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INTRODUCTION 

General Rosa Lake fishery Concerns 

In recent years many Ross Lake anglers have expressed the opinion 
that there has been a decrease in the number of fish caught per 
day and the size of those fish. Most contend that this decline 
in fishing success and quality has occurred since the late 
1960's or early 1970's. 

These angler concerns, if correct, could indicate biological 
problems related to management of the Ross Lake trout fishery. 
The need to 1) verify the current status of the lake fishery, 2) 
verify the adequacy of existing fishing regulations to protect 
the fish population from over-harvest, 3) fill in gaps in our 
knowledge of the life history and biological/habitat requirements 
of the trout population, and, 4) collate related historical 
studies' data, led the Washington State Department of Wildlife 
(formerly Department of Game) to initiate this study. 

The study was partially funded by the Skagit Environmental Endow
ment Commission. 

Study Area: Ross Lake/Canadian Skagit River 

Ross Lake (Reservoir) is located in the northeastern portion of 
Whatcom County, Washington State (Figure 1). It was formed by 
the building of Ross Dam on the Skagit River. Construction of 
the dam began in 1937 and was completed 1949. Ross Lake has a 
surface area, at maximum level, of 11,200 acres in Washington and 
480 acres in British Columbia. It is 22 miles in length and ex
tends approximately one mile into British Columbia when at full 
pool (figure 2). 

The total Skagit River drainage basin comprises 3,140 square 
miles (Whately, 1970). Approximately 1000 square miles lie 
upstream from Ross Dam (Anonymous, 1972b). The Canadian portion 
of the Skagit River begins near Allison Pass in Manning Provin
cial Park, British Columbia, and flows approximately 32 miles 
before entering Ross Lake. In Canada the river has an ap
proximate drainage area of 389 square miles (Whately, 1970). 

This study, as well as early 1970's fisheries studies associated 
with Ross Lake and its tributaries, concentrated on data collec
tion from the reservoir, and its U.S. tributaries. The Canadian 
Skagit River has been the subject of past research and an ongoing 
study by the Fisheries Branch of the B.C. Ministry of Environ
ment. 
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Study Objective• 

Current fish Harvest Related to Historical Data 

One of the objectives of this study was to deteraine whether cur
rent (1985-1988) harvest related data (catch per unit effort 
(CPUB), annual harvest, age of catch, length of catch, sexual 
aaturity of catch, location of harvest, etc.) differ fro• his
torical harvest data. If significant differences exist that 
threaten the ability of the native trout populations to sustain 
theaselves at historical levels, an attendant objective was to 
deteraine if current fishery regulations and/or reservoir opera
tions are responsible and in need of aodification . 

Rainbow Trout Life History and Migration Patterns 

Another study objective was to develop a aore clear understanding 
of Ross Lake rainbow trout life history and aigration patterns. 
Areas of concern include; age distribution, age class strength, 
age versus length, age versus sexual aaturity, aigrations between 
lake and tributaries, diet, length at sexual aaturity, fecundity, 
spawning tiae, spawning locations, fry eaergence tiaing, fry out
migration tiaing, fry contribution by tributaries, and population 
size. Much of the data on life biatory and aigrations are avail
able in prior research docuaents and field notes, however, the 
inforaation fro• over 45 docuaents has never been asseabled to 
assist in developing a aore clear life history portrait. An ob
jective of this study was to asseable those docuaents, look for 
gaps or conflicting data, and atteapt to coaplete the life his
tory picture. 

Other Recreational Iapacta Upon fishery Resource 

One objective of this study was to determine whether recreational 
gold dredging, priaarily in the Ruby Creek drainage, bad the 
potential to hara fish populations that migrated to that 
watershed fro• Ross Lake for spawning. If so, then standarized 
hydraulic permit provisions to protect spawners and progeny 
through to eaergence needed to be developed. 

Another objective was to determine if current and long range 
recreational site developaent by B.C. Parks and North Cascades 
National Park, funded in part by the Skagit Bnvironaental Bndow
aent Coaaission, will have potential negative iapacts upon the 
fishery resources of Ross Lake, through increased fishing pres
sure brought about by easier access, camping, and boat launching. 
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If significant increased fishing pressure appears likely then 
fishing regulations will need to be developed that ensure Ross 

• 

Lake fish populations are aaintained. • 

Mitigation Heeds 

The operation of Ross Da• to provide power and flood water • 
storage results in large fluctuations of Ross Lake water levels. 
An objective of this study was to deteraine whether the fluctua
tions have had an impact upon the fishery resource and, if so, 
what aitigation fro• Seattle City Light for identified negative 
iapacts should be requested. 

• 
Develop Long Range Manageaent Plans 

The last objective of this study was to provide data and 
analysis that will assist in the developaent of a long range • 
fisheries aanageaent plan for Ross Lake, aanaged co-operatively 
by Washington Departaent of Wildlife, Horth Cascades National 
Park, and B.C. Ministry of Environment, and the Canadian portion 
of the Skagit River, •anaged by B.C. Ministry of Environment. 
The fisheries resource of the Ross Lake/Canadian Skagit River 
freely •igrate back and forth across the U.S./Canadian Interna- e 
tional Border, necessitating coordinated, compli•entary manage-
aent goals and objectives. 

• 

• 
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NITHODS 

1985 WDW/B.C. NOi Study 

The 1985 Washington Departaent of Wildlife (WDW) and B.C. Minis
try of Bnvironaent (MOB) Ross Lake harvest survey design and 
aethod of data analysis are described in Scott and Peterson, 
1986. The creel census was started that year on opening day of 
the fishing season (June 15 - October 31) at the north end of 
Ross Lake by the Washington Departaent of Wildlife. The MOB 
study, conducted by H. Paish consultants, began i••ediately after 
opening day. WDW, however, did not receive funding to add sur
vey personnel until July 17, and as a result the south end of 
Ross Lake was not sa•pled until July 21. The Departaent of 
Wildlife continued the survey until October 31, after the B.C. 
survey ended on September 30, 1985. The saapling days were 
stratified into weekdays and holidays, and surveys were conducted 
a total of 44 days . 

On-site access point surveys at the resort at the south end of 
Ross Lake and at the aain NCNP boat launch (Hozoaeen) at the 
north end of the lake were the pri•ary data collection sites 
(Figure 3). Interviews of anglers were conducted as they 
returned to these launching sites. Interview questions included; 
nu•ber of anglers per boat, hours fished, nu•ber of fish caught, 
number of fish released, fishing location, tagging data, fishing 
aethod, and whether they had co•pleted fishing for the day. 
Biological data gathered fro• the catches included species of 
fish, fish length, scales for aging, and sexual •aturity informa
tion . 

To assess angling effort, the MOB consultant's survey crew con
ducted two angler counts (AM and PM) on rando•ly chosen days be
tween June 15 and July 16 north of Lightning Creek. No counts of 
anglers were conducted south of Lightning Creek during this time 
period. Fro• July 17 to Septe•ber 30, WDW conducted boat counts 
on all of Ross Lake on each sampling day. The counts were con
ducted in the AM and PM. During the aonth of October angler ef
fort was low and it was assuaed that total angler counts could be 
obtained during the take-out point interviews, consequently lake 
boat counts were discontinued. 

Statistical analysis of the data included development of; 
angler effort and variance esti•ates, point estimate of 
angler days, estimate of catch per hour, and estimate of 
catch and variance . 
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Rainbow trout scale and otolith saaples, collected during angler 
interviews, were taken fro• an area foraed by an iaagiuary line 
drawn fro• the rear insertion of the dorsal fin and front inser
tion of the anal fin and just above the lateral line. Scales 
were exaained under a binocular aicroscope and two good scales 
(scales without regenerated areas) were cleaned and mounted 
sculptured side up on guaaed cards. Acetate iapressions were 
made from the aounted scales and photocopies were taken using a 
3M "500" reader-printer, which produced photocopies of the scales 
enlarged 35 times. The scale iaages were read a miniaum of two 
tiaes to check for precision of the reader. If the two readings 
agreed, then the scale was considered read, if the two readings 
did not agree a third reading was done. The saaple was discarded 
as being unreadable if the third exaaination was not definitive • 
A sub-saaple of otoliths, with scales fro• the same fish, were 
read to cross check scale reading accuracy. 

1986 WDW Study 

Washington Departaent of Wildlife work on Ross Lake in 1986 in
cluded, (l) a season-long creel census on the U.S. and Canadian 
sides of the reservoir at five separate angler take-out sites, 
(2) tagging of aature rainbow trout during their spawning run to 
7 tributary streams and recording recapture sites in the lake, 
(3) a biological survey of Big Beaver Creek to look at production 
potential for rainbow trout, (4) Construction of a temporary 
channel in Roland Creek around a trout aigration barrier at its 
mouth, and (5) investigation of gold dredging impacts on trout 
in Ruby Creek drainage. · 

The creel survey design developed by Western Renewable Resources 
(Lewynsky, 1986) was followed to estiaate the 1986 rainbow trout 
harvest (Appendix 1). In 1986 the creel surveys took a total of 
49 days. The effort data for each site and day type (weekend 
days and weekday days) were used with the catch data to estimate 
the total catch for each location during each tiae period. The 
fishing season was divided into three tiae periods (June 14 
through July 11, July 12 through August 30, and August 30 through 
October 31). Five major access areas were scheduled to be 
sampled four times each period; twice on weekdays and twice on 
weekends. The locations sampled were: the British Columbia 
campground (site A), the North Cascades National Park caapground 
and boat launch site (site Bl), the aiddle boat launch at the 
north end located near the NCNP dock facilities (site B2), the 
landing (Site C) located at the south end of the Hozomeen NCNP 
caaping facility, and the Ross Lake Resort located at the south 
end of the lake (site D) . 
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The sampling schedule is given in Appendix 2. The person con
ducting the survey was to count each boat returning to the sample 

• 

site during the day and to interview as many fishermen as pos- e 
sible to obtain catch and other data. The effort data for each 
site and day type (weekend days and weekdays) were used with the 
catch data to estimate the total catch for each location during 
each time period. The effort was estimated by multiplying the 
average number of fishing trips counted on sample days times the 
number of days in the sample period. The estimated harvest was e 
derived by multiplying the sampled catch per trip times the num-
ber of trips. Other data collected included information about 
party size and composition, length of time fished, type and loca-
tion of fishing, and species and length of fish captured. A copy 
of the angler survey form used to record data is shown in Appen-
dix 3. • 

Rainbow trout scale samples were collected, processed and read 
following the methods outlined in the 1985 Methods section. 

Spawning rainbow trout were captured by hook and line and tagged 
with numbered Floy anchor tags, between May 22 and June 11, 1986, e 
as they congregated off the mouths of seven Ross Lake tributary 
streams. At the time of capture the fish were anesthetized, 
measured, sexed, and scale samples taken before being tagged and 
released. 

A preliminary survey of the lower 4.5 miles of Big Beaver Creek e 
waa conducted on October 9, 1986. The survey was accomplished by 
hiking up the Big Beaver Creek trail to a point approximately 3.5 
trail-miles from the stream's confluence with Ross Lake, then 
floating the stream in rubber rafts back to the lake. During the 
float trip observations were made on the quality of fish habitat 
including stream depth, instream cover in the form of organic e 
debris and vegetation, potential spawning gravel, log jams, 
riparian vegetation, and quality of tributaries for spawning or 
as sources of spawning gravel. 

1987-1988 WDW Studies • 

In 1987 and 1988 anglers and fish from Ross Lake were sampled 
only on the opening day of the fishing season. Sampling occurred 
at the north end at the Hozomeen Campground boat launch (site 
Bl), end at the south end of the lake (Ross Lake Resort). Data e 
collected included number of anglers per boat, method of fishing, 
fishing duration (completed and incompleted trip anglers), number 
of fish caught by species, length of fish by species, sexual 
maturity of catch, and scales for aging. 
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RBSULTS 

1986 WDW/B,C. MOB Study 

1986 Lake Levela and Accesa 

In 1985 the lowest lake level occurred in the spring and the max
iaua occurred in the aumaer. The reservoir reached a minimum 
level of 1491.45 feet above aean sea level (asl) on April 6, 1985 
and a aaxiaua of 1602.16 feet above aal on July 5, 1985. The 
opening day reservoir level was 1589.43 feet above mal on June 
15, 1985; 13 feet below full pool. The 1986 level had sig
nificant iapact on the opening day fishery in that there was very 
little reservoir in the Canadian portion of the reservoir and it 
was difficult for most fisheraen to launch and retrieve their 
boats. The full pool lake level was aaintained fro• June 29 
through July 26, 1986. The lake level then receded steadily to 
13.5 feet below full pool by the end of the fishing season 
(October 31, 1985). 

Angler access to, and usage of Rosa Lake were also impacted by 
fire closures in Canada froa July 23 to August 7, 1985. However, 
the road to Ross Lake and two B.C. caapsites remained open as did 
the North Cascades Nat ion al Par·k caapsi tea . 

1985 Creel Census Bffort 

In 1986 during the 44 day creel census, a total of 1067 anglers 
were interviewed. During the interviews 2119 fish were saapled. 

1985 Angling Kffort 

Angler effort estimates for Ross Lake in 1985 are shown in Table 
1 (fro• Scott and Peterson, 1986). Angler effort was estimated 
to be 65,673 hours (14,550 days) fro• June 15 to October 31, 
1985. Angling effort was greatest between the opening day and 
the July 4th weekend (57*)· Kffort was distributed on the lake as 
follows: Canadian Zone 7 (12*), Hozomeen Zone 6 (25*), Little 
Beaver Creek Zone 5 (13*), Lightning Creek Zone 4 (7*), Devils 
Creek Zone 3 (10*), Roland Point Zone 2 (21*), and Ruby Creek 
Zone 1 (12*) . 
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TABLE I. Estililted angler effort oo Ross Lake frm June 15 to October JI, 1985. • 

RtStrvoir Angltr Hour, Angltr DlY1 • Ptriod Zon,s Niciottk Wttktnd Toh I <S,E.l Tohl 

Junt·Jul y 7 1675 1976 3651 (654.ll 857 
6 5676 4822 10498 (2812.4) 2464 
s 2978 2803 5782 (1317 .6) 1357 • 4 1303 1458 2761 (649 ,5) 648 
J 2512 1527 4040 (1331.5) 948 
2 4467 1874 6341 (1665,3) 1488 
I 2373 1041 3414 <1022,7) 801 

R,strvoir Tohl 20984 15502 36487 (4010,9) 8565 • August·Stpltnbtr 7 2130 2079 4209 <724.6) 871 
6 3263 1906 5169 <949 .6) 1070 
s 1087 1612 2699 (425.2) 559 
4 816 702 1518 (328,2) 314 
J 993 1162 2154 (314,8) 446 • 2 3823 3028 6851 (836.6) 1418 
I 3029 1437 4466 (605.0) 925 

RtStrvoir Tohl 15141 11926 27067 (1697.J) 5604 

Junt·Stptmbtr 7 3805 4055 7860 1728 • 6 8939 6728 15667 3534 
s 4065 4415 8480 1916 
4 2l19 2160 4279 962 
J 3505 2689 6194 1394 
2 8290 4902 13192 2906 
I 5402 2478 7880 1726 • Four Nonth Rtstrvoir Tot&I 36125 27428 63553 (4355.2) 14169 

Octob,r CAil> 795 . 1325 2120 381 

Fivt Nonth Rtstrvoir Tot1I 36920 28753 65673 14550 • 

• 
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1985 Catch Per Unit Of lffort (CPUI) 

Angler catch rates for rainbow trout were highest in June, Sep
tember and October (Table 2, fro• Scott and Peterson, 1986). 
During the mid-summer catch rates for rainbow trout declined. 
The overall season average CPUR for harvested rainbow only was 
0.30 fish per hour (for all species CPUR was 0.33). The B.C. 
study did not include the June opener at the north or south ends 
of the lake, nor the south end of the lake prior to WDW in
itiating its survey on July, 21. Therefore the CPUR figures are 
low for the aonth of June in particular. For exaaple, although 
not used in the MOR consultant's report (Scott and Peterson 
1986), the opener on June 15 and 16, 1985, checked at the north 
end by WDW, showed an opening day harvest catch per hour of 0.83 
for all species and 0.81 for rainbow. Harvest rates were also 
low at the north end in October due to falling water levels and 
associated boat launching problems. 

The rainbow trout harvest rates for the season started out high 
on the opener, declined in June to 0.39 fish per hour and in 
July to 0.18, and then began to increase in August (0.24), Sep
tember (0.37) and October (0.45). 

Angler harvest rates for other species were: dolly varden char 
(0.024 fish per hour, see Table 3 fro• Scott and Peterson, 1986), 
eastern brook (0.003), and cutthroat (0.001). These harvest 
rates when added to the rainbow harvest rates gave all-species 
harvest rates by month of: June (0.47), July (0.21), August 
(0.27), September (0.37) and October (0.45). The overall 
seasonal harvest CPUB for all speciea combined was 0.33 fish per 
hour . 

TM!.E 2. Esti•ted angler catcll rates for ram troot frlll F.oss Lake, J111e IS to lktooer 31, 1985. 

Nuabtr- o4 Ntu C.tcb ,,. -
Aoglm 

lattrviNtd hiabGI Trout Nuvtsttd lti1ball TrNt t,luud RiinlMM Troat 
C.tcn 

l'triod Ni-k Wttktnd Hi&uk Uttlt1d Toh! CS.E.l NiMtk WHhad TahlCS.E,l tatclvllr C..tclv'Day· 

,u11 31 274 .m ,417 ,38! C.137) .023 ,12' ,121 (,111) ,,1, 172 2" .1!9 ,195 ,18 C.tm .11, .1153 ,138 C .DOB> 
Tobi 203 m .m .38! ,2" C ,118) .m ,14 ,D34 C ,DO.I .2! I.Ool 

Ao911t 241 277 .m .2!1 .244 c.m, ,1'2 ,147 ,D!4 C .IOB> 
S.,t_, 171 24! ,4!1 ,384 .loo C .11,, .m .127 ,138 C .014) 
Total 412 !42 .m .27o .297 (.112) .m .484 .09 C .008) .m I ,'12 

Gctaillr 62 14 .m .!7t ,449 C .130) .m .Ill ,121 (.03') ,!B 3.3 

Fi,, Hait• StHOD m 116! ,271 .313 ,2'8 (.OIO) .m .164 .071( .006) .335 1,ll 
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TABLf 3. /ffller catch rates for dolly varden char fr111 Ross Lake, J111e 15 to Octooer 31, 1985. 

• 
·---.---- -- ···-----~---···-·----·-·--·-···-···· 

Nurlbtr of Htu Cttco '" Hoo, 
Angltrs 

Jnt,r11i1Ytd l)ol 11 Vardt1 M1ttt1ttd Dollr Vatdu RthHtd Dollr Vordt, • Cltdl 
Pttiod NiGfftk U1tkt111d NiMtt llttkflld Total(S,E.r ffi!Mttt Wtthld TotaHS.E.l C.tcWlr Cltcll/011 

Jnt 31 m .11'4 .814 .182 (.01') I .OIi .Oil < .DI08l 
.i.1, 172 m .047 .022 .132 (.Im a .002 ,HI <.08lll 
Total 203 529 .05 ,054 .Ill (,Om I ,802 .Oil ( ,IDOJl .Ill .224 

llot!]Utt 241 291 .114 .007 .11 < .om .Ill I I ( .0005! • s.,t ... , 111 245 I I 8 I • I 
Total 412 142 .118 .I04 ·"' (,112) ,Oil I 8 ( .1102) .117 ,Ill 

lktaitr 62 ,4 I I I I I I 0 

Fivt /'loat• St11011 m 1115 .02 .m .m <.110 ,IDl .ODI .IOI ( .0011> ,131 ,142 

• 

• 
1985 Catch and Barveat latiaatea 

• Rainbow trout comprised 89.0 percent of the harvested fish fro• 
Ross Lake in 1985. Dolly varden made up 10 percent of the har
vest, and cutthroat and eastern brook the reaaining 1 percent. 

The 1985 estimate of rainbow trout harvest was 18,503 fish (Table 
4, fro• Scott and Peterson, 1986). In addition, 2101 dolly var- • 
den char were caught and 98~ (2055) of these fish were retained. 
Most released fish were either small, in some cases below the 
•inimum size limit (6 inches in U.S., and 8 inches in B.C.), or 
were sexually mature fish. Other species ·harvested included 421 
eastern brook char and 24 cutthroat. The total harvest for 1985, 
for all species, was estimated to be 21,007 fish. • 

• 
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TABLE 4 • Esti1ated total nulbers of troot and char harvesteo and released, Ross Lake, J111e to October, 1985. 
--------·- ··-------··-

H1rt1uttd Rthmd Tohl C.tcb 
Ptriod NiMtl: Wttktnd Tohl<S.E.J Midiltd Wttkt1d Tot, l<S,E. > Nict..ttl Wt,ttnd TohJ 

llioboo Trout 

J1111t•Jv1,. 3441 mt 8171 um.,, m ffl m <2n.11 ma 5348 914' 
Augu,1-s,,tOlbtr 4921 3291 8212 (60!,4) 149? ID02 2'11 (258,2) 64211 4293 11713 
,,.,;,, tOlbtr 8342 8119 16382 1156 1622 3478 10218 '641 1185, 

°''*' 21211 

0o11, 1/ardn 

lnt·Jaly 184' 1137 111, <415.8) a 31 31 (12,9) 10,, 868 1'11 
Au911t•St0t_, l2l 411 "' (43,2) IS I 15 (4,ll 13,1 48 114 
Jott·Sto hobtt ll71 815 2155 15 31 4' 1185 "' 2"5 
Oct•, a 

a.oot Trovt 

Jm-Jvl, 33' 47 382 (15',5) 
August·Stpt_, 15 24 3' (21.,, 
J..,-S,pltalltr 351 71 421 
llct•r I 

Orttbr .. t Trovt 

Juu•J1f 1 • • I 
Aagust-s,,,_, I ~ 14 (16,3) 
Jm·So,t-r I 24 24 
Oct•, I 

1985 Age of Catch 

The age of the rainbow trout in the sport catch in 1985 ranged 
from age I to age 6 (Table 5) based on the reading of 538 ran
domly collected scale saaples. Age 1 fish comprised 17.5~ of the 
harvest, age 2 (36.4~), age 3 (28.5~), age 4 (12.8~), age 5 
(4.0~) and age 6 (0.8~). The season's aost abundant age class in 
the fishery (age 2) was not always the dominant fish each month. 

Age 3 rainbow were dominant in June, then declined in abundance 
through the suaaer months but increased slightly in Septeaber and 

_October. Age two fish increased in contribution to the catch in 
July and August. Age 1 trout, absent from the fishery in June, 
increased in nuabers caught as summer progressed and on into the 
fall. Age 5 fish aaintained a relatively constant low contribu
tion to the catch during the fishing season, but with a slight 
increase in late summer and fall. Age 6 rainbow contributed to 
the fishery only in September and October, primarily at the north 
end of the lake. 
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TABLE 5. Percent age r~itioo of Ross Lake ,ngler catch, 
rainbow troot, by 11111th, 1985. 

--------------------------------
Jll( JIU Alli ~PT OCT TOTALS 

Al'£. n % n % n % n 1 n % n % 
------

Ml 0 0 J 4.1 22 17.2 44 23.7 35 22. 9 104 17 .5 
oo: 15 27.8 42 57.5 53 41.4 S6 30.l SO 'S'l.7 216 :!6.4 

IMIEl 26 48.1 21 28.8 30 2H 51 27.4 41 26.8 169 28.5 
Rllt: 9 16.7 6 8.2 17 13.3 26 14.0 18 11.8 76 12.8 
fl',£/ 4 7.4 I 1.4 6 4.7 6 3.2 7 4.6 24 4.0 
srx: 0 0 0 0 0 0 3 1.6 2 1.3 5 0.8 

1985 Length of Catch 

The 1985 average fork length of rainbow trout, derived from 1469 
randomly sampled sport caught fish, was 275.4 ••, or 10.8 inches. 
Age 1 fish averaged 220.7 mm fork length (8.7 inches), age 2 
averaged 259. 6 •• ( 10. 2 inches), age 3 averaged 302 mm ( 11. 9 
inches), age 4 fish averaged 334.3 mm (13.2 inches), age 5 fish 

• 

• 

• 

• 

• 

averaged 346.9 mm (13.7 inches), and age 6 fish averaged 393.6 mm • 
(15.5 inches). These data, and the size range for each age class 
are shown in Table 6. 

TABlf 6. Ross Lake rainlol tr111t ages fr111 creel • 
census sa11>les, J111e 15 to October Jl, 
1985. 

LE!lifll (It!) • lie IUl£R !'Emf A\16 RI& 

0 0 0.0 
I 104 17.5 220.7 158 272 
2 216 :!6.4 2S9.6 18.J 3J7 
J 169 28.5 :m.o 'lfJ7 :!69 • 4 76 12.8 :s:34.3 vs J78 
s 23 J.9 346.9 307 J84 
6 s 0.8 J93.6 374 424 

TOTM. S9J 100.0 
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The range in size for any one age class can, in part, be at
tributed to the span of the sampling season. For example, the 
age 3 fish averaged 285.4 mm in June and grew to an average size 
of 310.4 •• by October as seen in Table 7. Other age classes, 
such as age 4 grew very little over the sumaer aonths, which is 
not uncomaon for older fish, particularly those that have spawned 
at the beginning of summer. Although the age 1 and 2 rainbow 
trout appear not to have grown over the suaaer, and even decline 
in size (Figure 4), this is a data artifice caused by increasing 
nuabers of saall fish entering the fishery from the streaas and 
near shore rearing areas. Their saall size kept the average size 
down and contributed to the wide size range for those two age 
groups. Another reason the size range for any one age group was 
broad was due to length of strea• residency prior to entry into 
the lake. The pattern of streaa growth was detectable on some 
scales (fewer and aore closely spaced circuli before the annulus 
for streaa coapared to lake residency) and those fish were 
generally saaller at a given age than a fish that was reared the 
saae period of tiae in the lake only • 

TA81..E 7. !ms LaJce ra.inboN troot lengths (•I, bY age class, by amth, 
for lllBS Ross Lake angler catdles • 

Ni 

IJE 111) TIIIEE Fill! Fl\£ SIX 

IOITlf n A'/6 n A\'6 n AYG n A'/6 n AYli n AYG 

JlN : 0 2 269.9 26 285.4 9 324.9 4 .lS4.0 0 
JlL : J 218.0 42 254.5 21 302.0 6 341.7 l 360.0 0 
Mil : 2'2 213.0 5J 252.0 JO 295.9 17 339.8 6 358.2 0 
!El : 44 219.4 56 260.l 51 307.2 26 329.J 6 325.8 J 389.0 
re1 : 35 2'27.5 50 268.2 41 ll0.4 18 ll8.4 7 l35.J 2 400.5 

SEW! 104 220.7 203 259.0 169 302.0 76 331.l 24 342.8 5 l9l.6 
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The length-frequency distribution of rainbow trout caught on 
opening day, June 15, 1985, at the north end of Ross Lake is 
shown in Figure 5. The length-frequency distribution for all 

., 
• 

• 

• 

• 

• 

harvested rainbow trout in 1985, with the length-frequency dis- e1 
tribution by month, fro• June to October, are shown in Figure 6. 
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FIWE S. Length-fr~y distr1tiutioo, rainbtw troot, north end Ross Lab, (4)elling day, 1985. 

28 

• 

• 

• 

• 



• 
.. 
" ". 

• " ". ". 
" I ". ". 

1 " .•. 
J 

• •· 
' • • . . 
• 
' ' 
• •• •• 

• 
" 
" ... .,. 
". • I " . 
" • 1 

l 
• 
' • 
•· 

I. •· 
' 
' • ' 0 ... ... 

• ,, 
". ... 
" " 

I " ". • •· 1 

f 
•· ,. 
•· • .. 
' 

• 0 ... ... 

• 

• 

" ". .. 
" 
" 

l " I " • 1 

f 
• 

• • .... I, l,, L, I.,,;(., 

• v L 

' 
.. 

r, C v f; 
' I; ,_ 

,., ,., ,., 
• '" r, r, " v1vl .... ... .. -- .. ... - .. - ... •• ... .. ... . .. ... -- ... ... -... ._..., 

July 
..... Wlllti~ -

" ". 
" 
" 
" 

1 " •• V 

• " EC 1 .. 
f ' CV t • •· " .. ~ • ~ .. 

C 
•· ......... I, I, 

' .... t - .. ' . VI .. ,. 
0 ... ... ... ... -- ,,. ...... - ..... ... •• ...... ... ... --- ... ... ... ... ._,_, ... .._ .... 

Au!JISt Septear 

" 
" 
" 
" •• 

I " 
• • 
•· 1 

~ f 
.. 

e " .,~ ' v l • ""'-
r, . . """ " t: r 
~ 

. . .. .. r, 
V v v ~~~I, I, 

PW " " v v v I, I, f:lm 
-

0 
200 2ZO 140 .. -- .. ... ... -- ... ... ... 200 220 , .. ... "' ... ... ... "' .......... ~ ... ._ .... 

tktdler Cmposi te for Year 

FIWE 6. Length-frl!IJISICY distributioo, raim trout, by D1th, 1985. 

29 

.. -. .. 

- ... ... 

-- ... 



The dominance 
their decline 
well as the 
smaller age l 

of the larger, age 3 fish early in the season, and 
in relative percent contribution can be seen as 
large increase in relative contribution of the 

and 2 fish (<249 mm) in July and August. 

1985 Location of Catch 

Not unexpectedly, most of the rainbow trout catch was from the 
two zones of the lake which experienced the greatest fishing 
pressure; the Hozomeen (Zone 6) and Roland Point (Zone 2). 
Figure 7, from Scott and Peterson, 1986, displays actual, not ex
panded, catch data. 

• 

• 

• 

• Approximately 12 percent of the angler effort occurred on the 
Canadian portion of Ross Lake and 88 percent on the U.S. side of 
the International Border. In 1985, 57 percent of the angling ef
fort occurred from Lightning Creek north to the mouth of the 
Canadian Skagit River and 43 percent south of that area: Canadian 
Zone (12~). Hozomeen Zone (i5~). Little Beaver Zone (13~). • 
Lightning Creek Zone (7~). Devils Creek Zone (10*), Roland Point 
Zone (21~). and Ruby Creek Zone (12~). 

No data was collected from the zones of the lake south of Lightn
ing Creek between June 15 and July 21. Had that data been col-
lected, a higher portion of the catch would have been recorded • 
for the south end of the lake zones (1-3). 
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Flffl 7. Spatial distributioo of rainixll !root catch reported by anglers, Ross Lalce, 1985. 
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1985 Angler Profiles 

On Rosa Lake, 83.6~ of the anglers interviewed were from 
Washington State, 12.8~ were fro• the lower British Columbia 
mainland, 1.5~ other areas of B.C., other Canadian provinces 
(0.2~) and other states (1.9~). Approxiaately 80~ of the 
anglers held a Washington fiahing license, 12~ a B.C. license, 
and 3~ were in possession of both licenses . 

Anglera fiahing Ross Lake uaed a variety of techniques but troll
ing flashers with bait was the aost popular (80~). Approximately 
16 percent of the anglers chose to still-fish with bait; the 
aajority at the north end • 

1986 WDW Study 

1986 Lake Levels and Access 

The miniaua level in 1986 of 1539.40 feet above asl occurred on 
February 23 and the maximua of 1602.46 feet above msl on July 21. 
The opening day reservoir level was 1599.02 feet above msl on 
June 14, 1986; 3 feet below full pool. The reservoir levels in 
1986 reaained above the 1600 foot level fro• June 19 through Sep
teaber 10. 

1986 Creel Census Bffort 

Creel Census: In 1986 a total of 1876 anglers were interviewed on 
49 days of aaapling. 

1986 Angling Bffort 

Table 8 shows angling effort in teras of angling trips, which is 
not the aame as nuaber of anglera. Angler trips, for the 1986 
census, was defined as boat trips. A total of 8239 boat trip 
daya waa eatimated for the 1986 aeason. The average boat trip 
laated 3.63 houra. At an average of 2.2 anglera per boat, the 
total angler trips was estimated to be 18,125 for 1985. The 
greatest angling effort (2828 boat trips) was recorded at the 
Ross Lake Resort (Site D) followed by the Hozoaeen boat launch 
(Site Bl) with 2598 boat trips. Significant numbers of boat 
trips (2140) also originated out of the Canadian campground (Site 
A) . 
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TABLE 8. fstililted effort and harvest by weei<mds 
and weekdays, Ross Lake 1986. 

----------------------
TIIE PERIOO 1H TIIE PERIOD 00 TIIE PERIOO TIIH 
JIii U - Jll 11 Jll 12 - ALG 30 ALG 31 - OCT 31 

LOC. * EFFORT HAR'1£ST EFFORT HAR'1£ST EFF<N!T HAR'1£ST 
--------------------

A I 126 279 252 321 459 566 
2 171 361 S25 456 /ill m 

Bl I 369 1677 '357 ;i(J5 666 19-16 
2 ISO 6.19 ~ 71:J, 473 1940 

B2 I Sil 414 'JS 99 
2 95 '352 140 140 

C I I 136 643 
2 : 176 1264 

D I I 201 919 322 713 400 1004 
2 : 228 891 840 1636 832 4200 

-------
TOTALS 1470 5532 3013 4636 3754 12356 

* The locatioos are sa1>ling locatioos frca north to south 
and the IIUlber ·1 • is for weekend days and "2" is for 
!Mday ikrs. 

1986 Catch Per Unit Of Bffort (CPUB) 

The opening day, June 14, 1986 catch per unit of effort for all 
species was 0.83 fish per hour at the north end and 0.76 fish per 
hour at the south end of Ross Lake. The overall CPUE for all 
species for the total lake declined from June (0.45), through the 
summer months, July (0.29) and August (0.23), then increased in 
September (0.37) and October (0.49). The overall season CPUB was 
o. 41. 

1986 Catch and Harvest Bstiaates 

The harvest 
( 1. 9~) dolly 
trout. 

species 
varden, 

coaposition was (97.7~) rainbow trout, 56 
8 (0.29~) eastern brook, and 1 cutthroat 

The estimated rainbow trout harvest in 1986 was 22,524 fish (see 
Table 9 for estimates by time period,location, and day types). 
Total harvest of all species was estimated to be 23,054. 
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TABlE 9 • 1986 esti11ted rairinl troot harvest br locatioo, day type, lid tiae period. 

TIIE PERJOO (I( TIIE PERIOO 00 TIIE PERIOO nm 
JltE 14 - JIU 11 JIU 12 - Al.OlST Jl Al.OlST 31 - OCTIW 31 

CANAi),\ lmElllS 279 CANAi),\ i,EEIElt)S 321 CANAll,\ IIEKOOl ~ 

CAIWlA IIEIDAYS 361 CNWlol lfEIDAYS 456 CANADA IEEIDAYS 793 
82 IEEXOOl 414 82 lfElOOl '!I C lfElOOl 64J 
82 IIEIDAYS 352 82 IIEIDAYS 140 C IIEIDAYS 1264 
l«lZMEHIIEIOOl 16n l«l1(K£H lfEIElllS ~ l«lZMEH lmOOl 19'6 
fm(K!H IIEIDAYS 639 fn!IJEEH IIEIDAYS 7(,1, ll>ZMEII IIEIDAYS 19'40 
!EDT lmOOl 919 !EDT lmOOl 713 l(S0RT lfBEJl)S lOOI 
!EDT IEBDAYS 891 IESORT IIEIDAYS 1636 RESUIT IIEIDAYS ~ 

HIE PERIOO (I( HIE PERIOO 00 TIJE PERIOO nm 
ESTIIIIIED CATat 55l2 ESTiltAIED r.Arat 4636 ESTJIIIIED TOTAi. 12356 

1986 ESIIIIIIED TOTAi. l1Aillal Tm IWMST 22524 

1986 Age of Catch 

A total of 730 rainbow trout scale saaples from 1986 were read 
for age deteraination. Figures 8 through 11 are photocopies 
(35X) of Ross Lake rainbow trout scales. Various features used 
to age the scales are noted in the aargins. Table 10 shows the 
age coapositions by aonth, of the aged, sport caught rainbow 
trout only, for 1986. Like 1985, the 1986 saaples show an in
creasing percentage of age 1 and 2 fish in the saaple as the 
season progressed and a decreasing nuaber and percentage of age 3 
fish. Age 3 rainbow were aost abundant in the catch (39.8,) fol
lowed by age 2 (28.l~). age 4 (19,0~). age 1 (8.3~). age 5 
(4,2~). and age 6 (0.6~). 

TAIi.£ 10. Percent age ~i tioo of Ross Lake angler •t 
rairinl trout, 1986. 

IQfllf 
JlN J1L Alli SEP OCT TOTAI.S 

llinZnZnZnZnZnZ 

IJ(f O O 2 2.0 8 20.0 22 18.8 11 31.4 43 8.3 
001 43 27.6 28 27.S Jl 48.2 'JI 31.6 8 22.9 146 28.l 

TIIEE: 74 47.4 SO 49.0 « 27.3 'lJ 24.8 10 28.6 'tD7 39.B 
HUii 33 21.2 18 17.6 22 15.S 21 17.9 5 14.3 '1119.0 
FI'IEI 6 3.8 4 3.9 5 5.5 6 5.1 1 2.9 22 4.2 
six:o oo 01 02uo o 30.6 
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F!Wll 8. Ross lake rainbow tr01Jt scale: age 2, 2:l2 •· imature female. • 
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AIHl.US 2 • 
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. Allll.lJS 4 
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• 
FIGl.e: IO. Ross lake rainbow troot scale: age 4, J4ll a, kelt fetale . 
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NH.I.US 2 

• 
NH.I.US 3 

AIHlUS 4 • 
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~llllf 11. Ross Lake raiflOOj troot scale: age S, 35511, i11ature aale. • 
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1986 Length of Catch 

A total of 1775 rainbow trout was measured in 1986. The average 
size of angler caught rainbow trout in 1986 was 294.2 mm (11.6 
inches). The length-frequency distribution of rainbow caught on 
opening day, June 14, is shown in Figure 12; a composite of 
Ross Lake north and south end catches. At the north end the 
average size of trout on the opener was 308 am (565 measured) . 
At the south end average size was 295.3 am (295 measured). 

Growth of trout in Ross Lake throughout the 
by the size of fish in the angler catches, 
and Figure 13 . 

summer, as reflected 
is shown in Table 11 

Agel fish increased in size an average of 30 mm between July and 
October. These new recruits to the fishery did not appear in 
angler catches until July. 

Age 2 fish appeared to increase in size from June to July by 5 
mm, then decrease in average size in August by 19 mm, then in
crease between August and September by 19 mm, the decrease again 
in October. The actual growth rate of the age 2 fish did not in 
reality decrease; the declines were caused by smaller near shore 
and stream resident trout entering the fishery for the first 
time. The recruitment to the fishery of smaller fish, which 
early in the summer were near shore and unavailable can be seen 
(fish< 260 mm) in monthly length-frequency graphs constructed 
from 1986 data (Figure 14). Table 12 shows this as a declining 
average size of rainbow as the summer progresses. 

The age 3 fish also showed an apparent drop in average size in 
August, but that was primarily due to larger fish of that age 
class leaving the lake to enter tributary streams on feeding 
r·uns. The age 3 fish showed an overall size increase between 
June and October of 24 mm. 

Age 4 rainbow trout showed little growth over the summer based 
upon data gathered from angler catches . 
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Fllll!E 12. Length-fre,JJency distribut100 of rainbow troot cao~t 
oo OPeOing day, 1986, tr01 the north and sooth ends of Ross Lake. 

TABLE II. Ross Lake rainbow trwt lengths (•), by age class, by 
imth, for 1986 Ross Lake angler catches. 

A6E {)( 1H. 00 /ff THREE l.ri. FOOR A6E FIi{ 1H. SIX 
--~--~ -~-------- --~-------- ~--------- --------·--· ---------~ 

n AYG n AYG n AYG n Al'G n AYG n AYG 
Jlll : 0 4J 262.5 74 J02.5 33 338.6 6 361.7 0 --
Jll : 1 101.5 28 269.1 50 303.9 18 328.8 4 345.0 0 -
AOO : 8 200.4 30 ~-J 44 297.6 22 337.8 5 351.0 I 365.0 
SEP : 22 217.8 r, 269.0 29 3Z?.2 21 J35.9 6 J35.5 2 :587.5 
OCT : IO 231.3 8 258.5 IO 326.') 5 J35.0 I 3'J5.0 0 

SEASOO 42 218.4 146 262.7 107 305.7 99 J35.9 22 350.6 3 380.0 
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TABlf 12. Average lengths by IDlth of .rigler cau!Jlt trout 
frot Ross Lake, 1986 . 

June 
July •t 
Seplellier 
lktooer 

Average Length (•) 

J02 
'l/7 
'l8"l 
282 
283 

t«J. 11easured 

007 
J02 
234 
241 
!91 

The 1986 seasonal average length and size ranges of all angler 
caught, tagging study, and electro-shocker caught rainbow trout 
are shown in Table 13 . 

The zero age rainbow and small age 1 fish in Table 13 were from 
electro-shocker sampling which captured fish not normally avail
able to the fishery. A total of 30 age O fish were captured 
along the shoreline of the north end of the lake on October 21, 
1986. These 30 fish averaged 65.2 mm in fork length. An addi
tional nine age 1 fish were captured by electro-shocking the same 
areas and averaged 144.7 •• in fork length. The lengths of ages 
2 through 6 shown in Table 13 are in close agreement (5 mm) with 
aged angler caught samples shown in Table 11 . 

TABLE 13. Ross Lake rainbow trout ages froa creel rensus and 
electroshocking ~Jes, June 14 to lktooer 31, 1986. 

Alf. t«IIIER PERCENT AYG.LEN(llt) HIN HAX 
---------------------------·----------

0 JO 4.1 65.2 45 JOO 
I 61 8.4 194.6 99 270 
2 207 28.4 '/57.2 157 328 
3 '/51 34.4 J0!.8 218 300 
4 146 20.0 m.4 286 403 
5 32 4.4 349.0 295 395 
6 3 0.4 300.0 365 409 

TOTAL ]JO 100.0 

------------~--~------------------------
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1986 Sex of Catch 

Based upon a ran<lom sample of 34 rainbow trout from the north end e 
catch, 62% of the opening day catch were females and 38% were 
males. 

1986 Sexual Maturity of Catch 

North End, 1986 

Most of the fish sampled on opening day at the north end of Ross 

• 
Lake were sexually immature (94%). A randomly gathered sub
sample of 34 fish was checked internally for gonadal development. 
Twenty-one (21) were females and of these 19 were immature and 2 e 
were mature (kelts). The 13 males were all immature (Table 14). 
The average size of the opening day caught immature age 3 females 
(294 mm) and immature age 3 males (301 mm) was very close to the 
average size of all age 3 fish caught in June (303 mm): making it 
impossible to separate mature and immature age 3 fish on the 
basis of size alone. e 

TAIILE 14. Sexual 11aturity of fl!lille and 11ale raiAOQI 
trout, by il<J!, Ross Lalce ~i.nq day, 1986. 

---~--------~~-----~--~---~----
SEX /ff. lllffl AVG • -------------------------

Fl!lilles 2 4 278.0 2'20 m 
Jaature 3 14 ~3.7 235 328 

4 l 320.0 

Fl!lil!es 
Nature 4 2 327.5 320 335 

Hales 2 0 289 .0 268 310 L 

!Mature • JO 300.5 285 319 J 

4 1 314.0 
-~-----~---------------~--~----~-----

1986 Location of Catch 

The locations of catch and effort point out differences between 
the Canadian and American fisheries. Those anglers interviewed 
at the Canadian sample site did all their fishing in Zone 7 (the 
portion of the reservoir in British Columbia), while the anglers 
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interviewed at the remaining sample sites tended to fish a much 
larger portion of the reservoir. Table 15 shows the catch and 
number of anglers for each lake area by sample site and month . 

The angler effort distribution in 1986, 
Canadian Zone 7 (19%), Hozomeen Zone 6 (37%), 
5 (10%), Lightning Creek Zone 4 (3%), Devils 
Roland Point Zone 2 (10%), and Ruby Creek Zone 

by lake zone, was: 
Little Beaver Zone 
Creek Zone 3 (6%), 
l (15%). 

TABLE 15. Rainbcii troot catches ano angler lllllbers by saapling sites ano 100ths, 
f~ the different lalie zooes fished in 1986 . 

CAH,ll)A l«llMEN 8 2 C 
JIN Jll Alli ~p OCT JLN Jll Alli :EP OCT JLN Jll :EP (Cl 

---- -------------
ZM 
7 RB 53 JJ 57 98 27 3 5 3 l 

ill,. 47 41. 91 136 7 7 15 6 l 
6 RB 540 69 56 220 37 31 65 145 

ANi. 211 87 109 145 19 20 51 64 
5 RB 91 51 16 41 l 19 20 98 

NG. 40 32 20 22 2 11 17 31 
4 RB 5 JO JO 7 27 16 

NG. 2 5 11 2 7 14 
3 RB 15 

ANi. 8 
2 RB 

ANi. 
RB 
Alli. 

---------------

1986 Angler Profiles 

llSORI 
JIN Jll Alli ~p OCT 

JO 
2 

28 2 6 8 
5 4 4 6 

63 67 42 38 8 
25 26 24 23 2 

145 32 63 70 20 
49 26 52 52 6 

126 32 82 101 
53 45 95 81 
------

The vast majority (over 99%) of the anglers at Ross Lake used 
boats in 1986. The most popular angling methods were trolling 
with flashers and bait (49.1%), trolling with flashers and lures 
(25.1%), end still-fishing with bait (21.3%). The types of 
tackle/methods are determined by access end/or the physical 
characteristics of the reservoir. The favored Canadian fishing 
technique was still-fishing with bait, usually over the submerged 
Skagit River bed. The north end American fishery favored troll
ing with lures end/or bait, or still-fishing with bait. At the 
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northern most end of the U.S. portion of the lake much of the ef-
fort was concentrated over the submerged river bed or around the I 
creek mouths. South of Hozomeen, the primary fishing method e, 
was trolling near the surface, although some still-fishing oc-
curred near the mouths of streams. There was a down-lake camper 
fishery which was predominantly a boat fishery. Finally there 
was the Ross Lake Resort fishery. This was mostly south end, 
mid-lake trolling with bait and/or lures. The number of anglers 
using each gear type and the number of fish captured by each gear • 
type is summarized by sampling location in Table 16. There was a 
close correlation between percent gear type chosen and percent of 
harvest by gear type: approximately 21 percent used bait and 
harvested 20 percent of the fish; 49 percent trolled flashers 
with bait and harvested 55 percent of the fish; and 25 percent 
used flashers with lures and harvested 24 percent of the fish. e 
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TABLE 16. Rainbow troot catch and angler gear type used by 
sat1Pling location, June - lx:tober, 1986 . 

CAtWIA OOZMEH B-2 sm C IIE~RT TOTALS PERCENT 

-------------------------------------------------------------
GEAR TYPES 

tl!IIER (f AtafRS US!hli 
b b 220 164 5 5 6 400 21.3 
b f 21 4 0 0 4 'l1 1.5 
b l 5 2 0 0 0 7 0.4 
b Tb 32 320 60 51 459 9'l2 49.1 
b ff 12 18 I 0 2 33 1.8 
b Tl 17 234 46 61 113 ,171 25.1 
s b 8 I 0 0 0 9 0.5 
s f 2 1 0 0 0 l 0.2 
s l 0 I 0 0 0 I 0.1 
t f 1 0 0 0 0 I 0.1 

TOTALS Jl8 745 ll2 117 584 1876 1111.0 
----------------

GEAR TYPES 
t«ll!ER (f !ROOT CAPTtJIED BY GEAR TYPE 

b b 174 l7l 5 0 7 557 19.8 
b f 11 2 0 0 0 13 0.5 
b I 1 0 0 0 0 1 0.0 
b Tb l2 511 94 132 770 1Sl9 54.7 
b Tf 4 20 0 0 I 25 0.9 
b Tl 10 '!14 63 142 165 674 2l.9 
s b 2 0 0 0 0 2 0.1 
s f 4 0 0 0 0 4 0.1 
s I 0 0 0 0 0 0 0.0 
t f 0 0 0 0 0 0 0.0 

TOTALS 238 1198 162 274 94l 2815 100.0 
-------------------------------

b b Boat, still-fishing with bait 
b f Boat, stilHishing with flies 
b l Boat, still-fishing with lures 
b Tb Boat, trolling with bait 
b Tf Boat, trolling with flies 
b Tl Boat, trolling with lures 
s b Shore, still-fishing with bait 
s f Shore, still-fishing with flies 
s l Shore, still-fishing with lures 
t f Float tube, still-fishing with flies 
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1986 Additional Data 

1986 Tagging Sexually Mature Rainbow Trout: Sexually mature rain
bow trout were tagged as they collected near tributary mouths 
prior to spawning. Pre-season fish tagging occurred on May 22, 
June 4, 9, 10, and 11 (Table 17). A total of 160 tags were ap
plied to fish ot the mouths of Roland, Dry, Pierce, Lightning, 
Devils, Arctic, and Thursday Creeks. A total of 17 tags (10% of 
total) were recovered from fishermen, most within 30 days after 
tagging (ranged from 8 to 120 days). Few of the fish were recap
tured more than 5 miles from the release sites and none further 
north than Arctic Creek. Recaptured fish were; females (8 recap
tured out of 49 tagged) 16% recapture, males (6 recaptured out of 
58 tagged) 10% recapture, and unknown sex (3 recaptured out of 46 
tagged) for a 7% recapture. All but one of the recaptured males 
were caught in the immediate vicinity of their respective tagging 
sites. 

TA8l.f 17. Ross Lake tagged rainboN troot, 
Ital 22 - JIiii! II, 1986. 

-------------------
SEX 1H. ltltlER AVG. LEM. KIN KAX 

-------------------
UUOII 2 23 239.1 185 274 

3 11 267.0 227 301 
4 8 312.6 200 Il2 
5 4 318.3 295 339 

FBW.E 2 7 259.l 232 200 
3 1J 295.1 253 ~ 

4 27 330.J 2'Jl 365 
5 2 34/.5 347 J48 

K,11.E 2 2ll 247.3 157 27'1 
3 17 21l2.0 252 329 
4 lO 330.8 2ll6 ~7 
5 J 368.3 ~7 37'1 

----------~--~~-~--~-----~-~--

1986 Gold Dredging: A major controversy developed in 1986 con
cerning opening Ruby Creek drainage to gold dredging by non-claim 
holders. From the 1986 field work and data on fry emergence col
lected in 1976 it was determined that unrestricted dredging would 
seriously harm the trout production, primarily through spawner 
disturbance and removal of eggs from their redds during hydraulic 
suction dredging operations. Permits issued to non-claim holders 
in 1986 were rescinded by WDW in early February, 1987. The area 
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was reopened to only claim holders, to operate gold dredges be
tween August 15 and September 30 each year, using 2 1/2 inch 
nozzle dredges, with a cautionary note to avoid spawning gravels 
as described in all permits. 

Migration Blockages: On June 9, 1986 it was noted that a large 
Seattle City Light boom log was lying perpendicular to the mouth 
of Roland Creek and had been there long enough to become embedded 
in the bank gravels. Stream gravels had backed up behind it to 
the top of the boom log. This condition created a waterfall and 
an upstream migration barrier for spawning trout. Several 
thousand trout were milling around in the lake in front of the 
stream mouth. On June 10, 1986 a diversion channel around the 
barrier was hand constructed and the stream was diverted into the 
new watercourse. On June 13th, 2500 to 3000 rainbow trout were 
observed to have used the by-pass and be spawning in the lower 
300 meters of the creek. 

A survey of the stream mouths of the other Ross Lake tributaries 
revealed that Dry Creek was the only other stream to have a par
tial or complete blockage due to driftwood. In the case of Dry 
Creek it was determined that the interlocking driftwood was only 
a partial barrier and that its removal would cause a significant 
loss of upstream spawning gravels as the creek channel tried to 
reach stability after jam removal. For those reasons it was 
determined that the driftwood should not be removed . 

Big Beaver Creek Survey: This stream survey was conducted on Oc
tober 9, 1986, and covered the lower 7.2 km (4.5 miles) of that 
stream. The first waterfall at the confluence with Ross Lake was 
probably passable on the survey date for rainbow trout immigrants 
from the lake as well as dolly varden spawners. The greatest ver
tical drop in October was between land 2 meters. The second 
fall was a high velocity chute that fish could pass along the 
left bank. The lske level was down about 1.5 to 2 meters below 
full pool and at full pool only the upper chute would restrict 
passage, depending on water velocity. It was suspected that the 
upper chute was impassable to the majority of fish in all but the 
late summer-fall low flow period. There was another chute near 
the right bank of the stream that, while dry on October 9, did 
carry water in the spring and summer and provided easier passage 
for fish when the lake was at full pool; probably in late August 
the lake level and stream flows would allow fish access up this 
route. Study of the photographs taken in May and June of 1985 
and 1986 and October 1986 leads to the conclusion that these 
series of falls and chutes could be altered by blasting a series 
of steps that would provide improved passage for spring/early 
summer migrations of spawning/feeding run rainbow trout and 
easier migrations for fall runs of spawning dolly varden . 
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General Stream Description: Big Beaver Creek meanders through a 
400 to 800 meter wide valley with a very low gradient in its 

• 

lower 8 km (5 miles). The stream banks are high and appear quite • 
stable within this reach. The banks support lush growths of vine 
maple, devil's club, cascara, and conifers. It was surprising 
that in a stream which fluctuates in flow as much as Big Beaver, 
overflow channels and collapsed banks were so rare. At the time 
of the survey the wetted channel width averaged 8 meters over the 
survey length and ranged from 6 to 15 meters. Due to the steep • 
banks and relatively flat stream bottom the high flow channel 
width would appear to average about 10 to 11 meters. With the 
exception of perhaps a dozen pools with depths estimated to be 
greater than 3 meters, most of the stream averaged about 1-1.5 
meters in depth on the survey date. Stream visibility on the sur-
vey date was estimated to be 3+ meters. Flow was estimated to be e 
90 cfs on October 9th. Spring high flows probably exceed 400 
cfs. Due in part to the watershed stability, there are few log 
jams in the surveyed section, in fact only three forced portages. 
That is not to say however that large organic debris is scarce in 
this stream reach. On the contrary, large fallen trees or rem-
nants of trees were encountered every few hundred feet along the • 
7.2 km, in addition to smaller debris. 

Stream Substrate: The quantity and quality of trout or dolly 
varden char spawning gravel decreased from the top end of this 
survey section to the mouth. The highest quality 12 mm to 40 mm 
gravels were observed in the stream section between 4 km and 7 km e 
upstream from the mouth. In this upper reach there were many ex
cellent submerged gravel bars and pool tail-outs with near per-
fect spawning conditions. There was probably more high quality 
spawning habitat in this 2 mile section of the stream alone than 
in all of the other accessible tributaries (with the exception of 
the Skagit River) combined. Due to the migration barrier at the • 
mouth of the creek, rainbow trout are blocked from reaching these 
sites during their spring/early summer spawning migrations. Al
though some pockets of potential spawning gravel exist downstream 
from river km 4, the lower gradient of that area and reduced in-
put of gravels from side tributaries resulted in a large bed load 
of sand and silt. The substrate of this lower area was generally e 
not suitable for spawning fish and in only one site, starting ap
proximately 400 meters above the foot bridge near the mouth, does 
rock dominate the substrate. Some aquatic vegetation was ob
served in the stream attached to the river bottom but the species 
was unknown. There were very few sections of the stream with 
steep enough gradient to erode the channel down to bedrock and e 
expose larger boulders. Only four such sites of less than 100 
meters were noted. 

Tributaries: On the left bank (facing downstream) only the last 
tributary before reaching the lake had water running on the sur-
face. This tributary passes through two beaver ponds just before e 
reaching Big Beaver Cr. The flow was approximately 0.1 cfs. The 
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remaining left bank tributaries were dry on the surface but since 
they were the lower end of rock chutes and the old creek channels 
were filled with gravel and boulders, it was impossible to say 
water wasn't running beneath the gravel. It should be noted that 
these talus rock filled channels are contributing significant 
amounts of spawning gravel to the lower portion of Big Beaver 
Creek. In this section of the stream no similar suppliers of 
rock are found on the right bank. The three or four potential 
tributaries on the right bank, with one exception, originated 
from a series of beaver ponds. No water was observed flowing 
from these channels. 

Fish Observations: During the survey, other than one fish ap
proximately 100 mm long, no fish less than approximately 280 mm 
(11 inches) long were seen or caught. Fish were first encoun
tered approximately 6.5 km above the lake where a fish believed 
to be a small dolly varden was seen. Five redds were counted on 
the tailqut gravels of one pool. The redds were approximately 
0.3 to 0.6 meters in width and 0.6 to 1.0 meters in length. This 
was the largest concentration of redds seen during the survey. 
Other redds were observed singly or in pairs downstream to river 
kilometer 4.0. Bleven total redds were observed. Rainbow trout 
ranging in size from 280 to 400 mm were caught or observed feed
ing upon hatches of mayflies and stoneflies. It was estimated 
that approximately 200 of these rainbow trout were in the lower 
4.8 km of the stream. There was little question that these were 
Ross Lake fish, not stream resident fish. Had they been stream 
resident fish we would have seen smaller, younger fish as well. 
It was believed these fish moved up into Big Beaver Creek between 
late July and early September when low stream flow and maximum
lake level combined to allow passage at the stream mouth. These 
rainbow probably returned to Ross Lake to over-winter. No cutth
roat were observed or caught. 

1987-1988 WDW Studies 

1987-88 Catch Per Unit Of Kffort (CPUK) 

South End, 1987 

A total of 27 anglers were checked at the Ross Lake Resort on 
opening day, June 20, 1987. The an.glers had fished a total of 
127 hours and had caught 98 rainbow, l dolly varden and 1 eastern 
brook for a catch per unit of effort (CPUE) of 0.79 fish per 
hour. The fish per angler average was 3.7 for the mix of com
pleted and incompleted trips. Completed trip anglers averaged 5 
fish per person on opening day . 
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North End, 1987 

A total of 155 angler trips was recorded for the Hozomeen (Bl) 
sampling site on opening day 1987. A total of 654 hours was ex
pended to harvest 638 rainbow and 6 dolly verden, giving a CPUE 
of 0.98 fish per hour. The average fish per angler trip waa 4.2. 
Angler trips are referenced rather than individual anglers, as 
recorded at the south end, because the majority of anglers were 
checked more then once during the sampling day as they took 
breaks from fishing but left their catch in camp before returning 
to fishing. Greater CPUE accuracy was achieved by gathering data 
as they returned from each fishing excursion rather than waiting 
to record data from their lest trip and relying upon their memory 
of duration and catch from earlier outings in the day. The 
average catch per day for completed trip anglers was 6 fish. 

South End, 1988 

• 

• 

• 

• 
A total of 66 angler trips was recorded et the South end of Ross 
Lake on the opener, June 18, 1988. These trips were for a dura
tion of 350 hours, during which time the anglers harvested 370 
fish for a CPUE of 1.06 (1.05 for rainbow only). The average • 
number of fish caught per angler trip was 5.61. The average 
catch of completed trip anglers was 6.5 fish. 

North End, 1988 

A total of 98 angler trips was recorded at the north end of Ross 
Lake on June 18, 1988. Total duration for these trips was 359 
hours end a total of 304 fish were harvested. The CPUE for all 
fish was 0.85 fish per hour end was 0.83 for just rainbow trout. 
The average number of fish caught per angler trip was 3.1 end the 
average catch of completed trip anglers was 4.3 fish. 

1987-88 Harvest Species Coaposition 

South End, 1987 

On the opening day, 98 percent of the catch was rainbow trout, 1% 
dolly varden, and 1% eastern brook. 

North End, 1987 

On opening day, 99% of the harvest was rainbow trout and 1% dolly 
varden. 

South End, 1988 

On opening day, 99 percent of the harvest was rainbow trout end 
1% was dolly varden and cutthroat. 
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North End, 1988 

On opening day, 98 percent of the harvest was rainbow trout and 
1% was dolly varden and cutthroat. 

1987-88 Age of Catch 

South End, 1987 

Out of 56 rainbow trout randomly sampled from opening day catch 
at the south end of Ross Lake in 1987, the majority were age 3 
(43%0) followed by age 2 (30%). There were no age 1 fish in the 
sample. Twenty-three percent were age 4 and four percent were age 
5 • 

North End, 1987 

Out of 57 rainbow trout randomly sampled from the opening day 
catch at the north end of Ross Lake, the majority were age 3 
(40%) and age 4 (39%). There were no age 1 or 2 fish in the 
sample. Nineteen percent of the fish were age 5 and only 1 fish 
(2%) was age 6. 

South End, 1988 

Out of the 53 rainbow trout randomly sampled from the opening 
day catch at the south end Ross Lake Resort, the majority were 
age 3 (40%) and age 2 (33%). There were no age 1 or age 6 fish 
sampled. Age 4 fish comprised 19 percent of the catch and age 5 
fish, eight percent. 

North End, 1988 

Out of the 34 rainbow trout sampled for age composition of the 
catch on opening day at the north end Hozoaeen campground site, 
the majority were age 3 fish (67%). No age 1 or age 6 fish were 
sampled. Age 2 fish comprised eighteen percent of the catch, 
followed in abundance by age 4 (12%) and age 5 (3%) fish . 

1987-88 Length of Catch 

1987 Opening Day, Total Lake Sample 

The average fork length of rainbow trout caught in Ross Lake on 
opening day, 1987, was 304.4 mm (12 inches). As in other years, 
it was noted that the fish at the north and south ends of the 
lake differed in average length. The difference in 1987 was 31.1 
mm (1.2 inches) . 
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South End, 1987 

The average size of the rainbow trout kept by anglers on opening 
day, 1987, at the south end of the lake was 283.5 mm (11 inches) 
and ranged from 212 to 355 mm (8 to 14 inches). The one dolly 
varden caught was 426 mm and the one eastern brook was 275 mm. 

Figure 15 is a histogram displaying the length-frequency dis
tribution of opening day, 1987, angler caught rainbow from the 
south end of Ross Lake. Note the largest number of fish in any 
one size group were clustered between 280 and 300 mm. This 
closely corresponded to the size of the largest age 2 fish and 
the average size of the age 3 rainbow. 
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FIGUIIE 15. Length·tr~enc, distriootioo of rainbow trwt caugit 
at swth end Ross Lake, ~inq day, 1987. 

North End, 1987 

The average size of the rainbow trout harvested on opening day, 
1987 at the north end of Ross Lake was 314.6 mm (12.4 inches) and 
ranged in size from 225 to 390 mm (9 to 15 inches). 

Figure 16 is the length-frequency distribution of rainbow trout 
caught on opening day, 1987, at the north end or Ross Lake. The 
large fish grouped between 310 and 340 mm were the largest age 3 
rainbow plus the age 4 and 5 trout. Most age 3 fish were between 
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250 and 300 mm and constituted a much larger percentage of the 
north end catch than at the south end, in part because there were 
no age 2 fish in the opening day harvest at the north end . 

1$) 190 Z2C 2'° 290 310 340 .170 400 

FIGJAE 16. Length-fre<JB!CY distribution of rainboll trout caugit at north end 
Ross Lake, OPl!llill'l day, 1987. 

Figure 17 is the length-frequency histogram of the composite of 
north and south end opening day catches of rainbow trout from 
Ross Lake. Note that when the two separate histograms are com
bined, the age 2 and smaller age 3 fish form the spike centered 
at 290 mm, while the largest age 3 combined with age 4 and 5 fish 
form the spike centered a 330 mm . 
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FllilRlE 17. length-frequency distribution of all Ross Lake rainbou caught 
on OPl!llill'l day, 1987. 
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1988 Opening Day, Total Lake Sample 

On opening day, 1988, the average fork length of all rainbow 
trout harvested from Ross Lake was 283.4 mm (11.2 inches). The • 
difference in average length between the north end and the south 
end was 11.7 mm (0.5 inches). 

South End, 1988 

The average 
the south 
from 210 to 

size of the rainbow trout harvested on opening 
end of Ross Lake was 278.6 mm (11 inches) and 
365 mm (8 to 14 inches) in fork length. 

day at 
ranged 

Figure 18 displays the length-frequency distribution of rainbow 
trout caught at the south end of Ross Lake on opening day, 1988. 
Note that the most numerous fish in any one size group were be
tween 270 and 290 mm. The majority of these fish were age 2 and 
age 3 rainbow trout. 
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FIGIJR£ 18. Length-fre<JJeOCY distribution ot raiflOOI trout 
frill south end Ross Lake, ~ing day, 191:18. 

North End, 1988 

The average size of the rainbow trout harvested on opening 
the north end of Ross Lake was 290.3 mm ( 11 inches) and 
from 245 to 370 mm (9.5 to 14.5 inches). 

day at 
ranged 

Figure 19 shows the length-frequency distribution of angler 
caught rainbow trout on opening day, 1988, from the north end of 
Ross Lake. Note the almost classic normal distribution with a 
peak at 290 mm, which were mostly age 3 fish. 
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FIGME 19. Length-frecJ181CY distriootioo of rainboN trwt 
c•t at north end of Ross Lake, opening 
day, 1988. 

The composite length-frequency histogram of the north end south 
end catches of rainbow trout from opening day, 1988, are shown in 
Figure 20. Note that the largest number of fish in any one size 
range occurs between 270 end 290 mm. 
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F!Wll 20. Lengtli-tr~ency distribution all of rainbow trout 
cau,jit in Ross Lake, opening day, 1988. 
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1987-88 Sex of Catch 

South End, 1987 

On June 20, 1987, at the south end of Ross Lake a sub-sample of 
the harvested rainbow trout was examined internally for sex 
determination. Out of 57 fish, 27 percent were males and 73 
percent were females. 

North End, 1987 

On the opening day, June 20, 1987, at the north end of Ross 
a randomly collected sample of the harvested rainbow trout 
examined to determine sex composition. Out of 56 fish, 42 
cent were males and 58 percent were females. 

South End, 1988 

Lake 
were 
per-

On June 18, 1988, at the south end of Ross Lake a sub-sample of 

• 

• 

• 

• 

the harvested rainbow trout was examined internally for sex of • 
the fish. Out of 53 fish, 21 (38%) were males and 32 (62%) were 
females. 

North End, 1988 

At the north end of Ross Lake a sub-sample of the harvested 
bow trout was examined internally for detemination of sex. 
of 34 fish, 11 (32%) were males and 23 (68%) were females. 

1987-88 Sexual Maturity of Catch 

South End, 1987 

rain
Out 

Out of 57 rainbow trout examined for sexual maturity at the south 
end of Ross Lake on opening day 1987, only 5 percent were mature 
or spawned out, the remaining 95 percent were immature and would 

• 

• 

not spawn that year. Seven percent (7%) of the males were ma- e 
ture and 93 percent were immature, while 5 percent of the females 
were mature and 95 percent were immature. 

The single mature male was 232 mm in fork length while the imma
ture males averaged 273 mm (range 251-290). The mature females 
averaged 297 mm (range 295-298) and the immature females averaged e 
301 mm (range 242-344) as shown in Table 18. 
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North End, 1987 

Out of 56 rainbow trout 
opening day 1987, 21 
percent were immature. 
feaales were sexually 
females were immature. 

examined at the north end of Ross Lake on 
percent were mature or spawned out and 79 

Twenty-one percent of the males and 
mature and 79 percent of the males and 

The mature males averaged 341 mm (range 280-370) in fork length . 
The immature males averaged 315 mm (range 250-353). The mature 
females averaged 324 mm (range 260-365) and the immature females 
averaged 306 mm (range 230-350) as shown in Table 18 . 

TMlf 18. Sexual aaturity, age and lengths of rainlial troot froa 
Rnss Lake, north ;rid south ends, opening day, 1987. 

--------
Length (•) 

Locatioo Sex WI! lb. Avg Jw,,Je 
--------------------

Jtwth £lid 
Fe1111les 
llature 4 4 311 2W - 340 

s 3 342 321 - 365 
!mature 3 16 296 230 - 340 

4 9 320 200 - 350 
s 1 340 

Kales 
llature 3 I 200 

4 2 350 340 - 360 
s 1 355 
6 1 370 

Iaature 3 5 290 250 - IlO 
4 7 IlO .JOO - 350 
s 6 321 288 - 353 

Sooth End 
Fe1111les 
llature 3 2 '87 295 - 298 

Iaature 3 24 287 242 - l15 
4 13 319 ?68 - 355 
5 2 337 32'/ - 3« 

Kales 
llature 2 1 232 

Iaarure 2 14 273 246 - 290 
-~~--~-----------~-~-----------~-----------~~-~~---
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South End, 1988 

Out of 53 rainbow trout examined for sexual maturity on the open
ing day at the south end of Ross Lake, only 7 (13%) were mature 
or spawned out fish (4 females and 3 males) while the remaining 
males and females (87%) were immature and had not, nor would not, 
spawn in 1988 (Tables 19 and 21). The immature females were 
mostly age 2 and age 3 rainbow, averaging 268 and 279 mm, respec
tively. 

TABLE 19. RainlJoj troot, grooped by sex and llilblrity, average 
lengths and size ranges, cilll\tlt m q,ening dav, 1900, 
at the sooth end of Ross Lake. 

Sex/Sexual Haruritv Average Size (•) 

Hales 
Hawre 322 275 - 360 
Iaawe 284 245 - J40 

Fetales 
Hawre 316 m - J40 
laaWe 200 249 - JJ6 

North l!nd, 1988 

Out of 34 rainbow trout randomly sampled from the harvest on 
opening day at the north end of Ross Lake, only one female and 2 
males were mature or kelts (9%). The remaining 31 males and 
females were immature and had not, nor would not, spawn in 1988 
Tables 20 and 21). The majority of the immature females were age 
3 and averaged 296 mm. Most age classes were longer in fork 
length at the north end than at the south end in 1988. The age 
3 immature females were significantly larger; an average of 17 
mm. 
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TABLE 20. Rainboll trout, grouped by sex and aaturity, average 
lengths and size ranges, ~ing day, 1988, at the 
north end of Ross Lake. 

----------·--------------
Sex/Sexual Haturitv Average Length(•) lmfJe(•) 

Hales 
Hature 
[aature 

Fetales 
Hature 
Iaature 

284 
275 

370 
m 

278 - 290 
245 - 313 

255 - 3ll 

------- ----------------

!Ast.£ 21. ~ing day, J111e 18,1988, north and south ends 
Ross Lake, rainboll trout sexual aaturitr, age, and size. 

-----------------------------------------------
Length(•) 

Sal!Jling Site Sex Haturity ArR No. Avg lmge 

------- ------------

North End 
Fetales Hature 5 1 370 

Iaature 2 4 273 21,0 2':lO 
3 15 296 283 m 
4 2 324 l22 325 

Hales Hature 3 I 290 
4 I 278 

laature 2 2 254 245 262 
3 6 276 245 lXl 
4 I 313 

South End Fetales Kature 4 2 293 272 315 
5 2 340 

!Jlature 2 IO 268 249 285 
3 15 279 249 .l36 
4 3 328 322 333 

Hales Hature J I 275 
s 2 346 332 .\hi) 

Iaature 2 ; 264 245 280 I 

J 5 283 252 :m 
4 5 314 JOO 340 

---------------------------------------------------------------------
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1987-88 Angler Profiles 

South End, 1987 e 
The anglers fishing the south end of the lake on the opener in 
1987 primarily fished by trolling with flashers and bait (81%), 
followed by lure (15%) and bait (4%). 

North End, 1987 • 

The north end anglers on opening day 1987 primarily fished by 
trolling flashers with a lure attached (44%) or with worms at
tached (36%). The remaining anglers still-fished with bait 
( 30%) . 

South End, 1988 

The anglers fishing the south end of Hoss Lake on the opening day 
in 1988 mainly (86%) used flashers with worms to catch their 
fish. The remaining anglers used flashers with lures or lures 

• 

alone (11%) and 3 percent used flies. No one was checked who • 
used bait only (still-fishing). 

North llnd, 1988 

The most popular form of fishing at the north end of Ross Lake on 
the 1988 opening day was still-fishing with bait (51%). Next • 
most popular was trolling with flashers having worms attached 
(34%). Trolling with flashers having a lure attached was chosen 
by 15% of the anglers. 

• 

• 

• 

• 
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DISCUSSION 

References will be made in the discussion section to a series of 
reports published by Seattle City Light and authored as 
"Anonymous" between 1971 and 1974. These publications contain 
the results of 4 years of intensive field studies at Ross Lake 
designed to evaluate the 1971 through 1974 conditions of the fish 
populations and predict the impacts on those fish if Ross Lake 
were to be raised to an elevation of 1725 feet by heightening 
Ross Dam. That alteration of the dam height was averted by en
vironmental conerns, expressed by Canadian and U.S. agencies and 
concerned citizens. The reports produced during that study con
tain a wealth of biological and environmental information that 
are used in this 1989 report for comparison to 1985 - 1988 condi
tions. The early 1970's studies were designed, coordinated, con
ducted, reviewed, and results written by a group of British 
Columbia and Washington scientists known collectively as the In
ternational Skagit - Ross Fisheries Committee . 

Bnviron•ental Description of Hoss Lake and Tributaries 

Hoss Lake Bnviron•ent 

The surface area of the full reservoir is 11,680 acres (18.25 sq. 
mi.). The area of the reservoir at maximum drawdown (1475') is 
4400 acres (6.88 sq.mi.). Figure 21 shows the configuration of 
the lake at full pool and the dotted line represents its size at 
maximum draw-down. Mean depth of the full reservoir is 122.5 ft. 
and mean depth of minimum reservoir is 93.6 feet (Anonymous, 
1972b). 

Ross Da• Description 

Ross Dam was built in three stages. Construction began in 1937 
and the dam was completed to an elevation of 1365 feet in 1940. 
Between 1943 end 1947 Ross Dam was raised to an elevation of 1550 
feet. Completion of the dam to its present elevation of 1615 was 
accomplished in 1949 (Anonymous, 1972b) . 

Ross Dem is an arch type dam, constructed of concrete, and is 
540' high from be·drock to the surface of the roadway atop the 
dam. The maximum surface elevation of the lake is 1602.5 feet 
above mean sea level and the minimum is 1475 feet above msl due 
to the design of the power intake tunnels. Usable water storage 
for power generation, with 127.5 feet draw down, is 1,053,000 
acre feet. In order to provide water storage for flood control, 
provisions of the federal license limit the maximum allowable 
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reservoir elevation to 1590 feet during the period from October l 
through March 15. Total present capacity of reservoir with maxi-

• 

mum water elevation is 1,435,000 acre feet (Anonymous, 1971). • 

MILES 

0 

0 1 2 3 

KM 

FIQJ!lf 21. Ross lake and tributaries. The periaeter of the lake 
at full POOi is shOl«l and the 1475 foot aariu draN
OOlll cootoor is ci!J,icted as a itltted line. 
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Ross Lake Drawdown and Variable Surface Area 

Lake level fluctuations vary from year to year depending on 
weather, snow pack, and discharge at the dam. The greatest draw
down normally occurs in March and April. Generally, spring run
off begins in mid-April and continues through July. The rates of 
filling and draw-down of the reservoir depend on the relative 
amounts of runoff and water used to generate power. The draw-down 
schedules for years 1974 to 1986 are shown in Figure 22. In past 
years the water levels in Ross Lake have fluctuated 30 to 110 
feet during a year's cycle. The fluctuations during the critical 
water recreation period, aid-June to September 30, have ranged 
from 2 to 15 feet (Anonymous, 1973c) . 
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FIGJRE 22. Ross Lake annual draw-ibwn elevations froa 1974 to l'l86. 
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Table 22 displays lake draw-down elevation versus surface acres 
of water remaining in the reservoir (Anonymous, 1973a). Ross 

• 

Lake at minimum water level recedes approximately 13 km (8 miles) • 
south of the international boundary and extensive flats are ex-
posed from December through April each year. Since 1953 the ex-
posed areas have averaged 38 percent and bave ranged from 15 to 
54 percent of the normal surface area of the lake (Griffith and 
Greiner, 1983). The minimum level has not been reached since 
1952 when the spillway gates were installed (Anonymous, 1972b). • 

TABLE 22. Ross Lake surface elevations and conesJ.OOding surface areas. 

lake elewtion Shoreline length Area' lake volume 
(Fe.t) (miles} (o,:ra) (acre feet) 

1602.5 64.S 11,680 1,"35,000 

1600 64.3 11,600 1,390,000 

1S75 58.B 10,280 1,12S,OOO 

1550 53.3 9,040 890,000 

1525 50.3 7,600 680,000 

1500 43.7 5,IMO 520,000 

1'75 37.4 •• 400 ,12,000 

1450 29.1 3,400 285,000 

1425 26.9 2,820 210,000 

1400 24.J 2,300 140,000 

1375 21.2 1,850 90,000 

1350 19.4 1,400 60,000 

1325 16.7 900 25,000 

1300 13.4 420 10,000 ------,-· ·----·-----·-· .. " - -.- ·-· -

During the 1985 and 1986 studies the reservoir dropped to a mini
mum level of 1491.45 feet above mean sea level (msl) on April 6, 

• 

• 

• 

• 

1985 and a maximum of 1602.16 feet above msl on July 5, 1985. • 
The minimum level in 1986 of 1539.40 feet above msl occurred on 
February 23 and the maximum of 1602.46 feet above msl on July 21 
(Figure 23). On opening day of fishing, June 15, 1985, the 
reservoir level of 1589.43 feet above msl was almost ten feet 
lower than the 1986 opening day level of 1599.02 feet above msl 
on June 14. The 1985 level had a significant impact on the open- • 
ing day fishery in that there was very little water in the 
Canadian portion of the lake and it was difficult for most 
anglers to launch and retrieve their boats. The reservoir 
levels in 1986 remained above the 1600 foot level from June 19 
through September 10, while in 1985 these levels were maintained 
from June 29 through July 26; a much shorter period of time. The e 
lower levels make fishing more difficult at the north end of the 

64 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

reservoir because of the reduced area to fish in (particularly in 
Canada), the greeter number of stumps exposed, end the increased 
difficulty in boat launching. 
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FIGUIE 23. Ross lake surface level fluctuatioos idraw-dolr!), froa 198.5 - l9'il6. 

Ross Lake Turbidity 

Turbidity in Ross Lake is primarily caused by seasonal runoff of 
silt and glacial flour and has a direct influence on depth of 
light penetration and therefore water clarity. Depth of 
visibility (measured with an 8-inch Secchi disk) in June 1972 
was es low as 1.5 feet and 3-4 ft was not uncommon near Ruby and 
Big Beaver Creeks that month. Visibility was generally lowest in 
late May end late June in 1972. The lake waters gradually 
cleared in July and August, and at the south end light penetra
tion reached to a depth of over 45 feet by September. Clarity of 
water et the north end of the lake was slightly less than the 
south end on the same sampling dates (Anonymous, 1972b). These 
1972 findings were similar to observations made in 1985-1988. 
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Turb1d1ty can have a direct influence on angling success. When 
waters are very t~chid, fish seeking food and anglers seeking 
fish tend to concentrate their efforts near the surface; large 
numbers of fish concentrated nt a shallow depth frequently result 
in high angler catch rates. By mid-summer, when the lake is much 
clearer and the fish spread out in depth following their 
zooplankton food source, angling methods must involve deeper 
trolling to be successful. The spreading out of the fish at 
various depths reduces their concentration and/or availability, 
which can result in lower catch rates. 

Ross Lake Water Cheaistry 

The water chemistry data for Ross Lake is shown in Tables 23 and 
24 (Anonymous 1972b). The chemical values indicate the lake is 
certainly not nutrient "rich" relative to some other lakes in the 
state, particularly those in eastern Washington, but much the 
same in alkalinity, hardness, nitrate and phosphate as some of 
the more productive alpine lakes in Washington state and many 
western Washington lowland lakes. 

TA8l£ 2J. Ross laxe water chetistry frill north and sooth end 
sa"'Jing sites. at tNo depths, oo Hay 27, 1971. 

R.sults in milli:zOJM per liter (PPM) ..:ceet * and &Ol. - below detectoble level 

Sto. I l Sta. I 2 Sta. I 3 Sta. I 4 
Allcal inity 24.S 2S.S 28.4 25.S 
Calcium. (Col 10.4 11.4 II .6 10.4 
Free Carbon Oio,:ide (CO'f s.o 2.8 3.7 3.9 
Oalcttlda o.s 801. 0.5 Bill. 
Clwomium (C, "'°) Bill Bill Bill Bill. 
Copp« .02S .015 .02S .02 
Fluoride .,0.1 <0.1 <0.1 <0.1 
Ho,dnou (C.COiJ 32.4 37.0 36.0 32.0 
Iron (Fel o.os 0.03 o.os 0.03 
L•ad (1'1,) c:0,005 <. 0.005 .c:Q.005 ~o.oos 
Magninit.rm (Mg) 1.56 2.07 1.7 1.46 
Mangon~ (Mn\ .. 0.02S <0.025 c::0.025 <0.025 
Nitrogen (Ammotl/o) .Ol .015 .015 
Nitrogen (Nitrate) Q.25 0.1 <0.05 < .OS 
Dissolved Oxygen II .S 11.6 10.9 11.S 
l'l,o,pl,ote (PO 41 .04 .OlS .03 .03 
Potcrulum (K) 0.4 0.4 0.45 0.4S 
Residue (Total) 39 47 24 21 
Residua - Fiheroble 7 8 9 10 
Residue - Non-Filtttrable 32 39 15 11 
Silica (SiOi 7.0 7.2 7.8 7.0 
Sodium {No 1.4 1.0 1.5 1.6 
Sulrcte _(_SO~) . 4.7 4.3 ,., 3.4 

--·~-· 
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TABLE 24. Ross Lake water chetistry at mid-lake, south end, at oo depths 
oo three datP.s, 1974 (froa FRI IW!ished Report, 1975) . 

Station: Midl•k• De(!th 3. • •• l mile nor-th of d.l• l>ate: 67~ 779 §7'0 67~ '7'J 9no 

Alkalinity 40,0 20.0 32.0 110.0 30.0 2s.o 
CO2 {dissolv.d) 2.0 2.0 2.0 2.0 
Hardness (Ca) 30.0 25,0 20.0 30.0 :21.0 20.0 
Hardness (Hg) 10,0 """ 12.0 ,.o 1.0 9.0 
Hardness (Total) tlO.O 25,0 32,0 33.0 :2:2 .a 29,0 

re BDL a.as BDL BOL 0,09 0.02 

"" 0.20 0,119 0.10 0,2S 0.25 1.30 
.N(llH

3
) 0,30 0.110 0.30 0.30 a.so 0,40 

SJ.lie.a (Si02) 2.25 1,62 9.0 2,15 1.20 ••• 
Sulfate 2.0 ,.o 
Chloride 2.s 2.s 

Temp. oc cor> (61.0) (50,S) 

pff a.10 7.80 7,70 B,01 
Color (Alpha Pt-Cobalt Std) 20.0 10.0 s.o 20.0 10.0 20,0 

Turbidi<y (JllJ) s.o 10.0 2.0 3.0 13,0 BDL 
S.Cchl disc, • (ft) (6,0) m.o> 
Cotlductance (l,I rahos/ca) 

*&DL = below detec't4ble level • 

Ross Lake Pri•ary and Secondary Production 

Ross Lake is classified as oligotrophic, or low in productivity 
(FPC Project 553, 1974). This classification is based upon rela
tively low mineral nutrients for aquatic plant and animal 
growth. Other measurements reflecting low nutrient status are 
low electrical conductivity of the water, oxygen levels at or 
near saturation in deep water, high incident light penetration 
because of low organic growth in the water, and low chlorophyll 
"a" content (a measure of the abundance of phytoplankton) in the 
euphotic zone. However, The 1973 Seattle City Light report 
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(Anonymous, 1973a) shows mid-September 
chlorophyll "a'' nearly double those recorded 
implying variablility in annual productivity. 
of the chlorophyll "a" in 1973 compared to 
plains why zooplankton abundance was slightly 
1972 (Anonymous, 1974a). 

measurements of 
in 1972; certainly 

The near doubling 
1972 partially ex
higher in 1973 than 

In 1974, the Washington State Department of Ecology reviewed 
Seattle City Light's Ross Lake data and offered the following 
remarks (Anonymous, 1974c) concerning implications that the 
lake was nutrient deficient: "The assumption is made (References 
68 and 78) that the lake's primary production is nutrient 
limited. This contention is not supported by adequate data. 
Nutrient data is presented only for one date (May 27, 1971), two 
locations, and at 25 and 100 feet only (Reference 78). The phos
phate levels do not appear to be limiting, but nitrate values are 
boarderline. Data obtained from FRI give nutrient values for 
three additional dates in 1973 (Appendix D). Again, phosphate 
and nitrate levels do not appear to be limiting and are higher 
than the 1971 values. Burgner (FRI, personal communications) 
feels that some other unknown nutrient is the limiting factor." 

That the reservoir has probably declined in productivity in the 
years since it was first filled is not in dispute; that is the 
norm for virtually all reservoirs. Initial increases in nutrient 
supplies as a reservoir is first filled, and corresponding in
creases in fish populations are well documented. This situation 
normally only lasts a few years, followed by a sharp decrease 
then a leveling off of the productivity at a value considerably 
lower than originally existed. Anglers would notice this produc
tivity change through a decline in the average size of fish in 
the first years after the reservoir filled compared to the 
average size 10 to 20 years later. 

Ross Lake Public Access 

• 

ei 

• 

• 

• 

• 

• 

Ross Lake is approximately 132 miles from Vancouver and accessed e 
over a 40 mile dirt road, built in 1946, from Silver Hope, B.C., 
to the north end of Ross Lake. U.S. access is via a short trail 
down to the lake from the North Cascade Highway, or by Seattle 
City Light boat from Diablo Lake. 

Lodging and rental boats for visitors are available at Ross Lake e 
Resort on the south end of the lake. A U.S. National Park 
campground at the north end provides boat launch access. Hiking 
trails also follow the lake shoreline on the east side of the 
lake and portions of the west side, between the dam and Big 
Beaver Creek. 
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Until the 1960's Ross lake was clogged with floatage, and boating 
access to some parts of the lake was limited and hazardous. 
Today the lake is relatively free of navigation obstacles except 
when lake level falls below the 1555 foot elevation. At that 
time areas in the vicinity of the inlets of Big Beaver Creek, 
Devils Creek and entire north end above Lightning Creek become 
hazardous for boating due to the presence of large stands of sub
merged trees left unfallen in the rush to fill the reservoir . 

Ross Lake Tributary Descriptions 

Ross Lake tributaries are very important to the fishery resource 
of the reservoir. Additional physical and biological data are 
available in Eggers and Gores (1971) and other reports 
(Anonymous, 1971,1972b,1973a,1974a). 

The American tributaries have a combined drainage area of ap
proximately 620 square miles; an area almost twice as large as 
the Canadian Skagit River drainage basin of 389 square miles . 
Table 25 displays some of the other physical data on the more im
portant (from a fishery management viewpoint) U.S. tributaries 
and the Canadian Skagit River (from Eggers and Gores, 1971, and 
Anonymous, 1974a) . 
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TABLE 25. Ross Lake tributaries and their physical proµerties that influence fish prodJCtioo. • 
TIU&UTARV 

&19 L11tle Canadian 
Ruby Decwer Davl11 Lightning 8eave, Skagit • c, .. k Creek Creek Creek Creek Rlnr 

Droi noge /4.reo 186.32 62.86 29.&0 142.00 S3.•o 389.16 
(:.quan miles) 

Length (mile1) 3.36 18.45 9.85 11.01 (to U.S./ 14.35 20.2 
c ... oo1a 11o,d.,.l 

~ 

Gradient 1.56 0.61 (la-..., <1.71 (lower 2.89 (to U.S./ 2.21 (lower 0.38 • {perc.nl) 8.95 m11 .. 8.52 mlles) Canocla Bordef) 13.70 mflet.) 
to Mac:MU lo,1 
Creek) 

Dhcho,ge 
(eh) 

A~n11• n, (19,a.56, •1• (1940-•8, No lnror- 237 ~ 943-48) No rnror- s .. Section 2.3.3.4 
62-69 63-69 ... ~ ... matfon • Maxi ..... - •420 2500 

(27 Nov./49) (22 Oet./63 (30 May/45) 

Mini"""" <46 64{eoehdoy 4 9 (\,oth doys 
00 Fob./49) 7-12 Ma,eh/69) 7-B-ch/•"l 

Subl.trate BO, I SD, ST, FGR- Variable• 80, I., CGI, BR, 80 • SH Section • CGR lower 7 ml BR, BO, FGR lower 2 mt, 2.3.3.3 
60, R, CGI- DO, R, GR-
CGR-next lower 1 ml upper 12 ml 
6 ml 

Cha,oc:tor Roplds, Meandns- Variable - Rapids, de-., Foils, ropids .. Mony log jams, .,. .. law« 7 ml, falh, rapids, and 1hallow lower 2 ml, no woter folh 
rlfnes, a rapids and pool1 • lower ,,rn .. , pools rapids, rl.fna Qr other fish • few pools rifne1 - 1 mlle meonden • migration 

next 6, mf upper blocks 
tvfbld In 12ml 

'""""'' month, 

Aeceniblllty Acceutliile Acce11lble Not Acceulble Not Accallble 
of ttrftlffl oreas after mid- accenlble after early acce11ible 
obove $lrtaffl Moy ror Moy,... • mouth ,o nm about 7 inllin ~ 1/4mlle 
from Rm, Loka 

• 

• 
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TA81.E 25 (Continued). • TRIBUTARY 

G,anit• Canyon · Crater Panther McMIiian Three Foals Freu..out 
c, .. k Creek Creek .C-eek Creek Creek Creek 

Tributary Ruby Ruby Ruby Ruby Sig Beov• Llghlnlog Lightning 

'°' c, .. 1c c,"k CrHk Ct••k Creek Creek Crffk 

Loogth (ml.) 17.05 16.10 4.92 13.07 5.70 10.30 6.16 

• Gtadlent 3.29 3.IM 24,04 4.59 3."8 4.05 10.90 
(percent} (lower (lower (lower (lower (lower 

13.26 .. 1.) 12.34 ml.) 4.SI ,.J.) 3.17 ml.) 5.66 .. 1.) 

Chotactet roplda, rapl., ... ., dHp vartabla- ,1rn.,, 
awlrl rtfAa, falk rapids rapid,, rapid,, tolls 
now,,,.,., . pools, and and (oils, ,1rn.,, ,wm now 
bauld")' 80,lt,Gl ropldl pooh,, pools, through 
batt ... 8R,B0,R 80,R,CGR go, .. • Aocouibillty Accessible Accei,ibl• V")' llmltod Accenlble Not Not Not 

of stream fa, 6.06 r.. 9.18 accauiblllty r.. .41 occaulbla OCCH&lbla acceulble 
a,em abcwe mil• mu .. .. u .. 
1treom mouth 
for fhh from 
Rou 1.mctl 

Poff)I North Fork S1ota MUI Roland May Skymo 

• Creek Conycn c, .. k c, .. 1c Cruk Creek Creek Vffk 

Tributary little leaver Canyon Canyon Canyon RoM Ro,a Ro,, 
!01 C.Hk Cruk C,uk Cruk Lah Lake Lake 

Drafnag• 4.76 3.IM 5.16 
01110 {sq .. ml.) 

length (ml.) 5.45 5.59 8.95 6,91 2.65 3.IM 3.17 

• Gradient 8.90 ii·'° 8.02 8.99 39.13 25.08 17.59 
(percent) 

Charoclw ,aplda, falls raplda, rans rapid, and ... ., ., .. p sleep 
and p:iob, and pool1, fall,, faw falt. ond fall,and fall, and 
R.80,aR. 80,BR pooh, Jt,IO, tapldt ,apld, rapldl 
wlnttat•, substrate BR subslrale, 
limltad GR llmUed GR llltle GR ..... .. _ 

• Accnsiblllty Not Acceulbl• Acceulble AccullWe Accet1lbl• Not Not 
of dream occeud,I• fat 0.62 fo, 0."47 for 1.23 far .31 ml. acc,ulbl• accetslble 
oteGI obov• mlla miles mllH 
11ream moulh 
for fhh from 
Roa Lok;, -- Arctic Dry sn- tto ....... Pierce 

Cruk c, .. k C,Hk Creek Cruk Creek • 
Trlbu'°')' Ro,a Rou Ron Rou Rau Ro .. 
lot Lake Lake Lake Lake lake Lok, 

Dfolnoge 6,75 13.68 6,35 17.00 6.75 3.64 
area (54.1.ml.) 

Length (ml.) 4.00 5.50 3.79 6,20 4.35 3.26 

• Gtadient 10.62 B.26 20.56 7.62(1- 6.70 17.SI 
(percent) 5.01 .. 1.J 

Charactet tleep. .... p sleep rQplds ,t .. p 

fatl1 and fGII• ond fall1 and and Nllh foll, and 

rQpids ropid• rapids.pools ropld1 

AcceuibUlty Not Not Acceulble Accenlble Acceulble Very lfmlt.d 

ol str11C11m acc,ulble accesdble fo, ,20 ml. far .49 ml. for.~ ml. acceuibll1ty 

• areos =o'Ye In $,fork, 
1tream mouth .28 ml. In 
for n,h fl'Offl N. fMk 
Rou Lake 

71 

• 



Fish Origins 

Fish species found in the Skagit River-Ross Lake system include 
rainbow trout, dolly varden/bull trout, eastern brook, and cutth
roat trout. 

While it is claimed by Seattle City Light in SLC (1974) that 

• 

anadromous forms of rainbow trout (steelhead, summer-run or e 
winter-run) and dolly varden did not frequent the Skagit River 
upstream from Ross Dam prior to construction of Gorge Dam in the 
1920's, that conclusion is predicated on only one quick survey of 
the river, a great deal of supposition, and an obviously biased 
viewpoint on the part of the City. 

The referenced survey by Smith and Anderson (1921), was not an 
in-depth look at the upper Skagit River but rather a cursory in
ventory of fish stocks that might be present. They described the 
Skagit River as follows: "Through this region, the Skagit boils 
and foams for the greater part of the distance. While no single 

• 

fall or rapid observed would form an insurmountable barrier to e 
the upward migration of salmon, the continuous series of low 
falls and rapids seem to have proved effective in stopping the 
run of salmon through this part of the river." It would have 
been very easy, in all that boiling, frothing water to have 
missed summer-run steelhead migrating through the area on their 
way to the relatively calm river and spawning gravels lying e 
upstream from Ruby Creek. The habits of summer-run steelhead are 
such that they seek out mainstem areas above waterfalls and other 
obstructions to find isolation away from winter-run steelhead and 
salmon. They fill an ecological nich not used by the other fish. 
Dolly varden display much the same behavior over their natural 
range. It is interesting that in Smith and Anderson's 1921 e 
report they noted the Skagit River, between Ruby Creek and the 
Canadian Boarder, to be "well stocked" with rainbow trout and 
dolly varden. No reference was made to the size of these fish 
and indeed it would have been impossible to determine whether 
they were, or were not, anadromous based only on size since 
summer-run steelhead often weigh less than 5 pounds. They did e 
note however, referencing Ruby Creek, "At the mouth of the 
creek, where it empties into the Skagit River, much larger fish 
(rainbow) were found." It has been documented that summer-run 
steelhead progeny are more likely to residualize (not go to the 
sea) than winter-run progeny, and, while the percentage that do 
so is small, over many generations these residualized fish can e 
establish or become part of a resident rainbow stock that co-
habits the river with the adults and progeny of the anadromous 
segment of the population. It therefore should be assumed, until 
proven otherwise, that adult summer-run steelhead did inhabit the 
Skagit River upstream from Newhalem prior to construction of the 
three Seattle City Light Dams (Gorge, Diablo, and Ross). Follow- • 
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ing dam construction the anadromous fish would have been trapped 
upstream from the dams; destined to become the Ross Lake rainbows 
and dolly varden we know today. 

Researchers in the 1970's believed the resident rainbow trout of 
Ross Lake had evolved into two separate sub-populations within 
the watershed: the stream resident rainbow thought to be 
segregated into genetically distinct breeding groups that remain 
resident in the streams year around; and the lake resident 
population believed to be composed of distinct breeding groups 
which home to specific tributary streams or stream mouth areas 
for spawning (Woodin, 1974). There is some evidence to support 
the contention that the rainbow trout populations of the U.S . 
tributaries contain a resident component that do not migrate to 
the lake during their life cycle. In 1973, FRI conducted a sur
vey of the genetics of the trout populations in the tributary 
stream areas isolated by upstream migration barriers. Samples of 
muscle and liver tissue were taken from a number of fish in each 
area, and the presence or absence of polymorphism in certain en
zyme systems was determined through a standard starch gel 
electrophoresis technique. Analysis of the frequency of occur
rence of polymorphism in the populations sampled showed distinct 
genetic characteristics among them. This indicated there are 
resident and migratory components in the Ross Lake rainbow trout 
stocks . 

Not all fish in the Ross Lake drainage are native to that system. 
There have been a number of fish plants in the Ross Lake drainage 
in the past (Table 26), but they appeared to have had little im
pact on the fishery or the wild stocks of Ross Lake. Some of 
these plants did "take" and are undoubtedly the parent stock of 
the cutthroat in the Big Beaver Creek beaver ponds, the rainbow 
trout in the Slate Creek drainage, the twin lakes cutthroat of 
the Jerry Lakes group and Skymo Lake, and the eastern brook of 
the Hozomeen and Pierce Creek systems. The cutthroat and eastern 
brook now caught in Ross Lake and the Canadian Skagit River can 
be assumed to originate from these early planting efforts. 

The present fishery in Ross Lake is totally dependent on natural 
reproduction. There are no plans to supplementally plant rainbow 
or any other species directly into the lake. To do so would, in 
all probability, destroy the current stocks in quality or quan
tity through competition for the limited food resources or 
limited spawning habitat, or, through hybridization, alter the 
life history of the stock or physiology to make it less fit to 
adapt and survive in the system . 
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Table 26. Historical fish plants in the Ross Lake drainage. 

--------------------------------------------------
YEAR WATER SPECIES IOBER 

----------------------------------··--------------

1916 Big Beaver Creek cutthroat 47,000 
1919 Big Beaver Creek RainboN 1,000 
!'12!l lim.een Lake Steelhead 40,000 
1933 SoorlD.l<Jl lake Easter Broolc ll"lknollt 
19.5' Slate Creek ** RainboN 10,000 
1936 Ruby Creek RainboN 2,000 

Slate Creek Raim 2,000 
Slate Creek, S. Fork Raim 2,000 

1938 Slate Creek, S. Fork RainboN S,000 
Slate Creek, N. Fork RainboN 5,000 

1947 No Naae Lake RainboN ll"lknOlfl 
1952 Ross Lake Twin Lks Mthroat 25,104 
1953 Ross Lake Twin Lks cutthroat 25,761 
I 954 Ross Lake Twin Lks cutthroat 50,861 
1%0 WilJON Lake m Tokul Cr cutthroat 7,200 
1961 WilJON Lake cutthroat S,000 

Silver Lake (Glacier Lk.)- Golden Trout 5,000 
1967 Wi!ION Lake cutthroat 2,250 

Jerry Lakes luwer)"*** cutthroat 3,450 
Jerry Lakes I lONer) cutthroat 3,450 
Skya:i Lake Twin Lks cutthroat ll"lknollt 
Firn Lake RainboN ll"lknollt 
lliddle Lakes Raim ll"lknoln 
East Lakes RainboN lklknollt 

1975 Ridley Lake m. lllitney RainboN 1,200 
1978 No Halt! Lake Cape Cod RainboN SIS 

Wil!ON Lake Ht. illi tney :lainbON l,S!9 
1982 Ridley Lake Ht. lfli tney RainboN 999 
1985 WilJON Lake Twin Lks cutthroat 2,IDI 
19138 Wi lJON Lake Twin Lks cutthroat 1,300 

Ridley Lake m. lfli tner Rainbow 1,200 

i Hozoaeen Creek Or ainage 
*'* Ruby Creek Drainage 
*** Li<J}tning Creek Drainage 
- Silver Creek Drainage 
ttm Devils Creek Drainage 

-----
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The Fishery -- Current and Historic 

The fish and fishery of Ross Lake and the Canadian Skagit River 
are unique for many reasons; not the least of which is that the 
fishery is totally dependent upon wild, naturally produced trout 
and char. No hatchery fish are planted directly into the lake or 
river. The anglers' catch must be constrained to and be depend
ent upon fish that are surplus to the number needed to maintain 
the population. The structure and size of the current population 
is not necessarily best for the future of the fish or the 
fishery. However, before some optimum population and angler 
harvest level can be determined, it is essential to understand 
the life history and population dynamics of the fish residing in 
the Ross Lake drainage today. Then it will be necessary to deter
mine what environmental limits are restraining the population and 
what angler harvest impacts are occurring. Many of the answers 
are to be found from examination of the current fishery and data 
gathered from its catch, but caution must be taken when drawing 
conclusions from such data that we do not forget that the fishery 
itself can be selective in the fish it harvests. For example, 
often the harvest contains mainly larger, older fish, not because 
that's all that is in the lake, but rather because fishing 
regulations set some minimum size or season when larger fish are 
more available to the angler. In addition to the bias that 
regulations can create, the anglers themselves can inject bias by 
•sorting•, or keeping only the larger fish. But even with these 
constraints that the biologist must "sort• out, the anglers' har
vest (current and historic) is still the best source of biologi
cal data that we have available to determine fluctuations in the 
Lake fish population and its potential . 

Seasons and Limits 

Fishing seasons, daily catch limits, possession limits, minimun 
and/or maximum size limits are all just tools that can be used in 
a variety of combinations to achieve certain fishery management 
goals. The highest priority goal must always be to protect the 
fish stocks from over-exploitation by anglers that could alter a 
fish population's natural structure or even threaten its sur
vival. Natural structure -- features that could be altered by 
angling pressure, include: existance of many age classes of fish 
(e.g. age l through age 6) and the relative proportions of the 
age classes to one another (e.g. number of age l fish versus age 
2 fish, etc.), the male to female sex ratio, the number of 
spawners, the natural spawning time, the existence of discrete 
sub-populations within a large population, the average size of 
the fish in each age class, and so on. Fishery management har
vest strategies and regulations must work on the principle that 
the first priority is to protect the basic biological structure 
of a population that is needed for its stability. Harvest must 
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only come from the excess 
produces. Excess should 
spawned one time and have 

fish that each population annually 
only be defined as those fish that have 
high natural mortality rates. 

Seasons and limits are tools of fishery management that change 
as we acquire more knowledge about a particular fish population's 
needs. Table 27 is a long listing of the management regulations 
that have been applied to Hoss Lake and its American tributaries 

•I 

• 

between 1933 and 1988. The trend and emphasis has been to e 
restrict harvest of spawners. 

Ross Lake/U.S. Streaas Fishing Regulations 

TABLE 27. ReqJ!at1ons pertaining to Ros, Lake and its 
U.S. tributaries, 1933 to l:J&l. 

------------------------------------· -----· --------------·----------------

Year 

FISH!t«i REGllAHONS 

Closed waters Open Seasor, Li1its 
----------------------·---------------------------------------------------------------

1933 

1934 

193~ 

1936 

None 

None 

None 

None 

1937 Sbg1t River and all tributaries, 
including Ruby Creek, froa IIOUth 
of Ruby Creek to the Canadian 
8order. 

1~38 Skagit River and all tributaries. 
including Ruby Creek. froa 100th 
of Ruby Creek to canadian Border: 
Beaver L.ike, at head of Beaver 
Creel<: Devils Lake, Hozoaeen lake: 
No Nale Lake at head of No Nate 
Creek. 

Apr. 15 to •!rt.31 Not to exceed 10 
poonds and 1 Fish: 
provided the nu.-
bers so taken do 
not exceed 20 in 
num 

Apr. 10 to Nov. JO Sate as 1933 

Apr. 10 to Oct.31 Sate as 1933 

Apr. s to IXUl Saae as 1933 

~- 25 to Oct. 31 5aa! as 1933 

,lpr. 24 to Oct. 31 Saae as 1933 
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l'/39 SkaQit River and all tributaries, A!>r. 23 to oct 31 Sale as 1933 

fra1 the 10Uth ot Beaver Creek 

• to Canadian border, including 
Seaver Creek; Reaver Lake, at 
head of Beaver Creek: Ruby Creek 
and all its tributaries, fra1 the 
IOUth of Panther Creek to its 
source; Devils Lake; Hozoeeen 

• Lake; No Nale Lake at head of 
No Nale Creek. 

1940 Sale as 1939 Apr. 21 to Oct. 31 Sa1e as 1933 

1941 Devils Lake; ftlzOileell Lake: lb A!>r. 6 to oct 31 Sale as 1933 

• Nale tai<e at head of lb Nale 
Creek 

1942 Sale as 1941 /1ay 24 to tt>v .I Sale as 1933 

1943 Sale as 1941 /1ay 23 to Oct. 31 Sale as 1933 

• 1944 Sale as 1941 /1ay 28 to Ott. 31 Sale as 1933 

1945 Sale as 1941 11aY 27 to Oct. 31 Sale as 19:lJ 

1946 Nooe ttay 26 to Oct. 31 Saae as 1913 • 1947 Sliagit River and all tributaries, ttay 2S to Oct. 31 Sale as 1933 
including Ross Lake, frOI Ross 
Dal to canadian Border. 

1948 Skagit River and all tribut.Jries, lfay 23 to Oct. 31 Sale as 1933 

• including Ross Lake, fra1 Ross 
Dal to the Ganadian Border except 
Ruby Creek and its tributaries fra1 
IOUth of Crater Creek to its source. 

1949 Sale as 194:l /1ay 22 to Oct. 31 Sale as 1933 

• 1950 Big Seaver Creek and its tributaries; lfay 21 to Oct.31 Sa1e as 1933 
Ruby Creek and its tr ibutanes frot 
its IOUth to Crater Creek. 

1951 Big Beaver Creek and its tributaries July l to Oct. 31 Sale as 1933 

• above pested marker on Ross Lake; 
Ruby Creek and its tributaries frOI 
pested aarker on Ross Lake: 
Ruby Creek and its tributaries froa 
pested aarker on Ross Lake to Crater 
Creek; Skagit River fra11 a line .lOJ 

• yards out in Ross Lake to the canadian 
Border. 
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1952 Big Beaver Creek and its triootaries June 29 to Oct. 31 
above pasted aarker on Ross Lake; 
Devils Creek fr1111 posted aarker on 
Ross Lake for one 1ile upstrea1; 
Li'1Jtning Creek frOI posted aarker 
on Ross Lake for one 1ile upstreaa; 
Ruby Creek and its triootaries frOI 
posted 1arker on Ross Lake to Crater 
Creek; Skagit River fr01 a line 300 
yards oot in Ross Lake to the Canadian 
Bor~. 

15 fish, the wei'1Jt 
of Illich shall not 
exceed 7 l/2 P<XiD<Js 
and l fish 

1953 Big Beaver Creek and its tributaries June 28 to Oct. 31 Sale as 1952 
above posted aarker on Ross Lake; 
Devils Creek frOI posted aarker on 
Ross Lake for one 1ile upstreaa; 
Li'1!tning Creek frOI posted aarker 
on Ross Lake for one 1ile upstreaa; 
Ross Lake, that portion lying between 
the Ganadian Bor~ and the follON-
ing established line: frOI a point on 
the north Sia! of the aooth of Little 
Beaver Creek directly ~t to a 
aarker on the east shore of Ross 
Lake: Ruby Creek and its tributaries 
frOI posted aarker on Ross Lake to 
Crater Creek; Skagit River fr111 Ross 
Lake to the Canadian Bora!r. 

1954 Sale as 1953 June 'll to Oct. 31 Saae as 1952 

1955 Big Beaver Creek and its tributaries July l to Oct. 31 Sale as 1952 
above posted closed water aarkers 
on Ross Lake; Devils Creek frOI 
posted closed water aarker in Ross 
Lake for one 1ile U!)Streaa; 
Li'1Jtning Creek fr111 posted 
closed water aarker in Ross Lake 
for one Ii le upstreaa; !ruby Creek 
and its tributaries fr111 posted 
closed water 1arker on Ross Lake 
to Crater Creek. 

1956 Sale as 1955 July I to Oct. 31 Sale as 1952 

1957 Sale as 1955 July 1 to Oct. 31 Sale as 1952 

1958 Sale as 1955 July l to Oct. 31 Sale as 1952 

1959 saae as l 955 July l to Oct. 31 Sale as 1952 
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1960 Saae as 1955 July .l to oct. 31 Sale as 1952 

• 1961 Sale as 1955 July l to oct. 31 Not to excefd 6 
poonds and I fish: 
provided the nur 
bers t.lken oo not 
e1cefd 12 fish, i,-inch 
1iniu size 

• 1962 Sale as 1955 July 1 to Oct. 31 Sale as 1961 

1963 Sale as 19~ Julr 3 to oct. 31 Sale as 1%1 

1964 Big Beaver illld its entire drainage Julr 1 to oct. 31 Sale as 1961 

• above closed water aarkers 11, Ross 
Lake; Devils Creek frill closed 
water aarkers in Ross Lake for ooe 
1ile IM)Streaa; Lightning Creek frill 
closed water aarkers in Ross Lake 
for ooe 1ile upstreaa; Ruby Creek 

• and its tributaries frill closed water 
aarliers in Ross Lake to Crater 
Creek. 

1965 Sale as 1964 Jooe 27 to oc t. 31 Sale as 1961 

• 1%6 Sale as 1%4 Jooe 2~ to oct. Jl Saae as 1%1 

1'167 Sale as 1%4 June r.i to oct. 31 Sale as 1961 

1968 Sale as 1%4 June 23 to oct. Jl Sale as 1'161 

• 1969 Sale as 1964 June n to oct. 31 Sale as 1961 

1970 Sale as 1964 JIIII! 21 to Oct. ll Sale as 1961 

1971 Saae as 1970 June 19 to Oct. 31 Sale as 1961 

• 19/'2 Sale as 1970 June 17 to Id •. ll Sale as 1961 

1973 Biq Beal/el" and its entire drainage June 16 to Oct. 31 Sale as 1961 
above closed water aarkers on Ross 
Lake; Devils Creek frill closed 

I water aarkers in Ross Lake for one 

le 1ile upstreaa; Lightning Creek frot 
closed water aarkers in Ross Lake 
for one 1ile upstreaa; Ruby Creek 
upstreaa frill closed water aarkers 
in Ross Lake. Pierce Creek closed. 
Gtanite Creek fir fishing only . 

• 1974 Sale as 1973 JIIII! 15 to oct. 31 Sale as 1961 
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1975 Sa1e as 1973 

1976 Sall!! dS 1973 

1971 Sa1e as 1973 

1978 5.lill! as 1973 

1979 Saae as 1973 

1900 Saae as 1973 

1981 Sale as 1973 

1982 Sue as 1973 

1983 Sale dS 1'!73 

June 21 to (J( t. 31 

June I '.l to lt t. Jl 

June 18 to (J(t. 31 

June 17 to ltt. 31 

June 16 to ((I. JI 

June 21 to 1):t. 31 

June 20 to Oct. 31 

June 19 to Oct. 31 

June 19 ro Oct. 31 

Same as 1%1 

Sa1e as 1%1 

Sa11e as 1961 

Soae ,l$ 1961 

Sa1e as 1961 

6 POOnds and l 
fish not ro exceed 
s trout, 6·ind1 1iniu 
size 

Sale as 1900 

Sale as 1900 

8--not aore than 
3 over 14" 

19114 Closed waters: Big Beaver Creel( aod June 16 ro Oct. 31 Saae as 1983 
Ruby creeks: entire streillS. DevJ!s 
and Li!Jltninq Creel(s: ooe tile 
uPStreu of closed water ldfkers. 
Granite creel! flv fishing· oolv. 

1985 Sale as 1984 June 15 to Oct. 31 Sale as 1983 

1986 Closed waters. Bi~ Beaver Creek: June 14 to (tt. 31 ~ ainiu size 
entire streat. Ruby creek: entire 
except Granite Creek. Devils and 
Ligitninq Creeks: one 1ile 1J1JStrea1 
of closed water aarkers. Pierce Creek: 
entire streu. Granite Creek no 
looger fly f ishinq only. 

8 fish daily and 
passession Hait, 
no aore than 3 over 
14 inches. 

June 20 to Oct. 31 Sale as 1\.116 

1983 Closed waters: The following June 18 to Oct. 31 Sa1e as 1986 
tributaries to Ross Lake are Closed 
frOI the closed water aarkers near 
their 101Jths uPStreu the distance 
indicated. Big Beaver Creek, entire 
streu: RubV Creek, entire streat; 
Pierce Creek, entire streat. All other 
tributaries--one mile. 

--------------------------·---------------·-------------------------------
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Canadian Skagit River Fishing Regulations 

The largest tributary to Ross Lake, the Canadian Skagit River, is 
under the fishery management control of British Columbia Ministry 
of Environment's, Fisheries Branch. Even though the fish of Ross 
Lake and the Canadian Skagit River are for all intents and pur
poses the same fish, the regulations for the U.S. and Canadian 
waters have often been quite different. The differences do not 
reflect more or less concern for the welfare of the fish, but 
rather management goals. The goal of British Columbia's manage
ment for the river has been to increase the numbers and size of 
fish in the river to improve the quality of the angling ex
perience. To accomplish this goal the Canadian Skagit River 1986 
regulation were: 

Minimum size limit .......... 300 mm (12 inches) fork length 
Daily catch quota ............ 2 fish 
Possession limit ............ 2 days daily catch quota 
Gear restriction ............. use only single barbless hooks 

no bait permitted 

Canada's regulations that apply to their portion of Rosa Lake 
were different than either their stream regulations or the 
Washington Department of Wildlife's regulations on the 
U.S.portion of Ross Lake. The British Columbia regulations for 
the lake have, like Washington's, been designed more to maximize 
harvest of all age classes of rainbow. In addition, these 
regulations were written more to conform to general region-wide 
regulations rather than be tailored specifically for the biologi
cal needs (other than spawning) of Ross Lakes fish populations. 
In some years the opening day on the Canadian portion of Ross 
Lake has been later than the opening day on the U.S. portion. 
This deviation from Washington's opening day has reflected a 
desire to protect more of the spawning population and to delay 
opening fishing until the lake level was high enough to permit 
boat launching from from Canadian access points . 

Canada's 1988 lake regulations were: 

Minimum size limit ........... 200 mm (8 inches) fork length. 
B.C. regulations are in fork 
length, not total length as in 
Washington. 

Maximum size limit ........... no more than 2 over 500 mm 
(20 inches) fork length 

Daily catch quota ............ 4 fish 
Possession limit ............. 8 fish 
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Catch Per Unit of Effort (CPUE) 

Catch per unit of effort (CPUE) is frequently used as an in
dicator of the abundance of fish. If the total effort remains 
relatively constant then change in the catch per effort will 
reflect the abundance (or availability) of the fish being sought. 
In this report CPUE is defined as the catch per angler hour. 

Two studies were conducted in 1985 -- one by the British Columbia 
Ministry of Environment and the other by the Washington State 
Department of Wildlife -- and one study in 1986 by the WDW. The 
1985 and 1986 CPUE statistics are given in Table 28. The 1985 
and 1986 studies show similar patterns with the June opening day 
CPUE's at 0.83 and 0.80 fish per hour, respectively. Both years 
show a similar pattern with the highest CPUE on the opening day 
followed by a rapid decline in success which then begins to rise 
in September and October. The overall CPUE for 1985 and 1986 
were 0.33 and 0.41 fish per angler hour, respectively. The 1985 
value is lower, due in part to the much smaller sample size on 
opening day. There were no angler checks made at the south end 
of the lake from June 15 to July 21. 

For comparison with the 1980's CPUE, the overall CPUE values from 
the 1971, 1972 and 1973 seasons were 0.48, 0.52 and 0.49 fish per 
hour, respectively. These figures were for the whole season. No 
breakdown was given on a monthly basis for 1973, but monthly CPUE 
data was available for the 1971 and 1972 seasons, which allows 
comparative alignment with the 1985 and 1986 data. Table 29 and 
Figure 24 display the CPUE by month for the four years. Note 
that the overall CPUE by month for the 1971 - 1972 period was 
significantly higher than the catch per hour values for the same 
months in 1985 and 1986. There can be little question that an
gling success has dropped sharply; from an average of 0.50 to 
0.37; a 26 percent decline in CPUE, While data indicating a 
declining CPUE does imply a decline in total population of fish, 
it could also simply be a reflection of the fact that more 
fishermen are catching the same total numbers of fish from a 
population which has not changed in size over the years. 

Looking at numbers of visitors using Ros~ Lake (Table 30), espe
cially vehicle counts, which best reflect fishing pressure at the 
north end of the lake, little change can be noted between the 
early 1970's and the mid-1980's. Most observers and anglers with 
a 15-year history of visiting the lake, who were interviewed in 
1985 and 1986 agreed that little change in numbers of anglers had 
occurred. 

Comparison of 1980's angler distribution on the lake with data 
gathered in the 1970's indicated that anglers also had not sig
nificantly changed their preference for fishing location on the 
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lake. In the 1970's, 60 percent of the angling effort occurred e 
north of Lightning Creek, while in the 1980's, 63 percent of the 
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angling effort occurred in that same area. The average of 1985 
and 1986 total angling effort was distributed between the zones 
of the lake as follows: Canadian Zone (15.5%), Hozomeen Area 
(31%), Little Beaver Creek Area (11.5%), Lightning Creek Area 
(5%), Devils Creek Area (8%), Roland Point Area (15.5%) and Ruby 
Creek Area (13.5%). The 1971 to 1973 average distribution of 
anglers on Ross Lake was: Canadian Area (8.1%), Hozomeen Area 
(34.2%), Little Beaver Creek Area (12.2%), Lightning Creek Area 
(5.5%), Devils Creek Area (4.8%), Roland Point Area (16.7%), and 
Ruby Creek Area (18.5%). There had been very little change in 
angling effort location in the intervening 12 to 15 years between 
the two studies. 

Focusing only on opening day CPUB would lead one to conclude an
gling success was even better in the 1980's, but the rapid drop 
in CPUB in July and August in those years suggests the fish 
population could not sustain the fishing pressure, unlike the 
1970's. 

The decline in CPUB then most likely reflects a reduction in the 
number of fish in the lake. 

TABLE 28 . 1985 and 1986 data Sllllaries by aonth for IIUlber of anglers, 
OOlber of rainboN troot ke?t, catch per unit of effort, 
average length and size range !•l. 

---------------------------------
tUl!ER (f tUl!ER (f 

YEAR ~TH AIG.ERS 118 KEPT Cl'lE AVG.LEH RM« 

--------------------------------------------------------------------

1985 ~ J05 168 0.39 285 2'24-38.J 
Jtl 4'll 143 0.18 282 190-451 
Al.Ii 538 392 0.25 273 158-J&I 
SEP 416 65J 0.37 269 162-410 
OCT 156 403 0.45 284 188-424 

1986 ~ 477 1155 0.45 302 19'/-400 
Jtl 339 381 0.29 'li7 186-373 
AIJi 430 344 0.23 287 169-390 
SEP 432 588 0.37 282 l&'l-40'J 
OCT 1411 347 0.49 28.l JOO-395 
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TA8lE 29. Overall CPtE for each ICllth ~ ~ing day, 1971, 
19n, 1985, and 1986 fishing seasoos. 

--------------------
¥ear i»ener June Julr Ail!JISI Sept Oct 

-------
1971 0.56 0.53 0.49 0.43 0.49 0.62 
I'm 0.52 0.49 0.76 0.63 0.66 0.68 

1985 0.83 0.39 0.17 0.27 0.38 0.47 
1986 0.91 0.45 0.29 0.23 0.37 0.49 

0.8 

0.7 0 
0.6 

0.5 

0.4 

\ 

~ 
0.3 

June 

a 1971 

July Auql.St 

Month 
+ 1972 o 1985 

FIWl!f 24. Overall CPtE for rainbow troot, by mooth, tor 1971, I'm, 
1985 and 1986 fishing seasons at Ross lake. 
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TABLE 30. Hatiooal Park Service historical use data for the 
Ho!Oleell ano boat-in cawounds at Ross Lake. 

---~------------~--------------
BOAT-IN 

--------,nzom CNfGROHIS 
--------

YEAR 'IEIIICLES RY'S TEHTS VISITORS VISITOR NlliiTS 
1970 
1971 "l 6,1116 'l5,JT1 
1972 6,1,f,2 18,498 
1973 2,814 911 
1974 "2 I I 

1975 6.1~ 1,419 23,882 7.~ 
1976 5,296 1,374 22,055 6,152 
1977 ·1 I I 11,232 1,517 
1978 t I 22,907 M04 
1979 6,075 1,212 23,332 8,307 
l~ 5,765 1,175 20,tOO 7,116 
1981 5,142 1,4-45 24,363 11,711 
1982 s.~ 1,481 23,171 8,733 
198.1 6,215 1,553 31,586 9,283 
1984 "4 
1985 5,033 5,641 1,531 
1986 6.~ 3,285 1,507 

-------------------------
·'1 1971 anJ 1972 data tere obtained frlll lnteri1 Report 12, 

Vol. 1, 1973 All other data frlll the Natiooal Park Service 
2 t Data 1issing 
'j Ross Lake reaained significantly below full pool in 1977 
-4 Blank areas <iie to data not obtained 

Catch per angler hour values in the 1970's were also uniformly 
high in most areas in the lake (Table 31). That was not the case 
in 1986. The CPUE values in Table 31 for the different sample 
sites reflect that in 1986, angler success was somewhat close 
to the 1970's CPUE values for the mid-lake zones (5-3), but much 
lower at the north (7-6) and south end zones (2-1). In 1986 CPUE 
values for the north and south ends were high in the first 2 
weeks of the season and then again in September, but the extreme 
drop in CPUE in mid-summer st both ends of the lake indicated ex
cessive fishing mortality . 

85 



TABLE Jl. !'<lason catch per hour ICPI.EJ for fishing zooes l througi 7 
on Ross Lake, 1971, 1972, 1973, 1974, and 1986. 

----------------------------------------------
Lake Zooe 1971 1972 1973 1974 1986 
--------------------------------

l (lblb1 Cr) 0.50 0.57 0.54 0.53 0.2'} 
2 !Roland Pt) 0.47 0.70 0.45 0.50 0.42 
J (Devils Cr) 0.49 0.72 0.45 0.49 0.48 
4 (Ugitning er J 0.44 0.4J 0.36 0.43 0.45 
5 (L. Beaver Cr I 0.43 0.52 0.4J 0.39 0.46 
6 (ltlzmeen) 0.53 0.46 0.36 0.39 0.35 
7 (canadal 0.46 0.53 0.35 0.44 0.28 

------------------------------

In 1984, on June 22-23, one week after opening day, 71 anglers 
were checked in all zones of Ross Lake. They had harvested 97 
rainbow trout and had fished a total of 284 hours; for a CPUE of 
0.34 fish per hour. This is further indication that monthly CPUE 
in the mid-1980's did not remain as high after opening day as it 
did in the early 1970's. 

One of the first questions that must be answered before we can 
point to the cause of the decline of the fishing success is when 
did the CPUE decline occur. Was it between the 1970's and mid-
1980's or was that decline just a step in a much more protracted 
decline. 

Creel checks for the years 1941 through 1982 are shown in Table 
32. The checks show a decline in catches from an average of 
13.7 fish per angler day in the 1940's to 5.7 fish in the 1950's, 
3.6 fish in the 1960's, 2.1 fish in the 1970's and to 1.8 fish 
per angler day in the early 1980.'s. 

The catch per angler day for only rainbow trout in 1986 showed 
differences in catch/angler by location in the lake and by month 
(Table 15 in 1986 Results Section). The rainbow catch per angler 
by month for all zones of the lake combined were: June (3.0 
fish/angler day), July (1.1), August (0.8), September (1.2) and 
October (2.4 fish/angler day). The 1986 season average 
catch/angler day for rainbow trout only was 1.7, which only 
slightly lower than the early 1980's value, which was lower than 
the 1970's catch per day. The 1970's and early 1980's values 
were primarily based upon rainbow trout; after the mid-1960's, 
dolly varden showed a significant decline in contribution to 
catch. 
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In 1986 the catch per angler day for rainbow trout also showed 
differences between zones of the lake for the season. The catch 
per day was greatest in the mid-lake zones and least at the north 
and south ends: Canadian Zone 7 (0.8 fish/day), Hozomee Zone 6 
(1.7), Little Beaver Zone 5 (2.0), Lightning Creek Zone 4 (2.0), 
Devils Creek Zone 3 (2.2), Roland Point Zone 2 (1.8), and Ruby 
Creek Zone 1 (1.2 fish/angler day) . 
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TA8Lf 32. Ross Lake angler creel checks, seasooal (includes wening day) and opening 

day-oolv if indicated, 1941 through 1982, froa ~ files. • ----------------------------------------·---------------------------------
(reler 

or Eastern ~Jly catch/ catch/ 
Year Season 4nglers Rainbow CUttliroat Brook Varden Total Day Hour 

---------- ---------------------
1941 14 212 212 15.l • 
1946 12 144 3 147 12.2 
1950 364 221J 769 6 159 3147 &.6 
1951 160 IJ71 2 36 1409 8.8 
1952 24.l 1146 46 ill 1260 S.2 
1953 165 73S 58 2 12 007 4.9 
1954 277 1413 55 6 27 1501 5.4 • 
1955 261 964 /,0 26 49 1099 4.2 
1956 218 642 88 42 65 337 3.8 
1957 64 222 8 39 24 2'/3 4.6 

1958 70 323 4 19 346 4.9 
1959 290 !93l 26 1959 6.8 
19/,0 585 2452 4 40 84 2500 4.4 • 
1%1 675 2248 2 17 212 2479 3.7 

1962 907 m4 4 81 107 4526 5.0 
1963 484 2498 l 2499 5.2 
[964 42 87 3 3 93 2.2 
1965 162 515 515 3.2 
1966 458 1928 o3 6 1997 4.4 • 1967 336 940 7 4 952 2.8 
1968 (!Jener 163 il6S 3 863 5.33 
1968 520 1392 4 13% 2.7 
1969 366 751 6 8 765 2.1 
1970 717 2593 s 17 2615 3.6 
1971 646 1304 11 1315 2.0 • 1972 756 1345 1345 1.8 
[973 494 1441 s 48 1494 3.0 
1974 (!Jener 171 601 /,OJ 3.4 0.67 
1974 729 1209 3 34 1246 1.7 
1975 (»ener 106 456 456 4.2 0.93 
[975 219 418 418 1.9 • 
1976 (reler 195 005 005 4.1 0.87 
[976 198 284 235 1.4 
1977 (!Jener 94 333 333 3.5 0.78 
[977 190 270 2 2n 1.4 
1978 (!Jener 20 55 55 2.8 0.67 
[978 • 
1979 
1900 Opener 56 231 231 4.1 0.9 
1900 476 746 747 1.6 
1981 (!Jener 79 511 511 6.5 0. 'l8 
1981 311) '.154 '154 2.5 
1982 120 173 :5 176 1.5 • ---------------------------------------------------------------------
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While the above Ross Lake angler checks, conducted by WOW from 
1941 to 1982, indicated a general decline in catch per day, 
these data may be influenced by reductions in catch limit. The 
daily catch limit has changed from 20 fish to 15 fish in 1952, 
15 to 12 in 1961, 12 to 8 in 1980, and to the present regulation 
in 1983 of 8 fish with no more than 3 over 14 inches long. 
These regulation changes were mostly state-wide regulation 
changes and were not tailored for the needs of Ross Lake's fish 
or fishery. 

Another influence on the recorded fish in possession was the 
change in the possession limit from two daily catch limits to a 
possession limit of one daily catch limit in 1961 . 

Day and time these data were collected also influences the 
reliability of the records. Many checks were made during high ef
fort time periods (weekends and holidays) and often after the 
anglers had been fishing for two days; reflecting possession 
limits as much as daily bag limits . 

Another problem with these data was the way they were collected. 
If the opening day creel sample made up the majority of a year's 
sample, then the results were probably higher than the actual 
fishery due to the better fishing normally experienced at the 
opening. Note in the table the high catch per angler and CPUB 
values for the opening days compared to the season checks. 

It is also unknown what percentage of the anglers interviewed 
were completed fishing for the day and what percentage were going 
to attempt to catch more trout. Any change in these percentages 
could have an influence on the catch per angler day recorded . 

In general it does appear that there has been a decline in the 
catch per angler day at Ross Lake, but the changes in limits and 
the non-standardized data collection methods used to gather the 
data, preclude us from determining from this data whether the 
cause has been a declining fish population or regulatory in
fluence. This leaves the comparison between the 1971-1974 
fishery and the 1985-1986 fishery as the best determinant of 
whether a decline in angling success has taken place and whether 
there is a biological and/or harvest related basis for the 
decline . 

Ross Lake Annual Harvest 

The estimate of the 1986 rainbow trout harvest from Ross Lake was 
22,524 fish. The 1986 harvest estimate was larger than the 1985 
estimate of 18,504 (Scott and Peterson, 1986). 
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The 1986 survey design was based on an "access point" survey 
while previous studies (1985 B.C. and WDW: and 1971 - 1974 IS-RFC 
studies) estimated harvest by estimating the total effort on the 
reservoir at selected times and dates and extrapolating these 
data to estimate the season effort. Catch data in all the 
studies were obtained from angler interviews and used with the 
estimate of total effort to obtain an estimate of total (season) 
harvest. While each survey design had its own strengths and 
weaknesses, in actual application, given limited survey person
nel, the 1985 design was much better suited for Ross Lake. 

Seasonal weather conditions differed in the two years of the sur
vey. In 1985, conditions became so hot and dry that the 
British Columbia Ministry of Forests closed the B.C. Forests to 
recreational use from June 23 to August 7. This closure did not 
keep people from traveling to Hozomeen but did prevent anglers 
from camping at the Canadian campgrounds. That could have 
reduced some lake angling effort, particularly on the Canadian 
side of the lake, and reduced the 1985 season harvest. No such 
closures took place in 1986. 

In 1985, access by Canadian and Hozomeen anglers was restricted 
at the north end of Ross Lake due to low water levels in Septem
ber and October, which partially explains why north end catches 
in 1986 were higher than in 1985. 

In 1985, 65% of an estimated 3579 catch in the Canadian Skagit 
River was harvested compared to only 12% out of 5722 fish caught 
in 1986 (Scott and Lewysnsky, 1987). The declining harvest of 
rainbow from the Skagit River influenced CPUE for Ross Lake. The 
unharvested fish returned to the lake starting in September and 
may have kept the Ross Lake fall fishery, at the north end, from 
total collapse. Older, surviving Skagit River rainbow that 
returned to the mouth of the river the following spring also ap
peared to have provided a large portion of the opening day catch. 
That was certainly the case with the absence of age 2 fish on 
opening day, 1987, and when only 18 percent of the catch on open
ing day 1988 was comprised of age 2 rainbow. 

Comparing annual harvest in 1985 and 1986 with annual harvest es
timates from 1971, 1972 (Anonymous, 1973a), 1973, and 1974 (FRI 
Unpublished Report, 1975) does indicate the annual harvest has 
declined. The catch estimates published for the 1970's did not 
separate a rainbow trout estimate from all other fish but the 
reports did give the species composition of the season's harvest. 
The adjusted estimates of rainbow harvested in the 1970's and 
1980's are shown in Table 33. 
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TABLE .ll. f_sti11ates of seasoo rainbow trout harvest troa Ross Lake, 
1971, 1972, 1973, 1974, 1985, and 1986 . 

Year .Ill Species Rainbow Contribution Rainbow Esti1<1te 

1971 J6,S52 97.9% 35,784 

19n .l7 ,300 94.0% 35, l.l7 

1973 38,937 '11.8% 35,744 

1974 41,700 91.0% 37,947 

1985 21,007 89.0% 18,503 

1986 23,054 97.7% 22,524 
-----------------------------------

The four 1970's rainbow trout harvest estimates for Ross Lake 
only (does not include the average annual harvest of 4000 from 
the Canadian Skagit River) averaged 36,156 fish per season. The 
two 1980's estimates averaged 20,514 rainbow trout per season. 
The estimates indicate a drop in average annual harvest of Ross 
Lake rainbow of 15,642 fish per year between 1974 and 1985. The 
drop in daily catch limit from 12 to 8 undoubtedly accounted for 
some of this reduction in annual harvest, but since few anglers 
ever caught their limit in the 1970's, the influence of the limit 
change can be considered minor. A 43 percent reduction in annual 
harvest, given near equal angling effort, is certainly indication 
that the Ross Lake rainbow population has declined. In fact, if 
the Canadian Skagit River rainbow trout had been harvested while 
in the river in Canada, at the same rate they were in the early 
1970's (4000+ per year), instead of 2307 in 1985 and 684 in 
1986, that many fewer fish would have re-entered the reservoir to 
enhance the lake fishery and the reduction in Ross Lak~ harvest 
would have probably approached 50 percent . 

Age of Catch 

Rainbow trout begin to grow scales when their fork lenght is ap
proximately 35 mm, or 1.4 inches (Smith, 1955). Many of the 
downstream1.111igrating fry reach the lake before attaining that 
size. 

Age of individual fish can be determined from the spacing of the 
growth rings on the fish scale. The rings, or circuli, are spaced 
further apart during the best growing season (spring, summer, and 
early fall) and closer together during the winter when food is 
scarce. When the rings are very close together, as during the 
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part of winter when low food supply and cold water virtually stop 
the growth, the scales not only show tightly spaced circuli but 
often "checks", or rings cutting off other rings. These tightly • 
spaced rings and/or checks are called annuli and normally are 
followed by wide spaced rings denoting the resumption of growth 
in the spring. The number of winter annular marks determines the 
age of the fish. 

It appeared that fish residing longer in stream habitats, to age • 
2 and 3, had slower growth rates than those which start growth 
in the lake or moved into the lake at an early stage. Rainbow 
trout of Ross Lake do not form as distinct annular marks on their 
scales ss do most trout populations (Woodin, 1974). 

The time of formation of the annulus for immature fish was found • 
to be between the last week in April and the second week in May. 
Rainbow trout spawning occurred between early May and the end of 
July; thus the spawning check was at the same location on the 
scale as the annulus for mature fish. This means that new growth 
on the scales does not occur for spawners until July or August. • 
The rainbow fry emerge from the stream gravels from late July 
through September and the majority migrate to Ross Lake soon 
after emergence (SCL, 1973a). Because of the timing of spawning 
and fry emergence, there are only about eight months of fish 
growth represented from emergence to the time of formation of the 
first annulus. • 

Table 34 contains the age composition of the rainbow trout 
caught in Ross Lake in 1985 and 1986. 

The age l rainbow were seen first entering the fishery in July 
and generally increased in abundance and contribution as the • 
season progressed. These fish were recruited into the mid-lake 
fishery from streams and near shore areas. In all probability 
the streams were contributing the majority of these fish or they 
would have shown up in the June fishery, especially in the creels 
of still-fishing anglers that used single egg bait at the mouths 
of the creeks that enter Ross Lake and were still open to angling • 
in 1985 and 1986 (Arctic, No Name, Silver, Roland, Little 
Beaver, May, Dry, and Skymo Creeks). 

It should be noted that in both years the June catch was 
dominated by age 3 rainbow, which, either in July (1985) or 
August (1986) were replaced by age 2 fish as the most abundant • 
age class in the catch. In 1985, age 3 numbers stayed nearly the 
same from June to July, but the abundance of age 2 fish in
creased; again probably due to recruitment into the mid-lake 
fishery from stream or shoreline rearing areas. However, in 
1986, the relative numbers of age 3 fish declined as the summer 
progressed and the age 2 fish did not increase in numbers as much • 
as they had the previous summer. 
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Recruitment of age 2 fish is to be expected each year and the 
numbers will in many cases be determined by the number of fish 
spawning two years prior and the environmental conditions in the 
spawning streams and draw-down of the lake during that interven
ing two years before the age 2 fish enter the fishery. It would 
also have been expected to have seen some additional recruitment 
to the fishery of age 3 fish which would have been spawning in 
closed-to-angling tributaries when the fishery opened in June. 
Only in July 1986 did that appear to have happened. Judging from 
the lack of increasing numbers of age 3 fish during any part of 
the summer season, and in the case of 1986 the declining con
tribution by that age group to the fishery after July, it ap
peared; 1) recruitment of age 3 spawners was significantly less 
than age 2 recuitment, 2) natural mortality of age 3 spawners was 
high, and/or 3) the anglers caught such a large portion of the 
age 3 fish in June that they could not contribute significantly 
to the catch after July. 

As pointed out above, the age 3 fish dominated the June catch in 
both 1985 and 1986 but for the total year's contribution by age 
class, the age 2 fish were the most abundant of all age classes 
in 1985 while the age 3 rainbow were the most abundant age class 
in 1986. This shift in dominance of one age class to another 
from year to year has a significant bearing upon the variablility 
in the average size of fish when all age groups are combined to 
get an average length, as for a sample on opening day. This will 
be discussed more in the next section on rainbow lengths. 

Age 4 rainbow contributed large numbers of fish to the fishery in 
1985 and 1986 (12 and 19 percent of the harvest, respectively) . 

Age 5 and 6 fish 
1985 and 1986, 
respectively . 

contributed about the same 
averaging 4.1 and 0.7 
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TABLE 34. Percent age co-,osition of Ross Lake sPOrt catch, 
by IIOlllh, for 1985 and l'l86. 

---------------------------------------------~-------------------

lf(!flH 

JlM Jll 4Ui SEP OCT TOTALS 
YEAR /Sf. n % n % n % n % n % n % 

-----------------------------------

l'l85 M: 0 0 J 4.1 22 17 .2 44 23.7 J5 22.') 104 17.S 
oo: 15 27.8 42 57.5 53 41.4 56 3ll. l 50 32.7 216 36.4 

THtlEE: 26 4-~.I 21 2'a.8 30 23.4 51 27.4 41 26.3 169 23.5 
FOOR: 9 16.7 6 ~.2 17 13.3 26 14.0 18 11.8 76 12.8 
FIVE: 4 7.4 l l.4 6 4.7 6 3.2 7 4.6 24 4.0 

SIX: 0 0 0 0 0 0 3 1.6 2 1.3 5 0.8 
TOTALS 54 73 123 186 [SJ 594 

-------------------------·----------------------------------------------

1986 M: 0 0 2 2.0 8 20.0 22 18.8 II Jl.4 43 3 , ., 
]lj(): 43 27.6 28 27.5 3lJ 48.2 J7 31.6 8 22. 9 146 28.l 

nm: 74 41.4 50 49.0 44 27.3 'l"J 24.3 10 28.6 207 39.3 
FOUR: 3J 21.2 18 17.6 22 15.5 21 17. 9 5 14.3 99 19.0 
mr: 6 J.8 4 3.9 s 5.5 6 5.1 1 2.9 22 4.2 
six: 0 0 0 0 1 0 2 1.7 0 0 3 0.b 

TOTALS 156 102 110 117 35 5,.1) 

------------------------------------------

In Table 35 note the shift in age 2 contribution to age 3 and 4 
when comparing 1971-73 to 85-86. In the 1970's samples the age 2 
rainbow were the dominant age group in the anglers' harvest. In 
the 1980's the older age 3 and age 4 fish became the dominant age 
groups in the angler catches. The majority of these older fish 
came from the north end of the lake and appeared to be primarily 
Canadian Skagit River fish that enter the lake fishery in June 
and then again in September and October. The 1985 age 3 rainbow 
contribution may have been lower than 1986 just because the 
opener was not sampled for an estimate of catch in 1985, nor was 
the south end catch sampled until July 21. A significant por
tion of the age 3 fish available to anglers was probably har
vested at the south end before mid-July. 
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!ASL£ 35. Percent age class contriootioo to total season sport 
catch, Ross Lake, 1971, 1972, 1973, 1985, and 1986. 

--------------------------------------------------
Percent of Season Harvest 

/q; 1971 1972 1973 1985 1986 
-------------~~-------~-----------~----

l I! 2 2 17 8 
? 55 49 62 31, 28 
3 26 39 2'J 2'J 40 
4 7 8 6 13 19 
s l 2 l 4 4 
6 0 0 0 l l 

--------------------------------------------------

The opening day catch age compositions from 1973, 1974, 1985, and 
1986 are shown in Table 36. The predominant age class in the 
1973 and 1974 opening day samples was age two, while in the 1985 
and 1986 opening day samples it was age three. There are three 
reasons which could account for this difference: 1) the dominant 
age class of the recent catches is one year older, 2) there was 
a significant difference in the way the fish were aged, or 3) 
the samples are not really comparable. The third explanation was 
carefully examined and it appeared as if a significant portion of 
the samples from the 1970's came from the resort at the south 
end of the reservoir, while the samples from the 1980's, with 
the exception of 1985 which was a north end only sample for open
ing day, were a combination of both the north and south end 
samples . 

The samples from 1986, 1987 and 1988 were separated into the two 
sample sites and are also shown in Table 36. The samples from 
the south end more closely resembled the samples from the 1970's, 
but still consisted of more age three fish . 

If the sampling site was not causing a bias when comparing the 
l970's to the 1980's age class contribution, then the other pos
sible bias was that the fish were aged differently by the scale 
readers. In the next section in this report, dealing with length 
of each age class of fish it will be shown that there was no sig
nificant difference between the lengths of age 2 or 3 fish in the 
1970's compared to age 2 or 3 fish in the mid-1980's. That tends 
to confirm that error in reading ages, if any existed, was at 
least the same for both sets of data, and not the basis for data 
showing a greater contribution of age 3 fish in the 1980's than 
in the 1970's . 
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It does appear then that the contribution of younger age 2 fish 
was higher on opening day and for the season in the 1970's than 
the 1980's. A possible reason for this was much lower recruit
ment of younger fish to the fishery in the 1980's due to environ
mental factors or less spawners. The environmental factors that 
could have been resonsible for lower survival of the younger fish 
included lake draw-down and delayed refilling. These factors 
would prevent spawners from reaching spawning areas above the 
1602 foot elevation, or cause them to spawn in areas of the lake 
that later were inundated by rising reservoir levels. 

Other damaging environmental conditions would have been reduced 
stream flows, either at spawning time or after spawning, but 
prior to fry emergence from the gravel, or summer-fall low flows 
that could have caused reduced carrying capacity in the streams 
for age O through age 3 residents prior to their normal lake em
migration. To be environmentally caused, one or more of these 
conditions would have had to be present in the 1983 - 1984 time 
period to have seen the resultant reduction in age 2 fish in 1985 
and 1986. While no extreme environmental conditions were noted 
in the 1983-1984 period, no discreet measurements were being 
taken then either. See the Mitigation Section for more discus
sion on the environmental issue. 

The possibility reduced numbers of spawners caused inadequate 
recruitment deserves the most consideration. Given the apparent 
reduced population of rainbow trout in the lake, as reflected by 
the low CPUE and annual harvest for the 1980's compared to the 
1970's, low spawner numbers was very likely a primary factor 
causing reduced recruitment (contribution to catch) of age 2 
fish in 1985 and 1986. Previous years' over-harvesting of pre
spawners, either during their spawning time in late June, or as 
immature fish the previous year, particularly the age 3 immature 
females, could lead to such a population collapse. This issue 
will be discussed in more detail in the section on Age at Sexual 
Maturity. 
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TA6LE 36 • The aqe class coaposition of rainbow trout of the 1973, l974, 1985, 
1986, 1987, and 1988 openilllJ dav sport catch at Ross Lake with 
separatioo into north and south end cootributioos. 

---------------------- --------------------
NORTH N & S SOOTH t«IRTH 

1973 ]Q74 1985 1986 1986 1986 
------ ----- ---- -------- --------- ----

~ n % n % n % n % n % n % 

--- ·--------------------------------------------
1H: 0 0.0 I 0.4 0 0.0 0 0.0 0 0.0 0 0.0 
M ISO 65.2 131 57.2 15 27.8 43 27.6 20 33.9 23 23.7 
nm 61 26.5 74 32.3 26 48.1 74 47.4 24 40.7 50 51.S 
FOOR 16 7.0 17 7.4 9 16.7 33 21.2 12 20.3 21 21.6 
FJYE 3 I ., 

.J s 2.2 4 7.4 6 3.8 3 S.J 3 3.1 
SIX 0 0.0 I 0.4 0 0.0 0 0.0 0 0.0 0 0.0 

-------------------------------------------
N&S SOOJH NORTH N '5 SOOTH NORTH 
1987 1987 1987 1988 1988 1988 

------ ----- ------- ------- --------- --------
~ n % n % n % n % n % n % 
--------------------------------------------------
1H: ' 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

' M ' 17 15.0 17 30.0 0 0.0 23 27 .0 17 33.0 6 18.0 
' Tiffi:: 47 42.0 24 43.0 23 40.0 43 51.0 21 40.0 22 67.0 

FOOR .lS 31.0 13 23.0 22 39.0 14 16.0 10 19.0 4 12.0 
FIVE 13 12.0 2 4.0 1119.0 5 6.0 4 8.0 I 3.0 
SIX I {1.0 0 0.0 I 2.0 0 0.0 0 0.0 0 0.0 

---------------------------------------------------------

Length of Rainbow Trout 

Ross Lake 

The average length of rainbow trout sampled from the sport catch 
in 1985 was 275.4 mm. (10.8 inches) (1469 fish measured) and the 
average length of the 1986 sport samile was 294.2 mm (11.6 
inches)(l775 fish measured). The primary reason that the 1986 
harvest averaged 19 mm larger than the 1985 sample was the 
presence of greater numbers of larger age 3 and 4 fish in the 
1986 harvest (Table 37). Young fish dominated the harvest in 1985 
and older fish in 1986. The average size of fish in each age 
group, when 1985 is compared to 1986, was virtually the same. 
That indicates growing condition differences (water temperature, 
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food supply, etc.) between the years would not explain dif
ferences in 1985 and 1986 seasonal average size of rainbow trout; 
year-class abundance exerted the primary influence. 

I .I 
• 

In Table 37 it can be seen that the age 2 fish dominated the 
catch in 1985 and this strong age class survived the ensuing 
fishing season and winter to become the strongest year-class in 
the 1986 harvest. Large variation in opening day or seasonal 
average size of fish, from one year to the next, can be in-
fluenced by the relative numbers of either age 2 or age 3 fish in • 
the creel. 

The range in sizes in this table, for any age class, was due in 
part to sampling over the whole summer. The same age fish at the 
beginning of summer was going to be larger if sampled at the end 
of summer, • 

TABLE rl. 1985 and 1986 Ross Lake rainbow troot ages and 
lengths. 

---------------
Length (•) 

Year Age lkl. Avg Range 
-----------

1985 0 0 
l 104 220.7 158 272 
2 216 259.6 183 337 
3 169 3Ul.O 207 369 

• 76 334.3 275 378 
5 23 346.9 307 384 
6 5 393.6 r74 424 

1986 0 30 65.2 45 100 
l 61 194.6 99 270 
2 'lfJ7 257.2 157 328 
3 251 301.3 218 311) 

4 146 333.4 286 403 
5 32 349.0 295 395 
(. 3 311l.O 365 ,109 

------------------------
The zero age fish in the 1986 saaple and the 51a1Jer 1ini .. 1 
lengths 11ere froa electro-shocking saaples, .n! 11ere not used. 
to calculate average size of fish in the sport fishery. 

The average length of rainbow trout for 1986 season (294 mm) was 
within the range of average seasonal lengths noted in the 1970's. 
The average lengths of rainbow trout from the 1971, 1972, 1973, 
and 1974 season sport fish samples were 282 mm (814 fish), 303 mm 
(572 fish), 294 mm (436 fish), and 299 mm (672 fish), respec
tively. The 1985 seasonal average length of 275 mm was, however, 
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the smallest on record for the Ross Lake rainbow. This was 
primarily due to fewer, older fish in the catch compared to the 
relative abundance of smaller, younger fish in 1985. It was not 
due to fish being significantly larger at a given age in the 
1970's compared to the 1980's sample. For example, in 1971 
(Table 38) age 2 fish averaged 263 mm at capture compared to 260 
mm in 1985; age 3 fish averaged 301 mm at capture in 1971 com
pared to 302 mm in 1985; age 4 fish averaged 339 mm at capture in 
1971 compared to 334 mm in 1985; and age 5 rainbow averaged 362 
mm at capture in 1971 to 347 mm in 1985 (Anonymous, 1973a). As 
in 1985, the 1972 sample was dominated by age 2 and age 3 fish, 
which had the greatest influence on determining the seasonal 
average size. Note also that there was no significant difference 
in average size at a particular age when comparing 1971 to 1986, 
or 1985 to 1986, yet the seasonal average was 19 mm larger in 
1986 than either of those other two years. 

fAIILE J8 . Average length at capture and to annulus for Ross Lake 
rainlnl troot, 1971. 

TOTAL MALES FEMALES 

Aver. Aver.• Aver. Aver. • Avw. Aver.• 
Length Length length Length Length Length 

al ta al to ot ta 

Capture AMulus Capture Annulus Captwe Annulus 
AGE No. (cm) (cm) No. (cm) (cm) No. (cm) (cm) 

41 19.S 15.1 16 20.8 15.0 2 18.4 15.0 

2 714 26.3 22.8 248 25.5 22.4 200 26.3 22.5 

3 831 30.1 28.0 214 29.2 27.0 346 29.8 27.8 

4 328 33.9 32.3 65 32.4 30.8 139 34.0 32.5 

5 67 36.2 35.0 14 35.8 34.7 36 36.2 JS.I 

One of the best ways to compare sizes of fish between years is to 
look at the opening day samples. Some of the variables caused by 
recruitment into the fishery of younger age classes in mid
summer, the recruitment of larger Canadian Skagit River fish in 
the fall, and the variabiability of growth caused by an extended 
sampling season are avoided for the most part. In addition, 
since opening day normally occurs in mid-June, close to the time 
of annulus formation of the scales, it is possible to approximate 
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annual growth from fish sampled on opening day. Table 39 dis
plays the average sizes of rainbow trout caught on opening day in 
Ross Lake for the years this data is available. • 

TMLE 39. Average size of rainboN troot on QP€!lJnQ dav, 
Ross Lake, trom [973 - l'.lru. 

Year Average Fork Length (a1) Location 

1973 2'l4.0 South End 

1974 302.7 N&Sfod 

1976 J00.3 N&SEnd 

1984 302.1 N&SEnd 

1985 2'.J5. I lilrth End 

1986 :m.o M& s End 

1987 304.4 N & S End 
1987 283.5 South End 
1987 314.6 lilrth End 

1988 2"oJ.4 N&SEnd 
1988 278.o South End 
1988 290.3 ltlrth End 

It is evident that to be able to compare opening day average 

•• 

• 

• 

• 

lengths, the sampling locations ( north vs sou th ends of Ross e 
Lake), must be considered. The average size of the fish at the 
south end tended to be smaller than the average size at the north 
end. That was not because the south end fish grow more slowly 
than north end fish, but rather because Canadian Skagit River 
rainbow at the north end of the lake were comprised of older, 
larger fish. On opening day these river-origin rainbow were • 
available to lake anglers either prior to entry into the river, 
or as spawning or spawned out fish holding in position over the 
inundated river channel. Many of these fish were survivors of 
the previous year's run of Skagit River fish that were protected 
by restrictive angling regulations (300 mm minimum fork length 
regulation) while in the Skagit and were vulnerable to less • 
restrictive Ross Lake U.S. regulations (no minimum size). Even 
considering these variables it does appear that average size of 
fish on opening day varied significantly from year to year. An 
Analysis of Variance statistical test comparing mean lengths for 
1974, 1975, 1976, 1985, 1986, 1987 and 1988 indicated there was a 
significant difference between years 1985/1988 and the other e 
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years. The difference appears to have been caused by the 
tive abundance of age 3 and older age classes compared 
abundance of age 2 fish in the harvest. 

rela
to the 

Figure 25 graphically displays variability of year class con
tribution when the 1987 and 1988 length-frequency distribution 
histograms are lined up beside each other. Note in 1987 the low 
numbers of larger age 3 and 4 fish at the south end sample con
pared to the north end sample. Note in 1988 the reduced con
tribution of these larger fish at both ends of the lake. 

Figure 26 displays the same type of length-frequency distribution 
histograms for opening days in 1973, 1974, 1976, 1986, 1987, and 
1988 for all samples gathered (north and south ends combined) . 
The variability in contribution by different size groups (age 
groups) is apparent and indicative of unstable recuitment . 
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Tables 7 and 11, in the Results section show the average lengths 
by month for 1985 and 1986. The average lengths, by month, in 
both years were not always similar (Figure 27). In June and 
July, 1985, the age 2 rainbow's average size showed negative or 
no growth. Since that period of time was part of the major grow
ing season, the only reasonable explanation is the recruitment to 
the lake fishery of smaller age 2 fish that had been in the 
tributary streams or along the lake shoreline. It was noted in 
the 1970's that age 2 fish were not fully recruited to the lake 
fishery, and 1985 data indicated that large numbers entered the 
fishery for the first time time prior to August. In 1986, most 
age 2 fish in the streams or along the lake shoreline moved into 
the lake fishery in July. That caused the big decline in average 
size, shown in Figure 27, between July and August, 1986. The 
recruitment timing difference between those two years can also be 
seen in Table 34, which shows the age 2 fish percent contribution 
to catch peaked in July, 1985, but did not reach a peak until 
August in 1986. The earlier recruitment in 1985 was probably 
weather related. Hot dry weather (90 °F)in June reduced stream 
flows and probably encouraged earlier emmigration of age 2 fish 
and accelerated mid-lake zooplankton blooms that probably brought 
the small rainbow trout into the mid-lake fishery. The apparent 
decline in growth rate in September, 1986, of age 2 fish is 
believed to have been caused by natural variation and a very 
small sample size of 8 fish. Had a larger sample size be avail
able the average size would probably have been near 280 mm in Oc
tober. 

In 1985 and 1986, the age 3 fish appeared to have different 
growth rates in June (Figure 27). In all probability, however, 
that was not the case and instead the apparent rapid growth shown 
in 1985 was due to delayed entry into the fishery of larger 
post-spawning age 3 fish, which had occurred one month earlier in 
1986. The 1985 delay could have been caused either by lower lake 
levels in 1985 than 1986 during the spawning period, which caused 
mature rainbows to delay spawning but hold in closed-fishing 
areas until higher lake levels allowed access to spawning 
grounds, or, by a protracted spawning period compared to 1986. 
The mid-summer decline in average size of age 3 fish in both 
years was probably caused by immigration of larger age 3 fish 
into tributaries on feeding-runs (seeking larger size food items) 
and by some emmigrations of small age 3 fish from streams or 
near-shore areas into the mid-lake fishery. 

Differences in 1985 and 1986, age 2 and 3 growth rates from 
August to October, probably reflect better season-long growing 
conditions in the lake in 1986. 
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Life history events then masked the true steady growth of the age 
2 and age 3 fish during the summer growing season. The actual 
annual growth of Ross Lake rainbow trout in the 1970's and 1980's 
averaged: 

alevin to age 1 = 138 mm 
age 1 to age 2 = 107 mm 
age 2 to age 3 = 63 mm 
age 3 to age 4 = 37 mm 
age 4 to age 5 = 21 mm 

Generally, length and weight data indicated the following; 1) 
that the growth in length was greatest in the first year from 
length at emergence to length at 1st annulus and that growth 
rate in length decreased in each succeeding year, 2) After their 
first year, growth rate of stream resident rainbow was con
siderably less than trout residing in the reservoir, 3) the 
greatest growth in weight occurred in the third year and growth 
rate in weight decreased with each succeeding year, and 4) there 
was little difference in annual increments of growth between 
males and females. 
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Canadian Skagit River 

The average length of rainbow trout caught from the Canadian 
Skagit River in recent years can not be compared to historical 
data due to restrictive regulations imposed in 1985 that required 
anglers to release all fish less than 300 mm fork length. 
Perhaps some of the most important historical data on fish length 
was collected in 1962 and 1963 that showed over 30% of the summer 
harvest of rainbow were greater than 355 mm (14 inches). Table 
40 contains the data from those two years of angler surveys. 

TAIILE 40. Skagit River rainbow trout ,atch data, 1962 and 
196.J (lilately, 1·1701. 

------------------·------------------------·--·· 
Length IN) 

Month IAoglers lhoors !Rb CPLI: (250 250-355 )355 
-------------------------- ------------ .. ---- ---·-------
1%2 
Ha-/ 105 355.5 141 0.40 7 102 32 
JIJJle 76 256.5 '12 0.36 2 76 14 
July 212 1128.0 41/ 0.37 24 252 141 
August r,I) 440.0 174 0.40 11 102 ol 

196.J 
April 77 262.0 139 0.53 6 81 52 
Nay 69 231.0 123 0.53 6 n 38 

June 240 BJI.O 366 0.44 II 236 119 
July 167 573.5 164 O.?.l ?) 94 41 
August 120 406.5 123 0.30 15 78 30 
-------------------------------------------------

The 1960's data showed that rainbow trout in the Canadian Skagit 
River were larger than river samples collected in mid-1980 sur
veys. While the 1980's river fish were smaller than the 1960's 
rainbow, they were still larger on average than Ross Lake's fish. 
Rainbow trout captured and tagged nt the mouth of the Skagit 
River in late spring and early summer in 1983 averaged 317 mm 
(range 210-430 mm); in 1984 averaged 327 mm (range 250-400 mm); 
in 1986 averaged 329 mm (range 175-395 mm); and in 1987 the fish 
averaged 324 mm (range 213-413 mm). By comparison, in 1985, the 
Ross Lake rainbow trout averaged 275 mm, and in 1986, 294 mm. In 
all likelyhood the abundance of large fish in the 1960's 
reflected lower angling mortality giving the fish the opportunity 
to live longer and grow larger. Based on length at specific ages 
available from current studies, the majority of these fish over 
355 mm were age 5 and older. 
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Rainbow Trout Sexual Develop•ent 

Fecundity 

Fecundity (number of eggs per female) counts made in 1971 indi
cated no significant linear relationship between fish length and 
number of eggs/female (Figure 28). The average number of eggs 
per female was approximately 1900, and ranged from 600 to 3000 
eggs per female. The fish sampled ranged in size from 270 to 390 
mm (Anonymous, 1972a). 

In some trout populations, older, larger females carry more eggs 
then younger, first-time spewners. In such cases, even though 
angling end/or natural mortality allows only a few fish to sur
vive to reach older age, they often contribute a very large share 
of each year's production. In the case of steelheed end see-run 
cutthroat, population stability is dependent upon older, repeat 
spawners that carry more eggs. In cases such es Ross Lake's 
rainbow, with no significant difference in egg count vs age of 
fish, first-time spawning age 3 or age 4 females ere just es im
portant to stock stability and future recruitment as the older 
females. If maximum production is to be attained, fishing 
regulations need to ensure that the majority of females will 
spawn one time before they can be legally harvested . 
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Flli.Jlif 2:J. FPrundity [ntllber of eggs per feeale) of rainbow tr<JJt (2?0-m 111), 
frClll Ross Lake, 1971. 
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Spawning Tiae 

• Researchers at Ross Lake in the esrly 1970's found trout with 
running milt or loose eggs in early May and spawned-out fish by 
late May. They also found ripe unspawned fish as late as the end 
of July. The best observations of spawning activity were in Dry 
and Roland Creeks. Spawning activity was under way in early June 
and continued until late June in those two lake tributaries. • 
The rainbow trout spawning period in the majority of American 
tributaries began at the end of May or early June and extended 
over about a 2 month period (Anonymous, 1974a). 

In the Skagit River, maximum numbers of spawning fish were ob-
served in May and early June, 1971 (Anonymous, 1972a). The first e 
rainbow spawning in 1973 occurred about May 2, peak spawning June 
4, and last spawning July 29th (Anonymous, 1974a). 

Appendix 4 contains field notes on observations of spawning rain
bow trout in several U.S. tributaries in 1974 (FRI Unpublished 
Report, 1974). • 

In 1985 and 1986, peak spawning in U.S. tributaries occurred in 
mid-June and spawners were still observed on redds in late July. 

Sexual Maturity of Catch 

The sexual condition of the 1974 and 1976 opening day samples are 
compiled from Fisheries Research Institute data. The sexual con
dition of the 1986, 1987, and 1988 samples were taken during 
opening day creel surveys at the Hozomeen Campground and Ross 
Lake Resort. In both the 1970's and 1980's, an egg size of 2 mm 
and larger was considered to be from a fish that would have 
spawned in the year sampled 

Very little difference in percent of females vs males existed in 
the opening day catch between years (Table 41). The percentage 
of females ranged from 53 to 66 percent, between 1973 and 1988. 
The average was 62 percent females and 38 percent males for the 
1055 fish sampled between 1973 and 1988. The cause of the un
balanced sex ratio is unknown, but it may have been due to age at 
maturity for males as compared to females. 
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fA8LE 41. Sexual cooditioo of opening day caugit rainbow trout, 
Ross Lake, 1973, 1974, 1976, 19B6, 1987 and 1988 . 

----------··--------------------------------------------
PERCfNT 

YEAR SEX fll1ATURE "'TURE SPAIIWT TOTAL er SEX 
--------------------~-----~-------------------------------

1973 FEMALES : !13 5 14 132 53.2 
KALES : 104 II l 116 46.8 

1974 FtNALES : 146 5 2 153 6.5. l 
ltALES : 69 13 0 ll2 34.9 

1976 EEltALES : 203 9 12 224 66.3 
KALES : 89 24 l 114 33.7 

1986 FEHAI.ES : 19 0 2 21 61.8 
11Al.£S : 13 0 0 13 38.2 

1987 EEltALES : 6.5 0 q 74 6.5.0 
ltALES : 33 l 6 39 JS.O 

19(13 FEIW.ES : 50 4 55 63.0 
IW..ES : 27 4 32 37.0 

~----~---~-------~------------~--------------------

In 1974 fish scales were examined for previous spawning checks. 
The spawning checks indicated that males first spawned at age 2 
and females first spawned at age 3. That is not to say that all 
fish in the lake first spawned at those ages; the samples indi
cated 10 percent of the female spawners were first time spawners 
at age 4, and one waited till age 5 to spawn for the first time. 
Among the males, some were found to spawn for the first time at 
age 4. The males were noted to have a higher frequency of repeat 
spawning than the females. This could have been due to the ear
lier age at which males mature, or males were more likely to lay 
down a spawning check than females. Another interesting factor 
was the sex ratio in the spawners sampled; 1.22 females per male. 
If there was more repeat spawning in males, there must have been 
less mortality on females, or else there was an unbalanced sex 
ratio throughout their life cycle. The angler catch for the 1973 
season was 1.34 females per male, and in 1974 the ratio was 1.93 
females per male; which did indicate an unbalanced sex ratio (FRI 
Unpublished Report, 1974) as previously discussed. 

In 1974 the incidence of rainbow trout that were spawning in 1974 
and had spawned in previous years was noted from spawning checks 
on their scales. Out of a sample of 55 males it was noted that 
52.7 percent were spawning for the first time, 41.8% were spawn-
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ing for the second time and 5.4% were spawning for the third 
time. Among a sampie of 67 females, 61.2% were spawning for the 
first time, 38.8 percent were spawning for the 2nd time and 2.9 
percent were third time spawners. It was noted that 3 females 
and 3 males sampled were not spawners in 1974 but had spawned in 
1973; indicating skip-spawning occurred or the fish were not 
always laying down a spawning check. 

On opening day, between 1973 and 1976, mature, yet to spawn fish 
were more prevalent in the Ross Lake catch (8% mature and 4% 
spawnouts) than in the 1986 to 1988 catches (1% mature and 11% 
spawnout). Since the opening day of fishing occurred at ap
proximately the same time in mid-June in these years, it was pos
sible there had been a shift in time of spawning. Such a change 
could occur if fish spawning during or after the opening day of 
fishing were subjected to high angling mortality end the geneti
cally controlled late spawning segment of the population was dis
appearing. That explanation is more likely than environmental 
change. In fact, reservoir operations that affect lake level and 
cause destruction of early spawning nests should have quite the 
opposite affect, i.e., inundation of early spawners' nests and 
subsequent poor survival would select for later spawning fish. 

Table 41 also shows that betweem 1973 and 1976, 91 percent of 
all females caught on opening day were immature, and between 1986 
and 1988, 89 percent of all females were immature. Females com
prised 62 percent of the catch on opening day. Table 42 contains 
data on sexual maturity of male an9 female rainbow for the full 
fishing season harvest in 1971, 1972 and 1973 (Anonymous, 1974b). 
It also shows that throughout the fishing season females con
stituted a higher proportion of the catch than male rainbows and 
that a little less than half of all females caught from June to 
October were immature and did not spawn in the year sampled. 
Since contribution by females changed little over the season, it 
is important to look at the ages of the immature females to 
determine whether a significant portion of the harvest was com
prised of females destined to spawn the following year. 
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TABLE 42. Sem1l 11atunt1 ot ROS$ Lake rainbow ,Juring 
the 1971, 1172. ,nd 1973 fishing seasons. 

••• \ \ TcJal To~al 
fish No. t'e•les • •• males Total ........ aature 

Tur Ap sexed tamales mature males mature .. t .... females malu 

1971 l so 2l o.o 27 o.o 0 
2 170 ,. o.o '1 35,l6 32 ••• 100.0 
3 U5 7$ lfl,33 •l 5&.10 s, S7.~ 1'2.59 

• 35 20 55,00 15 26, 56 15 73,33 26,67 

s 12 ll Slt.5\ l 100,Q 7 85, 71 111,,28 

• l l 100.0 0 l 100,0 o.o 

1972 
l 71 ,. 0.0 37 o.o 0 
2 161 .. 0.0 .. 511, 73 52 o.o 100.0 

' 102 " 113·.ss .. 62.50 S2 51,92 ll8.08 

• ,. 3' 62,86 19 13,H 36 61.ll 38.89 

s lO • 87.50 2 50.00 • 87,50 12, so 

' l l 100.0 0 l 100.0 . o.o 

U73 
l 38 20 o.oo 18 o.oo 0 
2 ... 195 o.oo 239 ""'· 77 

101 0.00 100,0 

' 
.. , , .. S8.ll ,,. 66,23 ,, . 62.22 37.77 

• 212 ,., 86.01 69 78.26 177 159,119 lo.so 
5 21 l2 91.66 9 rr." 18 51,ll 38,89 

6 0 0 0 0 

In 1988 and 1987, age 3, immature, females comprised 61 and 62 
percent of all immature females caught on opening day, with the 
remainder being predominantly age 2 fish. Out of every 100 
fish caught on opening day, 35 were age 3 immature females. 

In 1988, the average fork length of age 3, immature, female rain
bow trout was 287 mm. That is very close to the average size of 
these same fish in 1987; 291 mm. Figure 29 is a picture of two 
anglers', opening day catch in 1987 from the north end of Ross 
Lake. All of the fish in the photograph were immature age 3 
females, less than 300 mm (12 inches) fork length . 
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FllilllE 29. Photogrdl)h of two anglers' QPening day catch at the north 

end of Ross Lake, 1987. All fish were i11ature age 3 fetale rainboll troot. 
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There are strong indications that not all rainbow trout migrat
ing into the Ross Lake tributaries are spawning fish. For ex
ample, Skagit River samples in 1971 showed a greater proportion 
of ripe fish were males than females, both early and late in the 
spawning season and, between May 11 and June 24, gill net samples 
showed 38 out of 356 females and males were immature fish (11%). 
In a 1985 study of the Canadian Skagit River some of the fish 
were sacrificed to determine sexual maturity (Table 43). Most 
were caught on the U.S. side of the border in the draw-down area . 
Many of the relatively large rainbow in the sample (up to 369 
mm) were immature and would not spawn in 1985. These findings 
give further indication that not all fish which are part of the 
spawning run are going to spawn and that often what could be 
termed "feeding run" fish are large, older fish that may be 
skip-spawning, or age 3 fish (predominantly immature females) . 

TABLE 4J. canadian Skagit River rainbow, 
noo-randollly selected fOI' sexual 
aaturitv coofiraatioo, 19:J.5. 

-------------------------
Oate Length (•) Sex Maturity 
-----------------~---------------
4/19 325 F l11ature 
4/'20 336 H I11ature 
4/,IJ 340 F !Mature 
4/'lJ 321 F Illli!ture 
5/,4 295 F l11ature 
5/13 297 F llllilture 
5/13 340 F Mature 
5/13 332 F Mature 
5/IJ 309 F Mature 
5/13 330 F Mature 
5/13 340 F Mature 
S/JJ 315 F Iillature 
5/14 J49 F ttature 
6/:JJ 365 J11ature 
--------------~-------------------~------

Inter-relationship Between Fish of Ross Lake and Tributaries 

Migrations 

Accessible Spawning Locations 

While some references cite estimates of lineal stream distances 
accessible to spawning migrations of Ross Lake fish, most have 
not accurately totaled the distances involved. The best estimate 
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available is 48.7 miles of U.S. tributaries and, according to 
Whately (1970), 20.2 miles of Canadian streams: for a total of 
68.9 miles (Table 44). 

Even though the lineal distance of the U.S. tributaries is twice 
the distance of the Canadian streams, in total flow and surface 
area, the two are about equal. In terms of abundance of suitable 
spawning gravel and gradient, the Canadian Skagit River is a more 
optimum fish spawning environment. 

TABLE 44. Lineal streaa siies of accessible 
sPall'ling areas for Ro.e,s Lale fish. 

Strea1 

International Creek 
lkiZOileell Creek 
Silver 
Arctic Creek 
No Nale Creek 
Little Seaver Creek 
Skrmo Creek 
Lil}ltning Cr. 
Dry Cr. 
Pierce Cr. 
Roland Cr. 
Ruby Cr. 
canvon cr. 
NJ. CMiyoo Creek 
Slate Creek 
Nill Creek 
Panther Creek 
Granite Cr. 
Roland Creek 
Nay Creek 
Devils Creel: 
Big Beaver 

Spa111ing Sites 

IOO!h 
100th and !Oller 0.50 uies 
tllllth and lower 0. 49 miles 
tllllth 
IIOUth 
DJth anJ lower O.ll'J 1iles 
IOllth 
mth and lower 0.23 tiles 
aooth and !iMer 0.48 liles 
truth and lower 0.00 1iles 
IIOOth and lower 0.31 
iOUth and 3.60 miles 

16.10 1iles 
0.62 1iles 
0.47 1iles 
1.23 tiles 
0.41 1iles 

16.45 1iles 
IOOth and lower 0.31 1iles 
lblth 
lblth and lower 0.00 1iles 
lblth and lower 6. 94 tiles 

Total 1iles of accessible U.S. tributaries 48.69 1iles 
Total 1iles of accessible Ganadian Skagit River 20.20 1iles 
--~~--~----~~-------------~-~~~--~~-~-----
In addition to stream spawning, the shoreline of Ross Lake in the 
immediate vicinity of the mouths of Ruby, Lightning, Big Beaver, 
and Roland Creeks appear to support spawning by rainbow trout. 
The survival of any eggs deposited in these areas is questionable 
due to inundation by lake waters as the reservoir is filled. 
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Migration Barriers 

In several of the U.S. tributaries there are partial or complete 
barriers to migrations of Ross Lake trout and char. Some of 
these barriers are seasonal and caused either by low lake water 
levels and/or accumulation of driftwood debris along the beach 
line (Dry Creek and Roland Creek). Other obstacles are steep 
gradient and/or waterfalls at the mouths of some of the 
tributaries (Big Beaver Creek, Little Beaver Creek, Devils Creek, 
May Creek, Skymo Creek, Arctic Creek, and No Name Creek). Other 
instream migration barriers are caused by temporary or semi
permanent log jams and gravel accumulations (Lightning Creek). 
In some instances, removal of the barriers, or provision for ac
cess routes around the barriers, would add several miles of 
spawning and rearing habitat for the Ross Lake fish; a necessity 
if we want the depressed fish populations to recover as rapidly 
as possible end maintain themselves. The following are descrip
tions of three of the more serious barriers and suggested 
remedial actions. 

Lightning Creek Migration Barrier 

In Lightning Creek there are four known barriers to fish migra
tion. If the 1648' level fish migration block in Lightning Creek 
were removed the fish could migrate an additional 1.75 miles 
upstream to approximately the 2000' elevation level near the con
fluence of Three Fools Creek. In addition, three migration 
blocks are located a short distance upstream from the confluence 
of Three Fools Creek (Eggers and Gores, 1971). Each block could 
easily be made passable to fish by removing the logjams which 
form them, thus making another 3.9 miles of stream accessible to 
fish. This additional stream section has excellent potential for 
trout and char spawning because of its clean gravel substrate and 
long riffles. 

The removal of the Lightning Creek log jams could carry an un
known degree of genetic/biological liability. The opening of 
the upper 3.9 miles of tributaries would probably allow the 
migratory Ross lake rainbows to hybridize with the stream resi
dent rainbow. The resident rainbow must be genetically 
programmed not to migrate to the lake in any significant numbers. 
If that were not the case there would be no resident fish left 
today. The impact of hybridization on both resident and 
migratory populations would likely be a loss over time of the 
resident fish and an overall increase in rainbow trout production 
of Ross Lake origin fish. It would also result in the necessity 
to close to fishing that portion of Lightning Creek and its 
tributaries used by the spawners. However, this loss of stream
fishing, recreational opportunity should be more than off-set by 
increased harvest of Lightning Creek origin fish in the lake 
fishery . 
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Big Beaver Creek Migration Barrier 

The falls at the mouth of Big Reaver Creek ore at times H migrn
tion barrier to fish, depending upon reservoir draw-down levels 
and ref1lling schedules. Tt was reported in 1971 (Anonymous, 
1972b) that a 9-foot falls formed a fish migration block at the 
1578'elevation with the top of the falls at the 1587'elevation. 
According to that report, fish are prevented from entering Big 
Beaver Creek until the lake rises sufficiently to eliminate the 
barrier. However, additional falls and a high velocity chute lo
cated above the 1587' elevation further restrict fish access un
der high stream flow condition. 

Ripe cutthroat trout were captured off the mouth of Big Beaver 
Creek on June 1, 1972 at a time when a falls at approx 1596' 
elevation probably blocked trout migration into Big Beaver Creek. 

On the June 16-17, 1971, Big Beaver Creek float trip, covering 
the lower 4 miles up to 1625' elevation, three rainbow and one 
cutthroat greater than 250 mm and 6 fish of undetermined species 
were observed. In the upper 3 miles above 1625' elevation, 
three rainbow, 2 cutthroat and l dolly varden, all greater than 
250 mm, plus 1 dolly varden 250 mm and 25 undetermined species, 
were counted. This data would indicate that some rainbow are 
able to ascend the falls at the mouth of Big Beaver Creek during 
the peak spawning period for that species. The counts should be 
considered as an indicator of access only, since stream 
visibility precluded any true assessment of abundance. 

Biologists floated Big Beaver Creek June 20-22, 1972, covering 
the upper 4 1/2 miles of the lower 7 miles of stream. The lower 
2 1/2 miles were floated on April 26, l972. No rainbow trout 
spawners were observed, but considering the timing of the April 
float (the lake was down and the falls at the mouth would limit 
trout entry) and the avoidance of the lower 2 1/2 miles on the 
June float (the area where all of the rainbow were seen in the 
October, 1986 float), the 1972 surveys of this stream must be 
considered incomplete and not definitive regarding rainbow 
spawner utilization. 

A one time survey of Big Beaver Creek was made on October 9, 1986 
to determine its productive potential for rainbow trout and dolly 
varden. Previous surveys done in the 1970's by the Fisheries 
Research Institute of the University of Washington indicated 
little or no rainbow trout usage. The 1986 survey does not sup
port those earlier findings in that this latest assessment showed 
the stream being used by hundreds of 250 - 375 mm rainbow trout. 
These fish appeared to enter the stream on a spawning and/or 
feeding run. The timing of their entry into the stream was un· 
known but it most likely coincided with maximum lake level and 
falling stream flows, which would place entry sometime after 
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mid-July. In all probability then, these fish were entering the 
stream too late to spawn and were feeding-run fish. The trout 
probably return to the lake by mid-November. It is known thnt 
at least one large rainbow took such a journey. A rainbow trout 
(373 mm), which was tagged at the mouth of Lightning Creek on 
April 19, 1971, was recaptured and released in the mouth of 
Lightning Creek on July 6, 1971 and was again recaptured and 
released in Big Beaver Creek 6 3/4 miles upstream from the lake 
on October 7, 1971. · 

It appears that one of the primary limiting factors to rainbow 
trout production in Big Beaver Creek is the falls at its mouth. 
Steps could be drilled or blasted into the rock that would 
provide dependable access during the rainbow trout and dolly var
den spawning runs over a wide range of lake levels and stream 
flows. That would add approximately seven miles of stream for 
more consistant Ross Lake rainbow trout and dolly varden char 
production. 

Roland Creek Migration Barrier 

It was noted on June 9,1986 that a large Seattle City Light boom 
log was lying perpendicular to the mouth of Roland Creek, creat
ing a water fall and trout spawning migration blockage. Several 
thousand trout were milling around in the lake in front of the 
stream. On June 10th, Washington Department of Wildlife 
diverted the stream channel into a new course to bypass the bar
rier. On June 13th, 2500 to 3000 trout were observed spawning in 
the lower 300 yards of the creek. Contact was made with National 
Park personnel and they arranged removal of the barrier with SCL. 
These temporary barriers located near the stream mouths should be 
identified and their removal be part of an annual maintenance 
program (with the exception of the interlocking debris at the 
mouth of Dry Creek which is retaining the stream's best spawning 
gravel but is not a blockage to fish migration). 

Migrations of Fish Tagged in Ross Lake 

Results from tagging 514 rainbow, 21 cutthroat, 33 dolly varden, 
and l eastern brook in Ross Lake and the Canadian Skagit River in 
1971 indicated considerable movement in the lake and some move
ment into the Skagit River during tagging and recovery (April 
through October, 1971). Fish tagged in the Lightning Creek area 
showed the greatest variation in pattern of movement. Fish 
tagged in this area were recovered in every lake area although 
more were recovered north of Lightning Creek than south of this 
area. This undoubtedly reflected, in part, the greater fishing 
effort toward the north end of the lake. Ten rainbow tagged in 
the lake were recovered in the Canadian Skagit River, hut only 
one of these came from the three tagging areas to the south of 
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the Lightning Creek a1·ea, although more than half of the tagged 
fish were released in these ar1,as. Cutthroat tended to stay near 
the area tagged--Big Beaver Bay (Anonymous, 1972b). e 
In 1972, researchers tagged 837 rainbow, 36 cutthroat, 77 dolly 
varden, and 4 eastern brook in the lake and Skagit River. Most 
tagging was done ut the south end of the lake. 1972 recoveries 
of fish tagged in the Ruby and Roland Point areas were made in 
all areas of the lakn but not 1n the Skagit Hiver (Anonymous, e 
1973a). 

Distribution and movement were recorded in 1973 for 1353 rainbow, 
230 cutthroat, 36 dolly varden, and 8 eastern brook tagged in 
Ross Lake, Skagit Hiver, and Big Beaver Creek beaver ponds. Fish 
tagged in the Ruby Creek area of Ross Lake were found in all lake e 
areas and up to 28-Mile Creek on the Skagit River. Hecovery 
locations indicated a uniform distribution of tag recoveries in 
the lake and river (Anonymous, 1974a). 

Migrations of Fish Tagged in the Canadian Skagit River • 
Movement of fish into and oul of the Skagit River, as well as 
their density over time, were recorded in 1970-71. Snorkle 
floats were conducted between October 1970 and October 1971. 
Density of rainbow trout varied from 2.6 to 67.1 fish per mile e 
surveyed. Numbers were low in mid-October of 1970 and 1971: num-
bers were high throughout August and September. These data indi-
cated rainbow trout leave the Skagit Hiver in lhe fall. In 1973, 
divers counted low numbers of rainbow trout (0.3-7.8 fish per 
mile) from late March to mid-April and increasing numbers (7.3--
57.8 fish per mile) from late April to late May (Anonymous, e 
1972b). 

A series of Skagit River floats in 1973 showed a large increase 
in trout entering the stream between April 17 and April 30: l 
fish in 3 miles versus 217 rainbow 1n 5.5 miles of stream 
(Anonymous, 1974a). These appeared to have been the first pulse • 
of the annual spawning run from Ross Lake and gave further in
dication that few rainbow over-winter in the Canadian Skagit. 

Swim Surveys of the Skagit River were again conducted between 
August 23-31, 1982. Divers observed that 95% of the total fish 
in Skagit River were rainbow (1110 of 1162 fish observed). • 
Catchable sized fish, fish greater than 200 mm, appeared thinly 
scattered, but the largest number were concentrated in first 16.5 
km above Ross Lake. An estimated 2400 fish (>200 mm) were in the 
river up to barrier falls and 1000 in mainstem above falls (8m, 
25m, and 15m high falls). Based on analysis of scale samples 
from stream-caught and reservoir-caught fish, it was concluded • 
that 70-80% of the catchable size rainbow observed in the Skagit 
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drainage below the falls were migrant fish from the lake. The 
authors felt the results indicated the major function of the 
Canadian Skagit drainage was to provide rainbow recruits to Ross 
Lake (Griffith and Greiner, 1983). Scale samples from the river 
fish supported that contention. Stream caught rainbow trout 
scale samples from 1952, 1965, and 1978-80, indicated that the 
majority exhibited the same patterns of growth found on scales 
from 1982 Ross Lake caught fish . 

A Skagit River rainbow trout tagging study was conducted from 
July 9 to Sept 3, 1983. Researchers tagged 232 fish and 
recovered 60 tags; 54 from the river and 6 from Ross Lake. .The 
fish recaptured in the river showed little or no movement over 
extended periods. Fish recaptured in Ross Lake were from both 
the upper and lower section of the Skagit River. Fish were 
recaptured as far as 25 km down lake. Fish tagged ranged in fork 
length from 215 mm to 425 mm, with a mean length of 319 mm. 
Snorkle floats during August indicated 94 percent of the fish in 
the river were rainbow trout. A snorkle float on October 24, 
1983 indicated few large fish were left in the river. Tagging 
data provided no evidence of any gradual downstream movement; 
movement out of the river and into the lake was rapid, (Bech, 
1984). 

Scale analysis and other data from 1982 and 1983 suggested that 
the majority of Skagit River rainbow were immigrants from the 
Lake, holding over the summer in the river following spawning 
and/or feeding run migrations (Griffith, 1985). With the excep
tion of areas above and immediately below the barrier falls on 
the Skagit mainatem, there did not appear to be a significant 
population of resident rainbow trout of catchable (>200 mm) size. 
The author concluded that the Skagit mainstem appears to be the 
system's major juvenile trout production area. Highest densities 
of these fish, on average, were located in the lower most reach, 
and declined with progression upstream. Swim surveys in 1982 and 
1983 supported the conclusion that areas below the falls served 
primarily for recruitment/rearing of reservoir migrants. It ap
peared that once sub-catchable rainbow left dense rearing habitat 
areas below the falls, the large majority did not take up 
residence in deeper portions of the stream and remain as year 
around stream residents. 

Instream movement of rainbow trout was investigated in the 
Canadian Skagit River, in 1983 and 1984. In 1984 investigators 
marked (Floy tagged) 159 rainbow greater than 250 mm fork length 
between July 11 and Sept 30, 1984. The results were similar to 
the 1983 study findings. Some fish tagged in 1983 were recap
tured in 1984, in close proximity to where they were tagged-
suggesting a homing mechanism may be functioning within the sys
tem. Summary of movements: 10% showed minor upstream movement, 
60% showed little or no movement, and 30% showed downstream move-
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ment in late summer-early fall. 
ing downstream movement were 
1986) . 

Nearly 75% of marked fish show
recaptured after Sept 15 (Usher, 

Rech (1984) suggested that when the catchable rainbow 
system, they probably migrate rapidly. It may be 
stream temperatures or other environmental stimuli 
emigration. 

leave the 
that falling 
tri1(1(er the 

• 

• 

• In a 1985 tagging study, with 297 tags applied between May 1-17, 
1985, in the drawdown area of the reservoir but in the Skagit 
River channel, results indicated at least 14% of the tagged fish 
were captured by the sport fishery between June 15 and October 
17, 1985. The majority (76%) were recovered from Ross Lake while 
24% came from the Canadian Skagit River. Tag recoveries from e 
Ross Lake were most frequent during late June and early July and 
declined thereafter. Early tag recoveries were near tagging 
sites while later recoveries were more evenly distributed 
throughout the Lake. Tagged fish were reported at the south end 
of reservoir on June 14th. Results of this study showed that 
only a portion of the Skagit River rainbow spawning stock e 
remained in the river after spawning (to contribute to the 
fishery). The earlier tagging studies (pre 1985) could not have 
detected the portion of the migratory stock that returns to Ross 
Reservoir shortly after spawning since those fish would have 
migrated back before initiation of the tagging study (Scott and 
Peterson, 1986). • 

Rainbow tagging and test fishing studies were conducted in the 
Canadian Skagit River between April 15 and October 31, 1986. 
From Apr i 1 15 to May 19, 1986, 1276 rainbow were captured and 
tagged in the lower reaches of the Skagit River. Between June 9 
and October 25, 1986, 1034 rainbow were caught in the test e 
fishery in the Skagit River. Seventeen of these fish were from 
the 1986 study and one from 1985. The author concluded the trout 
displayed a life history that showed a dependence upon both lake 
and stream environments (Scott, 1986). 

Summary on Migrations: The Ross Lake-Skagit River tagging e 
studies, conducted between 1971 and 1973 showed that fish tagged 
in all areas of Ross Lake were subsequently caught randomly 
throughout the Jake and in the Skagit River fishery. Conversely, 
rainbow tagged in Skagit River studies in the 1970's and 1980's 
were later recovered in all areas of the reservoir fishery-- most 
of those rainbow had been tagged in the Skagit River or in the e 
draw-down area at the mouth of the Skagit, during the spring and 
summer months, but this does not mean those fish originated from 
the Skagit. These rainbow trout could have been feeding-run fish 
with natal streams other than the Skagit River. The movement ob
servations tended to support the theory that the Ross Lake rain-
bow trout populations have both spawning and feeding runs; in • 
some cases to a stream(s) other than natal spawning stream fol-
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lowing spawning, or non-spawners (immature fish) that moved into 
natal or non-natal streams just to feed, and then return to Ross 
LakP. in the fall. The inter-mixing of fish populations, from 
different Ross Lake tributary streams with Skagit River fish and 
movement of Skagit River fish into Ross Lake, creates mixed 
stock fishery problems in setting harvest regulations. Minimum 
size limits designed to promote survival and growth in one area 
may not be succssful in the long term, as potentially the case of 
the Skagit River, if the protected fish migrate to Ross Lake 
during an open lake season with less restrictive regulations. 
Cooperative fisheries management necessitates regulations for 
British Columbia's and Washington's portion of the Ross Lake 
drainage that do not preclude attainment of either country's 
management goals . 

Fry Production Fro• Tributaries 

A review and discussion of the inter-relationships between the 
fish and fishery of Ross Lake must include fry production . 
Migrations of fish between the lake and stream environments and 
use by spawning fish are just part of the picture. 

Each tributary, based upon habitat, flow, temperature, and 
spawner access, can contribute highly variable fry numbers to the 
total lake/tributary system fish production. Seemingly insig
nificant small tributaries can be major contributors and the 
cumulative contribution of all small tributaries can potentially 
exceed the trout production of the largest. 

Fry Emergence and Emigration Tiaing 

The timing of fry emergence and emigration from the Ross Lake 
tributaries varies from year to year. Stream flows and water 
temperature seem to be the two most important variables that con
trol spawning time, emergence, and emigration of the progeny . 
Low stream temperatures and low flows at spawning time tend to 
delay spawning, and therefore subsequent fry emergence. During 
the period the eggs are in the gravels of the tributaries, low 
temperatures delay egg development and hatching dates. Low flows 
following hatching can accelerate the outmigration timing of the 
newly emerged fry . 

Table 45 compares mean stream temperatures during the primary 
rainbow trout incubation period in several of the U.S. 
tributaries. The year to year and stream to stream variablility 
in temperatures is clearly shown and explains to a large degree 
why, for example, in 1974 spawning was later than in 1973 and why 
emergence of fry from the gravel and timing of downstream migra-
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tion to the lake was about two weeks later in 1974 tha,, 1973. 
These annual variations in time of arrival of the fry into the 
lake environment can have an influence on the first year's growth 
rate of the fry and even their survival. Many of the fry do not 
enter the lake until late fall when lake levels are dropping and 
food supplies are beginning to diminish. 

Tillllf 45. Mean stream ~ratures !'Fl fr011 June throwJh oid
August. in IJ.S. t.rib11tarie~. !?71 - 11174. 

Ruby Big Beaver Roland Dry Lightninq 

1971 4/,.0 43.? 45.7 
·1972 44.0 45.3 45.:1 45_,; 4S.O 
1973 48.11 4f,.8 50.l 50.3 4·~ .1 
1?74 45.4 45.2 47.S 44.6 
-----------------------·--------------···-~-···-------

Between 1971 and 1975 fry emergence/outmigration were studied on 
several tributaries to Ross Lake. Newly emerged rainbow trout 
fry, 21 to 24 mm in length, were usually first observed in mid
August. The first stream the fry normally appeared in was the 
Canadian Skagit River on dates ranging from July 19 to August 14 
over four years of observation. Closely following Skagit emer
gence, fry were first observed in Dry Creek (August 6 to 16). 
Several streams with similar first emergence timing of August 13 
to 30 were observed over the four year period (Ruby, Lightning, 
Roland, Big Beaver, and Devils Creek). 

The duration of emergence and emigration of fry often extended 
into October on the study streams (Table 46). 

Fry Contribution Estiaates 

The estimates made of fry contribution from tributaries between 
1971 and 1973 are suspect due to timing of trap placement (often 
after downstream migration had begun) , due to location of trap 
placement and design (failed to capture fish). This is unfor
tunate for it was during those years that the Canadian Skagit 
River was trapped, while during the 1974-1975 time period, when 
trap design, placement and timing were perfected, the Skagit was 
not trapped. In general terms, however, if we assume equal inef
ficiency in trapping on all streams in 1971-73, then ap
proximately 45 percent (129,249 fry) of production measured in 
that time period may have come from the Canadian Skagit River. 
The 1971-1975 sampling did not include all tributary streams or 
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any stream mouths, therefore any conclusion that the Skagit 
produced approximately one-half of all fry emigrating into Ross 
Lake would be too generous; it would be probably more valid to 
estimate contribution ranged from 30 to 40 percent of total sys
tem production. 

Rainbow trout fry were monitored as they emigrated from their na
tal streams to Ross Lake in 1973, 1974, and 1975. The trout were 
captured in fyke nets (2X4 foot openings for Lightning and Ruby 
Creeks and 2X2 foot openings fished in Dry and Roland Creeks. 
Rigid live boxes were attached to prevent fry mortality. The 
fyke nets were fished near the lake level, or in the case of 
Beaver Creek, at the 1645 foot elevation (7 miles upstream from 
mouth). The nets in Big Beaver Creek were normally set for one 
twenty-four hour period each week. The nets in the rest of the 
tributaries were normally set on Monday and checked daily until 
they were removed on Friday. Table 46 contains the actual fry 
catches made in 1975 and Table 47 contains the expanded estimates 
from actual catches after adjusting for stream discharge (Wyman, 
1975) . 

T/18L£ ~- Actual_fi:•uatches froe five u.s tri~~ri~ sat1Pled oa 1915 ifroa Wyaan, 1975). 
Wte Roland (.r. 1.it•y t.:r. 1.lghtning Cr. RulJy Cr. Big Bl!!!aver ·er. 

(1603') (1606') (1603') (161)1t 1 ) (16115') 
North Net South Net North Net South Net North Net South Net 

8/1 0 0 
8/5 0 0 
ets 21 a 
8/7 24 25 
8/8 23 It 
8/12 142 29 
8/13 91 19 
8/14 75 lt8 
8/15 '* 54 
8/19 ~· 25 
11/20 14J 95 
8/21 225 69 
8/22 277 17 
B/26 116 44 
8/27 ~ 65 
8/28 1* 10* 
8/29 37~ 15* 
9/3 lll 77 
9/4 113 35 
9/5 84 19 
9/9 61 26 
9/10 101 48 
9/11 87 59 
9/12 52 48 
q/16 23 6 
9/17 8 6 
9/18 10 lit 
9/19 11 8 
9/23 11 8 
9/24 8 7 
q/25 lit S 
9/26 4 5 
9/30 4 l 
10/1 2 5 
10/2 l l 
10/3 2 0 
10/7 0 0 
10/8 l 1 
10/9 l 0 
10/10 3 l 
10/lij O 2 
10/15 1 0 

0 

0 
0 
0 
0 
0 
0 
0 
6 
3 
0 
1 
3 

11 

' 2 

' 0 

11 
7 

' 0 

' ' 2 

1 
3 
0 
3 

l 
s 
3 
l 
1 
0 
l 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
1 
0 
0 
; 
; 

• 
2 
•• 

'" 27 
l9 

; 
JO 

"' 27 
1S 
lB 
25 

3 
s 
l 
2 

• 
' • 
2 

• 
l 
3 

• 
0 

' 0 
1 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
l 
0 

1 
0 
0 
2 
2 

• 
0 
l 
3 

• 
13 

• 
5 

' • 7 

UT 
2 

l 
3 
0 
l 
l 
2 
l 
0 

0 
l 
0 

l 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
; 
s 
• 
2 

' • 10 
1" 

' 13 
2 
2 

7T 
3 
5 
3 
2 

' 3 

• 
0 

• 
0 
0 
3 
0 
0 

0 0 

0 0 

2 0 

1 1 

1 0 

0 2 

0 0 

0 0 

1011s ~"-o~~~~"-o~~~~~~~~~~~~~~~~~~~~~~ 
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fASLf 4i. rstiaate,! ,:Jtches of rainbow fry frOI Foor triootanes to • 
Ro~, Lak,. 1975 lfrOI Wyaan, 1975!. 

--~-------------------------------------------------------------
Dat:e Roland Cr. Dry Cr. L{phtnine: Cr. Ruby Cr. 

(160J') (1606' ) (1603'} {1604') 

8/6 '56 • 7 ,,. "1 
8 200. 11 
9 lj.J6* ,,. 

10 673* , .. 
11 901•· '6' 
12 llll.5 S7 
13 561 ,,. 31 
1' 77g 101 0 
15 859* 155 0 ,. • 16 939* 132• 10• >6' 
17 1019* 1101', 21• 11• 
18 1ogq• 01• ,1• ,. 
19 un• 6. "1 0 
,o 1259 2"2 so 33 
21 171'} ,,. 60 0 
22 22B9 61 38 0 
23 2109• ••• 113* ,.. ,. 1930* , .. 188* .,. 
25 17So• 81' 264* 11• • 26 1570 " 339* ,. 
27 uqo 110 ''" 176 

" 1762 12). .,, 263 ,. 1335 136 321 10, 
30 1407"' 149* 287* 102• 

8/31 1479* 163* 253>11 ,,. 
9/1 155:t: ~ 176" 119• .,. 

2 1624 i, 18911 185* 82• 
3 1696 202 151 " • • 1727 150 3"8 22' 
5 816 90 651 311 

' 716* 100• 594* Jeq• 
9/7 616* 110• 536* 457* 

8 516* 120* 47B* 529* 
9 "16 13,;> 421 602 

10 620 95 350 "22 
11 5.- l":tl 16• 272 
12 35' 139 210 53? • 13 307* 1oe.• 172* lf.66* 
1" ?!58* , .. 134* JCf9* 
15 208* .,. ... 333* 
l& 158 16 " 266 
17 33 16 " 261 

9/lB ,. 30 22 ,.. 
19 16 20 5S 2•8 
20 16' 21• 50• 2161111 • 21 17• ,,. 66• 185• 
22 11• ,.. 11• 153• 
23 17 25 " 121 ,. 18 21 91 236 
25 28 13 as 99 
26 7 10 62 13• 
27 •• 8• 76• 136• 
28 •• 1• 90• 13B* 
29 9• s• 103* 1"0* • 9/30 10 3 117 1'2 

10/1 5 18 22 109 

' 3 3 39 137 
3 25 0 39 65 

• 19* o• ,,. .,. 
5 13* o• I 2t.at 101* 

• 6• o• 11• u,• 
7 0 0 9 137 

• • • 20 0 

' 3 0 0 0 • 10/10 11 2 10 116 
11 8* 3• 8' ., . 
12 ,. •• s• ,,. 
13 3• s• 3• ,.. 
1' 0 6 0 0 
15 2 0 0 " 16 0 0 

• TOTAL 47, ]34 4770 sq33 10 ?069 
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Table 48 contains values for estimated fry production for 1973, 
1974 and 1975 from U.S. tributaries. The 1975 estimate of 71,106 
rainbow fry produced in the four tributaries was similar to the 
1974 estimate of 57,675 but substantially less than the 1973 es
timate of 158,863. If the estimates of fry production were 
directly related to the actual, total fry production, then 1973 
could have been considered a "high" production year. That would 
have made 1974 and 1975 "average" years (or 1973 an average year 
with 1974 and 1975 "poor" years). Regardless, the effects of a 
peak year in 1973 and lower production in 1974 should have been 
observable in CPUE or size of fish in the 1976 angler catches 
compared to 1975 catches. The analysis of 363 rainbow trout 
sampled on the 1976 opening weekend showed no obvious changes 
from previous samples in length or weight frequency distribution, 
or in CPUE (Wyman, 1975) . 

One plausible explanation for no differences in CPUE or average 
length of fish in 1976 compared to 1975 was that in terms of to
tal fish produced by a tributary over a one or two year period, 
there was no difference in actual production between 1973 and 
1975. Spring run-off may explain the balancing of production . 
The flows in all three years were similar through May, then in 
1973 the in-flow declined, while in 1974 and 1975 it reached a 
peak in June and remained higher than the 1973 inflow until 
August. If substantial numbers of fry normally rear in the 
streams, then the low flow condition 1973 may have resulted in a 
crowding condition which caused a larger percentage of fry than 
normal to emigrate. 

The decision to sample Big Beaver Creek during these years, 
primarily at the 1645 foot elevation and not at the mouth, must 
be questioned. That elevation (approximately 5 miles upstream 
from the mouth) was upstream from the most suitable spawning 
gravel. It is not surprising that rainbow fry production was not 
found to be significant . 
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!ABLE \:J. Esti11ated Irv pro~JCtioo fc1 i'l:l. 1·114, and mo io, 
selected U.S. t1ibutams In Rrr,s lake iWyman. 19?,i. 

--------·-- -- -------------- ---------·- --··----- ---- . --------- ---- - ---

Strm I 

Jo,
.' j 

• • I t I I 
------------------------- --------- ------· ------------------- - -

Li!Jltnin9 52.416 33 7,171 12 H,933 13 

RJJbY 73,321 4o 18,978 33 l0,069 14 

Roland 23,046 JS 14,71-0 26 41,334 17 

Ory l0,000 & 16.7&\ 2'l 4,770 6 

----··-------------- --------------------------------------- -·· ----
Totals 158,863 llXJ 57t:,7S 100 71,106 !CO 
-------------------------- . ------------------- -----·· -- __ _. _____ -

Rainbow Trout Population Size in 1970's 

In the 1970's a series of tagging and recapture studies were con
ducted to develop rainbow trout population estimates for the 
Ross-Skagit system. The standard assumptions that are made in 
such studies include: 1) that fishing effort is proportional 
to the density of the fish population throughout the lake, 2) 
that tagged and untagged fish are equally susceptible to capture, 
3) that recruitment to the fish population does not occur during 
the recovery program, 4) that losses thought to be from natural 
mortality or emigration are the same for tagged as for untagged 
fish, and 5) that all tags recovered are reported. These as
sumptions were probably violated but that was never evaluated, 
for example: 

l) To 
known. 
ward. 

what extent non-reporting of tagged fish occurred is un
If it occurred it would bias the population estimate up-

2) To what degree natural mortality differed between tagged 
untagged fish is not known. If natural mortality was higher 
tagged fish the population estimate would be biased upward. 
was suspected that this occurred because many tagged fish 
sexually mature at the time of tagging, and sexually mature 
normally experience a higher mortality than immature fish. 
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3) To what extent recruitment occurred to the fishery during the 
study is ,rnknown. It is known, however, that age 1 and age 2 
fish are not fully recruited to the fishery at the start of the 
fishing season and additional recruitment would tend to inflate 
the population estimate, and 

4) Fishing effort 
the mid-lake area 
lake (indicating 
much lower in the 
the lake. 

was not proportional to density of fish in that 
maintained a CPUE equal to other areas of the 

similar fish density) yet angling pressure was 
mid-sections than at the north or south ends of 

Regardless of all the assumptions and possible or actual viola
tions of them, the population estimates do give us an approxima
tion of the number of the "catchable" rainbow trout in the lake 
in the early 1970's (Table 49). 

TASIE 49. PopuJ.tioo estiaates of harvestable Ross-Skagit 
systP.11 rainoow trout, I'll!, 19i7, an,J 1973 . 

Year 

J',l/l 

1972 

1973 

Populatioo Esti11,1te 

M,4flJ 

As previously discussed, 
in a body of water. The 
(0.52), and 1973 (0.49) 

95I Coofidence Interval 

120,263 - l36,3'.l8 

174,500 · 237,870 

li0,751 - 212,20') 

CPUE can reflect the abundance of fish 
CPUE values for 1971 (0.48), 1972 
would then indicate differences in the 

fish population existed between those years. That indication can 
be seen in the population estimates that were lowest in 1971 and 
highest in 1972. If a 0.04 drop in CPUE (1971 vs 1972) was 
equated with a drop in the total fish population of 60,000 (1971 
vs 1972), then a drop of 0.13 (1972 vs 1985/86) would indicate a 
decline in the population of as much as 195,000 fish. However, 
it must be remembered that the relationship between CPUE and to
tal fish is not a straight line relationship nor was the drop in 
CPUE in 1985/86 in all areas of the lake. The decline in CPUE 
was greatest at the north and south ends of the lake in those 
years. This information does indicate that there has been a 
major reduction in fish at the two ends of the lake since the 
1970's . 
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Impacts of Ross Dam Operations on Fishery Resource 

Migrations and Losses Through the Dam 

The spill over Ross Dam in 1972 may have resulted in a sig
nificant loss of fish from the Ross Lake system according to IS
RFC discussions held in April, 1973. From tag recoveries in the 
two reservoirs, immediately downstream from Ross Reservoir, in
dications were that large numbers went over Ross Dam's spillway. 

In 1972, 14 tagged fish were recovered below Ross Dam; 4 in Gorge 
Lake and 10 in Diablo Lake. Two of the fish had been tagged in 
1971 and 12 tagged in 1972. One of the 1971 fish was recaptured 
in Gorge Lake and 1 in Diablo Lake. No tagged fish were 
recovered below Ross Dam in 1971. The passage of fish from Ross 
Lake past the dam was attributed to the heavy continuous spill 
over Ross Dam lasting from May 22 to July 20 (60 days) in 1972. 
Average spill during this time was 8280 cfs, with a one day maxi
mum of 16,800 cfs. In 1971 the longest period of spill over Russ 
Dam was from June 23 to August 2 (41 days). Average spill was 
4463 cfs with a one day maximum of 9400 cfs. 

Assuming that tag recovery rate was the same in Gorge and Diablo 
lakes as in Ross Lake (19%) approximately 58 tagged fish (8% of 
number at large in Ross Lake) survived the passage. On the basis 
that a similar percentage of the untagged fish population passed 
over Ross Dam and survived, it was estimated that approximately 
16,000 fish from Ross Lake entered Diablo and Gorge lakes. How 
many died in the passage is unknown. 

To put the magnitude of 
the total angler harvest 
1985 season was only 
spillway in 1972. 

this loss in perspective, remember that 
of rainbow trout in Ross Lake for the 
2500 more fish than were lost over the 

If Ross Dam operations, for whatever reason, are not able to 

• 

• 

• 

• 

• 

• 

• 

prevent spilling water at a rate greater than the 1971 rate e 
(which appears not to have caused a significant loss of fish), 
then a mitigation plan needs to be developed so that Seattle City 
Light can compensate the citizens of the state for the loss of 
fish. Obviously not all fish that go over the spillway are lost 
to anglers. Some survive to be caught in the lower lakes. A 
needed study would estimate numbers of fish dropping over the • 
spillway at different flows and determine mortality al these dif-
ferent flows. Such a study would not alleviate the need for com
pensation for determined losses; it would just define the dollar 
value. 
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Drawdown l•pact on Trout Food Sources 

Ross Lake Zooplankton 

Zooplankton is the single most important food source of the rain
bow trout in Ross Lake. Interestingly enough it is the 
zooplankton that gives the flesh of the Ross Lake rainbow its 
characteristic red color. The abundance of zooplankton is 
directly related to the surface area of the lake. During winter 
and early spring maximum draw-down this food supply may become 
limited, resulting in slower fish growth and a slightly smaller 
rainbow trout on opening day of fishing season . 

Although copepod crustaceans and rotifers formed a considerable 
portion of the zooplankton present in the lake, they were vir
tually absent from trout stomachs in 1971 diet studies. The most 
important food item for rainbow trout was planktonic crustacea of 
the order Cladocera. Monthly averages for Cladocera ranged form 
22% to 76% of the food eaten. Of the cladocerans, only the 
species Daphnia and Leptodora were consumed in great numbers. 
Leptodora, roughly 3 times the size of Daphnia, was heavily 
selected even though Daphnia was many times more abundant. Ef
ficiency of feeding on plankton by trout is undoubtedly in
fluenced by visibility and mobility of the zooplankton, their 
distribution, and their individual size. These crustaceans are 
extremely small and after the trout reach 300 mm ( approximately 
12 inches) they have difficulty filtering the small zooplankton 
out of the water with their gill rakers. Smaller fish have their 
gill rakers spaced lose enough together to be much more efficient 
grazers of the tiny animals. Those fish greater than 300 mm 
feeding in the lake took a smaller proportion of cladocerans and 
a greater proportion of terrestrial insects, other aquatics 
(snails and amphipods) or mayfly, stonefly, or caddisfly nymphs, 
pupae or adults between May and October. Small fish had greater 
proportions of cladocern in their diets. 

In all probability it is the food filtering inefficiency of 
larger trouts' gill rakers that cause them to migrate into Ross 
Lake tributaries on feeding-runs. In the streams, during the 
trout spawning period, they primarily feed on drifting trout 
eggs. Smaller fish, those less than 300 mm, feed mainly on 
mayflies and terrestrials. In August all sizes of fish in the 
streams prefer mayflies (Anonymous, 1972b) . 
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Ross Lake Benthos 

Benthos, or bottom dwelling invertebrates, can be an important 
food source for Ross Lake rainbow trout. Two of the most impor
tant benthic invertebrates are snails and amphipods (gammarus). 
While snails formed up to 90% of the benthos in fish diets in 
some months, amphipods comprised up to 70% in other months. 

As fortunate as it is that the trout, particularly the larger 
fish, have these important large invertebrates available for good 
growth and recovery from the nutrient losses associated with 
spawning, it is unfortunate the benthos of Ross Lake can never 
develop stable populations due to the draw-down and refilling 
cycle of the reservoir. That limitation on the development of 
stable invertebrate populations lessens the chance large rainbow 
will survive spawning or add significant annual growth after age 
5, and at least partially explains the rapidly declining growth 
rate of age 3 and 4 fish as well. 

Lake bottom samples taken in the 1970's indicated that the abun
dance of benthos on the lake bottom was directly related to 
whether, and for how long, a given portion of the lake bottom was 
exposed by drawdown. Below maximum drawdown the greatest abun
dance of benthic food tended to be found in the shallower areas 
of the lake bottom, and was lower in very deep water. Above max
imum drawdown the least amount of benthic food was found on those 
portions of the lake exposed for the greatest length of time. At 
depths above maximum drawdown there was a gradual summer increase 
in abundance depending upon the length of time of exposure by 
drawdown and length of time for invertebrate recolonization. 

Indications were that abundance of benthos was less in summer 
1972 than in 1971. In 1971 the drawdown was to the 1531' eleva
tion; the area exposed exceeded 30% of total lake area. In 1972 
draw-down was to the 1523' elevation: exposed area was 36% of to
tal lake area. Draw-down could partially explain the inver
tebrate abundance difference between 1971 and 1972 (Anonymous, 
1973a). 

The substrate samples taken off the creek mouths showed that 
production of benthic food at creek mouth sites was considerably 
higher in the area continuously inundated by the lake, as com
pared to areas exposed by lake draw-down. In addition it was 
found that the abundance of benthic food in the creek mouth 
samples was considerably greater than in the lake shore transects 
(Anonymous, 1974a). 

Were the reservoir drawdown schedule to require attainment of 
full pool by June 1 and maintenance at that level until late Oc
tober, the invertebrate populations would significantly increase 
a,nl e::ur-.d.val of older trout would improve. 
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Spawner Access and Redd Inundation 

Reservoir operations which affect lake level are under the con
trol of Seattle City Light. In addition to the impacts that 
could affect population size and growth of trout and char already 
discussed (spill at dam, limiting food production, etc.), are the 
impacts of limiting spawning fish access to tributary streams and 
redd inundation . 

Spawner access to tributary streams can be blocked not just by 
boom logs or wood debris at the mouths of the streams. Large or
ganic debris blockages can also occur during the draw-down cycle 
when this material accumulates in the stream channels that course 
across the dry lake bed. This material, left behind when the 
lake level recedes, can block upstream migrating fish that are 
attempting to reach their spawning grounds in May or June. This 
can force the fish to spawn in portions of the stream that will 
later be inundated by rising lake levels. A similar but more 
permanent access problem can exist when lake levels are not at 
full pool by June 1st and a spawning stream, such as Big Beaver 
Creek, has a waterfall at its mouth that is only passible when 
inundated by the lake at full pool. Under this latter condition 
the fish are also forced to spawn in areas later inundated by 
rising lake levels. 

In the 1970's one of the studies involved determining if inunda
tion of rainbow trout eggs caused higher mortality than would be 
expected if the eggs had been deposited in a normal stream en
vironment. In that study 50-100 fertilized eggs from ripe fish 
caught near each of three respective study areas were placed in 
small plastic containers with gravel, and buried in the lake bot
tom at various depths. The containers were freezer containers; 
1/2 pint size screw top with 5/64" diameter holes at 2/10" on 
center. 

Study areas were Roland Bay, Pierce Creek, and Lightning Creek. 
Stations at varying depths were provided with four egg containers 
each for later recovery by scuba diving. Results were quite 
variable. At Roland Bay all but two stations at depths ranging 
from 2 to 45 feet (with respect to full pool) were recovered. 
Very low egg survival was noted to 31 feet. At Pierce Creek, 
results were not conclusive. Most containers were washed out or 
could not be found. In Lightning Creek, 100% mortality was noted 
in those containers recovered. Heavy siltation of all but the 
shallowest stations was observed, and thought to be the main 
cause of mortality. High mortality of all redds should be ex
pected. The spring/early summer period is the time of maximum 
stream flows carrying maximum quantities of silt and mud. When 
the streams reach their confluence with the lake, and water 
velocities slow, the suspended sediments settle out of the water 
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onto the lake bed, and on top of the fish 
silt blocks the movement of fresh water to 
smother from lack of oxygen. 

redds. The layer of 
the eggs and they 

In conclusion, maximum draw-down occurs in March/April each year, 
followed by a slow refilling of the lake. Should rainbow trout 
atttempt to spawn in the exposed channels at the traditional time 
(May - early June), the likelihood of a successful hatch before 

• 

inundation is very small. Only eggs deposited in the uppermost e 
limits of the reservoir would stand a chance of hatching success-
fully before inundation in late June or early July. 

To minimize the mortality problem associated with inundation 
there is one direct solution; Seattle City Light should ensure 
that the reservoir is at full pool by June leach year. a 

• 
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CONCLUSIONS 

The following conclusions are derived from data collected at Ross 
Lake from 1985 to 1988, and from comparison af that data to 
research results from similar studies conducted between 1971 and 
1975: 

1. The rainbow trout population in Ross Lake has declined in 
abundance since the 1970's . 

In the early 1970's, the Ross Lake fish population was estimated 
to range between 146,000 and 206,000; comprised of 95 percent 
rainbow trout, 4 percent dolly varden, and l percent cutthroat 
and eastern brook. During this period the anglers' catch rate 
(CPUE) averaged 0.5 fish per hour (2 hours to catch one fish) . 
The annual harvest averaged 38,642 fish, of which approximately 
36,000 were rainbow trout. 

In 1985 and 1986, the average angler catch rate (CPUE) fell to 
0.37 fish per hour (almost 3 hours to catch one fish) and the 
average annual harvest had fallen to 22,031 fish, of which 20,514 
were rainbow trout. 

While population estimates were not made in the 1980's, the CPUE 
normally reflects fish abundance. A 26 percent decline in CPUE, 
as occurred between the 1970's and mid-1980's, indicated a large 
drop in total population of fish in Ross Lake. The CPUE values 
dropped primarily at the north and south ends of the lake in the 
zones of the lake receiving the greatest fishing pressure. In 
the l970's CPUE remained near 0.50 fish per hour from opening day 
to the end of the fishing season. In 1985 and 1986, two weeks 
into the season, the catch per hour sharply fell. The catch per 
hour in July and August in 1985 and 1986 averaged 0.24, while for 
the same months in 1971 and 1972, CPUE was 0.58. That mid-summer 
decline of CPUE by 59 percent in the 1980's, compared to the 
1970's, indicated that the population could not absorb the fish
ing pressure, particularly at the north and south ends of the 
lake. Figure 30 shows the monthly combined CPUE for 1971 and 
1972 plotted with the monthly combined CPUE for 1985 and 1986 . 
These values were for the whole lake's fishery and clearly show 
the near total collapse of the 1985 and 1986 fishery in the sum
mer months. 

An oddity in the CPUE data was that in the 1980's, opening day 
catch per hour was significantly higher than in 1971 or 1972 . 
How can that occur if CPUE is an indicator of fish abundance? 
The most probable explanation is that by the 1980's, a majority 
of the anglers fishing Ross Lake had been participating in this 
"destination" fishery for 10 to 15 years. That's in contrast to 
the anglers fishing Ross Lake in the late 1960's and early 1970's 
when it was still a relatively "new water". The present-day 
anglers have, in the intervening years, learned the habits and 
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favored habitat of their quarry and are now far more efficient in 
catching fish than when they first started. Most of these long
term anglers target their holidays on the opening weekend of Ross 
Lake. They have become so efficient that after the first 2 
weeks, catch per hour in the zones most of them fished (Hozomeen 
and Roland Point Zones) dropped to as low as 0.17; a 79 percent 
decline from opening day. In the remainder of the lake's zones 
the CPUE values in 1986 remained closer to 1970's values. 
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The migrations of rainbow trout in the Ross Lake system also con
tribute to the vulnerability of the fish during the early and 
late portions of the fishing season. The rainbow trout of Ross 
Lake, the Canadian Skagit River, and the U.S. tributaries are es
sentially one stock of fish that freely migrates between the 
streams and the lake each year. Major migrations include; 

1) Migration from their home stream to the lake shoreline for the 
first time, usually at age O or age 1. Some delay lake entry un
til age 2 or 3. 

2)Migration off-shore into the mid-lake feeding areas, usually in 
mid-summer at age 1 or 2. 

3) Migration for feeding only to mouths of streams or into the 
streams. This normally occurs as the fish approach 12 inches 
(305 mm) and they experience difficulty filter feeding small 
zooplankton (their main diet in the lake). They seek larger food 
organisms and/or drifting eggs. This feeding migration usually 
occurs in late spring or early summer and the fish remain in the 
feeding areas until mid-fall, when they return to the lake . 
These feeding-runs are not always to the individual fish's natal, 
or "home", stream. This acts to mix the lake's discrete 
tributary stocks. 

4) Migration for spawning to the natal stream usually peaks be
tween late April and late June. After spawning the fish either 
return to the lake, hold near the stream's mouth, or remain in 
the stream to feed until mid- to late September. In the fall the 
fish return to the lake to over-winter. 

The above migrations tend to mix the lake's tributaries' popula
tions and probably explains consistent opening day availability 
of fish at the mouth of the Canadian Skagit River (north end) and 
in the Roland/Ruby Creek areas (south end). However, significant 
numbers of new fish do not move into these areas until fall, and 
after depletion of the localized stationary fish at the first of 
the season, the fishery collapses . 

As mentioned at the start of this section on population decline, 
the annual harvest of rainbow trout, between the early 1970's and 
the mid-1980's, has also declined by about 43 percent. That 
drop in annual harvest is most likely attributable to a decline 
in the total lake's fish population. The harvest reduction can 
not be attributed to fewer anglers fishing Ross Lake nor can it 
be accounted for by the reduction in catch limit from 12 to 8, 
that went into effect in 1980; very few anglers caught 8 fish in 
either the 1970's or 1980's studies. 
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A portion of the reduction in annual harvest may be due toles
sening of the total hours that anglers fished per day in the 
1980's compared to the 1970's. In the 1970's, the average angler • 
trip lasted a little over 4 hours, while in 1986 the average com-
pleted trip duration was 3.6 hours. This decline in total an-
gling effort of about 4000 hours in 1986 would have resulted in 
1500 fewer fish caught (at 0.37 fish per hour) than would have 
been harvested if trip duration was the same as in the 1970's. I 

That decrease in harvest still leaves 15,000 less fish caught in e, 
the 1980's, that only can be explained by a reduction in the to-
tal population. 

2. The current population of rainbow trout in Ross Lake is show-
ing signs of instability that will probably soon lead to an in- • 
creased rate of population collapse. 

The anglers have noted it and remarked on it at every oppor
tunity. Ross Lake's rainbow trout are getting smaller. It must 
be remembered that many anglers' observations were made over a 10 
to 15 year time span and are good trend indicators. Few biologi- • 
cal surveys on Ross Lake, or the Skagit River, go back far enough 
in time to track a decline in size of fish. However, one study 
in the Canadian Skagit River in 1962 and 1963 found that over 30 
percent of the rainbow catch was greater than 14 inches (355 mm). 
It must be remembered that these were Ross Lake fish on a 
spawning/feeding-r~n to that river. In the 1970's studies, the • 
fish averaged approximately 12 inches (305 mm) and few fish were 
found to be over 5 years of age, which encompass the 14-inch and 
larger fish. By the 1980's, less than 10 percent of the Ross 
Lake fish were greater than 14 inches. One must wonder if the 
fish in the early 1960's just grew larger by a given age because 
the lake was more nutrient rich. On the other hand, only acer- e 
tain percentage of fish can survive their annual natural mor-
tality rate to reach a larger size, and recent angling mortality 
rates appear to have been high enough to hold the numbers of 14-
inch to a very low level. 

The average size of rainbow trout in some years in the 1980's was • 
approximately the same as the 1970's, while in other years it was 
significantly less. This oscillation in size of fish in the 
1980's has been due to extreme variabiliy in different age class 
abundance. One year the age 3 fish were most abundant, with few 
age 2 fish available. That condition caused the average size of 
the fish to be as much as 20 to 30 mm greater than when age 2 • 
fish were dominant the following year. Given their life history 
and migration patterns in Ross Lake, a healthy rainbow population 
in that lake should always contain more age 2 than age 3 fish, 
and that should be reflected in the catch. It was that way each 
year in the 1970's studies, but not in the 1980's. In the 1970's 
age 2 fish comprised 50 to 60 percent of the annual harvest. In • 
the 1980's, in some years, their numbers were so low that, as in 
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1987 on opening day at the north end of the lake, none were 
caught. This situation is indicative of inadequate numbers of 
spawners in some years . 

The absence or extreme low numbers of age 2 fish places heavy 
fishing pressure on age 3 and older fish. The majority of age 3 
fish have been found to be immature female, one year away from 
spawning. High angling mortality on these females will hurt the 
next year's spawning population, which in turn will accentuate 
the oscilations in dominant age class for a period of time. 
Eventually mortality will even out the differential abundance be
tween the age classes and the population will reach some very low 
level from which, even if we close the fishery, natural mortality 
may never allow it to recover . 

Adding to the problem of excessive angling mortality are impacts 
on the trout population caused by reservoir operations by Seattle 
City Light. These impacts include, but are not limited to, 
losses of fish over the dam due to heavy spill, loss of large 
food organisms and reduced zooplankton abundance due to lake 
draw-down, loss of recruitment due to stream mouth blockages 
caused by debris and fluctuating reservoir levels, and spawning 
bed inundation caused by the reservoir being below full pool as 
of June 1. Recruitment could be improved if instream barriers 
such as those in Lightning Creek were removed, the falls at the 
mouth of Big Beaver made more passable, and, most importantly, 
the reservoir operating schedule adjusted to require attainment 
of full pool no later than June 1 and maintenance at that level 
until October 31. 

3. Washington State's and British Columbia's fishing regulations, 
for their respective portions of Ross Lake and British Columbia's 
Skagit River need to be complimentary if mutual goals are to be 
developed and attainable. 

There are currently three different sets of management regula
tions in effect within the Ross Lake drainage basin. British 
Columbia's regulations on the Canadian Skagit River are aimed at 
protecting spawning rainbow trout and dolly varden char and 
building those populations. The added recruitment and survival 
to older age would produce more recreational opportunity for 
growing numbers of quality oriented anglers. Their 2 fish, 300 
mm fork length minimum size restrictions (12 inches) have begun 
to show promise --- at least until these fish emigrate back to 
Ross Lake in mid-September to over-winter. They arrive at the 
lake only to encounter another set of less restrictive angling 
regulations (4 fish, 200 mm (8-inch) minimum size). Many of the 
fish protected while in the river now can be harvested in the 
lake. If these same fish migrate one mile further down lake 
(assuming full pool) they enter U.S. waters with an 8 fish limit 
with no minimum size restriction. The fish Canada is trying to 
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save are heavily harvested in the fall lake fishery and again the 
following June on their migration back to the river or as they 
hold feeding stations off the river mouth. It could be said that 
these fish are the only thing that stands in the way of total 
collapse of the north end lake fishery. The heavy angling mor
tality these fish experience will probably keep Canada from ever 
attaining its management goals for the river. 

Functionally similar management goals for the lake and the river 
must be set in place soon. The first priority of any management 
restrictions must be to protect the wild stocks of fish to allow 
numerical recovery and encourage population stability. 

4. Angling pressure can be expected to dramatically increase on 
Ross Lake in the coming years, especially on the northern half of 
the reservoir. B.C. Parks Branch is increasing the size and 
quality of campgrounds at the north end. In addition, the North 
Cascades National Park is improving boat launching access at the 
Hozomeen campground, which will allow larger boats to be launched 
over a longer season. That change will increase fishing pressure 
on the whole lake. Also major improvements have occurred to the 
40 mile long dirt road leading to the north end of the lake, and 
more can be expected. Easier vehicle access, camping facility 
improvements and better boat launching access will increase an
gling pressure on fish stocks already showing the impact of 
over-fishing. New fishing regulations, more immune to angling 
pressure increases, must be considered. 
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.SHKRIKS MANAGKMKNT RKCOMMKNDATIONS 

N ,ling Regulations 
eed for N, 

Th fishery can only be expected to become more popular 
e Ross sed in future years, particularly in light of the 

and heavjof new and enlarged camping facilities at the north 
!e;elopmake in Canada. Current fishing regulations do not 

; of tprotect the fish populations from over-harvest at the 
a equatJling pressure level. 
current 

B a significantly reduced CPUK for the 1980's compared to 
t:sef s (25% seasonal average decline), and a 43 % decline in 
an: :harvest between 1970's and 1980's, over-harvest has al
rea:;~curred. There are several other indicators, more subtle 
but ,st as important, that further support the conclusion that 
the ass Lake rainbow trout population has declined and is un
stabft. Angler over-harvest and reservoir draw-down, are the two 
most probable causes. Indicators include; 1) wide year to year 
fl,ctuation in year class strength of age 2 trout indicating un
st,ble recruitment, most likely due to inadequate numbers of 
s~wning fish or loss of eggs due to inundation, 2) dispropor
tionately high harvest of, and dependency of the fishery at the 
north and south ends upon, age 3 immature females in the year 
prior to spawning, especially in years that age 2 fish abundance 
is low, 3) large drop in CPUK following the first two weeks of 
tpe season in the 1980's compared to the 1970's, which indicates 
the fish population size in the 1980's is insufficiently large to 
absorb current angling mortality and remain stable, and 4) when 
the above situations occur simultaneously, overharvest of the fu
ture spawners is virtually guaranteed. 

The current fishery regulations in effect on Ross Lake do little 
to prevent further deterioration of the fish population. They: 
l) open ~he lake fishery during the peak spawning period (mid
June) when many shoreline spawners are vulnerable, 2) do not ade
quately protect nor insure there will be sufficient spawners, 
particulariy females, for the following year, 3) allow harvest of 
large numbers of Canadian Skagit River fish that were protected 
under 2 fish, 300 mm minimum fork length regulations while in 
Canada, but are not protected once they re-enter Ross Lake with 
its 8 fish, no-minimum-size regulation, and 4) the current 
regulations have too high a catch limit (8) and too low a mini
mum size limit (none) considering the need to reverse the rainbow 
trout population decline, as reflected by CPUE and annual har
vest. 

The only benefit offered by current regulations is protection of 
spawning fish in tributaries. 
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New regulations that should be considered for implementation 
starting 1990 are as follows: a 

SEASON CHANGE Change the current opening~ (3rd Saturday 
in June2 to the closest Saturday to Ju_l_y L .. 
The 1990-1991 proposed seasons~ 

June~ 1990 to October ;u_L 1990 
July _L_ 1991 iQ. October :u...__ 1991 

Justification: It is necessary to design fishing seasons to 

• 

protect spawning fish. Too early a fishing season opening date • 
in Ross Lake would not only cause a loss of late spawners and 
result in an overall population decline, but could remove from 
the population the genetic component for late spawning. Were 
that to happen, eventually there would be no late spawners. In 
the case of Ross Lake, with its Seattle City Light controlled 
draw-down, that would result in dependence upon early spawners • 
that lay their eggs in stream channels that are later inundated 
by a rising reservoir. The majority of those eggs would die. 
Regulations, the fish life history and the environment must work 
hand in hand. A better regulation would be to set the fishing 
season late enough to ensure adequate numbers of early and late 
spawners contribute to the genetic diversity of the stock. Such • 
an opening day would be the closest Saturday to July leach year. 
The current June 14 to June 20 opening date range occurs at the 
very peak of spawning. While few anglers keep the spawners they 
catch, these ripe fish are caught in good numbers by bait anglers 
fishing off the mouths of the creeks and over the inundated 
Skagit River channel. The spawners are released alive, for the • 
most part, but the stress of hooking and releasing and loss of 
eggs from the ripe females during the landing process takes its 
toll. In 1985, 18 percent of the fish caught were released, and 
a significant percentage of the fish released between opening day 
and July 6 were spawners. In 1985, approximately 5000 fish were 
harvested in that time period. If 15 percent more were released • 
because they were spawners (750 rainbow) and if 20 percent of 
those fish die from hooking mortality (150) and if 60 percent of 
those fish were females (90) each carrying 2000 eggs, that means 
e minimum loss of 180,000 eggs. This estimate of loss does not 
even include the number of sexually mature, unspawned females 
kept by some anglers during this time period. Put in another • 
perspective, the loss of eggs is at least equal to the annual 
deposition of eggs in some of Ross Lake's smaller tributaries. 
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MINIMUM SIZE LIMIT: Change the current !l..2. minimum size limit to 

13-inch (to~.!!]_ length) minimum size 

Justification: To re-establish the stability in recruitment and 
increase the total population of the Ross Lake rainbow stock we 
must enact regulations that will protect the immature age 2 
females and males and the immature age 3 females in the year 
before they will spawn. The only way to do that is to place a 
minimum size restriction on the harvest that will be effective 
for the whole season of growth. This regulation must consider 
the size of the age 2 and 3 fish at the first of the fishing 
season and their size by the last of the season and considered 
differences in size of fish at the north and south ends of the 
lake. For example, in 1987 at the south end of the lake on open
ing day, 30 percent of the harvest was age 2 fish averaging 273 
mm (fork length), and 43 percent of the harvest was age 3 imma
ture females averaging 287 mm (fork length). That same year on 
opening day at the north end there were no age 2 fish caught, 
however 40 percent of the harvest was age 3 immature females with 
an average size of 296 mm (fork length). While a 12 inch (fork 
length) mimimum size limit (305 mm) would protect the majority of 
age 2 and 3 fish on opening day, summer growth of 20 to 30 mm is 
common, and as a result, 49~ of the 1987 south end opening day 
harvest (those fish between 280 and 305 mm) potected by a 12-inch 
(fork length) minimum size on the opener would exceed that size 
by September, and would likely be harvested in the intensive fall 
fishery. The same situation applied to the north end fishery in 
1987; 21 percent of the opening day harvest was between 280 and 
305 mm and could be expected to exceed a 12-inch minimum length 
limit by September. These same circumstances applied to the 1988 
findings disclose; at the south end 29 percent of the opening day 
harvest that would have been protected by a 12-inch (fork length) 
minimum size limit would exceed 12 inches by September. The 
north end opening day harvest in 1988 was comprised of 40 percent 
rainbow that, while protected on opening day by a 12-inch minimum 
would exceed that size by September. Obviously then, a 12-inch 
(fork length) minimum size limit applied for the full season does 
little to achieve the goal of increasing the following year's 
spawning population. This is especially true since the 
September/October trout harvest is up to one-half of the annual 
harvest. 

The preferred and best regulation to control mortality of imma
ture fish prior to spawning is a season long minimum size limit 
of 13 inches TOTAL length. All length data in this report has 
been in fork length measurements, not total length. While fork 
length is a standard measurment in scientific studies, and used 
by British Columbia in all its fishing regulations, Washington 
sets all of its length regulations in terms of total length. To
tal length measurement is taken from the tip of the fish's snout 
to the tip of its tail, while fork length is from the tip of the 
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snout to the fork of the tail. A 12.5 inch fork length is equiv
alent to a 13-inch total length. A 13-inch total length fish is 
approximately 320 mm in fork length, and could be matched by B.C. 
for their portion of the lake with a 320 mm fork length minimum 
size restriction. 

One final point needs to be emphasized: a 13-inch minimum size 
limit, is the only regulation that will allow adequate numbers of 
fish to survive from season to season and ensure that a majority 
of rainbow females will spawn at least one time before being 
legal to harvest. Minimum size restrictions are much more effec
tive in preventing overharvest than are restrictions on the num
ber of fish that can be harvested in a day or have in possession. 
The latter does little to prevent overharvest if significant in
creases in numbers of anglers occurs, as is expected to happen at 
Ross Lake in the next few years. 

ANGLING GEAR RESTRICTION: Bait Prohibited. 

• 

• 

• 

Justification: A minimum total length restriction of 13 inches • 
will require the releasing of large numbers of fish. Literature 
indicates that as many as 50 percent of the fish hooked and 
released using bait die, whereas fish hooked and released using 
artificial lures have a hooking mortality ranging from 5 to 20 
percent. These mortalilty rates were derived from experiments 
conducted under a wide variety of conditions, not all of which • 
apply to Ross Lake, but the survival ratio between gear types 
should still apply. In the early 1970's when tagging studies 
were conducted the test fish were captured with a variety of gear 
but mostly flies and lures. The fish were retained in capture 
boxes to evaluated post-hooking mortality and it was found that 
10 percent died. It would appear then that Ross lake hook and • 
release mortality rates are similar to those reported in the 
literature. For this reason a bait restriction should be applied 
to Ross Lake to ensure maximum survival of released fish. 

One question that must be raised is; would such a bait restric-
tion significantly reduce harvest or are other fishing gear types • 
just as effective in catching Ross Lake rainbow? 

Table 50 contains a comparison of the gear used by the Ross Lake 
anglers in 1986 (season), 1987 (opening day only), and 1988 
(opening day only), the percent of anglers using a particular 
type of terminal tackle, and the percent of harvest taken with • 
that gear type. Tackle preference has changed little since the 
1970's when 2 percent of the anglers used flies, 5 percent used 
lures, 16 percent used bait only, and 77 percent used a combina-
tion of flashers and lures or worms (note: compare these percent-
ages for 1971-73 with the 1986 season data in Table 50). 
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TABLE 50 r· . . · tackle) and percent of total harvest taken with that gear, 1986, 1937, and 1900, at Ross Lake . 
· 15/)Jnq . 

. ---------------------------------------------------------------------------------------Jason 1987 Opener (S.End) 1987 Opener IN.End) 1988 Opener (S.Endl 1900 Opener IN.End) 
fer . 1 Harvest(%) Anglers(%) Harvest(!) Anglers(%) Harvest(:) lllglers(%) Harvest(%) Anglers(%) Harvest(%) 

•1naJ Tackle ----------------------------------------------------------------
----------

Bait-tmJy 19.8 0.0 0.0 41.0 33.0 0.0 0.0 42.0 51.0 

LUfM'l})y J.4 0.0 0.0 0.0 0.0 0.0 3.0 2.0 0.0 0.0 

Flr-tmly 1.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Flashe, ' V 
49.l 54.7 85.0 73.0 31.0 35.0 87.0 87.0 30.0 34.0 

Flasher & 26.9 24.8 15.0 27.0 23.0 27.0 10.0 ll.O 28.0 15.0 

--------------------··------------

It 1,, irPortant to note that for the 3 main fishing methods, ( 1) 
boit fitill-fishing with bait, (2) boat, trolling with flashers 
anc beit, and (3) boat, trolling with flashers and lures, the 
perceat of fish harvested Q..Y. J! particular gear .!:.1'll is nearly the 
saae !!. the percentage of people using that gear type. For ex
ampl~• if 30 percent of the anglers fish flashers with lures at
t8,ned, they can be expected to catch approximately 30 percent of 
the fish. The implication of this is that the fish can be taken 
by any of the three gear types in direct proportion to the number 
of anglers using that gear type. Where regulations are necessary 
to restrict bait, anglers currently fishing with bait could shift 
their gear to flashers with lures and catch would not sig
nificantly decline. Any decline in harvest from a bait restric
tion would probably result from anglers chosing not to change and 
therefore not participate in the fishery . 

DAILY AND POSSESSION LIMIT: Daily catch limit 
Possession limit 

Justification: Catch limits and possession limits mainly func
tion to spread the harvestable surplus of the fish population 
among the anglers. Ross Lake anglers are not different in terms 
of fishing skills than most other anglers -- 10 to 20 percent of 
the anglers still catch the majority of the fish. The current 
catch and possession limit of 8 fish for Ross Lake is attained by 
very few anglers over the course of the season. The average 
angler catches 4 to 6 fish per day on opening day in some years. 
Catch/day then drops to as low as 1 to 2 per day in the summer 
months of July and August. To have a fish limit reduce overall 
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harvest or, as it works in most cases, to spread the catch to 
more anglers, the limit must be set below the average daily 
catch. Obviously Ross Lake's current 8 fish limit does not do 
that. In the case of Ross Lake, the use of daily catch limits 
and possession limits need to be aimed at ensuring annual harvest 
is spread among as many anglers as possible, not only on opening 
day but for the season. Contrary to popular belief most number 
limits do not guarantee the fish are safe from over-harvest. All 
it takes is to dramatically increase the number of anglers fish
ing, catching the same number of fish per angler, and too many 
fish will be killed. Only when daily catch limits are combined 
with minimum size limits (such as 13-inch) do we see harvest 
rates brought in line with the needs of the fish. 

Iapact of New Regulations on Harvest 

If the proposed regulations recommended above had been in place 
during the 1987 and 1988 seasons what would have happened to the 
opening day harvest in those years? 

1987, South Bnd. In 1987 the completed trip anglers fishing the 
south end of the lake on opening averaged 5 fish for the day. 
Forty-eight percent of the anglers caught more than 3 fish. Had 
a three fish limit been in place the harvest would have been 
reduced by 35% assuming unharvested fish would not be caught by 
other anglers. Out of every 100 fish the anglers caught on that 
day, 23 were large enough to have been kept under a 13-inch total 
length minimum size restriction. Therefore it would have been 
necessary for the anglers to have each caught 13 fish to sort out 
3 fish large enough to keep. Since the average catch per angler 
was 5 fish for the day, and only 23% of those equalled or ex
ceeded 13 inches, the average harvest per angler would have 
dropped from 5 fish to 1.15 fish for the day; or a 77 percent 
reduction in catch for the day at the south end of the lake. The 
13-inch minimum size limit would have controlled the harvest, not 
the 3 fish daily bag limit. 

1987, North Bnd: At the north end of Ross Lake on opening day, 
1987 the average completed trip catch per day was 6 fish. 
Seventy-four percent of the anglers caught more than 3 fish. Had 
a 3 fish limit alone been in place the harvest would have been 
reduced 50 percent. Under a 13-inch total length minimum size 
restriction, out of every 100 fish caught 58 were equal to or 
larger than 13 inches. Since the average catch per day was 6 
fish, then of the 6 fish, an average of 3.5 would have exceeded 
the 13-inch minimum, and the majority of anglers would have been 
able to catch their 3 fish per day limit. In this case the num
bers limit, not size limit, controlled harvest. 
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1988, South End: In 1988, at the south end of Ross Lake on open
ing day, completed trip anglers caught an average of 6.5 fish per 
day. Eighty-five percent of the anglers caught more than 3 fish . 
If a 3 fish limit had been in place the total harvest for the day 
would have been reduced by 53 percent (again assuming the catch 
was not redistributed). On that day, out of every 100 fish, 11 
were equal to or greater than 13 inches. Since the catch per day 
was 6.5 fish only 0.7 fish out of that catch would be kept under 
a 13-inch total length minimum size regulation (89 percent har
vest reduction). Anglers would have had to catch 9 fish to find 
one large enough to keep. The 13-inch minimum size regulation 
governed the harvest, not the 3 fish daily limit. 

1988, North End: At the north end of Ross Lake on opening day 
1988, the average catch per completed trip angler day was 4.3 
fish. Thirty-nine percent of the anglers caught more than 3 fish 
and a three fish limit would have reduced the harvest by 32 per
cent. Out of every 100 fish caught at the north end 12 were 
equal to or greate·r than 13 inches. Since the average daily 
catch was 4.3 fish only 0.5 of those fish could be expected to 
exceed the minimum size limit. The average angler would have had 
to catch 9 fish to sort out one equal to or greater than 13-
inches in total length. A 0.5 catch/day would have reduced total 
harvest by 88 percent. Again it was the 13-inch minimum length 
that saved fish for the next year's spawning population, not the 
3 fish limit . 

In the 4 cases cited above it can be readily seen that under cur
rent conditions at Ross Lake a 13-inch total length minimum size 
limit, not a daily catch limit offers the best hope in helping 
the population of rainbow trout in the lake to recover. The har
vest reductions in these examples are drastic but it will take 
that type of action to increase the spawning population suffi
ciently to reverse the downward trend. Without these regula
tions, the state's finest native trout fishery will collapse and 
the lake will need to be closed. 

As to the future, if these regulations are in place for the 1990 
season, good recovery should start to be seen within 3 to 5 years 
of that date. Recovery will be in the form of increased numbers 
of age 2 and 3 fish evident in the fishery (most all still being 
released alive) and increased numbers of larger/older fish that 
should enable more anglers to achieve a 3 fish daily limit of 
fish larger than 13 inches, and fish over 14 inches should become 
much more common . 

If the regulations proposed in this report are enacted, the only 
additional regulations needed for Ross Lake must be enacted by 
Fisheries Branch, of the B.C. Ministry of Environment. British 
Columbia regulations, complimentary to Washington State Depart
ment of Wildlife regulations, are currently being considered by 
the B.C. Fisheries Branch. 
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FUTURK STUDIES AND DATA COLLECTION 

The studies completed to date, including this one, do not give 
fisheries managers all the information needed to fully protect 
the wild stocks of the Ross Lake system from over-harvest, or 
from losses due to manipulation of their environment. Even if 
the regulations proposed in this document are adopted, it will be 
necessary to monitor the fish populations to determine the ade
quacy of the restrictions. In addition, the environmental im
pacts of reservoir operations need to be more carefully 
monitored, defined, and adjusted to ensure that, first of all, 
fish population stability is achieved, and secondly, that recrea
tional opportunity is not further degraded. 

One major study that needs to be undertaken concerns the dolly 
varden of the Ross Lake system. Data collected on dolly varden 
during this study were inadequate to develop a good understanding 
of the life history of that species. A new study, specifically 
aimed at answering questions regarding migrations, spawning time 
and locations, age structure, growth, sexual maturity, etc., 
needs to be initiated. There is no question that the dolly var
den in Ross Lake have experienced the same over-exploitation as 
the rainbow trout. Fortunately, the proposed new regulations 
will protect the dolly varden in the system as they too come un
der the 13-inch minimum size, 3/6 daily/possession limit, bait 
prohibited regulations. That is the minimum protection this 
species needs; certainly not the optimum. The optimum regulation 
proposal must await further work. 

Evaluation of the new regulations needs to be done annually, at 
least on opening day. Minimum data collection should include: 
angler effort, catch, fish scales and lengths. This information 
needs to be gathered at the Ross Lake Resort and Hozomeen boat 
launch. Additional NCNP data on car counts, campers, boats, 
etc., and Ross Lake Resort data on boat rentals, need to be col
lected for the full fishing season to estimate annual fishing ef
fort. Similar data to the above needs to be collected by British 
Columbia Ministry of Environment's Fisheries and Parks Branches 
for the Canadian portion of Ross Lake, the Canadian Skagit River, 
and the associated campgrounds/boat launches. 

Full season studies, similar to the ones detailed in this report, 
also need to be undertaken in the future. The next major study 
should be scheduled for 1995-97, to evaluate recovery of Ross 
Lake fish and the fishery. 
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APPKNDICKS 

Appen,jix 1. Ros, Lake 1986 creel censw; design . 

CREEL SURVEY DESIGNS FOR THE 
SKAGIT RIVER AND ROSS RESERVOIR SPORT FISHERIES 

Prepared £or 

British Colu•bia Ministry of Environ•ent 
Fish and Wildlife Manage•ent 

Surrey, 8.C . 

and 

Waahington State Depart•ent 0£ Geae 
Bellingha•, a.c • 

By 

Y.A. Lewynaky 

W'"..sTERN RENEWABLE RESOURCES 

J enuary, 1986 

151 



ROSS RESERVOIR FISHERY 

Deacriptlon 

Roaa Reservoir i& a large "internotional" body of water utilized by both 

Canadian and Aaerican angler&. Because of it• relative reaotane&a <travel 

distance> angler& tend to caap overnight in the area, and thua angler uaa ia 

auch higher during weekend&. The reservoir can only be reached fro• two 

general locations; fro• the Silver-Skagit road at the north end or fro• the 

Diablo Resort et the south west and. A National Park caapaite is located on 

the northeast end near the Canadian border. However, ea indicated, the 

••Jority of angler&, whether Canadian or Aaerican, access the reaervoir via 

British Coluabia. 

Virtually all angling occur& fro• boats. Acee&& i& obtained fro• a aaxi•u• 

of five launch site& (f.ig, 2>: aite A on the Canadian section of the 

Raaervoir, site Bl and site B2 at Hozoaeen Caapground, site C JU&t south of 

thw caapground, and aite D the Diablo Reaort. All sites ere utilized 

throughout the season except aite C which i& closed between early July and 

early October, The two B sites fro• early Septeaber onward can be surveyed by 

a single person, but not otherwise. Also, s1te 82 is closed by the Park 

Service during the aonth of October. The odd occurrence of shore angling 

(other than that aubaequent to boat launcing> ia reatricted to the iaaediata 

area of the launch sites, 

In 1985, daily fiahing activity through auaaer tended to be biaodal, with 

aany anglera aaking two (or aorel boat trips per day, Afternoon winda and 

length of daylight houra were often responsible for the observed decline in 

aidday fiehing activity. 

Recoaaended Ssapling Design 

The li•ited nuaber of boat launch &itea through which all angler• auat 

paaa and the abaence of shore angling <beyond the launch site&) aakas the 

access point creel survey <"alve&tuto 1983> the •oat suitable approach to 

eatiaate effort, CPUE and total catch, Using this procedure, survey worker<a> 

stationed at a boat launch will enuaerata all boat& returning to the aita and 
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interview aa aany b.;;et ,;-., •.J.GS as possible. Boat trip count& will be used 

to estiaate aonthly effort, and the interviews will be used to estiaate aean 

CPUE and to obtain other pertinent data (anglers per boat, hours fiahed, 

catch/person, length,; of :fish, ac::iles, ot.olitha, aex of fish, etc.>, Total 

effort eati•ates are then applied to CPUE eatiaates to generate estiaates of 

total catch. 

The above ia a aiaplification of the procedure that abstracts fro• 

stratification levels and saapling stages. A detailed docuaentation follows. 

The accurate eatiaation of effort ia the key consideration in the prescribed 

design (aee Skagit River design for rational>. 

It would be ideal to interview every boat party returning to each of the 

four <five> launch sites during a aa•ple day, but due to logistical and budget 

conatrainta thia will not be poasible, The high voluae of boata returning 

throughout the day (particularly on weekend& in the early aeaaonl along each 

beach-type launch site Claunch sites are not narrow restriction•> can be 

readily enuaerated, As well, the 10 <aan> days per aonth allocation using a 

single survey worker as aet by WDG, does not allow concurrent aaapling of all 

launch sites during a saaple day. Thus, aaapling day~ will be randoaized with 

respect to l_aunch sites and day-type (weekend vs aidweek>. 

A saaple day will vary in total hours between June and October according 

to daylight hours, ranging froa 15 hours in June to 9 hour• in October: 

June 7:00 - 22:00 
July 7:00 - 22:00 
August 7:00 - 22:00 
Septeaber 8:00 - 21:00 
October 9:00 - 18:00 

The preacribed deeign require• coaplete and continuoua attendance during theae 

hour& of a aaaple day. The day can be aaapled by two consecutive interviewer& 

or by a single interviewer working exceptionally long daya, An alternate 

solution would be to split the day into two interview periods and randoaize 

interview period& with repect to launch aitea and day-type. However, becauae 

of the additional cost and ti•• required to travel to these reaote areas Ci,e, 

froa Bellingha• / Seattle> the longer working day ia the acre feaaible option. 

Although the 1985 survey did not identify boat trip& to individual launch 

sites, uae apparently differed considerably between aitea <Jia Scott, para, 
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co•.>, Thus, unless the proportion of daily boat tripa £or each launch aite 

is accurately estimated with appropriate variance estiaates for each teaporal 

atrata Ca& oppo&ed to arbitrary point e&tiaates of the proportion& without 

re&pect to variance a& reported by Kalve&uto et al, 1978; see co••ent& in 

Skagit De&ign>, &ite& &hould be treated a& strata a& opposed to a secondary 

saapling atage. Treating &itaa as strata. require& that each of the four or 

five aites be aurveyed a ainiaua of two tiaes within each day-type strata 

during each tiae block Ci.e. one or two aontha, aeaaon, etc.> to calculate 

saaple variance& of boat trips per launch site. Any increase in saapling 

effort above the ainiua of two saaplea should be chosen in proportion to 

boat-angler use (assuming heteroscedastic variance& and aaapling coats are 

equal aaong launch sites: see Cochran 1977). 

Because angler u&e in 1985 was significantly higher on weekends ::~nadian 

and A•erican holidays are conaidered weekend days> than during aidweek, days 

will be partitioned into the two day-type strata. Fishing effort also varied 

through the season, with effort highest during the early aeaaon, particularly 

in June, declining gradually thereafter. Therefore the fishing aeason will 

also be divided into tiae blocks. Thus, the aultiple. atatification will be 

tiae block x day-type x launch site, 

The ainiaua of two aaaple day& per site per day-type required for the 

eatiaation of effort to be valid exceed& the liait of 50 sa•pling days set by 

WFG if the aeaaon ia divided into aonthly tiae blocks (5 x 2 x 4(5> x 2 • 

80(100) saaple dayal. The season is therefore divided into wider tiae blocks 

corresponding with changing effort and nuaber of access points as follows: 

Approxiaate Kiniau• 
percentage Nuaber Saapling days 

Tiae of 1985 of launch 
Block Period effort sitea Weekend Midweek 

1 June 14-July 11 40X 5 10 10 

2 July 12-Auguat 29 34X 4 8 8 

3 August 30-0ctober 31 ~· 4 8 8 
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Thia allocation results in 52 saaple days. The add1t1onal 2 daya plus the long 

working days in June through September will be coapensated by using additional 

interviewers during June/July <Jim Johnston, pers. co••· as per aeeting of 

Oeceaber 9, 1985). 

Estiaation of total effort requires co•plete enu•eration of all boat trips 

at the particular site during lhe aa~ple day and thus the site-day is the 

aaapling unit and the five launch sites and days between June 14 and October 

31, 1986 constitute the saapling fraaes. To estiaate CPUE and other fishery 

statistics. the boat trip is the aaapling unit <second saapling stage). A boat 

trip is !!.2i. a boat day: the boat trip was chosen as the unit of aeasure 

because aany Rosa Reservoir anglers take •ore than one trip per day <priaarily 

due to aid-day winds). Thus, CPUE is catch <harvested/ released) of a 

pan.icu~;or ~,.ac1es per cc,•pleted bo<>t trip. Total boot trips (e:'!ortl 

aultiplied by the aean catch per bo<>t trip CCPUE> yields total catch. 

Therefore the unit of aea&ure for the prescribed design is the boat trip as 

opposed to the angler trip. 

If during the interview additionai data for each individual angler is also 

obtained, then boat trip& can be converted to angler hours, and catch per boat 

trip to catch per <>ngler hour. However, hours per trip and anglers per boat 

are randoa variables and thua have associated variance& which, if converted, 

will yield lower precision of estiaatea, p<>rticularly total catch. 

Saapling Schedule. The saapling schedule for 1986 is given in Table·7. 

A ai•ple rando• &<>•ple of two d<>ys for each day-type strata within each ti•e 

block wa& drawn without replace•ent u&ing a a unifor• nuaber generator (i.e., 

as co••only 91ven in randoa nu•ber tables), subJect to the following 

restrictions: 

1> only one aite could be aa•pled during a day <i.e., there will only be 
only survey worker: 

2> once a saaple day waa drawn for a particular aite, one of the reaaining 
sites was selected to be saaplad on an adJoining day of the aa•e 
day-type <to reduce frequency of travel to and froa the re&ervoir). 

Th1a procedure departs fro• pure aiaple rando• aa•pling of aitea within 

day-types, but it is not considered a &erious violet.on. Paraaeter estia<>tion 

is therefore assu•ed to be based on siaple rendo• aa•pling. 
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Table 7. Saaoling schedule for the five launch sites of Ron Reservoir, 198b. 

TIIE Bl.ID< I Tl ME 111.0CK 2 hoe Bloci< 3 

<June 14 - July II> <July 12 - August 311 !August JI - October 31 l 

Laomdl Weekend ""'-k -end "•dweek -end "'""""k 

Site A Jun 21, Jul I Jun 18, Jd 3 Aug J, Aug 23 Jul 2'J, Aug 21 Sep 6, Sep 13 Sep 5, Sep 18 

,_. Site Bl 
en 

Jun 15, Jul 4 Jw, 19, Jul 7 Aug II, Aug 24 Jul 21, Aug 13 Sep 7, Sep 27 Sep 17, Oct 8 

...., 
Site 82 Jun 2'J, Jul 5 Jun 21, Jul 8 Jul 12, Aug 9 Jul 14, Aug 14 • • • • 

Sitt C Jun 21, Jun 22 Jun 31, Jul 9 closed dosed Sep 28, Oct II Oct 7, Oct 21 

Site D Jun 14, Jun 6 Jul 2, Jul II Jul 13, Aug 2 Aug 4. Aug 22 Sep 14, Oct l~ Sep 4, Oct 22 



Data Collec:tion 

Interviewers will be stationed at the randomly &alec:ted launc:h site for 

the extent of the randoaly selec:ted day to tally all boat& landing and to 

interview boating parties at the and of the Ju&t-c:o•platad boat trip. The 

intervie.ar will use two data sheets: 

1; a tally &heat to record the nuaber of boat& landing (boat trip&l; 

21 an interview &heat to record inforaation obtained by interviewing boat 

parties. 

To facilitate accurate anuaeretion o: boat tripe, nuabar of boats 

returning ahould be record in 30 •inute or one hour interval&. Because their 

i5 a (unlikely) possibility that soae bo~ts c:ould have landed before the 

interv:ewer arrived et the launch site (e.3., before 7:00 aal, the interviewer 

should ask any peraone in the vacinity if any boat& had returned prior to 

his/her arrival. Because of floating debris <dead headal throughout the 

reaervoir, few if any boating parties return after dusk Ceeapling is scheduled 

to duek). 

An attaapt should be aede to interview §11. boat parties returning during 

the seaple day, and the 11oat knowledgeble party 11eaber should be interviewed 

to obtain the boat trip characteristics for the total boating party. On the 

occaeaion that aora boats arrive than can be interviewed then a 

"rapraeantative·· aaaple should be taken. To avoid any potential Cunconacioual 

bias, every "1 in K" boat should be choaen, where ''K" i& deterained by the 

interviewer baaed on the likely nuabar of boat& that can be interviewed. Thi& 

procedure will prevent unequal selection of large va a11all boat parties, 

faaily oriented va aarioua adult&, unfriendly va those eager to talk, etc. 

Principle infor11ation obtained will be the nuaber of fish kept and 

ralaaaed by apaciea (inspected and verified by the interviewer>. Additional 

inforaation aay also include nu11ber of angler& par boat, hour of arrival, trip 

lansth, sear type, reaidenca, end any other desired inforaation of iaportence. 

At thi& tiae tha nuaber of tasged end untagged fish can be daterained end 

biological aaaplae taken Cecala&, length, weisht>. 

Because soae boat parties aay be returning fro• ovarnight caaping trips, 

boat trip characteristic& refer only to thot activity since aidnight of the 

interview day. In the se•e context, dote &hould only be obtained froa the 
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JU&t-completed trip, and should not include information fro• a previous trip 

earlier that day or otherwise • 

Estlmetion 

Fros the complete counts of boat trips to each launch site during an 

entire day, one gets a seen daily count of boat trips. To estimate total 

effort as neasured in boat trips, this mean is aultiplied by the total number 

of possible days. From the interviews, aean catch per boat trip is calculated. 

~ultiplying total effort by sean catch per effort yields total catch. 

This 1& a s1aplification of the estimation procedure that does not account 

- for the au• of all launch sites or the day-type or.d seasonal stratification 

level. A detailed procedure follows. To simrlify the following p:esent~tion, 

subscripts referring to seasonal tiae block are oaitted (i.e., final estimates 

refer too time block) • 

Let Ydsi = nuaber of boat tripe counted on &ample day i at launch aite a on 
day-typed; 

Then 

with 

nds • nusber of days sampled at launch site & of day-typed; 

S • nusber of possible sites in the seasonal tise block <cosson accroaa 
day-type>; 

= total nusber of possible sample days of day-typed in the aeaaonal 
ti•• block Ccomson occroaa launch aites>. 

Yda • aeon nusber of boot tripe per day at aite s of day-typed, 

v2ds •'the saaple variance 
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"ds 
~ <Ydsi · ;ds>2 

= i=l 

Now, 

Ta = tctal nu11bar ot boat trips for day-typed, 

Thus, the estimated total efiort !or a particular seasonal tiae block ia 

with V<Tl : ti VITdl , 

Lat Fdaib : catch by boat party b on saaple day i at launch aite a in 
day-type d: 

ftdai = nuaber of boat parties interviewed on aaaple day 1 at launch 
site a in day-typed: 

nd : nu•ber of boat parties 1nterv1ewed during day-type d. 

Assuaing ~hat intervie~ed beat parties are a ai•ple rando• saapla of all boats 

landing, tt,en 
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fd : u•an catch per boat trip for day-typed 

LLIKd~ib 
: S 1 b 

LLndsi 
s 1 

nd 
rdi2 r (Ydsib · 

with variance V<Fdl • 1•1 

"d . 1 

Thua, the est1aated total catch for day-typed of a particular tiae block 1a 

and the total catch estimate for the tiae block i& 

2 
C = 1: Cd 

d=l 

and variance of the total catch estiaate 1s <~ohrnstedt and Goldberger 1969): 

2 
V<C> = !: V<Cd> 

d=l 

2 
= I: 

d=l 
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APP€N0IX 2. The proposed and actual !986 saapling schedlle. 

PROPOSED SCl£0llE ACTUAL SCIEOllE 
TIIE SLOCK l TIIE SLOCK l 

• !June 14 - July II) (June 14 - July ll) 
---------------------------- ------------------------

Launch Weekend lti!Hek Launch Weekend Hidweek 
-------------------------------------- -----------------------------------

Site A Jun 28, Jul I Jun 18, Jul 3 Site A Jun 28 Jun 18, Jul 3 

• Site Bl Jun 15, Jul 4 Jun 19, Jul 7 Site Bl Jun 14, Jul 4 Jun 19, Jul 7 
Jun 21 

Site 82 Jun 29, Jul 5 Jun 20, Jul 8 Site B2 Jun 29, Jul S Jun 20, Jul 8 

• Site C Jun 21, Jun 22 Jun 30, Jul 9 Site C ~T OPEN AT Bf6I~llli (f SEASON 

Site 0 Jun 14, Jul 6 Jul 2, Jul 10 Site D Jun 14, Jul 6 Jul 2, Jul 10 
Jun 22 

• 
TIIE BLOCK 2 TIIE SLOCK 2 

(July 12 - AuiJJSt 30) (July 12 - Au!JJSt 30) 
---------------------------- ------------------------

• Launch Weekend H11i!eek Launch Weekend Hilileek 
------------------------------------- --------------------------------

Site A Aug J, Aug 23 Jul 29, Aug 21 Site A Aug 3, Aug 23 Jul 29, Aug 21 

Site Bl Aug 10, Aug 24 Jul 28, Aug 13 Site Bl Aug 10, Aug 24 Jul 2'a, Aug l3 

• Site 82 Jul 12, Aug 9 Jul 14, Aug 14 Site 82 Jul 12, Aug 9 Jul 18, Aug 14 

Site C Site C 

Site D Jul 13, Aug 2 Aug 4, Auq 22 Site D Jul 13, Aug 2 Aug 4, Aug 22 

• 

• 
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Launch 

Site A 

Site 81 

Site 82 

Site C 

Site D 

WE BLOCK 3 
(AuCJ1St 31 - 0ctooer ;;1J 

Weekend 

Sep 6, Sep 13 Sep 5, Sep 18 

Sep 7, Sep 27 Sep17,0ct8 

Sep 28, (tt 11 Oct 7, Oct 21 

Sept 14, Oct 12 Sep 4, Ci:t 22 

--------------------------------

Launch 

Site A 

Site 81 

Site 82 

Site C 

Site D 

rnE BLOCK 3 
(Au')Jst Jl - October 31) 

Wc-ekend 

Sep 6, Sep JJ Sep s. Sep 18 

Sep 7, Sep 27 Sep 17, (d G 

Oct VJ, Ort 19 Oct 7, Oct 21 

Sept 14, Sep 28 Sep 4, Oct 20 

------------·- ---------------------
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AwernJu ,. Ro» Lake !9SS creel Ce!ISUS daLJ form . 

TARGET SPECIES CODES: 

SH = STEELHEAD. GEN 
SAL • SALMON, GEN. 
TR = TROUT. GEN. 
WF = WHITEFISH, GEN. 

WATER NAME (2-i COL. MAX.) 

OATE (MMDOY'i'l TIME 

ANGLER SURVEY FORM 

WW = WARMWATEA, GEN. 
B = BASS, GEN. 
C = CRAPPIE, GEN. 
S • SUNFISH, GEN. 

VP = PEACH 
CF = CATFISH, GEN. 
WAL = WALLEYE 
STU = STURGEON, GEN. 

SECTION (12 COL. MAX.) 

INmALS 

ANY • ANY SPECIES (NO SPECIFIC TARGET) 
CYP = CYPAINIO, GEN. (CARP. SUCKER, ETC.) 
BUA = BURBOT (LING) 
AMS • SHAD 

E C TIMI! BOAT NIGl.£R COllfTS COWUTE 
FOl---+~C~OUN=T+-a~o~·~·-1--'~~=0R~·+·'-+~·~ 
FUl----1----+---1---'--'--+-~ ON 

ATl---+--+----+--+-+--i T S 

IIACH ANQLIIR WHAT IIACH ANGLIIII CAUGHT 

CATCH 
TOT AL LDGTHS IN CIINTl•ll'nlllS 

NO. flSN ilg 1---r--+---~-~-~---,----,--~-~--l 
KU! 11£1. 1 2 # 1 #2 #3 #4 #5 #8 #7 #8 

8•B0AT, S•SHORE. T•11JB£, C•ICI: ""- /1' B=BAIT. L•LURE, F•RV 
(D=DIIIFT, P•PI.UNI() ....I . . L (COlll=lll. BF, LF) 
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• 
Appendix 4. Suaary of 19&. creel census data. 

• 
111( PERIOD (if 

JllE 14, 1986 - JI.I.Y ll, 19'36 
LOC/TIIE I TRIPS I AtG.ERS I RB AVG 118/TRIP AVG RB/ANil.ER AVG lRIP TIH CPI£ 
CAIU:l 14 25 31 2.21 l.24 2.3? 0.42 

CA/IIKI 9 22 22 2.44 1.00 3.39 0.29 

CA/IIK2 9 17 16 1.78 0.94 4.17 0.2'2 • 
60\'IEI IO 25 50 5.00 2.00 2.95 0.70 

GlME2 10 2b 42 4.20 l.62 5.10 0.27 

GO'MI 5 ,- 27 5.40 2.00 4.50 0.45 ., 
GOVWK2 5 11 10 2.00 0.91 3.60 0.24 

11.111,U 75 194 565 7 .5:) 2.91 3.1B 0.83 

HOZlE2 15 J/ 57 3.80 1.54 3.53 0.44 • 
fllZIE3 33 76 76 2.30 1.00 3.12 0.30 

HOllll:I 11 "'' .. 41 3.73 1.41 3.18 O.lt, 

fllM2 9 20 27 3.00 1.35 4.28 O.JI 

RESIE1 42 93 295 7.02 3.17 4.17 0.76 

RESIE2 17 39 67 3.94 1.72 4.15 0.40 I 

RESIE3 8 ta 22 2.75 l.22 3.56 0. 51 • 
RESWkl 11 25 42 3.82 1.68 4.30 0.42 

I 

RESWK2 13 28 52 4.00 l.ll6 3.'1'2 0.43 

111( PERIOD TIil 
July 12, 1986 • Au<}Jst 30, 1986 • 

TIIE/LOC I TRIPS I AIG.ERS I RB AVG 118/TRJP AVG 118/AIG.ERA\IG TRIP TIIE CPU: 

CANE! 17 36 20 1.13 0.56 3.13 0.16 

CMl(2 19 61 26 1.37 0.43 2.46 0.29 

CAMI! 19 27 14 0.74 0.52 2.53 0.20 

C/,IIK2 11 20 11 1.00 0.55 2.18 0.26 • 
G0'/1(1 3 8 17 5.67 2.12 5.50 0.31 

GOYIE2 2 6 0 0.00 0.00 2.00 0.00 

GOVWKl 8 23 16 2.00 0.70 2.97 0.24 

GOYWK2 0 0 0 0 0 0 0 

HO/Ill 30 69 42 l.40 0.61 3.42 0.17 
lf)/1(2 21 48 30 1.43 0.63 2.77 0.23 •• 
HOZlll:1 12 28 20 1.67 0.71 4.19 0.17 

HOZIIK2 19 'SJ 22 l.16 0.59 2.26 0.2S 

RESIE1 14 32 27 l.')3 0.84 4.25 0.20 

RESIE2 32 76 00 2.50 1.05 4.48 0.24 

RESWK1 27 62 62 1.47 1.00 4.41 0.22 

RESWK2 ?l 41 51 2.43 1.24 4.46 0.27 • 

• 
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• 
111£ PERIOD THREE 

• August 31, 1986 - October 31, 1986 
1llE/LOC I TRIPS I ANllllS I RS AVG RS/TRIP AVG RS/AIQfR AVG TRIP TIM CPII 
t.Mlll 38 70 47 1.24 0.67 2.fJJ 0.23 
C»IE2 ij 23 16 1.23 0.70 2.81 0.25 
CMlll'.l 18 33 23 1.28 0.70 1.47 0.27 
CAIM:2 ') 10 12 l..J:l 1.20 2.36 0.4.3 

• Cif 19 45 82 4.32 l.B'Z 5.01 0.36 
CIE2 15 34 77 5.13 2.26 4.63 0.41 
00:1 10 24 72 7.20 3.00 4.55 0.71 
00:2 6 14 43 7.17 J.07 S.83 0.52 
HOZIEI 33 62 19 0.58 0.31 2.75 0.11 
H011(2 41 107 216 5.27 2.02 3.00 0.64 

• H01Wkl B IS 38 4.75 2.53 5.63 0.46 
HOZWK2 13 23 45 3.46 1. 96 3.56 0.54 
RESIEI 20 41 36 1.00 o.~ 3.79 0.23 
RESIE2 25 50 79 3.16 1.58 3.17 0.49 
RESWKI 33 71 102 3.09 1.44 4.09 0.35 
IESNl:2 4 3 28 7.00 3.50 5.94 0.54 

• -------------------------~--------------------------
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The Department receives Federal Aid for fish and 
w, idl lfe restoration. The Department Is subject to 
Tttle Vt of the Clvl I Rights Act of 1964, and Section 
504 of the Rehab! I I tat Ion Act of 1973, which prohibits 
discrimination on the basis of race, color, national 
origin or handicap. If you bel leve you have been 
discriminated against In any Department program, 
activity, or facl I lty, or If you want further 
Information about Title VI or Section 504, write to: 
Office of Equal Opportunity, U.S. Department of 
Interior, Washington, D.C. 20240, or Washington 
Department of WI ldl lfe, 600 North Capitol Way, Olympia, 
WA 98504. 

The Washington Department of WI ldl lfe wl I I provide 
equal opportunities to al I potential and existing 
employees without regard to race, creed, color, sex, 
sexual orientation, rel lglon, age, marital status, 
national origin, dlsabl I lty, Vietnam Era Veteran's 
status. 
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