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The Alaska Region Fisheries program of the U,s. Fish and \ryildlife service conducts
fisheries monitoring and popuration assessment studies throughout many areas of
Alaska. Dedicated professional staff located in Anchorage, Juneau, Fair-banks, and
Kenai Fish and wildlife offices and the Anchorage consirvation Genetics Laboratorv
serve as the core of the Program's fisheries management study efforts.
Administrative and technical support is provided by staff in the Anchorage Regional
Office. Our program works closely with the Alaska Department of Fish ind Glme
and other partners to conserve and restore Alaska,s fish populations and aouatic
habitats. Additional information about the Fisheries program and work conducted by
our field offices can be obtained at:

COHSERVING
RlcA's

http:iialaska.fws. gov/fisheries/index. htm

The Alaska Region Fisheries program reports its study findings through two regional
publication series. The Alaska Fisheries Data series was eltablisheo to provlde
timely dissemination of data to local managers and for inclusion in agency databases.
The Alaska Fisheries Technicar Reports pubrishes scientific findin-gs from single
and multi-year studies that have undergone more extensive peer review and
statistical testing. Additionally, some study results are published in a varietv of
professional fi sheries journals

Disclaimer: The use of trade names of commercial products in this report does not
constitute endorsement or recommendation for use by the federal government.
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Stock Assessment of Rainbow Smelt in Togiak River, Togiak
National Wildlife Refuge, Alaska, 2007

Cheryl A. Dion and Jeffrey F. Bromaghin

Abstract
A f ife history study and stock assessment of rainbow smert osmerus mordax in
Togiak River began on l4 May and continued through 29 June 2007. A total of
1,084 rainbow smelt were captured primarily by gillnet lor biological sampling,
and ofthose 542 otoliths were processcd fbr aging. Seven age clissc, .unging:'
fiom age 2 to age 6 for fcmares and from agc i to age g for males were idJntiied.
Mean lengths by age ranged f'rom r9l to 2g2 mm roi femares and from rg7 to 273
mm for males. Femalcs were estimated to comprisc l3% of the spawning
population during the sampling period. Seventcen ovary pairs were intacf and
suitatle lor analysis, and fecundity estimates ranged f'rorn 17,000 to 90,000 eggs
per f'emale and averaged 52,000. Larval sampring began on g June and contiiierr
through 27 lune2007. A total of3l samples-wer:e coilected and analyzed. The
sparvning run biomass could not be accurately estimated bccause ofgaps in data
collection.

Introduction
Rainbow snelt osmerus mordar are among the most harvested non-salmon fish by subsistence
userc in therriJlages of rogiak, Trvin Hills, and Manokotak. The mean harvest for t999 a,.,J
]!!o wis 62 pounds per househord (coirey-Kenner et a]. 2003). Rainbow ,-ert ar" ur"d by
76% ofhouseholds in Togiak, gr% ofhousehords in Twin HiIs" and 74%o of Manokotak
ho'rseholds (coiley-Kenner et al. 2003). Subsistencc harvest predominaterv occurs in wintcr
during Fcbruary and March, primariry by jigging through the ice (Fa et al. rooo). nainbow
smelt are also an important forage fish for many speciei of fish, birds. and marine mammals.

Despite the cultural and ecological importancc of rainbow smelt, there is little information abour
their populations or life history characieristics in Alaska (Haldorson and craig l9g4; Nelle
2003). Although there havc been several detailed studies on North American Atlantic
populations (McKenzie 1964; Rupp r96g; Crestin 1973; Murawski et ar. l9g0; eucltey Dsr;, it
is unknown to what extent life histories are simirar in Aiaska. Inrormation on iainbow smertpopulations in southwest Alaska is limited to subsistence harvest surveys (wolfe et ar. r9g4;
BIINA and ADFG 1996; Fall ct ar. 1996; Coirey-Kenner et al. 2003) and one rifb history sruoy(Nelle 2003).

Life llistory

Paciflc-Arctic rainbow smelt are distributed from the Beauibrt Sea around the coast of Alaska toBarkley Sound, British Columbia, and across the Canadian Arctic t. Cape Bathurst
(Mecklenburg et a|.2002). Rainbow smelt are anadromous, migrating up freshwater rivcrs and
streams in the spring to spawn and rcturning to saltwater estuaries and near-coastal areas in
summer to feed (Mecklenburg et ar. 2002). Most of what is known of the reproductive biology

Author:ch€rylDionisafisheriesbio|ogistwiththefI'S.eiffi
Anchorage l;ish and wirdrife Field office,605 w 4'r'Avenue, Room G-6t, Anchorage, Alaska 99501 orcheryJ Dion@rwls.gov. JelTrey Bromaghin is a biometrician with the u.s. Fish and wildlife Service. He can becon-tacted at Fisherie-s and Ecological Services, I0l I Ii. Tudor Road, Anchorage, Alaska 99503 orJef'frey Ilromagh ind fws-gov,
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of rainbow smelt is based on obseruations of Nofth American Atlantic rainbow smelt
populations. Spawning migration begins as water temperatures increase (Monow I gg0).
Rainbow smelt travel only a short distance from the mouth ofthe river or stream to spa*ning
areas (McKenzie 1964). As the breeding season approaches, malcs develop nuptial tubercles or
swollen ridges along the sides (Mecklenburg et al. 2002). Arlantic rainb.w smelt usually spawn
on sand or gravel (Langlois 1935; Murawski et al. l9g0), and f-cmale egg counrs typically range
liom 8,500 to 69,600 eggs per fcmale (McKenzie 1964). Incubation time can vary'greatiy
dcpending on water temperature (McKenzie | 964; Buckrey l9g9). Lawac are s to 6 mm rong ar
hatching (McKenzie 1964; cooper 1978), and the york sai is usually absorbed by abour 7 mm rn
Jength (Buckley 1989). I-arvae drift in the water column a few merers rrom the bottorn, ebbing
back and forth with the tide (McKenzie 1964). As rhey grow. young rainbou, smelt move into
saltwater estuaries and near-coastal regions, eventually j-iningthe aldults (McKenzie I964).

Rainbor.v smelt have becn obserued in the l'ogiak River during the fall and winter and again in
the latc spring to early summcr (M..1. Lisac, tisFws, p"r.nnul com.unication). It is uninown if
fish present in the fall/winter remain through the spring spawning run or ifthe fall/winter
movement into the river is independent ol'the spawning run. It is also unclcar why thesc fisn are
entering the river in thc tall/wintcr. They may be staging prior to sparvning, 

"nt",ing 
the area to

feed, or seeking thermal refuge.

To answer these questions and maxinrize subsistence opportunities while protecting the health o1'
the population, managers nced.basic life history clata such as spawning locarions, ,in-ti,nin!,
biomass estimates, and sex and. age cornposition. This project i.viil fuihe, our understandirfi ot
the life history of rainbow smelt in southwest Alaska.

The project objectives are to:

I . test the h1'pothesis that the age and sex composition cf rainbow smelt in Togiak River are
sirnilar during the winter subsistence fishery and spring spawning seasou;

2. test the hypothcsis that thc mean lengths ofrainbow smelt in Togiak River are sirnilar during
the winter subsistence fishery and spring spawning season;

3' identify spawning locations and timing of rainborv smelt in the rower Togiak Rivcr: anrr

4. estimate biomass of the spawning run.

Study Area
The Togiak River watershed encompasses 5, r7g km':, comprises five major tributaries, and is
bounded on thc east by thc wood River Mountains and onihc rvest by the Ahklun Mountains
(Figure I ). The Togiak River originates at the outret of rogiak Lake and flows 93 km to 'r.ogiak
Bay. The entire watershed is located within the 'r ogiak Naiional wilcllife Rcfuge, and thc
watershed above Pungokepuk Creek is all wildcrness area.

In addition to rainborv smelt all five species of pacific salmon Oncornrt-nchus spp. are found in
the 'l'ogiak River watershed along with rainbor.v trout o. mvkiss, Dollj varden',s;a lvelinus malma.
and Arct ic char ,5. alpinus (Nelle 2003 ).
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Methods
Rainbow smelt rverc sampled inthe lower 5 km of the Togiak River. Sampling began during thc
2007 spring spawning season (May rhrough June) and w-ill be followcd by'a winter"sarnpling
frorn mi.d-February through March 2008 during the subsistence iishery. ihe seccnd ycar ofthe
study will follow the same pattern cxcluding winter sampling. This sampling regime allows for
comparison between fish found in the river during the spring spawning,un ana tirt captured in
thc winter subsistence fisheD .

Spring Field Sampling

Spri'g sampling was conducted to characterize the age, rength, weight, sex, and fecundity of
rainbow smelt, identify spawning locations. and estimate rin timing=ana biomass of the
spar'vning population. A two pcrson crew accessed the Togiak RivJr by boat ancl recorded
sample lccation coordinates with a GpS along with date and time. Three methods were used to
capture adult lish: a long-handled dip net (0.64 om mesh). a variable-mesh monofilament gill net
(14'6 m x 1.8 m with two equar rength paners of 1.3 and 2.5 cm bar mesh). and a scine n.tl6.7 mx 1.8 m with 0.64 cm mesh). cear serection was based on the physicar characteristics ofthe
particular losation in the river. Seine ncts were uscd primarily in smooth bortomed areas that
couldbewaded. Gill nets were used to fish locationshaving depths exceeding on"n'"r"rund
those sites with higher flows. Dip-netting from the boat wai conducted by sweeping the net with
the cument. The crew searched the river six days each week lor rau"n *"ik, un,l "
opportunistically sampled rainbow smclt. Each sampling location was examined for spai.vning
activity. A Hobo@ temperature data logger was installeJ in the river to record water tempcrature
gyer] 30 minutes. Daily maximum. minimurn, and mean temperatures were summarized.
Although spawning evcnts (McKenzie r964) and larvae hatch (McCarter and Hay 2003) ma,
occur at night. all sampling was confined to daylight hours for crew safcty.

,lge, Ilteight, Length, Sex, and Fecundity Data

The weekly sample size goal lbr rainbow smelt was established such that simultaneous 90olo
interval estimates of age composition for cach week have maximum widths of 0.20 bascd on a
multinomial sampling modcl (Bromaghin r993). statisrical weeks defining strata were used for
spring sampling (Table l) and monthly strata rvil be used frir winter sampling. The adurt weekry
sample size goal rvas 168 in accordancc with Bromaghin (1993) based on r2 iignificant age
classes (Haldorson and craig I 984), and was increased to l9g to account for abou t | 5o/o
unreadable otoliths. samples rvere collected uniformly throughout the wcek (Monday through
Satu_rday). To avoid potential bias caused by selection o. 

"upiu." 
of indiviclual fish, all rainb'ow

smelt captured in the nets were incruded in the sample 
"u"n 

ifth" sample size goal ivas
exceeded.

All adult rainbow smelt captured were measured for total length (mm), sexed from examination
ofgonads, and weighed to thc nearest 0. lg using an electronii barance. Stomachs were cut open,
observed, and contents noted. Dorsal fin ilips rvere taken {iom 200 fish for genetic analysis.
Tissue samples were labeled and stored in vials containing 90% ethanol. Alftissue samples will
be analyzed by the USFWS conservarion Genctics Laboritory in Anchorage. Sagittar otoriths
wcre.removed lbr aging. otolith pairs werc cleaned, dried, and placed into-indivi-dually labeled
envelopes. After the field scason, otoliths were thin-sectioncd in the transverse plane through the
core (Secor et al. 1992) and polished to enhance growth increments fbr viewing and countin'g
under transmitted lisht.
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Table I . Strata (timc pericds) used for analysis of rogiak River rainbow smelt, 2007.

Stratum Date

I

2

4

5

6

7

May 14 - 20

May 2l - 27

May 28 - Jun 3

Jun4-10

Jun ll - 17

.lun 18-24

.lun 25 - 29

Females with intact ovaries rvere sampled (o obtain fecundity (number ofeggs per femalc) data.
Females in running ripe condition were excluded lrom analysis because thel,-may have extrudcd
cggs compromising ovary weights. Intact ovary pairs were removed from iemalls and weighed
to.the- nearest 0.1 mg using an erectronic balance. l'hc ovary pairs were subsampletJ and rvJighed
(g). Subsamples were preserued in an egg curc then placed'in whirl-pak@ bags. rn the lab,
subsamples were soaked in water to separate eggs, and individuar cggs were ciunted using hne
forceps under a dissecting microscope. 

- 
Mean individual egg weight rvas cstimated by divirring

the.subsample weight by the number of eggs in the subsampre. Iricundity was estim;ted by
dividing the total ovary pair weight by the mean individuar egg weight. iielative fecundity
(number ofcggs per gram ofbody weight) was esrimated by aividing fecundity by the body
weight ol'the fish.

Larval Sampling

ln+iver egg and larval density measurements, obtained using the methods of Mccarter and Hay
(2003)' were used to estimate biomass ofthe spawning run to monitor rong term popuration
trcnds of rainbow smelt in the Togiak River. Larvae sarnpling was initiatci aboui tirrec weeks
aller the first adults were detectcd in the systcm. t.arval fish ivere sampled using bong. nets
deployed using a winch from the side ofthe boat at anchor in the river. T'he borigo neis were 120
cm in length by 7.6 cm in diameter with a 333 micron mesh. A flow meter was ittached in the
center ofthe net to measure water velocity (m/s), which allowcd us to calculate the volume of
water (ml) flow,ing through the net.

Bongo net tow locations were serected randomly in thc river, and fished arong a transect
pcrpendicular to the river bank. I-ach event usually consisted ol'rhree tows. Jne mid-river, and
one adjaccnt to each bank (Mcciarter and Hay 2003) for about 5 minutes eaoh. 'lwenty .eters of
cablc was marked at 30-cm increments to help track depths sampled. The cable was dropped t'
thc^river bottom, and cranked up 'l a turn to avoid sediment. The volumc of'water sampied
(m'/s) was estimated_by multiplying the watcr velocity (m/s) by the area sampled by the net
openrng (m-) Sampres were rinsed through a 2 mm and a 600 micro'sievc then placed in
individually labeled plastic bottlcs containing g5o% ethanol. Eggs and larval fish wcre sorted,
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identified, and counted in the lab using Petri dishes demarcated with a erid to lacilitate
inspection of the sanrples under a dissecting microscope.

Data Analysis

Thc equality ofcombined sex and age conposition among strala through time was tested using a
chi-square tcst of homogencity (Agresti 2002). The significance of the homogeneity test was
estimated using Montc carlo simulation with 10.000 replications. lf the homogeneity test was
not significant, the samples were pooled across strata and the hypcthesis that sex onj ug" u."
indcp_endent 

'nas 
testcd using a chi-square test ofindependence. Ifthe homogeneity test was

significant, stratified estimares of proportions (cochran 1977), and mean lcngths (Miller and
Millcr 2004) were computed using catch per unit effort (CPUE) as stranrm ulights. In the latter
case, the indepcndence ofsex and age was tcsted using a cochran-Mantel-Haenszel (CMII) resr
(Agresti 2002). with the stratification variable being delined by thc sampling strara. All tests
r.vere conducted using version 8.2 ofSAS sollware (Stokes et al. 2000) ind i significance lcvel
of 0.05.

The following equations, modified fiom Mccarter and Hay (2003). were used to estimate
rainbow smelt sparvning run biomass during cach stratum:

Bt: Pt / (Rl . St)
where:

Bs = biomass ofthe spawning stock during stratum t.
P, : total egg production ofthe stock during stratum t.
R, : relative f'ecundity or number of eggs per unit weight of spawning femalcs during

stratum t.
S, = the ratio of female sparvning biomass to the total spawning biomass during

stratum t.

Production (P, ) tvas cstimated for each stratum as:

Pt: Dr'V, Ir
whcre:

D, = mean density ofeggs plus larvae (numbers/mr) during stratum t.
V, : river discharge (mr/s) during stratum t.
11 : the duration (s) ofstratum l.

'lhe total biomass (B) was estimatcd by summing stratum estimatcs. Bootstrapping procedures
(cherniok 1999) wcre used to estimate variancc and empirical 90% confidence intervals. The
densit1,, fecundity, and weight by sex observations available within each stratum were samnled
with replacernent 10,000 times, rvith a sample size cqual k) the number of observations rvitirin
each stratum. 'rhc biomass of smelt was estimated with each bootstrap sample and stored. I-hc
variance ofthe estimated total biomass was estirnated fiom the varianic ofthe 10,000 bootstrap
estimates. Similarly. the 5th and 95'h percentiles ofthe 10,000 bootstrapped estimates were taken
as empirical 900/0 confidencc limits.
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spring Fiertl sampting 
Results

Rainbow smelt sarnplins began on l4 May and continued through 29.lune 2007. A total ol.I 
'084 rainbow s'neli weie caprured (F igure 2.) primurilu ily git nd. and sampred for biorogicardata Two starry llounder p1a ri.ntnv, .Tr"tiutur;l;b;i,, varden rvere arso captured in thenets. No sarnpling was condrcted iom q:un"tt ro"gfrl+ 1""_ tr,."r* iiU"""ri;.;;",,equipment fairures (outboard. motor). catch per unit'nt"to,r (cpuE) estimatcs r.r,ere highest on

1j::^.(.13.":_tl. 
The sampte size goat 

"r 
I 6s *". 

""i 
,"t fb, thr". strara ( l. 5. and 7).r emperarures ranged liom a maximum of r3.i c" on z r :une zo'i, io 

" 
,nr,l,'"ir'"iili c" *sevcral occasions in May. and averaged 7 I C" (I,ig;;;ii-

Age, Ilteight, Length, ,Sex, antl Fecundity Data
A subsarnple of otoriths (n -:42),obtaincd by.serecting every other otolith, rvas processed r.rage determination ofthe subsalgre, :o 

"orra 'rot 
i. igld o""urr" ofiregibre (I4) or missing(14) otoliths, and 2 otoliths were dlscarded il,n,,;;"il because reviewers courd norc,o-llectively agree on-an age 

. 
Seven. age crarr.. .ungingii.un age 2 to age 6 for femares. andtrom agc 2 to age g lor males were idJntifiecl ir", i,"f;,irr.

A chi-square tesr of rcmporal,.h:.1:C_"_l:lry of rh,e joint sex+agc composirion was significant (p_value < 0'0001), so the sarrpres.were not poored across strata. A CMH test (Agrcsti 2002) ofthehypothesis rhat sex and aee a1e indenel!";,;.; ;r;,j;;;i,.ant 1p_uaruc : 0.0488), soinferences were rimited to- sex composition, una r."-.p"zinc age and rcngth composition.
The csrimates of sex composition per straturn r.aried from 60,o r.emares in week 7 to 2l% r.emaresin week 5. and Lhe weiehred estimate for the il;;ilil;;,nprcd was r3% (Tabre 2). RainborvI:]t T1", I":.e,n-:.gl or. rang-ed from rsr-,;i;i i,,n-'?.?i.",., and fiorn 187 to 273 mm 1brmales (Table 3,). Of thc I ,0g4 fish sampled, iuoa it"r. ,i"* oUr"rr,"a in only 50 fish; 40 ofthose were mare and 5 r.vere femare, and 35 0f the mare fistr 

-sampted 
were feeding on sma, fish.

All fish sampled had maturc qonads. of the lotal I3 r f'emares corectccr, onry l 7 had ovary pairsthat were inract and suitabre ior anarysis tecunditf ;#;;;r ranged from r7,000 to 90,0b0lljlt.l Tll"t"t a1! 
,av.eraqgtt 

sz,oob 1ruur" 4). Eil;;";ratrve fbcundiry and mean esqncrgrrr Increased srighrry uith.fish rreighr lFigure +t. ova.:, pair weighr 
""i r""r"auy'i"i.r""r*,rsignificanrty u.ith fish weighr (t,igure +"r"d fiAi_ oi. 

.-'-',

Larval Sampling

I-arval sampling began on s :rL3-e. a1d continued through 27 June 2007. A totar of3l sampreswere collected and analyzcd. 'fotal egg and larval 
"o,irt. 

*"." highest on 27.lune. Rainboi.r,smelt spawning run biomass courd noite accuratery 
";il;; because of gaps in dara corectionand infrcquent sampling.

2008 Planning

winter sampling rvil charactcriz-e the age,.rength, weight. sex, and fbcundity of rainbow smerrharvested in the subsistence fishery. Lo-car rJgr"i ."ria.ni. wrtt be empioyed to co'ect andsample 200 rainborv smert each month.in FebrJary uno vu..tr. Locations for sampring rvi, bedctetmined by accessing ,"*, ol:T].:_1r^"^ or"rrtJ.u.l, iJi,g ur"u, and rviil bc accessed bysnow-machine' four-whecrer or by foot as necessary. but*r, tir"r, and harvest rocations wilr be

I

-
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'l able 2. Estimated sex composition, sample size (n), standard enor (sE), and cpuE of adult
rainborv smelt by stratum in Togiak River, 2007.

Stratum CPTJE Female (%) Male (%) sE (%)
38

250

204

201

98

206

87

0.3

7.4

1.2
5.8

3.8

1.7

t6

7

li)
15

t4

6

0.0

0.3

0.6

0.6

0.6

0.2

0.1

84

93

90

85

77

86

94

l3

Table 3 Estimated mean length (mm) ancr standard error (SE), mi'imum and maximum rengths
observed, and sample size (n) by scx and agc for Togiak Rivei adurt rainbow smerr in 2007.

Total r,084 43.4 2.5

Age Class

Length
(mm)

Mean

SE

Min

Max

n

Mean

SE

Min

Max

n

t9l

20.5

176

205

3

t87

t70

235

35

226

4.3

t85

240

220

,1 ''

l7s

243

190

260

5.9

zlo

282

t7

240

8.1

207

2t6

84

Female

282

6.8

266

302

l6

Male

261

6.8

192

289

lt3

278

7.5

261

300

6

lo)

ll.l
241

290

t5

U

261

0.0

zol

267

I

273

8.1

) <,1

290

7

l0
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Table 4. Total length (mm), t"lilllg.):l-rrry 
Sair 

weight 1g), subsample rveighr (g), mean esgweight (g)' and fecundiry (number ofeggs per fcmare) ;1 fe;are uartr ,uinunri s"ilii,".pl"a i"Togiak River, 2007.

..'r (rrur I tstt Ovar) pair SubsampleDate Lengrh Weight Weigtrt Wclgfr't_ __{ry4 _G) _ (e) _ GL
Number
of Eggs

Mean Egg
Weight

(9,

0.00038

0.00025

0.00026

0.00036

0.00027

0.0001 3

0.00036

0.00041

0.00031

0.00039

0.00059

0.00042

0.00038

0.00040

0.00039

0.00044

0.00035

Fecunditv

I 6-May I 9l o

2l -May 279

2l -May 289

2l-May 283

2l-May 271

2l -May 192

24-May 295

30-May 302

3 l-May 225

4-.lun 264

l5-Jun 252

i5-Jun 233

l5-Jun 226

l5-Jun 205

l5-Jun 227

I 5-Jun 211

157.2

r26.8

158.8

t46.0

I 19.3

35.2

166.6

173.8

12.8

130. I

I t5.7

79.9

75.7

60.7

68.2

62.6

26.4

20.3

22.7

28.9

t7 .7

l.J

21.2

J/.-)

12.2

)< ,4

,1.O.1

15.3

14.4

r0.6

6.6

r 0.3

.'.-)

4.8

3.6

7.1

4.0

0.5

7.9

z.\)

5.8

t.5

0.5

1.2

0.4

0.6

0.6

| | ,367

r8,835

13,83 I

I9,940

r5.003

3,869

12,050

r 9.1 06

8.443

14.768

2,550

1,t80

3.t87

998

1,546

r,375

2,012

69,788

79.656

87,212

8l ,164

66.388

r9.345

59,409

90,?09

39,6t7

64,674

44,540

36. 108

38.244

26,447

t7,006

23.604

39,090

1l

l5-Jun 236 85.4 13.6 0.7
fotuf f 
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recorded with a Gps rechniques to capture fish wi, fotow rocar customs. Rainbow smertASI- fecundity, diet, and geneiic dara c;[e"tio" ,uiii'roiio* prorocors outrined in the prevrous

The larval sampres and fecundity estimates cotected in 2007 were used to investigate theinfluence of sample size on thc precisi"" 
"rol;;;;r-".;i-Ju,".. ciu.n a strarum o'sevcn days,the number of rarvar samples colrected daiJy was uuii.J r-n,' 3 to 60 in incremcnts of 3.Similarly' rhe number of females within 

" 
rit"rn. i-r t"hich fecundity was estimated wasvaried f'rom 25to250 in increments of 25. rroreach combination of rarvar and fecundity sampresizes, 1,O,0-bootstrap samples were drawn from the observed dala, and biomass was estimated.For each co'eotion of r,000 boorsrrap ..riil;;;ili.;;;., u ."uru." ot.rerative precision wascomputed as the width of an empirical g0% confidence inte.vat airriOea by the mean biomassestimate The resurting measure of relatiu. p.""irion-i, i.*r"",". as a contour piot in Figure 5.These resutts suggesr tlat littre increase r" r;";il;i;;iied by increasing the number 

-of
fecundity estimates above approximat"ty sb. conu".siy,'a greater gain in precision can beobtained by increasing the number of larval ."-pi"t 

"iiii""a dairy. These results shourd bcviewcd with some caution; precision csrimates 
"." ^ln,'o.i"Lnrinly positivery biased by therelatively small number of observations available i;r;;;;;.pp,"g.

Discussion

11l?r"#illflfiltis,"tdXi.Y]lons occur in most rivers along the Alaskan coast (Mecktenburg

R,;;;;# ;;ffi iil,;, ;:iT",:dlT:l,llf 5:fi ,ilf,ff [i',i:il.:ff :,ll ::",f 
- "

| 984r' and are fasrer srowins than Atlanic p"p;iil;ti;,ipp^ | 968: Murawski | 976; Buckrey1989)' Scven age craises rrJm age 2 ro age g ir"* ia""irn"ir riom rainbo* smerr sampred inTogiak River' whcreas Haldorson and criig 1 r 9e+, iden#ed l3 age classes ranging liom age 3to age l5 fbr rainbow smelt population, in ifr" g"""fo;i"u.
Some ofthe otoriths anarvzed.appeared to have a smalrcr growth increment or distance betweenthe first and second annuii r"r'#"a u," 

" 
r"rg;;;iil; ;$J.ent between the third and fourth

l#:fr.tffllil.fil$lo.ilil"T."s )-ears may be an indication ot a size or age feeding

ml;* :ru;::,ffi H,''"lT#"i;,::,11' i""n*ffi :? HJ:l#i ff 
,,,},il'Jl,-"

'Ihe average age, length, and weighr ofboth scxes decreased as sampring progrcssed. McKenzie(1964) observed rhat the average'iength and ilg;;;;;pawning rainbow smcrr in theMiramichi Rivcr gradually declined rhrought,utlhe 1.unl 
.fh" 

largesr length ar age in TogiakKtvcr was observed in the first
increased*i,i-n,i,-",.'i"*il"'jT::l$ll?ffi :ffi :.r,T*i;.i:ff ,n-r:T#,:: j.n","
ohange in overalr age composition rigrrt u"tuurrf'L";;;; ;)' a change in the proporrion ofyounger females in the populatron.

Male dominated rainbow smert popurations have been reported by numerous authors (Langrois1935: Hoover r936: Rupp 1968; Murawski e,"r. issdt'Ni"li"l003), which is wiat we obsirvedin the Togiak River' Femare sex ratios in Togiak nir...uvlrarate diumaty (Langrois r935;

I

-

l3
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Nunrber of Larval Sarnples per Day

Figure 5. Relative precision of biomass estimates, as a lunction ofthe number oflarvalper day and the number of f'ecundity samples per stratum.
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Hooverl936) or during the sparvning season (Hoover r 936; McKenzie 1964). A, sampringwas confined to dayright hours for saiety reasons. If femare numbers increase during the night
and, fbmales leave spawning areas sooner than males, females mav have a lo*er cupir.eprobability, and we may be missing th_e opportunity to catch them when a"nriti*, ui. gr.ut"rt. rrthat is the case, unbiased estimation ofsparvning uin,.rur, ruy bc impossibre to achieve,although estimation of the femare component sh'ould stil be achievable. wc ar. untikery to beable to answer this question with confiience in 200g.

Fecundity estimates were greater for Togiak River rainbow smelt than Atlantic rainbow smeit(McKenzic I964),_although borh were sira[ sampre sizcs (Atrantic n = 9 and erctic n = r,i).The positive correlation between ovary pair weight and fisi weight combincd with norelationship between relative fecundity and fish.":eight lFigures + and 5). indicates that femaresare putting energy into producing greater numbers oT eggs iather than increasing ind ividuar eggsize to increase survilal ratcs.

It is recommended that rhe 200g sampring season bc extended a week or more untir catch ratesdccline, to better describe the run timing. Larvar collections shourd be more consistent andsamples inoreased to a minimum of l0 to 20 per day to more accurately estimate spawning runbiomass (.igure 5). The sample size goal should be dec."a.ec to 500 for the season. andapportioned among each stratum. This wi stil alow ur a -ut..o.npurir"^ [**""-nrr,sampled during the wintcr subsistence fishery and spring spawning season. All femalcs canturetlshould be aged to more accurarery estimate female age;#;";i,i"-". T;h. 
"li""i'r"i.roii,smaller fish (age 1) should be targeted and aged to vrridate ages. To potentially ,urg"t n'or"females, sampling should be conJucted Arriig 

"u"ning'in"oring tides whenever possible.
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