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ABSTRI'CT 

The Wasningtc:n Department of Fish and Wildlife cc:nducteci a raint:x:;,v.; trout 
study on Ross Rese~voi~ f~om June 1, 1994 to May 31, 1995. This 
investigation was the fifth and final year of a study to evaluate the 
effect of special sport fishing regulat1ons ( 1mplE"fnE:>flted at the: 
beginning of the 1990 fishing season) on reversing a historic decline in 
s1ze and numbers of rainbow trout at Ross Lake. Studv obJectlves 
1ncluded estimation of harvest and eaten statistics for all soecies of 
trD.Jt and char~ anal vsis of r-ainbo.N tro.Jt ll fe history informatiCJr',. and 
estimat1on of tre total size of the overwinter1ng f1sh populat1on. A 
stratif1ed random sampling des1gn was used to develop all effort. catch 
and harvest est1mates. 

Ross Lake anglers fisned a total of 28.177 hours during the 1994 fishing 
seasor;. or 7 ~96(.1 angler oavs. The total seasO!lal ra1n~ tr-c:x.;t harvest. 
est1mate was 2.196 fish, with a mean seasonal har-vest rate of 0.076 fish 
oer hour. Total catch (harvested+ released) was est1mated at 18,745 
ra1nbow trout. w1th a mean eaten rate of 0.648 fish per hOur. Total 
seaso•a l dolly var-:je:;/b. .. .d l trout char·. 

t.-·a.lt f"1ar-vest estimates !NE're 5. 0, and 
was est1matec:l at 108 dolv varden 

brook tn::lUt (charl, and cutthroat 

0 fish. respect1vely. Total 
cnar. 25 brook trout (char) , and 

TilE:' new angl1ng regulat1ons cont1nue to nave s1gn1ficant impacts on 

anGler- effort. na~-vest r·ates. and harvest at Ross Reservoir. Estimated 
1 o:::;~~.--c::.::; season a~ angle:-- e++ort. narves t rates. and harvest rema1n 

mar .... edlv less tnan during the the early 1970 s and mld-1980 s. Compared 

to l99:::: est1mates, total 1994 seasonal angler- effor-t incr-eased 
20 oer·ce...,t.. mean seasonal harvest rates \.cornb1ned soecies> decreased 
-;, .::ercent. ancj total harvest (COIT;Olnec soec1es/ dld not change. 

;:::our hvorocKDllStlC surve'/S I.NE're C:C)r.oucted on the lc:JV..ier oort1cx> of Ross 

~-a~ e du,...·lng April o"i 1995. Trese surveys are a c011t1nuation of annual 
1ndex counts that are also used to est1ma:e the total s1ze of tfiE> 
reservo11 flsh poo. ... .dat:J __ on \-f1st"1 larger· tllan Sl>' inches). The total 

CCYT\t;lned reservoir s;::ec1es poo.Jla:lor• was est1rnated at 72,730 flsh. 
wh1le tne ra1nbo.r.i trout port1on of -:r-e paDJlation was est1mated at 

72.191 --i=ish. Index counts ana CXJDt.Jlatlon est1mates cont1nue to 1ncrease 

eact-, vear, and probablv reflect 1ncr-eas1ng numbers of 1mmature age 
classes of fl.sh. 

f'JO soawn1ng surveys V>.~E?re c·:Jnoucted 1n 1995. due to terminat1or, of tt-e 
proJect study before the start of the ra1ntx:Jw trout soav,rnng season. 
Prev1ous survevs 1ndicate that peak spav.JrHng usually cx:curs during the? 
f1rst two weeks of June. Wltr; F~oland Creek normally record1ng the 
largest numoer of soawrung f1s11. Roland Creek and Dry Creek have 
rustorically been the rnos· ... imcx:Jr·tant 1ndex tr-ibutaries due to fish 

access.:.blllty. -fl0r.1. spaWfler· use, ava1laoility of spa....ning hab1tat, and 
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visibility and accessibility oy survey personnel. Observa:1ons of 
spawn1ng ra1nbow trout irom 1991-94 indicate that numoers cont1nue to 

~ncrease eacn year, rut still rema1n below mid-1980 s levels. 

Data collected from the 1990-91, 1991-92, 1992-93, 1993-94, and 1994-95 
ra1nbow trout studies at Ross Reservoir indicate the fish oopulat1on is 
still suffering from the effects of past overharvest. These stud1es 
suggest the present rainbow trout population is 1ncreas1ng, but is still 
below early 1970's levels. Cont1nued evaluation and monitor1ng of the 
fish ana fishery .1n response to the nev.; regulat1ons l.S necessary to 
promote recovery of ra1nbow trout stocks in Ross Reservoir. 
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I NTROIX . .CT I [)\! 

This report summarizes tt;e results of an angler harvest and rain~ 
trout study ccnducted cn Ross Reservoir from June 1. 19°4 to 1'-"'.ay 31. 
1995. This is the final year of a five-year study by thE' i.Nash~ngtcn 
State Deoartment of Flsh and Wildllfe (WDF&wl to e,·aluate the effect of 
special fishery regulations designed to reverse the decline in s1ze and 
numbers of r-ainbo..-.i trout ln Ross Lake (JohlstDr'; 1989: Looff 1991 ~ 199.:-a. 
1992b. 1993a, 1993b. 1994a. 19·.:;4-D. 1~5a). -r,ese regula:.1·::r:s .....er·e 
implemer,ted at the beginrung of the 1990 S;.:x:::t,...."': fish1ng season bv bcotn 
the WDF&W and the British Columbia Division of Fish and Wildlife 
<BCF&W). and are identJ..cal for both agencies (Hppend~·x 1 J. 

The n~ fishery r-egulatior1s are more restrictive than earlier 
regulaticns, and are expected to reduce angler narvest (reduced catch 
l1mit) and all()F.N fish to spaw-~ at least Df1Ce be-fore enter~ng t're fls:~e~-y 

(increased m1nimum size limit). A bait restriction was necessary to 
reduce mortality of released fish, and a later season opener was enacted 
to permit spa\.'Jfling fish more time to ascend tributar-y streams before the 
f1s1'\E'ry OPE'f"'.ed, and also to all()V.J ootn Canadian and Aner-1can anglers 
eoual access to the lake on open1ng day. JohnstOfl ( 1989) g1ves a 
comolete l1st of all Wash1ngton State fJ.srung reg'...llatiorrs on the 
reserv:::nr s1nce 1932,, 

it"l1s studv was funded bv the Skagit Env1ronmental Endoi.Nfl"lent C(.)f1)1lissu::x> 
(S[EC;. The SL~: solic1ts. aooroves. and funds proJec~s from a spec1al 
+un:=: us1nc:; money set as1de by Seattle C1 ty L1ght as part of a U.S. 
r::ecJeral Energy Regulatory Cornrniss1on ( FERC) permit reou1rement. 

Thp oresent St'..JOV 1s a contlnuat.:<Jn o+ f1sher·-1es studies conducted on 

Ross Reser-vo1r by t:oe WDF&w and BCF&W Hl 1985 arld 1986 (Scott and 
Petersor 1986: Joms-:on 1989;. Ea..-ller" ln-depth f1sher1es studies I.NE're 

also cc.;.rlducted 011 Ross La!<e hv tc·re University of Wash1ngton Fislleries 
ResE::>arcr, Inst1tute 1FRI > at tr·1e -:1mE? Seattle City Light (5CL) propc..:Jsed 
to proceed w1th the tnirc and -f1nal constructiCJfl phase of Ross dam (Hl.gh 
Ross J. A number o-+ stud1es have also been conducted on tre upper· Skag1 t 
P1ver by BCF&W. A complete l1st o+ all major fisheries studies related 
to Ross Reservol..- is glVefl H' s"~sldE?"lt Fisher-ies Study for Ross, Dlablo 

(Seattle C1t'v Llgr,t 1989aJ. 

Stud·y Area 

Ross Lake lS an ol igctrooh1c reser"VOlr located at 49"N latitude and 
121 ow lCJngl tude in tne nort:easter'-r, port1on of Wnatcan County, 
Washington and the sOL:trtE?astern po~t1on o+ Fraser Cl'leam RegiCJnal 
D1str1ct. Br1t1sh Columb1a (F~c;;ure JJ. The reservoir is located within 
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::JGURE 1. Geoar·aohlc loca:lOfl ot Ross Lake ~n 1\JV.J Washingtor, and 50! 
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the? Skagit River- watershed. and was for-med by the? constructlCT\ of Ross 
Dam ( 1937-49> on tile Skagit River. The lake drains approximately 999 

square miles of the watershed upstream from the dam. Surface elevat.lCY"\ 
of the lake is 1~602.5 feet mean sea level (msl> at full pool and 1,475 
feet msl at maxirrum draV'JdC)I.r..rl. 

Physical characteristics of the reservoir vary seasonally due to winter­
drav..down by Seattle City Light for pov..er and flc:x.:x:J CDr\trol p....~rpo-ses. 

Therefore, the following measurements are given for full pool elevat.lon 
only. The reservoir is approx1mately 22 miles long, with the northern­
rncJSt mile extending into Canada. Average widtn is approximately one 
mile, and maximum width is two miles. The long axis of the reservo1r is 
oriented in a nor-th-south direction, and is perper<dicular to the 
directiCXl of prevailing winds. Total sur-face acreage is 11.680 acres~ 
of wh1ch 480 acres is located in British Columb1a. Total lake volume is 
est1mated at 770,0()() acre-ft. TI-le lake basin 1s predominantly deep and 
steE.';:J-sided, al thc:ugh tilE? northern pc:.P-tiDrl of the lake is relat1vely 
shallow. Maximum de:Jth is 400 ft near the base of the dam and mean 
res.er-.;olr- depth 15 123 ft. A sumrnary of the pi1ysical cnaracteristics of 
Ross Lake is glven in Table 1. 

Ross Rese~voir 1s fed by the upper Skagit River in Canada and several 
large. c;e..-enr,ls.l S"::reams on tile U.S. side of t,-e reservo.1r (Flqure 2j. 

RL.:::-1v Cree~-. ;_1ghtn1ng Creek,. and Big Beaver C:--eek are tre largest 
Arner1car t~'ibutar1es~ followed by L1ttle Beaver. Devils~ Silver, Arctic~ 
t\ic f\~arre. Hozorreen! Dry, Pierce, and Roland Creeks. Phvs1cal 
cna,...-a:.:te:>ristlCS and spavvrnng habitat sumrr,aries of tile major tril:x..Jt.aries 
tc Ross LaVe are summar1zed HI the Ross Lake TribUtary Stream Catalog 
<'Seatt~e C1tv L.1ght 1989bl. f\.iumerous small, interm1 ttent streams also 
orcur; ll'tc- the la!<:e. Tre Skd(jlt River 15 the Df'lly outflow channel 

Ral~,oavv t,...-out (Q·Kor-hvnch.J_~ oa1rdne.--i l are tile or-edominate sport fisn in 
;:;:oss Lake. A seasonal spo...--t t1sr~ery ex1sts on -+.:.h.1s species .fr-om July 
througr· Dctober. AlsD preser-1t 1n t"!E' lake are dollv varden (Salvelinus 

(Sai-.;elH"\US char-. cutthroat tr-out 
'=-''-""--"-~), anc broot- trout 1.Salvel1nus ::fontl[lali§l char. 

ObJE?CtJ.ves 

The soecific obJectives of t.:-e 1C?q4-·95 Ross Lake study ~rJE>re as follo.Ns: 

1. Determ1ne angler eff8rt and dJ.strlbUt.lon on tr-e reservoir·. 

2. Determine angler catch (~:ept and r-·eleasedJ. harvest (kept only), 
catch oer un1t effort (CPLJEJ. harvest per un1t effort 0-PUEJ. and 
angler distr1butia~ or tre r-eservo1r. 

-'· Dete..-mine age dlstributlor;, age class strength, age versus length, 
age versus se:><ual rnatur1ty. and length at sexual maturity of ra1nbow 
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TABLE !. Ross Lake ohvsical data. Fr-om The Aauatic Environ~t. Fishes 
and Fishery: Ross Lake and tl'lE? Ca.nadJ..an Skagit Rlve,- ([lb.· o+ 
Seattle 1972!. 

Annual Flushlng Rate­
Drainage Area (mi=;c 
Eleva tior< (feet) 
Length (miles) 
l"~ax :..murn de~::tr-1 (-feet) 

fV'tan deotl; ( feet J 

Snoreline development= 
Snorellne length (ml.les > 

Sur+ace area (ac~""'es.l 

-_.-,:;lL..li!lt"" r.a·=r::?~fee::.) 

Max. 

1.84 
999 

1,602.5 
22 

400 
122.5 
4.26 
64.5 

11.680 
1 .435.000 

La;..:e Ele·.·atHYl 
+eet; 

Shoreline length 
\m1les:~ 

Reservoir Water Levels 

1 ,475 

93.6 
4.01 
37.4 

4,400 
412.ocY.J 

Area 
(acres) 

Mean 

2.35 

1 ,575 

4.07 
51.0 

10,300 

Lake Volume 
(acre-feet J 

·-·--- ------------------------------

1 ~C2. S 

155<_ 
1s=::s 
1500 
1475 
145(1 

1375 
135(' 

b4.S 

52.8 

37.4 
29.1 

26. 0 

24. =-· 

16.-:-

•Based on 1953-6;; f lusrung r-ates. 

bSf<.ag1 t R1ver- dral''age u::::st_......eam oT Ross dam. 

!1,680 
11,60(! 

10,280 
9~040 

7,600 
5,84(! 
4. 4(X) 

3,400 
2,820 
2,300 
1,850 
1,400 

9(1:) 

420 

1 , 435, (X)O 

J .390,(100 
• 125.000 
89(1, 0CK) 

680.(1:)0 
520.0()() 
412,0CX) 
285,(00 

210,0CXJ 
140,CXN 
9(),(X)( 

60,CXN 
.25,CO.:) 
10.000 

c::Shor-ellflE development (50) = S/{.:2*1 (Pl*A) ·~)) l where S = shore length 
and ~ ~ :a~e a~Pa. 
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trout sampled frorn tr-e angle..- sport eaten. 

4. Develop estimates of t,'JE? reservoir fish po;::x .. .dation size and c:::::nduct 
index cOJnts from fixed hydroaco,_~stic transects to rrorn tor annual 
;:::op._d a tion status. 

5. Compare results of the 1994-95 study with prev1ous stud1es. 

6. Identify additiOf'lal data requ~rements for future studies. 

7. Conti~ue development of a long-term management plan for Ross 
Reservoir in CCXJrdinatior-• with federal (National Park Service) and 
international (British Columbia Ministry of Environment> mana~ement 
agenc1es. 
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i"ETHJDS 

Sampling methc:x:J's ana proc:E?dures for the 1994-95 rain~ trOlJt study Oi 

Ross Reservoir ar-e nearlv J..dentical to studies COflducted during 199(}-91, 
1991-92, 1992-93, and 1993-94. Statistical canpar1.sons of data are 
primarily limited to the current five-year stuOy, since different 
fishing regulations and/or sampling designs were in effect for studies 
conducted in the mld-1980's and early 1970·s. 

1994-95 Studies 

The 1994-95 sampling pro;:Jram ca"lsisted of data and informatic::.n collected 
from two different studies. A four-month angler creel survey was 
conducted fr[)(Tl Julv 1 to October 31. 1994 to determine angler harvest 

and har·ves~-rel a ted in+ormat.iorr. The second study lnvol ved collectlon 
of hydr-::;acoustlc transect dat.a from fDl.l.r lake surveys performed during 

Aor·ll of 1995. Tne purpose of these surveys was to prov1.de 1ndex ccunts 

of f 1sh dens1 ty for use 1.11 annual ITlC)n i tor ing of population SlZE' 

fluctuatiDr:s, and to est1mate tne s1ze of the 1994-95 oven .. -nnterlng 
reser\,;:Jl r f l sn p.;:JDu l a tion (a 11 spec 1es canbined! . No spawning surveys 

were c011duc ted 1n 1995 due to termlr,ation of tne prOJect tJefore ti-e 

star: o+ t~ ra1nb:y,..., tro...lt soa~Nnlng sea so<. 

Per~,urnel c~s1sted o..C one full-time project biologist hired bv WI:)F"&W, 
a:cd or<e or1vate contractor- hired by BCF&W. The contractor was 

,-escors.:::,le fa,.-· collect.1ng angle: creel (north e:~d ordy) an:.1 effort 

(e,.-,.:lre rese..-vo1r '! data, v-Jhi le the proJect b1olog.1st COilducted all otller 
:;:cJect~r-elatej won, 

The 19q4 angler cree1 cer:sus was ::>asec or: a stra:1fied random design 
':hat was. 1den:1cal to tr~a: used durF<g the F?90-93 creel surveys 

Stra~a were 
dlvlCJeCJ 1nto thr·ee ::Ja-..·-ty~s tr-~at reflected 1ntens1t·:-' of angler use Ofl 

tr10 reservo1r. These day~tyoes F<C lwded opening day. weekdays. and 

wee~ ends. Open1ng oay \ ope~-Hr·lg v-JE>ekend prior to 1990) is treated as a 

sec::::··-ate strata.. s1nce a coriSl'_jera~:d v nigher degree of angler effort 1s 

ge"ler-ated at this t1:ne than a~ ar·1y other time dur1ng the f1sh1ng season. 

Samole days weY"""e randQml ·; sele::ted by micro::omouter using a M1crosoft 
Qu.lckBASIC program wr1 tter- 0\ .. t_r--e aut:-or (LCXJff 1992a). 1 rns program 
ra.nooml \" select:ed four. t'li"~~dav : contlnuo.Js J tlme blocks for each 

mo~,tn +rc)fn July tnra.tgh Octo:JE?r, for a total of forty-elgnt sample days 

for thE: 1994 f1sh1ng seas:::n f TaoJe ;:,. Log1stical and budgetary 

constra1r:ts travell.;,_:<c; to 2-'<d from the lake necessitated the use of 
con:1nuous three-,jav t1rne bloc~:s. T~NCJ addltional constraints on tre 
select1on p...-ocess ,...;ere tha': four VJE?ekeild days and e..:...ght weekdays had to 

De samoled eacr-1 rnQrlth, and ~t-~a: ooen1ng day (July 1), Independence Day 
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TABLE 2. N..lmber o-t days censused per day type strata durlng ":i'Je 1994 
sport fishing seasar. at Ross Reserval,..--. 

Month Daytype Total Days Days Censused I. Total 

Jul Opener 100/. 
Weekday 19 6 32/. 
l-Veekend 1 1 5 45/. 

Total 31 12 39/. 

Aug Weekday ~~ 

"--' 8 35/. 
Weekecld 8 4 50/. 

Total ~, 

~. -~ l.L 391. 

Sep Weekdav 21 7 33/. 
Weekend 9 5 561. 

Total 30 12 40/. 

-· Weekoav 21 8 38/. ~- '-

Wee~-e;·;d 10 4 40/. 
Total 31 12 39i'. 

Seasor. Ooener 1 1 OOi~ 
Weekday 84 29 35/, 
Weekend 38 18 471. 

Total ' .....,,, 
.! ~-· ·-' 48 39/. 
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(July 4), and Labor Day (September Sl had to be included as samole days. 
The latter restr1ction modifiec the number of (effective) weekenc days 
and weekdays sampled during the months of July and September !Tabje ::'!. 
Sampling dates for the 1994 sport fishing season are listed 1n 

Append1 .:o< 2. 

A continuous eight-hour work day was scheduled for each sample day 
thrcughout the creel Ceflsus. Tile starting time and subsequent elght­
hour v~:::H .... k periOO for each sample day was ranooml y selected by comp.Jter 

(described above) according to ttle nurnOE?r of daylight ho..Jr-s avai 1 able 
each mor1th (Table 3). Th1s VJOrk sche:?dule was based on the same design 

as that used in 1985 <Scott and PeterSDrl 1986), rather tnan on the 1986 
design, wn1cn required sampling over the entire daylight period 
(Lewynsky 1986). The latter design required continuous sampllng of all 
anglers from dawn to dusk 1n order to develop effort estimates. The 
des1gn used in the 1985, and 1990-94 stud1es required a random sampling 
of r-etur-ning anglers <altt-a.lgh an attempt was made to sur-vey as many 
anglers as possible). 

Rest..-lc:ted access to thE> reservoir- permitted mc:.:st a.1glers to be 

1nterv1ewed during the course of any work day (except for a very few 

r·1eavy use per-lods such as ope:1ing day and holidays). Scott and Peter-son 
r.l93b · class1f1ed five access areas wnere anglers V~.~ere interceoted -tor 
_u··: ":.!?...---../ 1 ews anc: b1ological samol1ng o-f eaten. These .1nc luded Canada. 

thr-ee Si :es or--; ttoe American oor:.1on of the reservo.1r at the north end of 
t'le la~:e (:,.Jinnebago Flats! government dock, and l~r launch), and Ross 
~-a~-~, Res-:::Jr t at the scx..ltfl er'ld o-t tre lake. Only three access areas lNE?re 
'...:1es_:_gna :e:·G .f::v-- the oresent stucv. Tf'lE'se sites inc luoed Canada. HozomE>E'f! 
carnp.gr·::;.u:-,·::, a'ld Ross Lar,e Reso~t. The three launch sites at Hozomeen 
carn~)gr-ound +rom 1990 to 1994 were cons1dered to be a single access area, 
s1nce seas()rlal angler- use was Sl·;inlflcantly lOI.NE?r than 1n previous 

vear--s. ana the lower launch Sl te was lnufldated by water most or all of 

(Wt-en late-seasc:.x-; drav-Jdo.,..,.tfl by Seattle C1tv Light 
ooes De"''rTI.l. t use of the l(')l.r,.ler laur-<ch Sl te. the remainHlg sites at tile 
north E'fld of tne lake are not normall ·y access.1ble due to rec::eding water 
1eve~s:. 

Both ends o+ the la~-e \1\JE.'re sampled s1mul taneously during each ~.NCJrk day 
1n 1994, w1 th rov 1ng 1nterv1ews co1duc ted between the Canadian and 

riozomee>' access areas at tne nor:.n end. Th1s was s1milar to the first 

two years of the studv ( 199C1 and 1991), but differed from the previous 
two seasorts ( 1992 and 199~::\, when only Drle employee sampled t""'lE' entire 
reservr:;:...:- bv equallv alloca":.lr;-::; vv(:;r;.. days betweer-; tre north and south 
ends. 

Angler 1n te""V 1ews at Ross Reservcn r were COflduc ted by contacting ang 1 ers 
r-et'Jr'"'~lnc::J to tne tnree :Jr ;.marv ac=ess areas. All arty ler s were as!<ed to 
vol . .Jnteer the same l"+orma-:.1a•. Angler-s vvere generall-'/ lrlter-viE?Wed 

lrmediatelv up:::A'I retur-rnng. bu~ 1n some cases, espec1ally at the north 
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TABLE 3. Number of daylight hours assumed available to anglers during 
the 1994 Sp:::>rt fis."!lng seascr-1 at Ross Reservo1r. 

Month !-lours Start Finish 

July 15 0600 2100 
August 13 0700 20CX..J 
September 11 0800 1900 
October 9 0900 180) 

-10-



end of the lake where it was 1mpossible ~or the interviewer to survey 
the Canadian and Hozomeen access s1tes at the same time, information was 
frequently collected later 1n tne day. Informat1on was collected from 
all anglers contacted, regardless of whe?ther they had f1n1sl'led fishing 
for the day. Two pr1mary reasons for checking incomplete anglers was 
that a large proportion of anglers did not continue fishing after 
indicating they were going to, and information would be lost from 
anglers that continued fishing but did not return before the work dav 
ended. 

Interviews consisted of the collection of angler catch and profile data. 
The following catch information was recorded for each species of trout 
and cr1ar captured: 

time of interview 
time angler started fishing (to the nearest 15 minutes> 
whe-:::her angler had finist-ed fishing for- tre day 
spec1es 
number of fish harvested 
number of f1sh released 
size range of fish released 
cawtw:re location (discussed bel[)l.t.J) 

Ws 1-, tne ea'~~v 1970 s, 1985-86, and 1990-93 stud1es, tile reservo1r was 
a..--:.::_.:._t~·-a>'"·ll>.i divlded i:--to seven ::ones for PUrooses of determ1n1ng 
d:.s ... :_rlb-w":".l':)n o+ angler- effort, CPUE (catch per un1t effort) l HPLJE 
na~-vest oer u:n t effort). and ca~ch and harvest J.nformation. Tre 

::J:.a.t1or· o..-: each of these ZC)rles lS shc:)v..ffl u-, Figure 3. 1 ~~ese ZOJes are 
'rur1"1b:::?~'":::?C t~·;e same as shov..!G 1n the 1989 repc.rt. (Johlston 19891.. 

T~e ...:::J~ l~.:._:;g an::le...- ::Jrofile inforrna:.1on was collected for eact-1 angler 
1nte~~-v l~j: 

age categor-y (adult., JUVE'"-lle, 

~ ..-:lsf-tlf'.g method (boat. srcr·e, tloat tuoe) 
lure. f 1 '/) 

The +ol ia ... Hng b.1ological 1n+ormation ...... as collected from a r··arldom sample 
of the angler harvest for ra1nbo~A trout only: 

nose to fork lengtr: of r·oarve-sted fish \mm) 

Sf?:> 

scales for ag1ng (dlS·:-ussed belowl 
se-:..:ual maturity \d1scussed oelowj 

Hoprc:P<lmatelv 2C1-30 sca~es ~NE:?re collected from each raint.x:Jv.J trD..Jt 
sampled. Scales were removea fr"om an area formed by an imaginary l1ne 
dr-awn fr·om the rear insert1on of tt!e dorsal fin to ttle fr01t insertiDfl 
o+ t:1e ana~ ..rln aopro:><lmatel-y 3-5 scale rows above tile lateral l1ne. 
Scales \NE're then o~aced 1n scale envelopes and the datel capture area, 
spec:J.es. fod length \mrnJ. sex and sexual matur.1ty (if collected) 
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recorded or1 tt-e outsioe. Five scales from each sample v-..e-re later 
cleaned and mounted an a glass slide using a cover slip and transoa.,..-e-i~ 

tape. A_ microfiche reader <35XJ was tren used to age each sample. Onlv 
samples containing at least two good scales that did not exhibit 
regenerated areas were used. After aging all of the samples once to 
determine growtn patterns and other characteristics~ the scales were 
aged a second time. If the two readings did not agree, a thira readlng 
was done. The final result of this third reading was considered to t:e 
the age of the samcle. 

A subset of rainbOw trout tnat were sampled for scale analysis were also 
examined for sexual maturi.ty or. the baSlS of gonadal development. 
Sexual maturity information was only collected fro~ trout sampled durlng 
the month of July, since newly developing egg skeins and sperm sacs of 
recently spawned fish appear identical (very small size) to those of 
irrmature fish after this time. In additior,~ sex<Jal maturit'( 
determinations are further hindered by tile rapid disappear-ance of 

secondary external sexual characteristics, and resorption of unspawned 
gametes follov-Jing spa~Nning. 

F1sh v-JE.?re classified as mature if testes l.NE're enlarged or contained 
soer .. :T, .1:: males. and if eggs v-.;ere in an advanced stage o+ develoQITIE>11t or 

E---:.ernal spawnin-~ charact.er~stlcs, sucn as 
dar-~ color. ema::.iateo condition~ anc enhanced color of t:e red side 
str1pe, served as secondary aids to classiflcation of mature f1sh of 
oc-+::n se>-~es. F1s1: WE're classifled as 1mmature i-f male testes and female 
egg ske1r;s wer-e small and ooorl'r' develooe1j, 

·;eoarate measurements v.Jere collected for dolly varder~/bull trout char tc 
as:::,lst C\_Jrrent. WDF&'W stud1es a1med at. del1neating the geograph1c ranges 
o.. t'lese t\NO spec 1es ~ whose e):terna l Difysical ct-1ar-ac ter-1 sties are 

A soeclal l1near dlscriminant functior1 
ce,.,e}ooe:::l by Haas ( 1988" at the Unive,...··slty of Britlsh Columbia was used 
tC' C:::ls·_:..::..nguls~, between -:he tt,--.;Q '.:o=.•ecles. Tnls eouat1on reou1res the 
,-ollecti-:T'I of the follow1.ng --tour e><te~nal phvslcal measurements: 

nurnber- of bt'"ancrnoste::;;a1 ...---ays rslende--- bones in the g1ll 
memor-·anes) ()1'. both ~1g1Jt a~o left Sldes 
max1llary length 
numDer of Drincioal anai tln rays 
standar·d 1 ength (nose ~ o : ast vertebra) in m1ll1meters 

...--,e --tunction fo,... soec1es lder'::.lflcatlon is as +ollQI.Ns \Haas aPd i1cPhail 

l "'": 

:) [ ((;.629 * branchiosteqal ra/ number)+ (0.178 *anal fin number) 
+- (37 .::=10 * (maxillarv length/standard ler~gth)) J - 21.8 

wt-e~e. 

doll v varoen <~~', ana 
Dull trout >0. 



Char- fork length (mrn) was also measured to compare Wl. th data co~ lee ted 
fran ear-lier- studies at Ross Reservoir. 

Effor-t 

Effort estimates ~NE?re generated separate fran the angler cr-eel surve':--'· 
This precluded personnel from having to work over the entir-e dayl1.ght 
period of each sample day, as described earlier. Effort sampling times 
were randomly selected by computer (Hppe?fldix 2J to cor-resp:Jrld with 
sample days and VKJrk schedules tTable 2J. 

InstantaneaJs e+for--t counts lNE?r-·e conducted twice daily by running a boat 
the length of the reservoir- and counting the number- of anglers actually 
fishing in each ZOf!e of tile lake (Figure 3J. AI angler was not counted 
unless a l1ne was visually observed in tre water-. (This sampling method 
Ciffered from the 1985 effor-t survey design in that boats, and not 
anglers, were counted during the 1985 study. These COJnts v.Jere later· 
exoanjed to angler counts using average number of anglers IJE?t'"" boat data 
collected by National Park Ser-vice perSQr\nel during the 1985 season). 
On average, it required from 40-50 minutes to conduct a single count, 
depenCF"':g on weatner conaitJ..ons and number of angler-s fishing. The 
seccnvj cotJ.r-:t was made on the return tr-ip back, a+ter waiting 
aopro><lmately l(r20 minutes for the beginning of tne next hour-. 0"1 some 
davs. 011e or more additional hour-s was waited befor-e CDr1duct1ng ccx.;.nts 
or-1 tre ret.urn trip. 

-r-h,-ee seoarate effort estimates (and associated var-·lances> for 1994 were 
oerived ov organ1zing str-ata into davtypes, lake zones, and access 
areas. For reasons outllned below and 1n later portions of the methods 
sectlon, oayt':lpe est1mates for all var1ables (effort, CPUE. f-PUE! catch, 
and , ...... ;a ...... vest) gerlerate the most accur·ate estimates based 011 the sampl1ng 
oeslgr· :..Jtilized in thls studv. and will be the actual results reported. 
2::;.c-,e and access area est1mates. wh1ch do not accuratel':l reflect one or 

;nore -::;+ +_he above '-.:ar1ables. ar~? usee +or comoarative purposes only. 

sal"l""'.S~ .:._r,g ·~es.:g:r of tre c .... vren: ;;:'..JC>. i:.. t V"-135 not ;:y-o.=t..:...-:=.~ :::: :::. t·:::· and 
:S.Si- eb=~· a,....1g~e,.... '.~jnen::- ~~e la;...,.:";cr~e·=: .;r>JT "'J"..:.le ccr.·:1wct.:..:;g et-fort counts). 
~ever, lt was assumed that anglers f1sh1ng 1n zone 7 used the Canad1an 
access. angle.,...s fish1ng ln zones 4-c utllized the 1-iozomeen access. and 
anglers f1srnng 1n zones 1-?:, came +rom Ross Lake Resort. Tile small size 
ar-.d lov... horsepD.t\ler eng1nes or1 the resort boats made it di ff 1cul t for 
most anglers us1ng t!"JE>se craft to f1.sh north of Ten-MJ..le Island 
(zone 31, wh1ch was ver1fled t11rough botn v1sual observat1ons dur1ng 
effort cot.mts. and during ang~e...- ir,ter-vlev..tS at the resort. COflver-sely, 
very few Doats orl.g.inatlng +,..-orr, !-lozomE?en fished fartt-er so..Jth on the 
reservo1.r tr,arl Lightn1ng Creel< <zone 4). Lastly, very fE>V>J anglers from 
either cou;,try p ... .trci'.ased a secC)(ld l1.cer.se to fish on thE? oppos1 te side 
of tne inte,.....natlc.r.ol t.o.....tndary (zones 6 and 7). 
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Effor-t cOLlnts for- each of thE: three estimates were CD'lverted to ITI()fithl v 
and total estimates using simple expans1c::n techliques. l-b,.-.,lever-, due to 
thE: rand011"\ sampling of t"1CJUrly dayligt-1t time per-iods, not all no...;rs \.-..IE're 

sampled for a particular strata within any m::::li"1thl y time block. M1ssing 
hourly effort within a specific strata was estimated using the follow1ng 
proportion: 

2) e = eh * (n/h) 

where, 1n any particular strata, 

e = total effo~t, 
eh = sum of the hourly effort counts in a particular strata, 
n = total number of available survey hours, and 
h =number of hours actually surveyed 

Tne same techr;iaue was applied tc variance estimates, using tre 
ap;Jr::Jpr:ate equat1on for multiplication of a var·1ance by a constant 
1 Fn?t?se 1962). 

C:a:.="~ r-ate a~d harvest r-ate) est1mates and assoc1ated varia;1ces INE?re 
QE?'~E',....atec bv e,-:oandJ.ng data +rOT' the creel sur-vevs. The general formula 
+r.:;r t.r-e =a->.:ch rate \CPLEJ of any particular strata-type is: 

::=-a:-=" rate (C:PtJEi 
c a t.c c-,, ar<d 

~v-ee se:;ar·at.'E' r-a1nb()v..J trOLl+_ ca:.c~·- rate (and harvest rate) est1mat.es for 

da-ytvoe. :one, and access ar-eas v-Je~-e gener-ated us1ng the two formulas. 
Even thoug'1 total morlthlv and seasonal catch <ar1d har·vestl rates are 
10entica.l for the three types o.f est.1mates, strata estimates are more 
accurate for davtyoe calct.Jlat.lcJns. The pr1mary reason for th1s 1s that 
..:.nte~-vle<.....;eci anglers INE',.-e as~·ec to 1der't1fy which one zone they caught 
and narvest.t..~ f1sr, Tr~ .... r:;. eacr fish capturec or harvested was 

not traced to the e:-:act zone ':J.: caoture. Access area catch (and 
!·;arves:; r-ate estimates L.Ne...---e calculated by arbitrarily dividing the 
catch identi+1ed by zo:-;e us1ng the method outlined earlier in the effort 
sec t.ior--1. Gaytype estimates cons:aer· on l ·y the number of fish caught 

and/0...--- harvested. Tr-'lU.s, zo;•e:- and access area estimates imply more 
accuracy t--,d,, is accep:.able. and are -':;:Jl.ven for- comoarative purposes 
onlv. Dolly var··den/bull trout char, cutthroat trout, and brook trout 
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(char) catch rate (and harvest rate> estirr~tes (lo.)l2re produced us1ng 
daytype in+ormatia-, or1l y. 

Catch and Harvest 

Catch <and harve;;t) estimates and assoc.:.at..ed variances WE?re ~er:erated by 

expanding data from the two separate creel and effort surveys. The 
general forrru.la for total catch of any particuldr· strata-type is: 

4 I c ; e * Q, 

where, 1n any particular strata, 

c = total catch~ 
e = total effort, and 
0, ; c/t: 

The total harvest of any part1cular strata-tyf)E' is found by substituting 
harvest (h) for catch (c) in (4). 

Tfiree sepa...---ate ralnDQI..N trout catch (and har·-vest) estimates for daytype. 
zone. and access area ~A~E?re geflerated using this formula. As discussed 

::;ve·.·..:..::-;.....:sl\ ~ dav"::/De estimates ;:Jroduce the 1T!OSt accurate results. wiule 
;:::cy--.le a"G access area estlrr1ates are g.1ven for compa~atlve p....irposes O'!ly. 

:::>c:::: ~\ ·.,.arden/D...J~ l trout char. cutthroat trOtJ.t, anci broo~· t.rout (char) 

ca:c: ,and na--ve-st) est1mates wer·e produced using dayty[:)E' .1nformati0"1 

'va""-la'·,ce est1mators wer·e used to ge:,er"""ate standard errors for all 
e-'+cy-'-· CPUE. HPUEl cater:, and harve:o.'t estimates (Freese l96?l. The 
+c: >.:=x....;.:_'-1C est1mators wer·e used t.o compute tr)e var1ance of a r·atlo CCPUE 

:Cj~·~·-~ ~;::;·_};=:- , anC pr:Jduc.: t '· cat·=t .. 1 a:-1d ha,..-vest; o-+ any par·t1cul ar strata 

c = catch. 
t =time (hours!, 

0 1 =- cit, and 
Set= covariance'c.tl 

e = e-ffort. 
r = c/t, anw 

0=: = e*r. 

(s.;;::/e=J 
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Since effort and catch rate were determined fr-crn separate surveys. ViE'Y' 

\IIJE?'re assumed to be independent and tt;e covariance set equal to zero 1n 
<6). Th.Js, the quantity ((2*Sc::t>lct) equaled zer-o and was dropped fraT 
the second equation. 

The variance of a harvest rate (HPUE) &!d total harvest of anv 
particular strata-type is found by substitutin; harvest (h) for 
catch (C) in (5) and (6), respectively. 

Hydroacoustic Surveys 

Hydroacoustic survevs v-.ere conducted during April of 1995 to estimate 
the total number of fish <all species) greater than six inches length ln 
the reservoir. Late winter and early spring is the optimal time to 
conauct trese surveys for several reasons. Botn tre number and length 
of hvdroa:::oustic transects is reduced at this time of year due to winter· 
reservolr drawd()I.Nn by Seattle City Light and subsequent decrease in 
reseY'volr s1ze rFiqure 2J. Tre reservoir fish po_pulation is also at a 
maximum. since fish have not yet ascended tributary streams to spall>.lfl 
and/or- feed. Environmerlt.al conditions at this time of the year- result 
1n more calm~ windless days~ which are requir-ed to keep the sonic cone 
oer·oendlcular to the lake surface and also eliminate noise inter-ferer1ce 

Lastly. r-eservo1r- and envir-onf"ental condi tirr1s also 
....--es-._.:: l~, less aebris ln tr~e water colurrn that can create transducer 
l'::er-+erer,ce. 

H r.-tDG 1.. .t J.eC.:: ~oss 600C Stra1..ght LJ.ne RecordeY' with a revolving cnart 
"ecorc:Jer- was used ~c col lee t pepwlat1.on oata. POV\Ier- was supplied to the 
f."·=~~c~s-:J,_j""1de,.. usir>g two 12-volt DC deep cycle batteries connected ln-line 
t_c_ l)r-·oou·:.:e 24 val ts. One Clown-scanning and one Slde-scdnnJ.ng transducer 
vJe"-e mounted on a 14 · aluminum bodt povvered by a 25 horsepOV\Ier- outboard 

Transducer- cal ibratlor:. equ.ioment oper-at1on, and 
se-,.::·-,c;::y;er,":_ of estimates ana assoc1ated var-iances follc.l!r-.l'?d ec!oc cour;tlng 
cy-cx.edu""es de-velooed b··.; ]onr;s:::Jn \1981 H~\;e,-, sampl1ng oes1gn was 

CJasec~ or~ fll<:ed tr-anse-:t COlJnt-::::, 1nsteao of random select1or, of transects 
,.:or ea:=:--·, sur,.;ey. as e>-plall·~ec belDv-.i. 

Pr .. el .:r111:1arv hydroacoustlc survevs conducted on March 29-30, 1991, 
F'l~'.J,;,_c_af:.ed that tne wpper port.10n cf the reset~volr north of Ra1nbow Po1nt 
was un:.;,.u: table for ecr10sound_:_r1g due to thE? presence of large numbers of 
tre~:::>s JUSt bel()l;-..l the lake surfacE:-. The reservo1r was only partially 
~:"Jqgec orior to 1nunoat1or F' t:re late 1940·s and early 1950·s, w1tn 
mas-: o+ tt-e lOo:jglng hav1ng occ-..Jrred nort~~ of Lightn1ng Creek 
<Pitzer 1978). Beth fist-: and u·ee parts tr-ace ident1cally 0"1 the chart 
r-ecorder, making it impossible to conduct popL.d at ion estimates in thlS 
port1on of the lake. Furthermor-e, other areas south of Ra1nbDN Point~ 
inc lud1ng areas adjacerrt to May Creek. Blg Beaver Creek, and Roland 
Po1nt. alsc have large numbers of standing trees close to the surface. 
based Df"1 tile abOve infor-mat1or., eleven f1xed transects SD..lth of RaintJo......t 
Po1nt. were selected for- annual l'ldex counts and subsequent calculatHJf""l 
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of reservoir D:JpulatiOI den,si tv. Transects were almost or ert1rely 

devo..id of standing trees. arc we---e sele:::'::.ec; tc enccx·;;Jas::: as ::,a,--,-­

geographlc features of the lake as poss.::.ble. Eact-1 tr-ansect was sw---veyec 

with the dOVJrr-scanning tranSducer-- using a 0-10() foot sett1ng. It was 

not necessary to scan deeoer than 100 feet. since very few fish ii'-JIE're 

present belo,....~ 60 feet. Additl.D'lally, t;-;ree o+ t~ ele\.'el"""'! ·tr-ansec::s V\IE?r··o 

randomly selected for sampling with the side-scanning transducer 
(transects 1 ~ 6, and 8). Approximately four h::lurs v-.ere requF-ed to 
survey all eleven transects. 

Four estimates were conducted on April 22 and 23. On each sample day, 
one es t1.rnate was conducted 1n t!'!e morning bet~NE'E::'rl 0800 and 1200 hoLJrs, 
and a second estimate was per·forrned in tre afternoon bet~en 1200 and 
1600 hours. 

Population estimates were calculated from index co~nt data. and are 
oased on the assumption that fish are randomly distribt....:ted F' U!E' 
reser·voir durin';] early spring. Visual inspection of transect data d1d 
not 1ndicate clumping of fish in any of the areas surveyed. Relatively 
rao:.d lNat.er J.eve:. fLJctuatio'ls probably inhibit establishnent of 
te..-r.:tD~les alc;,ig shall()i.to.J littoral areas of the lake, possibly enhancing 
r-andon·, c:Jlspersion into pelag1c zones. Also, the absence of terr-estr1al 
anc aowat.J..c lnve·--tE?brates due t::; seaso~al timl.'l-;; and/or r·eservc1r 
+l;._ .. c'::.;d~_lons. prcoablv er;-::ce -tish to disperse and feeC or. z:::::Jo:a,-,,._ tc-M 
:~...-:>w:::::~-o--.,;: t"le uooer v-~at.er columr' o+ tile lake. 

: nL' cJE::>ve~CJpmen:. of reservoir pooulation estimates r-equ1red the 
::3~=-~~D.':..:.:T· o-+ lake strata volumes. Lake volumes l.t\IE?re est1mated at 

'0:-.---er- :2':;-~+oot c-:::;nta..Jr interva~s +r-om 16()(; -+-::.~t dC}I.Nn to 1375 feet us1ng 

d c:-,c:+ :93~ L:J::x.Jgraphic maps suool1ed by Seatt.le C1tv LJ.grlt. Jonnston 
1-:::;;::3: l1sts t.:-le methojs and pr--.:::ce·dun:.:~s -fcJr- determining lake strata 

v-::c~-__;J"0E'':. +.-om to;:::ographlc maos. l t was necessa,..-y to first locate tile 

a::·r:::"--::_;::::-·lat.e 25-·foot contour l''ter·va.ls used 1n tile lake vclurne est1mat;::,.~s 

or, •.nE' dol-,;,--;-scan t--a.r-:sec"' ecro:;;;r-3rns Defor-e rna~ 1ng any .r.n1tia.l t1sh 

Th:._s was necessa.rv s.:._;~ce tr-1e reservo1r was at a d_;,_fferent 
F1sr cou'1tS wer·e then made bet.weerr these 

:--,~:t.':'"r·.a~s. V::;lume adjustme'rt.:_s · :1near 1nter;:Jolat1onl were necessary for 
t:-,e :,JD;::;E'' a",.-j lDv--~er- pDrt..l.on o"' eacr-, ecnograrn, since the echogram d.l.d not 
;:J"E::"·::: 1-sel 'r matcn t.ne 25-foot volurne contour 1ntervals. 

Fc!DuldC'._on estimates and var·-lances for each complete survey were 
calculated us1ng stat1st.:.::al ;:::::---:=l':::edures de--.--eloped by Jomstor, ( 1981). 
T~•E?SE' procedures utllize S.lnJCie E'><:DdnSlOft tecr¥-,lQUeS to estimate derJSlty 
\t\ll :r-nr each 25-foo: aept;, s.,._,·-aza. 
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RESLLTS 

1994-95 Lake Levels 

The ooen1ng day lake elevation was 1 ,59'.3.41 feet msl on July 1, 1994. 
The reservoir reached a ma><iml..l.m elevatio: of 1.600.41 feet msl o: 
July 26, 1994, and a mlni!T'-lm elevation of 1,507.96 feet msl on Apr1l 30, 
1"'95. 

1994 Opening Day Creel Survey - (post-1990 regulation cnange) 

A total of 83 anglers were checKed at Ross Lake on opening day, July 1, 
1994 (Table 4J. ThE?se anglers fished a total of 341.25 ho.Jrs and caught 
389 ra1nbQt.<.; t.rowt ( hdrvest and release> for a catch per urci t effort 
([PLJE) of 1.140 fisi1 per· hour. Catch per unit effort was hlgtiE?r" for 
anglers orig1nating from Hozomeen (1.717 fish per hour), than for 
angle,..-s fishing ou.t of the resor·t (0.928 fish per- hour) and in Canada 
(0.791 .f1s" oer f1ourl. Tre fish per angler average was 4.7 for a 
combina"tlon of co•nplete and 1ncomplete anglers~ wnile completed tr1p 
angler-s caught an average of 3.6 fish per person. One dolly varden/bull 

t::::Jut c:l';ar v.as the or1ly otner· species r-eported .1n the catch or; opening 
·:Ja)'. Tr-,is .:.J.s!~ v.JaS subsequer:Uy released by an angler ..::i at. ttle 

so ...... :r' end c.:. tne lave. as the ns;_>v..~ 1994 protective regulati;::)fls for tt·us 
soec 1 es recr...: 1 . .---e ~ see 11ppend i x 1) • 

i,-,g dav i'ld...-vest totalled 40 ra1nbow tr--oc.t for interviewt:_->U anglers 
!Table 4. A total of 349 f1sh (90/.) we..--e released. Harvest pe,..- un.::.t 
e+to..-t \HF\JE) was ('.117 fis~ pe~"- hO\.J,..-·, and was markedly h1gher at the 
,.,orth enC of t.he lake (0.1-85 anC C. l4C for Ho:arneer1 and Canad1an 
angle....-·s • ...-esoectl·velv) thar·, at the sout:.J, end (0.085 fish per- houri. Tt--e 

f.1st'-; per angler average was 0.5 for" a combHlation of complete and 
1ncomplete anglers. v-.r:ile completec tr1p anglers harvested an aver-age of 
(!. 7 f 1 sh oer persor·>. 

All anglers checked at Ross La~e used boats on opening day. The most 
pooula~- ar1gling method (,.=62) was trCJlling w1th flasher-s and lur-es. 
wh1le the rema1ning angler-:::. c,n=b u':lll.zed +l~es. 

1094 Ooenir.a Day - Aoe 

OL1t of thlrty-sevE?fl raint:x:lv-... trOL!t ranooml y sampled fro'Tl the open1ng day 
harvest in 1994~ the maJOr'·lty ~Nere age 4 <57/.). Thirty percent \ti.IE're 

age 5, eight per-cen-: v.JE>r""e age 6, three percent were age 3, and the 
rema~n1ng three oercent were age 7. A greater percentage of age 4 fish 
occurred 1n the soutr> end sample (75/.) than the north end (43/.). wh1le a 
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TAB ... E 4. Compar1.son of 1994 ope:>r:ing day raint:o.-..J trD.Jt catch statist~cs 
between different access areas at Ross Reservc1.r. 

Rainbr:::xt-.1 Trout 

Fork Length (rml) 

kcess Anglers !-burs Catch CPLJE• F/Ab Min Max Avg 

C0'1Bli\ED TRIPS<;: - Harvest Chly 

Canada 9 22 -· 0.140 0.3 334 37~ . ~ 350 
Hozomeen 29 96 18 0.188 0.6 269 417 343 
Resor·t 45 224 19 0.085 0.4 297 360 319 

Tot.a: --:;L.) 341 40 0.117 0.5 269 4"-> I 333 

C::0"13If',£D T>=::PSc:o: - Har--vest + Released 

ca~.a::::3 c ]7 7 91 : .9 
t·'ic : ::=~r·"~E?er' ~c;. 9o lb4 . .717 5.7 
Res:.:Jr t 45 224 208 0.928 4.6 

:o:a. 83 341 389 1 14(1 4. 7 

-::J:·rr _E~E TRIPS - Har·vest Qr,ly 

=a:·< au a 

f--1o::omeer L u C:.OOO 0.0 
r=:.:es.::::w-t 9 41 8 \...i, 198 !') ,c; 307 360 323 

Total 1 1 4-~ 8 0. 19::::: ('• ! 
J. ( 307 360 3--~"' 

Canada 
H:J :: C)rl)E•er ., L O.C/)0 0.0 
Resort c; 41 4<· 0.988 4.4 

Tot.a l 1 1 4:2 4. 0.964 3.6 

Cf1.sh per angler. 

crncludes data frocn flstrE?rrne:-: that i.t'$21e not finished fJ.shing for the day 
(complete ....- 1.ncomplete tr-J.ps). 
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larger percertage o+ age 5 .fisi'i occurred H"~ the> north er~d samole c::-a:·~J 

tl"1an t·ne SD.Jth end ( 19:':). The rerna.1noer o.f thE? north enc samole 

comprised age 6 <14Z) and age 7 (5%.) f.1sh, while the balance of the 

south end sample comp~1sed age 3 (6%1 f1sh. 

1994 Opening Day - Lencth 

ThE? average fork lenoth of rainb.::Jw trout kept by anglers on opening day 

was 333 rrvn (Table 4J. These tn:ut ranged in length from 269 nYn 

<illegal I to 417 mm. Figure 5 depicts length-frequB!cy il.lst~rams of 
the opening day harvest of rainbow trD...Jt sampled from t!-e north, south, 

and combined ends of Ross Lake. Tile most numerD..JS number of fish 

occurred in the 330-340 mm size group <combined sample), which is 

slightly larger than thE? approximate minirrum legal fork length size 
limit of 317 mm (12.5 inches>. The 330-340 mm size group comprised the 
most numerous number of f.1sh from the north end samole. wnile tne 

310-320 mm s1ze gr-o;_:p conta1ned tlie most numE?ro·...:.c:.. numbet""" of f.1sh from 

the south end. 

sarn::..:·ie ,,·,=-l6i was composed of 44 pe~'"·cent males and 56 per·c:ent +emales . 

• -~e:--: . ..:-·twc +:s11 frOJT1 t~~e sub-sample that was exam:ned for se;.; 

dEcte,.~:::J.J";a+.:::..o,-~ \AJE'r-e alsc chec~ec +or- se.-<wal matur-1ty (Table 5.!. Mature 

d'id lfnma t_ure f 1 sr-, each comor.;.. sed ::<' percent of thE·' samcl e. The average 
le:~g+.:'""'·S o-+ ma+:ure f1:::.h were 345 men tor males. ar-:d ".3".35 rnrr1 for females. 

:·Tlmat_.-' .... e rnale:::. 2'-Jeragec ?:16 ::tfT:, V'J·n1le 1mmature females averaged 327 mm. 

anc lenqtr"~ 1nfor·mat1or: .;r-cxn t'""'e CJDE?'!l''9 da'l sex'.Jal matur1 ty sub~ 

sam;:~E·, grOtiDed b:/ access. se.• .• a:--,o matwr·l tv~ 15 g1ver- 1n Tab.~.'e o. All 

!Tid t.ure + 1 sh (beth se~es l INE?re f ·-ciT +ou,.-- to Sl x vear- s o 1 d. I ~-..'nature 

rr.a l es, wer-e age 4, wt-:i} e 1mma ture females ~NE?re age 4 and age 5. 

h comolete list aT the 1994 opernng day creel data for Ross Lake 15 

g1ven 1n Hppend.u 1 o+ thE· Ros~ a.•.e Ra1nbc::liN Trcv..Jt Studv: 1994-9S Data 
( L',X:r.f.;. 1995::) . 

1994 Season Cree 1 Survev 

A t.otal o-f l.8CC: angle~s V¥:?...-·e Flterviewed during the July 1 to 

October- 31. 1994 cree: cens~s a: Ross Reservoir. During the interviE?\11/S 
355 rainbow trout were sampled -for l1fe his:ory information. 
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FH3URE 5. Length--frequencv d.:.str-1but1ons of ra1nbQ~,.--,~ trout sampled from 
the Ross Lake soort ha, ..... ves+.: on open1ng day, 1994. Minimum 
legal s1ze l1m1t 1s aoprox1mately 317 mm +ark length. 
Absc1ssa values 1nd1cate l()V..IE?r l1mi t of length interval. 
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TABLE 5. Rainbow trout length information, grouped by se> and maturl ty. 
from the opening day, 1994 s[X)r-t harves":. at Ross Rese~voi,..... 

Fork Length (!Ml) 

Sex Maturity N Avg Min Max 

Male Mature 5 345 ,,.., 
--- ... ..:. 375 

Imrr~ature 3 316 307 334 

Female Mature 6 335 320 375 
Imrnature 8 327 297 359 
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TABLE 6. Rain~ trc::ut age and length informatiCX'l, grouDE':'d by access 
ar-ea~ sex and maturity, from the? o;:er,ing day. lqq4 spor:: 

1-'.a""vest at Ross Reservcir. 

~c.:::rk Length (rryn) 

A:: cess Sex Matur-ity Age N Avg MJ.n Max 

J-iozomeen Male Mature 6 375 375 375 
Immature 4 1 334 .334 334 

Fefnale Mature b 375 375 375 
Irrvnature 4 3 326 305 339 

5 3 347 340 359 

Resort i'1a l e Mature 4 2 3"" ·~ 312 318 
~ 

L 360 36(! 36D 
}('f){T)atu;e 4 3~ry 

'..,_'; 3U7 307 

Female Mature 4 4 327 320 333 
~ 325 325 325 -

Immature 4 ~ 299 ?97 30C' L 
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1994 Season - Arlgler- Effort 

Fran July 1, 1994 to Ck:tober 31, 1994 angler-s fished an estimated 
28,177 ± 71 t->.0\...lr-s. or 7,960 angler- days (Table 7, daytype estimate). 
Pc!gling decr-eased steadily as the seaSOI progr-essed <Figure 6 and 
_Hppe?ndl--'>< 3.J, with 45 percent of the seas01al effort total occurring 111 

July, 25 percent in August, 20 percer1t in September, and 10 percent .l.n 
October-. 

A total seaSDrlal estimate of 30,496 :::: 6 flours was calculated for- effort 
data tr~at was partiti01ed into ZDrlE'S (Table 7 and Hpper7dix 4!. Fr-om 
F.igure 7, it can bE? seen that most effort was expended in z011es 
6-Hozomeen C23%>~ 2-Big Beaver (21%l, and 7-[anada <21%>. Zones 1-Ruby 
( 11/.), 3-Devils (9/.), 5-Little Beaver (8/.), and 4-i..._ightning 17'/.) 

comprised the remaining effort. 

Effort data that was partitioned into access areas resulted in a total 
seaSDrlal estimate of 30,496 :t 55 hours tTable 7 and Hppendix 5J. ffi 
est1mated total of 14~735 hours (48/.) was calculated for anglers 
ut1lizinq the resort. 9,497 ho..Jrs (31'%.> for anglers at H{.:):;::omeer,, and 
6,264 hours <21/.! for- anglers 1n Canada. 

-:-rE rnear, seasc)nal catch r .. at:.:e (comb1nat1on of har-vested and released I for 
ra1nDO\.N tr-out was 0.648:!: <0.001 f1sh per t-our (Tabje 8, daytype 
estlmate J. Fain bow trD..Jt catch rates dec l ir,e,j steadi 1 y fr"·c:xr; July to 
Se:)7__:_er:~oer·, then staoilizeo 1n October :F1.gure 8 ana Hpoenci .. v 6). Catch 
r-·ates V'-IE?r--e highes: in July \0.86= CPLJ'E) and lc:::tv.Jest in Octobe>"' (0.431 
CP:__lE.'i. w1th 1ntermediate r·ates occurring 1n August (0.641 CPUE) and 
Se:Jte!T.ber- ( 0. 434 CPL£ I • 

ae,__ :--~ou.- , TacJe B. daytype e:::.t1rnate i. 

...-ates we...--e 1dent1cal 1n Julv ar;a August 
As showrt 1n Figure 8, har-vest 

<O.OBcr rPUE, respect1velyJ, then 
cecl1r1eC 1r1 Seotember ((J.056 HPUE! tCJ a seasor,al leN-! 1_,-; OctCJber (0.052 
'--1F'£ 

f"'ean seasonal capture rates for zone and access ar-ea estimates ar-e 
1.jent1cal to daytvpe estimates tiab]e E/.·'. s.1.nce all three est1mates wer·e 

calculateC fr·wm the same cr-eel data. As s~ in Table 8 and Fl(;;ure 9, 

t.he hlghest seasonal catch rates. -for ra1nf::o....i trout ( ZD'le est1mate/ 
oc·=urred 1r zones 7-Canada ( 1.1)9:::' CPUE! and 6-Hozomeen ((;.881 CPUE/. 
Irtermediate catch rates cx::::u~-r-ed 1n zones 5-Llttle Beaver <0.46.1.1 CPUEl, 
2-B.l.c; Beaver (0.450 CPUE>, and 1-Ruby (0.430 C?UE>, while zones 3-Devils 
(C.3T:- CPUEJ, and 4-Light.nlng (0.372 CPL.El exhlbited tt-e lowest catch 
r-ates. RalnDO\t\! trou:. r,a.--vest rates follav-Jed a simllar pattern as catch 
rates +or tne dl+feren.t zones. be1ng highest at the north end of ttle 
lake. afld lowest at the south end. MorY'::Jlly and seasonal capture rate 
est1mates for the dlffer-er-;t zone stiata =an be fOJnd in HppendJ.x 7. 
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TABLE 7. Estimated total seasonal angler effort in the Ross Reservo1r 
soo:t +1sher-y, Julv 1 to OctabE>r- 31, 1994. 

Mean Hour-s Total 
Str-ata Angler- 1--bJrsb FisheC per- Day<= Angler Days0 

Daytype Operer lOTS (0) 4.11 261 
Weekday 14102 <91) 3.61 3905 
VJeekend 13003 ( 121) 3.43 3794 

Total 28177 ( 71) 3.54 7960 

Rby 3:252 (8) 3.48 933 
2 Bbv 6442 ( 10) 4.05 1592 
3 Dev 286! (9) 5. 17 553 
4 Lit 2180 (8) 4.59 475 
5 Lbv 2588 (9) 3.44 753 
6 Hoz 6908 ( 13) 3.16 2186 
-, Can 6264 ( 12) 2.70 2318 
Total 30496 (6) 3.46 8810 

Resort 147::::: ,~- \ 

' ~ ' 4. 1 :) 358: 
~·-t:J z :xneer, 04q7 ( 115) 3.18 2983 

'"-::an ada 6264 (67) 2.70 2318 
- -::,-:_o_: 3(149:; ( s::.) 3.43 888::::' 

.-;:Y:O'.· c- ~-c:,'"'.l':J2.te. Da'/:voe es~-H'J,".tf"'::- a,..·e the mo':",t accurate based on 

saTtOle des.:.gn, and are tre va:-Jes r·e;:oc-ted f::r thls study (see text). 

""'r\J.:t1et-.,,~+ 1 ve per-cent c:Cinf lC::Jer·tcO::' 

g.1 ~'er, 1.-, c.at"ent.heses. 
...,te ... val o-t est.:mated total angler-hours 

""'f""E-3n ho..Jrs c~1lculated us1ng c.;a::_o +r·,::xn al j angler··s. includ1ng tt--ose that 

::-1C:·:ateo tr\E'y had not fHnsftecJ -f1shing for- tile day (see text). 

~T-::Jtal angler dc.~ys = angler- t-!CA..:rs/rnean hours f~shed per day. 



t' 
,g 
w 

14000.--------------------------------------------------------------------, 
I i 

12000t •, j 
10000t ,, . 1 

BOOOr·· ········ ·········· ·· ····· ·············· , )!_ ····· ········ ··· · j 

-.' "- jl 6000r ................ "',,._ ................. . 

4DDOt ········· ··········· ················ ······································ ············ ··· ·· ·· i 
I r 

2DOOt·· v ·········-----····-······J 

I I 
DL---~-----+--,-----,,-,-<--,-----::-~-----j 

Ju1:,.: .i'l ... LK!JE:t '.:;.-eG-t'3f-;:t._~ U·-81:::08-ef 

FIGURE 6. tv'!ont~-l}y d1stribut1or, o..f seasonal angler effort (daytype­

estlmate> dur-ing tne 1994 Ross Reservo1r- sport f1shery. 
F~a:,ge Ho:.erval= der:ote qsz confidence limit of each estl1Tk3.te. 
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FIGURE 7, Distr1but1~ of seasonal angler effort \zone est1matel among 
lake zones dur1ng tre 1994 Ross Reser-vo1r sport f1shery. 
Zone abbre\nat1or·,s are as follows: rby ::::: ruby (zone 1), 

bbv = b1g beaver (zone 2l~ dev =devils (zone 3l; 
l1t = llg"'·y~_n:r<g (zDrle 4l ~ lbv::;;; little beaver (zone 5); 
hcz = nozomeen (zone 6) ~ and can = canada (zone 7) • Ra~ge 

1nter·.;als oenote 95";~ ::onf1dence limit o-f each est1mate. 
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TABLE 8. Estimated mean seasonal catch and harvest rates +or ra1nt:XJv.i 

tr-out in the Ross Reservo1r sport fis:'le?ry, July 1 to 
October 31, 1994. 

Rainbow Trout Caotur-es per 1--io.Jr• 

Typeo Strata N-= Harvested Released Total 

Day type OpE?Cler 83 . 11 7 ( .001) 1.023 ( .0021 1 .140 ( .0031 
Weekday 802 .069 ( .0001 .516 ( .0001 .585 ( .00()) 
Weef<end 917 .079 ( .0001 .575 I .0()()) .654 I .0001 

Mean .076 I .00()) .572 I .0001 .648 ( .000) 

Zonea Rby 270 .046 ( .0001 .384 ( .0001 .430 ( .0001 
2 Bbv 396 .044 ( • (J(:Xil .406 I • cY'JO I .450 ( .OOC>I 

3 Dev 150 .044 ( .00(!) .329 I .CXXJ) .373 I . (.)()()) 
4 Lit 65 .030 I .0001 .342 ( .002) .372 ( .0021 
5 Lbv 59 .037 ( • ((X.)) .428 I .002J .4o4 ( .0031 
6 Ho: 407 .()94 ( .CX)Q) . 788 I .000) .88l I .000) 
7 Can 455 .160 I • ()(i) .932 ( • Q<..)Cl) 1.092 ( .0001 

Mean .076 I .0001 .572 ( .0001 .648 ( .000) 

He cess R~'SO:" t 571 .04"3 I .COOl "77< .. ..), -' I .COOl .416 I .0()(!) 

MC-::orneen 476 .087 ( .0001 .75:? I • Q"X> ' .839 \ .0001 
Car, ada 4c:;c:, lbC' ( .OOOl .932 ( .000) 1.092 ( .000) 

Mear1 .()7!::.·, I • :..)00) 5"' • I"·- I .OOOl .648 I .0001 

... r-~;,_rv::-~-.,.~..;lve oer-::er,t_ ·=:::n+:dence .:..r,te~..~al of est1mated mean captures per 

ilour g1ver, lr> parer,theses. 

e:>Type o..: est..Lmate. Dayt.ype est1mates are t~"-e m::Jst accurate based O'l 

samole des1gn, and ar-·e the values rep:;rted +or this study (see te":t). 
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Roin.b-ow Trout 

Month 

-e- CPUE 

FIGURE 8. l"lor1thly dlstr-1Dut1on of seasonal r-ainbow tr-out catch and 
har-vest r-ates <daytype est1mate) during the 1994 Ross 
Rese..-vwlr sport f i~.hery. 
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Dis+.:.r-ibwtlor, of seasonal ra1nbov-.i tr-out catch and harvest 
r-ates (zone est.lmate) among lake zDfles during tre 1994 Ross 
Reservo1r sport f1sher-y. Zone abbreviat1ons are as follows: 
rbv =ruby 1.zor1e ll, bbv:::: b1g beaver (zone 2>; dev =devils 
\zone 3J; llt lightning (zone 4); lbv =little beaver 
\Zone S1; hoz = hozomeen \zone 6): and can= canada <zone 7l. 
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As sho,...xi .1n Table B, anglers fish2ng in Canada had thE? h.lgilest seas.cY',al 
catch rate (access ar-ea estlma.te) for rainbc:Jv..l trc::ut ( 1.09: c:::?....£1. r::r. 
1ntermed1ate catch rate was retur-ned by anglers utilizing tre !-bzorneer< 
access (0.839 CPUEJ, while resort anglers experienced the lowest caLch 
rate (0.416 CPJEJ. Rainbow trout harvest rates followed tne same 
pattern as catch rates, being highest at the north end of the lake, and 
lowest at the south end. Monthly and seasonal capture rate estimates 
for the? dl fferent access ar-ea strata can be found in Ap{:JEndix 8. 

Angler catch and harvest rate estimates for dclly varden/bull trout 
char, cutthroat trout. and eastern brook tro.Jt (char) ~Nere lC)I..o,.l dur-ing 
thE? 1994 soort fishing season at Ross Lake (Table 9 and Hp{:JEndix 9-JJ). 

Mean seasonal catch rates were 0.004, <0.001, and 0.001 for dolly 
varden/bull trout, cutthroat trout, and brook trout, respectively 
(daytype estimates). Mean seasonal harvest r-ates wer-e less tnan 0.001 
fish per- hour for all three species. 

Mear1 seasonal catch and harvest rate estimates +or all species of trout 
ano char comb.1ned are given Hi Table 9 and Hppend.i~v.· 12J. The mean 
seascx-;al of all species comoined was 0.653 fish per rour_, 
wh1le the seasonal harvest rate was 0.076 fish per hex..~~ (daytype 
es:l.matel 

..,.r'E' tctal seasor,al catch (combl"lation of harvested and released) of 

Total 
ca<::.='"· ~·--o;J:JE?C :;~,a--ply from a seasonal r,igh o.J. 10,656 +1sh in Julv to 
4.-.:.::::g l"' Augus<::., t:-•en decl:neC more slowly to :2,491 fish in September-~ 
ar;cJ ~·7 ,"' 1.,...,, Octooer !F~gurE JC and ?ippetd~-" J3J. 

·1e total ::.:.easOflal harvest. o.f ra1n0Qv-.J trout was 2,196 ± 4 fi:o.h 
TdtJle Jc. daytvpe est1mate . As sh~ 1n Fn;;ure 10, harvest of ralntx::;.v..; 

Total harvest de:Teased 
mari<e:Jl-.,/ as the seasor·, oro:;;re"::.,o;~ec, v-..;1tr-' 51 percent of the seasonal 
r,ar-·v~st_ o:::_.:'..J~ .. r·Lng 1n .}L:iy, =:2 pe...-cer:t 1n A-Jgust, 15 percent 1n 

September·, and 7 perce:-; t Fl Oc :::x:~er. 

A total seasonal catch estlrrHte of :=: .345 :t 46 ra.1nbow trout were 
calc'-.J~at.ed for data seoaratec:J :..~:o ;:c:;r,,es (Table 10 and Hppend1x ]4). As 
Sl)()l,--11i 1n Figure 11, tr"'lE? gr-·ea:.C'":C>~ .. eaten of rainbow trout ~ccurred near 
-:.'IE' -crt!-: end o..;: the lake lf'· :CJ;'ieS 7-Canada \ 34Z) and 6--Ho;:omeen \ 30Z) 

~~ lr',terrnedlate catch tota: Dc::~.v-....-es 1:-1 zone :?-Blg Beaver (:3/..i, whlle 
ZJ-:es 5-L.:'..ttle Beaver \7/: • \ 7~<). 3-Devils '.5/.), and 4--Llgr·:tnlng 
:4z, recorded the l~st t::Jtal~,. A total seasonal harvest estimate of 
:::,40:, ::t 5 ra1nbow trout was a.:.stt-ibuted similar to catch for tne 
d.1fferent zortes. Tre gr-eatest numbers were harvested at tile north end 
of the lake 1n zones 7-Car:ada (4:_",~) and 6-f--lt.JzOTieen (27Zl, while }C)I.t-.)er 

numbers were harvested at the sout~ end 1n zones 2-Blg Beaver (11%), 
1-Ruby (6:1,). 3-Devlls (5/..), 5-Llttle Beaver (5/.l, and 4-Lightning C3%). 
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TABLE 9. Estimated mean seasonal catch and harvest rates for all trout 
and char sDE?Ci.es ~n ttle Ross Reservoir spc:Jrt f.lshe.?r·y, jw.ly l 
to Oc t.o't::lE?r 31 • 1994. 

Species Strata• Harvest Release Total 

Ra in t:xJv.J Opene~ 0.117 1.023 1.140 
Weekoay 0.069 0.516 0.585 
Weekend 0.079 0.575 0.654 

Mean 0.07io 0.572 0.648 

Dolly Varden Opener 0 0.003 0.(103 
Weekdav 0.000 0.004 0.005 
Wee+ end 0 C; • (:x:>:, c·-. ere-::. 

f''1ean 0.000 c/.0,:>4 0.004 

Opene~ 0 (I 0 
VJeekdav 0 0.001 0.001 
Weekend 0 (I 0 

fV'ean c O.CKJC c.:)O<) 

Brook TrCJL;.t Opener 0 0 0 
Weekday 0 0 0 
Weeker-;C " " 0.002 o.oo: 

Mean 0 O.CK)l 0.001 

Goener 0. 11--;' 1.026 1 .143 
VJeekdav 0.(l6C 0.522 0.590 
vJeever---tC C.:J79 0.580 0.659 

i1ean 0.076 0.577 0.653 

------·-·- -----.. ~-------

•Daytype estimate. 
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TABLE 10. Estimated total seasor)al catch and harvest of ralntx:x,...; tro..Jt 
ln the Ross RF.?servoir spo...--t fishery~ July 1 to Dc:tobe..- 3:. 
!994. 

Raln~ Tn>..Jt Caotures• 

Type!::> Str-ata Harvested Releasee Total 

Day type Opener 126 ( 1 ) 1097 (3) 1,...,,...,-.-
...:.....:....;) 14) 

weekday 991 14) 7296 (34) 8287 138) 

Weekend 1079 14) 8156 ( 31) 9235 (35/ 

Total 2196 14) 16549 (33.l 18745 (38' 

Zone::::: Rbv !53 (2) 1313 I 16 I 1466 I 18 I 
2 8bv 270 (3) 2481 <24) 2752 1271 
7 Dev 127 (3) 932 1'1-\ ,...._..:;, 1059 (26) 
4 Lit 79 (2) 852 <23) 932 1251 
5 ._Q\1 123 ( 3! 14::=::2 (35) 1 SL.lS 1381 
b Hc2 637 (9; 5787 (76) 6'~--\ "i-L-- (85) 

' 0an 1()>+ ( 11 ) 61c;c: 1661 7169 !77) ·~-' 

Total 2403 (5) !8942 I 41 l 21345 146) 

Access Resort 667 (=:.) 5739 (28) 64()6 131 I 
k:J:omeen 806 ', 1 () '! 7429 (89l 5::'35 1991 

Car, ada 1Ul4 ( 11 ) 6155 166) 7!69 (/7) 

'Total 2486 ( 7) 193::'3 <50) 21809 157l 

-- __ ,,,_ .. ----·--·-·---- """ -------------~------------"------"-

::;arent~es-es. 

""'Tvoe o-:- estimate. Davtv;Je E'st1matE'S are the most accurate based Qrl 

samole design, and are ttoe -.,al:-..~es reported for thls study <see te:><.t). 

""See F1gure 3 for loca+:..lor\ o..: ~a~-E- survev zones. 



12000 ·,------------------------------------------, 
J,__ 

10000 t· o, ... 
i '--­

sooot·· ·······-~..:<...._ _ 
I , 

5ooot·· 

FIC3URE lC. 

FIGt.JRE 11. 

Monthly d1stribut10~ of seasonal rainbow trout catch and 
t--tarvest (daytype estimatel during the 1994 Ross Reservoir 
SfX)fi:: fishery. 

i~ . ~! 
i " j,j 

rt~i 

,----, 
' 

lit 

Zo•t-e 

.~:<:~::1 
i . ····j 
j:-

i 
i 
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A total seasonal catch estimate of 21,809 =57 ralnbow trout were 
calculated for data separate-:j into access areas (Table 10 a'ld 
Hppend.ix 15i. Alglers utilizlng tre Hozomeen access caug;-,t the? largest 
numbers of rainbow trout <38:1.). Pflglers flshlng ln Canada also caugnt a 
large proportion of the? catch (33%), while anglers origlnating from Ross 
Lake Resort caught the fewest f1sh <29%). A total seasonal harvest 
estimate of 2,486 ~ 7 rainbow trout did not follow the? same distribution 
pattern as catch. f"bre fish ~Nere har-vested by anglers fishing in Canada 
(41:~), ttlan by anglers originating from 1-bzcxneen (32%> and the? resort 
(27/.). 

Catch and harvest estimates for doll v varden/bull trD.Jt char, cutthroat 
trout, and eastern brook tr-·a.Jt (char) li'-oiE?re lc:JV.i during tre 1994 sport 
flsh1ng season at Ross Lake !Table 11 and llppendlx 16-18!. Total 
seasonal catch was estimated at 108 dolly varden/bull trout, 7 cutthroat 
trout, and 25 brook tr·out (daytype estimates/. Total seasonal harvest 
o+ ooll v varden/bull trout char was estimated at 5 f i.sn (illegal J, while 
cutthroat trout and brook trout estimates were Doth zero. 

Total seasor~al catch and harvest estHnates for all specles of trou.t and 
chac- cornb1ned are given ln Table 11 and HppendL" 19. The total seasonal 
catch of a2l s::>ecies combH!ed was 18,885::!: 38 flsh, while the seasonal 
"-,ar--,,_?s<: was :=.2Cl .::: 4 fistt (:Javtv:€ estimate!. 

r·1E::. '-rla.]c~-l'"..:.·;/ o+ anglers (95Zl 1nterv.:.ewed at Ross.. Lake fished from boats 
cur-.:..r-!c; : 0 94 (!able i.:!J. [}rdy elghty-slx shore anglers (5/.1 were 
1nte,......vlevvec the ent.lre seasCor':, Tre most popular angling method was 
tr.:;:L..ng w1.th flashers ana lures (74Z), foiloweC by castlng or trolling 
-t:1es f.-··OITI a boat (21:·;). Tr1e r-emalnJ..ng anglers were e1ther castJ.ng 
~~.:.e~ ~~·~. lure:::. \2/.), or bait (<.l:<l fr8m shore. Bait flsh1ng lS no 
~on-:;er oe'""rr:l tted unaer the r;el,.-,; regulatlons ( implemerted at the beginrnng 

-:_r1E: 1 ::;Jq,-, sport f lstnng seas:Jn 

~'.<Jlers tr~~2i:-1g lures caug~;t s1 .;t\/--one perce.-,t of the total harvest, 
a: .. ·,:; e,.p;:;;,t-lenced a HP!.JE of 0.058 f1s>-r oer hour (Table J:'). Anglers 
troll1n:;; fl1es harvested ar. acJdltc::r,al thirty-slx percent of the seasonal 
tC<tal. and returned a f-P..JE o+ ~~;.~51 -i1sh per hour. The remaini:>g 
har·..;est was caugh: by shore ar·•g~er .. s util1zing flies (3/.i and lures ( 1/.), 
a~d t>av1ng respective HPtJE rates o+ 0.099 and 0.111 fish oer hour. T11e 
tnr-ee anglers (illegally) "ls:":F>:::; wJth bait dld not harvest any flsh. 

1Qq-

?: to·t.al o+ ::=:A rainbow trout scale samples from the 1994 angler sport 
t-larvest !NE're analyzed for age det.erm1r1atlort. Age 4 f lSh v-ere the most 
abundant age class th~··:Jughout the entire season~ comprlslng flfty-one 
oercer<t o.{ the total sample 1 Tat_;je 13). Age 5 fish a.lso comprised a 
large oroportion o+ the harvest (35/.), while the remalnlng harvest 
conSl':::oted of age 6 \7:<;, age 7 \3:<,~ ~ and age 3 (3/.) fish. 
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TABLE 11. Estimated total seaso-1al catch and hat""'vest of all spec1es o.f 
tn:::ut and crk3r 1r1 tr-e Ross ReservoH- sp:Jrt fishery, Ju.l'y 1 tc 
CC tober 31, 1994. 

Spec.1es 

RaintxJv-i 

Dolly Varden 

Strata• 

Opener 
Weekday 
Weekend 

Total 

Opener 
Weekday 
V.Jeekend 

Total 

Opene~ 

Weekday 
\Neekend 

Total 

C·;:x:--;;;:•r 

~ekdav 

0-ie?ke:id 

Tc':.al 

-:-otd.l 

f-larvest 

126 
991 

1079 
2196 

0 
5 
0 
5 

0 
C' 

(.1 

1?6 

Release 

1097 
729b 
8156 

16549 

3 
65 
35 

103 

0 
7 
(! 

7 

0 
25 
25 

1100 
7368 
8216 

16684 

Total 

1223 
8257 
9::35 

!8745 

3 
70 
35 

108 

0 
7 
0 
7 

0 
0 

25 
?5 

8364 

!8885 

~~- --------~~-------~~ 
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TABLE 12. Harves~, harvest ~ates. and numbe~ of angle~s f1sh1ng fo~ 

~a in~ trout usi ig different tv pes of gear anC me'thcxis 
during the 1994 soort flshing seasGr'!•. 

Gear-type~ Resort Hozone::>en Canada Total Percent 

ANGLERS 

bl 777 4'7 . ' 136 1330 74 
bf 82 52 252 386 21 
sl 1() 20 31 2 
s" ~ 

L 6 44 "'~ ~~ 3 
S::J 3 7 

Total 871 476 455 1802 100 

'--1A~:.~· /~S; 

140 1 10 46 296 61 
~· 16 ~ . ...,. 1<"C::. 174 3b L~ ·~~ 

~; ~ 0 c ~ s 1 ~ 

s-+ (I ~ 
L 1 1 13 -, 

StJ (J 0 0 
To':..c:.l 156 L::S 197 488 100 

H:::~_§~ 

h' O.CA:::' (.!. ()8(:· ('- '~~ 0.058 w• ,'. l...:....._ 

s.: ,, 
1 ~: C'. 1 9C_i c 151 '-' . ~ ,_, ' 

Si 0.000 1 .00(' c·. 19::.? 0. ' 1 1 ' 
s . :J. 0()() ~:.'. ~=-.s ('.096 0.099 
:::..oG (J. ()(i(l O.(X)O 

f"Jea; 0.043, ('. (J:~j":' (>. 160 0.076 

!:::>bl = boat. tro: lr>g LJr-e 
bf = boat. troll1ng f ~ ':r' 
sl = shore. cast.1ng lure 
sf = shor-e, cast1ng fly 

StJ snore, cast1ng Dalt ' 1llegal I 



TAELE 13. Perce'"',t age CC)(TlpGSl tion of raJ.nt:x:,).....l trOJt sample-: frOT; t:-e 
1994 soar': narvest at Ross Rese..-vo.lr. 

MONTH 

Jul Aug Sep Cl::t Total 

AGE n :<. n I. n I. n I. n I. 

Tt-REE: 4 ' 2 3 1 3 5 8 ~ 

J 

FO_!R: 67 58 20 31 18 56 14 6/ 1 1 9 ~' J' 
FIVE: 37 _,..:, 31 48 9 28 5 24 82 35 

SIx.: 5 4 8 
,_., 
a 4 13 17 7 

SEVEN: 3 "' 4 6 5 8 3 

ic-:-c.( __ : 116 100 65 1():) ~--, 
JL lOCi 7' d 100 234 100 
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Occurrence of most age classes fluctuated throughout the season, 
although cx:currence of age 3 (r:=8l and age 7 (n=B> fish r-ema1r~e::: 

relat1vely ccr~stant. Age 4 (n=119) fish shC:Jv,JE?(j a sharp decl1ne fr-OT, 
July to August (seasonal low), and a subsequent large incr-ease in 
September and October (seasonal high>. Conversely, age 5 (n:::::-82) fish 
increased to a seasonal high in August, then declined to a seasonal low 
in October. Age 6 (n=17) fish shov-Jed a marked increase fra-n July to 
A..J.gust, tt-en increased only slightly mor-e in September. 

!994 Season - Length 

A total of 355 r-ainbov.; trout WE:?re measured during tile 1994 f 1shing 
seaso~ rTable J4J. The minimum size regulations restrict angler harvest 
to fish l011ger than 13 inches (330 mm) total length. A fork ler1gth of 
317 mm is an appr-oximate equivalent to the 330 mm <total length) minimum 
size restrictior:. The average fork length of angler har-vested ra1nbc.':MI 
trcx.Jt dur1ng the 1994 seas:::>~'. was 334 fTITI. S12es ranged frorn a low of 
226 mrn ~_lllet;Jally harvested) to a high of 449 mm. Average size 
increased from July to A...tgust, then declined in September and October. 
L1 fe h1stor--y char-acteristics that may be resoonsible for the apoarent 
te;r,:Y~Jra: ce=:rease _ln average s1ze of specific age classes will bE? 

;Jreser~e-=:: l" a later section of thls report. 

LE''·::;tr" a: age ln-fo,...·maticx' for tile rai:->t:x:;v... trout harvest is s.~ 1n 
iacJe }::::: ;:,~ e;.-.:pe::.ted, average fork ler·1gth incr·eases w1th eaci• 

SJ:,:ess,;..vE.:' age c.LO::!SS. Age 3 f1sh avera-ged 285 mm, age 4 fish averaged 
-~, mrr·. aqe 5 f1s1: averaged 349 mm, agE:o 6 f1sh averaged 384 rnrn, and 
aqe f1s~--: av·er-aged 417 mrfl. 

Tat;Je lo and F19ure JS: show the summer· gn::::x,..-.~t>---t of ra1nbow trout in Ross 
LaJe. as reflected by the s1ze c-f f1sh 1n t'le angler soort t""'larvest. 

3e,,er-al d(;je c~asse:::- appear--e<~ t.::: exr.1b1t little var1a~ion 1n grOt.Nth 
tnrc::u~.H;Jhou+.:_ tr.e summer, wr-nle s>n:.Ji l sarnole s1zes may nave caused 

._. :_,_Ja"':'_:.or-·s 1n other- age q"Di.,__;.:J~. rnor.t~l-/ SlZE' of age 4 (n-=l19l 

a"C age S l.n=S:::::J fish flu:. tuatecJ a max1mum of 3 mrn and 4 mm, 
res::e=·-:.:vely. tht-Jug<IOLlt :.~· '--'-~-1:')(-:tE'r-. o (n=.1 7 l +ish .1ncreasecJ 22 rrm 

.;:.-or-. JL.ly to A..Jgws'::, the'· de::r<:..~ase:::! 1: mm H': September·. Sample sizes of 
agE- ~, (n;::;;;8J and age 7 (n=.8l +__:,::,t"-- d'"'-e tcxJ small to draw any definitlve 
:::-or<clus1ons. As mentioned ear~le~- H-l th1s sect1on~ factors that may bE: 

respor•s1ble for stat1c and,or r·-,e;'3:lve ternpor·al growth of spec1fic age 
classes o-t fish w111 be pr·eser-:t.ec _;,_n a later sect1on of thls report. 

r"1or-,:~l v atld seasonal leng-:.r,-"-,~.::.,c;.__;encv h1stograms of angler ha--vested 

raF'tb[)V.j trout at Ross Reserve::/ a-··e sheJV.,~r! 1n F1qure 13. The abs.c1ssa 
scale \/dLJ.es are standard1:ec ":o -fac1l..:.tate comparison. All f1ve 
i">lstog.-ams (monttll'! and seasona:) closely resemble the standard normal 
curve. and are not centerec.: ar--[)UnO any predom1nant fork length inter·val. 
The 320-330 mm size g"-oup oreoc:xn:r1ates l.n July, the 330-340 mrn group 1n 
August~ tre 310-32(; ilYf: group ir, September-, and the 310-320 mm and 
330-2.40 tnrr1 size gro..Jps H> Octooer. The legal SlZe limit is 330 mm total 
length or ao:Jroximatel ,, -''- / !T11T: fo:-"' lengtr .. 
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TABLE 14. 

f'1anth 

RA!NBCM 
July 
August 
September 
October 

Seasorl 

T.ABLE :5. 

b 
7 

Tro.Jt and ct-ar length in..f:or·matior1. by JTC:rlth, from ttle 1°?4 
s~:x.:w-t f ishlng seas-::r-1 at Ross Reser-voir. 

Fork Length Zrrm) 

Nu.mber Percent Aver-· age Mi.niiTUm Maxirrum 

183 52 330 269 417 
102 29 346 280 449 
40 1 1 333 226 403 
30 8 322 257 361 

355 100 334 226 449 

Rcunbow trout length ir'ifcrmdt.;._on, by age, from the 1994 sport 
harvest at Ross Reser·v·o..:.·-. 

8 
119 

8.2 
17 

8 

Percer•t 

35 

Average 

285 
:=:::· 1 
349 
384 
4:' 

Fork Length (mm> 

Minlmum Maxlmum 

226 314 

280 356 
269 381 
364 449 
CP1 
-''-'"' 458 



TABLE 16. Average fork length (rrm) of rainb:Jv.J trO,_jt, grcupec oy mc:Jfitn 
and age class. from the 1994 soor-t l'lar-vest a: Ross Reservo1r. 

JLL AlG 5EP O:::T SEASI)'\j 

THREE: n 4 2 8 
avg 299 300 226 257 285 

FaF: n 67 20 18 14 119 
avg 321 323 323 320 321 

FIVE: -, -,~ ,, 9 5 82 ~· _,' 
av-g 348 351 349 ?A7 349 

SIX: n 5 8 4 17 
avg ::::;72 394 382 384 

SE\/Ef'~: " ~ 4 8 
avg 402 418 453 417 

~- .. -·---·--·--~~-------- ··-~-- .. -
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A\;er-age lengths of age-._;,- age .., ra.1nbCJ!t\i tra....;t. bv month. 
from the 1994 Ross Lake sport harvest. 
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A total of 111 raint:x::ILN trout I.NE're sampled fran tilE? seasonal soo~:. 

harvest for sex determination. Males constituted 25 percent of the 
total sample (n=28). while females accounted for 75 percent (n=83). 
Both the south end (n=75) and north end (n=36) samoles CD~s1sted of 25 

percerJt males and 75 percent females. 

1994 SeaSO'"'- Sexual Matuc-.:.tv 

A rar1dom sample of 74 rainbo,..-.i trout +rom the seaSC)rlal sport harvest V>.~E:?r-·e 

checked for gonadal development (Table 17J, Mature fish comprised 
55 oercent of the sample, while the remaining 45 percent were immature. 
Males consisted of 48 percent mature and 52 percent immature fish, while 
the ferr.ale sample was co'T!prised of 58 percent mature and 42 percent 
irnmatur-e f1sn. 

Table 18 shows the average fork length and size range of a r-andom sample 
of 72 rainbow trout fr-om tne seasonal sport harvest. separated by 
access. se><~ sex~al matur1ty, and age. The north end samole (n=:'9) was 
com;:::;r1seo o+ 17 percent mature, and 83 percer't 1rnmatur-e fisn. Tne male 
samcle was COf1"iDDsed of 22 pe?rcent mature (average length = 378 mnl. and 
72 pet-"C_'?'"<t 1mrnat·..Jr-e fish (average length= 35(1 mm). F1fteer> per·cent of 

-::-_he +err.,~,lo <:,::J~o~e ~rJE?re mature (avevage ler•gt'·l::: 368 mm). wh1le 85 
oer·::er~t wer·e lr:II'T,a":u;·e (aver-age length= 335 mm). 

Tr-e male 
sarr.c:· l E· .: cc l :..JCJed 6 7 percent ma. tl.Jr·e (ave; age length :::: 342 mm) , an:J 33 
S>e"~.:~'nt lM:;Ia·..::.Jre (aver-age :er1·::;rth::: 3(!;. m(r. +1sJ1, Eig!-:ty-seven percent 
c~ ti1e ~-~-,"'<T>a:e samcle wer·e matur-e .f1sr1 (a\JE'""B:;Je lenqth = 330 mrnl, wh1le 
: ~ ;:Je...---cen+: were ::.mT1a-+:::ure ca-Jer-aqe lenc:;:r-1 _-:::: 302 rnml. 

For:-l-CJr<E pe·-ce';t ot the lnte..--'.'lE:"1HE'd ar-.qler-s that we:e fishHtg for­
ral:-IDC•·,...,; :.··:..Jut du:-:-'lg the 1°Cf4 ::;.pcv-• -f1sh1ng season at Ross Reservoir 

The rema1ning anglers 
'5-::;;· we....-e successh . ..:l a._..: cat::hlr,c_:: -+r.:Jm one to t_t-:lrty-one f1sh. 

:=: ... ;..- :.;-:_"'.(] ;::)e..--c._ert =+ ttfe a1:;lt:?..----:::: we,.--E:- uns..Jccess+-ul 1n harvest ... ng d 

lege:l r·a:nbr,Jr.~ trout, while tne rerr"la1n1ng angler-s harvested one ( 1.2/.J, 
:.\NC- (5/.1, and thr-ee(:::::~~· f.:.sr-1. Tw..) angler·:::. (Illegally) harvested -four 

1'/.:: and +i·ve (/ 1'1.) -t-1sh, r .. espe::t1ve~y. dur1ng ttte 1994 se-asc:w-~. 

Ve~y ~E?IN o+ thE- three rerr.aFunc; spe-::1es o-f troJt and char were caught 
a~d/-:::w harvested by lnte~vlBNE?-C anglers dur1ng the seasor1 (FJ.gure JSJ. 
N1r1eteen anglers ca·..Jght one ( 1~':;. anc three anglers caught two ((1/.) 
doll-,/ varden/bt.Jl 1 tro.Jt cnar. one c-f wh1ch was I illegally) harvested. 
Two anglers 
harvested. 

each caught or·1e cutthr-·oat trout~ nDr\e o-f which wer-e 
Three anglers caugnt one ( <1"1.), and one angler- caught 
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TAELE 17. RaintJov.J tro..Jt length informatia~, grD..Jpe>C bv sex and 
maturity~ from the 19'714 sport harvest at Ross Reserv:nr. 

Fork Length <rrrnl 

Sex Maturity N I. Avg Mw 

Male Mature 10 48 349 312 
Immature 1 1 52 333 27""S 

Female rv1ature " "' 58 333 300 
Imma-+::.:...;r-e 22 42 328 297 

--.. -~-~~ .. ~·--~- .. ---

Max 

381 
374 

406 
364 



TABLE 18. 

Access 

Hozorneen 

Pes-::;r: 

~---·- .. ·-·---~ 

Rainbov..- trout age and length info:--ma.':io.'""'., gr-:::x.Jo---::>c: bv a::=ess 
ar-ea, sex and ma-t::...:t"""lt·Y'~ frc:rr, the 1994 soor-t har-vest a': F~:::)SS 

Reservoir. 

Fork Length (rTYn) 

Sex 11aturity Age N Avg f"1.:r- Max 

Male Mature 6 1 375 375 375 
7 381 381 381 

Immature 4 L 33b 334 338 
5 5 356 340 374 

Female r"lature 4 323 3::3 323 
6 375 375 375 
7 406 406 406 

irnma tur .. e 4 ' ~ 3::::::: 305 339 
c 6 347 334 359 
6 364 364 364 

Male Mature 4 319 (;) 327 .__,_)~---

"' 5 355 347 360 

I mrr.a t ,_;,-e ' -.7-,-- -;-::--,.. 
.:_,..) _..;._- _, 

4 7 314 3C7 327 

Female f'lia~..:.-...Jr·e 4 10 , .... , 309 3:S4 ,__.;_,_,_, 

~ 8 347 3:::S 3o0 

I ;:).'Td t,_;, re 30C) 30() 30-) 
4 2 302 297 309 

--~ .... -..... ,, ________ ~ 
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FIGUR~ Reoorted angler success at catchli'l.g ra1nt:x::Jw trOl.!t during the 
l094 sport f1shusg season at Ross Reservoir. 
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FlGL.RE 15. Reported angl£>r success at catchlng dolly varaen/bull trout 
cnar. cuttnrc:;at trout. and brook trout (char) dur1ng the 
1'?94 sport +1shing season at Ross Reservo.1r-. 
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tv..o <<1%.) eastern broc:;k trowt (char), none of whicr. were narvested. 

1994 Season - Dolly Varden/8...;ll TrD...lt CiLar 

No dolly varden/bull trout char were measured for (possible future) 
s~c1es classif1cation dur1ng the 1994-95 study at Ross Lake. Harvest 

of dolly varden/bull t.t''""o.Jt char is prot-1ibi ted L.nder a statew1de 
restrictiDf'= implemented at the bet;;inn.1ng of the 1994 seasor, 
l/lppend2x 1 !. 

Hydr-oacoustic Surveys 

F .. 8l.Jr hydroacOLJ.s tic surveys lt>JE're CDr'!duc ted Oli Ross Lake on Apr .1l 22 

and Apr 11 23, 1995. A total of ::.22 fish v ... IE:Te recorded for the four 

survevs. result1ng in an average of 56 fish per survey (/at:Je 19 .. :. 

l:;de;.. counts va""·le,j as much as Z29 perceri:. betl.-.JE?en surveys. ranglr,.:; tr~ 
.-.:::8 '::.c 87 f1sh DE~" 5'-lr"Vey. A la,....-ge di-fference occurred bet~en the 
aver .. aqe number of fish recorded between morn1ng and afternOCJf""1 surveys 

39). 

Based or-, tre assumptJ.on that oercent soe=ies o:.::c . ..Jrrence in 
trc sue_;·~:_ ca:c:: re..:-~e: .. ~:s SDEClE'S or...:.-c:...:.rrence 1n tile r-ese~vo1r-, ra.1nbc.::Jv..J 
:ro...:·: or..JDc.ila"'::.lO'_ .. , est.:rnates +or- t-~e four surveys ranged +rom a h1gt-"~ of 

: 15.4:2Cf ;lS~" tCJ a low of 4-=.39::3. Tre total reser-voir rainbo\1-..1 trcx..tt 

SOE'C.J.ES 
C:=c- 1 derice lur,_: ts are 1.-·..n t~'1:-1 :: 2': oercer, t of both es tirna tes. indica t 1ng 

T•'.=JCc'ra:e :::;·-~'.:.lsloc·,. Est.:...rnates snoo..Jld also be VlE?J.t-.Jed w1th caution -fo..-
n?asons i::)L~'::.llned earl1er 1n t~12 methoC::-, se:::t1on o-f thls report. 
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greater percentage of older rainbow trout in the 1990-94 harvests than 
,n prevlCXJS studies !Table 25J. The 1990 harvest consisted primarily of 
age 3 <47 percent! and age 4 <32 perce~tl fish, while the 1991, 1992, 
and 1994 harvests comprised mostly age 4 <48, 61, and 51 percent, 
respectively! and age 5 <43, 29, and 35 percent, respectively! fish. 
The 1993 harvest consisted mostly of age 5 <48 percent! and age 4 (33 
percent) fish. This is in contrast to earlier years, when small numbers 
of age 1 and large numbers of age 2 fish were present in the harvest. 
Except for 1986, when age 3 fish comprised the majority of the harvest, 
age 2 fish were the age class harvested in greatest numbers by anglers 
prior to 1990. Johnston <19891 attributes the increase in percentage of 
older age classes <age 3 and age 4! in the harvest from the early 1970's 
to the mid-1980's to anglers targeting older Canadian Skagit R,ver 
rainbow trout (that enter the reservoir fishery in June and again in 
September and October! at the north end of the lake, and to selectively 
"high-grading" their catch to reta,n the largest and brightest ra,nbow 
trout (predominantly age 3, immature females). 

The ratio of age 4 to age 3 rainbow trout also increased from previous 
years (Table ::5). The 1990-94 age 4:age 3 harvest ratios were t:B, 960, 
1,525, (no age 3 fisn were sampled in 1993), and 1700 percent, 
respectively, compared to 27 percent in 1971, 21 t=ercent in 1972~ 21 
percent 1n 1973. 45 percent in 1985, and 48 percent in 1986. Tile 
1=:,-inch min~mum size r-estriction is designed to increase tile percentage 
o-t age 4 and o}der age classes of r-ainbc:JI....J tr-Dl.lt harvested. Th1s appears 
to ha-ve occurred from 1990-94, with 43, 95, 96, 100 ~ and 97 percent of 
t'·"IE' har··,;est comprising age 4 and older fish, respectively. Sexual 
mctur1 tv and spawning or post-spawnlng of Ross Lake raintx.Jv.; tro.Jt cx:c:urs 
pr-lmar.:..ly at age 4 for females (age 3 for males), generally before 
ooen1ng day of the f1shing season <July 1). Theoretically, f1sh should 
then be able to spav-.;r: at least once before becoming available to the 
flsher·'/· 

~ength 

The average s1ze of most ra1nt::x.Jvv trout age classes dec 1 ined annually 
during tr'IE·· study, although the mE?an size of a few older age classes did 
1-ncr-ease ln 1994 (Table 26 and Fi9ure 2l1J. From 1990-94, tt-'le average 
s1ze of age 3 to age 5 fish dec 1 ined 41 mm < 1990-92 and 1994 only), 
18 mrn, and 3 mm, re-spectlvely, while age 6 fish increased 6 mm. The 
1ncrease in size of most age classes from 1993 to 1994 could 1ndicate 
1ncreased food resources and/or decreased population density. 

Sexual Maturity 

A fa1rly large proportion of the rainbow trout harvest was composed of 
"mmature fish dur,ng most years of the 1990-94 study !Table 27!. The 
only except1ons occurTE?r" dur1ng 1992 and 1993, wt"lerl only 23 and 3 
percent of the f"sh harvestec we~e "mmature. lit should be noted that 
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TABLE 25. Percent age class contrit:ution• of raint:xJw trcut to the 
1971-73, 1985-86, and 1990-94 seasonal sport harvest at Ross 
Reser-voir-. 

Percent of Season Harvest 

Age 1971 1972 1973 1985 1986 1990 1991 1992 1993 1994 

2 55 49 62 36 28 10 0 0 0 0 
3 26 39 29 29 40 47 5 4 0 3 
4 7 8 6 13 19 32 48 61 33 51 
5 4 4 10 43 29 48 35 
6 0 0 0 1 1 4 5 15 7 
7 0 0 0 0 0 < 1 0 <1 5 3 

•F1sh1ng regulat1ons differed between 1971-73, 1985-86, and 1990-94. 
See Johns"::.on ( 1989) and Hppend.ix 1. 
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TABLE 26. Seascnal rainbow trcut age and length data• fr-om the 1985-Bb 
and 1990-94 sp:or-t har-vests at Ross Reser-vo1r-. 

Fork Length (rrm) 

Year Age N Avg Min Max 

1985 2 216 260 183 337 
3 169 302 207 369 
4 76 334 275 378 
5 23 347 307 384 
6 5 394 374 424 
7 0 

198b 2 207 257 157 328 
3 251 302 218 380 
4 146 333 286 403 
5 7~ 

~'..:... 349 295 395 
b 3 380 365 409 
7 0 ' 

!990 2 36 313 270 330 
7 172 326 271 370 --
4 115 339 300 460 
5 36 352 300 400 
6 5 368 350 395 
7 380 380 380 

1991 2 0 
3 15 310 292 332 
4 145 325 301 371 
5 128 350 315 385 
6 13 378 325 411 
7 (: 

1992 ~ (1 ~ 

3 L2 308 290 318 
4 167 324 295 370 
5 78 343 306 373 
6 14 366 340 402 
7 365 365 365 
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TABLE 26. (CCXI tinued) 

Fork Length (mm) 

Year Age N Avg Min 

1993 2 0 
3 0 
4 13 323 312 
5 19 331 318 
6 6 352 340 
7 2 395 394 

1994 2 0 
3 8 285 226 
4 119 321 280 
5 82 349 269 
6 17 384 364 
7 8 417 381 

-Flshlng cegulatlons differed between 1985-86 and 1990-94. See 
Jomst.on r 1989) and ~pcendJ.·,"'. 1. 
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Max 

333 
346 
361 
395 

314 
356 
381 
449 
458 
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FIGURE 20. Ave~age lengths of age 3 - age 6 rainbow trout from the 
1985-86 and 1990-94 Ross Lake sport harvests, 
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TAR£ 27. Percent irrmature rainbow trout sampled, by age, from the 
1990-94 sport harvests at Ross Reservoir. 

Percent lrrmature• 

Year Age 2 Age ~ _, Age 4 Age 5 Age 6 Age 7 Total 
·····-··--····--------·--·- .. ·--------------------- ---------------------- ······----··-·-------

1990 86 83 62 38 0 70 
(7) (53) <37) ( 13) ( 1) ( 11 j) 

1991 80 62 38 0 52 
( 10) <34) (39) ( 1 ) (84) 

1992 50 26 19 0 0 23 
(2) (58) (36) (3) ( 1 ) ( 100) 

1993 0 6 0 0 3 
(8) ( 16) (6) (2) (32) 

1994 100 44 46 33 0 44 
<2) ( 41) <24) ( 3) (2) (72) 

•Sample s1ze of each age class g1ven in parentheses. 
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the 1993 sample size was approximately one-third smaller than in 
previous years). Thus, the 13-inch minimum size restriction did not 
appear to completely protect immature fish during the study. However, 
the total percentage of immature fish harvested (all age classes 
combined) declined markedly from 1990-93, then increased substantially 
in 1994. Population density and/or environmental factors are probably 
influenc1ng age at maturity, which in turn directly influences the 
percentage of immature fish occurring in the harvest. 

Population Size 

Ross Lake rainbow trout mark-recapture population estimates from the 
early 1970's are substantially higher than hydroacoustic estimates 
conducted during the present study !Table 28J. Mark-recapture studies 
est1matec reservoir rainbow trout population sizes of 153,580, 206,185, 
and 191,480 fish in 1971, 1972, and 1973, respectively. These estimates 
are much larger than the 1991-95 hydroacoustic estimates of 19,733, 
37,080, 59,320, 68,812, and 72,191 fish, respectively. A possible 
explanation for this large discrepancy is that mark-recapture efforts ~n 
the early 1970 s may have focused at stream mouths, where fish 
concentrations are typically high. In contrast, hydroacoustic surveys 
conouc tee on the reservo1r between December 1970 and June 1973 ranged in 
s1ze from 26,000-90,000 fish w1th a mean of 49,000 <Thorne !976). These 
estimates range and average lDV~JE>r than 1995 hydroacoustic estimates 
!Table 20!. <The 1973 estimate of 31.000 rainbow trout listed in 
Table 28 is tile only year ttlat a specific hydroacoustic date and 
estHnate y..;er·e reported). 

The 1991-95 hydroacoustic estimates suggest that the reservoir trout 
populatlDI' has increased appro><imately 88 percE?rlt, 60 pe?r-cent. 
1b percent. and 5 percent annually over the past five years (Table 28 
and F1gure 2JJ. In add1tion, the 1995 estimate is approximately forty­
se·-.;en percent larger than the 1973 hydroacD..Jstic average. (It shcJuld be 
noted that the fairly large confider<ce 1ntervals associated w1th thE? 
1991-95 hvdroaca.J.stic est1mates should be treated with caut1on, while 
a0y future measurements should 1ncorporate a larger number of sample 
transects to reduce variance assoc1ated with the estimate>. Catch rate 
information also tends to support an increase in the reservo1r trout 
populatlon. Overall 1-PLE shows a sl>ght decrease from 1990-94 of 0.12, 
0.10, 0.11, 0.10, and 0.08, respectively !Table 22J, while CPLE 
indicates a corresponding increase of 0.39 <Loaff 1992a>, 0.37 (Looff 
!993a), 0.43 CLooff 1994bl, 0.55 (Looff 1995a), and 0.65 !Appendix 12J. 
Overall 1993 and 1994 CPUE are also larger than the 1971-72 and 1985-86 
HPUE of 0.48, 0.52, 0.33, and 0.41, respect1vely. (The 1993 and 1994 
overall CPUE est1mates are used for comparison with the overall 1971-72 
and 1985-86 1-PLE estimates, since 1993 catch would be roughly equivalent 
to 197!-72 and 1985-86 harvestl. This suggests that expand1ng numbers 
of younger (non-harvestable> age classes (age 2 and age 3> may t:::lE? 

occurr1ng in the reservo1r. 
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TAELE 28. Population estimates of Ross-Skagit system rainbc.Jv.J trout in 
1971-73, and !991-95. 

Year Est1mate 951. Cl Me trod Sot.Jrce 

1971 153,580 :!: 33,317 Mark-Recapture Jams ton ( 1989) 

1972 206,185 :!: 31 ,685 Mark-Recapture Jomston ( 1989) 

1973 191,480 :!: 20,729 Mark-Recapture Jams ton (1989) 

1973 31 ,()(X)• ------ Hydroacoustic T!Jorne ( 1976) 

1991 19,733 :!: 6,509 Hydroacous tlc Looff ( 1992a) 

1992 37,080 :!: 10,636 Hydroaco...Jstic Looff ( 1993a) 

1993 591 ?:.20 :!: 12,095 Hydroacous tic Looff (1994b) 

1994 68,812 :!: 17,529 Hydroacoustic Locff (199Sa) 

1995 7:2,191 :!: 13,487 Hydroacoustic 

-0r1e est1.mate. See ter:t for explanation. 
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Rainbow Trout 
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FIGI.JF<E 21. Hydroacoustic pop ... JlatiDrl estimates of rainbov-.1 trout <greater 
than six inches length) in Ross Reservoir from 1991-95. 
Range inter,als denote 95/. confidence limit of each 
estimate. 

-70-



Spaw-1~ng Surveys 

Spaw-ling survey data ccr.ducted on selected tributary streams of Ross 
Reservoir from 1991 to 1994 s~ an increase in the number of spaW~ing 
rainbow trout !Table 29!. SpaW"1ing numbers increased fr011 a total of 
120 fish in 1991 Cn=B surveys), to 660, 1,294, and 1,369 fish in 1992 
<n~7 surveys>, 1993 (n;7 surveys>, and 1994 <n=6 surveys), respectively 
(instream counts only). However, this is still well below a single 
estimate of 2,500 to 3,000 fish that were observed spawning in Rolard 
Creek by a National Park Service employee on June 13, 1986 CNatlonal 
Park Service letter from Gary Mason to Washington Department of Wildlife 
area fishenes biologist Jim Johnston). Excessive and prolonged spr~ng 
and early summer runoff during 1991 may have prevented most fish fr011 
ascending tributary streams to spawn that year, as well as reducing 
survival of any eggs that may have been deposited. However, very few 
fish were observed milling off stream mouths during the 1991 surveys, 
suggesting a depressed raint::x:Jv.J tro...1t spav..ning pop.J.latiDr'l. 

All five tributaries recorded increases in numbers of spawning rainbow 
trout from 1991 to 1994 !Table 29!. Roland Creek recorded the largest 
number of (lnstream) spawners during all four annual surveys, and is the 
best index stream based on spa~Nner use, flc::::lV;I, available spa~.tJ~~ing 

habitat. artd access1bility. Dry Cree~, is a.nottrer excellent inde>< stream 
t~-,a;_ shOuld cOfltinue to be included in future surveys. As vvell as 
r·ecording the second highest spav-..ner totals, Dry Creek registered ttre 
greatest percentage increase (4,750 percent) over the four year survey 
per-lOO. P 1er-ce and Thursday Creeks also recorded marked spaW~ing 
F:creases, even thou.gh total numbers remain low due to migratiCJ!i 
bar,...·iers located near tre IT'IC)Uth of each tributary. Total < instream) 
numbers on Lightn1ng Creek are difficult to determine due to stream size 
and t}ov,. In addi t1on, a substantial number of fish probably spa\A.Kl in 
the lake immediately adjacent to the stream mouth. 

Analys1s of data collected from the 1990-91, 1991-92, 1992-93, 1993-94, 
and 1994-95 reservoir studies at Ross Lake indicate that the rainbow 
trOt..Jt population is beginning to recover from the effects of past 
over .. tsarvest. A final management rej:X)rt outlining steps to protect and 
enl"1ance the reservo1r fishery will follow this report, j:.Jending 
cor1sultation with appr--opr--1ate adm1nistrators within the f\~cn-th Cascades 
Natior1al Park Servl.ce~ Br1t1sh Cclumbia Minlstry of EnvlronmE'flt, and 
Washington Departme0t of Fish and Wildlife. 
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TABLE 29. N_cmber- of spav¥1ing r-ainbow tr-out observed ln selected 
tr-lbutar-ies of Ross Reservoir- fr-om 1991 to 1994. 

~ber- of Rainbow TrOJt• 

Tr-ibutary 199Jb 199'C= 1993° 1994-
__________ .. ______ 

"' -·· .....• ·------- ····------·-····--·-···---- ---·---------- ---------------~ 

Dry 8 ( 8! 155 ( 126) 345 (305! 436 (380) 

Lightning 51 CO! 1554 (29) 903 ( 15) 604 (4) 

Pierce 5 p· d 30 C30! 95 <42! 137 (37) 

Roland !07 ( !07l 597 <447) !012 (897) 1067 (926! 

Thursday ~ \3) 64 <281 49 (351 35 (22) 

""'::;:al 174 ( 1201 2400 <6601 2464 ( 1294 I 2279 ( 13691 

-CD.Jnts include fish observed milling in the immediate vicinity of mouth 
to upstr-eam migration bar-rier. Counts from drawdov-..n elevati01 to 
upst~-eam migration barrier (instr-ean: counts only) given ln parentheses. 

b1991 ~ eight surveys. 

c i 99=· seven surveys 

0 1993 seven surveys 

•!994 = s1x surveys 
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PPPENDIX 1. Sum-nary of 1989-1994 Ross Lake fishing regulations. 

SeasCJ/7: 

Catch limit: 

Possess~·CJfl J.imi t: 

Gear restr~·ction: 

5easor!: 

Catch J1mit: 

Gear~ restrJ.ction: 

1990-1994 

Wash1ngton State 

07/01 - 10/31 

three 

thirteen inch minimum 
size for all species 0 

six 

no bait 
single barbless hookc 

1989 

Washingtcn State 

06/17 - 10/31 

no more than three 
over 14 .1nches 

none 

British Co!umb1a 

same as 

Washington State 

British Columbia 

07/01 - 10/31 

four-

four 

none 

•s1 ze limits measured using total 1 er~gth in both Washington State and 
BritlSh Columbia. 

t::oDoll y varden/bull trcut char- protected in 1994, tiNE'nty-inch minimum 
s1ze restriction in 1992 and 1993. 

c 1994 season on! y. 

""Size 
for~ 

limits were measured using total 
length in British Columbia. 
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APPENDIX 2. Creel and effort samollng schedule for the 1994 sport 
fishlng season at Ross Reservoir. 

Work Period Effort 
i"bnth Day• Daytypeb Start Finish 1 

July 1 OD 1000 1800 !400 
3 VE 1200 2000 1500 
4 w:: 0600 1400 1200 

14 WD 1200 2000 1500 
15 WD 1300 2100 !BOO 
16 VE 0900 1700 1100 
22 WD 1300 2100 1500 
~' WE 0700 !SCXl 1000 L-' 

24 WE 0600 1400 1200 
27 WD 1000 1800 1400 
28 WD 1300 2100 1600 
29 WD 0600 1400 0800 

August 4 WD 11CXl 1900 1200 
~ WD 11rx; 1900 1400 
6 VE 0800 1600 0900 
9 WD 1200 200() 1600 

10 WD 0700 15<Xl 1000 
11 WD 0700 15<)0 1100 
14 WE 091Xl 1700 1400 
15 WD !CXlO 181Xl 1300 
16 WD 07<Xl 1500 1000 
20 VE 1000 18CXl 1400 
21 WE 1100 19<Xl 1100 
-.-, WD 1 ()()(_} 1800 1300 c.~ 

September· 7 w:: 1000 1800 1600 "' 4 WE 0900 17CXl 1300 
5 WE 0800 1600 0800 

16 WD 1000 1800 13(X) 
17 WE 1()(_1() 1800 13()(_) 
18 WE 0900 1700 1300 
21 V.JD 11Cl0 1900 16CXl 
22 we 1000 1800 16Cl0 ..,, 
~~ WD 0900 1700 0900 
27 W[ 1100 1900 1400 
28 WD 1100 1900 17CXl 
29 WD 0900 1700 1300 
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Count 
2 

1700 
1700 
14CXJ 
1600 
1900 
1300 
1600 
1200 
13CXl 
1600 
1700 
1000 

1300 
160() 

1000 
1800 
1100 
1300 
1600 
15CXl 
1100 
1500 
1300 
14CXJ 

18Cl0 
1500 
1100 
1500 
15CX) 
1500 
17CX) 
1700 
1100 
1500 
1800 
1500 



WPENDIX 2. (Continued) 

Work Period Effort Count 
Month Day• Daytypeb Start Finish 1 2 

October 2 WE 0900 1700 1400 1600 
3 WD 1000 1800 1100 1300 
4 WD 0900 1700 1500 1600 

10 WD 1000 1800 1600 1700 
11 WD 0900 1700 1000 1300 
12 WD 0900 1700 1000 1100 
15 WE 0900 1700 0900 1100 
16 WE 1000 1800 1100 1200 
17 WD 0900 1700 0900 1100 
23 WE 1000 1800 1600 1700 
24 WD 1000 1800 1400 1500 
25 WD 0900 1700 1100 1300 

•Two hoildays, July 4 <Independence Day) and September 5 (Labor Day>, 
were treated as weekend days, even though they ~NE?re observed dur-ing 
midweek ln 1994 (see text). 

0 DD:::::openlng day, WD=~.Neekday, IAE=iNE>ekend day. 
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I'PPENDIX 3. Estimated monthly and seasonal angler effort by daytype in 
the Ross Reservoir sport fishery, July 1 to October 31, 
1994. 

f"'lear: Hou~s Total 

Month Da·ytype Angler Hours• Fished per Dayb Angler Daysc: 

Jul Opener 1073 (Q) 4. 11 261 
Weekday 4320 ( 103l 3.70 1166 
Weekend 7158 (344) 3.47 2061 

Total 12550 ( 127l 3.60 3488 

Aug Weekday 4965 C270) 3.08 1615 
Weekend 2065 ( 131 ) 3.30 626 

Total 7030 ( 198) 3.14 2241 

Sep Weekday 2743 ( !45) 4.20 654 
Weekend 2992 ( 187) 3.49 858 

Total 5735 ( 11 1 ) 3.79 1512 

Oct Weekday 2075 ( 168l 4.42 470 
Wee~: end 788 (72) 3.16 249 

Total 2863 ( 113) 3.98 719 

Ssn Opener 1073 (Q) 4.11 261 
Weekday 14102 ( 91 ) 3.61 3905 
Weekend 13003 ( 121 ) 3.43 3794 

Total 28177 ( 71 ) 3.54 7960 

-~~F1etv-.f 1 ve percent conf 1dence 1nterval at estimated total angler­
hours g.lven 1n parentheses. 

t::>f"Jean hours calculated us1ng data fr-om all anglers, including those that 
in01cated they had not fi:-·,lst'!ed f.1sh1ng for the day (see text}. 

~Total angler days ~ angler tDUrs/mean hours fished per day. 
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APPENDIX 4. Estimated monthly and seasonal angler effort by lake zone• 
in the Ross Reservoir sport fishery, July 1 to October 31, 
1994. 

l"'ean f-burs Total 
Marth Daytype Angler 1-bJrst=- Fished per Dave:: Angler Daysd 

Jul 1 Rby 1656 (!2) 3.84 432 
2 Bbv 2388 ( 16) 4.59 520 
3 Dev 1184 (!5) 5.38 220 
4 Lit 1282 ( 14) 4.57 281 
5 Lbv 1332 ( 16) 3.17 420 
6 Hoz 3724 <23) 2.88 1294 
7 Can 2501 ( 18) 2.61 957 
Total 14066 (!0) 3.41 4124 

Aug 1 Rby 590 (9) 3.05 !94 
2 Bbv 1927 ( !4) 3.75 513 
3 Dev 427 (8) 3.62 118 
4 Lit 313 <8> 4.00 78 
5 Lbv 640 ( 11> 3.35 191 
6 Hoz 1135 ( 12) 3.00 379 
7 Can 2488 ( 18) 2.77 899 
Total 7521 (8) 3.17 2371 

Sep ' Rbv 4!4 ( 12 3.33 124 • -., Bbv 1266 ( 14 3.59 353 
<: Dev 902 ( 15 5.91 153 
4 Lit 373 (8 4.58 81 
5 Lbv 516 ( 11 4.02 128 
6 Hoz 1298 ( 18) 4.18 310 
7 Can 1208 ( 14) 2.89 418 
Total 5977 (8) 3.81 1568 

Oct 1 Rbv 592 ( 10) 3.21 184 
2 Bbv 860 ( 12) 4.20 205 
3 Dev 349 (8) 5.55 63 
4 Lit 212 ( 1 1 ) 6.14 34 
5 Lbv 101 (8) 7.50 13 
6 Hoz 752 ( 12> 3.71 203 
7 Can 67 (4) 1.50 45 
Total 2932 (6) 3.92 747 

Ssn 1 Rbv 3252 18i 3.48 933 
~ Bbv 6442 I !OJ 4.05 1592 

4 Dev 2861 i9J 5.17 553 
Lit 2180 (8) 4.59 475 

5 Lbv 2588 (9) 3.44 753 
6 Hoz 6908 ( 13) 3. 16 2186 
7 Can 6264 ( 12) 2.70 2318 
Total 30496 16) 3.46 8810 

•see F1gure 3' for- location of lake survey z011es. 

t::lf\linety-five per-cent corlfldence interval of estimated total angler­
hours given in parentheses. 

cMean nours calculated us1ng data from all anglers, including those that 
ind1cated they had not fin1shed fish1ng for the day <see text). 

dTotal angler days ~ angler hours/mean hour-s fished per day. 
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APPENDIX 5. Estimated monthly and seasonal angle~ effort by access 
area• in the Ross Reservoir sport fishery, July 1 to 
Octobe~ 31, 1994. 

Mean 1-io.Jrs Total 
Month Day type l'ngle~ !-b.Jrs 0 Fished pe~ Day= l'ngle~ Days0 

---·---~------------------- -- -·· ----·-· ". ·-" .. --------------" --·----- ----- ----

Jul Resc~t 6510 1293) 4.48 1452 
Hozomeen 5055 1338) 2.90 1741 

Canada 2501 I 160) 2.61 957 
Total 14066 I 153) 3.39 4150 

Aug Resort 3258 I 117) 3.52 925 
Hozcxneen 1775 197) 3.06 581 

Canada 2488 1163) 2.77 899 
Total 7521 I 71) 3.13 2404 

Seo Resort 2955 167) 4. 14 715 
f-bzomeen 18!4 (205) 4.14 438 

Canada 1208 (89) 2.89 418 
Total 5977 175) 3.81 1570 

Oct Resort 2012 I 124) 4. 11 489 
Hozomee~! 853 187) 3.8! 224 

Canada 67 19) 1.50 45 
Total 2932 149) 3.87 758 

Ssn Resort 14735 1971 4.12 3581 
Hozc:xneen 9497 '115) 3.18 2983 

Canada 6264 167) 2.70 2318 
Total 30496 (55) 3.43 8882 

•See Figur-e ] for location of access areas. 

or,.Jlnetv-flVE? percent CDrlf..ldE?1!CE' 1nterval Of est.lmated total angler­
hOurS g.1ven in parentheses. 

c.Mean how-·s calculated us1ng data from all anglers, including tt-ose that 
.1nd.1cated t!ley had not fin1shed .fishing for the day (see text). 

0 Total angler days::::::: anqler hour·sJmean hours fished per day. 
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APPENDIX 6. Estimated monthly and seasonal mean captures per hOLY for 
rainbow trout by daytype in the Ross Reservoir sport 
fishery, Juiy 1 to October 31, 1994. 

Rainbow Trout Captures per 1-bu.r• 

Month Day type No Harvested Released Total 

Jul Opener 83 .117 ( . 001 ) 1.023 ( .002) 1 .140 ( .003) 
Weekday 247 .072 ( .00<.1) .694 ( .000) • 766 ( .000) 
Weekend 343 .095 ( .000) .761 ( .000) .855 ( .000) 

Mean .089 ( .000) .772 1.000) .862 ( .000) 

Aug Weekday 292 .082 ( .000) .480 ( .000) .562 ( .000) 
Weekend 207 .()97 ( .00<.1) .647 ( .001) .744 ( .001) 

Mean .089 ( .000) .552 ( .000) .641 ( .000) 

Sep Weekday ·-~ l _ ....... .063 ( .000) .374 ( .001) .437 ( .001) 
I!Jeekend '"""-""-'-'-' .os: I .OOOl .381 ( .000) .432 ( .000) 

Mean .056 ( • ()()<)) .378 I .OOOJ .434 ( .000) 

~ ,,:: Wr.,.<::::"~--dav 131 .0Ll7 ( .0)0) .429 ( .001) .475 ( .001) 
Wee··enC 114 .061 1 .ooc:·) .30) ( .001) .361 .001) 

Mean .052 ( . ()()()) .379 1.0)()) .431 I .OOOJ 

Ssn Ooener 83 .117 ( .001) 1.023 ( .002! 1.140 ( .003) 
Weekday 802 .(J69 ( .00)) .516 ( .000) .585 ( .000) 
Weeke;--1d 917 .07° ( .<)0)) .575 ( .000) .654 ( .000) 

Mean .076 ( .000) .572 ( .00)) .648 ( .000) 

•Ninetv--five percent confldence interval of estimated mean captur-es per 
hour given in parentheses. 

DNumber of anglers surveyed. 
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.c:PPENDIX 7. Estimated monthly and seasonal mean captur-es per t-x:Jur- for 
rainbow trout by lake zone• in the Ross Reservoir sport 
fishery, July 1 to October 31, 1994. 

Rainbow Trout Captures per Hc:Jurb 

Month Z01e Harvested Released Total 

Jul 1 Rby 109 .067 ( .000) .555 I .CXll 1 .622 ( .0011 
2 Bbv 145 .087 ( .0001 .724 <.0011 .811 ( .001 1 
3 Dev 58 .061 ( .0001 .509 ( .0021 .570 ( .0021 
4 Lit 26 .034 ( .0011 .531 ( .0091 .564 .0101 
5 Lbv 18 .070 ( .0051 .737 ( .021 1 .807 .023) 
6 Hoz 177 .104 ( .0001 1.047 ( .001) 1 • 151 .001) 
7 Can 140 .145 ( .0001 1.036 ( .0021 1. 181 .002) 

Mean .089 ( .000) .772 (.0001 .862 .0001 

Aug 1 Rby 70 .056 ( .001 1 .267 ( .0021 .323 ( .0021 
2 Bbv 113 .021 ( .0001 .203 ( .001 1 .224 ( .0011 
3 Dev 34 .024 ( .0011 .179 ( .003 .203 ( .0031 
4 Lit 8 .094 ( .0181 .094 ( .018 .188 ( .0261 
5 Lbv 17 .018 ( .002) .456 ( .011 .474 ( .0121 
6 Hoz 85 .082 ( .0001 .581 I .002 .663 ( .002) 
7 Can 172 . 191 ( .<)001 1. 115 ( .001 1.306 ( .002) 

Mean .089 ( .(1001 .552 I .0001 .641 I .OOOJ 

Sep 1 Rbv 30 .OCX.! .310 ( .0)9) .310 ( .009) 
2 Bbv 82 .017 .000! .190 ( .001) .207 ( .001) 
3 Dev ~-, 

-'~' .036 .001) .174 ( .003) .210 ( .0031 
4 Lit 24 .018 .001) .264 I .0061 .282 ( .0051 
5 Lbv 

..,_, 
~~ .023 .0011 .249 ( .010) .271 ( .010) 

6 Hoz 68 .039 .000) .467 ( .002) .506 ( .002) 
7 Can 126 .146 I • 0<)0 > .653 ( .001 1 .799 ( .002) 

Mean .056 I .00()) .378 I .OC>)i .434 ( .0001 

Oct 1 Rby 61 .015 I .0001 .184 ( • 1)(11) .199 ( .001) 
;;g 8bv 56 • (X.X) .140 ( .001) .140 ( .001) 

i Dev 25 . o-:,6 ( .0021 .274 ( .004) .310 ( .0051 
Lit 7 .000 .209 ( .051) .209 ( .051) 

~ Lbv .(67 ( .424) .200 ( .424) .267 ( .8471 ~ "-
6 Hoz 77 . 140 ( .001) .829 ( .0031 .969 ( .003) 
7 Car·1 17 .(Ji)O .000 .000 

1'1ean .052 ( . ()()()) .379 I .OOOJ .431 ( .000) 

Ssn 1 Rby 270 .046 ( .0(J0) .384 ( .OCXl1 .430 ( .000 
:? Bbv 396 .044 ( .0001 .406 ( .0001 .450 ( .000 
~ Dev 150 .044 I .0001 .329 ( .0001 .373 ( .000 
4 Lit 65 .030 ( .000) .342 ( .0021 .372 ( .002 
5 Lbv 59 .(l"?,7 ( .0001 .428 ( .002) .464 ( .003 
6 Hoz 407 .094 1 • ocx:n .788 ( .0001 .881 ( .000 
7 Can 455 • 16(.1 ( .00)) .932 ( .0001 1.092 ( .000 
~lean .076 I .OC<OJ .572 ( .000) .648 ( .0001 

•See F.igure 3 for locat1.on of lake survey zones. 
9\Jinety-five per-cent conf1de'lce 1nterval of estimated fTIE>an captures per 
hour given in parenthE?ses. 

4 Number of anglers surveyed. 
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APPENDIX 8. Estimated monthly and seasonal mean captures per 1-o..Jr for 
rainbow trout by access area• in the Ross Reservoir sport 
fishery, July 1 to October 31, 1994. 

Rainbow Tr-out Captur-es per Hour 0 

Month Zone Harvested Released Total 

Jul Resort 330 .072 < • oo::n .626 (.000) .699 ( .000) 
Hozomeen 203 .097 ( .000) .963 ( .001) 1.060 ( .001) 

Canada 140 .145 ( .000) 1.036 ( .002) 1. 181 ( .002> 
Mean .089 (.000) .772 ( .000) .862 ( .000) 

Aug Resort 217 .032 ( .000) .215 ( .(X)0) .248 ( .000) 
Hozomeen 110 .073 ( .00()) .532 ( .001) .605 ( .001) 

Canada 172 . 191 ( .000) 1 . 115 ( .001) 1.306 ( .002) 
f"'ean .089 ( .000) .552 ( .000) .641 ( .000) 

Sec Resor-t 173 .021 ( .000) • 193 ( .000) .214 ( .000) 
Hozorneen 86 .035 ( .000) .502 ( .001) .537 ( .002) 

Canada 126 .146 ( .000) .653 ( .001) . 799 ( .002) 
Mean .056 ( .000) .378 ( .000) .434 ( .000) 

Oct Resort 151 .014 ( .000) .194 ( .000) .208 ( .000) 
Hozomeen 77 . 141 ( .001) .826 ( .003) .967 ( .003) 

Canada 17 • (X)(J .000 .000 
!"lean .052 ( .000) .379 ( .000) .431 ( .000) 

Ssn Resort 871 .04: ( .O:Xll .373 { .000) .416 ( .000) 
HCZOinE'E>n 476 .087 ( .(,)()) .752 ( .0)0) .839 ( .0)0) 

Canada 455 .160 < .OOOJ .932 ( • 00:)) 1.092 ( .0)0) 

~lean .076 ( .0)0) .572 ( .0)0) .648 ( .000) 

•see Figure 3 for locatia~ of access areas. 

PNinety'-five i)E?rcent confidence interval of estimated mean captures per 
hour gl-,;en in parentheses. 

cNumber of anglers surveyed. 
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APPEND! X 9. Estimated rronthl y and seasonal mean captures per hour for 
dolly va~den char by daytype in the Ross Reservoir sport 
fishery, July 1 to October 31, 1994. 

Dolly VardE'fl Char Captures per f-k:Jur• 

Month Day type N"' Harvested Released Total 

Jul Opener 83 0 .003 ( .0001 .003 < .OOOJ 
Weekday 247 0 .003 ( .0001 .003 ( .0001 
Weekend 343 0 .002 ( .0001 .. 002 ( .0001 

Mean 0 .. 002 ( .0001 .002 ( .0001 

Aug Weekday 292 0 .004 (.000) .004 ( .000) 
Weekend 207 0 .007 ( .000) .007 ( .000) 

Mean 0 .006 ( .000) .006 ( .000) 

Sep Weekday 132 .002 ( .000) .009 ( .000) .011 ( .000) 
Weekend 253 t) .001 (.(JOOl .001 ( .0001 

Mean .0<)1 ( • (l(l(l I .004 < .0001 .005 ( .0001 

Oct Weekday 131 0 .002 ( .0001 .002 ( .0001 
Weekend 114 0 .006 (.000) .006 ( .000) 

Mean 0 .003 ( .0001 .003 ( .000) 

SSG Opener a::::, 0 .003 ( .0001 .003 ( .0001 
Weekday 802 .(JOO ( .0001 .004 ( .0001 .005 c .0001 
Weekend 917 (l .003 ( .0001 .003 ( .0001 

Mean .<X)(; ( .0001 .004 ( .l)(l()) .004 < .0001 

•Nlnetv-five percent con.f1dence 1r1terval of estimated mean captures per 
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I'PPENDIX 10. Estimated rronthly and seasonal mean captur-es per- l-our- for­
cutthroat trout by davtype in the Ross Reservo~r spcrt 
flsher-y, July 1 to October- 31, 1994. 

Cutthr-oat Tr-out Captur-es per t-b.Jr• 

Month Daytype N"' Harvested Released Total 

Jul Opener- 83 0 0 0 
Weekday 247 0 0 0 
Weekend 343 0 0 0 

Mean 0 0 0 

Aug Weekday 292 0 0 0 
Weekend 207 0 0 0 

Mean 0 0 0 

Seo Weekday 132 0 0 0 
WeekenC ~"""' ......__,,_,_, 0 0 0 

Mean 0 0 0 

Oct Weekday 131 0 .003 (.000) .003 ( .000) 
WeekerJd 114 0 0 0 

Mean 0 .002 ( .000) .002 ( • (X)()) 

Ssn Opener- 83 0 0 0 
Weekday 802 (l .001 ( .000) .001 ( .00()) 
Weekend 917 0 0 0 

Mean (; .000 ( . ()(_)()) . ()()(_) ( .000) 

•Ninety-five percent confidence 1nterval of estimated mean captures per 
hour given in parentheses. 

t:>N...Jmber of ang 1 ers surveyed. 
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PPPENDJ X 11. Estimated month! y and seasonal mean captures per t-our- for­
eastern brook trout by daytype in the Ross Reservoir sport 
fishery, July 1 to October- 31, 1994. 

Eastern Br-ook Tr-out Captures per Hour--

Month Day type No Harvested Released Total 

Jul Opener- 83 0 0 0 
Weekday 247 0 0 0 
Weekend 343 0 .003 I .COOl .003 I .COOl 

Meari 0 .001 ( .000) .001 I .COOl 

Aug Weekday 292 0 0 0 
Weekend 207 0 0 0 

Mean 0 0 0 

5ep Weekday 17~ 
"'-'- 0 0 0 

Weekend 253 0 .002 I .COOl .002 I .COOl 
Mean 0 .001 ( .000) .001 I .COOl 

Oct Weekday 131 0 0 0 
Weeker,d 114 0 0 0 

Mean 0 0 0 

Ssn Opener 83 0 0 0 
Weekday 802 0 0 0 
Weekend 917 (J .0)2 ( .000) .002 I .OOOJ 

Mean (> .001 ( .00)) .001 I .000) 

•Nirlety-five percent confider-lee Ftterval of estimated mean captures per 
hO\.J.r given ir-~ par-·en tr1eses. 

0 Number· of ang 1 ers surveyed. 
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APPENDJX 12. Estimated monthly and seasonal mean captu~es per hour for 
all t~out and cha~ species by daytype in the Ross 
Reservoi~ spo~t fishe~y, July 1 to Octobe~ 31, !994. 

T~out and Cha~ Caotures per Hou~· 

Month Daytype N" Har-vested Released Total 

Jul Opene~ 83 . 117 ( .001) 1.026 ( .002) 1.143 ( .003) 
Weekday 247 .072 ( .000) .697 ( .000) .770 ( .000) 
Weekend 343 .095 ( .000) .765 1.000) .860 ( .000) 

Mean .089 ( • (X)()) .776 ( .000) .865 < .ocx:n 

Aug Weekday 292 .08:::: ( .000) .484 ( .000) .567 ( .000) 
Weekend 207 .097 ( .000) .655 ( .001) .751 ( .001) 

f"'ea.n .089 ( .000) .558 I .000) .647 ( .000) 

Sep Weekday 132 .065 ( .000) . :..a3 ( .001) .448 ( .001) 
Weekend 253 .051 ( .000) . c.S4 ( .000) .435 ( .000) 

Mean .056 ( .OCO) .C.S4 I .OOOJ .440 ( .000) 

Oct Weekday 131 .047 I .OCXIJ .434 ( .001) .481 ( .001) 
Weekend 114 .061 I .OOOJ .305 ( .001) .366 I .001 l 

~"lean .052 I .(X)()) .384 ( .000) .437 I .00)) 

Ssn Opener 83 . 117 ( .001) 1.026 ( .002) I. !43 ( .003) 
Weekday 802 .069 ( .O:X)l .522 ( .000) .590 ( .00)) 

Weekend 917 .079 ( .00(!) .580 ( .000) .659 ( .000) 
Mean .076 < .0i)0) .577 ( .000) .653 ( .000) 

•Nlnetv-five percent conf1dence interval of estimated mean captures per 
hour qiven in parentheses. 

0 f\lumber of ang 1 ers surveyed . 
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APPENDIX 13. Monthly and seasonal estimates of rainbow trout captured 
by daytype ln the Ross Reservoir sport fishery, July 1 to 
October 31, 1994. 

Rainbow TrDL!t Captured-

Month Day type Harvested Released Total 

Jul Opener 126 I 1 ) 1097 I 3) 1223 ( 4) 

Weekday 312 (2) 2999 (20) 3310 <22) 
Weekend 679 (7) 5444 (56) 6123 (63) 

Total 1116 15) 9539 143) 10656 147) 

Aug Weekday 409 (7) 2383 140) 2792 147) 
Weekend 200 ( 3) 1337 (20) 1537 (23) 

Total 609 16) 3720 137) 4328 143) 

Sep VJeekday 173 14) 1025 123J 1199 (27) 
V.JE>ekend 15:2"· ,~, 

\ ,:_ I 1139 I 18J 1292 121) 
Total ~26 13J 2165 120J 2491 123) 

Oct Week,jav 97 (4) 890 (33) 986 136) 
\Neekend 48 I 1 ) 236 17J 284 (8) 

Total 145 (3) 1125 122J 1~70 (25) 

Ssn Opener 126 I 1 J 1097 13) 1223 ( 4) 
v..ieekday 991 I 4) 7296 134) 8287 138) 
Weef<end }CI79 (4) 8156 ( 31 ) 9235 135J 

Total 2196 14) 16549 133) 18745 138) 

-Nlnety-five percent confidence 1nterval of estimated captures given in 
parentheses. 
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!¥'PEND! X 14. Mcnthl y and seasonal estimates of rainbow trD..Jt captured 
by lake zone• in the Ross Reservo~r sport fishery, July 1 
to October 31, 1994. 

Rainbow Trout Captured"' 

Mcnth Zone Harvested Released Total 

Jul I Rby Ill (3) 918 123! 1029 126! 
2 Bbv 208 15! 1729 144) 1937 (50) 
3 Dev 72 ( 5! 603 ( 41) 675 146! 
4 Llt 43 ( 4) 68(1 153! 723 1571 
5 Lbv 9' ( 11 ) 98: ( 100 1 1075 ( 1091 
6 Hoz 388 ( 131 3897 ( 12.7) 4285 ( 140) 
7 Can ?-.62 ( 12) 2592 189) 2954 ( 101) 
Total 1277 18! 11400 (68! 12677 (76) 

Aug 1 Rby -,-, (2) !58 ( 7) 191 (9) ~~-' 

2 Bbv 41 I 1 I 391 I II l 431 ( 12) 
3 Dev 10 ( l ) 76 (61 87 (61 
4 L1t 29 (5) 29 ( 5! 59 ( 10) 
5 Lbv 1 1 ( 2) 292 (30! 303 ( 31) 
6 Hoz 94 ( 4) 659 (28) 753 132! 
7 Can 475 ( l5i 2774 189! 3250 ( 104! 
Total 694 ( 5) 4380 (32) 5074 137! 

Sep 1 Rby 0 !28 122! 128 122! 
2 Bbv 22 ( 1 ) 241 ( l2l 263 ( 13! 
3 Dev 32 ( 4) !57 ( 18! 190 <22) 
4 Llt 7 ( 1 ) 98 19! 105 (9) 
5 Lbv 12 (2) 128 ( 17) 140 (J8) 
6 Hoz 50 (51 607 155! 657 (59! 
7 Can 176 (7) 789 (33) 965 140) 
Total 298 14! 2149 (28) 2447 132! 

Oct 1 Rby 9 I 1 l !09 ( 7) 118 (7) 

3 
Bbv 0 121 18) 121 18! 
Dev 13 I 1 l 96 ( JO) 108 I 11 i 

4 L1t 0 44 I 17 l 44 I 17! 
5 Lbv 7 14) 20 191 27 I 12) 
6 Hoz 105 Ill 623 143! 729 1501 
7 Can 0 0 0 
Total 134 (21 1013 I 18! 1147 1201 

Ssn 1 Rby !53 (2) 1313 I l6l 1466 I 18! 
2 Bbv 270 13) 2481 (241 2752 1271 
7 Dev 127 (3) 932 (23) 1059 126! _, 
4 Lit 79 <21 852 123! 932 125! 
5 Lbv 123', (3) 1422 135! 1545 1381 
6 Hoz 637 191 5787 176) 6423 185) 
7 Can 1014 I 1 I l 6155 (66) 7169 177! 
Total 2403 15) 18942 141) 21345 146! 

-See Figure 1 for locatlOl of lake survey zones. 

t::>f\hnety-.five percent confidence interval of estimated captures given in 
parentheses. 
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PPPENDIX 15. f"k:Jnthly and seasDr!al estimates of raint:x:x,...; trcut captured 
by access area• in the Ross Reservol.r sp::Jrt f1shery~ 

July 1 to October 31, 1994. 

Rainbow Tr-out Capturedb 

Month Pic cess Harvested Released Total 

Jul Resor-t 471 18) 4077 166) 4548 174) 
Hozomeen 493 I 15) 4868 I 147) 5361 ( 162) 

Canada 362 ( 12) 2592 189) 2954 I 101) 
Total 1326 I 11 ) 11537 I 91) 12863 I 101) 

A.Jg Resort 105 12) 701 I 11) 806 I 13) 
Hozomeen 130 14) 945 131) 1075 135) 

Canada 475 I 15) 2774 189) 3250 I 104) 
Total 710 16) 4421 (35) 5131 I 41 ) 

Ses Resort 63 ( 1 ) 571 16) 634 I 7) 
Hc:omeen 63 (5) 911 169) 974 (73) 

Canada 176 17) 789 133) 965 140) 
Total 301 14) 2271 128) 2573 132) 

Oct Resor-t 29 I 1 ) 390 I 13) 418 I 14) 
Hozomeen 120 19) 704 150) 825 159) 

Canada 0 0 0 
Total 149 13) 1094 122) 1243 125) 

Ssr Resort 667 ( :::-. ) 5739 128) 6406 I 31) 
Hozomeen 806 { 1 (J) 7429 189) 8235 199) 

Canada 1014 ( 1 1 ) 6155 166) 7169 177) 
Total 2486 ( 7) 19323 150) 21809 (57) 

-See F1.qure 1 for locat1on of access areas. 

t:'Nlnetv-five percent conf1dence interval of estlmated captures given in 
parentreses. 
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APPENDIX 16. Monthly and seasonal estimates of dolly varden/bull trout 
char captured by daytype in the Ross Reservoir sport 
fishery, July 1 to October 31, 1994. 

Dolly Varden Char Captur-ed• 

Month Day type Harvested Released Total 
-- ... ····---·- .... ----·-·~--------------

Jul Opener 0 3 (Q) 3 (0) 

Weekday 0 14 (0) 14 (0) 

Weekend 0 12 (OJ 12 (OJ 
Total 0 29 { 0) 29 (0) 

Aug Weekday 0 22 (0) 22 <OJ 
Weekend 0 15 (OJ 15 (0) 

Total 0 37 (0) 37 (0) 

Weel<cdav 5 (OJ 25 < I J 30 < I J 
iJJeek:end 0 3 (OJ .., _, <OJ 

"Total 5 (01 28 <OJ 33 <OJ 

De t Weekday 0 4 (()) 4 (0) 

Weekend 0 4 <OJ 4 (Q) 

Total 0 8 (0) 8 (Q) 

Ssn Opener 0 3 <OJ 3 (OJ 
Weekday 5 (0) 65 (OJ 70 (()) 

Weekend () ..,~ 
_:,._) (()) 35 (()) 

Total 5 (()) 103 (()) 108 (OJ 

•hJinet.y-.tlve percent ccnfidence interval of estimated captures g1ven in 
parentheses. 
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APPEND I X 17. hJnthl y and seasonal estimates of cutthroat trout captur-ec 
by daytype in the Ross Reservoir sport fishery, July 1 to 
October 31, 1994. 

Cutthroat Trout Capturec• 

Month Day type Harvested Released Total 

Jul Ooener 0 0 0 
Weekday 0 0 0 
Weekend 0 0 0 

Total 0 0 0 

Aug Weekday 0 0 0 
Weekend 0 0 0 

Total 0 0 0 

Seo Weekday 0 0 0 
Weef<'Bid 0 0 0 

Total 0 0 0 

Oct WE>ekday 0 7 (()) 7 (()) 

Weekend 0 0 0 
Total 0 7 (()) 7 (()) 

Ssn Ooener 0 0 0 
Weekdav 0 7 (()) 7 ( 0) 
Weeke'ld 0 0 0 

Total (i 7 (Q) 7 (()) 

-~·Jlnetv~.,. 1 ve oerce:,t conf .lder·Ke l0 '::..erval of estimated captures c;;i ven in 
parer~, tr·'ll::?ses. 



APPENDIX 18. Monthly and seasonal estimates of easte~n b~ook trout 
captu~ed by day type in the Ross Rese~volr sport fisher-y, 
July 1 to Dctobe~ 31, 1994. 

Easte~n 8~ook T~out Captured• 

Month Daytype Har-vested Released Total 

Jul Opener 0 0 0 
Weekday 0 0 0 
Weekend 0 18 (0) 18 ((l) 

Total 0 18 (0) 18 (0) 

Aug Weekday 0 0 0 
Weekend 0 0 0 

Total 0 0 0 

Sep Weekday 0 0 0 
Weekend (> 7 (()) 7 (()) 

i:::tal 0 7 (()) 7 (0) 

Oct Weekdav 0 0 0 
Weekend 0 0 0 

Total 0 0 0 

Ssn Opener 0 0 0 
lAieel<dav 0 0 0 
Weei<end (l 25 (0) 25 (()) 

Total 0 25 (()) 25 (()) 

•N1netv~-f1ve oercent CCJ:rlfidenc...e 1nterval of estimated captures given in 
parenttleses. 
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APPENDIX 19. Monthly and seasonal estimates of trout and char captured 
by daytype in the Ross Reservoir sport fishery, Julv 1 to 
October 31, 1994. 

Trout and Char Captured-

Month Daytype Har-vested Released Total 

Jul Opener 126 ( 1 ) 1100 ( 3) 1226 14) 
Weekday 312 (2) 3013 (20) 3324 ('?'?1 

~~; 

Weekend 679 17) 5474 (56) 6153 163) 
Total 1116 (5) 9587 143) 10703 148) 

Aug Weekday 409 17) 2405 140) 2814 (47) 
tNeekend 200 13) 1352 (21) 1552 124J 

Total 609 (6) 3757 137) 4366 143) 

Sep Weekdav 178 14) 1050 (::;:'31 1229 (27) 

V.Jeekend 1t:::-:" 
--'~ 12) 1149 \18) 1302 121) 

Total 331 ( 3) 2200 120) 2530 123) 

Oct Weekday 97 (4) 900 (33) 997 137) 
Weekend 48 ( 1 ) 240 Ill 288 (9) 

Total 145 ( 3) 1141 122J 1286 125) 

Ssn Opener 126 ( 1 ) 11(X) 13) 1226 14) 
Weekday 996 15) 7368 134J 8364 139) 
Weekend 1n79 ( 4) 8216 I 31 J 9295 (35) 

Total 2201 (4) 16684 134) 18885 138) 

... f,Jlnetv-five pE?rcent confidE'f!ce interval of estimated captures given in 
oarentr>eses. 
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The Depa~tment ~eceives Fede~al Aid fo~ fish and 
wildlife ~esto~ation. The Depa~tment is subject to 
T"tle VI of the Civil Rights Act of 1964, and Sect"on 
504 of the Rehabilitation Act of 1973, which p~oh1bits 
discrimination on the basis of race, color, national 
origin or handicap. If you believe you have been 
d1scriminated against in any Department program, 
act1vity, or facility, or if you want further 
1nformation about T1tle VI or Section 504~ write to: 
D+flce of Equal Oppo~tunity, U.S. Depa~tment of 
Inter1or. Washington, D.C. 20240, or Washington 
Depa~tment of Fish and W1ldlife, 600 Capitol Way 
No~th, Olympia, WA 98504. 

The Washington Depa~tment of Fish and W1ldlife will 
prov1de equal opportunities to all potential and 
existing employees without regard to race, creed, 
color. sex, sexual orientation, religion~ age, marital 
status, national origin, disab1l1ty, or Vietnam Era 
Veteran's status. 




