 13 April and 3 septe;t;; ffiectively. A total of threenorthem pike were observed leaving soldotna c;;i ourinjthes" r,ro p"ioo,(2009, N=2;2010,1/:1). Because only a few northern pike were observed, themagnitude of immediate threat to native fish in the mainstem Kenai River fromnorthern pike is thought to be minimut. uo*"u"., rroah"- pike can use the KenaiRiver as a migration corridor to access other critical watersheds like the MooseRiver watershed, yherg significant habitat orr"rtup *ould occur between northernpike and native salmonids. If northern pike becoile established in watershedssimilar to the Moose Riv.er, impacts rrom northern pike predation could be severe.In addition to northern pike, a totul or ro otrre. nrrr'rfr"i", were identified andenumerated including Dolly varden salvelinus 

^olrio,steelhead 
onroriynchu,mykiss (anadromous rainbow trout), rainbow trout, lampr ey Lampetrasp., roundwhitefish Prosopium cylindraceum, eulachon Thaieichthys pacificus,coho salmono' kisutch., pink salmon o- gorbus.cha, sockeye rurr*n o. nerka,and chinooksalmon o' tshawytscha. steelhead were p.*i;ly undo"u-"rrted in the Soldotnacreek watershed and their run timing und pop.rtu-tiir, ,*"*" was similar toother steelhead populations identifiea on tt ek"ouip"ninr.rtu.

fntroduction
Northern pike Esox tuctlts 

-2re 
indigenous to Alaska north and west of the Alaska Range, but arean invasive species to the Kenai PJninsula w-lere rrt.v *"rr?"rt illegally introduced into theSoldotna creek drainage during the 1970s. sj1c9.1!en, th;t;u". bein observed or reportedlyharvested throughout the KenalPeninsula in l9 different tates and in the Moose and swansonrivers (Booth and otis 1996; Gamblin et al. 200a; Massengill zoog; Massengill 2010). Harvestof northern pike throughout the Kenai Peninsula iep;;;;;" has ranged from 36 to 2,321between 1994 and'2008 according to thoAlaska o6purtrn""nt 

"-rryn 
and Game,s (Department)Statewide Harvest Survey (Howe et al. l995,Howe et at. tgie;Howe et al.2001)-u; lrnning.et al' 2010)' Harvest primarily occurs in area lakes and the Kenai River (e.g., 200g: g5% harvestin lakes and' l\Yo harvest in the Kenai River; Jennings et al. zoto;. Although northern pike areoccasionally caught i1 

$e {e1ai River, there is no .iid"n", of a spawning population in themainstem (Begich and?awluk 2010). several projects huu" L."n implemented to document thedistribution and control the spread oinorthern pit. tr,t""gi"ua rrr" Kenai penirrsula- projectsinclude presence/absence sampling, the installation of coitrol barriers in Stormy Lake, intensivenetting throughout all known and Juspected_infested r"tm,irr"'aocumentation of movemenrpatterns using radio telemetry in stormy Lake, and the totalremoval of northern pike in Arc and

offi ce, 43655 Kalifomskv Beach noaa, sorJotn;;il;fi;r*riffi:,1il:;::bHlff Jlj ames_boersma@ fws. gov.



Alaska Fisheries Datq Series Number 201I_2, April 201I
U.S. Fish and lltildlife Service

scout Lakes using rotenone (Palme. unlT-olil 1996;Begich and McKinley 2005; Massengill2008; Begich 2010; Begich and pawluk 2'r';rururr"ngiiiibro;.
The-continued spread of northern pike throughout the Kenai peninsula could result in theestablishment of additional reproducing popilations in try ,ut.on rearing areas. This couldthreaten important fisheries on the ren-aiplninrutu, .rp"riutty in the Moose and swanson riverswhere suitable northern pike habitat (shallow, u"g"Lt"i, ,to*-ouing water) would overlap withrearing habitat for native salmonids. 

'several 
fish-populations in numlrou, torution, throughoutsouthcentral Alaska have already been altered to rucil un ,*i"nt that once-viable sport fisherieshave been completely eliminated and replaced by monocultures of northern pike (AlaskaDepartment of Fish and Game 2007)and the soidotna cr;;k drainage i, un 

"*u*fr"1?f,o* non-native northern pike can change fish assemblages. Traditionar knowledge from area residents ofsoldotoia creek indicates thatihe East and w.it rvrurrcy lakes historically supported populationsof Dolly varden salvelinus malma,rainbow trout oncorhynchus mykiss, and anadromous fishesbut now are dominatld bl ngrthern pike (Begich and Mciinley 2005). The presence of northernpike in the soldotna.creek drainage is 
"rp"rL[y alarming b."uur" it empties into the KenaiRiver' The Kenai River supports major recreati-onal and Jommercial fisheries and contributessubstantially to the annual economic values ofAlaska's sport fisheries which exceed $500million dollars (u.S. Department of Interi-..*g u.s. Defartment of commerce 2001).Information on the movement of northern pike in the soldotna creek watershed is needed toensure conservation of anadromous and resident fish species in the Kenai River watershed. Afish weir and underwater-video system was used during 2009 and20l0 to evaluate theabundance of northern pike emigrating Soldotna creek] The results of this project will assistwith the management and developmeit of control measures for invasive northern pike in theKenai River watershed.

Study Area
The Soldotra creek watershed falls within the Department's Northern Kenai peninsula
Management Area, whig! is comprised of federal, state, borougtr, city, private, and native lands.soldotna creek is a small streamihat flows approximately 14 km before it drains into the KenaiRiveratriverkilometer35.5 (N 60.4g313",W'tSt.OSlli", WCSS+, Figure l). The Soldotnacreek watershed is located in the lowlands of the westem icenai peninsirla uni 

"n.oo,passes 
bogmeadows' ponds, and several lakes (Elliot and Finn 19s4). several species of anadromous fishare present in this watershed, including chinook salmon o.iin"rytriha, cohosalmon o. kisutch,sockeye salmon o' n(ka,Dolly vardJn, and lamprey ii*|"""sp. (Johnson and Daigneault

'99t1' 
Historically, jlr3 drainlge supported a viable population of rainbow hout but recentgillnet surveys foundtrat northern pile dominuteo ,eue-n or"igtt 1nu;o, lakes in the soldotnacreek drainage (Gamblin et ar.2}}z;Begich 

"rd 
M;Killrv l6osl.
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Methods
lleir and Video Operations and Design

A weir equipped with an underwater video system was installed in Soldotna Creek
approximately 80 m upstream from its confluence with the Kenai River. passage informationwas collected for migrating adult fish including northem pike. The video weir was installed on2l Apnl2009 and' 13 April2010 and operated until4 November 2009 una: s"ft"mber 2010.

The weir facilitated upstream and downstream fish passage. The portion that facilitated
upstream passage was similar to that used on shantitalik-creek (palmer et al. 200g) and
measured approximately 4'2 m wide and 1.5 m tall (Appendix l). To facilitate downstream
passage' two rigid weir segments were angled forty fi;; degrees upstream and spanned thedistance between the stream bank and the front orihe video chute (Appendix l). The two rigidweir segments measured approximately 3.4 m and 2.1 mwide and 1.5 m tall. The video chuteseparated the upstream and downstream weir components (Appendix l). The weir frameworkwas composed of several pieces of 6.4-cm aluminum ungt. uoit"o togeiher forming a self-standing frame' The weir pickets were made from 25-mL diameter schedule 40 aluminum pipe.Each picket measured 

J.8 - in length and attached to the frame by sliding through 2g.6-mmdiameter holes drilled in two pieces of aluminum angle bolted to the front of the weir frames.weir pickets for both upstream and downstream components were spaced 3.2 cmapart. Thisweir was unmanned and outfitted with a video system.

An underwater video system was placed between the upstream and downstream weircomponents and was used to monitor fish passage at the weir. Setup and design oithe videosystem was similar to that used by Gates et al. (2010) in Crooked and Nikolai creeks in theKasilof River watershed. one underwater video camera was located inside a sealed video boxattached to the fish passage chute. The video box was constructed of 3.2-mm aluminum sheetingand was filled with filtered water. safety glass was installed on the front of the video box to

FIGURE 1. 
-Map 

of the soldotna creek watershed in southcentral Alaska.
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allow for a scratch-free, clear surface through which video images were captured. The passagechute was constructed from aluminum angle and enclosed in plywood, thereby isolating it fromexterior light' The backdrop of the passage chute from which video images were capturedadjusted laterally to minimiie the numbeiof firh p;ri;f iLo"gl, the chute at one time. Thebackdrop could also be easily removed from the video ciute when dirty and replaced with a newone' The video box.and fish passage chute were 
"rtifi.i;it lit using apairof l2-v DCunderwater pond lights' Pond lights were equipped with 2b-w bulbs to provide a quality imageand a consistent source of lighting during oay ana night hours. video images were recordedusing a digital video recorder pvry located at the lieir site. Fish passage was recorded 24hours per day seven days each week and stored video files were reviewed several times a week.The DVR was equipped with motion detection to minimize the amount of blank video footageand review time' All video images were recorded on a removable 500 gigabyte hard drive at 30frames-per-second' 

{t] y-{o eq:uipment was supplied with l lO-v AC power available at thesite and converted to l2-Y DC for ihe underwat#camera una rigntr. An l l00-w inverter and55-A charger was used inline with tvvo 6-v DC batteries wired in series creating a large batterybackup rated at l2-v and 400 ampere-hours. Appendix 2 contains a complete list of allequipment used.

Data analysls' 
-counts of fish moving past the weir were entered daily into an Excel@spreadsheet' counts were recorded asirpstream or downstream passage and further summarizedinto weekly passage' Steelhead (anadromous rainbow trout) were differentiated from residentrainbow trout during video review using visual external characteristics similar to those used byFleming (1999) in upper copper RiverLinages. Residurllunuo* trout typically have a densespotting pattern covering the entire body of the fish whereas steelhead hau" i"*e. spots that donot extend to the ventral side of the fish. sex of steelhead was also determined by observingextemal characteristics' All data were summarized using line and bar graphs and tables.

Results

Weir and Video Operations

The weir and video system was operated for a total of lgg days between 2l Aplil and 4November 2009 and for 143 days betrveen r: efrilil t#,.mber 2010. Tire video systemran smoothly during the operational period, wittr ttre r*"til of image loss on six occasionsresulting in 35 days ofno or incompLte counts. The dates of no or incomplete counts during2009 included periods from2.4 to zs aprit, 30 May iJil;, 20 to 26August and 14 to 19october' The dates 
9f.no 9r incomplete gounJs during 2010 occuned from g to l0 June and 24 to30 August' The resulting image loss during these peiods r* o.r. to the loss ofpower,vandalism, or malfunctions of the externallard drive. R;p;; were completed as soon aspossible when each outage was discovered. The weir and'viJeo system was removed earlier thanplanned in 2010 because of construction near the weir site that eliminated the power supply tothe video system' No attempt was made to estimate purrug" ro, dates with incomplete passage.

Weir Counts

Eleven species of fish including northem pike were observed moving upstream or downstreamthrough the video weir in Soldotna creekiurin g2009ano zorogable l; Appendices 3 and4).A total of three individualnorthern pike emigraLd the creek on 30 April and l9 June 2009 and22 July 2010' The remaining puttug. *a, 
"o-posed 

primarily of Dolly varden, steelhead,rainbow trout, and coho salmon GJte l). Runtiming for the'se four species is presented inFigures 2 and'3. weekly purrugr for all species is suimariz"d in App"ndices 3 and,4.
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TABLE I. _A IiSt Of identilied the Soldotna Creek weir !009 and 2010.
20'l

Scientific Name Common Name Upstream Downstream upstream Dowrstream

Esox lucius

Salvelinus matma

Oncorhychus mykiss

Oncorhychus mykiss

Dolly Varden

steelhead (anadromous rainbow trout)

rainbolv tfout

Lampatn spp. ramprey

Prosopiumcylindnceum roundwhitefish

Thaileichthys paciticus eulachon"

Oncorhychus kisutch coho salmon

Onarhychus gorbuscha pink salmon

Oncorhychus nerka sockeye salmon

1,094 965 501 450

124 64 97 49

97 77 M1

7il0

111

Oncorhychustsharyscha Chinooksalmon

112

486

39

32

J

,|

177

29

32

3

30

36

55

't'15

54

1

3

27

48

19

1

24

1
" counts were couectea6;11;titd r.];;;E;
o 

Counts were collected from 13 April to 3 September
" Eulachon counts are incomplete because oitre oimcurtv in distinguishing them from salmon smott.
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Alaska Fisheries Data Series Number 20l I_2, April 201I
U.S. Fish and lVildlife Semice

100

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

co
F

o
oo
E
Jz

"$ $$)

of'
.l|'

^\u'
^s,$'

^$9'

Upstream N = 501; Downstream N = 4S0

Upstream N = g7; Downstream N = 49

Upstream N = 141;Downstream N = 115

-Upstream 
-)GDownstream

Upstream N= 36; Downstream N = 27

ov'"to ^,**" -.\PP' 
db$? oN'

FIGUR'E 3' 
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steelhead observed in Soldotna creek exhibited similar run timing to other populationsmonitored on the Kenai Peninsula. Peakrveeklyupstream purrug" took place between 26 Apnland2Mav 2009 and 5 and 8 May 2010 
{is.1e1-z3,na :, aiprrarces 3 and 4). peak weeklydownstream passage occurred between i9-ano 16 May 2a:o;;ndgand 15 May 2010(Figures 2and 3; Appendices 3 and 4). Female steelhead.";#r;;;8i)" poool and5Tyo(2010) ofupstream escapement (Appendix 5). The r"r 

"omporition 
during zooq;,. 

"^iv"soNmalesand females for the first wiek of counting. ea^lpyr , ini"vl u* was dominated by femalesthroughout the remainder of the.*. o'ing zoio, the s"*16.porition was skewed towardsmales early in the run but then became skewed towards females during the remainder of the run(Figure 4)' Emigrating steelhead were composed primarily oifemales during 2009 (75%) and
131r3{"Y;;trtd#.ti. 

Downstrea-pur.ug" occurred between 26 Aprirind ro June during

coIo(L 5/10 - 5/16 5t17 - 5t23

4t18 - 4t24 4t25 - 5t1 5/9 - 5/15 5t16 _ 5t22 5t23 - 5t2g

liffirl;,,Yffil'rT.:1T""*t1l'.,:t"1*-t:*:I1Tobserved mrg-raring upstream in soraoto" c.."r
$::,f:,,,T',""lli3ilij;;11;i*"I*1*ji,;lilii:",:1y."r.dl"H_fi,i'lf#3rifi?r,ilffliejil?T;

2009 -+--Male +Female

2010 +Male +Female

week of 11 to 17 Aprit was omitted r.o- zoio t"cause no steerhead o*ilffi;"ffH.ltl
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-Frequency 
of steelhead emigrating Soldotna Creek each day between 26 April and l0 Juneduring 2009 and 2010.

Discussion

Jgv ry*"orthern pike (l/:3) were observed emigrating from Soldotna Creek into the Kenai
River during most of the ice-free season in 2009 *1 O*i-ng spring and summer 2010. Based on
this low level of observed movement, the magnitude of imireAiate threat to native fish in the
mainstem Kenai River from northern pike emigrating Soldotna Creek is minimal. However, the
potential for northern pike to enter the Kenai River from Soldotna Creek will always exist as
l_ong as lhey are present within the watershed. Knowing that some north;;ik ;;" emigrating
from Soldotna Creek into the Kenai River still causes gieat concern for the important
recreational and commercial fisheries within the KenaiRiver watershed, which contribute
significantly to the net economic value of commercial and sport fisheries in the upper Cook Inlet
region (Kenai River Sport Fishing Association 2008). The Department's ultimate goal is to
implement an action plan that will control or eradicate northern pike that threaten the Kenai
River drainage (Massengill 2010).

Although the Kenai River is a swift-flowing river that does not provide much suitable habitat for
northern pike, the river can serve as a migration corridor to access other areas of the watershed
that-do provide good pike habitat. For example, the Moose River watershed provides vast areas
of shallow, vegetated, slow moving water inimall lakes and streams that is ,uitrbl" pike habitat.
Unfortunately, these areas also provide important rearing habitat for native salmonids, primarily
coho salmon, rainbow.trout, and Dolly Varden. A single northem pike was observed in the
Moose River in 1986 (Booth and Otis lgg6),but subsJquent sampling throughout the watershed
failed to capture any pike (Palmer and Tobin 1996). Anglers have also reported harvesting small
numbers of northern pike from several lakes in theMoos=e River watershed (Begich and pawluk
2010). If a viable northem pike population becomes established in the Moose River watershed.

9
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impacts to native species and the fisheries-they support could be severe since northern pike canalter fish communities through predation (paukerrand willis 2003,).

Northern pike passing downstream during 2009 were observed immediately following schools ofsalmon smolt' rhg 
!em11d for prey and high densities of salmon smolt egressing Soldotnacreek may account for this movemlnt.since"bioen*g*i.r 

"andpr"y 
availability principally affectnorthern pike consumption rates (Muhlfeld et al. 20d8). ihe singte northern pike observation in2010 occurred much later than the smolt outmigration fuinon. the less northern pike are highlypiscivorous and will takeadvantage of almost iny avaitaule prey fish (scott and crossman1973)' one factor that might be fmitin-g or delaying the emigration of northern pike fromSoldotna creek is an active complex of beaver aamJ auove itre sterling Highway. These beaverdams are extensive and could be serving as a nahral migration barrier (Robert Begich, AlaskaDepartment of Fish and Game, p.rronul 

"ommunicationi.l i, also likely that years of intensivegill netting by the Department tirroughout the Soldotna creek watershed (Begich and McKinley
Att*"B'":fit"|2010; 

Massengill 2u6 has reduced the overall abundance tf ,iorther' pike within

Fish counts during.2009 and 2010 represent the relative abundance for most species observed inSoldotna creek' However, estimates for some species are conservative because of periodicintemrptions in the video caused by loss of power, vandalism, or malfunctions of the DVR harddrive and the premature removal oi the weii and tio"" rvri.m in 201 0. Intemrptions resulted inno or incomplete counts for a total of 25 days during zoog ;"aa total of l0 days in 2010. Theremoval of the weir and video system on,3 
L"nt.-u""t zoio f..u"nted us frorn estimating thepeak run timing of coho salmonand Dolly varden. we are incertain as to how many individualDolly Varden were observed during each year because *e rurp"ct some fish were countedmultiple times as they milled in the-vicinity of the weir. we recommend relocating the weir sitefurther upstream to minimize these occurrences for any future monitoring.

The immigration of steelhead into Soldotna creek was previously undocumented and followedsimilar run timing and population structure as other populations on the Kenai peninsula and inSoutheast Alaska (Lov3 and Hardin g2009;Gates .l;i:tOij. Males were greater in abundanceduring the early part of the run prioito a dominant female."or- (Figure 4). Asex ratio of morefemales than males suggests that there isa higher;;ir"p"at spawning for females which isalso supported by the lowerproportion of male 1.r,. "g."ffi the creek.

In conclusion' installing the soldotna creek weir and successfully operating it during 2009 and,2010 documented low numbers (l/:3) of northern pike emigrating Soldotna creek. The weiralso allowed us to monitor abundance of oth", -igruting firh-rp""i.r. Information collectedfrom this project will be useful in formulatirq fu;;;;:".g"..* strategies for northern pike inthe soldotna creek drainage and throughout ihe Kenai penTnsula. The final operational year forthis project was 2010 and we do not pdn to continue operations in the future.
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APPENpIX 1. 
-Picture of the Soldotna Creek weir
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,01;:"noo 
2' -List of vldeo equipment used to monitor fish passage in soldotna creek during 2009 and

Item Model # Manufacturer
Digital Video
Digital Video Recorder
Underwater Camera
Underwater Lights
Extemal Harddrive
400 Ah 6 Volt Battery
Charger

Inverter

DVSM 4-120
Intellex LT
Model l0
Lunaqua2 l2-v
One Touch 500 GB
s-530
GPC 55

xP ll00

American Dynamics
Applied Micro Video
OASE
Maxtor.com
Rolls
Go Power
Excel Tech

htp ://www. americandynamics.net
http ://www. appliedmicrovideo. com/
htp ://www.pondusa. com
http ://www.maxstore. com
http://www.rollsbattery. com/
http://www.$electric.com/

Contact
Veltek Intematiorral Lnc. http ://www. vettekcctv.com/

.exeltech.com/
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APPENDIX 5. _
09 and 2010.
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5/3 _ 5/9

5t10 - 5t16
5t17 - 5t23
5t24 - 5t30
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6n - 6t13

6t14 - 6t20
6t21 - 6t27

6t28 -7t4
7t5 - 7t11

7t12 - 7t18
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7t26 - 8t1
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8/9 - 8/15

8t16 - 8t22
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0
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